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Information on these two handbooks

These two handbooks are written to help health workers treating children admitted
to hospitals and major health facilities in countries all over the world. They are
especially aimed at health workers in settings in which material and human
resources are limited, where borders and infrastructures are insecure or suffering
armed conflict, and in rural areas where health workers may find it particularly
difficult to live and work

Building on existing global efforts, dedicated doctors, nurses and midwives in these
settings are already providing life-saving healthcare, but often find their work hard
and sometimes overwhelming. Access to up-to-date evidence- based guidelines in
such settings is often extremely difficult. The Internet is often too slow, printing from
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computers is often expensive, and so, in our experience, printed books remain
essential. MCAI, MOH Liberia, UNICEF, ALSG, and The University of Edinburgh
have made available free of charge PDF copies of these two handbooks through
the MCAI website and by direct communication to relevant organisations in low
resource settings. For downloads of these new handbooks: https://
www.mcai.org.uk/

These two handbooks have been written and peer-reviewed by experts from around
the world, with experience in hospital settings in which there are poor resources.
The sections of each of the two books are based on updated chapters on paediatric
care from within the MCAI publication in 2014 entitled “ International Maternal and
Child Healthcare: a practical manual for hospitals worldwide”.

We thank the current authors of each chapter in these handbooks who are
acknowledged in the Headers for each chapter. They have all freely given of their
time and expertise.

We also wish to acknowledge, with thanks, those authors within the original 2014
manual described above who contributed chapters in the past but have not been
able to contribute this time. Their work in many cases formed a valuable basis for
the updated new chapters in these present handbooks.

The new handbooks 1 and 2 aim to cover all aspects of hospital care for infants and
children and some aspects of the care for children who are pregnant. They address
a full range of possible illnesses, conditions, and injuries. Based on the latest
evidence and guidelines available, including peer reviewed publications and World
Health Organization (WHO) guidelines, these handbooks build on existing efforts
and identify an internationally applicable minimum standard of healthcare and reflect
the management of problems often inherent in resource-limited countries.

The handbooks propose minimum standards, both in the treatments given and also
in the medical ethics and professional standards, which should be practised in
caring for the particularly vulnerable children attending hospitals in resource-limited
settings.

There is no question that a considerable burden of unnecessary suffering is
endured by children in hospitals; not only those in poorly resourced settings. This
situation is not all related to a lack of funds; much also relates to deficiencies in the
training of health workers. Often, the training and continuous professional develop-
ment of doctors, midwives and nurses is a low priority and even after training they
are often not provided with adequate salaries, professional recognition or up to date
evidence- based teaching and clinical materials. Standard medical textbooks for
health workers in disadvantaged countries are usually too expensive and out-of-
date, hampering their continuing medical education.

These two handbooks have been especially designed for the training of senior
nurses in advanced paediatric hospital care. This form of task-sharing is being
championed in Liberia by MOH Liberia, MCAI, UNICEF, WHO, UNFPA, ALSG and
The Global Health Academy of the University of Edinburgh. These two handbooks

comprise the foundation of the 2 year curriculum for this innovative program. 8
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Following requests from health workers in resource-limited settings, our aim is to
provide these handbooks free of charge. The handbooks are particularly targeted
at front-line health workers in the most disadvantaged hospitals in the world,
particularly those in rural areas of low-income countries and where all children are
treated regardless of their family’s ability to pay.

The aim of all authors and editors is to provide a useful, comprehensive reference
for all health workers in all settings to help them provide the best possible clinical
care and management for newborn infants, and children. Aspects of the care of
children who are pregnant are also included but the reader is also referred to our
Handbooks on Advanced Obstetrics and on Hospital based Neonatal Care LINK.

Every effort has been made to ensure that the information in this book is accurate.
This does not diminish the requirement to exercise clinical judgment, and neither the
publishers (MCAI) nor the authors can accept any responsibility for problems arising
from their use in practice.

There exist unethical and unacceptable mortality rates for newborn infants and
children in resource-poor countries. The continued presence of armed conflict and,
in many cases, the associated and deliberate targeting of healthcare (see
http://ihpi.org/) has contributed to a recent worsening situation in many countries.

Instructions on the use of the two handbooks

Those parts of the chapters highlighted in light blue on the PDFs represent activities
that may not be applicable to, or be able to be undertaken by, hospitals in certain
low resource countries.

To experience the book marks, please use Adobe Acrobat Reader DC application
which can be downloaded free of charge from the internet. https://get.adobe.com/
uk/reader/.

Editing and writing this book has been challenging for the editors and authors. We
have identified what we regard as the acceptable minimum standards of treatment
for all major diseases and injuries that affect the infant and child, wherever they are
cared for. But we also wanted to offer a set of ideal standards for care where
resources are adequate. Therefore, we have incorporated the essential minimum
standard of care alongside some of the best standards currently available. Key
points, especially those where inappropriate actions might be dangerous, are
presented in bold font.

To view links to websites, either double click on them or copy the link and paste the
whole link into the address bar of your server (not the search bar).
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These handbooks should ideally be supplemented by scenario- and skill-based
short training courses, combined with apprenticeship and small group teaching on
the wards and in the operating theatre.

We believe in the continuing value of printed books to the practical application of
healthcare, recognising that with time and improved access to high-speed internet
in low resource settings, electronic materials, particularly videos and an easily
accessed internet, will introduce major benefits. In the meantime, books should be
available for all health workers regardless of their ability to pay for them. We hope
that you will find these in-depth handbooks helpful.
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Foreword

| strongly believe that, through this book, we can strengthen emergency care for
our women, adolescents and children. More lives will be saved.

Liberia thanks all those who have played a role in writing these two handbooks.

Dr Wilhelmina Jallah MD. Minister of Health for the Republic of Liberia
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Handbook 1 EMERGENCY HOSPITAL CARE. CONTENTS

SECTION

TITLE AND SUMMARY

PAGE
NUMBERS

1

Triage treating the sickest first

Triage categories. Triage scheme for children. Rapid
initial assessment. Clinical signs indicating need for
immediate resuscitation. Clinical signs indicating need
for urgent management. Helping to ensure that triage
works well. Special priority signs. Haemorrhage.
Conscious level.  Pain. Importance of regular
reassessment. Multiple casualty incidents.

Normal values for vital clinical signs in children
including Oxygen Saturation (SpOz).

Estimating weight. Normal vital signs. Heart rate. Blood
pressure. Capillary refill time. Urinary output. Core
body temperature. Blood oxygen levels. Cyanosis.
Pulse oximetry. The oxygen dissociation curve.
Normal values for haematology, biochemistry, blood
gases. Equivalent values for certain drugs used in an
emergency. Measurements of medical supplies.
Urinary catheters. Nasogastric tubes.  Fluid and
electrolyte management. Normal requirements for
fluid. Calculating fluids for rehydrating a child. Normal
requirements for electrolytes. Making glucose
containing solutions. Colloid solutions. Drop factor
calculations for 1V infusions. Measuring neurological
state. Hypoglycaemia definition.

Structured approach (summary: handbook 2 for
full text)

Summary. Initial management. Structured approach.
Primary assessment and resuscitation. Secondary
assessment and emergency care.

Basic Life Support (summary: handbook 2 for full
text)

Algorithm for basic life support in infants and children.
Advanced life support and cardio-pulmonary
resuscitation (summary: handbook 2 for full text)
Reversible causes of cardiac arrest. The 4 Hs. The 4
Ts.

SBAR (Situation, Background, Assessment and
Recommendation)

Drug and fluid administration. Enteral fluids.
Intravenous fluids. Choice of crystalloid fluids. Putting
dextrose into Ringer-lactate or Hartmanns solution.
Maintainance electrolyte reqirements. Prescribing

25-31

32-43

44

45

46

47

48-56
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POTENTIA

10

11

12

13

practice and minimizing drug errors. Prescribing.
Measuring drug doses. Delivery. Infusions.
Intravenous lines. Complications. Minimizing errors
with IV infusions. Steps to reduce errors and their
impact. Injections. Storage of drugs.  Calcuating
doses.

Blood Transfusion (summary: handbook 2 full text)
Transfusion policies. Hypovolaemic shock. Blood
transfusion unavailable. Blood groups, ABO and
Rhesus. Bedside transfusion. Transfusion reactions.
Pain control for children in hospital. Infroduction.
Pain assessment. Methods for assessing pain.
Treatment of pain. Reducing pain without drugs. Local
anaesthetic  drugs by infiltration.  Preventing
complications. Lidocaine toxicity. Systemic drugs for
pain.  WHO pain ladder. Non opiate analgesia.
Morphine and safe use. Parenteral morphine. Use of
morphine. Naloxone. Invasive procedures. Severe
pain. Peri-operative pain management. Special issues
with infant pain management. Pain management in
high dependency care. Anti-emetics. Sedative drugs,
effects and risks

57-58

59-79

LLY DANGEROUS VIRAL INFECTIONS REGULARLY REQUIRING
EMERGENCY TREATMENTS (HANDBOOK 2 FOR OTHER VIRUS
INFECTIONS))

Acute Hepatitis. . Infroduction. Causes of hepatitis-
like presentation. Management. Hepatitis A. Hepatitis
B.  Hepatitis C. Hepatitis E. Epstein-Barr virus.
Cytomegalovirus. Parvovirus. References
Chickenpox (Varicella). Risk groups. Clinical
presentation. Management. Prevention.

COVID-19 including adolescents who are pregnant.
Infection control. Acute infection in children. Paediatric
Inflammatory Multisystem Syndrome. Symptoms and
signs. Blood tests. Management. References. COVID
in pregnant adolescents. Effects on the fetus.
Prevention of venous thrombo-embolism. Labour and
birth in asymptomatic women who have tested positive.
Care in labour of women with suspected or confirmed
COVID. Management of clinical deterioration in
pregnancy. Post partum care: guidelines for health
workers..

Dengue /ntroduction — epidemiology and Dengue
viruses; Clinical Features; Diagnosis and classification;
Warning signs; Management; Uncomplicated Dengue;
Dengue with warning signs; Severe Dengue with
severe plasma leakage (DSS); Compensated shock;
Profound/hypotensive shock; Severe Dengue with

severe haemorrhage;, Severe Dengue with severe

80
81-83

84-86

87-99

100-110
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14

15

16

17

DANGEROUS BACTERIAL

organ involvement;  Prevention and  control;
References.

Human Immunodeficiency Virus. HIV (summary:
handbook 2 for full text). Diagnosis. Clinical features.
Management of a child with a suspected or proven HIV
infection. Summary.

Measles. Introduction. Epidemiology. Clinical
features. Diagnosis. Complications. Encephalitis.
Clinical features of severe disease. Management. Mild
measles. Severe measles. Prevention and follow up.
Viral haemorrhagic fevers. Infroduction. Lassa fever
Prevalence. Clinical  features. Diagnosis.
Management.  Ebola. Transmission. Prevalence.
Clinical disease. Diagnosis. Infection control of VHFs.
Isolation. Differential diagnosis.

Yellow Fever. Epidemiology. Clinical features.
Diagnosis. Management. Prevention

111-114

115-119

120-125

126-127

INFECTIONS REGULARLY REQUIRING

EMERGENCY TREATMENTS. (SEE HANDBOOK 2 FOR OTHER BACTERIAL
CONDITIONS)

18

19

20

21

22

23

24

Botulism. Signs and symptoms. Differential
diagnosis. Infant botulism. Complications. Diagnosis.
Treatment.

Diphtheria. Epidemiology. Clinical  features.
Complications. Management. Antitoxin. Additional
treatment. Prevention.

Leptospirosis. Introduction. History and examination.
Clinical manifestations. Classification. Diagnosis. Differential
diagnosis. Complications. Management of mild, moderate,
severe disease.. Prevention.

Meningococcal Disease. Introduction. Clinical
features.  Life-threatening features. CSF features.
When not to perform a Ilumbar puncture.
Investigations. Management. Signs of raised
intracranial  pressure.  Prognosis. Prevention.
Prophylaxis of contacts.

Pertussis. Introduction. Immunisation. Effects on
young infant. Diagnosis. Treatment. Supportive
treatment. Specific treatment.

Relapsing Fevers. . Epidemiology. Pathology.
Clinical features. Differential diagnosis. Diagnosis.
Treatment. Complications. Prevention and control.
Rickettsial Diseases. Introduction. Aetiology and
types. Spotted fever biogroup. Typhus group. Scrub
typhus group (Tsutsugamushi disease) other
rickettsioses and closely related illnesses. Clinical
presentation.  Differential diagnosis.  Diagnosis.
Treatment. Control. Health education.

129-131

132-137

138-141

142-147

148-149

150-152

153-156
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25

26

27

28

29

DANGEROUS PROTOZOAL

Streptococcal Disease. Group A streptococci. Head
and neck. Skin and soft tissue. Toxic shock.
Necrotizing fasciitis.  Myositis. Scarlet  fever.
Pneumonia. Septicaemia. Mediastinitis. Toxic shock.
Rheumatic fever. Glomerulonephritis. Group B
streptococci. Neonatal infection. Maternal infection.
Streptococcus Pneumoniae. Treatment. Antibiotics.
Pneumococcal Vaccine. Other groups of streptococci.
Tetanus. Infroduction. Prophylaxis. Pathogenesis.
Clinical presentation. Management of established
tetanus.  Antibiotics.  Neutralization  of  toxin.
Management of spasms. Ventilation and prevention of
complications. Monitoring. Prognosis. Prevention.
Tuberculosis (summary: handbook 2 for full text)
Clinical features. Respiratory TB. Pericarditis. Lymph
node disease. Military TB. Meningitis. Bones and
joints. Abdominal TB. Perinatal TB. Danger signs for
TB. Diagnosis.

Typhoid or Paratyphoid. Epidemiology.
Pathogenesis. Clinical features. Diagnosis.
Treatment. Prevention. Vaccines. Antibiotics.
Antimicrobial resistance. Non typhoid salmonella.
Drug doses.

Other bacterial Infections. Anthrax. Cutaneous.
Inhaled. Diagnostic tests. Treatment. Brucellosis.
Treatment. Campylobacter. Chlamydia. Haemophilus
influenzae. Plague. Treatment. Shigellosis.
Staphylococcal infections. Treatment.

157-161

162-167

168-171

172177

178-182

INFECTIONS REGULARLY REQUIRING

EMERGENCY TREATMENT. (SEE HANDBOOK 2 FOR OTHER PROTOZOAL
INFECTIONS)

30

31

African Trypanosomiasis. Introduction.
Transmission.  Clinical features. .Haemolymphatic
Stage 1. Meningo-encephalitic Stage 2. Diagnosis.
Staging T.b. rhodesiense. Treatment T.b. rhodesiense
Stage 1, Suramin. Stage 2 Melarsoprol. Prednisolone.
Staging T.b. gambiense. Treatment T.b. gambiense
New recommendations if Fexinidazole available. If not,
Stage 1. Pentamidine. Stage 2. Nifurtimox plus
eflornithine. Follow up after treatment..

Malaria..  Plasmodium species. Life cycle. P
falciparum.  Clinical features.  Diagnosis. Rapid
diagnostic tests. Advantages of RDTs over
microscopy. Case definition. Other conditions
associated with severe malaria. Management of
children in endemic area. Management of children
visiting or returning from endemic area.  Drug
management. Management of severe malaria.
Immediate measures. Parenteral treatment. First line

183
184-188

189-212

14
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antimalarial drugs. Second line. IV quinine. Side
effects. Antimalarial treatment after IV/IM regimes
have ended. Treatment for HIV infected patients.
Treatment in malnourished patients. Additional
treatment. Cerebral malaria. Hypoglycaemia. Severe
anaemia. Respiratory distress due to acidosis, or due
to pulmonary oedema, or due to pulmonary aspiration
or pneumonia. Shock. Acute renal failure. Abnormal
bleeding. Supportive care. Summary of monitoring.
Discharge from hospital. Management of non-severe
anaemia. Patients with HIV. Infection with P vivax, P
ovale and P malariae. Diagnosis. Treatment. Malaria
prevention. Intermittent preventive treatment (IPT).
Seasonal malaria chemoprevention (SMC). Vaccines.
Follow up care.

HELMINTHIC INFECTIONS WHICH RARELY HAVE A NEED FOR
EMERGENCY TREATMENT ARE DESCRIBED IN DETAIL IN
HANDBOOK 2. Dracunculiasis section 33; Fascicoliasis section 34;
Filiariasis section 35; Hydatid disease section 37; Onchocerciasis
section 42; Schistosomiasis Section 45; Strongloidiasis section 48;
Taeniasis/cystercicosis section 32; Worms section 52
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32

33

34

35

36

37

Upper airway obstruction due to a space
occupying lesion or a structural abnormality:
includes choking. Differential diagnosis. Choking,

infants and children. Angioneurotic oedema.
Inhalational  burns. Retropharyngeal abcess.
Mediastinal  tumours. Inhaled  foreign  body.

Obstructive sleep apnoea.

Upper airway obstruction due to infection. Croup.
Bacterial tracheitis. Acute epiglottitis. Glandular fever.
Bronchiolitis. Clinical features. Treatment. Non-
invasive respiratory support. Infection control.

Asthma. Episodic viral wheeze. Diagnosis.
Investigations. Ongoing management. Management
of acute asthma. Management of severe/life-

threatening asthma. Indications for ventilation.
Anaphylaxis. Features. @ Management.  Giving
adrenaline. Algorithm for management

Acute upper respiratory infection AURI.
Tonsillitis, Peritonsillar abscess (quinsy)Otitis
Media, Mastoiditis. /mportance of acute respiratory
infection. Immunisation. Coryza, pharyngitis. Acute
suppurative otitis media. Treatment. Chronic otitis
media. Secretory otitis media. Acute mastoiditis.
Complications. Treatment. Tonsillitis. Treatment.
FeverPAIN scoring. Recurrent tonsillitis. Indications
for tonsillectomy. Peritonsillar abcess (quinsy).

213

215-225

226-230

231-233

234-239

240-243

244-248
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38

39

40

4

42

43

44

45

Pneumonia: Acute Lower Respiratory Infection
ALRI. Diagnosis of ALRI.  Diagnosis of severe
pneumonia. Management. Oxygen. Antibiotics.
Supportive care. Other forms of treatment. Severe
dehydration. Failure to improve. Pneumonia that does
not respond. Children with HIV. Staphylococcal
pneumonia. Management in children under 6 months
of age..

Pleural effusion, empyema, lung abscess and
bronchiectasis. Diagnosis. Treatment. Empyema.
Lung abcess. Diagnosis. Treatment. Bronchiectasis.
Diagnosis.  Differential diagnosis.  Investigation.
Treatment. Investigation of child with chronic cough
and failure to thrive.

Congenital heart disorders. Diagram of normal heart.
Is there a cardiac problem? Cyanotic defects with low
pulmonary blood flow. Tetralogy of Fallot. Findings in
tetralogy. Hypercyanotic spells. Management.
Cyanotic defects with high pulmonary blood flow.
Findings and management. Cyanotic defects with duct
dependent pulmonary blood flow. Heart murmurs in
the apparently well child. Innocent murmurs. Cardiac
defects that may be asymptomatic initially. Coarctation
of the aorta. Ventriculat septal defect. Aortic stenosis.
Pulmonary stenosis. Atrial septal defect. Partial AV
septal defect. ECG findings.

Rheumatic heart disorders. Acute rheumatic fever.
Jones criteria.  Diagnosis. Streptococcal infection.
Arthritis.  Rash/subcutaneous nodules.  Carditis.
Chorea. Management. Long term consequences.
Mitral valve disease. Aortic valve disease.

Heart failure and cardiomyopathy. Physiology of left
to right shunts. Assessment of heart failure. Heart
failure in infancy. Heart failure in older infant/child.
Management. Cardiomyopathy and myocarditis.
Anomalous origin of left coronary artery.

Bacterial Endocarditis. Signs of endocarditis.
Organisms commonly isolated. Treatment.

Cardiac arrhythmias. Supraventricular tachycardias.
Management of SVT. Ventricular tachycardia. DC
cardioversion.  Anti-arrhythmic drugs. Congenital
heart block. Diagnosis. Management.

Shock: Pathology, types of shock, clinical diagnosis,
basic management, investigations., diagnostic
pointers. ABC and initial management: sodium
containing fluids.reassessment.,  targeted IV fluid
resuscitation. Antibiotics, Inotropes., Reviewing blood
results. Shock due to bleeding. Shock due to severe

249-258

259-263

264-269

270-275

276-281

282

283-286

287-308
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46

47

48

49

50

51

52

dehydration. Shock in children with severe malnutrition
and/or severe anaemia. Partial exchange transfusion.
Septic shock: mechanisms, diagnosis, management,
steroids Toxic shock syndrome: causes, differential
diagnosis, clinical features, disseminated intravascular
coagulation (DIC),.prolonged whole blood clotting time
(WBCT), antibiotics, prognosis

Medical renal disorders. Renal investigations.
Dehydration and hypovolaemia. Practical points when
prescribing rehydration fluids.  Fluid and electrolyte
disorders. Hypernatraemic dehydration. Creatinine.
Urea Urine biochemistry, fractional excretion. Urine
collection and examination. Urinary ftract imaging.
Urinary tract infections. Hypertension. Glomerular
disease. Nephrotic syndrome. Glomerulonephritis.
Haemolytic uraemic syndrome. Urinary tract stones.
Acute renal failure (ARF). Pre-renal failure.
Established renal failure. Post renal failure.
Management of ARF. Ongoing management of
persistent renal failure. Dialysis.  Hyperkalaemia.
Acute peritoneal dialysis. Practical techniques.
Biochemical control. Peritonitis.

Acute Liver Failure. Definition. Clinical features.
Investigations.  Causes. Degrees of liver failure.
Complications. Management. Paracetamol overdose.
Poisoning. Galactosaemia.

Chronic liver disease. Symptoms/signs.
Investigations. Cholestatic chronic liver disease:
diagnosis and management. Portal hypertension.

Treatment of bleeding varices. Chronic viral hepatitis
B, C and D. Auto-immune liver diseases. Sickle cell
hepatopathy. Wilson’s disease. Drug induced liver
disease. HIV and the liver. Management of nutrition in
chronic liver disease..

Diabetes and Diabetic KetoAcidosis (DKA).
Definition Type 1 diabetes. Type 2 diabetes. Other
types of diabetes. DKA. Emergency management.
Investigations. Assessment. Estimating fluid
requirement. Fluids. Electrolytes. Insulin. Continuing
management. Cerebral oedema, management. Care
of the newly diagnosed diabetic child. Insulin. Urine
testing. Blood testing. Diet. Outpatient care.
Hypoglycaemia. Déefinition. Presentation and
aetiology. Treatment. Diagnosis of cause. Common
symptoms and signs. Cuases in neonates. Causes in
infants/children.  How to give glucose in suspected
hypoglycaemia. Sublingual sugar.

Adrenal Crisis. Diagnosis. Children receiving long-
term steroid therapy. Management.

309-334

335-343

344-349

350-360

361-372

373-377

378-379
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53

54

55

56

Thyroid disorders. Neonatal thyrotoxicosis.
Congenital  hypothyroidism. lodine  deficiency.
Acquired hypothyroidism.  Thyrotoxicosis.  Thyroid
mass.

Addison’s disease and Cushing’s syndrome.
Hypoadrenalism. Hyperadrenalism.

Vitamin or mineral deficiencies. Vitamin A.
Significance. Cause. Clinical effects. Signs in the eye.
Assessment.  Prevention. Vitamin B1 deficiency:
beriberi. Nicotinic acid (niacin) deficiency: pellagra.
Vitamin C deficiency: scurvy. Clinical features.
Treatment.  Vitamin D3 deficiency: rickets. Causes.
Clinical features. Diagnosis. Treatment. Vitamin K.
folic acid deficiency. Treatment. lodine deficiency.
Zinc deficiency.

Severe malnutrition. Introduction and significance;
Severe Acute Malnutrition (SAM); Principles of
Treatment; Early identification and treatment; Standard
treatment protocols; Phased treatment; Considering
the underlying cause and linking to other clinical
services; Public-health focused care: Community
management of acute malnutrition (CMAM); Criteria for
admission to inpatient-based “stabilization-centre”
care; Inpatient Management — Overview; Phase |
(‘Stabilization’ phase treatment); Transition phase;
Phase Il (‘rehabilitation’ phase treatment and catch-up
growth); Discharge; If a local CMAM programme is
available; If a local CMAM programme is not available;
Post-CMAM discharge monitoring and nutritional
support; Assessment of nutritional status and recovery;
Admission medical and nutritional history and
examination; Laboratory tests; Details of treatment;
Ward organization and patient flow; Intravenous
infusion and blood ftransfusion; Nasogastric tube
feeding; Dehydration with severe malnutrition; Oral
treatment of dehydration in malnutrition; Children with
watery diarrhoea but no dehydration; Children with
watery diarrhoea and some/severe dehydration but no
shock; Zinc; Completed Rehydration;, Monitoring;
Feeding and rehydration; Rehydration solutions;
Formula for concentrated electrolyte/mineral solution;
Emergency |V treatment of established shock in severe
malnutrition; 1V infusion should be administered only in
the case of circulatory collapse severe enough to
reduce consciousness; Treatment protocol for life-
threatening dehydration with shock in severe
malnutrition;  Electrolyte  problems in  severe
malnutrition; Do not treat oedema with a diuretic; it can
have fatal consequences; Infections in severe

380-383

384

385-393

394-436
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57

58

59

60

61

malnutrition: treatment and prevention; Routine
treatment of all children with no specific infection and
no septic shock; Septic shock: recognition; Suspected
septic shock: treatment; Hypothermia: prevention and
treatment; Hypoglycaemia: prevention and treatment;
Congestive heart failure; Measles: prevention and
treatment;  Micronutrient  deficiencies; Vitamin
A:prevention and treatment;, Treatment of anaemia;
Dermatosis of kwashiorkor; Continuing diarrhoea;
Other infections common in severely malnourished
children; Intestinal parasites: treatment; Malaria:
treatment and prevention; Tuberculosis; Malnutrition
and HIV; Dietary treatment of severe malnutrition;
Phase | (Stabilisation phase); Dietary treatment in the
transition phase; Dietary treatment in phase Il; Ready-
to-use therapeutic foods (RUTFs); Individual child
monitoring; Failure to gain weight; Emotional and
physical stimulation; Caring for carers; Special cases;
Children with underlying disability; Management of
small & nutritionally at-risk Infants aged under 6
months and their mothers (MAMI); Admission criteria;
Dietary Treatment; Problems with the management of
severe malnutrition; Malnutrition key resources/further
reading.

Severe anaemia. Definition of anaemia. Main causes.
Clinical features of iron deficiency anaemia.
Investigations.  Management.  Blood transfusion.
Treatment of severely anaemic child with shock.
Prevention of iron deficiency.

Sickle-cell disease (summary: handbook 2 for full
text). Clinical presentation. Management of sickle cell
crisis.

Blood clotting disorders: haemophilia and platelet
deficiencies.  Factor deficiencies.  Delivery of
haemophilia services. Idiopathic thrombocytopaenic
purpura.

Acute diarrhoea. Important issues. Introduction.
Definition. Classification. Assessment of child with
diarrhoea. Children with shock. Investigations.
Calculating fluid requirements. Ongoing losses. Signs
of overhydration.  Treatment phases in dehydration
with shock/without shock.  Supportive treatments.
Dietary therapy. Zinc. Drug therapy. Bloody
diarrhoea. Salmonella. Amoebic dysentery. Cholera.
Giardiasis. Symptomatic drugs. Treatment of rectal
prolapse. Haemolytic-uraemic syndrome.

Severe dehydration with shock. Immediate
resuscitation. Fluid requirement in rehydration phase.
Choice of IV fluid. Re introduction of enteral fluid.

437-441

442-443

444-446

447-458

459-464
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62

63

64

65

66

67

68

69

70

71

72

73

Hypoglycaemia. Electrolyte disturbance.

Post-infectious prolonged or persistent diarrhoea.
Epidemiology and risk factors. Rapid resuscitation and
stabilisation. Persistent diarrhoea in malnourished
children. Oral rehydration. Diets. Micronutrient

supplementation. Follow up and nutritional
rehabilitation.
Inflammatory bowel disease. Diagnosis.

Investigations.  Management of ulcerative colitis.
Management of Crohn’s disease. Surgery.
Gastrointestinal bleeding. Introduction.
Investigations. Causes. Features of Gl bleeding.
Acute Rheumatology. Introduction. Joint
examination. Henoch-Schonlein purpura. Kawaski
disease. Incomplete Kawasaki disease. Juvenile
idiopathic arthritis.  Classification and differential
diagnosis of JIA. Investigation. Eye disease.
Treatment. Systemic lupus erythematosus. Juvenile
dermatomyositis. Differential diagnosis of childhood
myopathies.

Neurological disorders including coma.
Introduction. Primary assessment. Causes of coma.
Neurological examination. Coma scales. Raised

intracranial pressure. Investigations. Management:
immediate, intermediate, long-term. Cerebral malaria.
Bacterial meningitis. Pathogens. Diagnosis.
Therapy. CSF findings. Monitoring and supportive
care. Complications. Antibiotics. Prophylaxis for
contacts.

Encephalitis.  Introduction. Aetiology. Causes
according to geographical region. Investigations.
Clinical  features. Diagnosis. Management.

Enteroviruses. Japanese encephalitis virus. Herpes
simplex virus. Varicella zoster. Measles. Rabies.
Mycoplasma. Cryptococcus. Human angiostrongylus.
Epilepsy.  Confirming the diagnosis. Prognostic
features. Epilepsy syndromes. Treatment: starting
treatment, monitoring treatment, changing treatment.
Prognosis. Doses of common anti-epileptic drugs.
Social issues. Safety advice. Febrile seizures. Long
term care.

Convulsive status epilepticus. Common causes of
convulsions. Management of status. Drugs. General
measures.

Breath-holding episodes. Cyanotic breath holding
episodes. Pallid asystolic spells.

Migraine. Classification. = Management of acute
attack. Prophylactic treatment.

Neuro-surgical disorders. Raised intracranial

465-470

471-476

477-479

480-490

491-500

501-509

510-521

522-530

531-536

537-538

539-542

543-547
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74

75

76

77

78

pressure. Babies and children under 2 years. Older
children. Management. Intracranial abscess.
Hydrocephalus. Myelomeningocoele.

Surgical disorders. Indirect inguinal hernia.
Incarcerated hernia. Differential diagnosis.
Undescended testis. Impalpable testis. Examination.
Treatment. Prognosis. Phimosis. Hypospadias.
Principles of surgery. Bladder stones. Treatment.
Cervical swellings. Lymphadenopathy. Lymph node
size. Investigations. Treatment: acute lymphadenitis,
tubercular  lymphadenitis. Lymphomas  and
leukaemias. Cystic hygroma. Branchial cysts,
sinuses and fistulae.. Thyroglossal cysts. Epidermoid
cysts. Haemangiomas. Management. Obstructive
Jjaundice in infancy. Empyema. Examination and
management. Urinary tract infection due to surgical
causes. Vesico-ureteric reflux. Medical management.
Umbilical pathology: hernia, discharge. Appendicitis.
Clinical presentation. Investigation. Management.
Pyloric  stenosis. Intussusception. Presentation.
Investigation. Management.  Intestinal obstruction.
Causes. Treatment. Hirschsprung’s disease.
Presentation.  Differential diagnosis.  Treatment.
Perforative peritonitis.

Orthopaedic disorders. Infections. = Pyomyositis.
Osteomyelitis. Neonatal osteomyelitis. Subacute
haematogenous osteomyelitis. Chronic osteomyelitis.
Septic arthritis. Features. Diagnosis. Treatment. Post
operative care. Tuberculosis. Non-infective
conditions. Developmental hip dysplasia. Congenital
talipes equinovarus. Classification and treatment.
Perthe’s disease. Treatment. Slipped upper femoral
epiphysis. Treatment. Genu varum and valgum.
Scoliosis.

Recognition by hospital workers of the abuse and
exploitation of children and pregnant adolescent
girls. Catergories of ill treatment and abuse. Features
of family members that are known to be associated with
ill treatment or abuse. Critical threshold for concern.
Major trauma in children including those who are
pregnant Primary survey and resuscitation.
Secondary survey and emergency treatments.
Wounds. Injuries causing wounds. Types of wounds.
Assessment of minor wounds. General principles.
Tetanus Prevention. Antibiotics. Specific injuries.
Stab wounds. Needlestick injuries. Complications of
wounds. Infection. Delayed healing.

Fractures (summary:handbook 2 full text).
Diagnosis. Treatment. Xrays.

548-567

568-576

577-579

580-585

586
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Structured Approach to Major Trauma in children
and in children who are pregnant. Introduction.
Differences between high and low- income countries.
Special issues regarding major trauma in children.
Shock in the paediatric patient. Major trauma in the
child who is pregnant: What are the priorities?
Indications for caesarian section. Peri-mortem c.
section.  Specific types of trauma. Blunt trauma.
Penetrating abdominal wounds. Thoracic trauma.
Management of major trauma. Primary assessment
and resuscitation. Airway. Needle cricothyroidotomy.
Surgical cricothyroidotomy. Breathing. Circulation.
Neurological failure. Cervical spine protection.
Analgesia. Secondary assessment and emergency
treatment. Head injury. Chest trauma. Abdominal
trauma. Spinal trauma. Neurological assessment.
Pelvic trauma. Limb trauma.

Continuing care for children who have
experienced major trauma. Tetanus prophylaxis.
Transfer. Peri-operative care. High dependency care.

Step-down care and rehabilitation.

EMERGENCY TRAUMA RADIOLOGY (SEE HANDBOOK 2)

81

82

83

84

85
LANDMINE
GUNSHOT
86

87

Head Injuries. Coma scales. Major diffuse brain
injury.  Intracranial haematomas. Skull fractures.
Penetrating injuries. Early traumatic epilepsy.
Electrical Injuries. Pathophysiology. Primary
assessment and  resuscitation. Secondary
assessment and emergency treatment.

Near drowning. Pathophysiology. Problems that may
be present at drowning. Primary assessment and
resuscitation. Secondary assessment and emergency
treatment. Hypothermia. Prognosis. When to stop
resuscitation.

Heat stroke. Clinical signs. Pathophysiology.
Treatment.

Hypothermia. Emergency treatment.

INJURIES (HANDBOOK 2 FOR DETAILS)

WOUNDS (HANDBOOK 2 FOR DETAILS)

Burns in children including those who are
pregnant. First aid. Pain control. Minor burns.
Dressings. Tetanus. Antibiotics. Primary assessment
and resuscitation. Assessment of burn area.
Calculating additional fluids. Inhalational injury.
Examination of the burn. Surgery. Feeding.
Psychology. Prevention. Features that suggest child
abuse. Possible late problems. Burns in pregnancy.
Poisoning. Mortality. = Symptoms and signs of
poisoning.  Management of poisoning.  Primary

587-625

626-627

628-634
635-636

637-642

643

644
644
644
645-657

658-669
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88

89

90

91

92

93

94

95

96

97

98

assessment and  resuscitation. Secondary
assessment and emergency treatment.
Hypoglycaemia. Convulsions. Opiates or methadone
overdose. Minimising effects if ingested substance.
Gastric lavage. Iron. Paracetamol. Benzodiazepines.
Tricyclic antidepressants. Poisonous household
products. Organophosphate compounds. Corrosive
agents. Lead poisoning. Poisonous plants. Carbon
monoxide. Volatile substance abuse. Investigations.
Envenomation. Introduction. Prevention. Snake bite.
First aid outside hospital.  Diagnosis and initial
assessment. Hospital management. Antivenom.
Other therapy. Scorpion stings. Spider bites. Marine
envenoming.

Procedures in infants and children. Analgesia and
sedation. Restraining children. Giving injections. IM
injections. Subcutaneous injection. Intra-dermal
injection.

Airway procedures. Oropharyngeal airway.
Cricothyroidotomy. Needle cricothyroidotomy.
Surgical cricothyroidotomy.

Breathing procedures including ventilatory
support. Needle thoracocentesis. Complications.
Insertion of a chest drain. Complications. Tapping the
chest in pleural effusion or empyema. Respiratory
support. Assessment of respiratory failure. Respiratory
support. CPAP. Heated humidified high flow nasal
cannula HHHFNC.

Circulatory procedures. Peripheral  venous
cannulation. Blood sampling. Common complications.
IV drug administration.  Safe IV infusion without
burette.  External jugular vein.  Central venous
cannulation. Femoral vein. Internal jugular vein.
Subclavian vein. Long saphenous cut-down. Intra-
osseous needle. 1V drug infusions in high dependency
care. Needle pericardiocentesis. Defibrillation. .
Insertion of an orogastric or nasogastric tube.
Cervical spine immobilisation and log roll. Manual
in-line stabilization. Sandbags or blocks and tape.
Exceptions. Log roll to 20 degree tilt.

Incision and drainage of abscess. Indications.
Procedure.

Abdominal paracentesis. /ndications. Procedure.
Interpreting analysis of retrieved fluid.

Lumbar puncture. Indications. Contraindications.
Procedure.

Suprapubic aspiration of urine. Indications.
Procedure.

670-675
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685-696

697-712

713-714

715-717

718

719

720-722

723
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Section 1 Triage-treating the sickest first.

Triage involves determining the priority of a patient’'s treatment based on the
severity of their condition, not on when they arrived or their place in a queue.
Introduction

The word ‘triage’ comes from the French word ‘trier’ (meaning ‘to sort’). It is the process
by which patients presenting to a health facility with an iliness or injury are assigned a
clinicalpriority. Itisanessential stepinclinicalriskmanagement, as it means that, if done
correctly, those patients who are most in need of care receive it first. Triage should
have a robust mechanism to ensure that patients at imminent risk of death or who
are seriously ill or injured, requiring immediate resuscitation or emergency
management, are provided with treatment before patients with conditions that are
less critical, who can wait for further assessment and treatment.

Triage divides patients into the following three categories:

1 those who are at imminent risk of death and require immediate resuscitation.

2 those who are seriously ill or injured, and who need timely emergency
management.

3 those who have conditions which can wait before further assessment and possible
treatment.

Of course, it is not always immediately apparent which categoryapatientisin,
so most methodologies are based on a rapid physiological assessment of vital
functions (airway and breathing, circulatory status and conscious level).

The models of decision making, of which there are many, require three steps:
1. rapid initial assessment
2. determination of the appropriate categories
3. selection of the most appropriate category.
Triage scheme for children
Rapid initial assessment
Infants and children can become dangerously ill quickly, and therefore need
urgent triage.
This process requires the ability to recognise, first, those patients who need
resuscitation (immediate management, group 1, ‘red’), and second, those who
need urgent treatment, (see Table 1.3). This process must take
only afew seconds, as any delay can be fatal.

TABLE 1.1 A possible triage scale (adapted from the Advanced Life Support Group)

Triage number Typeofaction Colour Maximum target time to action
(minutes)

Category 1 Immediate Red 0

Category 2 Urgent 15

Category 3 Non-urgent 60 (1 hour)

From the moment of arrival at the health facility (some information may be given before
arrival, by contactbetweenthe ambulance crew and the facility), a decision onthose who
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need resuscitation must be made. The decision making is based on the clinical signhs
listed in the second column of Tables 1.2and 1.3.

Once atriage category has been identified, the patient should have observations of
respiration rate and characteristics (e.g. wheeze, stridor, recession), pulse rate,
blood pressure, temperature and a rapid measure of conscious level, such as
AVPU score (Alert, responds to Voice, responds to Pain, Unconscious; see Sections
66 and 79), measured and recorded.

Section 68 in Handbook 2 presents a series of PAWS forms (Paediatric Advanced
Warning Scores) for different ages of a child and specially developed for settings in

which human resources are scarce.

Table 1.2 (for infants

and children) show those features which, on rapid

examination, determine that immediate resuscitation is required.

TABLE 1.2 Clinical signs on simple observation or from the history which indicate
the need for immediate resuscitation in infancy and childhood (RED)

Underlying mechanism

What does the healthcare worker undertaking triage see in
the patient or hear from the parents?

A problem that is
obstructing, or might
obstruct, the upper
airway

A: AIRWAY

The patient is unconscious

The patient is fitting or has been fitting

There is major trauma to the face or head, including burns
There is severe stridor or gurgling in the throat

The child has inhaled a foreign body which is still in the
throat

Any problem producing
apnoea, severe
respiratory distress or
cyanosis

B: BREATHING

The patient is not breathing

The patient is gasping

The patient is cyanosed

The patient is having so much difficulty breathing that they
cannot speak or vocalise (cry)

Any problem producing
cardiac arrest, shock or
heart failure

C: CIRCULATION

The patient has suffered major trauma

The patient appears shocked (very pale/white, cannot sit
up, weak, very rapid or absent pulse, and has a reduced
conscious level)

Note that a low blood pressure in a childis a late and dangerous sign.
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TABLE 1.3 Clinical signs

le Casualty Incidents Dr. Alistair Morris, Dr. Diane Watson and

on simple observation or from the history in an infant or

child which indicate the need for urgent management but not resuscitation

( )

Underlying mechanism

What does the healthcare worker undertaking triage see
or hear from the patient or relatives?

A problem that might
obstruct the upper airway
in the future

A: AIRWAY

There is trauma to the face or head, or burns to this area,
but the patient is conscious and able to speak/cry

/An overdose of respiratory depressant substance has or
may have been taken

A problem producing
respiratory distress
B: BREATHING

The patient has difficulty in breathing but can speak/cry
and there is no cyanosis. WARNING severe hypoxaemia
can be present without obvious cyanosis in a child with
black skin

Any problem that might,
unless rapidly treated,
lead to shock or heart
failure

C: CIRCULATION

The patient has suffered major trauma and is not yet
shocked, but may have internal bleeding (they are able to
stand or sit up and speak/cry normally)

/Any burns covering more than 10% of the body

The patient has fainted and has abdominal pain (a post-
pubertal girl might have a ruptured ectopic pregnancy) but
is able to stand or sit up and speak/cry normally

The patient has severe abdominal pain but is not shocked
(they are able to stand or sit up and speak/cry normally)
The patient is extremely pale but not shocked (severe
anaemia) (they are able to stand or sit up and speak/cry
normally)

D: DISABILITY

'The child is drowsy or confused or are so weak sitting up
or standing normally is not possible because of incipient
serious illness

Severe dehydration

The patient has severe diarrhoea/vomiting and is feeling
very weak, but is not shocked (they are able to stand or
sit up and speak/cry normally); the eyes may be sunken
and a prolonged skin retraction time will be present

Infection that might
become dangerous

The patient has a fever of 37.5 C or higher (they are hot
to touch or shivering, but are able to stand or sit up and
speak/cry normally)

The child shows
evidence of severe
malnutrition

Always aim to measure at least MUAC (Mid Upper Arm
Circumference) since clinical detection of wasting is not
sufficiently sensitive and children who could benefit from
treatment will be missed. Severe wasting = MUAC
<115mm. Also check for bilateral pitting oedema,
spreading up from feet to shins to whole body, which
might indicate kwashiorkor (oedematous malnutrition)
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Any neonate or young
infant (less than 2
months old) who is
unwell

Helping to ensure that triage works well.

The following actions will help to prevent life-threatening delays:

1. Train all staff (including clerks, guards, door keepers and switchboard
operators) to recognise those who need resuscitation.

2. Practice triage and the structured approach to emergencies with all staff in the
facility.

3. Ensure that access to care is never blocked. Emergency equipment must
always be available (not locked away) and in working order. This requires daily
checks and the keeping of logbooks. Essential emergency drugs must be
constantly available.

4. Give proper training of appropriate staff in the use of the equipment and drugs
required.

5. A special trolley containing equipment and drugs for emergencies must be
available at all times.

6. Protocols on the structured approach to emergencies (see below) must be
available. Pathways of emergency care should be prominently displayed on the
walls in areas where emergencies are managed.

7. Implement systems by which patients with emergencies can be exempted from
payment, at least temporarily. These include local insurance schemes and
health committee emergency funds. This exemption must be made known to
all gatekeepers and security staff.

This indicates a possibility of dangerous sepsis

Special priority signs

Haemorrhage

Haemorrhage is a feature of many presentations, particularly in pregnancy (see
Sections 45 and the Handbook on Advanced Obstetric Care) and following
trauma (sections 77 and 79).

Category 1 patients (red) are those who are exsanguinating. Death will occur quickly
if the bleeding is not arrested.

Haemorrhage that is not rapidly controlled by the application of sustained
direct pressure, and which continues to bleed heavily or soak through large
dressings quickly, should also be treated immediately (Category 1, red).

Conscious level

Category 1 or immediate priority (red) includes all unconscious patients (U or P on
the AVPU scale).

In patients with a history of unconsciousness or fitting, further dangerous events are
possible. Those who respond to voice are categorised as Category 2 urgent (orange).

Pain
Patients with severe pain should be allocated to Category 1 immediate (red), and those
with any lesser degree of pain should be allocated to Category 2 urgent (orange).
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For patients who have sustained significant trauma or other surgical problems,
anaesthetic and surgical help is required urgently.

If there is an urgent referral from another healthcare facility or organisation, the patient
must be seen immediately or urgently, depending on the circumstances.

Importance of regular reassessment

Triage categories may change as the patient deteriorates or gets better. It is
important, therefore, that the process of triage (clinical prioritisation) is dynamic
rather than static. Toachieve this, all clinicians involved in the pathway of care should
rapidly assess priority whenever they encounter the patient. Changes in priority
must be noted, and the appropriate actions taken.

All patients with symptoms or signs in the immediate (red) or urgent (orange)
categories represent emergencies or potential emergencies and need to undergo the
structured approach to emergencies as outlined in Section 11 Handbook 2.

Non-urgent cases
Proceed with assessment and further treatment according to the patient's needs
once the immediate and urgent patients have been stabilised.

Multiple Casualty Incidents

Multiple Casualty Incidents eg bus / train crashes, terrorist attacks etc. present a
real challenge to the clinician who is often overwhelmed with the numbers needing
to be cared for. With limited resources and personnel on scene it is important to do
the ‘best for the most’. Not everyone may be able to be saved and it is important to
not spend lengthy time on resuscitating the first casualty encountered, whilst many
others perish who could have been saved.

Firstly, an initial communication to emergencies services needs to deal with the
estimate of the incident. A wide used acronym is METHANE

M — Major Incident Declared

E — Exact Location

T — Type of Incident

H — Hazards present or suspected

A — Access — what are the best routes for access and egress

N — Number, type and severity of casualties

E — Emergency Services — what is present and what is needed

As stated before, it is important to do the ‘best for the most’. Therefore. a TRIAGE
SIEVE process is applied whilst the patients are in situ. During this there is virtually
no medical treatment given. The only equipment needed is a marker pen. If
available airway adjuncts and trauma tourniquets can be used to try to maintain an
airway of an unconscious victim or stop catastrophic haemorrhage. Casualties are
then triaged into 4 categories:

1. Dead
2. Priority 1 (Immediate)
3. Priority 2 (Urgent)
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4. Priority 3 (Delayed)
The person(s) assigned to triage does not need to be medically trained (in fact this
is sometimes good as medical people often get caught in treating and not triaging).
The triage category can simply be written on the forehead.

Iﬁure 1.1 Triage Sieve

Catastrophic (YES)

Haemorrhage —/
Apply Tourniquet/
Haemostatic dressing

Are they (NO ) Survivor
injured —J - Reception Centre

Walking

Airway (open) (N )
Breathing —

Unconscious {YES)

Place in recovery position

Respiratory Below 10 or
Rate 30 and above
C
T 725¢
7720/¢
Circulation _
pillary refill] <120/Cr <2sec

Many mass casualty incidents involve adults and children. The Triage Sieve shown
in Figure 1.1 will tend to over prioritise children compared with adults in the first
instance. However, it is important for those applying the triage sieve that they have
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one simple flow sheet to follow as this process needs to be done quickly and
effectively.

Once the casualties have been triaged they can be extracted to both Casualty
Collection Point and Casualty Clearing Station. This can occur at the same time as
triaging — especially for the Priority 1 and 3 casualties.

e Casualty Collection Point: Priority 3 casualties (walking) are told to walk to
the casualty collection point. This is a safe area, away from the incident, where
simple first aid can be administered and is distant from the casualty clearing
station.

e Casualty Clearing Station: Priority 1 and then priority 2 casualties are taken
to a casualty clearing station. This is a safe area away from the incident and
would be staffed by healthcare professionals. A more detailed assessment is
made and the patients are ‘Sorted’ RED, YELLOW, GREEN as in Figure 1.2 for
adults and data on the Triage Tables earlier in this Section for children. This
triage approach enables more appropriate priorities based on
clinicalobservations for onward transport to hospital. Immediate life-saving
treatment and fluid resuscitation is given. For children age appropriate values
should be used as per section 2.

ADULT TRIAGE SORT
RESPIRATORY RATE

10-29 4
TOTA:?:ORE 5 3
6-9 2
0 0
|
>90 4
TOTAL SCORE S 3

50-75 2
PRIORITY 2 i .

0 0
GLASGOW COMA SCALE I

13-15 4

TOTALSCORE | .. g
=12

6-8 2

S 4-5 1

3 o

Figure 1.2 Triage Sort

Once sorted and initial treatment given the casualties are transferred to hospital for
definitive care in order of need and resources available (eg a minibus may be
suitable for the P3 casualties whereas ambulances are need for the P1 casualties.
It is vitally important to ensure there is a route in and out for emergency vehicles
otherwise the nearby roads become jammed and no casualty can get to hospital.
Personnel should be assigned to manage the arriving ambulances and roads.
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Section 2 Normal values for vital clinical signs in children

Estimating the weight of a child in an emergency

For an infant (defined as up to 12 months old), the birth weight:
« doubles by 5 months
- triplesby1year
« quadruplesby?2years.

After 12 months, the following formula can be applied, but it may need to be
modified according to whether the child is small or large compared with the
average:

Weight (kg) =2 (age in years +4).

Normal vital signs
TABLE 2.1 Normal vital signs by age in children (including those who are pregnant

Age (years) Heart rate Systolic blood pressure | Respiratory rate
(beats/minute) (mmHg) (breaths/minute)

<1 110-160 70-90(>60) 30-40

1-2 100-150 80-95(>70) 25-35

2-5 95-145 80-100(>75) 25-30

5-12 80-120 90-110(>75) 20-25

>12 60-100 100-120 15-20

WHO defines tachycardia as > 160 bpm if < 1 year; > 120 bpm if 1-5 years and if >
110 bpm in a child who is pregnant, consider shock may be developing or present.
MCAI consider 100 bpm the maximum heart rate in children who are pregnant.
WHO considers fast breathing is present if < 2 months respiratory rate =60 bpm;
for children aged 2 months to 12 months if respiratory rate is =50 bpm and for
children 1-5 years if respiratory rate is =40 bpm.

TABLE 2.2 Normal heart rates when awake and asleep

Age group Heartrate when awake Heartratewhenasleep
(beats/minute) (beats/minute)

Newborn to 3 months 90-190 90—-160

3 months to 2 years 80—150 80-120

2-10years 70-120 70-90

10 years to adulthood 55-90 50-90
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TABLE 2.3 Normal systolic and diastolic blood pressure

Age group Systolic blood pressure Diastolic blood pressure
(mmHg) (mmHg)

Birth (12 hours, 3 kg) 50-70 25-45

Neonate (96 hours) 60-80 20-60

Infant 80-90 53-66

2—4 years 95-105 53-66

7 years 97-112 57-71

15 years 112-128 66-80

In children who are 95-135* 60-85

pregnant

*In children who are pregnant if systolic BP is < 90 mmHg consider shock may be
present and if < 95 mmHg investigate for possible indicators of developing shock.

Blood pressureisdifficultto measureandinterpretininfants and children under 5 years
of age. Do not base decisions to treat hypertension on the results of electronic
sphygmomanometers, as they canbe inaccurate. Always check with a hand-pumped
machine.

The following quick formula can be used to calculate normalsystolic pressurein
children:

Median (50th centile) systolic blood pressure in children = 85 + (2 x age in years).

Capillary refill time

The normal capillary refill time (CRT) is up to 3 seconds. It is important to be aware
that peripheral CRT is not a reliable test of perfusion. It is better for identifying
dehydration than shock.

Urine output
WHO recommendations are as follows:
- Infants:2mL/kg/hour
« Children: 1mL/kg/hour
« Children who are pregnant: > 30 mL/hour or > 100 mL every 4 hours.

Normal core body temperatures
e Infants: 36.5-37.4°C
e Children: 36.0-37.2°C

If an infant or child has a temperature of 37.5°C or more, afeveris present.
To convert °C to °F multiply by 9, then divide by 5 then add 32.
To convert °F to °C deduct 32, then multiply by 5, then divide by 9.
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Cyanosis

Deoxygenated hemoglobin and non-oxygenated red blood cells cause skin and

mucous membranes to appear blue

o Examine the tongue, gums, sole of the feet and palmof hand (not the lips)
under sunlight or an incandescent light bulb (even healthy people may look
slightly blue under fluorescent light)
If unsure, compare colour of the child’s tongue with that of the mother’s

e In children with severe anaemia or with heavily pigmented mucous
membranes, cyanosis may be detectable only at severe levels of hypoxemia.

e Central cyanosis is insensitive for detection of hypoxemia (only observed in
50% of all children with hypoxemia), but is highly specific (i.e. almost all
children with central cyanosis have hypoxemia).

Measuring blood oxygen levels

As reported in the WHO book Oxygen therapy for children, “Hypoxaemia means low
levels of oxygen in the blood (low blood oxygen saturation). Hypoxia is inadequate
oxygen in tissues for normal cell and organ function, and hypoxia results from
hypoxaemia. Hypoxaemia occurs frequently in diseases like lower respiratory tract
infection (severe pneumonia or bronchiolitis), upper airway obstruction, severe
asthma, common neonatal conditions like birth asphyxia and in respiratory distress
syndrome, severe sepsis, shock, heart failure, cardiac arrest, major trauma, carbon
monoxide poisoning, and obstetric and perioperative emergencies”.

Also in this WHO book: “Oxygen should always be given continuously until normal
saturation is maintained without oxygen.” However, also later in the book “When
children are monitored with pulse oximetry, any child with an SpO2< 90% should

receive oxygen”.

However, since levels of SpOz2 in healthy neonates, infants and children (see
Section 64 in Handbook 2) are 95% and above, and allowing for perhaps 1%
inaccuracy in measurements, hypoxaemia is by definition less than 94% and in
respiratory failure should, in our opinion, be treated with additional inspired oxygen.

The ERC guidelines 2021 have a very similar approach to levels of SpO2 at which
oxygen should be started as follows: “Where it is possible to accurately measure
SpO: (or partial oxygen pressure (PaQ3)): start oxygen therapy if SpO2< 94%. The
goal is to reach an SpO:2 of 94% or above, with as little supplemental FiO: (fraction
of inspired oxygen) as possible. Sustained SpO:2 readings of 100% should generally
be avoided (except for instance in pulmonary hypertension, carbon monoxide
intoxication (see Sections 86 and 87). Do not give pre-emptive oxygen therapy in
children without signs of or immediate risk for hypoxaemia or shock.”

The ERC advise caution re excessive use of oxygen (? undefined harm and a
resource issue), hence use of 98% upper limit when targeting SpOa.
https://www.cprguidelines.eu/assets/quidelines/RESUS-8995-Exec-Summary.pdf

Allowing for possible measurement errors of 1%, hypoxemia by definition thus
occurs when SpO: is below 94% and the target for treatment should be 94 to 98%.
However, managing further degrees of hypoxemia below 94% also depend on other
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issues with respect to the patient’s clinical condition.

Pulse oximetry should always be used non-invasively to monitor oxygen
saturation in addition to clinical observations where possible.

SpO:2 levels falling down to 90%, because of the shape of the oxygen dissociation
curve (see Figure 2.1 below) , do not produce large falls in arterial PO2. And the
advice given by WHO, is that levels of 90% to 94% are safe to aim for. This
recommendation ignores the fact that, taking into account a possible 1% error in
pulse oximetry, levels below 94% are hypoxaemic. It matters because if the cause
of the hypoxaemia is a respiratory disorder (in most cases) then the level of oxygen
in the small airways and alveoli will be hypoxic when SpOz2 is between 90 and

93%. Such changes may have harmful effects on the pulmonary blood flow and
airway size regulation. Low airway oxygen has been shown to lead to pulmonary
vasoconstriction, bronchial constriction and intra pulmonary shunting all of which
can be dangerous in the presence of existing respiratory failure. There is no clinical
reason, we know of, to accept without oxygen treatment hypoxaemia between 90
and 93% and it is fundamentally against natural physiology WHO states in their
book on oxygen in children that, in low resource settings, the recommendation is
related to the sparing of valuable oxygen use. The latter is not a medical reason
but a resource-related one.

Figure 2.1 The oxygen dissociation curve
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Reference

Oxygen therapy for children WHO 2016
https://apps.who.int/iris/bitstream/handle/10665/204584/9789241549554 eng.pdf;js
essionid=77FDCEBEQ051C27B65A872488392474C7?sequence=1

35


https://apps.who.int/iris/bitstream/handle/10665/204584/9789241549554_eng.pdf;jsessionid=77FDCEBE051C27B65A872488392474C7?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/204584/9789241549554_eng.pdf;jsessionid=77FDCEBE051C27B65A872488392474C7?sequence=1

Section 2 Normal values for vital clinical signs Editors

Circulating blood volume
« At birth: 100 mL/kg
- At1yearofage: 80mL/kg
- At12yearsofage: 70mL/kg
« In achild who is pregnant: 100 mL/kg.
Normal values for laboratory measurements Haematology

TABLE 2.5 Normal laboratory values for haemoglobin concentration

Age Haemoglobin concentration
(grams/L)
1-3days 145-225
2 weeks 145-180
6months 100-125
1-5 years 105-130
6-12years 115-150
12-18years:
Male 130-160
Female 120-160
A child who is pregnant | >100g/I

TABLE 2.6 Normal laboratory values for platelet count

Age group Platelet count (x 10Ylitre)
Newborn 84-478
Child 150-400

TABLE 2.7 Normal laboratory values for erythrocyte sedimentation rate (ESR),
white blood cell count (WBC) and lymphocyte count

Age group ESR (mm/hour)
Allages 0-10

Age group WBC (x 10%litre)
1-2days 9.0-34.0
Neonate 6.0-19.5
1-3 years 6.0-17.5
4-7 years 5.5-15.5

8-13years 4.5-13.5
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>13years 4.5-11.0
Age group Medianlymphocyte count (x 10%litre)
>1year 41-6.0

Blood Chemistry

TABLE 2.8 Chemistry: normal laboratory values

Substance Age Normal range
Albumin (gramsllitre) Preterm 18-30
Fulltermto 7 days 25-34
<5years 39-50
5-19years 40-53
Amylase (units/litre) Allages 30-100
ASOtitre (Todd units) 2-5 years 120-160
6-9 years 240
10-12years 320
Bicarbonate (mmolllitre) All ages:
Arterial 21-28
Venous 22-29
Bilirubin (conjugated) >1year 0-3.4
Calcium (mmol/litre) 0-24 hours 2.3-2.65 (1.07-1.27 ionised)
24 hoursto4 days 1.75-3.00 (1.00-1.17 ionised)
4-7days 2.25-2.73 (1.12-1.23 ionised)
Child 2.15-2.70 (1.12-1.23 ionised)
Chloride (mmol/litre) Neonate 97-110
Child 98-106
Creatinine (umol/litre) Neonate 27-88
Infant 18-35
Child 27-62
Glucose Please see Section 50 on diabetes
Magnesium (mmol/litre) 0-7days 0.48-1.05
7daysto2years 0.65-1.05
2-14years 0.60-0.95
Osmolarity (mosmol/litre) | Child 276-295 (serum)
Potassium (mmol/litre) <2months 3.0-7.0
2-12months 3.6-6.0
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Substance Age Normal range
Child 3.5-5.5

Sodium (mmol/litre) Neonate 136-146
Infant 139-146
Child 135-145

Urea (mmol/litre) Neonate 1.0-5.0
Infant 2.5-8.0
Child 2.5-6.6

Blood gases (normal arterial range)
e pH:7.35-7.45.
e paCO02:4.5-6.0 kPa (35—45mmHg).
e pa02: 10-13 kPa (75-98 mmHg).
Standard bicarbonate: 21-27 mmol/L

In children who are pregnant:
e pH:7.40-7.46
e paCO2:3.7-4.2 kPa (28-32mmHg)
- Standard bicarbonate: 18—21 mmol/L

Equivalent values for certain drugs used in an emergency.
1mg of prednisone or prednisolone is equivalent to 4mg of hydrocortisone and 150
micrograms of dexamethasone or betamethasone.

Adrenaline (epinephrine) 1 in 1,000 contains 1000 micrograms in 1 mL.

Adrenaline (epinephrine) 1 in 10,000 contains 100 micrograms in 1 mL.

Measurements of medical supplies

Uncuffed endotracheal tubes in children under 25 kg in weight (aged 6-7 years)
Internal diameter of endotracheal tube:

Full-term baby: 3.0-3.5 mm.

Age < 1year: 4.0-4.5 mm.

Age > 1 year: size of tube = age/4 + 4 mm.

French gauge Fr = circumference of tube in mm.

Urinary catheters: forneonate to 1 yearofage*5-6 Fr; from 2 to 8 years 6-8 Fr;
from 8 to12 years 10-2 Fr; from 13 to 18 years 12—16 Fr and in pregnancy from
14—-16 Fr.

*Feeding tubes may be used but are not ideal.

Nasogastric tubes:

Neonate size 5 to 6 Fr;

1to 5 months 7 to 9 Fr;

6 to 12 months size 10 Fr;
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1 to 3 years 10-12 Fr;
4 to 8 years 12 Fr;
8 to 12 years 12—-14 Fr;

12 to 18 years 14-18 Fr;

in pregnancy 16-20 Fr.

Fluid and electrolyte management Normal requirements for fluid
The blood volume is about 100mL/kg at birth, falling to about 80 mL/kg at 1 year
of age. The total body water contentranges from 800mL/kgin the neonate to 600
mL/ kg at 1 year of age and thereafter. Of this, about two-thirds (400 mL/kg) is

intracellular fluid, the rest being extracellular fluid.

Initial expansion of vascular volume in a state of shock can be achieved with relatively
small volumes of intravenous fluid: 10 to 20 mL/kg will usually be sufficient but maybe

carefully repeated. However, this volume is only a fraction of that required to

correctdehydration, asthefluid has beenlostfromallbody compartments in this
condition. Clinically, dehydration is notdetectable until more than 3—-5% (30-50

mL/kg) of the body fluid has been lost.

It is important to remember that although fluid must be given quickly to correct loss
of circulating fluid from the blood compartment in shock, (except in malnutrition; see
Section 56.) when given intravenously, it must be given carefully (see in shock

Section 45 and in severe dehydration see Section 61).

TABLE 2.9 Normal 24 hour fluid, electrolyte, energy and protein requirements

Bodyweight | Volumeof | Volumeof | Ng* K* Energy Protein
fluid fluid (mmol/ 24 (mmol (kcall 24 (grams/
(mL/24 (mL/hour) | hours/kg) /24 hours) 24 hours)
hours) hours/
: kg)
First10kg | 100 4 2.0-4.0 1.5-25 |110 3
Second 10 kg| 50 2 1.0-2.0 05-1.5 |75 1
?Ubsequent 20 1 0.5-1.0 0.2-0.7 |30 0.75
g

Fluid requirement can be divided into 3 types:

1 forreplacementofinsensible losses (through sweating, respiration,
gastrointestinal loss, etc.)
2 for replacement of essential urine output (the minimal urine output to allow

excretion of the products of metabolism, etc.)

3 fluid to replace abnormal losses (e.g. blood loss, severe diarrhoea, diabetic

polyuria losses, etc.).

A useful formula for calculating normal fluid requirement is providedin Table 2.9.
Itis simple, can be applied to allage ranges and is easily subdivided.

The example formula provided below gives normal healthy fluid requirements (excluding

abnormal losses)- that is, types (1), (2) listed above. |
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For examples:
- healthy infant weighing 6 kg would require 600 mL per 24 hours
« healthy child weighing 14 kg would require 1000 + 200 = 1200mL per 24hours
- healthy child weighing 25kg would require 1000 + 500 + 100 = 1600 mL per day.

If there are abnormal additional losses (3™ type above) these should be added to
the normal fluid requirement to give a new total requirement per 24 hours.

In practice, the healthy child only drinks when they are thirsty, but it is useful to have
an idea of how much fluid a child should be expected to need. Of course, if there are
excess losses, as in diarrhoea or fever, or if the ambient temperature is
especially high or an infants under a radiant heater, leading to high insensible
losses, more fluid is required. Except in cardiac or renal disease, a good way to
check whether a child is taking in enough fluid is to see whether they have a
satisfactory urine output of at least 1 to 2 mL/kg/hour depending on age (2ml/Kg for
an infant).

Average fluid requirements in a child who is pregnant are 1500-2500 mL/day.
This depends on levels of activity, ambient temperature and whether or not the
child has a fever.

When calculating in a child with dehydration the quantity of fluid for
rehydration

Fluid deficit + normal fluid requirements + abnormal ongoing losses (diarrhoea, vomit).
Fluid deficit (mL) = percentage dehydration x weight (kg) % 10.

Abnormal ongoing losses:
- Aftereachloose stool:
— age<2years: 50-100mL
— age >2 years: 100-200 mL

- After each vomit: 2mL/kg body weight.

Useful information about biochemical measurements
- 1ounce =28 grams
« Percentage in a solution=numberofgramsin 100mL (e.g. 10% dextrose =10
gramsin 100mL).
« Onemillimole =molecularweightinmilligrams.
Therefore, for example:
1mmol NaCl = 58.5mg
1mmol NaHCO3 =84 mg
1mmol KCl = 74.6 mg.
- The equivalent weight of an electrolyte = molecular weight/valency (e.g.Ca
=40/2).

Useful figures
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30% NaCl = 5 mmol/mL each of Na+ and Cl-

0.9% NaCl = 0.154 mmol/mL each of Na+ and Cl—

15% KCI (15 grams/100 mL) = 2 mmol/mL each of K+ and Cl- (also called
concentrated or strong KCI)

10% calcium gluconate (10 grams/100 mL) = 0.225 mmol/mL (note that 1 mL of

calcium chloride 10% is equivalent to 3 mL of calcium gluconate 10%)
8.4% NaHCO3 = 1 mmol Na* and 1 mmol HCO3 /mL

One mL/hour of normal saline = 3.7 mmol Na* in 24 hours.

Serum osmolarity = 2(Na+ + K+) + glucose + urea (normally 285-295 mosmol/litre).

Normal requirements for electrolytes (unless there are excessive

losses)

There are obligatory losses of electrolytes in stools, urine and sweat, and these
require replacement. Any excess is simply excretedintheurine.

TABLE 2.10 Electrolyte content of body fluids

Fluid Na™ (mmol/litre) | K* (mmol/litre) | CI~ (mmol/litre) | HCO3™
(mmol/litre)
Plasma 135-145 3.5-55 98-108 20-28
Gastric fluid 20-80 5-20 100-150 0
Intestinal fluid | 100140 5-15 90-130 13-65
Diarrhoea 7-96 34-150 17- 0-75
Sweat <40 6-15 <40 0-10

TABLE 2.11 Normal water and electrolyte requirements in in a child who is

pregnant
Maintenance Volume of fluid Sodiumrequirement | Potassium
requirements/24 (mL/day) (mmol/ day) requirement
hours (mmol/day)
1500-2500 150 100
TABLE 2.12 Commonly available crystalloid fluids
Fluid Nat Kt cr- Energy
(mmolfiitre) | (mmolfiitre) | (mmolfitre) | (keal
litre)
Isotonic crystalloid fluids
Saline 0.9% (normal) 150 0 150 0
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Fluid Na* Kt cr- Energy
(mmollitre) | (mmolfiitre) | (mmolitre) I(I‘:f:;/
Glucose 5% (50mg/mL) 0 0 0 200
Hartmann's solution or Ringer-lactate | 131 5 111 0
Hypertonic crystalloid fluids
Saline 0.45%, glucose 5% 75 0 75 200
Glucose 10% (100 mg/mL) 0 0 0 400
Glucose 50% 0 0 0 2000

*Hartmann’s / Ringer-lactate solution also contains HCO3 as lactate 29
mmol/litre and calcium 2 mmol/litre.

Making glucose containing solutions

Tomake 10% glucose/dextrose solution in Ringer-lactate/Hartmann’s or 0.9% saline,
remove 100mL froma500mL bag and inject into it in a sterile manner 100 mL of
50% dextrose/glucose.

To make 5% glucose/dextrose solution in Ringer-lactate/Hartmann’s or 0.9%
saline, remove 50 mL from a 500 mL bag and inject into it in a sterile manner 50
mL of 50% dextrose/glucose.

To make a 10% solution of glucose for injection in treating hypoglycaemia and if
there is only 50% dextrose/ glucose solution available:
- either dilute 10mL of the 50% solution in 40 mL of sterile water
« ORadd10mL of 50% dextrose to 90 mL of 5% glucose which will give an
approximate 10% glucose solution.

Colloid solutions
TABLE 2.13 Commonly available colloid fluids

Colloid Na* K* Ccalt Duration of Comments
(mmolflitre) | (mmolllitre) | (mmol/iitre) | &ction
(hours)
Albumin 4.5%[150 1 0 6 Protein
buffers
Gelofusine [154 <1 <1 3 Gelatine
Haemaccel (145 5 12.5 3 Gelatine
Pentastarch |154 0 0 7 Hydroxyethyl
starch

Drop factor calculations for IV infusions.

Fluids can be calculated in drops/minute as follows. First identify from the IV
giving set what the ‘drop factor’ is (for standard giving sets this may be 10, 15 or
20 drops = 1mL). For micro-drop systems, which often accompany giving sets
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with burettes, 1mL = 60 drops. When setting the infusion rate with the flow
controller on the giving set below the chamber where the drops occur, always set
and countthe rate over a full minute.

For a drop factor of 20 drops/mL
One mL =20 drops in standard giving set.
Number of drops/minute = mL/hour with a standard giving set divided by 3.

With a micro-dropper infusion giving set with a drop factor of 60 drops/mL, 1 mL = 60
micro-drops.

Measuring neurological state
A=ALERT
V =responds to VOICE
P =responds to PAIN = Glasgow Coma Scale score of 8 or less
U =UNRESPONSIVE

Hypoglycaemia: definition and blood glucose conversion

Hypoglycaemiaisdefinedasabloodglucoseconcentration of < 2.5 mmol/litre or <
45 mg/dL. To convert mmol/l to mg/dl multiply by 18.
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Section 3. Structured approach (see Section 11 Handbook 2)
Summary
Members of the clinical team must know their roles and will ideally have trained
together in:
- clinical situations and their diagnoses and treatments

- drugs and their use, administration, and side effects
- emergency equipment and how it functions.

The ability of a facility to deal with emergencies should be assessed and

reinforced by the frequent practice of emergency drills.

Initial management

Stay calm.

Do not leave the patient unattended.

Have a team leader in charge to avoid confusion.

Shout for help, including where appropriate specialists such as anaesthetist and

surgeon. Ask one person to go for help and another to get emergency equipment

and supplies (e.g. oxygen cylinder and emergency kit). Ideally resuscitation

equipment and drugs should be available on one dedicated trolley.

5. Assess and resuscitate in sequence using the structured approach — Airway,
Breathing, Circulation, Disability (Neurological Status) (see below).

6. If the patient is conscious, ask what happened and what symptoms they have.

7. Constantly reassess the patient, particularly after any intervention.

Pob=

Structured approach to any infant or child presenting as an emergency.
Approach emergencies using the structured ABCD (Airway, Breathing, Circulation,
Disability) approach, which ensures that all patients with a life-threatening or
potentially life- threatening problem are identified and managed in an effective and
efficient way whatever their diagnosis or pathology.

The structured approach to the seriously ill patient, which is outlined here, allows
the health worker to focus on the appropriate level of diagnosis and treatment during
the firsthours of care.

Primary assessment and resuscitation are concerned with the maintenance of vital
functions and the administration of life-saving treatments, whereas secondary
assessment and emergency treatment allow more specific urgent therapies to be
started.

Secondary assessment and emergency care require a system-by-system
approach in order to minimise the risk of significant conditions being missed.

Following cardiac and/or respiratory arrest, the outcome for children is poor. Earlier
recognition and management of potential respiratory, circulatory or central
neurological failure which may progress rapidly to cardiac and/or respiratory arrest
will reduce mortality and secondary morbidity. The sectionon the structured approach
in the second part of this handbook outlines the physical signs that should be used
for the rapid primary assessment, resuscitation, secondary assessment and
emergency treatment of infants and children.
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Section 4. Basic Life Support Dr Barbara Phillips, Dr. Martin Samuels, Dr. Diane Watson
Prof. David Southall

Section 4. Basic Life Support see Section 12 Handbook 2 and 2021 ERC
guidelines https://www.cprguidelines.eu/assets/quidelines/RESUS-8995-Exec-

Summary.pdf

Basiclife support (BLS)is atechniquethatcanbe employed by one or more rescuers to
support the respiratory and circulatory functions of a collapsed patient using no
or minimum equipment. The section on Basic Life Support in the second part of
this handbook outlines the main techniques that constitute this approach.

SAFETY
Approach with care, Free from danger?

STIMULATE
Are you all right?

SHOUT FOR HELP Head tilt/ chin lift
sniffing
Jaw thrust only if
Airway opening manoeuvres :> trained and
U’ competent
<— LOOK for adequate chest
YES movements Agonal
LISTEN for breath sounds gasps = not
FEEL for breath :> adequate If
For 10 seconds doubt = not
IS BREATHING ADEQUATE? adequate
RECOVERY {}
POSITION NO

IF
UNCONSCIOUS
REASSESS
REGULARY

5 rescue breaths

Check for signs of life or

FIND pulse
take no more than 10 seconds Remove outer
O clothing
15 chest compressions <: centre of chest
ﬂ 2 hands

open airway
2 ventilation breaths to 15 compressions

FIGURE 4.1 Algorithm for basic life support in infants and children.
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Section 5 Advanced life support and cardio-pulmonary resuscitation in emergencies for infants
and children Dr Barbara Phillips, Dr. Martin Samuels, Dr. Diane Watson, Prof. David Southall

Section 5 Advanced life support and cardio-pulmonary resuscitation in
emergencies for infants and children (see Section 13 Handbook 2)

Reversible causes of cardiac arrest

The causes of cardiac arrest are multifactorial, but the two commonest final pathways
in childhood are through hypovolaemia and hypoxia. All reversible factors are
conveniently remembered as the 4Hs and 4Ts (see below). Sometimes cardiac arrest
is due to an identifiable and reversible cause, such as shock due to massive
haemorrhage from major trauma, septicaemia or severe diarrhoea. In the trauma
setting, cardiac arrest may be caused by severe hypovolaemia or tension
pneumothorax or pericardial tamponade.

The 4Hs

1. Hypovolaemia is the most prevalent cause. Significant hypovolaemia may also be
associated with trauma, gastroenteritis, anaphylaxis and sepsis. Control of
haemorrhage and urgent IV infusion of blood or in gastroenteritis intravenous
crystalloid IV boluses must be given.

2. Hypoxaemia due to respiratory or heart failure is another major cause of cardiac
arrest and its early reversal is key to successful resuscitation.

3. Hyperkalaemia, Hypokalaemia, Hypocalcaemia, and other metabolic abnormalities
may be suggested by the patient’s underlying condition (e.g. renal failure, severe
gastroenteritis), tests taken during the resuscitation, or clues from the ECG.

4. Hypothermia is associated with drowning incidents and requires particular care. A
low- reading thermometer must be used to detect it.

The 4Ts

1. Tension pneumothorax in major trauma

2. Cardiac Tamponade in major trauma

3. Toxins/poisons, resulting either from accidental or deliberate overdose or from a
medical mistake, may require specific antidotes.

4. Thrombo-embolic phenomena (pulmonary embolus: rare in children).

The section on Advanced Life Support in the second part of this handbook outlines
the main techniques that constitute this approach.

It addresses both non-shockable and shockable cardiac arrest and also discusses
the situations in which a decision to stop resuscitation may be the most appropriate
way forward.
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Section 6. SBAR (Situation, Background, Assessment and Recommendation)

Watson and Prof. David Southall

Dr. Diane

Section 6. SBAR (Situation, Background, Assessment and Recommendation)

S

Situation: | am calling about (name): .....

The main problem | am calling about is:

The time is.........

Vital signs: BP ___ /__

Awake [] Responds voice [ ] Responds to pain [] Unconscious []

Pulse Respiration SpO2 __ % Temp.___°C

| am concerned because:

Systolic BP - less than 90 []

Pulse - because it is:

Over 120 [ Less than 60 []
Respirations - because they are:
Lessthan 10 [J Over30 []
Child is needing oxygen []
Patient’s temperature is °C

Main concern

Breathing..............
Circulation..............

Bleeding is present...............
Trauma has occurred...........
Reduced consciousness ...........

Severe pain..............

Background (Tick relevant sections)
The child is:
Aged ............. years

A parent is present

Male / Female Accompanied / Unaccompanied

Assessment

| think the problem is:

| am not sure what the problem is but the child is deteriorating and we need to

do something

Treatment given / in progress:

Recommendation

Request:
OR 2. 1 would like advice please
Reported to (name):

1. Please come to see the child immediately/within 15 minutes

Response:

Person Completing form Name:

Date:
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Section 7 Drug and fluid administration

Enteral fluids

« The best method of maintaining caloric intake is through enteral feeding.
- If the patient is unable to drink then pass a gastric tube (see Section 93).

When commencing feed by naso- or orogastric tube:

Fill the syringe to the required amount with feed.

Draw the plunger back as far as possible.

Attach the syringe to the tube.

Kink the tube and remove the plunger.

Allow feed to pass into the stomach using gravity.

Observe the patient’s colour and respiratory rate for any signs of aspiration.

DO WN -

- Breastmilkisthe bestfoodforinfants. Itis alwaysavailable at the correct temperature,
no preparation is required, and no sterilising equipment is involved. If the infant is
too ill to suck and is fed through a gastric tube, encourage the mother to express
milk into a sterile receptacle.

1 To encourage the release of milk and ease of expression, it may help if
the mother expresses milk while holding the baby.

2 Store excess milk in a in a refrigerator (<5°C) for up to 5 days or freezer
(minus 20°C) for up to 6 months.

3 Defrostthe quantity needed for 4 hours of feeding at a time.

« Oral rehydration solutions are used in gastroenteritis to maintain electrolyte
balance. Prepare by adding 1 sachetto210mL (7 oz) of clean water.
(One ounce = 30mL.)

Intravenous fluids

Intravenous (IV) fluids must only be used when essential and enteral feeds are not
available or not absorbed. Always check the container before use, to ensure that the
seal is not broken, the expiry date has not been passed, and the solutionisclearand
free of visible particles.

Choice of crystalloid fluid

Dextrose/glucose-only fluids

It is clear that although glucose or dextrose is necessary to prevent or manage
hypoglycaemia, fluids containing only dextrose which are hypotonic should never be
used for IV fluid replacement or maintenance, or for the emergency management of
shock.

Thisis because the dextroseisrapidly metabolised, so the effect of a dextrose-only

IV fluid on the child’s body in shock may produce hyponatraemia, which could
lead to brain damage or death. In addition, this solution is rapidly moved out of the
circulationandintothe cells, and the state of shock will not be resolved.
Sodium-containing fluids

The fluid traditionally infused into the circulation for the management of shock
has been normal saline (0.9% NaCl). This fluid has increasingly been shown to be
potentially harmful, especially in the shocked patient. An infusion of normal saline
causes a hyperchloraemic acidosis (a high chloride concentration leading to

48



Section 7 Drug and fluid administration Editors

acidosis) which, in the shocked patient, who is already acidotic, causes a
deterioration in the health of cells in vital organs even though perfusion of the cells
has been improved by the increased circulating volume.

There are sodium-containing alternatives to normal saline which are safer
because they approximate more closelytohumanserum/plasmaincontent(see
Table 7.1), although they are slightly more expensive. We recommend the use of
either of these alternatives — Ringer-lactate and Hartmann’s solution- which are
widely available —for all fluid replacement. Hospitals are advised to change their
standard crystalloid from 0.9% (‘normal’) saline to Ringer- lactate or Hartmann’s
solution as soon as possible. Not all hospitals will have access to these solutions
immediately, so there may sometimes be no alternative but to start fluid
replacement with normal saline. However, if more than 20 mL/kg needs to be
given, one of the safer alternatives should be used in very sick children if at all
possible.

Putting dextrose/glucose into Ringer-lactate or Hartmann’s solution

A crystalloid containing approximately 5% dextrose can be obtained by adding 50
mL of 50% dextrose to a 500-mL bag of Ringer-lactate or Hartmann’s solution.

A crystalloid containing approximately 10% dextrose can be obtained by adding
100 mL of 50% dextrose to a 500-mL bag of Ringer-lactate or Hartmann’s
solution.

(It will therefore be necessary to remove 50-100mL of fluid from the 500-mL bag
first.)

Ensure that the above process is performed with a sterile no-touch technique,
swabbingthe entrypointtothe bag with an alcohol swab.

TABLE 7.1 Comparison of electrolytes, osmolality and pH levels in IV fluids with those

in human serum

Lactateor .
+ + — 2+

Fluid Na K Cl Ca bicarbonate | OSMORMtY |y

(mmollL) | (mmol/L) (mmoliL) | (MMOIL) (mqyp) (mOsmol/L)
Human serum| 135-145 | 3.5-5.5 | 98-106 2.2-2.6 | 22-30 276-295 ;ig_
Ringer-
:j‘date/ 131 5.0 111 2.0 29 279 6.0
artmann’s
solution
0,
0.9% normal | 4 5 0 154 0 0 310 5.4
saline

Dextrose/glucose solutions that are not in Ringer-lactate or Hartmann’s
solution are dangerous for replacing fluid losses.
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Never infuse plain water IV: this causes haemolysis and will be fatal.
Always specify the concentrations of dextrose and saline solution to be infused.

Maintenance requirement of electrolytes
Daily sodium and potassium requirements in 1V fluids:

. sodium (Na*): 3-4 mmol/kg/24 hours in children
- potassium (K*): 2-3mmol/kg/24 hours in children

Crystalloids containing a similar concentration of sodium to plasma (Ringer-lactate or
Hartmann’ssolution)areused to replace vascular compartment losses. When infused
IV, only around 25% remains inside the vascular compartment, therestpassesintothe
extracellular space.

Allfluids should be prepared and administeredusingan aseptictechnique. Itisimportantto
observe the cannulasite directly (by removing the dressing) for redness and swelling
before each IV injection. Observe the patient for pain or discomfort at the IV site. If
there are any signs of inflammation, stop all fluids, reassess the need for continuing
IV fluid drugs, and re-site the cannulaif necessary.

The rate of administration of fluids can be calculated in drops per minute as
follows:
In a standard giving set with a drop factor of 20 drops = 1mL, then mL/hour divided
by 3 = drops/minute.

- Record that rate of fluid intake per hour on a fluid balance chart.

« Ensurethatthe IV siteis kept clean.

« Flush the cannula with 0.9% saline or Ringer-lactate or Hartmann’s solution 4-

hourly if continuous fluids are not being given.

Prescribing practice and minimising drug errors
Introduction
- Oral administration is safer and less expensive, if it is tolerated and if the
condition is notlife-threatening.
Provided there is not a problem with the fastrointestinal tract, he following antibiotics
are as effective when given orally as when administered intravenously, although
initial IV doses will increase the blood levels more quickly:
— amoxicillin, ampicillin, chloramphenicol, ciprofloxacin, co-trimoxazole,
erythromycin, flucloxacillin, fluconazole, isoniazid, metronidazole, sodium fusidate
and trimethoprim
- Ifadrug is given down an orogastric or nasogastric tube, flush the tube through
afterwards so thatthe drug does not remainin the tube.
- Rectally administered drugs are less reliably absorbed thanthosegivenorally.
« Liquid formulations are better than suppositories for rectal administration of
drugsininfants.

Prescribing
Use approved names.
- Dosages should be in grams (g), milligrams (mg) or micrograms. Always write
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micrograms in full. Volumes should be in milliliters (mL).

« Avoid using numbers with decimal points if at all possible (e.g. write 500 mg, not
0.5g). If decimal points are used, they should be preceded by a zero (e.g.
write 0.5 mL, not .5 mL).

« Write times using the 24-hour clock.

« Routes of administration can be abbreviated to IV (intravenous), IM
(intramuscular), PO (orally), SC (subcutaneous), NEB (nebuliser) and PR
(rectally).

« ‘As-required’ prescriptions mustbe specific withregard to how much, how often
and for what purpose the drug is being given (also indicate the maximum 24-
hour dose).

- ‘Stop dates’ for short-course treatments should be recorded when the drug
is first prescribed.

Measuring drug doses

« Multiple sampling from drug vials increases the risk of introducing infection, as
the vials do not contain preservatives or antiseptic.

« Dilute drugs so that volumes can accurately be measured. For example, do not
use doses of less than 0.1 mL for a 1-mL syringe without diluting sufficiently
for you to be able to give an accurate amount of the drug.

« Do not forget to consider the dead space in the hub of thesyringeforsmallvolumes.
Serious errors can occur if the dead space in the hub of the syringeis overlooked
duringdilution. Forexample, if the active drug is drawn into a 1-mL syringe up
to the 0.1-mL mark, the syringe will contain between 0.19 and0.23mL. Ifthe
syringe is then filled with diluent to 1 mL, the syringe will contain approximately
twice as much drug as was intended. Dilution must involve first half filling
the syringe with diluent and then adding active drug by using the distance
between two graduations on the syringe. Mix the two by moving the plunger,
and then finally add further diluent to the total planned volume ofactive drug
anddiluent. Fordilutions of more than 10-fold, use a small syringe to inject the
active drug, connected by a sterile three-way tap to a larger syringe. Then
add diluent to the large syringe to obtain the desired volume.

« Fordilutions of more than 10-fold, use a small syringe to inject the active drug,
connected by a sterile three-way tap to a larger syringe, and then add diluent
to the large syringe to obtain the desired volume.

Delivery

« All IV solutions, including drugs, must be given aseptically.

« GivelVdrugsslowlyinallcases.

- Afterinjectingintotheline (e.g.throughathree-waytap), use the usual rate of the
IV infusion to drive the drug slowly into the patient.

- Ifthereis nobackground infusion, give sufficient follow-up (flush)of0.9%saline,
Ringer-lactateorHartmann’ssolution or 5% dextrose to clear the drug from the
cannula or T-piece.

« Repeat flushes of 0.9% saline can result in excess sodium intake in infants,
so use Ringer-lactate or Hartmann’s solution if possible.

« Flush over a period of 2 minutes to avoid a sudden surge of drug (remember the
hub).
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- If the IV drug needs to be given rapidly (e.g. adenosine), do this by
administering a 2-mL bolus of 0.9% saline via a second syringe, not by
temporarily increasing the infusion rate (sometimes the temporary increase
becomes prolonged and dangerous).

Infusions

- These must be given aseptically.

« Adjust the total 24-hour IV fluid intake so that additional infusions for drugs do
not alter the total fluid volume.

« Never put more drug or background IV into the syringe or burette than is
needed over a defined period of time.

« Check and chart the rate of infusion and confirm this by examining the
amountleftevery hour.

- Use a cannula, not butterfly needles, for infusions if available.

« Do not mix incompatible fluids IV.

- Do not add drugs to any line containing blood or blood products.

« Infusions of glucose higher than 10%, calcium salts and adrenaline, can
cause tissue damage if they leak outsidethevein.

« Most IV drugs can be given into an infusion containing 0.9% saline, Ringer-
lactate or Hartmann’s solution or up to 10% glucose (the exceptions include
phenytoin and erythromycin).

- If you are using only one line, wait 10 minutes between each drug infused, or
separate the drugs by infusing 1 mL of 0.9% saline or Ringer-lactate or Hartmann’s
solution.

- Never allow a surge of a vasoactive drug such as dopamine or adrenaline.

Safe IV infusions when no burettes are available.
Mark the infusion bottle with tape for each hour of fluid to be given and label each
hour.

or

Empty the infusion bottle until only the exact amount of fluid to be given is leftin the
bottle.

Or if available use a drop counting infusion monitor (see Neonatal Handbook)

Intravenous lines
Placement of the line

- Always place the cannula aseptically and keep the site clean.
« Use sterile bungs, not syringes, for closing off cannula/ butterfly needles between
IV injections.

Care of an IV line
- Change the giving set every 3 or 4 days: more frequent changes are not
necessary.

« Change the giving set after blood transfusion, or if a column of blood has
entered the infusion tubing from the vein, as this will be a site of potential
bacterial colonisation.

« Always remove the cannula if there is erythema in tissue around it and if
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lymphangitis is seen. If ymphangitis is present always take a blood culture from a
separate vein and start IV or IM antibiotics.

Always inspect the site of the cannula tip before and during drug injection.
Nevergive adrugintoadripthat has started to tissue. Severe scarring can occur,
for example, from calcium solutions.

Always use luer lock connections to minimise extravasation.

If a continuous infusion is not required, a peripheral cannula can be stopped
off with a sterile bung after flushing the drug in with 0.9% saline or sterile water to
clear the dead space (there is no evidence thata heparinlockis needed fora
cannulainperipheral veins).

Sampling from the line

Clear the dead space first (by three times its volume).

Glucose levels cannot be accurately measured from any line through which a
glucose solutionis infused.

Blood cultures should always be taken from a separate fresh venous needle or
stabsample.

After sampling, flush the line. Remember that repeat flushes of 0.9% saline
can result in excess sodium intake in infants.

Complications
Air embolism

If air reaches the heart it can block the circulation and cause death.

Umbilical or other central venous lines are particularly high risk. There must be a
tap or syringe on the catheter at all times, especially during insertion.

Another source of air embolus is through the giving set, especially when infusion
pumps are used. Infusion pumps must not be used if there are not enough nurses
to closely monitor the infusion.

Haemorrhage

Inneonatesthis can occurfromthe umbilical stump.

From central venous or arterial lines, it can rapidly be fatal, and therefore all
connections must be Luer locked and the connections to the cannula and its entry
must be observable at all times.

Minimising errors with IV infusions

Errors of both commission and omission occur. For example, excess|Vfluidscan
bedangerousbycausingcirculatory overload, and inadequate IV fluids can be
dangerous by causing hypoglycaemia (especially in the neonate, and
commonly when a blood transfusion is being given and theinfantisrelyingon
IV glucose).

Extravasation can also result in the absence of a vital drug (e.g. morphine
infusion for pain). Errors will always occur where human actions are involved,
and it is essential to have systems in place to minimise these.

Steps to reduce errors and their impact.
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« Prescribe or change infusion rates as infrequently as possible.

« Never have more than one IV infusion line running at the sametimeunless
thisis absolutely necessary (e.g. in major trauma or shock, where two lines
are needed forvolumereplacementandalsoincase onelineislost at a critical
time).

« Useaburetteinwhich nomore than the prescribed volume is present
(especially in infants and young children, or with drugs such as quinine or
magnesium sulphate in pregnancy).

« Record hourly the amount given (from the burette, syringe or infusion bag)
and the amount left.

« Check the infusion site hourly to ensure that fluid has not leaked outside the
vein.

- Most IV drugs can be given into an infusion containing 0.9% saline or up to 10%
glucose (the exceptions include amphotericin B, phenytoin and erythromycin).

« Donotadddrugstoanyline containing blood orblood products.

« Ensurethatflushes are only used if they are essential and are given slowly
over a period of at least 2 minutes.

- Inneonates and infants, frequent flushing with saline 0.9% can result in sodium
overload. Therefore, consider usingsterilewatertoachieveflushing.

« Be careful with potassium solutions given IV (use the enteral route when
possible).

- If only one line is being used for an infusion and more than one drug needs
to be given, try to wait 10 minutes between them. If this is not possible,
separate by 1 mL of 0.9% saline or sterile water for injections. This is very
important with an alkaline drug such as sodium bicarbonate. Always give
the flush slowly over at least 2 minutes to ensure that the drug already in
the line/vein does not move forward in the patient in a sudden rapid surge
(especially if the catheter/vein contains an inotrope or vasoactive drug such
as aminophylline, cimetidine or phenytoin which can cause an arrhythmia).

« When two IV drugs need to be given together and there is only one IV
catheter, terminal co-infusion using a T- or Y-connector next to the catheter
can be used. It is important to know whether this is safe for the drugs in
question.

« Certain infusions, such as glucose > 10%, adrenaline and dopamine, are better
giventhroughacentralvein. In an emergency, dopamine and adrenaline infu-
sions can be given through a peripheral vein.

« Checkanddouble check the following:

- Is it the right drug? Check the ampoule as well as the box.

- lIsitattherightconcentration?

« Isthe shelflife within the expiry date?

— Hasthedrugbeenconstituted and diluted correctly?

— lIsitbeing given to the right patient?

— Is the dose correct? (ldeally two healthcare workers should check the
prescription chart.)

Is it the correct syringe? (Deal with one patient at atime.)

— IsthelVline patent?
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— Isaseparate flushneeded? If so, has the flush been checked?

— Are sharps disposed of (including glass ampoules)?

— Has it been signed off as completed (ideally counter-signed)?
— If the drug has not been received, is the reason stated?

Intramuscular (IM) injections

- IMinjections are unsafe for patients in shock, especially opiates, where a
high dose can be released once recovery of the circulation occurs.

- To avoid nerve damage, only the anterior aspect of the quadriceps muscle
in the thigh is safe in infants.

« Use alternate legs if multiple injections are needed.

- Do not give IM injections if a bleeding tendency is present.
- Draw back the plunger to ensure that the needle is notin a vein before
injecting (especially if administering adrenaline or lidocaine).

In very resource-limited situations, the IM route might be preferred because the
drug may reach the patient sooner than if the patient had to waitin a queue to have
an |V line sited. It also requires less nursing time and is less expensive; venous
cannulae are often in short supply. The IMroute is as effective as the IV route in
many situations.

Storage of drugs

Hospitals have struggled for many years to ensure that appropriate medicines are
available when needed, while atthe same time avoiding the problems of controlling the
abuse and illegal use of these substances. Medicines that are of most concern
in this respect are narcotics and sedatives. Suppliesofthese drugs mustbeavailable for
the treatmentofacutelyill patients, atthe point of admission, in high-dependency care
and post-surgical areas, and in all areas involved in the care of patients with terminal
illness. Tragically, many care settings have solved the problem of storage by refusing
to have stocks of these drugs readily available, either in the belief that patients,
especially children, duetotheir physiologicalimmaturity, do notfeel pain, or due to fear
of abuse by the patients and their families or healthcare staff.

The responsibility for the safe custody and storage of all medicines and drugsona
ward or department is that of the nurse in charge atany one time. Designated cupboards
for the different types of drugs should be available. All cupboards, which should be
permanently fixed to an inside wall, should have secure locks that make them
inaccessible to unauthorised staff and visitors. Drug cupboards should be kept locked
at all times, the keys being the responsibility ofthe nurse in charge.

Correct storage of drugs is paramount for prolonging the shelflife ofthe drug, as well
asforcomplying with safety and legal requirements.

Due to the shelf life of some drugs, they need to be stored in a refrigerator, with the
temperature set to store the drugs at between 2°C and 8°C. Drugs that need to be
stored under these conditions include the following:

1. reconstituted oral antibiotics

2. eyedrops

3. rectal paracetamol
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some vaccines

insulin (although this can be stored for up to 1 month at room temperature)
oral midazolam

pancuronium/vancuronium

ergometrine

oxytocin.

©CoOoNDO A~

Calculating and giving the correct dose Children should be weighed naked
and their weight (in kg) recorded on the prescription chart. The use of a drug
formulary should be considered when calculating the therapeutic dose. To ensure that
the correct amount of drug is given from the stock bottle or vial, the following
calculation should be used:

(prescribed dose divided by concentration of the stock solution) x (volume of
stock dose).

For example, 125 mg (the amount prescribed) divided by 250 mg/5 mL (concentration
of the stock solution) x 5 mL (volume of stock dose) =125/250x5mL =2.5mL.

So the amount given would be 2.5ml.

Medical staff should change the prescribed dose if after using the above calculation the
dose is not easily measurable (e.g. 1.33 mL, 2.46 mL). To ensure that the calculated
dose is given accurately, a pre-marked syringe should be used. The smaller the
required dose, the smaller the syringe that should be used, as it will give a more
accurate measurement (i.e. a 1- or 2-mL syringe should be used, nota 10-mL
syringe).

Other forms of measurement can be used for larger doses, such as 5 or 10 mL.
These include a pre-measured medicine pot or a 5-mL pre-measured medicine
spoon. For safety, the calculation shouldideally be donebytwotrained nurses, and the
amountdispensed checked by the same two nurses. Although itis recognised in some
hospitals that onetrained nurse can check oral medication on theirown, ideally IV and
IM drugs should be checked by two trained nurses or a nurse and a doctor
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Section 8 Safe blood transfusion (summary see Section 54 Handbook 2 for full
text)

Blood or blood products should be transfused only when needed to save life or to
prevent major morbidity.

o Therisk of transmission of infection is a major concern in countries with limited

resources and poorly organised blood transfusion services.

o Blood must be stored safely, or a bank of adequately screened donors must be
available 24 hours a day, especiallyfor obstetricemergencies or majortrauma.

o In emergency situations, relatives accompanying patients are often asked to
donate blood if compatible. Unlike stored blood it is warm and contains active
clotting factors.

o  When giving a blood transfusion, care must be taken to ensure that the blood is
compatible with that of the recipient, is infection free and the transfusion is
monitored by someone who is able to recognize any adverse reactions.

Transfusion policies and guidelines

In hypovolaemic shock due to haemorrhage, always give a blood transfusion
as rapidly as possible.

In situations where blood transfusion is unavailable or potentially unsafe, the
following recommendations have been made:

) Transfusion is not necessary if the Hb level is more than 50 g/L.

° Transfusion may be necessary if the Hb level is less than 50 g/L and there
is incipient cardiorespiratory distress (air hunger, hypotension, tachycardia and
oedema).

° Transfusion may be necessary if the Hb level is less than 40 g/L and
complicated by malaria or bacterial infection, even without incipient cardiac failure.

[ Transfusion may be necessary if the Hb level is less than 30 g/L, with no

apparent complications.

Blood groups

There are four major blood groups: A, B, AB and O. To avoid ABO incompatibility, the
blood group of boththe donorand the receiver mustbe known. Blood canonly be donated
in the direction of the arrows shown in Figure 8.1.

Figure 8.1 Safe transfusion of ABO blood groups.
For ABO typing:
1 Donors with blood group O can donate to patients (receivers) with blood group
A,B,ABorO.
2 Donors with blood group A can donate to patients with blood group A or AB.

Donors with blood group B can donate to patients with blood group B or AB.
4 Donors with blood group AB can donate only to patients with blood group AB.

w
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For Rhesus typing

Blood is also categorised according to its rhesus status. Therefore:

* Rhesus-negative donors can give to Rhesus-positive and Rhesus-negative
patients

» Rhesus-positivedonorscanonlygivetoRhesus-positive patients

Persons with blood group O Rhesus negative are known as universal donors that is

they can donate to people with any ABO and Rhesus blood group

Persons with blood group AB Rhesus positive are known as the universal recipient
and can receive blood from people with any blood group

If the blood group is unknown and blood is required before a cross-match can be
performed, give O-Rhesus-negative blood if this is available.

Bedside transfusion

A child’s body contains 80 mL of blood for every kg of body weight. For example, a
3-year-old weighing 12 kg will have 960 mL of blood in their body.

A pregnant child’s body contains 100 mL of blood for every kg of body weight.

Venous access for bedside transfusion should be chosen with no smaller than a 22-
to 24-gauge vascular catheter, and a much larger one in older and pregnant children.

Blood is usually cleaned and filtered in the lab, so when transfusing it to a patient the
only filter that needs to be used is the usual on-line filter in a standard giving set (170 —
200 microns).

Blood should be given using an accurate measurement of rate and time. Close
observation of the patient is needed during transfusion, especially in the first
15-30 minutes in case of transfusion reactions. Ideally, an infusion droplet
monitor should be used.

Always check the suitability of the IV giving set for giving a blood transfusion.

Blood transfusion reactions

1. Acute haemolytic transfusion reaction

2. Infective shock

3. Transfusion-related acute lung injury (TRALI)

4. Fluid overload

5.Non-haemolytic febrile reactions to transfusion of platelets and red cells
6. Severe allergic reaction or anaphylaxis
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Section 9. Pain control for children in hospital

Introduction

It is ethically wrong and a failure of professional duties for any patient to suffer
uncontrolled pain.

° Uncontrolled pain has adverse cardiovascular, respiratory, immunological
and metabolic consequences, as well as long-term psychological effects.

° Both pharmacological and non-pharmacological approaches are valuable in
both acute and chronic pain.

. Attempts should be made to anticipate and prevent pain rather than trying
torelieve it when it is established. This method usually results in less analgesia being
needed. ‘As-required’ regimens should be avoided. Analgesics should be used in
regular and adequate doses.

° There is little place for IM pain relief, particularly as a repeated treatment.
Many patients would rather suffer and hide their pain than receive IM analgesia.
° If a conscious child has to be restrained for a procedure, this must be done

kindly but firmly by a person or persons (ideally a parent or caregiver) and not by
contraptions such as straitjackets or the tying down of limbs.

. It is vital to ask for and value the patient's own judgement concerning the
adequacy of pain relief provided.
. When beginning a course of treatment for pain it is important to realise that

such treatment may continue for a long time. Pain must be controlled quickly from the
onset to ensure confidence in treatment, with an emphasis on preventative measures.

Assessment of pain

° Establish the severity of pain that is being experienced.

. Help to select the right amount and type of pain relief.

Duration of pain and Indicate the success of pain management so far.
Precipitating, aggravating or relieving factors

Effect on functional ability, mood and sleep

Use of body charts to mark pain site

Methods for assessing pain

° Description by the patient (self-reporting), possibly involving the use of a
self-report scale (see Figures 9.1 and 9.2)
° Observation of behavioral changes (e.g. crying, guarding of the injured part,

facial grimacing). This method is best for children in collaboration with carers. The
Alder Hey Triage Pain Score may be useful in this context (see below)

° Physiological changes (e.g. vasoconstriction, tachycardia, tachypnoea).
However, these can also be due to serious medical causes.
. Expectation of pain because of the pathophysiology involved (e.g. Fracture,
burn or other significant trauma).
. Keeping a diary of long-term pain.

Mo Warst

Pain ---:—-—-——- I . ! - :- 1 Evar

pain

FIGURE 9.1 Visual scale for assessing the severity of pain
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FIGURE 9.2 A commonly used faces pain scale for assessing the severity of pain in
children.

NB When children have not learned to read to look at pictures they see all these like
pancakes without expression. Jerrycan scales are used in Africa and other LMICs
children are collecting water in different sizes of jerrycan from when they are small
and understand if empty or full.

0 1 2 3 4 5
No pain Mild pain | More pain | Moderate Severe Unbearable
pain pain Overwhelming
pain

Figure 9.3 Jerrycan pain scale Blum et al. Health and Quality of Life Outcomes 2014,
12:118 Poster presentation: Johnston B, Hannan KE, Cercone K, Frazer T, Mwebesa E, Zirimenya
L, et al., editors. Reliability and Acceptability of the Jerrycan Pain Scale for patients at Hospice
Africa Uganda.

Problems with assessing pain

° Suffering being hidden by a frightened patient, especially a child.

. Difficulty in differentiating anxiety from pain.

. Family members (and healthcare professionals) may underestimate or
overestimate pain.

. Pre-verbal and non-verbal children (and any older patient with learning

difficulties or with sensory handicap) may not be able to adequately express their
need for pain control.
° Cultural factors (beliefs, perceptions and behaviour).

Treatment of pain
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Many patients, particularly babies and children, are under- treated for pain because
of:

° fear of the harmful side effects of medications

° failure to accept that children feel pain in the same way that adults do
° fear of receiving IM injections

. limited availability of the required spectrum of pain medications.

Methods for reducing pain without drugs

Environmental factors

Negative aspects of the environment should be minimised or removed. These include
an overly ‘clinical’ appearance, and evidence of invasive instrumentation. Needles
should be kept out of sight. An attractive, decorated environment with toys, mobiles
and pictures may help the child to feel more relaxed.

. Privacy is important.

° Pain caused by fractures can be reduced by splinting to immobilise them.
° Pain from burns can be reduced by applying a light covering.

. Parents should be present with their child during invasive procedures,

unless there are very good medical reasons why they should be excluded, or they
choose not to be present.

Supportive and distractive techniques for children

Age-appropriate distraction strategies include:

° the presence of familiar objects (comforters) (e.g. pillow, soft cuddly toy)
singing, concentrating on nice things, jokes, games and puzzles
imaginary journeys

blowing soap bubbles

breathing out (but not hyperventilation, which may increase anxiety)

a mirror that allows the child to see the view through a nearby window
listening to stories or music.

Local anaesthetic drugs by infiltration (the most widely used method)
Lidocaine 0.5-1%

» Used for rapid and intense sensory nerve block.

» Onset of action is within 2 minutes; the procedure must not be started until an
anaesthetic effect is evident.

» Effective for up to 2 hours.

Doses:

Neonates to 12 years: maximum dose given locally 3 mg/kg — 0.3 mL/kg of 1%

solution or 0.6 mL/kg of 0.5% solution.

Children over 12 years and children who are pregnant: up to a maximum of 200 mg

not more than 4-hourly.

Local infiltration into an abscess is not recommended, because local anaesthetics

are ineffective in inflamed tissues.

Preventing complications of local anaesthesia

Use the lowest effective dose.

Inject slowly.

Avoid accidental injection into a vessel. There are three ways of doing this:
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1. the moving needle technique (preferred for tissue infiltration): the needle is
constantly in motion while injecting, which makes it impossible for a substantial
amount of solution to enter a vessel

2. the plunger withdrawal technique (preferred when considerable amounts are
injected into one site): the syringe plunger is withdrawn before injecting, and if
blood appears the needle is repositioned, and another attempt is made

3. the syringe withdrawal technique: the needle is inserted and the anaesthetic is
injected as the syringe is being withdrawn.

Symptoms and signs of lidocaine allergy

Redness of skin, skin rash/hives, bronchospasm, vomiting, serum sickness and rarely

shock.

Note: lidocaine can be absorbed through mucous membranes in a large enough dose

to be toxic.

Direct IV injection of even a small amount may result in cardiac arrhythmias and
convulsions (see above and Table 9.3).

Resuscitative facilities and healthcare professionals with resuscitative skills should
be present.

Immediately stop injecting and prepare to treat severe and life-threatening side
effects

If symptoms and signs of mild toxicity are observed wait a few minutes to see if the

symptoms subside. Check vital signs and talk to the patient. Delay the procedure for
at least 4 hours if possible.

Table 9.3 Lidocaine toxicity

Life-threatening toxicity

Mild toxicity Severe toxicity (rare)

Numbness of lips and

Sleepiness
tongue

Tonic—clonic convulsions

Metallic taste in mouth Disorientation

Respiratory depression or

Dizziness/light Muscle arrest
headedness twitching and
shivering
Ringing in ears Cardiac depression or arrest

Difficulty in focusing eyes Slurred speech

Local anaesthetics given through the surface of the skin or mucous
membranes

1 Lidocaine: apply on gauze to painful mouth ulcers before feeds (apply with gloves).
It acts within 2—5 minutes.

2 TAC (tetracaine—adrenaline—cocaine): apply to a gauze pad and place over open
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wounds; it is particularly useful when suturing. Care needs to be taken close to
mucous membranes to avoid toxicity from absorption of cocaine. If available, other
topical anaesthetic agents such as lidocaine—adrenaline—tetracaine seem to be
equally effective and avoid the potential toxicity associated with cocaine.

Systemic drug treatment for pain

NB : WHO has withdrawn its guideline from 2012 “WHO guidelines on the
pharmacological treatment of persisting pain in children with medical
ilinesses”.

https://www.who.int/medicines/areas/quality safety/quide _on_pain/en/ Accessed 5™
December 2020

WHO has altered the previous three-step approach to the treatment of pain,
removing the use of codeine between Step 1 and Step 2 (see Figure 9.4). Although
widely available, codeine is unpredictable in its effects, due to its very variable
metabolism between individuals, with the potential for both toxicity and inadequate
analgesia. It is now recommended that if Step 1 drugs do not control pain, morphine
should be used next.

WHO has altered the previous three-step approach to the treatment of pain, removing
the use of codeine between Step 1 and Step 2 (see Figure 9.4). Although widely
available, codeine is unpredictable in its effects, due to its very variable metabolism
between individuals, with the potential for both toxicity and inadequate analgesia. It
is now recommended that if Step 1 drugs do not control pain, morphine should be
used next.

Paracetamol
Aspirin £
Non-steroidal anti-inflammatory
drugs (NSAIDs)

Morphine for moderate to severe
pain * Paracetamol or NSAIDs or
both + Adjuvants *

Step 1 Step 2
Figure 9.4 WHO two step ladder for pain control
*An adjuvant is another drug (e.g. steroid or anxiolytic) or type of treatment (e.g.
TENS or radiotherapy) that can prevent and relieve pain.

A. Non-opiate analgesics

Paracetamol

e This is the most widely used analgesic (and is anti-pyretic).

e It does not cause respiratory depression.

e ltis dangerous in overdose but a safe and effective drug in recommended doses.
e ltis given by mouth, rectally or intravenously.

e  The maximum daily dose should not be given for more than 3 days.

e Caution is needed in patients with liver impairment.
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e There are no anti-inflammatory effects.
e Paracetamol can be combined with NSAIDs and both have a morphine-sparing
effect, lowering the dose, and therefore severity of side effects of morphine.

Table 9.5 Intravenous paracetamol for mild or moderate pain

Maximumdose in 24

Age/weight Dose hours
Preterm over 32 weeks 7.5mg/kgevery8hours | 25mg/kg
Termneonate 10mg/kg every 4—6 hours| 30mg/kg

Pregnantchildlessthan 50kgbodyweight 15mg/kg every 4—6 hours| 60mg/kg

Pregnantchild morethan50kgbodyweight | 1gevery4-6hours 4q

Intravenous paracetamol

e Paracetamol 1V is formulated as a 10 mg/mL aqueous solution (in ready-to-use
50-mL and 100-mL vials for infusion over 15 minutes).

e |tis useful, effective and safe.

o The peak analgesic effect occurs within 1 hour, lasting approximately 4—6 hours.

e Ensure correct dose is given, as serious liver toxicity can occur in overdose.

e Side effects are rare but include rashes, blood disorders and hypotension on
infusion.

e  Caution is needed in patients with severe renal impairment, severe malnutrition
or dehydration.

e Paracetamol helps to reduce the amount of morphine required when used in
combination.

Non-steroidal anti-inflammatory drugs (NSAIDs) (e.g. ibuprofen, diclofenac)

Do not give NSAIDs in children in the third trimester of pregnancy, as they may

close the ductus arteriosus and predispose to pulmonary hypertension of the

newborn. They may also delay the onset and progress of labour.

1. Anti-inflammatory, anti-pyretic drugs with moderate analgesic properties.

2. Less well tolerated than paracetamol, causing gastric irritation, platelet disorders
and bronchospasm. Do not give in patients with gastric ulceration, platelet
abnormalities or significant asthma.

3. Useful for post-traumatic and bone pain because of their anti-inflammatory effect.

4. They are given by the oral or rectal route (e.g. diclofenac). There is a risk of
gastric haemorrhage through whichever route the NSAIDs are given.

Preparations:

Paracetamol. oral suspension, 120 mg/5 mL, 250 mg/5 mL; tablets, 500 mg.
Ibuprofen: oral suspension, 100 mg/5 mL; tablets, 200 mg, 400 mg.
Diclofenac: tablets, 25 mg, 50 mg; dispersible tablets, 10 mg.
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Table 9.6 Orally administered drugs for mild or moderate pain

Infant 30 Maximum
Medicine Neonate 0-29 daysto 3 3months to 12 daily In pr.egnant
days years children
months dose
10mg/kg
every6-8 15mg/kgupto 1
hours gevery 4-6
Paracstamol Maximumé 10mglkg every hours 4dosesin | 500mgto1g
dosesin 4-6hours | Maximum4 24hours 6-hourly
24 hours doses/4gin 24
5mglkgif hours
Donotuse
Not Not 5-10mglkg every .
Ibuprofen recommended | recommended 6hours 40 mglkg/day in
pregnancy
Not
recommended
under 9 years Donot
Diclofen Not Not For child 9-17 | maximum on% use
ICIOIeNAC| - ecommended | recommended years up to | 100 mg/day !
2mg/Kg daily in pregnancy
3 divided
doses:

Notes on ibuprofen and diclofenac

BNFc does not recommend diclofenac potassium for children aged under 9

years.

https://bnfc.nice.org.uk/drug/diclofenac-potassium.htmli#indicationsAndDoses

Accessed 5" December 2020

* Do not use in children who are pregnant. Can be used post-delivery or post
Caesarean section unless the patient has pre-eclampsia

»  Caution is needed in patients with asthma, liver or renal failure.

. Contraindications  include  dehydration, shock, bleeding  disorders
anhypersensitivity to aspirin.

* NSAIDs and paracetamol can be used in combination.

. If rectal drugs are available, the doses are similar to oral doses.

B. Opiate analgesics: Morphine

e  The most important drug in the world for pain control, and WHO recommends
that it should be universally available.

e In resource-limited countries it is mostly administered orally, which is useful for
chronic or anticipated pain but less effective for acute pain. The latter requires
IV administration of morphine.
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At an appropriate dose, analgesia occurs without impaired consciousness.
Nausea and vomiting are rare with oral treatment, but may occur with any route
of administration. When morphine is given for the first time it may produce this

side effect.

Table 9.7 WHO advice: oral and rectal morphine for severe pain in hospital

Age

Dose

Interval

1 month to 1 year

80-200 micrograms/kg

Every 4 hours

1-2 years

200—400 micrograms/kg

Every 4 hours

2-12 years

200-500 micrograms/kg

Every 4 hours

Over 12 years and in pregnancy

5-10 mg

Every 4 hours

Note: We suggest starting with the lowest dose and assess effect of the drug more
frequently, e.g. every hour. If pain is not controlled, give the same dose if needed
until the patient is comfortable. Determine the right dose by getting the sum of the
dose consumed in 24 hours and dividing it by expected interval eg 6 times. Then give
the new dose regularly. As pain Increases, titrate by increasing 4 hrly dose and night
dose by 25%
Almost all patients with chronic pain can be managed with oral morphine when this
is given in the doses shown in Tables 9.7 and 9.8 in combination with non-opioid
analgesics. These are starting doses and can be increased as necessary on an
individual patient basis if pain is not controlled.

Note: See Section 7 Handbook 2 on palliative care for use of morphine at home

TABLE 9.8 British National Formulary (BNF) and BNF for Children (BNFc)
recommended doses for oral and rectal morphine.

Age Initial dose (adjust according to response) Interval

1-3 months 50-100 micrograms/kg Every 4 hours

3-6 months 100-150 micrograms/kg Every 4 hours

6—12 months 200 micrograms/kg Every 4 hours

1-2 years 200-300 micrograms/kg Every 4 hours

2-12 years 200-300 micrograms/kg Every 4 hours

12-18 years 5-10 mg Every 4 hours
Children who are pregnant 5-10 mg Every 4 hours

Parenteral (IV or IM) morphine

Intravenous use of morphine
Parenteral morphine has a ceiling not seen with oral. This is because most of it
by passes the liver so less is converted to the active ingredient M6G and is

excreted as morphine itself which is so much less potent.

1.
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2. Stronger concentrations (If on higher doses of oral morphine) can by dripped
into the buccal mucosa 4 hourly, and is absorbed as oral, thus giving smoother
control.

3. Minimal haemodynamic effects occur in a supine patient with normal circulating
blood volume.

4. In hypovolaemic patients it can contribute to hypotension. Therefore:

a. monitor the patient’s cardiovascular status
b. have an IV fluid bolus of Ringer-lactate or Hartmann'’s solution ready
(10 ml /Kg)

5. In excessive dosage it can produce a dose-dependent depression of ventilation
and decreased respiratory rate, leading to apnoea.

6. Patients who are receiving morphine in hospital (where it is often administered
IV) need observation and/or monitoring of respiratory rate and sedation level.

7. Morphine is better controlled by the IV than the IM route. If using the IV route,
give a small dose initially and repeat every 3-5 minutes until the patient is
comfortable. Individuals vary widely with regard to the dose needed to provide
pain relief. It is rarely appropriate to give morphine intramuscularly, and for
patients who are in shock, giving morphine IM is dangerous, as it can be initially
poorly absorbed, and then quickly absorbed when perfusion improves,
potentially leading to too high a blood level of the drug.

8. Intravenous morphine can be dangerous in situations of raised intracranial
pressure without the means to provide respiratory support.

9. In children who are pregnant, in late pregnancy or delivery, morphine can cause
respiratory depression in the neonate.

IV morphine is only needed if oral or rectal preparations are not going to be absorbed
(e.g. in shock) or where rapid emergency onset is needed. IV morphine is potentially
less safe, especially if staff shortages mean that the correctly calculated dose is not
given. IM morphine is dangerous in shock.

MCAI suggests that the total dose recommended is drawn up in 10mis 0.9% saline
and that 2ml boluses of this solution are given every 3--5 minutes until the patient is
comfortable. Also, if pain returns despite regular paracetamol/non-steroidal
analgesia, further dose of oral/lV morphine can be given within 6 hours if the
respiratory rate is normal and the patient is not sedated.

Table 9.9 Intermittent IV (bolus) morphine dosage.

Age Dose Interval Maximum
Neonate 25-50 micrograms/kg |Every 6 hours
1 - 6 months 100 micrograms/kg  |Every 6 hours| 2.5 mg/dose
6 months - 2 years 100 micrograms/kg  |[Every 4 hours| 2.5 mg/dose
2 - 12 years 100—200 micrograms/kg |[Every 4 hours
12 - 17 years & in pregnancy 5mg Every 4 hours

Intravenous infusion of morphine requires continuous monitoring including
oxygensaturationandrespiratoryrateand sedation score every 5 minutes for the
first 15 minutes after startoftheinfusionand every15minutes subsequently for
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one hour and at least every 30 minutes after that. It should only be undertaken
in a high dependency care situation. In resource limited situations, intermittent IV
boluses as in Table 9.9 are safer.

Monitoring during morphine administration:
Side effects occur only in overdose and should not be seen at the doses stated here.
They include the following:
1. Respiratory depression. If the respiratory rate is
« < 20 breaths/minute in patients aged less than 6 months
« < 16 breaths/minute in those aged less than 2 years
« < 14 breaths/minute in those aged 2—-10 years
« <12 breaths/minute in those aged 10—18 years and inpregnantchildren
alert medical staff and ensure that bag-valve-mask and naloxone are available.
Monitor SpOz2 as appropriate (it should be higher than 94% in air).
2. Constipation. Use prophylactic laxatives initially whatever the dose, unless
having diarrhoea..
3. Monitor for urinary retention.
4. Patients with liver and renal impairment may need lower doses and longer time
intervals between doses.
5. Caution in patients with head injuries

Naloxone

Naloxone is an opiate antagonist that reverses the sedative, respiratory-depressive
and analgesic effects of morphine, and so should be given to treat morphine
overdose. When treating morphine overdose, always ventilate with
bag/valve/mask first if patient is unresponsive before giving naloxone. This is
because arrhythmias and pulmonary oedema can be caused if naloxone is
given to a patient with high blood carbon dioxide concentrations.

Naloxone doses to reverse opioid induced respiratory depression

1 Neonate: 5 — 10 microgram/kg repeatedevery2—-3 minutes untiladequate
response

2 1 month to 12 years of age: initially 5-10 microgram/kg, subsequently 100
microgram/kg

3 12 to 17 years and in pregnancy: — 200 microgram—-2.0 mg/kg. Repeat
at intervals of 2—3 minutes to a maximum of 10 mg.

If respiratory rate is low, but the patient's oxygen saturation is acceptable (>94%)
with facemask oxygen, in order to avoid complete reversal of analgesia draw
up 400 microgram naloxone into 20 mL and give 1-2ml every 2 minutes until the
patient is rousable and the respiratory rate increased to an appropriate rate for
age.

BNFc: Naloxone doses to reverse opioid induced respiratory depression
after surgery
1. Neonates: 1 mcg/kg intravenously repeated every 2-3 minutes until adequate
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response

2. 1 month-11 years: 1 mcg/kg intravenously repeated every 2-3 minutes until
adequate response

3. 12-17 years: 100-200 mcg intravenously repeated every 2-3 minutes until
adequate response.

Information from British National Formulary for Children
https://bnfc.nice.org.uk/drug/naloxone-hydrochloride.htmi#indicationsAndDoses
Accessed 5th December 2020)

Preparations: Ampoule 20 microgram/mL

Give IV or IM if IV is not possible. Repeat after 2—3 minutes if there is no response;
the second dose may need to be much higher (up to 100 micrograms/kg). An IV
infusion may be needed if protracted or recurrent depression of respiration occurs
because naloxone is short acting compared with most opioids.

Starting dose for naloxone infusion: 5 to 20microgram/kg/hour

(For the newborn, to treat respiratory depression due to maternal opioid
administration during labour or delivery 200 microgram as a single IM dose or 60
microgram/kg IM)

Safe use of all preparations of morphine in hospital

Narcotic drugs, which may be controlled by law within the country concerned,
should have aseparate cupboard permanentlyfixedtothe wallandlocked. The keysto
drug cupboards should be kept separately to all other keys and be carried by a
qualified nurse for the period of each shift, andthen handed overto the nurse taking
overthe nextshift. A logbook is necessary for recording the ordering and use of
narcoticdrugs. Itis completed to order stocks, using one page for each order. It also
records the use of each ampoule, tablet or dose of liquid. The name of the patient,
hospital identification, date and time when the drug was given, and whether or not
any portion of the drug was discarded is entered in the register (see Figure 9.10).
Then each entry is signed by two staff members. Ideally, both musthold a nursing,
medical or pharmacology qualification, and one must be a member of the ward or
unit staff. In addition, two members of unit staff must check the stock levels once
in every 24-hour period and sign to confirm that the stocks are correct. Any
discrepancy must be reported immediately to the senior nurse manager for the
hospital.

Each hospital should have a policy for dealing with unauthorised use of narcotic
drugs, and, in some countries, this will involve national law enforcement agencies.

When new drug stocks are required, the order book is sentto the central pharmacy,
ideally in a container with a tamper-proof seal. Once the pharmacist has placed the
order in the container, it is sealed and must not be opened until its arrival in the
receiving ward or department.
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When the stock arrives in the unit, the seal is broken in the presence of the
messenger and the contents are checked against the order book, which is then
signed by both. Drugs are then entered in the drug register, with two staff members
checking and signing. The drugs are placed in the appropriate cupboard, which is
then relocked.

In most hospital wards and units, these precautions will both ensure that adequate
narcotic drugs are available when they are needed by patients and prevent provision
of supplies to those who may abuse them.

Use of morphine

Morphine is rarely addictive in oral administration but given intravenously is needed

above the pain control dose, to give a potentially addictive feeling in the recipient. It

is not addictive if used only in the used for the right medical reason in the right
doses. Also, morphine is not addictive if used to treat chronic pain or other
symptoms in the right dose.

« Morphineis a safe drug if administered by doctors and nurses who know how to use
it and how to monitor patients who have been given it. It is not addictive if used
only in the short term for severe pain.

- It is not difficult to use, but because it is a controlled drugitrequires special
procedurestoensureits security.

« ltis relatively inexpensive.

- lItis a powerful and effective drug that is recommended bythe WHO as thefirst-line
medication forthe treatment and prevention of severe pain.

NAME, FORM OF PREPERATION AND STRENGTH .........cccoieiiiuninnn

AMOUNT(S) OBTAINED AMOUNT(S) ADMINISTERED
Amou Date ﬁ(e)ri:; Amount Given by Witnessed Stlf c
Receive I DATE TIME Patients Name X (signatur by
nt d requisiti Given . Bala
on e) (signature) nce
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TABLE 9.10 Page of a controlled drugs record book.
Special procedures required to ensure the secure and appropriate use of
morphine
1 Morphine must be stored in a secure double locked cupboard or
box attached to the wall of each ward/area where it might be needed.
2 The box must always contain sufficient quantities for any anticipated clinical need.
3 Thekeys to the box must be readily available to staffwho are caring for patients
and held by the senior person on the ward 24 hours a day.
4 A logbook recording every individual dose given and the name of the patient to
whom it was administered must be signed by two members of staff.
5 Anyunused morphine must be safely disposed of.
6 Every vial must be accounted for and the vials counted to check that the number
tallies with the logbook at the beginning of each shift.

Morphine is usually available in 1- or 2-mL ampoules at aconcentrationof 10mg/mL.
Always check the strength.

Thedoseis 10mg IV for pregnantwomen (5mginitially and then another 5mg after5
minutes if necessary).

Two people must check the calculation.

e The volume maybe small, so dilute with 0.9% saline or 5% dextrose up
to 10ml. Check the dilution

e The prescription of morphine must be clearly written, dated and signed (do
not use fractions for doses).

e The antidote, naloxone, must also be kept in the secure box.

e The patient's notes must record the prescription and use of morphine.

e All patients who are receiving morphine need regular monitoring and
charting of ABC in particular:

respiratory rate
blood pressure
oxygen saturation
AVPU score.

PON~

Oxygenand abag-valve-mask system of appropriate size must be available near
to every patient who is receiving morphine.

Summary safe use of morphine in hospital
« Morphineis an essential drug that must be used when severe pain is present
or likely to occur.
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- Toensureitssafeuse, attentiontothelogistics of secure storage is of
paramount importance.

« Close monitoring of ABC and D (disability) is essential, and naloxone mustbe
available atalltimes.

« Theprescribingandrecording ofdoses of morphineand naloxone must be
carefully undertaken.

Specific clinical situations in which analgesia may be required

Invasive procedures

These are often painful, undignified, or both. Ideally, they should be undertaken in
a treatment room so that other patients are not frightened by the procedures, and
so that the patient’'s bed-space remains a safe place that is notassociated with
such events.
Such procedures often have to be repeated. Therefore, provide optimal treatment on
the first occasion in order to reduce the likelihood of dread of future procedures.
Fear is often the main emotion that needs to be addressed, so explain each
step.
Both pharmacological and non-pharmacological methods should be used.
For major procedures that require powerful analgesia/ sedation, two healthcare
workers should be present — one to perform the procedure and the other to
administer analgesia and sedation and ensure that the airway is maintained.
Major procedures include chest drain insertion and repeated lumbar
puncture. Such procedures may be best undertaken under general
anaesthesia or ketamine if this can be given safely (which may not be the
case in resource-limited countries).
For venous cannulation, size-appropriate catheters must be available. For example,
it is not appropriate to use an 18- or 20-gauge cannula in a neonate. Although
the use of local anaesthetic creams (e.g. EMLA) prior to cannulation represents best
practice, they are expensive. Insome circumstances, the urgency of the situation will
not allow use of local anaesthetic creams.
Give analgesics atan appropriate time before the procedure (30 minutes beforehand
for IM and 30-60 minutes beforehand for oral medication depending on the drug
used) aiming for maximal effect during the procedure.
Checkthe level of anaesthesia by pinching the areawith forceps. If the patient feels
the pinch, wait 2 minutes and then retest.
Wait a few seconds after performing each step or task for the patient to prepare for
the next one.
Handle tissue gently and avoid undue retraction, pulling or pressure.
Talk to the patient throughout the procedure.

Severe pain

Severe painis likely to occur in obstetric emergencies, post-operatively, and in
patients with major trauma, significant burns, or displaced or comminuted
fractures.

Give IV morphine as describedin Table 9.9.

A further dose can be given after 5-10 minutes if sufficient analgesia is not
achieved.

Monitor ABC (heart rate, respiratory rate, chest wall expansions, blood
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pressure, SpOz).

- Have IV Ringer-lactate or Hartmann'’s solution available(10 mL/kg for children
and 500 mL for pregnant children as a bolus if hypotension occurs following IV
morphine injection; although this is unusual).

« Ketamine couldbe used asanalternative provided an anaesthetist is present.

Pre-operative management

This should include patient assessment, including a history of previous painful

experiences from the patient and family (the parents of a child). The following

questions should be asked.

e What sort of painful things have happened in the past? Be aware that
children are beaten by adults in many part of the world both at home and at
school. As a result pain is inflicted when they have been bad or displeased
someone.

How does the patient usually react to sudden pain? And to chronic pain?
Does the patient tell you (or others) if he or she is in pain?

What does the patient do to get relief from pain?

Which actions appear to be most effective?

Pain management during surgery
o Morphine/NSAIDs can reduce post-operative pain (but do not give NSAIDs
to pregnant children).
e Consider wound infiltration with bupivacaine or lidocaine.
e Use local or regional anaesthetic as part of the overall strategy

Prophylactic anti-emetics for children aged 4 years or older and in pregnancy
when morphine is part of the post-operative pain control plan can be very
effective (see below)

Post-operative pain management

e Provide analgesia before the pain becomes established; the amount of pain
can often be anticipated depending on procedure.

e Use safe and effective doses of morphine along with other analgesics to
reduce the amount of morphine required.

e Avoid intramuscular injections.

e Assess, give analgesia, and then reassess.

e Those most at risk of poor pain control are children with limited or no verbal
ability.

e |f the pain seems to be out of proportion to surgical trauma, consider the
possibility of surgical complications and arranged reassessment by
surgeons.

e If the patient is asleep, assume that the pain level is acceptable. Don’'t wake
them up to make an assessment, count the respiratory rate and check
regularly whether they are still asleep. If they are awake and lying quietly do
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not assume that they are comfortable without asking them.

Special issues with regard to pain in the infant

Most studies (some of them controlled) have shown that infants (both
premature and full term) react to pain.

e Infants can easily be forced to put up with suffering.
e Small doses should be measured and given with an oral syringe.
e Adequate general anaesthesia, using morphine when needed, should be

given for all surgical procedures.
Local anaesthetics must be used when they would be used in an older child
undergoing the same procedure.

Pain control during procedures in infants

A sugar-dipped dummy, coated with 2 mL of 25-50% sucrose 2 minutes
before the procedure, can be helpful.

Breastfeeding during procedures may be equally helpful.

In all cases, comfort and containment (swaddling) should be provided by a
parent or nurse.

Pain management in high-dependency care

Where possible, all invasive procedures should be elective. Every effort
should be made to avoid unexpected emergency procedures, such as
intubation, by adequate monitoring of airway, oxygenation and chest
movement.

Emergency procedures are frequently extremely painful, dangerous to the
patient, and often can be avoided by early recognition of a deteriorating
condition.

Muscle relaxants should be avoided if possible and never be used unless the
patient is pain free, sedated and being ventilated.

Provide a day/night cycle (uninterrupted natural sleep can reduce the need
for analgesia/sedation).

e Ensure that there is minimal noise and low lighting overnight.
e Emergency admissions at night should take place away from sleeping

patients.

e Monitors should be set to alarm audibly only when this is essential.
e Consider the use of ear plugs, especially when the patient is paralysed.
e Provide human input through voice, touch, music, cuddling, rocking, holding

and pacifying.

Consider the use of distraction, play therapy, relaxation, behavioral
techniques, hypnosis and aromatherapy, particularly for patients who are
undergoing long-term intensive/high-dependency care.

e Provide privacy whenever possible.
e Be alert for depression after prolonged intensive care.
e Consider the use of methadone and clonidine for the control of morphine and
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sedation withdrawal after prolonged treatment.

Prevention and treatment of nausea and vomiting due to initial dose of
morphine

Not required with oral morphine if commence with small dose and titrate against the
pain. Start treatment with affordable and available antiemetics, if nausea occurs, but
extremely rare in African countries.

Cyclizine. This covers the widest range of causes of nausea and vomiting with the

least side effects.

Doses :

For Child 1 month-5 years : 0.5-1 mg/kg up to 3 times a day (max. per dose 25 mg),
intravenous injection to be given over 3-5 minutes

For Child 6—11 years : 25mg up to 3 times a day, intravenous injection to be given
over 3-5 minutes

For Child 12—17 years : 50 mg up to 3 times a day, intravenous injection to be given
over 3-5 minutes

The IV dose in pregnancy is 50mg 8 hourly

Information from Information from British National Formulary for Children
https://bnfc.nice.org.uk/drug/cyclizine.html#indicationsAndDoses

Accessed 5th December 2020

Cyclizine can cause extrapyramidal side effects, including acute dystonia, which can
be treated with diazepam IV 100 microgram/Kkg, or, if over 12 years and in pregnancy,
5-10mg IV.

Ondansetron: a specific 5HTsreceptor antagonist blocking receptors in Gl tract and
the brain. It is a safe and effective drug for treating nausea and vomiting.

Doses
Orally 2 to 8 mg/Kg every 12 hours for up to 5 days depending on BMI.

Sedation in children
A health worker skilled in anaesthesia should be asked for advice and help with
managing conditions where sedation is being considered.

« Sedation may be useful when added to analgesics for lengthy or repeated
procedures. The aim of sedation is to make the procedure more comfortable
while allowing verbal contact with the patient to be maintained.

- Start with a small dose IV, wait for 2-3 minutes, observe the response, and
repeatthe dose if necessary.

- Sedation relieves anxiety but not pain.

- Sedation may reduce a patient’'s ability to communicate discomfort, and
therefore should not be given without concomitant analgesia if there is pain.

- Side effects include hyper-excitability . Prolonged sedation will delay the
discharge after the procedure.

« Sedation is not recommended for use in children who are pregnant after the
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first trimester, because of the risks of re-gurgitation and aspirationifthe airway
is not protected.

Sedation and anaesthesia form a spectrum. If you give enough ‘sedation’ you
can induce anaesthesia (i.e. loss of consciousness and the inability to feel pain).

The fine distinction lies in the ability of the patient to maintainvitalfunctions without
assistance,andtorespond to being roused (see Table 9.11).

Any healthcare worker who is administering a sedative, especially a
benzodiazepine, must stay with the patient and have available a bag-valve-
mask of suitable size and be able to use it to ventilate the patient if they
develop abnormally slow breathing.

TABLE 9.11 The differences between sedation and anaesthesia

Vital function Sedation General anaesthesia
Response to being Present Absent
roused
Respiration Rate and depth may be slightly | Rate and depth are markedly
reduced reduced or absent
Swallowing reflex Present Absent
Gag reflex Present Absent
Cough reflex May be reduced Absent
Carg'&;ﬁﬁ;u'ar Mild hypotension may occur |Hypotension should be anticipated

Loss of any of the above reflexes is routine in anaesthetic environments but should
not occur when sedation is being provided.

Minimum information required to prescribe sedation

Anyone who is giving intravenous sedation could inadvertently produce anaesthesia,
and must therefore be able to deal with the possible consequences. This means that
they must be able to:

° support respiration with bag valve mask systems
. manage and maintain the airway
. use suction appropriately

High-dependency nursing or peri-operative nursing care in the recovery room
after surgery. This is always required.

A combination of drugs may give better effects with fewer side effects than continually
repeating doses of the same drug (e.g. morphine or ketamine combined with a
benzodiazepine). Each of the drugs should be given separately and the doses
adjusted.

Some patients are difficult to sedate for predictable reasons (e.g. treatment for
epilepsy may make the dose required much higher than normal).

Some patients are very resistant to sedation, possibly due to excessive anxiety, so
the first dose of sedation may not succeed, and a higher dose may be needed.
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Patients who need sedation should have their oral intake restricted as for
anaesthesia.

Some children are more vulnerable to the effects of sedation, particularly those with
respiratory or upper airway problems, causing complete upper airway obstruction and
should not be sedated unless a health worker skilled in anaesthesia/airway
management is present.

Sedation in children is difficult and potentially dangerous, and this practice is
increasingly being abandoned.
« Children may refuse to take sedatives.
- The effects of sedatives in children are unpredictable.
« The interval between taking the medicine and becoming sedated, and also the
time taken to recover, are difficult to predict in children.
« Some children, especially those who are very young, can take large doses of
sedatives with no apparent effect.
- Some children become paradoxically over-excited as a result of taking sedatives.
- There is a danger that the dose needed to sedate a child will compromise the
reflexes that protect the airway.

Wherever possible, procedures in children should be done without sedation. Instead
ensure that, if possible, a parent or other familiar caregiver can stay with the child to
reassure and comfort them. Give good analgesia with ketamine, oral morphine and
local anaesthesia, and use skillful restraint to keep the child still. Explain carefully to
the child, if they are old enough to understand, what you are doing at each stage of
the procedure, to reduce their anxiety and encourage their cooperation.

The minimum information required to prescribe sedation includes the following:
- age and weight if the patient is a child
« the procedure for which sedation is required
- the patient’s previous sedation history
- any other drugs that are being taken
- other major ilinesses that affect respiratory function and upper airway
competence
- current health status, including coughs, colds and pyrexia
- oral intake status.

TABLE 9.12 Patients at risk of airway obstruction/respiratory depression from the
effects of sedation

Risk factor Underlying cause

Croup Foreign body

Impaired upper airway |Congenital stridor (e.g. Pierre—Robin syndrome, cleft
Obstruction palate)

Baby with very blocked nose

Pre-existing neuromuscular problems Swallowing
difficulties
Known bulbar problems, especially if combined with
reflux

Impaired reflexes
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Risk factor Underlying cause
Head injury
Impaired central Drug effects (opiates) Raised intracranial pressure
respiratory drive Impaired level of consciousness Encephalopathy

(hypoxic, metabolic, infective)

Neuropathy and myopathy Chronic illness and
weakness Malnutrition
Prematurity Infancy

Impaired respiratory
muscle function

. . Chest infection Pleural effusions Chronic lung
Impaired lung function

disease
Impaired cardiovascular Haemorrhage Sepsis
function Drugs

Sedative drugs commonly used for children
Promethazine (Phenergan)
Give 0.5mg/kg deep IM or IV or 1-2mg/kg orally, up to a maximum of 50 mg.

Chloral hydrate

Chloral hydrate is more suitable for younger babies (less than 18 months of age
or less than 15kg), but may paradoxically worsen agitation (e.g. in Down’s
syndrome).

TABLE 9.13 Sedative drugs

Drug Route Onset Duration Dose
Not recommended for
. patients under 2 years of age
Promethazine Oral 30 mtl(r;utes Up to 12 Children:
Tablets: 10 mg 1 hour hours 2-5 years, 15-20 mg
5-10 years, 20—25 mg
10-18 years, 25-50 mg
| month to 12 years:
Promethazine Slow IV 30 minutes 0.5-1 mg/kg (up to a
Cos L | or deep Upto 12 ;
Liquid injection: to maximum of 25 mg) 12-18
M hours .
25 mg/mL iniection 1 hour years:
J 25-50 mg
Chloral hydrate
Liquid: 100 . Neonates to 12 years: 30-50
30 minutes
mg/mL Oral or mg/kg
L to 1-2 hours .
Suppositories: rectal 1 hour 12-18 years: 45-60 mg
100 mg and 500 Maximum dose 1 g
mg
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NB: BNFc comments that chloral hydrate is not licensed for sedation for
painless procedures.
https://bnfc.nice.org.uk/drug/chloral-hydrate.html#indicationsAndDoses
Accessed 5" December 2020

Management of long-term pain and pain during terminal care
This is discussed in Section 7 Handbook 2.
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Potentially dangerous viral infections regularly requiring emergency treatments.

Dangerous viral infections regularly requiring emergency treatments.

Chickenpox

Dengue

Hepatitis

HIV*

Measles

Mumps*

Polio*

Rabies*

Viral Haemorrhagic Fevers VHFs
Yellow fever

In bold are those infections where emergency care is needed and follow on
here in this handbook

*These viral infections involve treatments which are complicated and only sometimes

include emergency care OR are relatively uncommon although very serious. They
are described in detail in Handbook 2.
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Section 10. Acute Hepatitis

Introduction

Prof. Alistair Baker, Dr. Paddy McMaster

Acute hepatitis results in liver dysfunction of duration less than 6 months.
Transaminases (AST and ALT) are abnormal, but patients are not necessarily
jaundiced. Acute hepatitis may be cholestatic and may be complicated by acute liver
failure as described in Section 49. Hepatitis A is common and usually self-limiting,
but other important diseases may occur at the same time or appear similar and be
overlooked (see Table 10.1).

TABLE 10.1 Causes of acute hepatitis-like presentation.

Feielioelzz] Examples Possible cholestasis
group
Hepatitis A virus, hepatitis B virus, hepatitis
C virus, hepatitis E virus, delta
supennfectlon, cytomggalowrus, Ep§te|n— Hepatitis A virus,
) Barr virus, herpes simplex, parvovirus, I, .
Viral . Hepatitis B virus,
measles, mumps, varicella, rubella, Hepatitis E virus
adenovirus, ECHO, coxsackie, flaviviruses P
(e.g. yellow fever, dengue, Lassa, Ebola,
Rift Valley fever).
Bacterial/fungal Salmonella, Leptospira, any septicaemia Not usually
Protozqe_ll * See Section 31 and Handbook 2 Not usually
parasitic
Drugs_ and See Section 87 in this handbook Drug cholestasis
toxins
Cardiac arrest, post-surgery, heat stroke, Occurs 7 — 10 days
Shock L L
radiation after injury
Immune Autoimmune, lupus, Kawasaki disease Aut0|mmupe_, lupus,
Kawasaki disease
e Leukaemias, haemophagocytic syndromes, |Leukaemias, Hodgkin's
Infiltrative NS .
Hodgkin’s disease disease
Metabolic Urea cycle disorders Wilson’s disease Usually not Yes

Management of acute hepatitis

1. Exclude hepatitis A with HAV IgM and attempt diagnosis with tests (if

available).

2. Monitor hepatic synthetic function for liver failure using prothrombin time or

INR, having given IV vitamin K.

3. Monitor for complications, including hypoglycaemia, encephalopathy, bone-
marrow aplasia, secondary sepsis and pancreatitis (see Section 48).

oos

Treat complications when possible.
Give vitamin K, 300 micrograms/kg.
Give anti-emetics if there is severe nausea and vomiting.
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Give intravenous fluids only if oral or nasogastric rehydration is not possible.
See Section 48 for the management of acute liver failure if this develops.

If available, immunise all family contacts for HAV and HBV (HAV , two doses
6 months apart; HBV , three doses, the first being given immediately, the
second 1 month later, and the third 3 — 6 months later).

Hepatitis A

Hepatitis A (HAV) is a picornavirus spread by the faecal—oral route.

The incubation period from infection to raised transaminases is 10 — 20
days.

Before jaundice is seen there may be anorexia, nausea, vomiting, fever and
liver tenderness.

Jaundice is related to age, with more than 90% of children under 2 years
being asymptomatic, and only 76% of teenagers jaundiced.

A minority of cholestatic cases have a relapsing course, and 0.1 — 0.2%
develop acute liver failure. The prognosis for almost all is excellent with
symptomatic treatment.

Chronic liver disease does not develop, but occasional patients have a
transient nodular regenerative phase with evidence of portal hypertension
lasting up to 1 year. Aplastic anaemia is a rare complication.

HAV vaccine is highly efficacious and without side effects.

Hepatitis B
Acute hepatitis B (see also section 49 on chronic hepatitis)

This is spread by blood and body fluid products, vertical transmission from
mother to baby, and sexual contact. The risk of all such spread is much
greater than for HIV infection.

e The incubation period is 60-90 days, but rarely up to months.

o The risk of acute liver failure is less than 1%, and the risk of chronic liver
disease depends on the patient’s age: it is approximately 90% at birth, 25%
in childhood and less than 10% in adults.

e Hepatitis B vaccine is usually given by three injections over 6 months, but
an accelerated course can be given at zero, 1 and 2 months, and post-
exposure vaccination is usually given in combination with immunoglobulin
in a different site with the first dose. A booster should be given after 1 year
for life-long immunity.

e All healthcare workers should be immunised against HBV.

Hepatitis C

e The mechanisms of spread are the same as for hepatitis B, but vertical
spread is rare (around 4%).

e The incubation period is 2 — 26 weeks, followed by acute hepatitis that is
almost always asymptomatic.

e  Chronic hepatitis ensues in 30 — 90% of cases.

e  Symptomatic liver disease is almost never seen in childhood.

o Treatment with direct acting antivirals orally for 8-12 weeks (if available).

Hepatitis E

Spread is by the faecal-oral route and is endemic in Southern Europe, the
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Middle East and Asia.
e ltisrare in children, and the highest rate in adolescents is 3%.
A relapsing course is seen.
The prognosis is usually good, but mortality is recognised in pregnant
women.

Epstein-Barr virus (EBV)
e EBV infection is accompanied by hepatosplenomegaly and hepatitis.
e The prognosis is usually good, but rare cases are complicated by
lymphoproliferative disease or haemophagocytic syndrome in immune-
deficient individuals.

Cytomegalovirus (CMV)
e Spread is the same as for EBV and hepatitis, but symptoms are usually only
seen in the newborn and immunocompromised.

Parvovirus B19
e This infection can be accompanied by acute liver failure and aplastic
anaemia.
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SECTION 11 Chickenpox

Introduction

Chickenpox is caused by varicella zoster virus (VZV), a member of the herpesvirus
family. It is spread by direct contact, droplet or airborne transmission, and is very
contagious.

Chickenpox manifests as a generalised pruritic vesicular rash typically consisting of
crops of lesions in varying stages of development and resolution (crusting), mild
fever, and other systemic symptoms. Varicella tends to be more severe in
adolescents and adults than in young children.

The peak age for infection is 5 to 9 years. In immunocompetent children it is usually
a mild disease, and lifelong immunity follows an infection.

Groups at increased risk include:

. Those with immunodeficiency (mainly those with HIV infection),

. Those on chemotherapy or long-term steroids (defined as those who within

the previous 3 months received prednisolone, or its equivalent, at a daily dose of 2

mg/kg/day or more than 40 mg/day for at least 1 week or 1 mg/kg/day for 1 month)
Neonates whose mothers have had chickenpox just before or just after the

blrth.

. Patients on lower doses of steroids plus another immunosuppressant drug
and patients with an additional medical problem (e.g. nephrotic syndrome)

. Those on salicylate therapy or with chronic lung or skin problems, including

eczema. Acyclovir should be used in these groups.
e  Children who are pregnant (see Obstetric Handbook)

Children with chickenpox are at increased risk of developing Reye’s syndrome if
given aspirin and some other non-steroidal anti-inflammatory drugs but fever and pain
can be managed with paracetamol and ibuprofen.

Clinical presentation

. The incubation period is 14 - 21 days.

. There is low-grade fever and headache, followed by the rash, which is
mostly on the trunk and face.

o The rash develops into successive small single oval vesicles with an
erythematous base which break within 2 days to develop into scabs and heal.

o) It is very itchy, and scratching may result in secondary bacterial infection
and scar formation.

. The course of the disease is about 1 week.

. Children are infectious from 1 or 2 days before the rash appears until 1 or
2 days after all of the lesions have formed scabs.

. Complications include:

o Septicaemia, bronchopneumonia, hepatitis, thrombocytopenia, purpura,

pericarditis, myocarditis, endocarditis, arthritis, myositis, glomerulonephritis,
ascending mediastinitis and post-infectious encephalitis, especially with cerebellar
involvement.

. Any fever or other symptom occurring within a few days of apparently
resolving chickenpox must be taken seriously.
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. Guillain—Barré syndrome, facial nerve palsy, transverse myelitis,
hypothalamic involvement, optic neuritis and transient loss of vision have been
reported.

. Intrauterine infection, especially in the first two trimesters, may result in a
congenital varicella syndrome (i.e intrauterine growth retardation, scarred skin, limb
atrophy, mental retardation, CNS and eye complications).

o Only 1-2% of infants with intrauterine exposure develop complications.

. In mothers, chickenpox but not shingles, occurring between 5 days before
and 2 days after delivery, may result in a severe infection in the neonate.

o) This is probably due to lack of formation of VZV IgG antibodies that would
have crossed the placenta and would be protective for the newborn baby.

o) The infant should be treated as soon as possible with varicella-zoster

immunoglobulin (if available) and with IV aciclovir as well if infection manifests (see
below and Section 68 on Varicella encephalitis).

Management

1 Keep the child clean, and cut and clean under their nails to discourage
scratching and prevent secondary skin infection.

2 Baking soda baths or calamine lotion may relieve the itching.

3 Antihistamines, such as:

a. Chlorpheniramine

i. 1 mg twice daily (1 month to 2 years of age),
ii. 1 mg three to six times a day; maximum 6 mg daily (2—6 years),
iii. 2 mg three to four times a day; maximum 12 mg daily (6—12 years), or,

iv. 4 mg three to six times a day; maximum 24 mg daily (over 12 years) may
reduce scratching.
4 Give paracetamol for fever.
5 Appropriate antibiotics should be given for secondary bacterial infection,
which is mostly due to Staphylococcus aureus or Streptococcus pyogenes.
6 Aciclovir IV 10 mg/kg 8-hourly or 250 mg/m2 8-hourly for 7-10 days is
recommended for immunocompromised children who develop chickenpox.
a. Oral aciclovir (20 mg/ kg four times a day) is given for HIV-
infected patients whose CD4+ counts are relatively normal.
b. It should be considered for HIV-infected children with a CD4+ T-
lymphocyte percentage of 15% or greater.
7 If available, IM varicella-zoster immunoglobulin (VZIG) should be given at
the following doses:
a. Birth to 5 years, 250 mg (one vial);
b. 6-10 years, 500 mg (two vials);
C. 10-15 years, 750 mg (three vials) and
d. 15-18 years, 1 gram.
8 This may modify the disease if given shortly (not more than 4 days) after
exposure. Indications include:
a. immunocompromised children, such as HIV-infected pregnant

women and premature infants born at less than 28 weeks’ gestation, who
have had intimate contact (face to face) with chickenpox or herpes zoster.
b. Neonates whose mothers develop varicella between 7 days
before and 28 days after delivery are offered VZIG 250 mg as a single IM
injection.
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9 If VZIG is not available, oral or IV aciclovir (at the above doses) may be
given.
10 In addition to standard precautions, airborne and contact precautions are

recommended for patients with varicella for a minimum of 5 days after the onset of
rash and until all lesions are crusted, which in immunocompromised patients can be
1 week or longer.

Prevention

. Live attenuated varicella vaccine (monovalent varicella vaccine or measles,
mumps, rubella, varicella: MMRV) given as two subcutaneous or intramuscular
injections confers over 95% protection against severe disease.

. Both have been licensed for use in healthy children from 12 months to 12
years of age.

. Children in this age group should receive two 0.5-mL doses of varicella
vaccine administered subcutaneously, separated by at least 3 months.

. Susceptible children aged 13 years or older without immunocompromise
should receive two 0.5-mL doses of varicella vaccine separated by at least 28 days.
. Patients in whom vaccine is contraindicated include those who are
immunocompromised children and those receiving aspirin.

. Patients who are receiving immunosuppressive treatment (including steroid

therapy) are generally immunised when in complete remission. The total lymphocyte
count should be > 1.2 x 109/litre and there should be no other evidence of a lack of
cellular immune competence.

. The vaccine should not be given within 3 months of VZIG.

Public Health England (2019) Updated guidelines on post exposure prophylaxis
(PEP) for varicella/shingles (accessed 04/03/2021)

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attach
ment_data/file/812526/PHE _PEP VZIG guidance for health professionals.pdf
Accessed April 10 2021
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Section 12 Prevention and management of the child, including those who are
pregnant, with COVID-19 (SARS CoV-2) infection and including PIMS.

Infection Control

Among the most vulnerable population of children are those with co-morbidities.
Whilst they should be brought to hospitals when seriously ill. Avoidance of attending
hospitals where COVID cases are likely to be present should be made possible by
clinical assessment and triage at local health facilities to avoid unnecessary risk of
becoming infected with COVID in the hospital. If not admitted, there must be clear
safety-net advice on symptoms and clinical signs relating both to the existing serious
illness as well as COVID if they become infected. This approach will help parents to
look out for and to know when their child needs to be re-assessed.

All attendances of children at hospital should be managed as potentially COVID
infected until proven otherwise. This policy applies to the children who may be
asymptomatically infected and presenting with another problem, as well as an unwell
adult bringing their well child with them. This situation is a risk for other patients, their
families and staff.

In as much as possible, encourage social distancing and the use of face coverings
for all working in and attending hospitals. The greatest risk of transmission is by
aerosol droplet. The majority of these droplets will fall within 1 metre and distancing
2 metres reduces the risk further. Infection is primarily by inhalation via the
respiratory tract angiotensin Il converting enzyme (ACE) receptors, but there is also
the possibility of contact transmission so hand washing is essential to reduce the risk
and gloves provide additional protection. Disposable aprons worn by staff protect
clothes from becoming contaminated and the risk of touching them and then touching
the nose or mouth and introducing infection. The conjunctiva of the eye also has ACE
Il receptors, so in addition to masks, eye protection with a visor to prevent direct
droplet transmission or tight-fitting goggles to prevent aerosol transmission are
important for hospital staff. However, the extent of transmission through the eye is
not known.

Examination of the throat is unnecessary as it increases the risk to the person
examining and would not influence management. Antibiotics for group A
streptococcal infections such as tonsillitis, reduce symptoms by only 16 hours over 7
days (Spinks et al 2013 n=12,835) whereas antimicrobial resistance increases
proportional to antibiotic use.

Children requiring hospital treatment for Covid which cannot be provided at home,
such as additional inspired oxygen, should be separated from other children. Ideally
this should be in an isolation cubicle, but priority should also be given to other
infections which are spread by aerosol such as measles, chickenpox or TB.

Acute COVID infection in children

Although children are less often severely affected than adults, COVID can cause
severe disease in children, particularly if there are co-morbidities. This potential
danger also applies to adolescents with no other predisposing factors especially if
they are pregnant.
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Table 12.1 Symptoms and clinical signs reflecting the severity of Covid
infection

Symptoms which are mild or | Symptoms which are severe
moderate

fever apnoea

persistent cough cyanosis

hoarseness severe chest wall recession with
breathing

nasal discharge decreased consciousness

shortness of breath

sore throat

wheezing

sheezing

anosmia

The clinical signs of deterioration with respect to vital signs can be identified using
standard early warning scores (see Section 68 Handbook 2). In particular; increasing
respiratory rate, increasing chest wall recession with breathing, increasing fever,
grunting respiration, reduced level of consciousness, hypoxaemia (SpO:2
progressively falling below normal values of 94% in air) or increasing oxygen
requirement to keep SpO2 within normal range.

Blood tests are not essential but should be indicated by specific concerns for example
blood count if severe pallor suggests anaemia, urea and electrolytes if severe
dehydration. Neutrophil counts and inflammatory markers such as CRP can be
elevated in viral infections so do not indicate a need for antibiotics. A chest x-ray (if
available) does not differentiate bacterial pneumonia from viral infection so is only
indicated if specific concerns requiring intervention, for example pneumothorax
requiring chest drain.

Testing for SARS CoV-2 is useful for prioritisation of limited isolation facilities.

Clinical deterioration with COVID often comes later than with other respiratory
viruses; usually between days 5 to 10 of the illness.

Pulse oximetry should be available and hypoxaemia (less than 94%) should be
treated with nasal cannulae oxygen. If this treatment is insufficient to overcome
hypoxaemia, escalation to Heated Humidified High Flow Nasal Cannulae oxygen
(HHHFNC see Section 91 in Handbook 1) or continuous positive airways pressure
(CPAP: see section 91 Handbook 1) may be required, if available.

However use of CPAP or HHHFNC makes isolation even more important as these
are aerosol generating procedures.
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Rarely children require, if available, intubation and ventilation for respiratory failure.

It is vital that sufficient supplies of medical grade oxygen are always available in both
cylinders and from oxygen concentrators.

When giving high flow oxygen humidity is important.

Other than supportive care, the first proven treatment for severe or critical COVID
infection is dexamethasone 150 micrograms/kg IV or PO (maximum 6mg) once
daily for 10 days or until the day of discharge from hospital if this is before completion
of 10 days. It is not beneficial in less severe cases of COVID and may be harmful.

BNFC 2021 Dexamethasone for severe or critical COVID-19

By mouth, or by intravenous injection

For Child 12-17 years (body-weight 40 kg and above) 6 mg once daily for up to 10
days. https://bnfc.nice.org.uk/drug/dexamethasone.htmli#indicationsAndDoses
Accessed 30t April 2021

Antibiotics should be given if on presentation there is concern about possible
bacterial lower respiratory tract infections until COVID is diagnosed, then they should
be stopped.

Remdesivir is not recommended by WHO following the results of the Solidarity trial.
That study also shows no value in other investigational medicines which are no longer
used such as hydroxychloroquine, lopinavir/ritonavir and interferon. Tocilizumab is
also not recommended by WHO. However, here may be benefit in tocilizumab for
severely affected patients but there is little data available from children.

Anticoagulation is important in adults but is not necessary in pre-pubertal children
unless specific indications such as family history of thromboembolism, morbid obesity
and conditions causing immobility.

Recruitment to research studies in children to answer questions concerning the best
forms of treatment is essential in this new infection.

References on Covid in children

1. World Health Organization Coronavirus disease (COVID-19) technical guidance:
Patient management Accessed April 10 2021

2. RCPCH COVID-19 - guidance for management of children admitted to hospital
Accessed April 10 2021

3. GrahamHR et.al Improving Hospital Oxygen Systems for COVID-19 in
Low-Resource Settings: Lessons From the Field Global Health: Science and
practice 2020: 8: 858-862
https://www.ghspjournal.org/content/8/4/858  Accessed 20t March 2021

4. Duke T et al Paediatric care in the time of COVID-19 in countries with under-
resourced healthcare systems. Arch Dis Child July 2020 Vol 105 No 7
https://adc.bmj.com/content/archdischild/105/7/616.full.pdf
Accessed March 20t 2021
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Paediatric Inflammatory Multisystem Syndrome (PIMS-TS)

In the 4-6 weeks after COVID infection, which may have been an asymptomatic
contact with a household member with COVID, approximately 1 in 5000 children
present with an abnormal immune response. This has two phenotypes: Kawasaki
features (see Section 65), though may be incomplete ; and non-specific, some with
features of Toxic Shock.Syndrome (see Section 45).

Symptoms and clinical signs:
o fever
e abdominal pain
e gastrointestinal, respiratory or neurological signs

Table 12.2 Classic Kawasaki disease criteria

CRITERION DESCRIPTION

Fever for at least 5 days, plus 4 of the following:

Conjunctivitis Bilateral, non-exudative
Cervical lymphadenopathy Often > 1.5 cm, usually unilateral
Polymorphous rash Maculopapular, diffuse erythroderma or

erythema multiforme

Changes in lips and oral cavity Erythema of oropharynx, lip cracking,
strawberry tongue

Changes in extremities Acute erythema or oedema; subacute -
periungual peeling

If no other clear cause for the symptoms and signs exists the following initial blood
tests (if available) may help to identify whether they have PIMS:

full blood count

C-reactive protein

urea, creatinine, and electrolytes and

liver function tests

If the diagnostic criteria for PIMS-TS are met and it remains a differential diagnosis,
if available do second-line investigations

Blood tests:

blood gas and lactate

fibrinogen

ferritin

D-dimer

troponin

N-terminal pro-B-type natriuretic peptide
lactate dehydrogenase

Other investigations if available:
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e SARS-CoV-2 RT-PCR test on an appropriate respiratory tract sample and
SARS-CoV-2 serology

Septic and viral screen (lumbar puncture only if specifically indicated)
12-lead electrocardiogram

Chest x-ray

Echocardiogram

In children with abdominal pain who meet the criteria for PIMS-TS and
require imaging, abdominal ultrasound scan should be the first-line
investigation to rule out alternative diagnoses (eg, appendicitis)

e  Sickle cell screen

Table 12.3 Features of severe or high risk PIMS-TS

Clinical Bloods Cardiac
Age <12 months CRP >150mg/L Coronary artery changes
Prolonged capillary refill | High/rising BNP Left ventricular failure
time Abnormal ECG
Persistent tachycardia High/rising troponin
Persistent hypotension High ferritin
Required >40mL/kg total of | High/rising lactate
bolus
O2 saturation <92% in room | High/rising D dimer
air
Severe abdominal pain High/rising LDH
Low platelets
High/Low fibrinogen
Increased whole blood
clotting time

Management of PIMS-TS
Indications for therapy include:
o Kawasaki phenotype

e evidence of coronary artery abnormality

e meeting the criteria for Toxic Shock Syndrome

e evidence of progressive disease

o extended duration of fever (>5 days)
Treatment

1. Intravenous immunoglobulin (if available) at a dose of 2 g/kg, calculated using
ideal bodyweight, in a single or divided dose depending on the clinical picture
and cardiac function

2. A second dose of intravenous immunoglobulin might be considered after 36- 48
hours for children who have not responded or partially responded to the first
dose

3. High-risk children include those younger than 12 months, those with
hyperinflammtory bloods and those with coronary artery changes; these
children should be given early intravenous methylprednisolone (10 mg/kg once
daily for 3 days; alongside intravenous immunoglobulin with the 1st dose).

4. If methylprednisolone not available, give prednisolone 2 mg/kg once/day (IV if
oral not tolerated) weaning over 3 weeks.
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5. Gastric protection (omeprazole) should be given to children on high dose
steroids
700 microgram/Kg (maximum 20mg) once daily orally or 1V).

6. Biological therapy should be considered as a third-line option in children who
do not respond to intravenous immunoglobulin and methylprednisolone
(infliximab or RECOVERY trial tocilizumab or anakinra)

Antibiotics

1. Intravenous antibiotics should be commenced in all patients; these should be
focused or stopped on the basis of the clinical picture and culture results

2. Children who meet the criteria for Toxic Shock Syndrome should be given
clindamycin in addition to broad-spectrum antibiotics

Antiplatelet and anticoagulation

1. All children older than 12 years should wear compression stockings, especially
those who are pregnant (see below)

2. For Kawasaki disease phenotype give aspirin 10 mg/kg 6 hourly until fever
resolved, clinical features improving, and CRP falling

3. Low-dose aspirin (3-5 mg/kg once daily maximum 75 mg) should be continued
for a minimum of 6 weeks in all patients with PIMS

4. Omeprazole should be given whilst the patient is receiving aspirin

5. Omit aspirin if platelets are low, coagulation profile abnormal (whole blood
clotting time), or significant abdominal pain

6. Children with abnormal coronary arteries should be discussed with a specialist
haematologist (if available) regarding long-term antiplatelet and anticoagulation
therapy

References on PIMS-TS

1. A national consensus management pathway for paediatric inflammatory
multisystem syndrome temporally associated with COVID-19 (PIMS-TS): results
of a national Delphi process Lancet Child Adolesc Health Published Online
September 18, 2020 Accessed April 10 2021

2. RCPCH Paediatric multisystem inflammatory syndrome temporally associated
with COVID-19 (PIMS) - guidance for clinicians Accessed April 10 2021

3. “Solidarity” clinical trial for COVID-19 treatments Accessed April 10 2021

4. Childhood multisystem inflammatory syndrome associated with COVID-19 (MIS-
C): a diagnostic and treatment guidance from the Rheumatology Study Group of
the Italian Society of Pediatrics Accessed May 3 2021

COVID in adolescent girls who are pregnant.

At the time of writing this handbook there was limited evidence for management of
pregnant children with COVID, especially those in low resource settings. This
guidance is based on available evidence in February 2021. Most information on
pregnancy and COVID refers to pregnant women “women”. For the purposes of this
chapter most information below can be extraopolated to adolescent girls who are
pregnant.

Pregnant women have not been found to be at higher risk of contracting COVID than
non-pregnant women, but if they contract COVID, pregnant patients have a higher
risk of more severe symptoms than non-pregnant women. Intrauterine and breastmilk
transmission is unlikely, as is mother-baby transmission during labour and delivery.
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More than two-thirds of pregnant women with COVID are asymptomatic. Most
symptomatic women have only mild or moderate cold/flu-like symptoms. The most
common symptoms are cough (41%) and fever (40%). Other symptoms are
dyspnoea (21%), myalgia (19%) loss of sense of taste/smell (14%) and diarrhoea
(8%).

Compared to non-pregnant women with COVID, pregnant women with COVID
are not at increased risk of death from COVID.

Compared to pregnant women without COVID, pregnant women with symptomatic
COVID requiring hospitalisation have worse maternal outcomes, including an
increased risk of death, although that risk remains very low.

There is evidence that pregnant women may be at increased risk of severe illness
from COVID compared with non-pregnant women, particularly in the third trimester.
However, the most consistent finding was of increased ICU admission rates for
pregnant women, but this may be explained by a lower threshold for ICU admission
in pregnancy.

Risk factors for hospital admission with COVID in pregnancy
Risk factors that appear to be associated both with being infected and being admitted
to hospital with COVID include:
e Black, Asian and minority ethnic (BAME) background
Having a BMI of 25 Kg/m? or more
e Pre-pregnancy co-morbidity, such as pre-existing diabetes and chronic
hypertension
Maternal age 35 years or older
Living in households of increased socioeconomic deprivation (data not
specific to pregnancy).

Effect of COVID on the fetus

Symptomatic maternal COVID is associated with an increased likelihood of medically
induced preterm birth. Apart from preterm birth, there is no evidence that COVID
infection has an adverse effect on the fetus or on neonatal outcomes.

Effect of service restrictions during the COVID pandemic on maternal and
perinatal experience and outcomes

Reviews have found higher rates of perinatal mental health disorders during the
pandemic, including anxiety and depression. Some of these impacts may be due to
modifications to maternity services. The MBRRACE-UK rapid report (UK mortality
report) highlighted two instances where women died by suicide, where referrals to
perinatal mental health teams were refused or delayed because of restrictions related
to COVID.

Feelings of anxiety and depression were associated with maternal fear of vertical
transmission of the virus to their infants, limited accessibility of antenatal care
resources to COVID and non-COVID women. Social distancing and isolation
procedures increased psychological problems in pregnant and postnatal women.
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Midwives in Kenya, Uganda and Tanzania, reported low numbers attending maternal
health clinics and more women coming into hospital late without sufficient antenatal
care.

In Mali most female respondents said they were not accessing health services, out
of fear of the virus and confusion about which services were still being offered

Facilities that remained open were overwhelmed, particularly in LMICs, where
hospitals are already overcrowded. Pregnant women in India were turned away from
hospitals or denied ambulances and forced to labour at home or on the streets.

There has also been increased reports of domestic violence.

The UN estimated that in 6 months of COVID related disruption, 47 million women in
LMICs will be unable to obtain contraception, which will lead to 7 million unintended
pregnancies globally.

Advice for antenatal care

1 Basic care such as blood pressure and urine testing, and assessment of
fundal height in women are still required.
2 Modifications are required to enable social distancing measures and to

provide care to women who are self-isolating for suspected or confirmed
COVID for whom a hospital attendance is essential.

3 Maternity staff should be aware that some women have hearing or
communication difficulties and mask wearing may prevent lip reading.

Prevention of venous thrombo-embolism

There is increased risk of thromboembolism during pregnancy and this is

compounded by COVID.

1 Women who are self-isolating at home should stay hydrated and mobile.

2 All pregnant women admitted with confirmed or suspected COVID should
be offered prophylactic Low Molecular Weight Heparin (LMWH), unless birth
is expected within 12 hours or there is significant risk of haemorrhage.

3 All pregnant women who have been hospitalised and have had confirmed
COVID should be offered thromboprophylaxis for 10 days following hospital
discharge.

4 If women are admitted with confirmed or suspected COVID within 6 weeks

postpartum, they should be offered thromboprophylaxis for the duration of
their admission and for at least 10 days after discharge. Consideration
should be given to extending this until 6 weeks postpartum for women at
high risk.

Labour and birth in asymptomatic women who test or have tested positive for
SARS-CoV-2

For asymptomatic women who test positive for SARS-CoV-2 on admission, routine
fetal monitoring is recommended

Women who test positive for SARS-CoV-2 should be offered delayed cord clamping
and skin-to-skin contact with their baby in line with usual practice.

Care of women in labour with confirmed or suspected COVID
1 On admission, a full maternal and fetal assessment should be undertaken,
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including: Maternal observations including temperature, respiratory rate and oxygen
saturation.
Confirmation of the onset of labour.
The following members of the multidisciplinary team (MDT) should be informed of the
woman’s admission: obstetrician, anaesthetist, midwife-in-charge and neonatal
nurse-in-charge.
2 Standard hourly maternal observations and assessment should be
performed with the addition of hourly oxygen saturation monitoring. Oxygen
therapy should be titrated to aim for a saturation above 94%.
PPE according to local guidelines should be worn
The number of staff members entering the room should be minimised.
Women with symptomatic suspected or confirmed COVIDshould be offered
skin-to-skin contact with their baby if the condition of the woman and infant
allows.
6 Women should be supported and encouraged to have a birth partner, who
has no symptoms of COVID, during active labour and birth if they wish to do
SO.
Birth partners should wear a face covering unless exempt, remain by the
woman’s bedside, be advised not to walk around the ward/hospital and
should wash their hands frequently.
7 Restrictions on visitors should follow local hospital policy.
Birth partners of women who require continuous support, such as women with
disabilities, communication challenges or complex medical, mental health or social
factors should be prioritised

o b w

Pregnant or recently delivered women with suspected or confirmed COVID

» Women with suspected COVID should be treated as though it is confirmed until test
results are available.

The priority for medical care should be to stabilise the woman’s condition.

Signs of severe respiratory problems are: women who require oxygen to maintain
saturations between 94% and 98%, women with a respiratory rate above 20 breaths/
minute and women with a heart rate greater than 110 beats/minute.

There should be a multidisciplinary discussion about where she should be cared for
and timing and mode of delivery

If appropriate, a designated team member should be responsible for regularly
updating the woman’s family about her health, and that of the baby.

Management of a pregnant, or recently pregnant child with suspected or
confirmed COVID who is clinically deteriorating

1 Observations and investigations

* Healthworkers should monitor both the absolute values and trends of the hourly
observations, including heart rate, respiratory rate and oxygen saturation.

» Healthworkers should be aware that young, fit women can compensate for
deterioration in respiratory function and are able to maintain normal oxygen
saturations until sudden decompensation.

Units should have a plan for the care of pregnant and postnatal women with COVID.
The woman’s care should be escalated urgently if any of the following signs of
decompensation develop:
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1. increasing oxygen requirements or fraction of inspired oxygen (FiO2) above
35%
2. increasing respiratory rate despite oxygen therapy of 25 breaths/ minutes or
more, or a rapidly rising respiratory rate
3. reduction in urine output
4. drowsiness, even if the oxygen saturations are normal.
The frequency and suitability of fetal heart rate monitoring should be considered on
an individual basis, accounting for the gestational age and the maternal condition.

2 Interventions

1. Oxygen should be titrated to target saturations between 94-98%.

2. Caution should be applied to IV fluid management. Hourly fluid input/output
charts should be used to monitor fluid balance. In women with moderate to
severe symptoms of COVID, the aim should be to maintain a neutral fluid
balance in labour. When required, boluses in volumes of 250-500 ml should be
employed and an assessment for fluid overload made before proceeding with
further fluid resuscitation.

3. Antibiotics should be commenced at presentation if there is clinical suspicion of
bacterial infection or sepsis. Even when COVID is confirmed,healthworkers
should remain open to the possibility of another coexisting condition; in particular
obstetric sepsis.

4. There should be no delay in giving treatment that would usually be given in
maternity care (e.g. IV antibiotics in woman with fever and prolonged rupture
of membranes).

5. All pregnant women should be assessed for risk of venous thromboembolism
VTE and prescribed thromboprophylaxis with LMWH unless there is a
contraindication

6. Thrombocytopenia (low platelets) may be associated with severe COVID and in
low resource settings, fresh donor blood may be the only way of correcting
haemorrhage due to DIC. .

7. Dexamethasone therapy should be given for 10 days, or up to discharge,
whichever is sooner, for women who are seriously unwell with COVID and
requiring oxygen supplementation or ventilatory support.

For Child who is pregnant 12—17 years (body-weight 40 kg and above) 6 mg
once daily for up to 10 days.
https://bnfc.nice.org.uk/drug/dexamethasone.htmi#indicationsAndDoses
Accessed 30th April 2021

3 Planning for the birth of the baby

For pregnant women in the third trimester who are unwell, an individualised
assessment should be undertaken to decide whether emergency caesarean birth or
induction of labour should be prioritised, either to facilitate maternal resuscitation or
because of concerns regarding fetal health.

Maternal stabilisation is required before delivery can be undertaken safely, this is
the priority, as in other maternity emergencies.

If urgent intervention for birth is indicated for fetal reasons, then birth should be
expedited as for usual obstetric indications, as long as the maternal condition is
stable.

4 Postpartum care: guidelines for healthworkers
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Women and their healthy babies should remain together in the immediate postpartum
period, if they do not otherwise require maternal critical care or neonatal care.

» Women with suspected or confirmed COVID should remain with their baby and be
supported to practice skin-to-skin care, if the newborn does not require additional
medical care.

» Take COVID precautions if a woman has suspected or confirmed COVID and her
baby needs to be cared for on the neonatal unit to minimise any risk of women-to-
infant transmission; at the same time, involve parents in decisions and for
breastfeeding, bonding and attachment.

» Women should be supported in breastfeeding, as usual, even if they have probable
or confirmed COVID.

General advice

Following childbirth, effective contraception should be discussed with and offered to
all women prior to discharge from maternity services.

All households should self-isolate at home for 10-14 days after birth of a baby to a
woman with COVID.

Cardiopulmonary resuscitation for adolescent perinatal children who are
pregnant with definite or suspected COVID. Some issues to consider.

Some health facilities will have local guidelines with recommendations about how
healthcare workers should protect themselves against potential infection when caring
for patients.

COVID is known to be spread via aerosol and there are particular risks associated
with cardiopulmonary resuscitation, where management is needed immediately for
best patient outcome, but spread of the virus may infect health care staff, particularly
if they do not put on adequate personal protective equipment (PPE) before giving
cardiac compressions and managing the airway. Cardiac compressions are
assumed to be aerosol generating.

It is recommended by the Resuscitation Council UK (RCUK) that where COVID is a
possibility, the rescuer’s ear and cheek should not be placed close to the patient’s
mouth when diagnosing cardiac arrest. Instead, cardiac arrest should be diagnosed
if there are “no signs of life and no normal breathing”.

In healthcare settings, where there is a high prevalence of COVID in hospital and the
community and many people are asymptomatic, current recommendations are to
wear level 3 PPE (apron, gloves, Filtering Face Piece FFP3 level mask and eye
protection).

In reality, faced with the emergency situation, instinct may be to start immediate

resuscitation without level 3 PPE The decision may depend on:

1. whether anyone with the patient is already wearing high risk PPE and could start
CPR while others put on level 3 PPE.

2.  whether CPR s likely to be successful.lf the patient has been critically ill for some
time and is already on maximal therapy available in the health facility, then it is
unlikely CPR will be of any benefit. In this case, a prior decision between health
workers and relatives should be made about whether resuscitation, should
respiratory or cardiac arrest occur, is appropriate. If, however, cardiac arrest is
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due to sudden catastrophic haemorrhage in someone who was previously well,
the chances of successful resuscitation may be relatively high.
Deterioration in child’s condition may be recognized by frequent observations
and the use of an Early Warning score (see Section 68 Handbook 2) which may
allow early management and prevent cardiac arrest.

3.  Whether the health worker’s risk of serious or life-threatening consequences.

There is a professional requirement for nurses to ensure their own safety as

well as the safety of their colleagues and patients. In any child or adolescent who

is seriously ill, there could be a discussion about the appropriateness of CPR if there
is a cardio-respiratory arrest in the future to limit risk of spread of infection to other
patients, to staff and to relatives.

Confirming cardiac arrest

In patients with confirmed or suspected Covid-19, cardiac arrest should be confirmed

by:

e looking for the absence of normal breathing and signs of life and palpation for a
carotid pulse

e do not listen or feel for breathing by placing your ear and cheek close to the
patient’s mouth.

e minimum level 2 PPE is required to safely assess patients, but it is important to
consult local policies and procedures.

e while waiting for the bag/mask device to arrive, if the patient was already
receiving supplementary oxygen before collapse, leave the mask in situ or, if one
is easily accessible, put it on the patient’s face. This creates a barrier that may
limit aerosol/droplet spread while chest compressions are being performed.

Chest compressions and AGP airway manoeuvres

Chest compressions are considered an Aerosol Generating Procedure (AGP) by the
Resuscitation Council UK who recommend that all team members present should be
wearing level 3 PPE before chest compressions are started. Mouth-to-mouth or
pocket mask ventilation should not be undertaken. It must be stressed that no airway
procedures or ventilation should be undertaken without full level 3 PPE. In addition,
a viral filter between the self-inflating bag and airway should be used.

Care of equipment used during resuscitation

It is important to dispose of, or clean, all resuscitation equipment in line with
manufacturers’ recommendations and local guidelines. Care should be taken with
used disposable items. As an example, oropharyngeal suction catheters are often
placed under the patient’s pillow and are, therefore, easy to forget; the contaminated
end of the catheter should be put inside a disposable glove when disposed of.

Paediatric resuscitation

In hospital

Paediatric cardiac arrest is likely to be caused by hypoxaemia or a circulation
problem, so ventilations and oxygenation (not chest compressions and defibrillation)
are the priority in children. In addition, cardiac arrests in children are rarely sudden
events; usually there is a period of deterioration first. It is important to ensure level 3
PPE is immediately available to use.

In the community

In the community, cardiac arrest in children is usually caused by a respiratory problem
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and the priority, initially, is oxygenation. It is likely the rescuer will know the child and,
although there is a cross-infection risk associated with Covid-19, this is small
compared with not performing rescue breaths — an absence of which will result in
certain cardiac arrest and death. It is important to transfer to healthcare facility as
soon as possible

If you perform mouth to mouth ventilation on someone with COVID-19 you should
stay at home and complete 10 full days self- isolation.

Conclusion

Covid-19 presents healthcare staff with unprecedented challenges and difficulties.
Nurses must ensure they remain up to date with national guidelines and that patients
still receive individualised care and treatment.
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Section 13: Dengue

Introduction

Dengue is the most important mosquito-borne viral infection of humans. Although
outbreaks of febrile illness thought likely to have been dengue have occurred for
thousands of years, the disease only began to emerge as a significant global health
problem during the latter half of the 20" century. From the 1950’s onwards major
outbreaks occurred in The Philippines and Thailand, and subsequently in other
Southeast Asian countries. Dengue is now a major health threat across much of Asia
and Latin America and the geographical footprint is expanding to include parts of
Europe, Africa and North America. Although most infections are asymptomatic or
pauci-symptomatic, an estimated 50 - 100 million clinically apparent dengue
infections are estimated to occur worldwide every year. Mortality rates are generally
low in experienced hands (0.1-0.2% for severe disease), but much higher rates are
still reported from some regions.

Dengue viruses (DENVs) are RNA viruses of the Flaviviridae family; there are four
serotypes DENV-1 to DENV-4. The main mosquito vectors are Aedes species,
primarily Aedes aegypti but also Aedes albopictus. All four serotypes can cause
symptomatic infection and severe disease, in particular a vasculopathy that results in
plasma leakage and may progress to dengue shock syndrome (DSS). Infection with
one serotype elicits lifelong immunity to that serotype but does not provide long-term
cross-protective immunity to the remaining serotypes. Unusually, a second infection
with a different viral serotype puts the sufferer at greater risk of more severe illness.
One contributing factor is antibody-dependent enhancement (ADE), a mechanism by
which residual non-neutralising antibodies from a previous infection bind to the new
infecting virus and increase the efficiency of uptake of virus—antibody complexes into
monocytes and macrophages, thus amplifying viral replication; the resulting increase
in viral load drives an immunopathogenic cascade that is thought to cause the
vasculopathy. Rapid mobilisation of serotype cross-reactive memory T cells has been
suggested as an alternative mechanism to trigger the inflammatory cascade. There
is also evidence that DENV non-structural protein 1 can disrupt the integrity of the
endothelial barrier. Other factors that influence disease severity include differences
in viral virulence, molecular mimicry, and immune complex and/or complement
mediated dysregulation, as well as age and genetic predisposition. However, the
pathogenesis of severe dengue remains poorly understood.

Clinical Features

Among symptomatic individuals the clinical features are markedly heterogeneous,
ranging from a self-limited non-specific viral syndrome to severe and potentially fatal
disease. The most notable complication is a poorly characterised vascular leak
syndrome that can progress to life-threatening DSS, while other, less frequent,
problems include bleeding and organ impairment.

After an incubation period of 4-7 days following an infected mosquito bite symptoms
typically begin abruptly and follow three phases (Figure 13.1 and Table 13.1).

Febrile phase: Classical dengue begins with sudden onset of high fever and chills,
often with severe malaise, headache, vomiting and musculoskeletal symptoms.
However, children are typically less symptomatic than adults. Upper respiratory
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symptoms (cough, sore throat, coryza etc.) are not common and can help to
differentiate from influenza. Flushing of the face and trunk is sometimes seen from
day 2-3, and some patients have a transient macular rash, but otherwise there is
often little to find on examination. Skin petechiae and minor bleeding (epistaxis, gum
bleeding, bruising at venipuncture sites) may be apparent during this phase. If no
petechiae are visible a tourniquet test can be helpful.

Critical phase: Most patients improve when the fever settles. However, in a small
proportion of cases increased vascular permeability causing plasma leakage and
intravascular volume depletion becomes apparent at this time. During the transition
from febrile to critical phases a number of clinical warning signs have been
highlighted by WHO as potential indicators of impending deterioration (Figure 13.2).
Children, the elderly, and pregnant women are at greater risk of severe vascular
leakage than adults generally. Conventionally, haemoconcentration of 20% or more
is accepted as evidence of plasma leakage. Alternatively, development of pleural
effusions and/or ascites can be used as markers of leakage but these features may
not become clinically apparent until after administration of parenteral fluids. However,
if available, serial ultrasound scans can be helpful in identifying plasma leakage.

With ongoing leakage and worsening volume depletion a highly characteristic
phenomenon can be observed — the diastolic pressure starts to rise while the systolic
pressure is maintained, resulting in narrowing of the pulse pressure (PP). When the
PP narrows to 20 mmHg or less, conventionally the patient is defined as having DSS.
Shock is still compensated at this stage and the patient may appear alert and
deceptively well. However, the significance of the narrow PP must not be ignored
since decompensated (hypotensive) shock will soon follow if fluid resuscitation is not
commenced immediately. The vascular leakage process lasts for around 48 hours
before the vasculopathy resolves spontaneously; however, during this period
recurrent episodes of shock (reshock) can occur after the initial resuscitation, with
repeated reshock episodes associated with a substantial increase in mortality.

Clinical bleeding manifestations are more common during the critical phase than the
febrile phase but usually remain minor. However, in children with profound or
recurrent shock, or in individuals with underlying diseases (such as peptic ulcer, liver
disease) haemorrhage from the gastrointestinal tract and/or genitourinary tract can
be severe.

Organ impairment, typically involving the liver or the nervous system, may also be
observed during the critical phase but is not common. In most cases organ
impairment is a secondary phenomenon (related to profound shock or severe
bleeding) or occurs in individuals with underlying diseases.

Laboratory investigations: Some degree of thrombocytopenia and leucopenia are
almost universal during the febrile phase, often associated with an increase in
atypical lymphocytes. Coagulation derangements are also common, with a pattern of
increased activated partial thromboplastin time, relatively normal prothrombin time
and reduced fibrinogen level being typical. These various abnormalities demonstrate
a characteristic temporal evolution, reaching their peak/nadir during the critical phase
before returning to normal towards the end of the second week.
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Transaminase levels are almost invariably increased across the spectrum of clinical
dengue disease, with AST levels typically higher than ALT levels. Enzyme levels of
several thousand are sometimes observed in those with severe disease, but can also
be seen among outpatients with relatively mild disease. Low plasma protein levels,
particularly albumin, are seen in severe disease but may be masked by concomitant
haemoconcentration during the critical phase. Renal function is usually normal except
in those with profound shock or individuals with underlying renal compromise.

Recovery phase: Individuals with uncomplicated dengue make a full recovery when
the fever settles. Among those who do develop complications, full recovery is also
usual within 1-2 weeks with good supportive care. The increased vascular
permeability and abnormal haemostasis are transient and typically resolve within 48
hours. Leaked fluid is rapidly reabsorbed into the circulation and the haematological
and biochemical abnormalities resolve over the next 7-10 days. However, patients
may remain tired and lethargic for some time, and in some cases a florid
“convalescent” rash can persist for several weeks.

Days of illness 1 2 3|4 § 6 7 8 9 10
Temperature L
£ A\
-

_ . Reabsorption
Potential Delydeation Fluid overload
clinical issues

Organ Impairment
Platelet
Laboratory /J
changes Hematocri i,

Viraemia lgM/1gG
Serology and /
virology
Course of dengue iliness: Febrile Critical Recovery Phases
Figure 13.1 The course of dengue illness (WHO Guidelines, 2009)
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Table 13.1: Symptoms, signs and common laboratory features observed during the
different clinical phases of dengue

Phase Symptoms Signs Laboratory tests
e High fever e Facial flushing,
. Hegadache e Injected conjunctivae
e Anorexia e Dry lips and mucous
Febrile Phase || \ . sca membranes
. Vomii e Skin petechiae
Days 1-5 Momll Ing e Tourniquet test may
* Myalgia be positive
(typical duration 3-5° Arthralglg . e Tenderness at right
days) 3 Eplgastrlc discomfort « upper quadrant
* nght upper quadrant || Mild hepatomegaly
pamn e Lymphadenopathy,
e Epistaxis/gum .
. e Transient macular
bleeding

rash

Critical Phase
Days 4-6

(typical duration 48
hrs)

Fever settles
Abdominal pain,
especially in the right
upper quadrant,
Mucosal bleeding —
nose, gums, Gl tract
Vascular leakage
difficult to detect
unless DSS develops
(<5% of cases)
Irritability, sweating,
restlessness, severe
abdominal pain
suggest impending
decompensation

Increasing (tender)
hepatomegaly

DSS CASES
Fast weak pulse

e Cold clammy skin

(prolonged capillary
refill time > 2
seconds)

Narrow pulse
pressure (<20
mmHg, e.g. 90/70,
100/80) or
hypotension for age

Rising Hb or
haematocrit,
Decreasing
platelet count
Leucopenia
Rising liver
enzymes (AST >
ALT)

Low albumin, but
may be masked by
haemoconcentrati
on

APTT up,
fibrinogen down,
PT little change

Recovery Phase
Days 7-10

Afebrile or may show
low-grade biphasic
fever

Increased appetite
Diuresis

ltchy convalescent
rash on extremities —
islands of white in a
sea of red

Sinus bradycardia

e Stable haematocrit
* Rising platelet

count

e Other

abnormalities
resolve

Diagnosis and classification
In endemic settings diagnosis of dengue relies primarily on clinical features and
commonly available haematological tests — in particular the white blood count and
the platelet count. Ideally however, formal testing should be carried out to confirm the
diagnosis, with the specific test used depending on timing in the evolution of the
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illness episode. Before day 5 detection of viral RNA using nucleic acid amplification
tests (such as RT-PCR), or by detection of viral antigens like NS1 by ELISA or rapid
tests is preferred. After day 5, dengue viruses and antigens disappear from the blood
as dengue specific antibodies begin to appear, and serological assays are more
appropriate from this time onwards. A combined rapid test for NS1 antigen and
dengue-specific IgM offers a longer diagnostic window and is relatively inexpensive.

The differential diagnosis for an acute febrile iliness with non-specific symptoms in a
dengue-endemic setting is broad, and includes other arboviral infections as well as
measles, rubella, enterovirus infections, adenovirus infections, and influenza. Other
differential diagnoses that should be considered depending on local disease
prevalence, the clinical picture and travel history, include typhoid, malaria,
leptospirosis, hepatitis A, rickettsial diseases, and bacterial sepsis.

In the past, symptomatic dengue was conventionally separated into two major clinical
syndromes, dengue fever (DF) and dengue haemorrhagic fever (DHF), with case
definitions and management guidelines for these entities published WHO. However,
due to the retrospective nature of the classification a revised system was published
in 2009 that classifies the disease into dengue with/without warning signs and severe
dengue (Figure 13.2). It is intended that each patient should be classified by severity
at every assessment, in order to improve triage and case management.

Dengue £ warning signs Severe dengue

with

Without warning signs

Criteria for dengue * warning signs

Probable dengue

Live in/travel to dengue
endemic area. Fever and 2
of the following criteria:

+ Nausea, vomiting

* Rash

+ Aches and pains

+ Tourniquet test positive

+ Leucopenia

+ Any warning sign
Laboratory confirmed
dengue

(important when no sign of plasma
leakage)

Criteria for severe dengue

Figure 13.2: Dengue case classification by level of severity (WHO Guidelines, 2009)
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Management of dengue

Although identification of effective antiviral and/or immunomodulatory therapeutics
for dengue has been a major focus of research for many decades, as yet no specific
treatments are available. Good supportive care, with a particular focus on careful fluid
management, remains the cornerstone of effective case-management.

Uncomplicated dengue:

e Fever should be controlled using conventional methods. If an antipyretic is
needed paracetamol should be used, since both aspirin and nonsteroidal anti-
inflammatory drugs are contraindicated for their known anti-platelet effects.

e  Oral rehydration (frequent small volumes of water or juice) is usually sufficient,
but small volumes of IV fluid may be needed for those who become dehydrated
due to anorexia and/or vomiting.

e Inview of the known thrombocytopenia and abnormal coagulation, intramuscular
injections should be avoided

e During the febrile phase, most patients can be managed with daily/alternate day
review in the OPD. However, the threshold for admission for high-risk groups
(infants, the elderly, those with underlying conditions) should be low

e Persistent vomiting, increasing abdominal pain, mucosal bleeding or severe
bleeding into the skin or subcutaneous tissues, a rapidly rising haematocrit, or a
marked drop in the platelet count, indicate the need for admission for close
observation.

¢ A patient information leaflet giving clear simple instructions for bed rest and
frequent oral fluids, and advising the patient/family to return promptly for review
if any warning signs develop, can be helpful

Dengue with warning signs:

e Low threshold for admission for any individual with warning signs

e Regular monitoring of cardiovascular parameters, every 4-6 hours, and transfer
to a high-dependency or intensive care area if increasing tachycardia and/or
pulse pressure narrowing is observed

e Monitor the haematocrit frequently, and check platelet count at least daily
Careful observation of oral input and urine output
If oral fluids are not tolerated or the haematocrit is rising, give a small volume (2-
4 ml/kg/hr) of an isotonic crystalloid solution and observe the response. Only
prescribe parenteral fluids for limited periods (4-6 hours) at a time, and review
the need for ongoing fluid infusion frequently.

e Stop parenteral fluid as soon as the haematocrit is stable and the patient is
clinically improving, able to drink and passing an adequate volume of urine
(>1ml/kg/hr). Do not aim for normalisation of the haematocrit as there is a risk of
causing fluid overload.

Severe Dengue with severe plasma leakage (DSS):

Prompt recognition and immediate fluid resuscitation is crucial, aiming to provide just
sufficient fluid replacement to maintain adequate intravascular volume for 48-72
hours until the vasculopathy reverses. Meticulous attention is necessary to limit
iatrogenic complications, particularly development of fluid overload and respiratory
distress.
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Compensated shock (Figure 13.3):

If the systolic pressure is maintained at an adequate level for the patient’'s age but
the PP is narrow and there are signs of impaired peripheral perfusion, the patient is
considered to have compensated shock.

The haematocrit of a healthy child is usually 35-36%, so if a child has a haematocrit
> 42% this suggests haemoconcentration of >20%. In teenagers (after puberty) the
haematocrit rises to about 40% in healthy females, and around 45% in males, so
values indicating significant haemoconcentration are correspondingly higher.
However, since the baseline haematocrit for an individual is rarely known at
presentation, if the history and clinical features (especially the cardiovascular
parameters) suggest DSS, commence treatment even if the haematocrit does not
seem to be high.

e  Give high-flow oxygen with a mask with reservoir or nasal cannulae.
Commence resuscitation with 10-20 ml/kg of an istonic crystalloid given over 1
hour. For overweight/obese patients use ideal body weight instead of actual
weight.

e Check vital signs at least hourly until stable, then hourly for 24 hours, then every
2 —4 hours.

e If there is clinical improvement after the first hour - the pulse pressure should
start to widen, the heart rate to settle, and peripheral perfusion to improve -
gradually reduce the IV crystalloid rate to 2-3 ml/kg/hr (maintenance) over 8
hours. As a general principle aim to give the minimum volume of fluid needed to
maintain cardiovascular stability (stable pulse and PP>25) and urine output >
0.5ml/kg/hr but be aware that all fluid given will leak and may contribute to
overload and development of respiratory distress.

e Check haematocrit every 4 hours, or more frequently if the cardiovascular
parameters fail to improve.

e If the haematocrit increases and the clinical condition deteriorates (rising pulse
and narrowing pulse pressure) consider changing to a colloid solution at 10
ml/kg/hr and review after 1 hour. Aim to revert to a reducing schedule of
crystalloid fluid when the patient's condition improves.

* If the haematocrit drops compared to the initial baseline and the patient still has
unstable vital signs, look for evidence of bleeding and cross-match blood. If there
are signs of overt severe bleeding transfuse with fresh whole blood or fresh
packed red cells. If there are no clinical signs of bleeding, give a bolus of 10ml/kg
of colloid over 1 hour, and repeat the clinical assessment and haematocrit.
Occult gastrointestinal bleeding can be difficult to identify and if the clinical status
remains unstable, especially with a falling haematocrit, transfusion should be
considered anyway. Give small volumes of fresh blood (5ml/kg) and observe the
response closely.

e Leakage will continue for 24-48 hours, and further boluses of crystalloid or colloid
solutions may need to be given during this time, always aiming to give the
minimum required to achieve cardiovascular stability.

e Stop IV fluid as soon as the child is able to tolerate oral fluids or there is a
diuresis.

Ideally use isotonic crystalloids such as Lactated Ringer’s, Hartmann'’s or 0.9% saline
for resuscitation. If colloid solutions, such as dextrans or hydroxyethyl starch
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solutions, are needed remember their potential for adverse effects on coagulation
and renal function. 6% solutions of synthetic colloids are isotonic, while 10% solutions
are hypertonic; immediate effects on cardiovascular status are usually more
pronounced with hypertonic solutions, but the potential for adverse effects is greater,
especially on renal function. Human albumin (4.5%) may be preferable but is rarely
available in dengue-endemic settings and is typically very expensive. Keep infusion
volumes of any colloid to the minimum required and monitor blood coagulation and
biochemistry profiles.

Compensated shock
(Systolic pressure maintained + signs of reduced perfusion)

'

Start isotonic crystalloid®
10-20 ml/kg/hr for 1 hour

IV crystalloid, reduce gradually
10 ml/kg/hr for 1-2 hours

7 mlikg/hr for 2 hours L=
5 mikg/hr for 4 hours
3 mlikg/hr L
Crystalloid (2" bolus) or
+ coloid

10-20 mlikg/hr for 1 hour

}

As clinical improvement is
noted, reduced fluids
accordingly

!

Further boluses may be Colloid 10-20
needed for the next 24-48 blood mlkg/hr
hours transfusion || Evaluate to
consider blood
l Reduce IV crystalioids mgﬂm"m
[ Stop IV fluids at 48 hours ‘ — | 7-10 mlkg/hr for 1-2 hours improvement

AColloid is preferable if the patient has already received previous boluses of crystalloid
*Reassess the patient's clinical condition, vital signs, pulse volume, capillary refill time and temperature of
extremities.IV = intravenous; HCT = haematocrit; 1 = increased; | = decreased

Figure 13.3: Algorithm for management of compensated shock (WHO Handbook,
2012)

Profound/hypotensive shock (Figure 13.4)

Some patients are profoundly shocked at presentation — with no recordable pulse or
blood pressure, or with hypotension for age associated with very narrow PP (<10mm
Hg). These individuals require more aggressive intervention from the outset, though
always mindful of the potential for volume overload and development of respiratory
distress. They are also more likely to experience severe bleeding and/or organ
involvement.
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Give high-flow oxygen with a mask with reservoir or nasal cannulae.

e  Obtain baseline haematology and biochemistry if possible.

Admit to a high-dependency or intensive care area and ideally involve senior
staff in management. Check vital signs every 15 minutes until the child is stable,
then every hour. Check haematocrit every 2-4 hours and urine output every 4
hours. If necessary insert a catheter to monitor urine output hourly.

e  Start intravenous fluid resuscitation with a crystalloid or colloid solution at 10-20
ml/kg as a bolus given over 15-30 minutes to bring the patient out of shock as
quickly as possible. A colloid may be the preferred choice if the BP is
unrecordable. The intra-osseous route should be attempted if peripheral venous
access cannot be obtained.

e Then give a further infusion of 10 ml/kg/hr over 1 hour. If the clinical status
improves switch to a progressively reducing crystalloid regimen over about 8
hours. Continue with maintenance fluids for a further 24-48 hours, maintaining
very close observation of cardiovascular parameters, urine output and the
haematocrit.

e If the vital signs are unstable, consider the possibility of bleeding and arrange to
cross-match blood. As described above for compensated shock, cautiously
transfuse fresh whole blood or fresh packed red cells if there is severe overt
bleeding or if the haematocrit is falling without clinical improvement.

e If there is no bleeding and the haematocrit is rising, give another bolus of 10
ml/kg of colloid over 30 minutes to 1 hour, and repeat the clinical assessment
and haematocrit.

e Revert to a reducing schedule of isotonic crystalloid as soon as the patient
stabilizes, but be aware that further boluses (5-10 ml/kg) of colloid may be
needed during the next 24 hours. The rate and volume of each bolus infusion
should be titrated to the clinical response.

e If hypotension persists consider using an inotrope, such as dopamine or
dobutamine 5-15 micrograms/kg/minute.

e Pleural effusions and ascites are likely to develop if large volumes of fluid are
given. If there are signs of respiratory distress, consider early intervention with
positive pressure ventilation with PEEP (if available). It may be necessary to
drain a large right-sided pleural effusion or prominent ascites if these problems
interfere with ventilation. However, these procedures should only be done by
experienced staff and with appropriate cover using platelets/FFP etc., in view of
the known coagulopathy and the possibility of precipitating major bleeding at the
drain insertion site.

e Monitor blood glucose, electrolytes, calcium, albumin, renal function, blood
gases and blood clotting according to clinical severity. Aim to correct any
abnormalities but use the smallest volume of fluid possible for administration of
any drugs.

Severe dengue with severe haemorrhage:
In children, severe bleeding is almost always associated with profound or prolonged
shock, since this, in combination with thrombocytopenia, tissue hypoxia and acidosis,
can lead to disseminated intravascular coagulation and compromised splanchnic
blood flow. Rarely, severe bleeding may be seen in the absence of significant
vascular leakage, usually in individuals with gastritis or peptic ulcer disease, or when
aspirin, nonsteroidal anti-inflammatory drugs or corticosteroids have been used.

Profound thrombocytopenia is common in dengue, but in the absence of bleeding
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there is no evidence that prophylactic platelet transfusions confer any benefit and
may be harmful. However, if major bleeding is observed or suspected and fresh blood
is being given, then the threshold for administration of platelets and other blood
products — such as fresh frozen plasma, cryoprecipitate, etc. — should be low, since
severe coagulation disturbances tend to mirror the degree of thrombocytopenia.

Similarly, in any patient with severe dengue, when an invasive procedure is being
considered (such as insertion of a chest drain or central venous line), review the need
for administration of platelets/FFP to cover the procedure, even if no clinical bleeding
manifestations are apparent.

Hypotensive shock
Try to obtain an HCT level before fluid resuscitation

v
Start isotonic crystalloid or
colloid

IV crystalloid or colloid
10 ml/kg/hr for 1 hour HCT}
v
IV crystalloid, reduce - -
gradually v cryslnadllmd!co\\md"
5-7 mifkg/hr for 1-2 hour (2% bolus) No
3-5 mi/kg/hr for 2-4 hour 10 ml/kg/hr for 30-60 min
2-3 ml/kg/hr for 2-4 hour
¥ -
Colloid 10-20
As clinical improvement is gtz ,bm mlkg/hr
noted, lreduced fluids transfusion Evaluate to
accordingly consider blood
v transfusion if no
- Reduce IV crystalloids clinical
Stop IV fluids at 48 1 7-10 mlikg/hr for 1-2 hours improvement

“Colloid is preferable if the patient has already received previous boluses of crystalloid
*Reassess the patient's clinical condition, vital signs, pulse volume, capillary refill ime and temperature of extremities.
IV = intravenous; HCT = haematocrit; | = increased; | = decreased

Figure 13.4: Algorithm for fluid management in hypotensive shock (WHO Handbook,
2012)

Severe dengue with severe organ involvement:

In children the vital organs are rarely primarily involved in severe dengue, but they
can be affected secondarily due to severe plasma leakage, shock, haemorrhage and
hypoxia. Notably, hepatic dysfunction and renal failure may occur in cases with
prolonged shock and/or severe bleeding. Central nervous system involvement is
usually manifested by convulsions with or without altered consciousness; in some
cases dengue virus has been identified in the cerebrospinal fluid suggesting that a
true encephalitis can occur.

Management of dengue associated organ dysfunction relies mainly on management

109



Section 13 Dengue. Prof. Bridget Wills and Dr. Saraswathy Whitehorn

of the underlying vascular leakage and bleeding, as described above. Specific
interventions for particular hepatic/renal/neurological problems follow conventional
management guidelines for such disorders.

Prevention and control

Unfortunately, the complex interplay between the four viral serotypes and the human
immune response to infection has hampered dengue vaccine development. One live-
attenuated tetravalent vaccine (Dengvaxia) is now licensed, but is only recommended
for use in individuals who have experienced dengue at least once previously; in these
circumstances efficacy is good. However, similar to the situation with sequential
natural infections, this vaccine has been associated with development of more severe
disease when given to dengue-naive individuals, probably reflecting something akin
to the naturally observed ADE phenomenon. Several other vaccines are currently in
Phase Il clinical trials.

Therefore, at present, prevention of dengue relies primarily on mosquito control and
interruption of human-vector contact. Different methods to control Aedes populations
include improving sanitation (eg. installation of piped water), environmental hygiene
measures (eg. removing discarded containers/tyres in which mosquitoes like to breed
in the standing water), and residual spraying of breeding sites with insecticides.
Humans living in endemic areas can be encouraged to wear clothing to cover their
limbs and to apply mosquito repellents to exposed skin.

A novel vector control technique that is showing promise in field settings involves
displacement of wild mosquito populations by Wolbachia infected mosquitos.
Wolbachia are intra-cellular bacteria that can be introduced into Aedes species and
reduce the ability of dengue viruses to replicate within these mosquitoes. The viremia
in the mosquito’s saliva is reduced to a level at which onward transmission to any
humans the mosquito bites subsequently is interrupted.

References:

1. Dengue: guidelines for diagnosis, treatment, prevention and control.
WHO, Geneva, 2009
https://apps.who.int/iris/bitstream/handle/10665/44188/9789241547871 en
g.pdf?sequence=1&isAllowed=y Accessed 26t April 2021

2. Handbook for Clinical Management of Dengue. WHO, Geneva,
2012https://apps.who.int/iris/bitstream/handle/10665/76887/978924150471
3 eng.pdf?sequence=1 Accessed 26" April 202
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Diagnostic issues
Diagnosing HIV infection clinically in young children can be difficult so always have
a low threshold for testing at every opportunity

TABLE 14.1 Signs and symptoms for use in endemic areas with limited access to
diagnostic laboratories

Signs or iliness
specific to HIV

Signs or illness uncommon in HIV-
negative children

Signs common in both
HIV-positive and ill non-

recurrent

infection HIV-infected children
Pneumocystis | Molluscum contagiosum with multiple |Persistent diarrhoea (> 14
pneumonia lesions days)
Oral thrush (especially after the
Oesophageal neonatal period) without antibiotic Failure to thrive
candidiasis treatment and lasting > 1 month or

Herpes zoster

Generalised pruritic dermatitis

Persistent cough > 1

month
Lymphoid | pocirrent severe infections (three or Generalised
interstitial more per year) lymphadenopath
pneumonia pery ymp P
Kaposi’'s  |Persistent and/or recurrent fever lasting
Hepatosplenomegaly
sarcoma > 1 week

Chronic parotid
enlargement

Neurological dysfunction (progressive
neurological impairment, delayed
development, intellectual impairment,
hypertonia)

Chronic otitis media

Recto-vaginal
fistula (rare)

Failure to thrive in a fully breastfed
infant < 6 months of age

Moderate or severe
malnutrition

Clinical features

The symptoms and signs are often non-specific.
The most recent modified WHO clinical case definition for paediatric AIDS is a

useful tool for epidemiological surveillance but lacks sensitivity and has a low
positive predictive value (PPV).

(¢]

an individual child.

uninfected children.

o

It is therefore not useful for confirming a diagnosis of HIV infection in
The presence of oral candidiasis does not distinguish HIV-infected from HIV-

However, failure of oral candidiasis to respond to treatment or rapid

relapse is a highly specific sign of HIV infection.
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o After the neonatal period, the presence of oral thrush without antibiotic
treatment, or lasting over 30 days despite treatment, or recurring, or
extending beyond the tongue, is highly suggestive of HIV infection.

o Also typical is extension to the back of the throat, which indicates
oesophageal candidiasis.

e  Chronic parotitis, the presence of unilateral or bilateral parotid swelling (just in
front of the ear) for 14 or more days, with or without associated pain or fever or
shingles, is highly suggestive of HIV infection.

e Shingles is unusual in healthy children. Herpes zoster ophthalmicus (i.e.
shingles around one eye) is said to have greater than 95% PPV for HIV
infection in African children.

e  Geographical variation in patterns of disease must be recognised. Penicillium
marneffei infection, an opportunistic fungal disease that presents with nodular
skin lesions, is an AIDS-defining iliness that has been reported in South-East
Asia. Giant molluscum contagiosum has been a presenting sign in children in
Eastern Europe.

¢ None of these clinical features is a sensitive marker of HIV infection in
childhood populations, in that a minority of HIV-infected children manifest them.

There are many clinical signs or conditions that are quite specific to HIV infection,
which should be strongly suspected if these conditions are present (see Table 14.1).
Some of these features are listed below.

Signs or conditions that are very specific to HIV-infected children:
e  Pneumocystis pneumonia (PCP).

e Oesophageal candidiasis.

e Lymphoid interstitial pneumonia (LIP).

e Kaposi's sarcoma.

Signs that may indicate possible HIV infection:

e Recurrent infection: three or more severe episodes of a bacterial infection (e.qg.
pneumonia, meningitis, sepsis, cellulitis) in the past 12 months.

e Oral thrush: after the neonatal period, the presence of oral thrush in the absence
of antibiotic treatment, or lasting over 30 days despite treatment, or recurring, or
extending beyond the tongue.

e Chronic parotitis: the presence of unilateral or bilateral parotid swelling for 14 or
more days.

e Generalised lymphadenopathy: the presence of enlarged lymph nodes in two or
more non-inguinal regions without any apparent underlying cause.
Hepatomegaly with no apparent cause.

Persistent and/or recurrent fever.

¢ Neurological dysfunction: progressive neurological impairment, microcephaly,
developmental delay, hypertonia, encephalopathy.
Herpes zoster.

e HIV dermatitis: typical skin rashes include erythematous papular rashes,
extensive fungal infections of the skin, scalp and nails, and extensive molluscum
contagiosum.

e  Chronic suppurative lung disease.
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Signs that are common in HIV-infected and non-HIV- infected children:
e  Chronic otitis media.

e Persistent diarrhoea.

e Moderate or severe malnutrition.

Management of the child with a suspected or proven HIV infection

The aim of treatment should be to maintain the best possible quality of life for the
child for as long as possible, without bankrupting the family. This disease affects the
whole family, and the child must be treated in the context of the needs of all of the
family.

Currently there are far more questions than evidence- based answers; published data
on many management issues in the context of resource-limited countries are not
available.

Much can be achieved with compassionate supportive care, by applying existing
guidelines (such as Integrated Management of Childhood lliness algorithms) with an
awareness of the need for early diagnosis and intervention in the HIV-infected child.

Diagnosis of infections such as tuberculosis, lower respiratory infections,
bacteraemia (particularly with non-typhoid salmonellae, staphylococci or
streptococci) and opportunistic infections can be difficult, and often relies on empirical
trials of therapy.

A low threshold for antibiotic use is appropriate, but may exacerbate diarrhoea and
candidiasis, and may only be effective if given IV or IM, in the presence of diarrhoea
and malabsorption.

Most infections in HIV-positive children are caused by the same pathogens as in HIV-
negative children, although they may be more frequent, more severe and occur
repeatedly. There is recent evidence that Staphylococcus aureus may be more
invasive in children with HIV.

Summary

The major practical focus should be on prevention of childhood HIV infection. This
means implementing effective strategies for reduction of mother-to-infant
transmission, such as prenatal screening of mothers and administration of ARV drugs
for mother and baby.

Unfortunately, establishing the infrastructure that is required to implement effective
interventions is lagging far behind the scientific advances in this field. Surmounting
the sense of hopelessness among health-care professionals who are dealing with
overwhelming numbers of patients without resources is a critical issue. This may
come in part from research that identifies practical interventions which improve the
quality of life for HIV-infected children and their families.

Limiting the use of blood transfusions and ensuring that the blood supply is safe, and
preventing sexual transmission among adolescents, are vital public health issues.

Positive education is required to encourage testing in the knowledge that there is now
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accessible safe treatment to keep children alive so that they can have a full healthy
life.

The key to successful treatment is 100% adherence. Do not start outpatient treatment
until the child’s carer and ideally all the family have expressed a commitment to
treatment. Choose ART regimes which are simple and ensure that there is no
problem with swallowing.

Predict growth for dosing so that the child is never under-dosed.
Frequent review is necessary to re-emphasise the importance of adherence and
education of young people.

It is essential that resource-limited countries are permit- ted by multinational drug
companies to develop low-cost and effective forms of HAART, without being limited
by international patent regulations.

Without question, health system strengthening is essential if the advent of ARVs for
all is to be adequately managed.

This is a very optimistic time in the field of paediatric HIV, with the potential to aim for
eradication of mother-to-child transmission, and to provide successful treatment.
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Section 15. Measles

Introduction

Measles is an acute viral disease characterised by fever, cough, coryza,
conjunctivitis, an erythematous maculopapular rash, and typical oral lesions (Koplik’s
spots).

It is caused by an RNA virus, a member of the genus Morbillivirus in the
Paramyxoviridae family. Humans are the only natural hosts. It is transmitted by direct
contact with infectious droplets or, less commonly, by airborne spread. It has a high
incidence in winter. Measles is one of the most highly communicable of all infectious
diseases.

Measles occurs worldwide and is a significant cause of morbidity and mortality
worldwide. It is the fifth most common cause of death in children under 5 years of
age. There has been a 73% reduction in measles mortality worldwide between 2000
and 2018, largely as a result of immunisation, from 733000 deaths in 2000 to 140,000
in 2018, and a reduction in the total number of 23.2 million.

Epidemiology

Measles is transmitted by droplet spread of virus in nasopharyngeal secretions.

It is most infectious before the appearance of rash, and for at least 7 days after the
onset of the first symptoms.

The incubation period is 10 - 12 days. Quarantine can be lifted 2 days after the fever
subsides.

Epidemic cycles of infection in urban areas may occur every 2 years. In isolated
communities, all age groups are affected.

In resource-limited countries, the population peak incidence is at 1 - 2 years, with a
mortality of 1 - 5%, although during epidemics it may rise to 30%. Mortality is low in
the well-nourished.

Children who acquire infection in overcrowded conditions tend to have more severe
disease, probably due to a larger infecting dose of the virus.

Pneumonia and upper airway obstruction account for about 75% of measles deaths.
Measles is more severe in HIV-infected children.

In resource-limited countries, measles commonly occurs in previously vaccinated
children. This is partly explained by a persistent maternal antibody at 9 months of age
when vaccine is usually given, and a relatively poor efficacy of the vaccine and
waning immunity.

It rarely occurs in infants under 3 months of age because of maternal immunity
transferred in utero.

Clinical features

Prodromal period (3 - 5 days):

Acute coryza-like illness with high-grade fever, cough and conjunctivitis.

Febrile seizures may occur.

Koplik’s spots (tiny bluish-white specks on ared base on the buccal mucosa of the
cheeks, resembling grains of salt) appear by days 2 - 4.

A maculopapular rash commences on day 4 on the face and neck, behind the ears
and along the hairline, and spreads to become generalised and reaches the feet after
3 more days).
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Fades after 5 - 6 days in order of appearance, developing a brownish colour and often
becoming scaly.

If severe, there may be petechiae and ecchymoses.

The rash is due to infiltration of lymphocytes into areas of virus replication in skin.
Persistence of fever beyond day 3 of the rash is usually due to complications (see
below).

Diagnosis

This is mostly clinical (diagnosis is based on the specific pattern of rash, history of
contact with a measles patient, and Koplik’s spots). Serology, viral culture or PCR
may be used to confirm it.

Laboratory findings
Leukopenia and thrombocytopenia may be observed during measles infection. Chest
radiography may demonstrate interstitial pneumonitis.

Complications
Recovery following acute measles may be delayed for weeks or months due to
failure to thrive, recurrent infections, persistent pneumonia and diarrhoea.

Pneumonia (see Section 38)

Bacterial pneumonia usually occurs during convalescence and after several days
of an afebrile period. It is the most frequent cause of death with an incidence of 10 -
25% of hospitalised cases in developing countries.

Viral pneumonia occurs during the acute phase of measles and may progress to
giant-cell pneumonia in the immunosuppressed (e.g. leukaemia, HIV).

Mediastinal emphysema occurs in 1 in 300 measles cases and may lead to
subcutaneous emphysema.

Diarrhoea
Incidence 20 - 40%. May become persistent and frequently precipitates malnutrition
(see Section 56).

Tracheobronchitis
This presents as croup. Laryngeal tissue sometimes becomes necrotic, which may
lead to laryngeal obstruction (see Section 33)

Otitis media
This is common, especially in infants. Mastoiditis may develop. It is an important
cause of chronic otitis media and hearing impairment (see Section 37).

Stomatitis

There is mucosal inflammation and ulceration with bleeding gums and secondary
Candida albicans and herpes simplex infections. Stomatitis causes difficulty in eating
and worsens malnutrition. Cancrum oris (homa) may develop.

Xerophthalmia

Vitamin A deficiency may combine with measles to precipitate xerophthalmia and
blindness (see Section 55).
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Malnutrition
Malnutrition secondary to measles results from anorexia and poor nutrition following
infection. Mortality is high (> 15%) (see Section 56).

Tuberculosis
Tuberculosis, including tuberculous meningitis, may first be noticed in the post-
measles period (see Section 51 Handbook 2).

Encephalitis (see Section 68)

Acute allergic encephalitis:

This is a demyelinating disorder and the most common CNS complication of measles.
Onset is often in the second week as exanthema is clearing. It occurs in one or two
per 1000 cases of measles and can be fatal. Virus is not found in the brain.

Acute measles inclusion-body encephalitis:
This results from direct invasion of brain cells by virus (which may be isolated from
CSF). There is a more rapid onset if there is immunosuppression or malignancy.

Subacute sclerosing panencephalitis (SSPE):

There is a long latent period (several years) between infection and the onset of
symptoms. Commonly, measles occurred at an early age. SSPE is characterised by
lethargy, psychological changes, myoclonic jerks and mental deterioration, eventually
leading to death. Virus has been isolated from brain biopsy specimens.

Atypical measles may have prolonged fever and present with pneumonia or rarely
encephalitis. Rash may or may not appear. Prolonged fever for 2 - 3 weeks with
diarrhoea may simulate enteric fever.

Differential diagnosis
Other exanthema and drug reactions.
Koplik’s spots are the most helpful diagnostic feature in the prodromal period.

Case assessment and classification

Cases may be classified into:

Uncomplicated measles

Severe measles requiring treatment or urgent referral.

Danger signs

These include the following:
Breathing difficulty
Cyanosis

Bleeding
Corneal/mouth ulcers
Comallethargy
Seizures

Inability to eat or drink.

Nook,wd~
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TABLE 15.1 Measles: clinical features of severe disease

Symptom Complication
Cough, tachypnoea or indrawing Pneumonia
Stridor when quiet Croup, necrotising tracheitis
Severe diarrhoea Dehydration
Recent severe weight loss Malnutrition
Corneal damage or Bitot spots Blindness
Ear discharge Otitis media, deafness
Lethargy, convulsions Encephalitis
Inability to drink or eat Dehydration, malnutrition
Blood in the stools Dysentery, haemorrhagic measles
Severe stomatitis Cancrum oris
Management

Mild measles:

1.

2B R

© N

10.
11.

12.
13.

14.

Give small frequent feeds. Infants should continue breastfeeding. Extra energy
should be provided by adding vegetable oil or sugar to cereals (1 teaspoon of
each). Follow-up nutritional support is needed.

Give paracetamol for temperature > 39°C. Saline drops for blocked nose.
Maintain oral hygiene by rinsing the mouth several times daily.

Apply 1% gentian violet to mouth sores.

Treat oral thrush with nystatin drops.

If mouth ulcers are secondarily infected, give an antibiotic (penicillin or
metronidazole orally for 5 days).

If the mouth is too sore to feed or drink, a nasogastric tube may be required.
Maintain ocular hygiene for purulent conjunctivitis, with daily washings with
sterile 0.9% saline or boiled water (using cotton-wool swabs) and the application
of tetracycline eye ointment three times daily.

Never use topical steroids.

Consider using protective eye pads.

Vitamin A treatment of children with measles in developing countries has been
associated with decreased morbidity and mortality rates.

The dose is 100 000 IU as a capsule (in children under 1 year old) or 200000 1U
(in those over 1 year old).

Give a second capsule the next day.

Give oral rehydration solution (ORS) for diarrhoea.

Give an oral antibiotic (co-trimoxazole, amoxicillin, ampicillin) if there is a clear
indication of lower respiratory tract infection (see Section 38).

Admit the child to hospital if they show signs or symptoms of severe measles.

Severe measles:

1.
2.

Admit the child to hospital and isolate them.
Airborne transmission precautions are indicated for 4 days after the onset of rash
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10.

1.

12.
13.
14.
15.

16.
17.

in otherwise healthy children, and for the duration of illness in
immunocompromised patients.

In addition to the care for mild measles described above:

Give parenteral antibiotics for pneumonia or septicaemia (e.g. benzylpenicillin or
ceftriaxone/cefotaxime if available).

Give flucloxacillin plus gentamicin or cefuroxime (if available) if Staphylococcus
aureus is suspected.

If stridor associated with fever is present use ceftriaxone/ cefotaxime (if
available) or chloramphenicol.

Rapidly spreading pulmonary tuberculosis may be difficult to distinguish from a
progressive pyogenic pneumonia.

Give oxygen as required to keep SpO2 294 %.

Croup: nebulised adrenaline,

1 mL adrenaline (1 in 1000) mixed with 1 mL of saline every 2 hours
Careful observation (see Section 33), which also describes the use of oral
steroids or nebulised budesonide, either of which can be lifesaving in this
situation).

Diarrhoea: give oral rehydration and appropriate antibiotics if the child passes
bloody stools.

Persistent diarrhoea requires nutritional support.

Otitis media: give antibiotics and maintain regular aural hygiene.

Screen for hearing impairment during follow-up.

Xerophthalmia: use protective eye pads and give vitamin A capsules (see
above).

Malnutrition: treat according to management guidelines (see Section 56).
Encephalopathy: follow the management guidelines for coma and convulsions
(see Section 66 and Section 70).

Prevention and follow-up

1

Give ‘normal immunoglobulin’ (if available) for susceptible immunocompromised
contacts of measles cases or those under 1 year old. It is given intramuscularly to
prevent or modify measles in a susceptible child within 6 days of exposure.

The wusual recommended dose is 0.25 mL/kg given intramuscularly;
immunocompromised children (e.g. those with HIV) should receive 0.5 mL/kg
intramuscularly (the maximum dose is 15 mL).

Improve vaccination coverage

Give a follow-up vitamin A dose (after 2 weeks) if the child is malnourished or has
an eye disorder.

Measles control by immunisation is one of the most important public health
interventions in reducing child mortality.

If a child with measles is admitted, immunise all other unimmunised children under
6 months of age in the hospital, with a follow-up second dose in all aged 6-9
months as soon after 9 months as possible.

A second dose is given at 12—15 months of age.

Reference
World Health Organization (2018) Surveillance Standards for Vaccine-Preventable

Diseases, Second Edition (accessed 2021)
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Section 16. Viral haemorrhagic fevers

Introduction

Viral haemorrhagic fevers (VHFs) are a group of severe infections caused by viruses
that normally affect animals. Human infection is characterised by high fever and, in a
proportion of cases, haemorrhage. Animal hosts such as rodents are usually
asymptomatic and are often infected with virus from birth, excreting it in urine or body
fluids throughout life.

In primary cases, transmission to humans occurs by a variety of routes, such as food
contaminated with urine (e.g. Lassa, Junin, Machupo and Hantaan fevers) via
arthropod vectors such as ticks (e.g. Crimean-Congo and Omsk fevers) or
mosquitoes (e.g. Rift Valley fever). The hosts for Ebola and Marburg haemorrhagic
fevers are not yet known. Humans with disease are usually highly infectious. Most
VHFs cause severe disease with a high mortality, especially following human-to-
human spread (secondary cases).

Some (e.g. Lassa fever) may also cause asymptomatic or mild iliness.

Symptomatic disease is commonly mistaken for other febrile ilinesses, typically
malaria, typhoid fever or Shigella dysentery, which fail to respond to treatment.
Individual VHFs are geographically restricted in distribution. As with all geographical
illnesses, clinicians only need to know of those present in the local area. VHFs are
fortunately rare.

Lassa fever

Distribution: West Africa (Nigeria, Sierra Leone, Liberia and Guinea).
Host: Mastomys rat (habitat is rural).

Transmission:

Primary:

e  Mainly from contact with host (rat) urine.
e Food may be contaminated.
Secondary:
e Transmission from patient to carer, or to hospital and laboratory staff is
common, particularly from haemorrhagic cases.
e Maternal illness is particularly severe, with a high risk of vertical
transmission to the baby (which is invariably fatal).

Prevalence

This disease is relatively common.

Most primary human infections are not severe, and many are subclinical.
Childhood seroprevalence in Sierra Leone can be as high as 20% in some
rural villages.

Outbreaks may occur in displaced communities or when humans enter host
habitat.

Clinical features

i. High fever (>39°C) with cough and vomiting in 65% of hospital cases.

ii. Abdominal pain and diarrhoea are common (around 35% of cases).

ii. In children, wheeze and pleural effusions are more frequent than in adults.

iv. Sore throat and pharyngeal ulcers occur less frequently in children than in
adults but are highly suggestive of Lassa fever.
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vi.

In children, oedema (especially of the face) and overt bleeding are seen in
10% of cases, and in a febrile child from an appropriate area should suggest
Lassa fever.

At the epicentre of the transmission area, Lassa fever is a common cause
of a febrile child with convulsions.

Diagnosis of Lassa fever
Clinical case diagnosis

An unexplained febrile illness compatible with Lassa fever, in a child from
an area of known transmission, with no response of either fever or iliness to
an anti- malarial drug plus a broad-spectrum antibiotic (e.g.
chloramphenicol).

Note that malaria parasitaemia in an area of endemic malaria transmission
is not sufficient to exclude other causes of fever (e.g. VHF) as the cause of
a febrile illness, as many adults and older children may have coincidental
asymptomatic malaria parasitaemia as the cause of a febrile illness.

Supportive indirect laboratory tests

Raised liver transaminases (AST/SGOT) (in adults this reflects a poorer
prognosis).
Low initial white blood cell counts, but often a normal platelet count.

Confirmation of diagnosis

Positive specific IgM serology (on admission only 50% of cases are
positive).

Rising 1gG titres to Lassa on acute and convalescent serum.

Isolation of virus: this is rarely appropriate and, due to the high risks of
laboratory infection, samples should not be taken without senior expert
advice.

Samples must be marked as high infection risk, ideally with standard yellow
hazard tape, and sent in two sealed plastic bags.

Samples should only be taken if laboratory staff are aware of the potential
risks and are able to take the necessary precautions to handle such
specimens safely.

The laboratory should be informed that the specimen has been sent.

Management

1.
2.
3.

4.

Appropriate symptomatic management of fever, distress and pain.

Fluid and nutritional requirements.

Supportive care includes oxygen (if hypoxic) and initial IV volume
replacement if the patient is hypovolaemic (see Sections 7 and 45).

Blood transfusion may be required for a falling PCV or haemorrhage. Fresh-
frozen plasma (FFP) may not be of benefit, as inhibitors of clotting factors
may cause bleeding.

Early ribavirin can improve the prognosis in severe disease but is very
expensive.

Infection control. See below and Section 1 Handbook 2.
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Ebola

Distribution: Central Africa (Sudan, Democratic Republic of the Congo, Gabon,
Cote d’'lvoire, Uganda) and West Africa (Guinea, Liberia and Sierra
Leone).

Host: The main animal reservoir is unknown.

Transmission:
Primary:

. Infection occurs mainly in adults trekking in tropical Central African forests.

Transmission from primates to humans has been recorded.
Secondary:

. Patients with advanced disease are viraemic and highly infectious.

. Once in a human host, transmission to carers, hospital and laboratory staff
is frequent (30% of doctors developed Ebola during an outbreak in Kikwit,
Democratic Republic of the Congo).

. However, once effective infection control measures have been
implemented, secondary cases are rare.

The disease is invariably severe, with a high death rate, but only 20% of cases in the
Democratic Republic of the Congo outbreak were under 15 years of age. Children
are at low risk in the community, and boys have half the incidence of girls, possibly
because they are less involved in the care of sick adults.

Invariably, in children, there is a history of contact with a primary case, and an
outbreak of an illness that could be Ebola is present in the hospital and/or community.
Post-mortem transmission does occur, possibly through skin contact.

Prevalence
Prevalence is low: the disease occurs sporadically in well-localised outbreaks.

Clinical disease (data for adults)
Fever is invariably present, and diarrhoea occurs in 85% of cases.
This is bloody in 20% of cases and can be confused with Shigella dysentery.
Vomiting and abdominal pain are common (75% of cases).
Headaches, myalgia or arthralgias are reported in 50% of cases.
Sore throat occurs in 50% of cases, and is a distinguishing feature, as is
conjunctival injection (45%).
e A maculopapular rash, although poorly visible on black African skin, is
common.
Cough occurs in 10% of cases.
Bleeding is seen in 40% of cases, and is usually either gastrointestinal, oral,
at injection sites or as skin petechiae. This is a major diagnostic sign.
e Hospital mortality is around 80%. Recovery starts 2 weeks into the illness.

Diagnosis of Ebola
Clinical diagnosis
Suspected clinical case (during epidemic):

e Any febrile iliness associated with haemorrhage.
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e No contact history is required.

Probable case (during epidemic):
e A febrile illness occurring within 3 weeks of contact with a case of Ebola or
a febrile illness in which three or more of the above clinical features are
present.

Possible clinical case (non-epidemic):
e An unexplained severe febrile iliness, particularly with haemorrhage, in an
area of Ebola transmission, with no response to an antimalarial drug plus a
broad-spectrum antibiotic (e.g. chloramphenicol).

Indirect laboratory tests supportive of diagnosis
e Raised liver transaminases (AST/SGOT).
e Low or normal initial white blood cell count.

Confirmation of diagnosis

e Early serological tests were difficult to interpret, but newer specific IgM

ELISAs may allow diagnosis of acute cases on a single positive test.
o However, IgM is not always positive at presentation.

e Samples need to be marked as high infection risk, ideally with standard
yellow hazard tape, and sent in two sealed plastic bags.

e Samples should only be taken where laboratory staff are aware of the
potential risks and can take the necessary precautions to handle such
specimens safely.

e The laboratory should be informed that the specimen has been sent.

Infection control
See below and Section 1 Handbook 2

Notification

Consider formal identification of a possible outbreak of Ebola if there is a new iliness
of high mortality in adults in a recognised area of transmission, particularly if hospital-
acquired secondary cases have occurred.

Management

Apart from supportive care, particularly regarding adequate fluid and nutritional
intake, there are no specific treatments that modify the course of the illness.
Antimalarial and antibiotic therapy should be given routinely, directed at treating
possible alternative diagnoses (e.g. shigellosis, typhoid).

Infection control of VHFs

At increased risk are laboratory staff, midwives, and those staff and family members
who are handling body fluids and excreta. High-risk patient groups are those with
active haemorrhage, those who are confused and agitated, and pregnant mothers.

Barrier nursing
e Secondary spread is usually by contact with blood, urine-infected secretions,
used needles or stool, but some viruses (e.g. Ebola) have also been found on
patients’ skin.
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o There is little clinical evidence of respiratory aerosol spread for the VHFs,
although virus may be present in the nose and oropharynx.

e Surgical and obstetric procedures carry a particularly high risk of infection for
staff.

e Transmission is substantially reduced by strict adherence to barrier nursing,

disinfection of excreta, and clear labelling of ‘at risk’ specimens.

Only essential samples should be taken.

The laboratory should be aware of and prepared to receive specimens.

Family contact should be restricted to the minimum required for care.

Soap and water should be available for hand washing before and after patient

contact.

e  For all carers, including family members, careful barrier nursing with gloves and
plastic aprons is mandatory, and stocks of these must be readily to hand.

e Hospital staff and carers are advised to wear double gloves, plastic aprons,
gowns (with boots), a head covering, HEPA-type face masks and goggles or
eye shields.

o However, in a tropical setting these can only be tolerated for a few
hours at a time, so arrange work to account for this.

e If outer gloves are not changed between patients,

gloved hands should be washed in 1:100 bleach.

Appropriate disposal of excreta and clinical waste is essential, so incinerate

burnable clinical waste daily, and flush excreta down a dedicated toilet, having

added 1:10 household bleach (0.5% chlorine) first.

Disinfect bedpans and urine bottles with 1:10 bleach.

Disinfect beds and equipment with 1:100 bleach.

Disinfect the dead with 1:10 bleach before burying in a sealed plastic bag.

Consider using seropositive staff to nurse these patients.

o The identification and involvement of these staff has been successful
in some outbreaks.

o They must follow the ward infection control measures.

o Remember that convalescent patients may continue to excrete virus
for many months (in both Lassa and Ebola).

Fear among staff and the community needs to be addressed openly, and staff and
carers must be educated about the role of barrier nursing measures, and the risks
involved if these are not implemented.

Careful attention should be paid where local culture and customs (e.g. burial rites,
‘widow cleansing’, care of the sick, etc.) cause ‘high-risk’ activity. Education and
participation of community leaders is important to ensure safe practice.

Which patients should be isolated?
Isolation of all patients who are likely to have a VHF on admission

The different categories of clinical diagnostic probability are based on fever, contact
history, haemorrhagic and non-haemorrhagic clinical signs, initial laboratory tests and
geography.
These categories are as follows:

e  Suspected clinical VHF

e Probable VHF
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e lliness probably not a VHF.
e Distinguishing signs (e.g. conjunctivitis in Ebola) are particularly helpful for
categorising cases.

Isolation of suspected and probable cases on presentation to hospital

e Isolation should ideally be in single rooms, but an identified separate
communal ward for probable and confirmed cases is often all that is
available.
This should have an adjoining toilet, for safe waste disposal.
There should be a separate adjoining area for changing into and storing
isolation clothing.

e Supplies of gloves, gowns, etc. need to be readily available.
Hand-washing facilities are mandatory.
The area should be marked as ‘access restricted’ to only those trained in
VHF isolation precautions, and attention should be paid to screening
windows.

o  Written infection control measures should be clearly displayed on the ward.

Differential diagnosis of VHFs
The important differential diagnoses are, depending on geography:

e Falciparum malaria
Typhoid
Meningococcaemia
Shigella or non-specific bloody dysentery
Severe sepsis
Leptospirosis
Plague
Yellow fever

e Dengue
It is crucial to exclude other treatable disease in patients presenting with symptoms
suggestive of a VHF, and to initiate therapy directed at these.
All patients should therefore receive a broad-spectrum antibiotic (e.g.
chloramphenicol), and in some areas an antimalarial drug.
In an endemic area, or during a known outbreak, the clinical diagnosis of a VHF is
relatively straightforward. Difficulty arises when sporadic or new cases occur.
A history of contact with a case in the previous 3 weeks and a history of recent travel
to a transmission area should be sought. As no VHF has an incubation period longer
than 3 weeks, travellers or contacts of known or suspected cases who are well after
this period are unlikely to be infected.

Reference

World Health Organization (2016) Clinical management of patients with viral
haemorrhagic fever

(accessed 04/03/2021)
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Section 17 . Yellow Fever

Introduction
Yellow fever is a flavivirus infection spread by the bite of Aedes and other mosquitoes.

Epidemiology
e Yellow fever is currently confined to tropical Africa and parts of South America,
especially around the Amazon basin. It does not occur in Asia.
e Avreservoir of infection exists in jungle primates, and mosquitoes which bite
the animals in the tree canopy.
e Three transmission cycles are recognised:
o  Sylvatic (jungle), in which a reservoir is maintained among jungle
primates by mosquitoes, with humans being infected incidentally
o Intermediate (savannah), the commonest cycle occurring in Africa, in
which semi-domestic mosquitoes may cause small epidemics in rural
villages
o Urban, in which infected humans introduce infection to urban areas,
where the day biting Aedes aegypti flourishes and may cause major
epidemics in unvaccinated populations.

Pathophysiology
Symptoms are due to toxic effects on the liver, kidneys and sometimes other organs,
such as the heart and brain. Asymptomatic infections may also occur.

Clinical features
This infection presents acutely and needs urgent and careful management.
e The incubation period is 3 - 6 days.
e Many patients have an initial febrile iliness, with chills and muscle pains, from
which they recover.
e Others, after an iliness of about 5 days, have a brief period of apparent
improvement followed by deterioration and the following complications:
o Vomiting: first bilious and then black (‘coffee grounds’)
o Jaundice, liver failure and hypoglycaemia
o Bleeding from the gums, nose and stomach
Proteinuria, oliguria and renal failure
Delirium and coma.
e  Mortality among complicated cases is 20 - 50%.

Laboratory diagnosis

Leukopenia

Thrombocytopenia

Initial haemoconcentration and then haemodilution.

Raised transaminases and bilirubin levels.

Abnormal clotting.

Proteinuria and impaired renal function.

Rapid detection methods for yellow fever virus include PCR and a promising, field-
based, reverse-transcription loop-mediated isothermal amplification (RT-LAMP)
test which has recently been developed.
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e The serum IgM-ELISA assay is 95% sensitive if performed within 7 - 10 days of
clinical onset.

e A probable case is defined as positive IgM-ELISA taken within days 3 - 10 of
symptoms.

e A confirmed case is defined as a clinically compatible case plus a fourfold rise in
antibody titre in a patient with no history of recent yellow fever vaccination and
having excluded cross-reactivity with other flaviviruses.

e Post-mortem liver biopsy specimens show mid-zone necrosis of hepatic lobules,
often with eosinophilic

o Councilman bodies.
o PCR may be useful.

Management
1. Universal cross-infection precautions, careful nursing and symptom control.
2. Nurse suspected patients under permethrin-treated bed nets, as blood may remain
infective for mosquitoes up to 6 days after onset of symptoms.
3. Supportive management
a. Fluids
b. Blood transfusion
c. Fresh-frozen plasma
d. Inotropes
e. Dialysis
Ventilation if required.
4. No specific antiviral treatment is available.
5. Caution in prescribing and beware risk of bleeding, hepatic and renal impairment.
a. H2-receptor antagonists may reduce risk of gastric bleeding.
6. Suspected cases of yellow fever must be notified within 24 hours to national public
health authorities, which in turn notify the WHO.

—h

Prevention

i Elimination of the breeding sites of Aedes aegypti mosquitoes around human
dwellings.

ii. Immunisation of the local population with live attenuated 17D yellow fever
vaccine.

a. Immunisation becomes effective after 10 days.

iii. Vaccine may be given to children aged 6 months or older unless there are

specific contraindications (e.g. if they are immunocompromised).

Reference

World Health Organization (2020) Surveillance standards for vaccine preventable
diseases 2nd ed

https://www.who.int/immunization/monitoring _surveillance/burden/vpd/WHQO Surveillan
ceVaccinePreventable 23 YellowFever R1.pdf?ua=1

127


https://www.who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_23_YellowFever_R1.pdf?ua=1
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_23_YellowFever_R1.pdf?ua=1
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_23_YellowFever_R1.pdf?ua=1
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_23_YellowFever_R1.pdf?ua=1

Dangerous bacterial infections regularly requiring emergency treatments Editors

Potentially dangerous bacterial infections regularly requiring emergency
treatments.

In bold are those bacterial infections where immediate emergency care is
needed and follow on here in this handbook

*These bacterial infections are either rare or involve treatments which are
complicated or only sometimes include emergency care. They are described in detail
in Handbook 2.

Botulism

*Buruli ulcer Section 31 Handbook 2
Diphtheria

*Leprosy Section 39 Handbook 2
Leptospirosis

*Lyme disease Section 40 Handbook 2
Meningococcal disease

Pertussis

Relapsing fevers

Ricketsia infections

*Scrub typhus Section 46 Handbook 2
*Sexually transmitted diseases Section 47 Handbook 2
Streptococcal infections

Tetanus

*Trachoma Section 50 Handbook 2
*Tuberculosis Section 51 Handbook 2
Typhoid or Paratyphoid

*Yaws Section 53 Handbook 2

Other bacterial infections
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Section 18. Botulism

Introduction

Botulism intoxication is a rare, potentially fatal (5—10%) paralytic illness. The disease
is caused by ingestion of the anaerobic Clostridium botulinum bacterium, which
produces toxin in the intestinal tract or secretes the toxin directly into a wound.
Person-to-person transmission of botulism does not occur.

Botulism can be prevented by killing the spores by pressure cooking or autoclaving
at 121°C (250°F) for 3 minutes or providing conditions that prevent the spores from
growing. Food-borne botulism results from contaminated foodstuffs in which C.
botulinum spores have been allowed to germinate in anaerobic conditions. This
typically occurs in home-canned food substances which have been inadequately
heated and in fermented uncooked dishes. Given that multiple people often consume
food from the same source, it is common for more than a single person to be affected
simultaneously. Symptoms usually appear 12—-36 hours after eating but can also
appear within 6 hours to 10 days.

Wound botulism results from the contamination of a wound with the bacteria, which
then secrete the toxin into the bloodstream. Wounds may not be obviously or grossly
infected but are usually deep and contain avascular areas. The toxin, which is
absorbed from the bowel or wound into the blood stream, causes paralysis by
blocking the release of acetylcholine at the neuromuscular junction.

Signs and symptoms

Muscle weakness starts in the muscles supplied by the cranial nerves controlling eye
movements, the facial muscles and the muscles controlling chewing and swallowing.
Double vision, drooping of both eyelids, loss of facial expression and swallowing
problems may occur, as well as difficulty with talking. The weakness then spreads to
the arms (starting in the shoulders and proceeding to the forearms) and legs (again
from the thighs down to the feet) (a symmetric descending flaccid paralysis in a
proximal to distal pattern).

Severe botulism leads to reduced power in the muscles of respiration. There may be
hypoventilation and difficulty coughing which when severe can lead to respiratory
failure, coma from hypoxaemia and carbon dioxide retention and eventually death if
untreated. Infants may present with prolonged apnoeic episodes.

Botulism can also cause disruptions to the autonomic nervous system. This is
experienced as a dry mouth and throat (due to decreased production of saliva),
postural hypotension (decreased blood pressure on standing, with resultant light-
headedness and fainting), and eventually constipation (due to decreased bowel
peristalsis). Some of the toxins (B and E) also precipitate nausea and vomiting. The
classic triad described is bulbar palsy and descending paralysis, lack of fever, and
full consciousness.

Differential diagnosis

Botulism differs from other flaccid paralysesin thatitalways manifests initially with
prominent cranial paralysis and its invariable descending progression, in its
symmetry,andin its absence of sensory nerve damage.

In children the differential diagnosisis as follows:
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Guillain—Barré syndrome

tick paralysis

poisoning

poliomyelitis

psychiatric illness.
ninfantsitis as follows:

meningitis

electrolyte—mineral imbalance
Reye’s syndrome

rare congenital abnormalities.

Infantbotulism

Infants, especially those under 6 months of age, are susceptible to botulism. Infant
botulism results from the ingestion of the C. botulinum spores, and subsequent
colonisation of the small intestine. The composition of the intestinal microflora (normal
flora) in infancy is insufficient to competitively inhibit the growth of C. botulinum and
levels of bile acids (which normally inhibit clostridial growth) are lower than later in
life. Ingestion of honey is a recognised source of botulism in infants.

Typical symptoms of infant botulism include diminished suckling and crying ability
(difficulty or poor feeding and an altered cry). Neck weakness progressing to
generalised floppiness with a complete descending flaccid paralysis. Although
constipation is usually the first symptom of infant botulism, it is commonly overlooked.

Honey is the only known dietary reservoir of C. botulinum spores linked to infant
botulism. For this reason, honey should not be fed to infants under 1 year of age.
Other cases of infant and paediatric botulism are acquired from spores in the soil.

Complications

Botulism is very dangerous when affecting the respiratory system leading not only to
respiratory failure, but also impaired clearing of secretions leading to pneumonia.
Laboratory confirmation is undertaken by demonstrating the presence of toxin in
serum, stool, or food, or by culturing C. botulinum from stool, a wound or food.
However, laboratory testing may take hours or days. Initial diagnosis and appropriate
treatment depend on clinical diagnosis through a thorough history and physical
examination.

Diagnosis

Diagnosis is likely in resource-limited settings to be made on clinical grounds.
Consider diagnosing botulism if the patient’s history and physical examination
suggest botulism. However, other diseases such as Guillain—Barré syndrome,
poliomyelitis and poisoning can appear similar to botulism, and special tests (when
available) may be needed to exclude these other conditions. The presence of more
than one affected family member is strongly suggestive of botulism.

A definite diagnosis can be made if botulinum toxin is identified in the food, wound or
stool. Botulinum toxin can be detected by a variety of techniques, including enzyme-
linked immunosorbent assays (ELISAs), electro- chemiluminescent (ECL) tests and
mouse inoculation or feeding trials.

Treatment
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Botulinum antitoxin (if available) should be administered as soon as possible.
Antitoxin does not reverse paralysis but arrests its progression.

Before administration of antitoxin, skin testing should be performed for sensitivity to
serum or antitoxin.

After skin testing and ensuring that treatment for potential anaphylaxis is immediately
available (Adrenaline, IV fluids and bag-valve-mask), administration of one vial of
antitoxin 1V is recommended. There is no need to re-administer the antitoxin since
the circulating antitoxins have a half-life of 5 - 8 days.

Close monitoring of respiratory function (including SpO2 monitoring) is essential to
detect respiratory failure. Physiotherapy to encourage deep breathing exercises may
help to prevent retained secretions and pneumonia. When required, and available,
artificial ventilation may be needed often for 2 - 8 weeks’ duration in severe cases.

The treatment of children, children who are pregnant or immunocompromised
patients with botulism does not differ from the above approach. Botulism immune
globulin is available through the CDC Infant Botulism Treatment and Prevention
Program (IBTPP) on-call physician at (610) 231-7600 (24/7/365).

Antibiotics are required to remove the bacteria in cases of wound botulism.

Oral (or intravenous) metronidazole (30 mg/kg per day, given at 6-hourly intervals;
maximum 4 grams/day) is effective in decreasing the number of vegetative forms of
C. botulinum and is the antimicrobial agent of choice. Penicillin V orally 25 mg/kg 6-
hourly is an alternative treatment. Therapy for 10—14 days is recommended.

Other antibiotics may be required to treat secondary chest infections.

Remember that the child is fully conscious and can feel pain. Good nursing care is
essential.

If a deep wound is thought to be responsible it should be treated to remove dead
tissue and the source of the toxin-producing bacteria.

Each case of food-borne botulism is a potential public health emergency and it is
important to identify the source of the outbreak and ensure that all persons who have
been exposed to the toxin have been identified, and that no contaminated food
remains.

Reference
Infant Botulism Treatment and Prevention Program. www.infantbotulism.org/
(accessed 04/03/2021)

Public Health England (2018). Botulism: clinical and public health management.
(accessed 04/03/2021)
https://www.gov.uk/government/publications/botulism-clinical-and-public-health-
management/botulism-clinical-and-public-health-management
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Section 19. Diphtheria

Diphtheria is characterised by gradual onset of stridor in a child (usually 2 to 3 years
old) with neck oedema (bull neck) and ulcerating lesions of the tonsillar bed forming
a grey membrane. Bleeding may occur at the site and down the nose. The diagnosis
may be confirmed by throat swab and urgent Gram stain. There will usually be no
evidence of DTP vaccination.

Introduction

In countries with adequate coverage of immunisation (over 70%), diphtheria is now
uncommon. Epidemics still occur associated with a fall in level of immunisation, as
happened in in the Rohingya refugee camps in Bangladesh in 2017/18. The disease
affects all ages.

Epidemiology
e When levels of immunisation are low, children are the major group affected.
Young infants are protected by maternal antibody.

e With improvement in immunisation rates, affected age groups shift to older
children and adults. Boosters at school entry and school leaving are essential
to provide adequate herd immunity.

e Mass movement of people, for example refugees or army personnel, are
important sources of spread in epidemics.

e |tis more common in autumn and winter.

e In tropical countries, skin infection by Corynebacterium diphtheriae provides a
reservoir that results in natural immunity of the carrier and subclinical spread
within the community.

Pathogenesis
Diphtheria invades the upper respiratory tract. The incubation period is 2—4 days.

TABLE 19.1 Clinical features of diphtheria.

Site Comments
Pharyni( T Affected in over 90% of cases
Yellow/white to grey/black (if haemorrhagic) thick membrane which
extends beyond the tonsils and covers the adjacent pharyngeal
Tonsil + wall. Bleeds when separated from underlying tissue. Pharyngeal
- membrane may extend to nares, palate or larynx. There may be
distortion of soft palate, tonsils, etc. If confined to tonsils, little
toxaemia
Serosanguinous discharge, sore nose and lip.
Nasal + ) . . . .
Little toxaemia, Highly infectious
Neck Enlarged, tender cervical nodes, ‘bull neck’
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Site Comments
Any type of lesion (e.g. bites, impetigo) may be infected. May
. progress to ulcer with punched-out sharp edges. Important
Skin 0— + . Lo . Lo
reservoir for transmission and natural immunisation. May result
in respiratory colonisation.
Other sites Conjunctiva, ear and vulva
Levels Of, Low-grade fever (rarely > 38.9°C)
toxaemia . . . :
0.+ ++ + Weak, rapid pulse, limp, apathetic, restless Rarely haemorrhagic
- diathesis

Diphtheria toxin causes necrosis and exudation in local tissue which results in
formation of the ‘membrane’. An attempt at removal of the membrane causes
bleeding.

Toxin is distributed by blood and lymphatic system resulting in toxaemia and causing
cardiac and neurological complications.

Non-toxin-producing C. diphtheriae may cause focal disease but not cardiac and
neurological complications. Vaccination does not protect against this organism.

TABLE 19.2 Complications of diphtheria
Complication Weeks Comments

Related to extent of membrane and amount of
toxin absorbed. May result in cardiovascular
(CVS) collapse in first 10 days. Disseminated
intravascular coagulation (DIC) (see Section

45). Survivors of severe toxaemia usually have
further CVS and neurological complications

Toxaemia 1

Onset related to severity of toxaemia

Soft first heart sound, apical systolic murmur
ECG: conduction abnormalities, ST-T wave

2103 Echocardiogram: left ventricular dilation, reduced
weeks sometimes pericardial fluid
Range 1to| Biochemistry: blood myoglobin levels elevated,
6 elevated creatine phosphokinase

Myocarditis

Mortality: high in early onset, severe carditis
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Complication Weeks Comments

Probably due to local absorption of toxin: ‘fluids
Palatal paralysis 1 come down nose’
Resolves in a few days

Visual

. 4-5 Blurring of vision, sometimes strabismus
accommodation
Bulbar, heart,
respiratory and 6-8 Bilateral, resolve completely if patient survives
limb nerves

Clinical features

Symptoms are initially due to disease of upper respiratory tract and associated
toxaemia. Later symptoms relate to the level of toxin absorbed into the circulation.
Cases with small membranes and low toxaemia recover spontaneously and most
remain subclinical.

Diagnosis

Unless all children with upper respiratory symptoms, including croup, have an
appropriate examination, diphtheria will be missed.

A portion of membrane or a swab taken from beneath it should be sent for Gram stain
and culture. The laboratory should be informed of suspected diagnosis so that
appropriate culture medium is used.

Management
1. The aim is to neutralise toxin released into blood by the bacillus and to kill the
bacteria.

2. Admit to isolation (on ICU if possible) cared for by staff who are fully immunised.

3. Be prepared for intubation/tracheostomy, especially if laryngeal diphtheria is
suspected.

4. Dexamethasone (150 microgram/kg twice daily IV or orally) should be given in
cases of moderate to severe airway obstruction and when there is swelling of the
neck until airway obstruction resolves.

5. Take great care when examining the throat or taking a sample of the membrane
as it may precipitate complete airway obstruction.

6. Give intravenous or nasogastric maintenance fluids if the child cannot drink.

7. Give benzylpenicillin 50 mg/kg 4-hourly IV. Change to procaine benzylpenicillin
25,000-50,000 units/kg IM once daily (must not be given IV) when toxic
symptoms have subsided or where toxicity is slight or, if the child can drink, to
penicillin V 12.5 mg/kg 6-hourly. Erythromycin 40-50 mg/kg per day in four
divided doses (maximum 2 grams/day) IV, and orally when child can swallow, is
an alternative. Antibiotics should be given for 7-10 days.

8. Antitoxin must be given as soon as possible (after the test dose). The dose is
dependent on the severity of the disease rather than the site of the membrane,
although the two usually coincide:

— Nasal and tonsillar (mild disease): 20,000 units IM.
— Laryngeal with symptoms (moderately severe): 40,000 units IM or IV.
— Nasopharyngeal (moderately severe): 60,000- 100,000 units IV
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depending on severity and combined sites/delayed diagnosis
(malignant disease), also 60,000—100,000 units V.
— In practice, give 60,000 units to all cases with visible membrane and
neck swelling.
Commercially available antitoxin is extremely expensive but highly purified. Some
countries (e.g. Vietnam) make their own antitoxin but it is much less purified than the
Aventis Pasteur vaccine for example and cannot be given intravenously.

Test dose and Desensitisation
(See also Section 36 on anaphylaxis.)

e As antitoxin is from horse serum, a test dose with 0.1 mL of 1 in 1000 dilution in
saline is given intradermally.

e Ifnottrained in intradermal injection, make a superficial prick with a sterile needle
on the volar surface of the forearm and apply one drop of 1:1000 dilution of the
antitoxin in sodium chloride 0.9%

e A control test with histamine should be used on the other forearm.
e Positive reaction is 10 mm erythema occurring within 20 minutes.
e If there is no reaction, give full dose IV/IM as appropriate.

e  Prophylactic antihistamine (e.g. chlorphenamine) with or without steroid (e.g.
hydrocortisone) may reduce sensitivity reactions.

e Have adrenaline 1 in 1000 (or ideally 1 in 10,000 for a young child) and syringe
available to give IM if anaphylaxis occurs (10 micrograms/kg).

Desensitisation: (if test dose is positive) give graduated doses of increased strength
every 20 minutes commencing with:

e 0.1mL of 1 in 20 dilution in saline subcutaneously followed by 0.1 ml of 1 in 10
dilution

e then 0.1 mL of undiluted subcutaneously, then 0.3 mL and 0.5 mL IM
e then 0.1 mL undiluted IV.

Table 19.2. Desensitization to DAT —Intravenous Route

Dose Number * Dilution of DAT in Amount of Injection

NormalSaline (cc)
1 1:1,000** 0.1
2 1:1,000 0.3
3 1:1,000 0.6
4 1:100** 0.1
5 1:100 0.3
6 1:100 0.6
7 1:10** 0.1
8 1:10 0.3
9 1:10 0.6
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Dose Number * Dilution of DAT in Amount of Injection
NormalSaline (cc)
10 Undiluted 0.1
11 Undiluted 0.2
12 Undiluted 0.6
13 Undiluted 1

*Administer at 15 minute intervals

**1 ml (antitoxin) + 9.0 ml of saline = 1:10 dilution

1 ml (1:10 dilution) + 9.0 ml of saline = 1:100 dilution
0.1 ml (1:10 dilution) + 9.9 ml saline = 1:1000 dilution
[1 ml (1:100 dilution) + 9 ml saline = 1:1000 dilution]

Additional treatment for diphtheria

Anti-toxin administration

Dilute 15t vial (10,000 units) in 50 mL sodium chloride 0.9%
Record baseline respiratory and heart rate

Start infusion at 100 ml/hour

Repeat respiratory and heart rate obs at 15 minute intervals

If rise in respiratory rate, heart rate, flushing, anxiety stop infusion until settled
then restart at 50 ml/hour and increase as tolerated

If dose tolerated increase rate at 15 minute intervals up to a maximum of 250
ml/hour (diluting 1 vial at a time prevents wastage if not tolerated)

Additional treatment for diphtheria

1.
2.
3.

4.

©oNo®

10.

11.

Give oxygen if cyanosed or SpO2 < 94%.

Use nasal cannulae or a face mask held close to the child’s face by the mother.
Do not use nasal or nasopharyngeal catheters as these can precipitate
complete airway obstruction.

Be aware that giving oxygen does not compensate for hypoventilation which, if
severe, will require intubation and cricothyroidotomy or tracheostomy (see
Sections 13 in Handbook 2 and 90 here).

Note that intubation may dislodge the membrane, causing complete airway
obstruction.

Bed rest and observation for 2—3 weeks at least, depending on severity.
Regular monitoring of cardiac function.

Serial ECGs two or three times per week through the critical period from
admission until towards the end of the second week of iliness.

Rhythm disturbances, particularly atrioventricular block sometimes going on to
complete heart block are not uncommon and are often the earliest evidence of
cardiac involvement.

With severe cardiac involvement (which often follows from severe local
disease) the children develop a low-output state and may die from cardiac
failure or arrhythmias.

Poor urine output and rising creatinine are early indicators of poor prognosis
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and should be monitored, together with serum potassium which should be kept
in the normal range (see Section 2).

12. Strict bed rest is essential for all children until the critical period for cardiac
complications has passed (minimum of 2 weeks from onset).

13. Captopril at the earliest sign of any cardiac involvement may be helpful (100
micrograms/kg once daily as a test dose with the child supine and monitoring
blood pressure carefully, followed by 100-200 micrograms/kg 8-hourly).

14. Prednisolone 1.5 mg/kg/day for 2 weeks may be of value in reducing the
incidence of myocarditis.

15. Nasogastric feeds if palatal or bulbar paralysis occurs.

16. Bulbar problems rarely become evident until several weeks later, so even if
children come through the phase of upper airway obstruction and survive the
cardiac problems, they should remain in close contact with the hospital for at
least 6 weeks.

17. Immunise on discharge.

Prevention

Maintaining immunity at all age levels in the community is important. Additional
immunisation at school entry and leaving school.

Give immunised household contacts a booster of toxoid.

Give all un-immunised contacts one dose of IM benzathine benzylpenicillin (600, 000
units for children under 5 years and 1.2 million units for those over 5 years). This drug
must not be given IV.

Immunise and check daily for signs of diphtheria.
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Section 20. Leptospirosis

Introduction

Leptospirosis is a zoonotic disease caused by Leptospira species with a worldwide
distribution. It is endemic in the tropics and its incidence in these countries appears
to be increasing. The possible reasons include an increase in the rat population and
seasonal flooding. Transmission to humans is from infected animal urine. The onset
is usually abrupt. It is an acute febrile disease with varied manifestations
characterised by vasculitis. The severity of disease ranges from asymptomatic or
subclinical to self- limited systemic illness (approximately 90% of patients) to life-
threatening illness with jaundice, renal failure, and hemorrhagic pneumonitis. The
clinical course is usually biphasic and with multisystemic involvement. The initial
(septicaemic) phase lasts 4 - 7 days, the second (immune) phase 4-30 days. It can
be lethal in the acute period, and is similar to diseases such as dengue, malaria,
hepatitis and viral illnesses.

Risk factors for infection include occupational exposure (farmers, ranchers, abattoir
workers, veterinarians, loggers, sewer workers, rice field workers, laboratory
workers), recreational activities (freshwater swimming, canoeing, trail biking),
household exposure (pet dogs, domesticated livestock, rainwater catchment
systems, and infestation by infected rodents), and skin lesions (contact with wild
rodents).

History and examination

« Enquire about headache, fever, abdominal pain, breathing difficulties and cough,
diuresis, bleeding, diarrhoea or vomiting.

- Assess vital signs (blood pressure, pulse, respiratory rate), ‘alarm signs’, blood
film for malaria parasite. Consider dengue fever.

- Watch out for ‘alarm signs’ of leptospirosis: abdominal pain, respiratory distress,
jaundice, bleeding and oliguria.

Clinical manifestations

Leptospirosis is associated with a variable clinical course. The disease may manifest
as a subclinical iliness followed by seroconversion, a self-limited systemic infection,
or a severe, potentially fatal illness accompanied by multiorgan failure. Physical
examination is often unrevealing. An important but frequently overlooked sign is
conjunctival suffusion.

Below are common clinical manifestations:

e  General symptoms: headache, myalgia, vomiting and anorexia, arthralgia,
macular rash.

e  Central nervous system: CSF pleocytosis and elevated protein, meningism,
neurological symptoms.

e Renal system: pyuria, haematuria, proteinuria, oliguria/ anuria, dysuria,
back pain.

e  Gastrointestinal system: abdominal pain, diarrhoea, constipation, abnormal
liver function tests, hepatomegaly, jaundice, gastrointestinal bleeding.

e Respiratory system: cough, pharyngitis, otitis media, chest pain,
pneumonitis, pulmonary oedema and haemoptysis.
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Cardiac system: arrhythmias, conduction and other ECG abnormalities.
Haematology: blood clotting disorder, petechiae, bruises, epistaxis,
thrombocytopenia, lymphadenopa- thy, splenomegaly.

Eyes: conjunctival bleeding, photophobia, retro-orbital pain, uveitis,
papilloedema.

Classification

Mild disease: headache, fever, myalgia, no evidence of bleeding.
Moderate disease: headache, fever, myalgia, abdominal pain and jaundice.
Severe disease: Weil's disease or icterohaemorrhagic fever: shock,
abdominal pain, respiratory failure, pulmonary haemorrhage, acute renal
failure, altered consciousness and bleeding.

Diagnosis
e Clinical: Features that are significantly associated with leptospirosis include:

o conjunctival suffusion
o haemorrhage

o abdominal pain

o hepatosplenomegaly
o oedema.

e Laboratory:

o  Cultures: blood culture in initial phase and urine in the second phase.
Blood (50% yield) and CSF specimens are positive during the first 10
days of the illness. Urine cultures become positive during the second
week of the illness.

o Serology: Serological tests (microscopic agglutination test (MAT),
macroscopic agglutination test, indirect haemagglutination, and
enzyme linked immunosorbant assay — ELISA) are most often used for
confirmation.

o The gold standard is considered to be the MAT. However, this test is
cumbersome which requires live organisms, considerable expertise,
and is performed only by reference laboratories. MAT is most specific
when a fourfold or greater rise in titre is detected between acute and
convalescent serum specimens. However, a single titre of > 1:800 is
strong evidence of current or recent infection with leptospira.

o Rapid diagnosis with specific IgM (ELISA) can be made by two
commercially available rapid tests, the microplate IgM ELISA and an
IgM dot-ELISA dipstick test. If one of these assays is positive, sera for
MAT can be sent to a reference laboratory.

o Newer tests: Polymerase chain reaction (PCR), not widely available,
but shows considerable promise for a quick, accurate diagnosis.

o Routine labs: white blood cell (WBC) counts may range between 3000
and 26 000/microlitre; thrombocytopenia, raised serum bilirubin,
hyponatremia, proteinuria, pyuria, microscopic haematuria, elevated
creatine kinase and minimal to moderate elevations of hepatic
transaminases may be seen.

X-rays:

o Chest radiographs may show small nodular densities, confluent
consolidation or a ground-glass appearance.
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Differential diagnosis

e Malaria
Dengue fever
Scrub typhus
Acute viral ilinesses including influenza
Other rickettsial disease
Typhoid fever

e Rare causes such as ehrlichiosis and hantavirus infections.
Complications
These include renal failure, uveitis, haemorrhage, acute respiratory distress
syndrome, myocarditis and rhabdomyolysis. Vasculitis with necrosis of extremities
may be seen in severe cases. Severe leptospirosis may require ICU admission. Multi-
organ failure in 75% and mortality in over 50% of these patients may be seen.
Management
The majority of Leptospira infections are self-limiting. Many antibiotics have
antileptospiral activity, and if the iliness is severe and the diagnosis is recognised,
antibiotic therapy should be given.
Mild disease:

e Discharge home with advice about hydration and ‘alarm signs’.

e Antibiotics:

o  Children under 10 years of age: amoxicillin 15 mg/kg three times
daily for 7 days or, if allergic, erythromycin 10—15 mg/kg/day three
times daily for 7 days.

o  Children over 10 years: doxycycline 100 mg twice daily for 7 days.

Moderate disease:
e  Observe for 48 hours, monitor vital signs 4-hourly.
e If abdominal pain and respiratory distress settle, discharge.
e Antibiotics:

o Benzylpenicillin 25-50 mg/kg IV 6-hourly for 3 days, then change
to oral penicillin.

o Amoxicillin is an alternative.

Severe disease:

e Give oxygen as required (Section 2), IV fluids (see Section 7), and pass a
nasogastric tube.

Keep an accurate fluid-balance chart.

Pulmonary haemorrhage may require assisted ventilation with PEEP.
Pulmonary oedema: treat with fluid restriction, oxygen and diuretics.
Management of disseminated intravascular coagulation DIC See Section 45,
renal failure and myocarditis.

e Antibiotics:

o Intravenous therapy with benzylpenicillin: 30 mg/kg (max: 1.2 g) 6-
hourly; Doxycycline (4 mg/kg/day in two equally divided doses;
maximum dose 200 mg daily), or

o Ceftriaxone (80—100 mg/kg once daily; maximum dose 4 grams daily),
or

o Cefotaxime (150—200 mg/kg/ day in three to four equally divided doses;
maximum dose 12 grams daily).

o Doxycycline should be avoided in children less than 8 years of age.

o For children less than 8 years of age with severe penicillin allergy,
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therapy with oral azithromycin (10 mg/kg once on day 1, maximum dose
500 mg/day, followed by 5 mg/kg/day once daily on subsequent days,
maximum dose 250 mg/day) or
= Oral clarithromycin (15 mg/kg/day divided into two equal
doses, maximum dose 1 gram/ day) may be given.
o The duration of treatment is usually 5-7 days.

Prevention
e Vaccination of domestic animals against leptospirosis provides substantial
protection.

e The major control measure is to avoid potential sources of infection such as
stagnant water, water derived from run-off from animal farms, rodent control, and
protection of food from animal contamination.

e  Currently no vaccine is available for human immunisation, but doxycycline
prophylaxis during period of exposure has been shown to be protective.

Reference
World Health Organization On-line training Leptospirosis (accessed 04/03/2021)
https://openwho.org/courses/leptospirosis-en

141


https://openwho.org/courses/leptospirosis-en

Section 21. Meningococcal Disease Editors

Section 21. Meningococcal Disease

Introduction

Meningococcal disease is caused by Neisseria meningitidis, a Gram-negative
diplococcus which is a commensal of the human nasopharynx. Endemic
meningococcal disease primarily affects children under 5 years old. Some areas, in
particular the meningitis belt in sub-Saharan Africa, suffer from epidemics of
meningococcal disease. Temperate climates usually experience an increase in
disease during winter months, whereas in sub-Saharan Africa, conditions during the
dry season cause a sharp rise in incidence.

Predominant disease-causing organisms are serogroups A, B and C and W135, with
other serogroups generally only causing infection in specific patient groups (e.g.
complement deficiency and the immunocompromised).

e Serogroup A is associated with epidemic disease in the meningitis belt of
Africa, Middle East and southern Mediterranean regions, and less
commonly in other developing countries.

e Serogroups B and C are largely responsible for endemic disease in
temperate countries, although serogroup C is now less common in countries
where the serogroup C vaccine has been widely introduced.

Clinical features

In general, meningococcal disease presents either as meningitis or as meningococcal
septicaemia, although many patients present with a mixed picture. In developed
countries, the majority of cases may present with septicaemia and frequently with
shock, whereas in African serogroup A epidemics, meningitis is the commonest
presentation.

Meningococcal disease should be suspected in any patient who presents with a non-
blanching (petechial or purpuric) rash. However, 13% of cases may present with a
maculopapular rash and 7% may have no rash. Severity of rash does not correlate
with severity of disease.

Life-threatening features of meningococcal disease

e Shock: particularly uncompensated shock (hypotension and tachycardia).
Shock causes the majority of deaths due to meningococcal disease and is
a medical emergency.
Raised intracranial pressure:

e Decreased conscious level (Glasgow Coma Scale score or Modified
Children’s Coma Score < 8 or deteriorating).

e Focal neurological abnormalities, especially false localising signs (e.g.
pupillary dilatation).

e Abnormal postures (decorticate or decerebrate).
Convulsions.
Rising blood pressure with falling pulse rate.
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TABLE 21.1 Signs and symptoms of meningococcal meningitis and septicaemia

Meningococcal Meningitis

Meningococcal Septicaemia

Symptoms:
e Fever Headache
Nausea and vomiting Rash

Symptoms:
o Fever Petechial/purpuric rash
Shivering/rigors

stiffness/positive
e Kernig’s sign/opisthotonus
e Decreased conscious level

Infants:
Signs of meningitis may be non-specific
with neck stiffness frequently absent.
e Bulging fontanelle may be present.
e Suspect meningitis in any febrile
infant, especially where there is:
o Marked irritability,
vomiting and,
o Poor feeding

[ ]
e Drowsiness or irritability e Malaise and lethargy/
e Neck and back pain, and confusion
stiffness e Headache
¢ Convulsions e Nausea and vomiting
e Limb and joint pain
e Absence of neck stiffness
Collapse
Signs: Signs:
o Fever e  Fever Petechial/purpuric rash
e Non-blanching rash Neck | ¢ Shock:

o Tachycardia

o Low pulse volume Cool
peripheries Capillary refill
time > 3 seconds

o Hypotension (late sign)

o Urine output reduced (< 1
mL/ kg/hour)

o Tachypnoea Hypoxaemia

o Decreased conscious
level

Both meningitis and septicaemia can coexist in the same child.

CSF features consistent with meningococcal meningitis

e Turbid or purulent (may be clear or blood stained), white blood cell count
raised (< 3 cells/mm3 in normal CSF).

e Protein usually > 0.8 grams/litre (< 0.6 grams/litre in normal CSF).
Glucose reduced compared with blood glucose concentration.
Gram-negative diplococci (intra- or extracellular) in 72% of previously
untreated cases.

When not to perform a lumbar puncture

Lumbar puncture may precipitate coning if there is significantly raised intracranial
pressure. In septicaemia, lumbar puncture is unlikely to be helpful and may cause
rapid deterioration in an unstable child.

Contraindications to lumbar puncture:

e Suspected critically raised intracranial pressure

e Glasgow Coma Scale score/Modified Children’s Coma Score < 8 (or if child is

143



Section 21. Meningococcal Disease Editors

unresponsive to pain).

Focal neurological signs, including pupillary abnormalities.

Unexplained hypertension/bradycardia.

Shock (see below).

Significant clotting disorder or low platelet count (50 x 109/litre) is present.

TABLE 21.2 Investigations in meningococcal disease

Investigations Comment

For Gram stain and culture
Lumbar puncturet | (remember contraindications for performing
lumbar puncture)

Microbiology Throat swab Culture*

Gold standard diagnostic test for
Blood culture septicaemia, positive in 30% or more of
previously untreated cases

Special Nucleic acid tests or Multiplex PCR
microbiology: Meningococcal Latex agglutination tests
advanced antigen or PCR Lateral flow assays (rapid diagnostic tests)
methods

Low haemoglobin

In early septicaemia or in lone meningitis
usually high neutrophil count. Low white cell
Full blood count count with neutropenia in severe
septicaemia. Low platelet count (< 50 x
Haematology 109/litre) in disseminated intravascular

coaqulation

Whole Blood Clotting Time (see Section
Coagulation screen 45), Prolonged PT, KCTT and TT
Raised fibrin degradation products

Urea, creatinine, Hypokalaemia Hypocalcaemia
electrolytes including| Hypophosphataemia Metabolic acidosis
calcium, magnesium, Raised urea and creatinine (if severe,

phosphate suspect pre-renal failure)

Biochemistry

* Meningococci should be cultured on Mueller—Hinton or chocolate agar to identify and
serogroup with antibiotic sensitivities.

1 Where laboratory facilities are scarce, diagnosis of meningitis is made on CSF alone:
appearance, cell count, glucose sticks, Albustix are needed if features of shock or raised
intracranial pressure develop.

Management of meningococcal disease
See Section 67 for more discussion on meningococcal meningitis.

Principles
¢ In suspected cases, give an injection of benzylpenicillin before transfer of child
to hospital.

e Recommended doses of benzylpenicillin by age group are as follows:
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o < 1year 300 mg

o 1-10 years: 600 mg

o > 10years: 1.2 grams.

Never delay antimicrobial therapy if facilities are not available for immediate
lumbar puncture or blood culture.

On admission, early antimicrobial therapy should be given, such as:
Benzylpenicillin with chloramphenicol (for dose and alternatives, see Table 76.2
and 76.3). Ideally this should be given intravenously, but if this is not possible it
can be given intramuscularly.

The most appropriate available antibiotic should be used.

o In general, intravenous benzylpenicilin  with  intravenous
chloramphenicol are the drugs of choice where meningococcal disease
is the most likely diagnosis.

o  Where the diagnosis is uncertain, or where there is a high prevalence
of penicillin resistant meningococci, broad-spectrum antibiotics should
be used (see Table 67.2 and 67.3), ideally including a third-generation
cephalosporin.

Do not delay administration if cefotaxime or ceftriaxone are unavailable (use
benzylpenicillin, ampicillin or chloramphenicol instead for the initial dose).

The risk of transmission disappears after 24 - 48 hours of antibiotic therapy.
Isolation is not essential, but staff should maintain good hygienic practice and
wear masks and gloves during invasive procedures such as intubation, airway
and mouth care, and line insertion.

Parenteral antibiotic treatment should be given for 7 - 14 days if the diagnosis of
meningococcal disease is certain. Once culture and sensitivity results are
available, treatment should be modified appropriately.

If signs of raised intracranial pressure persist, ideal management would include:

Give either
o Hypertonic saline (e.g. 3% saline 3-5 mL/kg over 15 mins) followed by
a continuous infusion of 0.1-1.0 ml/kg/h of the same solution. Serum
osmolaltity should be maintained <360 mOsm/I.

o Alternatively Mannitol 250-500 mg/kg (1.25ml-2.5ml 20% solution over

30 mins) IV (this should be repeated if signs of raised intracranial
pressure persist, up to a maximum total dose of 2 grams/kg or if
available a serum osmolality up to 325 mOsm/litre). Give 2 hourly as
required as long as osmolality does not exceed 325 mOsm/I.

o If mannitol or 3% saline is unavailable, give furosemide 1 mg/kg IV.
Rapid sequence induction of anaesthesia and intubation for both airway
protection (if Glasgow Coma Scale score is < 8 and/or the child is unresponsive
to painful stimuli) and stabilisation of PCO2.

Mechanical ventilation with optimal sedation and maintenance of PCO2 within
the normal range (ideally 4.5-5.5 kPa).

Monitor electrolytes, gases, clotting and full blood count as recommended for
shock.

Other useful techniques include the following:

o Place the patient supine in a 30-degree head-up position.

o Avoid placing a central venous catheter in the internal jugular vein.

o Give antipyretics to maintain normal temperature.
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o Undertake a full neurological and cardiovascular assessment with
regular (at least hourly) assessment of:
= pupillary responses
conscious level
pulse
blood pressure
capillary refill time
respiratory rate and effort & pulse oximetry

Prognosis

Even with optimal intensive care, around 5 - 10% of patients with meningococcal
septicaemia will die. Where intensive care is unavailable this may rise to more than
40%.

Mortality of other causes of acute meningitis is generally much lower (around 2%).
The most frequent complication of meningitis is hearing impairment or deafness,
which may affect up to 10% of survivors. Survivors of septicaemia may require skin
grafting of necrotic lesions and amputation of necrotic digits or limbs.

In general, most survivors make a virtually complete recovery, although subtle
neurological abnormalities (e.g. behavioural and developmental problems, mild motor
abnormalities) are not uncommon.

Prevention of meningococcal disease

Education

Increasing awareness of primary healthcare workers and general public about the
presenting symptoms of meningococcal disease and emphasising the need for early
presentation and treatment may have a major impact on mortality and morbidity.

Prophylaxis of contacts

Transmission is via droplet spread to close contacts. Around 4 - 25% of people are
colonised at any one time, but outbreaks of disease are not generally related to
colonisation rate. Household contacts of a case may be at 800 times increased risk
of disease compared with the general population.

Chemoprophylaxis is used to prevent secondary cases by eliminating nasal carriage.
Administer as soon as possible (within 48 hours after presentation of the index case).
Follow local public health guidelines when determining who should receive antibiotic
prophylaxis. In general, only immediate family (or those sharing accommodation) and
kissing contacts should be treated. Healthcare workers should receive prophylaxis
only where they have experienced extensive contact with the patient’s respiratory
secretions (e.g., during intubation).

Drugs for prophylaxis
Give rifampicin for 2 days for all household contacts:

e Adults: 600 mg twice daily

e Children aged 1 month to 12 years: 10 mg/kg twice daily

¢ Neonates: 5 mg/kg twice daily.
In many countries, rifampicin is protected from use for any disease other than TB. In
this case consider giving ciprofloxacin orally as a single dose: adults, 500 mg;
children aged 5 - 12 years, 250 mg; children aged 1 month to 5 years, 125 mg.
Vaccination
Where the index case has proven serogroup A or C disease, consideration should be
given to vaccinating close contacts with appropriate polysaccharide or
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polysaccharide conjugate vaccine.

During larger outbreaks or epidemics, wider-scale prophylaxis is occasionally used,
but should only be carried out under guidance of local/national public health
authorities. Public education regarding presenting symptoms of meningococcal
disease and emphasising the need for early presentation may be more beneficial
than wide-scale distribution of antibiotics.

Vaccines based on the capsular polysaccharide of serogroups A and C (Y and W-
135) have been available for several years and have been used for vaccination of
contacts (as above) and for protection of travellers to endemic areas. They are unable
to reliably induce immunity in infants and young children as their duration of protection
is short.

They are not generally used for population vaccination campaigns except in epidemic
situations.

Conjugated polysaccharide vaccines for serogroups A, C, Y and W-135 are now
available and offer the possibility of inducing long term immunity in all age groups. A
vaccine against serogroup B has recently received a license.

Where widespread epidemics of meningococcal disease occur (e.g. in the meningitis
belt in sub-Saharan Africa), mass vaccination campaigns have proved useful in
reducing attack rate. Such campaigns are administered by local public health
authorities.

Reference

World Health Organization (2019) Defeating meningitis 2030: baseline situation
analysis (accessed 04/03/2021)
https://www.who.int/publications/m/item/defeating-meningitis-2030-baseline-
situation-analysis

Meningitis Research Foundation Resources for health professionals and their
patients
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Section 22. Pertussis

Introduction

Infection with the organism Bordetella pertussis (a Gram - negative bacillus) causes
a clinical syndrome commonly referred to as ‘whooping cough’.

The iliness classically has three stages:

e Stage 1: Catarrhal stage (1 - 2 weeks). The symptoms are those of an upper
respiratory infection.

e Stage 2: Paroxysmal stage (2 - 4 weeks). The child has severe episodes of
coughing — usually up to 10 coughs without drawing breath, and then a
sharp inspiration or ‘whoop’. The prolonged coughing (often with vomiting)
may lead to poor feeding, with weight loss and sometimes rectal prolapse.
Other complications such as subconjunctival haemorrhages and ulceration
of the frenulum may develop.

e Stage 3: Convalescent stage (1 - 2 weeks). The episodes of coughing
subside. Occasionally the child may continue to cough for months.

Pertussis should be prevented by universal infant immunisation
Diphtheria-tetanus-pertussis vaccine should be given at 6 weeks of age with
subsequent doses 4-8 weeks apart at 10-14 week and 14-18 weeks, then a booster
in the second year of life. In some countries, immunisation is also given to the mother
during pregnancy (28 to 38 weeks gestation) to prevent pertussis in infancy.

Effects on the young infant
Infants may become infected with pertussis before they have been immunised, or if
immunisation is not available (or the parents have refused it). Young infants with
pertussis have a different and serious clinical picture that includes the following:

e Apnoea with hypoxaemia

e Bradycardia

e Seizures

e  Cough and poor feeding.

Diagnosis

The laboratory facilities needed to diagnose pertussis are not available in many
hospitals. Culture from a per-nasal swab should be undertaken on Bordet-Gengou
medium. An absolute lymphocytosis (with a typical clinical picture) is highly
suggestive (the total lymphocyte count may be over 30 x 10%litre).

Treatment
The following groups of children should be admitted to hospital:
e Infants under 6 months of age
e  Children with complications such as pneumonia, convulsions, dehydration
or severe under-nutrition and those with apnoea or cyanosis.

Supportive treatment
1. Maintain nutrition and hydration.
2. Give oxygen according to the criteria for acute lower respiratory infection
(ALRI) (see Section 38).
3. Give gentle suction of secretions (avoid triggering coughing).
4. Low-dose continuous oxygen (0.5-1.0 litre/minute) via nasal cannulae may
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reduce apnoeic episodes in infants. Do not use nasopharyngeal cannulae,
which can provoke coughing spasms.

Do not give cough suppressants, sedatives or antihistamines.

Encourage breastfeeding. If the infant cannot drink, pass a nasogastric tube.
If there is severe respiratory distress, consider intravenous maintenance
fluids to avoid aspiration, but avoid malnutrition.

In some infants, the frequency of apnoeic episodes is high and requires
ventilatory support.

Specific treatment

1.

Treat pneumonia that is complicating pertussis, according to the ALRI
protocol (in Section 38).

2. Give DTP vaccine to any unimmunised siblings

3. Treat convulsions (see Section 70)

4. Erythromycin will eradicate pertussis from the nasopharynx but has little
effect on the severity or duration of clinical symptoms unless it is started
very early in the disease.

a. The oral dose of erythromycin is 12.5 mg/kg 6 hourly for neonates
for 7 days and 125 mg 6 hourly for age 1 month to 2 years for 7
days.

b. Azithromycin (10 mg/kg once daily) may also be given, and the
course is shorter (3 days) but is not recommended under 6 months
of age.

c. Prophylaxis of other infants in the family is of no proven benefit and
has side effects.

Reference

Public Health England (2019) Guidelines for the Public Health Management of

Pertussis in England

(accessed 04/03/2021)
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attach
ment_data/file/762766/Guidelines_for_the_Public_Health_management_of Pertuss
is_in_England.pdf
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Section 23. Relapsing Fevers

Epidemiology

Epidemic or louse-borne relapsing fever (LBRF), caused by Borrelia recurrentis, is
transmitted by the human body louse (Pediculus humanus) (and occasionally the
head louse (P. capitis) or, possibly, the crab louse (Phthirus pubis)), which becomes
infected following a blood meal and remains infected for life. Humans are the
reservoir host. The louse is crushed when the host scratches. Borrelia enters the new
host via abrasions and mucous membranes. Bloodborne and congenital infections
may also occur. Currently mainly endemic in Ethiopia and the ‘Horn of Africa’, LBRF
occurs in epidemics in situations of poor hygiene and overcrowding.

Endemic or tick-borne relapsing fever (TBRF) occurs in widespread endemic foci:
Central, eastern and southern Africa (Borrelia duttonii);

North-western Africa and the Iberian Peninsula (B. hispanica);

Central Asia and parts of the Middle East, India and China (B. persica); and
Various regions of the Americas (B. hermsii, B. turicatae, B. venezuelensis).

Animal reservoirs include wild rodents, lizards, toads, owls, pigs and chickens.

Transmission to humans occurs following the bite of an infected argasid (soft) tick of
the genus Ornithodorus via tick saliva or coxal fluid. Human congenital infections may
also occur. TBRF is a common and under-diagnosed cause of fever in many parts of
Africa.

Pathology

Borreliae multiply in blood by simple fission. They have a predisposition for
reticuloendothelial system and CNS, causing widespread vascular endothelial
damage and platelet sequestration in the bone marrow. Clinical severity tends to
correlate with the level of spirochaetaemia and relapses result from antigenic
variation.

Clinical Features

Incubation period usually 4 to 8 days (range 2 - 15 days). TBRF is usually clinically
milder but may be associated with up to 11 relapses. LBRF is more severe, and rarely
gives rise to more than three relapses.

Typical features include:

1. Sudden-onset high fever, headache, confusion, meningism, myalgia,
arthralgia, nausea, vomiting, dysphagia, dyspnoea and cough (which may
be productive of sputum containing Borrelia).

2. Hepatomegaly is common (associated with jaundice in 50% of patients with
LBRF, and in less than 10% of those with TBRF).

3. Splenomegaly is common and splenic rupture may occur.

4. Petechiae, erythematous rashes, conjunctival injection and haemorrhages
are more common in LBRF.

5. Complications include myocarditis, pneumonia, nephritis, parotitis, arthritis,
neuropathies, meningoencephalitis, meningitis, acute ophthalmitis and iritis.

The case fatality rate (CFR) may reach 70% in epidemics of LBRF and is lower in
children than in adults. CFR is usually less than 10% in untreated cases of TBRF but
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tends to be higher in children and pregnant women.

Differential diagnosis

Malaria, typhus, typhoid, meningococcal septicaemia/ meningitis, dengue, hepatitis,
leptospirosis, yellow fever, viral haemorrhagic fevers.

Diagnosis

e Giemsa- or Field-stained blood films reveal spirochaetes.
Borrelia are also visible on unstained blood films using dark-field or phase-
contrast microscopy.

e Centrifuge anticoagulated whole blood to concentrate spirochaetes above
the buffy coat.

e The acridine orange-coated quantitative buffy coat (QBC) technique is also
useful.

e Polymerase chain reaction (PCR) assays are now available for diagnosis
and speciation.
Serology is unreliable.

e Examination of the vector may be useful.

Treatment
1. A single dose of antibiotic is effective in about 95% of cases of LBRF, and
in up to 80% of cases with TBRF.
2. Single-dose treatment is recommended in LBRF epidemics.
3. TBREF relapses are less likely with a 5- to 10-day course of treatment.

Effective antibiotics include tetracycline, doxycycline, penicillin, erythromycin,
chloramphenicol and ciprofloxacin. Choice will depend on the patient's age,
contraindications and drug availability.

Ceftriaxone is recommended for patients presenting with meningitis or encephalitis.
In epidemics of LBRF, treatment of close contacts may also be recommended.

Usual dosage recommendations:
LBREF: a single dose of one of the following:
e Doxycycline, 100 mg (non-pregnant adults)
e Tetracycline, 500 mg (non-pregnant adults)
e  Erythromycin, 500 mg in adults and children over 5 years, 250 mg in children
up to 5 years.

TBREF: a 5-day course of one of the following:
e Doxycycline, 100 mg twice daily (non-pregnant adults)
e  Erythromycin, 2 grams divided into two to four doses daily (adults), 50 mg/kg
divided into two to four doses daily (children).

Complications

A Jarisch—Herxheimer reaction (JHR) may occur in up to 80-90% of patients treated
for LBRF, and in up to 50% of those treated for TBRF. This may be fatal in around
5% of cases. The reaction usually commences within 2 hours of the first dose of
antibiotic.

Symptoms include rigors, restlessness and anxiety, then a sharp rise in temperature,
tachycardia and initial rise blood pressure, followed by marked vasodilation and
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sweating, which may result in collapse and shock.
All patients must be closely monitored for a JHR. Intravenous fluids may be required
to maintain blood pressure. Steroids are of no benefit.

Prevention and control

LBRF: improve hygiene, reduce crowding, delouse (DDT, permethrin or malathion
powder to skin and clothing), heat treat/destroy clothing. Antibiotic prophylaxis may
be recommended in high-risk situations.

TBREF: avoid tick habitats.

Reference
https://www.cdc.gov/relapsing-fever/prevention/index.html
Accessed 7" March 2021

Warrell DA (2019). Louseborne relapsing fever (Borrelia recurrentis infection).
Epidemiology and Infection 147, €106, 1-8.
https://pubmed.ncbi.nlm.nih.gov/30869050/

Accessed 10t April 2021
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Section 24. Rickettsial Diseases

Introduction

Rickettsial diseases are caused by obligate intracellular Gram-negative
coccobacillary forms that multiply within eukaryotic cells. They take on a
characteristic red colour when stained by the Giemsa or Gimenez stain.

llinesses are restricted by geography to places where both the natural animal host
and its insect vector are present, and the vector has contact with humans.

These diseases affect all ages, including children.

Aetiology and types
Rickettsial illnesses can be divided into the following biogroups:

Spotted fever biogroup:
e Rocky Mountain spotted fever (RMSF), caused by Rickettsia rickettsia.
e Rickettsial pox, caused by Rickettsia akari.
e Boutonneuse fever (i.e. Kenya tick-bite fever, African tick typhus, Indian tick
typhus, etc.).

Typhus group:
e The causative organisms (Rickettsia prowazekii and Rickettsia typhi) are
similar to those of epidemic typhus.
e Examples include Brill-Zinsser disease (i.e. relapsing louse-borne typhus)
and murine (endemic or flea-borne) typhus.

Scrub typhus biogroup (Tsutsugamushi disease):
e These are a heterogeneous group of organisms that differ strikingly from
rickettsial species and have a single taxonomic name, Orientia
tsutsugamushi (see Section 46 Handbook 2).

Other rickettsioses and closely related illnesses:

* New or re-emerging rickettsioses have been described, including tick-borne
lymphadenopathy (TIBOLA) and Dermacentor-borne-necrosis-eschar-
lymphadenopathy (DEBONEL).

e Ehrlichia organisms (the cause of human monocytic ehrlichiosis and
Ehrlichia ewingii infection), Anaplasma phagocytophilum (the cause of
human granulocytic anaplasmosis), and Bartonella species (the cause of
catscratch disease, relapsing fever and trench fever) are organisms related
to the rickettsiae.

e Q fever is a disease caused by Coxiella burnetii, which has recently been
removed from the Rickettsiales.

Clinical presentation
There are so many clinical similarities among the diseases caused by rickettsiae that
certain clinical and epidemiological features should suggest their presence:

e Most of these infections are spread through ticks, mites, fleas or lice.
e All rickettsial infections cause fever, headache and intense myalgias.
e All rickettsial infections are arthropod-borne, so expo- sure to ticks or mites

153



Section 24 Rickettsial Diseases Dr. Paddy McMaster

is an important clue to their early diagnosis.

Rash and/or a localised eschar occur in most patients.

llinesses are generally characterised by fever, rash and malaise. They are
often misdiagnosed as measles, meningococcaemia, typhoid or rheumatic
fever, or investigated as pyrexia of unknown origin.

Disease is caused by a vasculitis of small blood vessels, which on the skin
is seen as a petechial or haemorrhagic rash. The vasculitis may affect many
organ systems and explains the wide range of symptoms seen.

There are features specific to individual rickettsia, including:

o Meningoencephalitis (in Rocky Mountain spotted fever)

o Myocarditis and cough (in Q fever) or,

o Lymphadenopathy and hepatosplenomegaly (in scrub typhus).

An eschar at the site of the infecting bite is helpful in the diagnosis of tick-
borne and mite-borne rickettsial infections and is recognised as a necrotic
black papule.
The severity of illness varies with the organism, and the age of the patient.
For example:

o In Rocky Mountain spotted fever, the untreated acute iliness has a
case fatality rate of 20%, with two-thirds of cases occurring in
children under 15 years of age.

o In contrast, louse-borne typhus may only cause mild symptoms in
children, with deaths occurring mainly in adults.

Other manifestations may occur, such as gastro- intestinal, conjunctival,
hepatic and pulmonary manifestations, that are more common in some
illnesses than in others.

Differential diagnosis
Depending on local diseases, the combination of clinical manifestations, laboratory
data and geographical areas, other causes to consider include the following:

e Malaria

e Measles

e Typhoid

e Dengue haemorrhagic fever

e Kawasaki disease

e Leptospirosis

e Meningococcal infections

e Rubella

e  Group A streptococcal infection

e  Syphilis

e Toxic shock syndrome

e Vasculitis and Thrombophlebitis.
Diagnosis

Confirmation of diagnosis of rickettsial infections is usually clinical, with the following
methods used for confirmation as appropriate:

Isolation:

Rickettsiae can be isolated following inoculation into animals, such as
154



Section 24 Rickettsial Diseases Dr. Paddy McMaster

guinea pigs in special reference laboratories.

Serology:
Serological detection of convalescent antibodies is the mainstay of
diagnosis of rickettsial infection. The following serologic tests can be used:
e The Weil-Felix (WF) agglutination test; this is not used for
rickettsial pox, Q fever or ehrlichiosis, for which specific diagnostic
serological tests are available,
Microimmunofluorescent (MIF) antibody test
Enzyme-linked immunosorbent assay (ELISA)
e  Western blot immunoassay.

The WF test is neither specific nor sensitive and is not helpful. None of these
methods are normally useful in the initial clinical management of patients
with acute illness. A modification of the ELISA test has been developed to
serologically confirm the specific species of rickettsiae.

Immunologic detection of rickettsiae in tissue:
Biopsies of skin rash, an eschar, or other tissues can be useful but are rarely
performed, as these require specialised laboratories.

PCR amplification of rickettsial DNA:
PCR amplification, especially by the new ‘suicide PCR’ primers from
rickettsial genes from blood, skin biopsy samples and other tissues can be
performed in reference laboratories for detection of rickettsial DNA. It has
estimated sensitivity and specificity of 68% and 100%, respectively.

Routine blood examinations:
These are unhelpful but are required to rule out other diseases, such as
malaria, typhoid, dengue haemorrhagic fever and leptospirosis.

Treatment
Treatment should not await serological diagnosis, as this is often delayed.

In children over 8 years of age:
o Give tetracyclines, particularly doxycycline (2.2 mg/kg twice daily up to
a maximum of 100 mg twice daily).

The use of these drugs is not advised in children under 8 years of age because of
dental staining. Under 8 years of age:
e  Give co-trimoxazole 24 mg/kg twice daily for 2 weeks.
e Oral chloramphenicol (25 mg/kg four times daily up to a maximum of 3
grams/day) is also effective.

For scrub typhus (see Section 46 Handbook 2):

e Rifampicin and azithromycin have been used successfully in areas where the
rickettsia is resistant to conventional treatment.

e Treatment should be for 7-14 days.
Fluoroquinolones (e.g. ciprofloxacin) may be effective and are being evaluated.

155



Section 24 Rickettsial Diseases Dr. Paddy McMaster

e Supportive care for complications affecting the cardiac, renal and pulmonary
systems may be necessary in patients with severe disease.

Control

Insect vector control is important for human louse-borne typhus, which occurs in cold
mountainous areas where people live close together, or in internally displaced or
refugee populations. In these situations, delousing of individuals with insecticides
prevents and controls epidemic typhus.

For scrub typhus, mite bites can be prevented by using topical insect repellents.

A vaccine is also available for Rocky Mountain spotted fever.

Health education
This may include the following:

1 Community education on the risks of living in very close proximity to
animals the need for regular re-facing of mud walls and floors for human
louse-borne typhus

2 The importance of washing and sunning clothes and bedding.

TABLE 24.1 Some major rickettsia and their distribution

Disease Agent Vector Reservoir Distribution
Rocky Mountain . . . Rodents, dogs, USA, South
spotted fever R. rickettsii Ticks rabbits America, Canada
Rickettsial pox R. akari Mite Mouse Worldwide
Louse-borne typhus| R. prowazekii Lice Human Worldwide
Murine typhus R. typhi Flea |Mouse (urban) Worldwide
Orientia . Australia, India,
Scrub typhus tsutsugamushi Mite Rodents SE Asia
Q fever Coxiella burnetii | None | Cattle, goats Worldwide
References

Centers for Disease Control and Prevention (2016) Diagnosis and Management of
Tickborne Rickettsial Diseases: Rocky Mountain Spotted Fever and Other Spotted
Fever Group Rickettsioses, Ehrlichioses, and Anaplasmosis — United States
Accessed 4" March 202
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Section 25. Streptococcal Disease

Introduction

Streptococci are Gram-positive bacteria, of which the most important are:
e  Group A streptococcus
e  Group B streptococcus
e  Streptococcus pneumonia.

Group A streptococci (GAS) Streptococcus pyogenes

This is a common commensal in the throat. It causes many diseases, as described
below.

TGAS is always sensitive to penicillin.

In penicillin allergy use a macrolide (although there is resistance to this group of
antibiotics).

Head and neck
Acute pharyngitis, retropharyngeal abscess and otitis media (see Section 37).

Tonsillitis:

GAS likely if exudate, severely inflamed tonsils, fever during previous 24 hours, no
cough or coryza.

Treatment reduces pain by 16 hours over 7 days and number needed to treat to
prevent complications does not justify treatment

Penicillin V for 10 days is the treatment of choice, but amoxicillin may be better
tolerated in liquid form.

Sinusitis:

Follows otitis media: coryza, postnasal drip, headache, fever.

Brain abscess:

This is a rare complication resulting from direct extension of an ear or sinus infection,
or from haematogenous spread (see Section 37).

Skin and soft tissue

Impetigo:
Purulent, yellow-crusted skin lesions (see Section 27 Textbook 2).

Pyoderma:
Papule becomes vesicular then pustular with a thick crust and surrounding erythema.

Erysipelas:
Erythematous warm painful skin lesions with raised borders associated with fever.

Cellulitis:
Local pain, tenderness, swelling and erythema associated with fever.

Skin infections are commonly co-infected with Staphylococcus aureus, which should
be treated with flucloxacillin. Treat invasive disease with IV flucloxacillin. Add
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clindamycin if toxic shock (See Section 45)

Necrotising fasciitis:

Pain disproportionate to physical findings - erythema may be absent or rapidly
progress to purple with haemorrhagic fluid-filled blisters or bullae.

Fever, malaise, myalgia, diarrhoea, anorexia.

Spread through fascial planes requires early surgical exploration and resection. Give
intravenous immunoglobulin (IVIG) (if available) and broad-spectrum antibiotics (e.g.
ceftriaxone or piperacillin-tazobactam, and clindamycin).

Myositis:
CT or MRI (if available) is useful for diagnosis.

Scarlet fever:

This presents with tonsillitis and a characteristic rash, circumoral pallor and
strawberry tongue. Rash starts with generalised blanching erythema which is
punctate (i.e. like sandpaper) and palpable, followed by desquamation.

Pneumonia:
Invasive GAS can rapidly progress to necrotising pneumonia with empyema (see
Section 39).

Septicaemia:
Risk factors include burns and chickenpox. The main symptoms are fever,
tachycardia, tachypnoea and hypotension.

Mediastinitis:
Rare but serious, frequent fatalities as often diagnosed late.

Toxic shock syndrome:
Systemic shock with multi-organ failure. Give Clindamicin and IVIG (if available) (see
Section 45).

Rheumatic fever:

Maijor criteria - carditis, Sydenham chorea, polyarthritis, erythema marginatum,
subcutaneous nodules.

Minor criteria - fever, arthralgia, raised ESR or CRP, prolonged PR interval on ECG.

Two major or one major and two minor criteria with evidence of preceding GAS throat
infection confirm a diagnosis of rheumatic fever (see Section 41).

Rheumatic heart disease results in chronic valvular damage, predominantly of the
mitral valve.

Glomerulonephritis:
Acute renal failure with haematuria and proteinuria days after streptococcal
pharyngitis (see Section 47).

Group B streptococci (GBS) Streptococcus agalactiae
This species colonises 15 - 45% of healthy women and can cause severe infections
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in the puerperium and in the neonate.

Postpartum infection:
(see Obstetric Handbook).

Neonatal infection:

Early onset (first week of life) (see Section 7 Neonatal Handbook).

Associated risk factors: prematurity, prolonged rupture of membranes, maternal
intrapartum fever, chorioamnionitis, maternal UTI, previous baby with GBS disease.

Late onset (1 week to 3 months of age) causes sepsis and meningitis: not prevented
by peripartum antibiotics.

Empirical IV treatment with amoxicillin/fampicillin and gentamicin for 5 days. Then,
once GBS is confirmed, treat sepsis with benzyl penicillin for 7 days if meningitis is
excluded by lumbar puncture. If meningitis is not excluded, treat for 14 days.

Maternal:
Septic abortion, puerperal sepsis, urinary tract infection.

Streptococcus pneumoniae
Gram-positive diplococcus (lancet shaped). At least 85 pathogenic serotypes are
known. Types 1, 3,4, 6, 7, 8, 9,12, 14, 18, 19 and 23 are the most virulent.

Common infections include:
e  Pneumonia

Meningitis

Peritonitis

Otitis media

Sinusitis

Arthritis

Conjunctivitis.

Pneumococcal infections are more common in children with defective splenic function
(e.g. sickle-cell anaemia, splenectomy); also nephrotic syndrome, chronic renal
failure, diabetes mellitus, malabsorption, heart failure, skull fracture, neurosurgery
and those with congenital or acquired immunodeficiency such as
agammaglobulinaemia, and HIV infection.

Patients with white blood cell counts of more than 15 x 10%litre are likely to have
bacteraemia. Culture of Streptococcus pneumoniae from the respiratory tract is not
useful because many people are asymptomatic carriers.

Treatment
In the last two decades, resistance of S. pneumoniae to antibiotics such as penicillin
and chloramphenicol has emerged.In many countries, up to 5 - 40% of isolates may
be resistant to penicillin G.
e If resistance to chloramphenicol or penicillin is suspected, give either
cefotaxime or ceftriaxone.
e If resistance to these two drugs is considered, add vancomycin to
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ceftriaxone or cefotaxime.

If results of sensitivity confirm susceptibility to penicillin G, ceftriaxone or

cefotaxime should be given and vancomycin should be stopped.

TABLE 25.1 Antibiotic doses for streptococcal disease

Disease Antibiotic Dose and route | . DEED Duration/comments
interval
Amoxicillin
(oral) 12.5 mg/kg orally| 8 hours 5-7 days
Amoxicillin -
Otitis media | clavulanic acid 12.5 mg/kg orally| 8 hours 5-7 days
Cefaclor 12.5 mg/kg orally| 8 hours 5-7 days
Erythromycin |12.5 mg/kg orally| 6 hours 5-10 days
Sinusitis As for (_)tltls As for gtltls As for qtltls As for otitis media
media media media
- 10-14 days for all
Penicillin G 50 mg/kg IV | 4-6 hours antibiotics below
. Load 50 mg/kg
ChIoramphenlcoIIV’ then 25 mglkg 6 hours
Cefotaxime 50 mg IV 6-8 hours Max'mjm single dose
grams
Meningitis i i
g Ceftriaxone 100 mg IV 24 hours Maximum single dose
4 grams/day
Total daily dose not
Vancomycin Load 15 mg/kg IV 6 hours more than 2 grams
then 10 mg/kg IV
Drug levels needed
10-20 mg/kg . .
Meropenem | slow IV injection | 8 hours Maximum single dose
! 2 grams
over 5 minutes

Pneumococcal vaccine

Give pneumococcal conjugated vaccine (e.g. Prevenar 13):
Two doses starting at 2 months of age, with
o 2 months between doses, with
o Areinforcing dose at 12—13 months, or
= If over 1 year old, give a single dose.

At-risk groups (see above) should have conjugate vaccine (any age) followed by
polysaccharide vaccine (23 serotypes) over 2 years of age with a repeat dose every
5 years.

Chemoprophylaxis

Daily oral penicillin V (125 mg twice daily for children under 5 years, 250 mg twice

160



Section 25. Streptococcal disease Editors

daily for older children) is recommended for children at risk (see above).

Other groups of streptococci (C, D, E, F, G, H, K, L, M, N, O and V)
These cause diseases such as infective endocarditis, urinary tract infection and

pneumonia.

Susceptibility to penicillin

is variable, and treatment with an

aminoglycoside (e.g. gentamicin) and penicillin G or ampicillin is recommended.

TABLE 25.2 Streptococci and related conditions

Streptococci Cireups ez Disease caused
Lancefield | (Haemolytic)
Tonsillitis, pyoderma, impetigo, scarlet
S. pyogenes A J fever (subsequent rheumatic fever, acute
(GAS) glomerulonephritis)
Necrotising fasciitis, toxic shock syndrome
S. agalactiae B J Neonatal sepsis/meningitis
(GBS) P g
S. equisimilis c J Endocarditis, pneumonia, cellulitis,
(GCS) septicaemia
. Normal gut flora. May cause peritonitis,
S. faecalis - . . o
(GDS) D J or none urinary tract |nfect.|on, endocardltls and
septicaemia
_— Mouth commensal. May cause
S. viridians - | o .
endocarditis, dental caries
S. _ _ Pneumonia, meningitis, otitis media,
pneumoniae sinusitis
Reference

World Health Organization (2013) Pocket book of hospital care for children: second

edition (accessed 04/03/2021)
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Section 26. Tetanus

Introduction

Generalised tetanus (lockjaw) is a neurological disease manifesting as trismus and
severe muscular spasms. It is caused by a neurotoxin produced by the anaerobic
bacterium Clostridium tetani in a contaminated wound.

The different forms of tetanus include the following:

e Neonatal tetanus is a form of generalised tetanus occurring in newborn
infants lacking protective passive immunity because their mothers are not
immune.

e [ocalised tetanus manifests as local muscle spasms in areas contiguous to
a wound.

e  Cephalic tetanus is a dysfunction of cranial nerves associated with infected
wounds on the head and neck. Both of the latter conditions may precede
generalised tetanus.

For infection to occur, two conditions must be met:
1. A wound with a degree of necrosis
2. A wound contaminated with material containing Clostridium tetani (a Gram-
positive obligate anaerobe widely distributed in the environment).

The umbilical stump is a common site of entry for neonatal tetanus, which carries up
to 60—80% mortality. Ear piercing in neonates is also a common cause (e.g. in
Vietnam).

In up to 30% of infected children no wound can be found. Cases of tetanus in older
children follow small puncture wounds, accidents and trauma in the partial or
unvaccinated child.

TABLE 26.1 Guide to tetanus prophylaxis in routine wound management in children

History of absorbed tetanus toxoid Clean, minor wounds All other wounds

(doses)
Td or Tdap TIG |TdorTdap| TIG
Less than 3 or unknown Yes No Yes Yes
>3 doses but last dose >10 years
ago or aged 5-10y 3 doses but no No No Yes No

further booster

>3 doses within last 10 years
or aged 5-10y >3 doses No No No No
or aged <5y 3 doses

Td: Adult-type diphtheria and tetanus toxoid vaccine, Tdap: booster tetanus toxoid,
reduced diphtheria toxoid and acellular pertussis, TIG: tetanus immune globulin.
Clean wound is defined as wounds less than 6 hours old, non-penetrating with
negligible tissue damage

If TIG is not available, Human Normal Immunoglobulin (HNIG) may be used as an
alternative.

Tetanus immunoglobulin (TIG) - 250IU by intramuscular (IM) injection, or 500IU if
more than 24 hours have elapsed since injury, there is a risk of heavy contamination
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or following burns. This preparation is available in 1ml ampoules containing 2501U.

Pathogenesis

Once the C. tetani spore is inoculated into necrotic tissue with a low oxygen
concentration it changes into a vegetative form, which elaborates the powerful toxin,
tetanospasmin, which ascends peripheral nerves to the spinal cord where it binds to
cerebral gangliosides and impairs inhibitory synapses. This causes muscle rigidity,
spasm and autonomic overactivity.

Clinical presentation

A previously well neonate presents at 3 - 20 days with irritability, decreased sucking,
trismus, muscle spasms or convulsions.

An older child presents following a minor injury or bite. Some infections follow chronic
otitis media.

The clinical presentation depends upon the distance the injury is from the spinal cord.

The incubation period ranges from 3 to 21 days. The shorter the incubation period
and the time from onset of symptoms to the first spasm, the worse the outcome.

More than 90% of patients develop trismus (‘locked jaw’) due to the short pathway of
the fifth cranial nerve. As the disease progresses, spasm of muscle groups supplied
by other cranial nerves occurs, including the seventh cranial nerve, resulting in facial
muscle rigidity and risus sardonicus. Spasm of the pharyngeal muscles may result in
dysphagia, and spasm of the laryngeal muscles may result in asphyxia.

The generalised muscle spasms are extremely painful, and may be prolonged, giving
rise to opisthotonus. The sympathetic system can be affected, causing lability of
temperature, blood pressure and cardiac function.

Early signs will be helpful in making the diagnosis. The mother may complain of an
abnormal cry (‘baby cannot cry well’), because she has noticed that trismus prevents
the mouth from opening. This happens before suckling is affected. If one is uncertain,
a slight touch stimulus may initiate spasm or rigidity. History of the birth (usually at
home) and of how the cord was cut is informative, although not particularly
discriminating.

Contamination at birth (e.g. being born on to the floor with or without cord cutting with
an unsterile instrument) is more likely to result in tetanus than for example
contamination following a circumcision, but either could be responsible.

The diagnosis of tetanus is made clinically by excluding other causes of tetanic
spasms, such as hypocalcaemic tetany, phenothiazine reaction, strychnine
poisoning, and hysteria in the older child.

Management of established tetanus
The approach to treatment given in this subsection is appropriate for both neonatal
and childhood tetanus.
The aims of management are as follows:
e Neutralising existing toxin and preventing its further production
e  Control of spasms
e  Prevention of complications
e  Providing adequate nutrition.
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On admission
e  Secure and maintain the airway and ensure adequacy of ventilation.
e Insert an intravenous line.

o IVinfusions, even slow IV administration of drugs, may not be possible,
because of lack of a suitable IV giving set (even as simple as a burette
type) equipment or skilled time.

o However, an IV cannula should be left in situ for drug and antibiotic
administration.

o IMinjections must be avoided at all costs, as they will provoke spasms.

e If the baby or child is in acute spasm, this should be terminated by giving
diazepam by bolus IV infusion over 15 minutes (dose 300 micrograms/kg) or rec-
tally (400 micrograms/kg).

o Ensure that for intravenous infusion, diazepam is diluted to 100
micrograms/mL and that extravasation does not occur (very irritant).

o Also give an IV loading dose of 25-40 mg/kg of magnesium sulphate
over 20—30 minutes (maximum loading dose is 2 grams).

o Always have a bag-mask available in case the patient stops breathing as a result
of the diazepam and/or magnesium.

o When the patient is stable, a nasogastric tube, ideally passed by an anaesthetist,
will allow fluids, food and drugs to be given with minimal disturbance.

o Feeds need to be given frequently (ideally hourly) and in small amounts
due to reduced gut motility. In the neonate, regular breast milk feeds
via a nasogastric tube are essential.

e Any obvious wound should be debrided and cleansed, especially if extensive
necrosis is present, and previously ill-advised sutures should be removed.

o In neonatal tetanus, wide excision of the umbilical stump is not
indicated.

e Finally, the disease itself does not induce immunity, so after recovery tetanus
vaccine must be given for future prevention.

Antibiotics

Oral (or intravenous) metronidazole (30 mg/kg per day, given in divided doses at 6-
hourly intervals; maximum dose 400 mg) is effective in decreasing the number of
vegetative forms of C. tetani and is the antimicrobial agent of choice.

IV benzylpenicillin 100-200 mg/kg/day, given in divided doses at 4- to 6-hourly
intervals; (75 mg/kg/day in the neonate in 3 divided doses) for the first 48 hours then
oral penicillin V 25 mg/kg 6 hourly is an alternative treatment. Therapy for 10-14 days
is recommended. Oral therapy can be given after the initial period.

Associated septicaemia is not uncommon in the neonate, and additional broader-
spectrum antibiotics will often be required (see Section 7 Neonatal Handbook for
treatment of neonatal sepsis). Hospital-acquired infections are also common,
especially pneumonia, and should be appropriately treated.

Neutralisation of toxin

Antitetanus immunoglobulin (TIG) is the preparation of choice for neutralising
unbound tetanospasmin. It is given by intravenous infusion over 30 minutes at a dose
of 500units immediately on admission. Adverse reactions are rare. Local instillation
is of no benefit. [Reference Current recommendations for treatment of tetanus during
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humanitarian emergencies (who.int)] (accessed 04/03/2021)
https://www.who.int/publications/i/item/current-recommendations-for-treatment-of-
tetanus-during-humanitarian-emergencies

For neutralisation of the toxin, TIG is not available in most countries where it is
needed. An equine immunoglobulin may be available and is used (500 - 1000 units/kg
IM; maximum dose 20000 units). There is a risk of anaphylaxis (see Section 36 for
management), so adrenaline must be immediately available if equine immunoglobulin
is given.

Immune globulin intravenous (IGIV) contains antibodies to tetanus and can be
considered for treatment in a dose of 200-400 mg/kg if TIG is not available.

Management of spasms and hypertonicity

e Spasms can usually be controlled by slow IV injection of diazepam, 200
micrograms/kg followed by IV 25-40 mg/ kg of magnesium sulphate over
20-30 minutes (maxi- mum loading dose 2 grams).

e  Subsequently give IV diazepam (200 micrograms/kg every 4—6 hours) and
magnesium sulphate (10-20 mg/ kg 2- to 4-hourly V).

e  Stop diazepam if magnesium alone controls the spasms.
Reduce the dose of diazepam if apnoeic episodes occur.
Always have a bag-mask available in case the patient stops breathing as a
result of the diazepam and/or magnesium.

e Give paracetamol 15 to 20 mg/kg 6-hourly for pain (20 mg/kg in the
neonate). If this is insufficient, the WHO pain ladder approach should be
adopted. Oral or IV morphine may be needed (see Section 9).

Alternative antispasmodic or sedative drugs
Phenobarbitone (15 mg/kg in one or two divided doses) as a loading dose then 5
mg/kg given once daily can be used for breakthrough spasms.

Ventilation and prevention of complications

Hospitals in regions with a high prevalence of neonatal tetanus may not have
appropriate facilities for ventilation, or even for emergency intubation of neonates;
bag-and-mask ventilation, when apnoeic attacks occur, may be the only alternative.

Many patients have major problems with pharyngeal spasms/upper airway
obstruction and are sometimes best managed with a tracheostomy and
pharmacological control

of the spasms (sometimes the tracheostomy may need to be undertaken as an
emergency procedure). Up to a third of those who need a tracheostomy do not require
ventilation.

Intubation can be very difficult because of pharyngeal/ laryngeal spasm, and often a
mini tracheostomy without prior intubation may be appropriate, provided experts for
the procedure and anaesthesia are present.

Infusions of morphine are essential to minimise suffering due to severe pain. Under

no circumstances should paralysing drugs be given to children who are intubated and
ventilated without infusions of morphine.
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Neonates rarely receive ventilation. Also, few places where tetanus occurs will have
appropriate ventilators, or staff who are skilled in intubation and ventilation of children.

An alternative way to support breathing is by bag-and-mask ventilation as often as
necessary for the apnoeas that occur secondary to bouts of spasms and/or the drugs
given to treat the spasms.

Good nursing and frequent monitoring, with particular attention to gentle suction
under direct vision of secretions from the airway, maintenance of adequate hydration,
temperature, mouth hygiene, turning of the patient to avoid orthostatic pneumonia
and bed sores, will reduce complications.

The child should be nursed in a quiet environment with low-level lighting. Sudden
loud noises should be avoided.

It will be helpful to involve the mother in management to call the staff if the baby goes
into spasm or stops breathing. She can also be taught to feed the baby by tube
(including checking position by suction of the tube before each feed) and taught
minimal handling techniques. She could also count minor spasms, although she may
not be able to chart them.

Invasive procedures should be kept to a minimum and preceded by appropriate
analgesia. There must be continuous observation by experienced personnel.

In a high-dependency care unit, cardiac function should ideally be monitored by ECG
to detect toxin-induced arrhythmias and autonomic instability. High-dependency care
of severe cases of tetanus may be necessary for up to 3—4 weeks.

It is important to realise that the child/baby has unimpaired consciousness and is
aware of what is taking place. Prescribe regular and frequent analgesia, as
antispasmodics alone do not prevent the suffering resulting from painful spasms or
painful procedures. The spasms are also very frightening and distressing for the
parents.

Rigidity will take longer to resolve than the spasms.

Tetanus disease does not induce immunity; patients without a history of primary TT
vaccination should receive age-appropriate TT-containing vaccine, a second dose 1—
2 months after the first dose and a third dose 6—12 months later.

Monitoring
Only absolutely essential blood tests should be performed, to avoid precipitating
spasms.

e  Glucose, urea and electrolytes.

A chart of the occurrence of spasms can be helpful.
e Cardiac monitoring.
e  Pulse oximetry.
e  Fluid input/output.
e  Calorific intake.

Prognosis
The prognosis for neonatal tetanus is poor, especially with a short incubation period
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(< 7 days) or with rapid evolution of symptoms.

Pyrexia, tachycardia and frequent spasms (> 20 spasms in 24 hours) also indicates
a poor prognosis.

Quality of nursing care and the availability of high-dependency care facilities greatly
affect the outcome, and where these facilities are available mortality may be as low
as 20%.

In children who survive neonatal tetanus, motor difficulties may be permanently
present. Older children may have muscle weakness and atrophy, and difficulties with
speech, balance and memory.

Prevention

1. Every child should receive tetanus vaccine according to the expanded
programme of immunisation (EPI).

2. All pregnant women should receive two doses antenatally, as this will protect
the baby for the first 4—6 months of age.

3. Tetanus toxoid should be given, combined with diphtheria and pertussis, to
infants according to national schedules.

a. Note that both HIV infection and placental malaria reduce the
transplacental transfer of anti-tetanus antibodies in utero.

4. Sterile handling of the umbilical cords by midwives or appropriately trained
traditional birth attendants should also reduce the incidence of neonatal
tetanus.

5. Sterilisation of hospital supplies will prevent the rare instances of tetanus
that may occur in a hospital from contaminated sutures, instruments or
plaster casts.

6. A booster tetanus toxoid vaccine with or without tetanus immune globulin
(TIG) in the management of wounds depends on the nature of the wound
and the history of immunisation with tetanus toxoid (see Table 26.1).

Reference

Current recommendations for treatment of tetanus during humanitarian emergencies
(who.int) (accessed 04/03/2021)
https://www.who.int/publications/i/item/current-recommendations-for-treatment-of-
tetanus-during-humanitarian-emergencies

WHO | Tetanus vaccines position paper (accessed 04/03/2021)
https://www.who.int/immunization/policy/position_papers/tetanus/en/
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Section 27. Tuberculosis (summary full text in Handbook 2)
Clinical features
In well-resourced countries, the majority of children with respiratory tuberculosis are
asymptomatic and are picked up through contact tracing and will generally have early
primary disease.
In resource-limited countries, only children with symptomatic disease present, and
they are therefore only ‘the tip of the iceberg’.

The following are some of the key features of tuberculosis in children:
e Fever, cough, anorexia, weight loss, wheezing, night sweats and malaise
are common.
Extrapulmonary disease may involve other tissues and organs, such as the central
nervous system, lymph nodes and gastrointestinal tract.

Findings can include lung findings (dull resonance) or involvement of other organs in
extrapulmonary tuberculosis, such as hepatosplenomegaly, lymphadenopathy,
mass, etc. (see Table 27.1).

TABLE 27.1 Typical features of common forms of extrapulmonary TB in children

Type of extrapulmonary TB Key clinical findings
TB lymphadenitis Enlargement and swelling of lymph nodes
(most common)
Pleural/pericardial TB Cough and shortness of breath
L Headache, vomiting, fever, neck stiffness,
TB meningitis . .
seizures, confusion and coma
. Very sick, respiratory distress,
Miliary TB hepatosplenomegaly, diffuse lymphadenopathy
Gastrointestinal TB Abdominal pain, diarrhoea, mass or ascites
. Backache with or without loss of function in lower
Spinal TB limbs
TB arthritis Pain and swelling of joints (usually monoarthritis)

Respiratory tuberculosis

Most respiratory tuberculosis results from complications of lympho-bronchial disease
and includes segmental lesions, consolidation, collapse and obstructive emphysema.
In young children, small cavities may develop during the course of primary (especially
progressive) tuberculosis, but they are classically seen in the adolescent period.
Large pleural effusions usually occur in older children and adolescents.

Radiological features of pulmonary tuberculosis may be atypical in HIV infection,
other immunosuppressed states and/or malnutrition.

Pericarditis

Tuberculosis should be considered in all cases of pericarditis. M. tuberculosis may
be cultured from a pericardial tap in over 50% of the cases.

Lymph node disease

This may result from a focus in the upper lung fields or from haematogenous spread.
Diagnosis may be made by biopsy or fine-needle aspiration.

Swelling and softening of nodes may continue for months after treatment has been
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completed.

In well-resourced countries, environmental mycobacteria are now a far commoner
cause of chronic granulomatous disease of cervical lymph nodes than tuberculosis in
indigenous young children.

Miliary tuberculosis

This is commonest in young children and in those who are immunosuppressed,
usually occurring within 3—12 months of primary infection.

Chest X-ray (except in the early stages) will demonstrate a ‘snowstorm’ or miliary
appearance.

Meningitis is a common complication. Therefore, a lumbar puncture should be
performed in all cases.

The WHO advises 6 months of anti-TB chemotherapy unless TB meningitis.

Meningitis

This is commonest in children under 5 years, and often occurs within 6 months of
infection. The onset is usually insidious, and the diagnosis is often delayed. Late
diagnosis is invariably complicated by neurological dysfunction or death.

Prolonged fever, irritability, headache, vomiting, mental status changes, visual
symptoms, focal neurological deficits or cranial nerve palsies, and seizure are some
of the common presentations in children with tuberculous meningitis.

CSF: cell count is usually less than 500/mm3 and mainly lymphocytic, but
polymorpho-neutrophils may be prominent early on, which may cause confusion with
partially treated bacterial meningitis. Protein levels are usually raised (0.8—4
grams/litre) and glucose levels are low. However, on admission CSF values may be
within normal limits and lumbar puncture must be repeated if there is any doubt.

Brain imaging, such as CT or MRI (if available), should be undertaken at diagnosis
and at 3 - 4 months, and at any time when there is neurological deterioration, to detect
complications such as hydrocephalus and tuberculomata.

Management of meningitis

A four-drug regimen in the upper range of drug doses is recommended for 2 months,

followed by a two-drug regimen for 10 months in uncomplicated tuberculosis

meningitis. It consists of the following four drugs given for first 2 months:

1. H:isoniazid 10 (7-15) mg/kg once daily orally, or by IM or slow IV injection;
(maximum 300 mg daily) plus

2. R:rifampicin 15 (10—-20 mg/kg once daily orally or by IV infusion over 2—-3
hours; (maximum 600 mg daily) plus

3. Z; pyrazinamide 35 (30-40 mg/kg once daily orally; (maxi- mum 2 grams daily)
plus

4. E: ethambutol 20 (15-25) mg/kg once daily orally (maximum1.5 grams daily).

Thereafter, isoniazid plus rifampicin alone are continued for 10 months. The WHO
also now advises 12 months of therapy, although shorter regimens have been shown
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to be adequate in some studies.

Corticosteroids must be given in all cases with initiation of therapy.
e Dexamethasone 0.6 mg/kg/day in two divided doses or prednisolone 2 - 4
mg/kg/day is given for 4 weeks and tapered over 2 weeks for a total duration
of 6 weeks.

A ventriculoperitoneal shunt may be required for obstructive hydrocephalus (if
available).

Bone and joints

These are frequently missed in the early stages because of a low index of suspicion.
The spine is affected in 50% of the cases, followed by knee, hip and ankle. The most
serious complication is spinal compression.

The diagnosis is made by histology, Ziehl-Neelsen (ZN) stain and mycobacterial
culture of tissue that may be positive, and if in doubt specimens should be sent for
polymerase chain reaction (PCR).

The WHO advises the standard 12 months of anti-TB chemotherapy, similar to that
for TB meningitis.

Abdominal tuberculosis
This may present with ascites, abdominal nodes or masses, or diarrhoea with or
without abdominal pain, or as gastrointestinal obstruction.

The diagnosis is usually made on bacteriological examination of ascitic fluid or a
biopsy.

The standard three- to four-drug regimen is used for therapy for a total of 6—9 months
in uncomplicated cases.

Ultrasound and CT or MRI (if available) may be required in evaluation and to detect
any complications.

Perinatal tuberculosis
Congenital tuberculosis is rare but should always be considered in sick neonates or
infants, especially in areas where HIV/tuberculosis co-infection is common.

If a mother has completed tuberculosis chemotherapy during pregnancy or has
inactive disease, her infant should be given BCG at birth. If she has active disease
or is still requiring treatment, the infant should be given isoniazid 10 mg/kg once daily
for 6 to 9 months.

Once the mother and infant are both on appropriate treatment, the infant may
breastfeed unless the mother has multi-drug-resistant TB. A tuberculin test and chest
X-ray is then performed on the infant.

If they are negative, BCG is given; if it is positive, full investigations for tuberculosis
are undertaken.

If no evidence of disease is detected, isoniazid is continued for a total of 6 to 9
months. If tuberculosis is suspected, full treatment with 4 drugs is given at standard
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doses (see Section 51 Handbook 2 on management).

Danger signs for TB
e  Suspicion of tuberculous meningitis.
e Extensive pulmonary or miliary TB.
e TBin aninfant or a child with HIV.
e Symptoms and signs such as seizures, coma, severe respiratory distress,
gastrointestinal obstruction or severe malnutrition.

Diagnosis of TB

Diagnosis depends on eliciting key points that may increase the yield of TB cases. A
high index of suspicion in a child who has prolonged or unexplained illness should
warrant investigation for TB.

Sputum or gastric aspirate for acid-fast bacilli (AFB) stain and culture should always
be attempted. Standard methods for diagnosis are the tuberculin test and a chest X-
ray.

Even in resource-limited countries, every effort should be made to obtain a diagnostic
specimen from gastric aspiration or sputum induction (see below). In poor
communities the tuberculin test is often negative (or unavailable) and the chest X-ray
might not be available, easy to interpret or have films of good enough quality.

Many children are often over-diagnosed, especially in areas with high HIV
prevalence.

TB infection is diagnosed using the tuberculin skin test. It is considered positive if
there is Mantoux induration of 210 mm in children
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Section 28. Typhoid or Paratyphoid

Epidemiology

Despite major advances in public health and hygiene in much of the developed world,
typhoid fever continues to plague many resource-limited countries. Although accurate
community-based figures are unavailable, it is estimated that between 11 and 21
million cases occur annually, with the vast majority of cases in Asia, leading to an
estimated between 128 000 to 161 000 deaths annually worldwide.
Population-based incidence rates are estimated at 500 - 1000 cases per 100 000
population in endemic areas. However, there is a paucity of information from Africa,
and preliminary data indicate that the burden in Africa, in urban settings, may also
not be far behind that of Asia.

Typhoid fever has been notable for the emergence of drug resistance. The first cases
of chloramphenicol-resistant typhoid emerged in the early 1970s, followed by the
emergence of multi-drug- resistant (MDR) typhoid in the mid-1980s. This organism is
resistant to ampicillin, chloramphenicol, azithromycin and trimethoprim-
sulphamethoxazole (co-trimoxazole)).

The development of quinolone and third-generation cephalosporin resistance in
Salmonella typhi from various parts of Asia has raised the extremely worrying
prospect of a ‘super-resistant’ variant of typhoid in addition. In contrast to classic
descriptions of milder disease, because of increasing drug resistance in Salmonella
para- typhi, paratyphoid fever is now of comparable severity and virulence to typhoid
fever. Both types of iliness will therefore be described.

Ingestion of a critical duse of Saimaneifa lyphi or Salmonelta paralyphi

Gaslric acid bamier

Intestinal mucosal penetration

/\

Local and regional lymphoid tissue Macrophages and mononuclear cells
Resolution and control Prolifaration within

reticulapendothelial systam

Local necrotic effects in the bowel Release of cylokines and systemic lovicity
{haemaorrhage, perforalion)

FIGURE 28.1 The pathogenesis of typhoid.

Pathogenesis
The disease is spread by the ingestion of a Gram-negative flagellar organism,
Salmonella enterica serovar Typhi (S. Typhi). A larger infecting dose leads to a
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shorter incubation period and a more severe infection.

The organism crosses the intestinal mucosal barrier after attachment to the microvilli
by an intricate mechanism involving membrane ruffling, actin rearrangement and
internalisation in an intracellular vacuole. Once inside the intestinal cells, S. Typhi
bacteria find their way into the circulation and reside within the macrophages of the
reticuloendothelial system.

The clinical syndrome is produced by the release of pro- inflammatory cytokines (the
interleukins IL-6 and IL-13 and tumour necrosis factor-a, TNF-a) from the infected
cells, leading to fever, rigors, inanition (the exhausted condition that results from lack
of food and water) and anorexia.

Local effects such as intestinal haemorrhage and perforation are comparatively rare
in childhood, as there is relative lymphoid hyperplasia of the intestinal wall. However,
malnourished children, especially adolescents, may be at greater risk of these
complications.

Clinical features

The classic stepladder rise of fever is relatively rare in childhood. Much of the
presentation of typhoid fever in various geographical locations and populations is
modified by coexisting morbidities and early administration of antibiotics.

In malaria-endemic areas and in parts of the world where schistosomiasis is common,
the presentation of typhoid may also be atypical. Data in Table 28.1 from a
consecutive series of 2000 cases show the common clinical features of typhoid in
endemic areas.

Although data from South America and parts of Africa suggest that typhoid may
present as a mild illness in young children, this may vary in different parts of the world.
There is emerging evidence from South Asia from both community and health facility
settings that the presentation of typhoid may be more dramatic in children under 5
years of age, with comparatively higher rates of complications and hospitalisation.
Diarrhoea, toxicity and complications such as disseminated intravascular
complications (DIC) are also more common in infancy, with higher case-fatality rates.
However, some of the other features of typhoid fever seen in adults, such as relative
bradycardia, are rare, and rose spots may only be visible at an early stage of the
illness in fair-skinned children.

It must also be recognised that MDR typhoid appears to be a more severe clinical
illness with higher rates of toxicity, complications and case-fatality rates. This appears
to be a consistent finding and potentially related to the increased virulence of MDR
S. typhi as well as higher rates of bacteraemia.

In endemic areas, therefore, it may be prudent to treat all severely ill toxic children,
especially those requiring hospitalisation, with second-line antibiotics. Acute
perforation of the intestine with haemorrhage and peritonitis can occur. This presents
with severe abdominal pain, vomiting, abdominal tenderness, severe pallor and
shock. An abscess may form together with enlargement of the liver and spleen.
Management of peritonitis is described in Section 74.

Diagnosis of typhoid
The sensitivity of blood cultures in diagnosing typhoid fever in many parts of the
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developing world is limited, as micro- biological facilities may be basic, and
widespread antibiotic prescribing may render bacteriological confirmation difficult.
Although bone marrow and duodenal fluid cultures may increase the likelihood of
bacteriological confirmation of typhoid, these are difficult to obtain, and they are
invasive.

The serological diagnosis of typhoid is also fraught with problems, as a single Widal
test may be positive in only 50% of cases in endemic areas, and serial tests may be
required in cases presenting in the first week of illness. Newer serological tests such
as a dot-ELISA, co-agglutination and the Tubex® are promising, but are
comparatively expensive, may not be effective in primary care settings and have yet
to find widespread acceptability.

The mainstay of diagnosis of typhoid in endemic areas therefore remains clinical.
Thus, any high-grade fever of more than 72 hours’ duration associated with any of
the above-mentioned features, especially with no localising upper respiratory signs
or meningitis or malaria, must be suspected as typhoid and managed accordingly.
While leucopenia (white blood cell count < 4 x 10%litre) with a left shift in neutrophils
may be seen in a third of children, young infants may also commonly present with a
leucocytosis.

TABLE 28.1 Common clinical features of typhoid fever in childhood (Karachi,
Pakistan)

High-grade fever 95%
Coated tongue 76%
Anorexia 70%
Vomiting 39%
Hepatomegaly 37%
Diarrhoea 36%
Toxicity 29%
Abdominal pain 21%
Pallor 20%
Splenomegaly 17%
Constipation 7%
Headache 4%
Jaundice 2%
Obtundation (reduced alertness) 2%
lleus 1%
Intestinal perforation 0.5%

Typhoid treatment
Making an early diagnosis of typhoid fever and instituting appropriate supportive
measures and specific antibiotic therapy is the key to the appropriate management
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of typhoid fever.
The following are the important principles of management:

1 Adequate rest, hydration and attention to correction of fluid-electrolyte imbalance.

2 Antipyretic therapy (paracetamol) as required if fever is > 39°C.

3 A soft, easily digestible diet should be continued unless the child has abdominal
distension or ileus.

4 Regular monitoring for clinical recovery and potential complications.

5 Antibiotic therapy: the right choice, dosage and duration are critical to curing
typhoid with  minimal complications. Traditional therapy with either
chloramphenicol or amoxicillin is associated with relapse rates of 5-15% and 4—
8%, respectively.

6 First line ciprofloxacin/ofloxacin

7 If drug resistance to ciprofloxacin is prevalent, use ceftriaxone or if toxic or
severe abdominal pain

8 Once sensitivities available from blood culture, narrow spectrum if sensitive

9 Extended spectrum beta-lactamase (ESBL) producing typhoid may be sensitive
to pivmecillinam or Fosfomycin

10 If resistant to all above, use azithromycin orally

11 If unable to tolerate oral and severely ill with multi-drug resistant typhoid may
require treatment with carbapenems (e.g. meropenem) as a last resort.

Although epidemics are usually associated with a single dominant clone of S. typhi,
in endemic situations there may be several coexistent strains of S. typhi, and a clinical
judgement may need to be made when instituting antibiotic therapy before culture
results become available. This is particularly important as delay in the institution of
appropriate second-line antibiotic therapy in resistant cases of typhoid leads to a
significant increase in morbidity and mortality.

Despite the availability of newer orally administrable drugs such as quinolones and
third generation cephalosporins, blanket administration of these agents to all cases
of suspected typhoid is expensive and will only lead to the rapid development of
further resistance.

Corticosteroids

In severely ill and toxic children with typhoid requiring hospitalisation, past studies
have shown that dexamethasone IV (0.5-1 mg/kg/day 8-hourly for up to six doses)
may be lifesaving in some contexts. However, avoid using steroids in ambulatory
settings, as they mask abdominal complications and peritonitis.

Preventive measures for typhoid

The continued presence of typhoid in much of the developing world is an indication
of the poor state of public health and sanitation. It is important therefore to be aware
of the important risk factors for developing typhoid, in order to institute preventive
measures during outbreaks.

There is some epidemiological evidence that prior usage of antibiotics is associated
with an increased risk of subsequent development of typhoid. The precise reasons
for this are unclear, but may be related to alterations in intestinal flora, increasing the
predisposition to colonisation and infection with pathogenic strains of S. typhi. Thus,
controlling indiscriminate use of antibiotics may not only reduce the emergence of
drug-resistant strains, but also reduce the risk of development of typhoid.
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Of the major risk factors for outbreaks of typhoid, contamination of water supplies
with sewage is the most important. Therefore, during outbreaks, a combination of
central chlorination and domestic water purification is important.

In endemic situations, consumption of street foods, especially ice cream and cut fruit,
has been recognised as an important risk factor. The human-to-human spread by
chronic carriers is also important, and attempts should therefore be made to target
food handlers and high-risk groups for S. typhi carriage screening. There is an urgent
need to define the extent of carriage among food handlers in areas of high burden.

Vaccines

e a newer injectable typhoid conjugate vaccine, single dose consisting of the Vi
antigen linked to tetanus toxoid protein, for children and adults from 6 months up
to 45 years of age

e an injectable vaccine based on the purified antigen for people over 2 years of
age

e alive attenuated oral vaccine in capsule formulation for people over 6 years of
age.

TABLE 28.2 Antibiotics in S. Typhi infections

Drug Route Dose (frequency) Duration (days)

Chloramphenicol Oral 60-75 mg/kg/day (6-hourly) 14 days
Ampicillinfamoxicillin | IV/oral | 100 mg/kg/day (6- to 8-hourly) 14 days

Ciprofloxacin Oral/lV| 20-30 mg/kg/day (12-hourly) 7-10 days
Gatifloxacin Oral 10 mg/kg/day (once daily) 7 days

Ceftriaxone IV/IM | 65-100 mg/kg/day (once daily) 7-14 days
Cefixime Oral 8 mg/kg/day (12-hourly) 14 days

Azithromycin Oral 10-20 mg/kg/day (once daily) 5-7 days

Antimicrobial Resistance AMR

AMR in S. Typhi is a huge problem that unfortunately is progressively worsening.
An XDR clone resistant to chloramphenicol, ampicillin, trimethoprim-
sulfamethoxazole, fluoroquinolones and third-generation cephalosporins is currently
causing an outbreak in parts of Pakistan and has also been isolated in other
countries. Azithromycin is the last active orally-administered agent for this clone; its
efficacy has to be preserved for as long as possible.

Non-typhoidal salmonella infections
These infections usually give rise to a self-limiting gastroenteritis. This is manifested
as diarrhoea with abdominal cramping pains, nausea and vomiting. There is usually
a fever and there may be blood and mucus in the stools (see Section 29 for treatment
of this level of infection). A reactive polyarticular arthritis may develop 2 weeks after
the diarrhoea.
Occasionally, particularly in the neonate and in the immunosuppressed, the
malnourished, or children with sickle-cell disease, these infections can become very
serious by spreading to the following sites:

¢ Meninges (meningitis)
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o Bones (osteomyelitis) and joints (septic arthritis)
e Lungs (pneumonia and empyema) and,
e  Soft Tissues (giving abscesses).

This is a particular problem in children with HIV infection.

Treatment for metastatic infections should be urgently given by intravenous or
intramuscular injection.
1 Initial treatment should ideally be with the broad-spectrum antibiotics cefotaxime
or ceftriaxone, and,
2 If later sensitivity tests become available, the organisms may be sensitive to:
a. Amoxicillin (usually resistant now)
b. Co-trimoxazole and,
c. Ciprofloxacin.
3 Chloramphenicol or azithromycin may be effective in the absence of the above.

Drug dosage schedules

Cefotaxime:

Neonates less than 7 days old: 50 mg/kg every 12 hours.

Neonates over 7 days old: 50 mg/kg every 8 hours.

Infants and children: 50 mg/kg every 6 hours.

Ceftriaxone:

All ages 50 mg/kg once daily.

In very severe infections 80-100 mg/kg once daily may be given (max
dose 4 grams/day).

Co-trimoxazole: 18 mg/kg by IV infusion 12-hourly.

In very severe infections: 27 mg/kg co-trimoxazole 1V 12-hourly (max dose
1.44 gram).

Ciprofloxacin: 10-15 mg/kg twice daily by IV infusion.

Reference

https://apps.who.int/iris/bitstream/handle/10665/272272/WER9313.pdf?ua=1
Accessed 7t March 2021
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Anthrax
This is an infection from animals caused by Bacillus anthracis.

Cutaneous
Major features:
e  Surrounded by extensive oedema
e Painless and non-tender (although may be pruritic or accompanied by a
tingling sensation).

Minor features:
e Development of black eschar
e Progresses over 2-6 days through papular, vesicular and ulcerated stages
before eschar appears
Most commonly affects the hands, forearms, face and neck
Discharge of serous fluid
Local erythema and induration
Local lymphadenopathy
Associated with systemic malaise including headache, chills and sore
throat, but afebrile.

Initial diagnostic tests:

1 Swab from lesion for stain and culture.

2 Blood cultures (prior to antimicrobial use, if possible).

3 Start antibiotic treatment to cover B. anthracis.

4 Mild uncomplicated cases: phenoxymethylpenicillin (Penicillin V) 25-50 mg/kg 6
hourly for 5-7 days
or
amoxicillin according to the following formulae:
» weight > 20 kg, 500 mg orally every 8 hours for 3—7 days.
* weight < 20 kg, 40 mg/kg orally every 8 hours

Inhaled
Features:
o Rapid onset of severe unexplained febrile iliness (fever, chills, fatigue, non-
productive cough) and/or severe sepsis not due to a predisposing illness.
e  Abrupt onset of respiratory failure and the presence of widened mediastinum
or pleural effusions on chest X-ray.
Nausea.
Sweats (often drenching).
Confusion or altered mental status.
Vomiting.
Pallor or cyanosis.
Dyspnoea.
Tachycardia.
Abdominal pain.
Pleuritic chest pain.
Sore throat.
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Initial diagnostic tests:
1 Chest X-ray:
a. Mediastinal widening,
b. Pleural effusion,
c. Pulmonary infiltrate.
2 Full blood count:
a. Look for raised haemocrit,
b. Raised white cell count, especially neutrophilia.
3 Liver function tests:
a. Look for high transaminase activity.
4 CT of chest (if available) if high suspicion and normal chest X-ray
5 Blood culture.
Treatment
Start antibiotic treatment to cover B. anthracis.
In severe or life-threatening cases or
for systemic anthrax and
for cutaneous anthrax if (i) there are signs of systemic toxicity,
(ii) the lesion(s) is/are located on the head and neck, and
(iii) extensive oedema is presentpenicillin G 300 000 - 400 000 units/kg/day
It is important to notify public health authorities if such an infection is identified.

Reference

World Health Organization Guidelines for the Surveillance and Control of Anthrax in
Humans and Animals 4t Ed

Accessed 4" March 2021

Brucellosis

This is an infection from animals caused by Brucella species, usually through infected
milk. It causes a chronic illness with fever, pain and swelling of the joints, and
anaemia.

Treatment

Combination treatment:

>8 years old:

Doxycycline 4 mg/kg (max 100 mg 12 hourly for 45 days

AND

Streptomycin 1 g daily for 15 days if spondylitis or endocarditis OR
Rifampicin 15 mg/kg daily (max 900mg) if no focal features for 45 days

<8 years old
Rifampicin 15 mg/kg daily (max 900mg) for 6-8 weeks
AND
Co-trimoxazole for 6-8 weeks:
e  Give 18-24 mg co-trimoxazole/kg twice daily.
e  Orgive paediatric liquid 240 mg/5 mL (200 mg sulfamethoxazole plus 40 mg
trimethoprim):
o Age 6 weeks to 6 months: 2.5 mL twice daily.
o Age 6 months to 6 years: 5 mL twice daily.
o Age 6-12 years: 10 mL twice daily.
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Follow up after treatment to repeat treatment for longer as relapse is common.

References

WHOQ in collaboration with the Food and Agriculture Organization of the UN and World
Organization for Animal Health (2006) Brucellosis in animals and humans (accessed
04/03/2021)_https://www.who.int/csr/resources/publications/Brucellosis.pdf

Solis Garcia del Pozo J, Solera J (2012) Systematic Review and Meta-Analysis of
Randomized Clinical Trials in the Treatment of Human Brucellosis. PLoS ONE 7(2):
€32090. https://doi.org/10.1371/journal.pone.0032090 (accessed 04/03/2021)
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0032090

Campylobacter Infection

This causes acute gastroenteritis with considerable abdominal pain, fever and bloody
diarrhoea (see Section 60). Most children recover without treatment with antibiotics,
although if severe disease with bloody diarrhoea and high fever going on for >1 week
consider erythromycin 10 mg/kg 6 hourly for 5 days or azithromycin 10 mg/kg
once/day for 3 days.

Reference

Same RG, Tamma PD. Campylobacter Infections in Children. Pediatr Rev.
2018:;39(11):533-541. (accessed 04/03/2021)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6657695/

Chlamydia Infections

Chlamydia trachomatis causes trachoma (see Section 50 Handbook 2), infections of
the genital tract (see Section 47 Handbook 2), and conjunctivitis in the newborn which
is less severe than that due to the gonococcus (see Neonatal Handbook).

Prophylaxis is recommended with one of:

« tetracycline hydrochloride 1% eye ointment
« erythromycin 0.5% eye ointment

* povidone iodine 2.5% solution (water-based)
* silver nitrate 1% solution

» chloramphenicol 1% eye ointment.

Chlamydia pneumoniae produces a chronic pneumonitis in the infant. It is important
not to forget this cause of acute respiratory infection.

Treatment for neonates (<1 month old) is azithromycin 20 mg/kg daily; trachoma for
3 days; pneumonia for 5 days; >1 month old erythromycin can be used 10 mg/kg 6
hourly for 14 days.

Reference

World Health Organization (2016) Guidelines for the treatment of Chlamydia
trachomatis (accessed 04/03/2021)
https://apps.who.int/iris/bitstream/handle/10665/246165/9789241549714-
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eng.pdf?sequence=1

Haemophilus Influenzae Infections
Haemophilus influenzae causes serious infections in infants and young children,
including:

e Pneumonia (see Section 38)

o Middle ear infections (see Section 37)

e  Acute epiglottitis (see Section 33)

e Meningitis (see Section 67).

Infections can be prevented by an extremely effective conjugate vaccine. Every
country should attempt to immunise their infants against this cause of many serious
illnesses, deaths and handicap.

Plague

Yersinia pestis is transmitted to children by the fleas of infected rats. It occurs in
epidemics.

It presents with an acute fever and painful tender large swollen lymph nodes
(buboes). It can cause pneumonia and septicaemia.

Prompt treatment on suspicion is essential.

Treatment
7 day (or 10 days if resistant organism) with one of following:
e Streptomycin is the treatment of choice for severe cases (15 mg/kg ,
maximum dose 1 gram 12 hourly IM) for 7 days.

e  Gentamicin 7 mg/kg once daily IV

e Ciprofloxacin 7.5 mg/kg (max 500 mg) 12 hourly IV/PO

e Tetracycline (in children over 8 years, 10 mg/kg max500 mg 6-hourly) PO

e  Chloramphenicol (10 mg/kg (max 1g) 6-hourly) IV/PO (>2 years old).
Prophylaxis

For contact within 7 days with one of following for 7 days:

e Tetracycline (in children over 8 years 10 mg/kg (max 500 mg) 6 hourly or 20

mg/kg 12 hourly)

e Doxycline (in children over 8 years old) 100 mg 12 hourly or 200 mg daily

e  Sulfamethoxazole/trimethoprim 20 mg (sulfamethoxazole)/kg 12 hourly
Reference
World Health Organization (2010) Operational guidelines on plague surveillance,
diagnosis, prevention and control (accessed 04/03/2021)
https://apps.who.int/iris/bitstream/handle/10665/205593/B4534.pdf?sequence=1&is

Allowed=y

Shigellosis

This causes an acute gastroenteritis, which particularly affects the large bowel. There
is blood and mucus in the diarrhoea. There is often a high fever and shigellosis may
cause seizures. There may be tenesmus (a continuous feeling of wanting to
defecate). Septicaemia may occur.

See Sections 60 and 62 for advice on treatment.
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Ciprofloxacin 15mg/kg orally Twice daily for 3 days
Pivmecillinam 20mg/kg orally Four times daily for 5 days OR:
Ceftriaxone 50-80mg/kg IM Once daily for 2-5 days OR:
Azithromycin 6-20mg/kg, orally Once daily for 1-5 days

Reference

World Health Organization (2016) Dysentry (shigellosis) current WHO guidelines and
the WHO Essential Medicine List for Children (accessed 04/03/2021)
https://www.who.int/selection_medicines/committees/expert/21/applications/s6_pae
d_antibiotics_appendix5_dysentery.pdf

Staphylococcal Infections
The most common presentation is with a pus-forming skin infection (impetigo) (see
Section 27 Textbook 2).
However, this bacterium can be transported in the blood to other parts of the body,
where it produces serious infections:
e  Pneumonia is particularly dangerous (see Section 38).
e  Osteomyelitis is also dangerous and difficult to diagnose (see Section 75).
e  Pyomyositis can occur.
e Occasionally staphylococcal infections cause mastoiditis (see Section 37)
and laryngotracheitis (see Section 33).

Treatment
The most effective antibiotics against this organism are flucloxacillin or cloxacillin
Cloxacillin

Capsule: 500 mg; 1 g (as sodium salt).

Powder for injection: 500 mg (as sodium salt) in vial.

Powder for oral liquid: 125 mg (as sodium salt)/5 mL.

*cloxacillin, dicloxacillin and flucloxacillin are preferred for oral administration due to
better bioavailability. They shoud be first choice in bone and joint infections and
skin and soft tissue infections.

Reference
7th WHO Model List of Essential Medicines for Children (2019) (accessed 04/03/2021)
https://www.who.int/publications/i/item/WHOMVPEMPIAU201907
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Dangerous protozoal infections regularly requiring emergency treatments.

Dangerous protozoal infections regularly requiring emergency treatments.

African Trypanosomiasis

*American Trypanosomiasis (Chagas Disease)
*Leishmaniasis

Malaria

Toxoplasmosis

Amoebiasis

Cryptosporidiosis

Giardiasis

In bold are those infections where emergency care is needed and follow on
here in this handbook

*These protozoal infections sometimes involve emergency treatment but are
uncommon in Sub-Saharan countries. They are described in detail in Handbook 2.

American trypanosomiasis (Handbook 2, section 30)
Leishmaniasis (Handbook 2, section 38)
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Section 30. African Trypanosomiasis

Introduction

Gambian trypanosomiasis, caused by Trypanosoma brucei gambiense, is a slowly
progressive disease of West and Central Africa. Rhodesian trypanosomiasis, caused
by T. b. rhodesiense, is a subacute infection found in East and Southern Africa.
Trypanosomiasis of wild and domestic animals is often caused by other subspecies
of T. brucei which are indistinguishable morphologically from those that cause human
infection. Treatment is complex, depending on the stage or severity of infection.
Drugs available are toxic and resistance is increasing.

Transmission

e By the bite of infected tsetse flies (Glossina).

e Riverine tsetse (Glossina palpalis group) are responsible for transmission of T.
b. gambiense, chiefly from a human reservoir. Infection may be endemic or
epidemic.

e Savannah tsetse flies (Glossina morsitans group) are mainly responsible for
sporadic transmission of T. b. rhodesiense from animals to humans.

e Congenital transmission is also well recognised.

Clinical features

e A painful bite lesion (the trypanosomal chancre) may form at the site of the
infected bite and last for up to 3 weeks.

e Among indigenous people in endemic areas, this is more commonly seen in T.
b. rhodesiense (19%) than in T. b. gambiense infections.

e However, a chancre may be seen in 25 - 40% of early presentations of T. b.
gambiense among expatriates.

o Clinical staging is essential for planning treatment and depends on evidence of
CNS involvement based on lumbar puncture findings.

Haemolymphatic Stage 1

o Symptoms of fever and malaise that last for about a week are associated with
waves of parasitaemia.

e Lymph nodes (especially those at the back of the neck in Gambian disease)
become enlarged.

e There may be short-lived oedematous swellings of the face or limbs, and
sometimes a patchy circular erythematous rash or skin itching.

e Early symptoms are often milder in Gambian disease, and this stage may last
for months to years.

¢ In Rhodesian disease, patients are usually more ill with tachycardia, high fever,
hepatosplenomegaly, myocarditis, anaemia and sometimes jaundice.

Meningo-encephalitic Stage 2

e Severe headache and altered behaviour are often seen.

e Patients may become apathetic, depressed or frankly psychotic.

e Sleep is disturbed, so that patients are often awake during the night and sleep
by day; eventually deep coma results.

e Ataxia and cerebellar signs are frequent.

e Delayed response to pain after deep pressure, the appearance of primitive
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reflexes and altered tendon reflexes may be seen.
e Death often results from intercurrent infection.

Diagnosis
e In T. b. rhodesiense infections, trypanosomes can usually be observed in thick
blood films.

e These are also useful for T. b. gambiense infections but may be negative during
periods of low parasitaemia.

e More sensitive methods of examining the blood include microhaematocrit
centrifugation, use of the quantitative buffy coat (QBC) technique, and the mini-
anion exchange column method.

o When there are enlarged lymph nodes, particularly posterior cervical nodes in T.
b. gambiense infections (Winterbottom’s sign), microscopy of a node aspirate
may demonstrate trypanosomes.

Serological methods:

e The card agglutination test for trypanosomiasis (CATT) is useful only for
population screening for T. b. gambiense infections.

Positive results need to be confirmed by the finding of parasites.

e  Other serological tests exist that may be useful for screening suspected cases
of T. b. gambiense but are rarely available in resource-limited settings.
Seropositives require parasitological confirmation.

Negative serology does not exclude the diagnosis.

e Always search forparasites. No serological screening tests are currently

available for T. b. rhodesiense.

Staging and Treatment of HAT
Staging T. b. rhodesiense infection

Lumbar puncture is essential in all suspected cases of T. b. rhodesiense infection to
ascertain the stage of infection based on CSF findings. Criteria for stage 2 disease in
a previously untreated patient include either the presence of trypanosomes in the
CSF, or a raised CSF lymphocyte count (> 5 cellss/mm3) in the absence of another
cause. CSF protein levels are usually raised. CSF IgM (if available) may be useful as
an early marker of CNS invasion. Repeat lumber puncture is also required at intervals
for follow-up after treatment (see below).

Treatment T. b. rhodesiense Stage 1
Suramin:
o Initial test dose of 4-5 mg/kg slowly IV over 5 minutes on day 1, then,
o 20 mg/kg slowly IV on days 3, 10, 17, 24 and 31.
o Maximum single dose 1 g/injection.
e The initial test dose is to reduce the risk of idiosyncratic anaphylactic reactions
to suramin.
o Have IM adrenaline available (see Section 36).
e Test the urine for albumin before each dose and modify the regime if more than
a trace of protein is seen.
e This regime may also be used for Stage 1 T. b. gambiense if pentamidine is

185



Section 30. African Trypanosomiasis Dr. Tim O’Dempsey

unavailable.
o Side effects include hypersensitivity, nephrotoxicity and peripheral neuropathy.

Treatment T. b. rhodesiense Stage 2

Melarsoprol:

o 2.2 mg/kg slowly IV once daily for 10 days.

o Note that melarsoprol IV is very painful, particularly if extravasation occurs, and
may cause tissue necrosis.

o Side effects include encephalopathy, peripheral neuropathy, skin reactions
including Stevens—Johnson syndrome, and phlebitis.

o Encephalopathy occurs in up to 15% of patients treated with melarsoprol and is
associated with a 50% case-fatality rate.

o Co-administration of prednisolone may reduce the risk of encephalopathy.

Prednisolone:

e  Prior to the first dose of melarsoprol, start prednisolone orally 1 mg/kg
(maximum 40 mg/day) daily for 10 days, then taper and stop over 3 days.

¢ Note that the recommendation for use in T. b. rhodesiense stage 2 is largely
based on evidence for use in T. b. gambiense Stage 2.

Staging T. b. gambiense infection

With the recent introduction of fexindazole for treatment of selected cases of T. b.
gambiense infection, WHO now recommend the following approach.

Individuals with T. b. gambiense should be assessed for evidence of severe disease
based on the following features: mental confusion, abnormal behaviour, logorrhea,
anxiety, ataxia, tremor, motor weakness, speech impairment, abnormal gait,
abnormal movements and seizures. Sleep disorder alone is not considered sufficient
for a suspicion of severe disease. Patients with evidence of severe disease should
have a lumbar puncture.

Patients with evidence of severe disease and all patients aged < 6 years or weighing
< 20 kg should have a lumbar puncture and a CSF examination to determine
appropriate treatment. Other patients who do not have severe disease do not require
lumbar puncture if fexinidazole is available for treatment.

If fexinidazole is not available, staging is as described for T. b. rhodesiense infection.
Treatment T. b. gambiense infection
If fexinidazole is not available, treatment is as follows:

T. b. gambiense stage 1

Pentamidine isethionate 4 mg/kg IM daily for 7—10 days.

e  Children should be given a meal or a sweet drink 1 hour prior to treatment (to
reduce the risk of hypoglycaemia), and must lie down for an hour after an
injection and have careful checks of pulse and blood pressure (there is a risk of
severe hypotension).

e Side effects:
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Hypoglycaemia (may occur up to 7 days after treatment)
Arrhythmias
Bone-marrow suppression
o Electrolyte disturbances (low K, Ca, Mg).
e  Monitoring is recommended if possible.

O O O

T. b. gambiense stage 2

e Recommended treatment is nifurtimox eflornithine combination treatment
(NECT).

e  Give nifurtimox 5 mg/kg orally three times daily for 10 days plus eflornithine 200
mg/kg every 12 hours by IV infusion (over 2 hours) for 7 days.

e Second choice, if nifurtimox is not available and the patient is under 12 years of
age, is to give eflornithine 150 mg/kg every 6 hours by IV infusion (over 2 hours)
for 14 days. If the patient is over 12 years of age, give eflornithine 100 mg/kg
every 6 hours by IV infusion (over 2 hours) for 14 days.

e There is arisk of infection and phlebitis at the IV site. Care is needed with regard
to sterile procedures and securing the IV line.

o Change the IV site every 2 days.

e Side effects include CNS abnormalities (due to nifurtimox), convulsions, and
bone-marrow suppression (due to eflornithine).

o Relapse after NECT or eflornithine: Give melarsoprol 2.2 mg/kg/day slowly IV for
10 days plus prednisolone (see above).

Follow-up
1. Notify all cases so that effective surveillance and public health action is taken.
2. All patients should have follow-up lumbar puncture for 2 years (T. b. gambiense,
lumbar puncture 6-monthly. T. b. rhodesiense, 3-monthly for 1 year and then 6-
monthly).
3. Ifinitially stage 1 but at follow-up:
a. CSF 6 - 19 white blood cells'mm3: repeat lumbar puncture in 1 - 2
months.
b. CSF =20 white blood cells/mm3: treat as stage 2.
4. If initially stage 2, CSF white cell count trend at follow-up is more important than
the actual value.
5. Drug resistance is increasing — if suspected seek expert advice.

If Fexinidazole is available, treatment is as follows:

Fexinidazole is the first-choice treatment in patients aged = 6 years and body weight
> 20 kg presenting without clinical features of severe disease.

For patients aged < 6 years or body weight < 20 kg, treatment is based on CSF
findings:

<5 WBC/uL CSF, no trypanosomes --> pentamidine

> 5 WBC/uL CSF or trypanosomes --> NECT

CSF WBC not available --> NECT.
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For patients with severe disease aged = 6 years and body weight = 20 kg, treatment
is as follows:

< 100 WBC/uL CSF --> fexinidazole
= 100 WBC/uL CSF --> NECT
CSF WBC not available --> NECT

Fexinidazole tablets are administered once daily and should be swallowed whole
during or immediately after a solid meal to ensure adequate absorption. It is
prescribed as a four-day loading dose (1200 mg if weight 20-34 kg; 1800 mg if > 35
kg) followed by a six-day maintenance dose (600 mg if weight 20-34 kg; 1200 mg if
> 35 kg). Gastrointestinal side-effects, particularly vomiting, are relatively common
in children. Neuropsychiatric adverse reactions may also occur.

Follow-up after treatment with fexinidazole

Examine at 6, 12, 18 and 24 mths, or at any time if symptoms reappear. If signs /
symptoms suggest a possibile relapse, check body fluids, including CSF, for
trypanosomes and/or CSF leukocytosis.

A relapse is confirmed by the presence of trypanosomes in any body fluid or tissue.

When trypanosomes are not seen, a high WBC count in CSF (regardless of counts

at first diagnosis) is considered a relapse according to the following criteria:

e 0—4 months post-treatment: WBC count in CSF unreliable; diagnosis of relapse
is based only on the observation of parasites.

e 6 months post-treatment (5—9-month window): If 6—49 WBC/uL of CSF, the result
is inconclusive; further follow-up at 12 months is recommended; rescue
treatment should be considered if clinical features suggest relapse. CSF WBC =
50 uL indicates relapse and rescue treatment is recommended.

e 12 months post-treatment or later (10—24-month window): 20 WBC/uL of CSF
indicates relapse and rescue treatment needed.

Rescue treatment is either with NECT or melarsoprol.

References

World Health Organization (2019) Interim guidelines for the treatment of gambiense
human African trypanosomiasis (accessed 04/03/2021)
https://apps.who.int/iris/bitstream/handle/10665/326178/9789241550567-eng.pdf

World Health Organization (2013) Control and surveillance of human African
trypanosomiasis: report of a WHO expert committee (accessed 04/03/2021)
https://apps.who.int/iris/bitstream/handle/10665/95732/9789241209847 eng.pdf
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Section 31. Malaria

Introduction

Malaria is an extremely important public health burden in Africa, disproportionately
affecting the youngest and most vulnerable. Children under 5 years and pregnant
women, especially in the first pregnancy, suffer from severe forms of the disease.
Due to intensive efforts and considerabe levels of funding from donors malaria has
declined dramatically since 2000 until 2015 when funding support plateaued as did
malaria decline. This indicates that until the disease is eradicated there will always
remain a danger of massive resurgence as happened after the last eradication efforts
failed in the 1960s

In Asia, the disease is more common in men and older children.

e Nearly 90% of the world’s malaria burden is in Africa.

e Malaria is estimated to cause at least 409,000 deaths each year, 95% among
African children.

e Unlike anywhere else in the world, children aged 6—24 months in Africa are most
at risk of the worst forms of malaria.

e Every 30 seconds an African child dies of malaria.

There are five Plasmodium species known to be infective to humans, namely
Plasmodium falciparum,

e P.vivax,
e P.ovale,
e P.malariae
e P.knowlesi.

P. falciparum causes severe disease and is the most prevalent form in sub-Saharan
Africa (most sub-Saharan Africans are protected against P. vivax due to lacking a
protein in their red blood cells (the Duffy antigen)). P. falciparum differs from the other
species in that infected erythrocytes adhere to capillary epithelium, thus disappearing
from the circulation and evading destruction by the spleen.

P. vivax and P. ovale can cause recurrent malaria attacks due to the formation of a
dormant form existing as hypnozoites in the liver, which are periodically released into
the blood. Drugs to eliminate the hypnozoites from the liver are limited (primaquine).
A new drug called Tafenoquine has been developed by GSK and Medicines for
Malaria Venture (MMV) fro radical cure of vivax malaria. It can be given as a single
dose but can also cause haemolysis in G6DP deficient people and should therefore
not be used without testing for G6DP deficiency

P. malariae can cause long-term problems, including kidney failure, and P. knowlesi
is a newly emerging form which has caused severe disease in Asia (Papua New
Guinea and Thailand).

Life cycle

1. The infected Anopheles female mosquito injects sporozoites into the
bloodstream of an individual.

2. Sporozoites circulate for less than 30 minutes before being phagocytosed or
entering liver parenchymal cells.
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10.

11.

12.

13.

The blood and liver phase prior to re-entry into the circulation is called the pre-
erythrocytic phase, and it varies in length according to the species.

At the end of this phase, merozoites invade the red blood cells and begin the
erythrocytic phase.

Parasites rapidly multiply within the red blood cells, which finally burst, releasing
more merozoites into the bloodstream to invade further red blood cells.

Periodic bouts of fever are associated with the release of the merozoites.

After some time, sexual forms of the parasites (gametocytes) are formed which
are then ingested by a female mosquito to complete the cycle in humans.

In the mosquito stomach, the gametocytes merge and eventually form
sporozoites which migrate to the salivary glands, where they are injected into the
bloodstream by the mosquito as it takes a blood meal to support its own
reproductive effort.

In two species (P. vivax and P. ovale) some hepatic-stage parasites remain
within the liver cells with the formation of the dormant phase, called hypnozoites.
For various reasons (perhaps including waning immunity), at a later date the
dormant phases activate and reseed blood.

This leads to manifestations of malaria not from a new infection but from the
latent exoerythrocytic phase.

P. falciparum differs from the other species in that infected erythrocytes adhere
to capillary epithelium, thus disappearing from the circulation and evading
destruction by the spleen.

P. falciparum is the most likely species to cause life- threatening disease and is
a major cause of mortality in children.

Plasmodium falciparum

Clinical features

Typical symptoms include high-grade fever alternating with cold spells, rigors,
chills and sweating.

There are usually associated myalgias and arthralgias.

However, features in children under 5 years of age may be non-specific, with
fever, vomiting, diarrhoea and abdominal pain being the main symptoms.

In older immune individuals the only symptoms may be fever with headache and
joint pains.

All fevers in children from a malaria-endemic area are therefore due to malaria
until proven otherwise.

Diagnosis

Microscopy

Blood smear for malaria remains the gold standard: a thick film for diagnosis,
and a thin film to confirm the type of malarial parasite.

Typically, species-specific ring forms inside red blood cells are seen, but there
may also be gametocytes.

The level of parasitaemia is usually scored as 1 - 5+. If the malarial smear is 3+
or more, there is a high level parasitaemia. In areas where parasitic density is
measured the smear is reported as parasites/mm3.

Malaria microscopy in district hospitals can be of very poor quality. A quality
assurance programme should be in place that includes the following:
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A properly trained and regularly updated microscopist

Adequate time to look at slides, particularly for low- level parasitaemia
The correct stains and good-quality slides

A binocular microscope that is properly serviced and maintained

A system of internal and preferably external cross- checking of a
sample of slides, especially the low parasitaemias and negative slides.
o If possible, examination requires a reliable electricity supply or good
lighting near a window in the daytime. Many modern microscopes have
an inbuilt LED light.

O O O O O

Rapid diagnostic tests

Antigen-capture test kits use a rapid simple dipstick test from a finger-prick blood
sample to give a result in 10 - 20 minutes. RDTs should be used in circumstances
where microscope facilities and/or diagnostic expertise are limited.

There are two main forms of rapid test.

Histidine-rich protein 2 (HRP2) tests

1.
2.

3.

These only detect P. falciparum.

HRP2 tests have a sensitivity of 97 - 100% (i.e. there are very few false-negative
results).

These tests can lack specificity (which may be as low as 59% in some studies),
so there can be a high frequency of false-positive results, especially in a high
transmission zone where malaria infection is frequent (children can have as
many as six attacks a year).

HRP2 remains in the bloodstream for at least 2 weeks after all viable parasites
have been killed, and often for considerably longer (6 - 8 weeks), so patients
returning with fever within 4 weeks after treatment cannot be diagnosed using
an HRP2-based RDT.

However, a presumptive diagnosis that fever equals malaria has an even lower
specificity.

HRP2 tests are very heat stable but are sensitive to humidity.

They have a shelf-life of 2 years, and their use can be taught to healthcare
workers, even at village level, in a few hours.

They are especially suitable for use in sub-Saharan Africa, where other species
of malaria are rare.

Recently deletions on HRP2/3 have been found and may mean a higher level of
false positives
http://www.who.int/malaria/publications/atoz/informationnote-hrp2-based-rdt/en/

Parasite lactate dehydrogenase (pLDH) tests

1.

2.

3.

The parasite lactate dehydrogenase (pLDH) antigen is produced by all four
Plasmodium species.

The pLDH- based tests detect the antigen using a panel of monoclonal
antibodies.

They can have high sensitivity for P. falciparum and are more specific than
HRP2.

They return to negative in 3 - 14 days (the majority do so within 7 days).

Some pLDH tests are able to differentiate between P. falciparum and other
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Plasmodium species, and between viable and non-viable parasites, thereby
enabling their use for monitoring therapy and for detecting new infections within
2 weeks of successful treatment.

The tests currently on the market are available in two forms.

The first has a pan-pLDH antibody that can detect any species of malaria.

When positive, it produces a single test line.

The second produces two test lines, a pan-specific line and a line that detects P.

falciparum.

10. In theory, there are monoclonal antibodies that can individually detect all of the
different species, but these have not yet been validated.

11. pLDH tests are not as heat stable as HRP2 tests.

12. Although pLDH has a high sensitivity for P. falciparum, its sensitivity for P. vivax
appears to be less satisfactory if the patient has a low parasitaemia.

13. pLDH tests are more expensive than HRP2 tests and are not therefore
recommended in sub-Saharan Africa, where 97% of infections are due to P.
falciparum.

Many researches and companies are now developing diagnostic devices which are

able to give point of care differential diagnostics in real time an example of these

digital diagnostics are Imperial College’s Lacewing device in their Digital Diagnostics
for African research using a combination of microfluids and Al.

©CoNo

Advantages of RDTs over microscopy
The result is available within 15—-20 minutes and one person can set up a new test
every 1 or 2 minutes. In contrast, there are more steps involved in microscopy (i.e.
slide preparation, drying, staining, and drying stained slides), and a negative slide
requires 6 minutes of reading time (a microscopy report can be delayed up to an hour
from collecting the blood).

« Training takes 2 hours with minimally educated workers.

. Many more tests can be done in one clinic or outreach session.

A quality control/quality assurance system for RDTs should be in place at the level of
importation where the Compliance with last Malarial Treatment (CMT) is based, and
at project level after transportation, to ensure that tests remain in good condition (lot
testing).

Monitoring of the conditions to which the tests are subjected during transportation
may account for problems with their function at project level.

Field teams need to monitor the performance of healthcare staff regularly to ensure
that tests are performed properly.

Other diagnostic tests that should be available in malaria programmes
e Haemacue to determine haemoglobin levels.
e Tests to deliver safe transfusion:
o Two instant HIV tests, syphilis, hepatitis B and hepatitis C screen.
e Tests for G6PD deficiency if primaquine or Tafenoquine are to be used for radical
treatment to eliminate hypnozoites and/or gametocytes of P. falciparum.
e Polymerase chain reaction (PCR) tests.
o These can be used to detect very low levels of parasitaemia.
o  Work is progressing to develop a bedside PCR detection machine.
o PCRs are very important in elimination scenarios to detect very low
parasitaemias, and in drug efficacy studies.
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Case definitions of malaria

Suspected malaria:

A patient with a fever or history of fever in the last 48 hours who lives in or has come
from a malaria-endemic area.

Uncomplicated (simple malaria):
A patient with a fever or history of fever in the last 48 hours who has a positive
biological test and no symptoms of severe disease.

Complicated malaria:

A patient with the signs and symptoms of simple malaria who is unable to take oral
drugs.

Non-severe malaria may be associated with a variety of other symptoms, including
cough, vomiting, diarrhoea, abdominal pain, myalgia, headache, sweating and rigors.
Severe malaria:

A patient with one or more of the following signs or symptoms, with biologically
confirmed P. falciparum infection (and occasionally P. vivax) and parasitaemia:
Prostration (inability to sit, or to drink or breastfeed)

Impaired consciousness (cerebral malaria)

Respiratory distress

Multiple convulsions

Circulatory collapse

Severe anaemia (haemoglobin concentration < 5 grams/ dL or haematocrit of <
15%) may be the presenting symptom, especially in children and pregnant
women, and can rapidly lead to death.

Other conditions that may be associated with severe malaria

1. Hyperparasitaemia may be associated with severe malaria but is not
pathognomonic of severe disease in itself. It has been associated with a higher
risk of mortality and needs to be rigorously treated, preferably in the first instance
with parenteral medications. If there are no other signs of severity, the patient
may not need hospital admission.

2. Hypoglycaemia often causes unconsciousness or death if not detected and
treated rigorously. It is especially dangerous in children, malnourished patients
and pregnant women, and is exacerbated by quinine treatment.

3. Pulmonary oedema is a grave and often fatal complication of malaria. It can
occur spontaneously (particularly during pregnancy), but it is often a result of
fluid overload during treatment.

4. Metabolic (lactic) acidosis: see section on severe malaria below.

5. Abnormal bleeding is associated with thrombocytopaenia, and leads to bleeding
of gums and epistaxis, and sometimes more severe internal bleeding.

6. Jaundice is more common in adults than in children. Mild jaundice only reflects
haemolysis, whereas very high bilirubin levels suggest hepatic dysfunction.

7. Haemoglobinuria is common, but its more extreme form, blackwater fever, is
rare. It is associated with quinine therapy.

8. Oliguria/anuria can be a sign of renal dysfunction, but make sure that the patient
is adequately rehydrated before commencing therapy for renal failure. Fluid
balance charts should be instituted and monitored closely for all patients with
severe malaria.
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Uncomplicated/simple malaria
There is a fever and a positive blood smear. There is no evidence of altered
consciousness, hypoglycaemia, severe anaemia, jaundice or respiratory difficulties.

Management

1.
2.

3.

10.

Management of children who have always lived in an endemic area

There is no need to admit the child to hospital (unless they are under 4 months
of age or less than 5 kg in weight, or pregnant).

A diagnostic test should be done before treatment (microscopy if available and
quality assured, or an RDT).

a. This will confirm malaria and also ensure that patients who do not have
malaria receive appropriate treatment.

b. Note that malaria is frequently accompanied by other serious infections,
such as pneumonia.

c. Signs of bacterial or viral infections should be looked for and treated
appropriately even if the malaria diagnostic test is positive.

Give first-line antimalarial treatment (Artemisinin-based Combination Therapy:
ACTs) as recommended in local national guidelines.

Ensure that tablets or syrup are swallowed and not vomited.

Give the first dose under direct observation and advise the carer on how to
administer the drug to young children by dissolving tablets in breast milk or syrup
and giving this slowly with a syringe.

If the child vomits within the first 30 minutes, repeat the full dose.

a. If they vomit after 1 hour give a half dose.

b. Advise the carer to return if further doses are vomited.

c. Remember to advise the carer to give the dose with food if
artemether/lumefantrine is used, to improve absorption of the lipophilic
lumefantrine.

Encourage oral fluid intake and continued feeding with light nutritious foods plus
catch-up meals when the child recovers.

Measures to lower the body temperature may be necessary (tepid sponging and
paracetamol).

Test for iron deficiency, and if the patient is pale and anaemic (based on palmar
and conjunctival examination and/or haemoglobin test), give haematinics
(ironand folic acid, but if sulfadoxine-pyrimethamine has been used for malaria
treatment, do not give folic acid for 2 weeks).

Management of children visiting or returning from an endemic area for the first
time

1.
2.
3.

4.

Hospital admission for management of P. falciparum is always advisable.
Treat with an ACT
The WHO recommends the use of fixed-dose combinations (FDCs) if available,
or pre-packaged drugs if FDCs are not available.
The WHO discourages the use of monotherapies, to reduce the risk of resistance
developing.
a. In particular, the use of artesunate monotherapy, which is commonly
available on the private market, is strongly discouraged.
ACTs recommended by the WHO:
a. Artesunate + amodiaquine (AS/AQ FDC).
b. Artesunate + mefloquine (AS+MQ or AS/MQ FDC).
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c. Artesunate + sulphadoxine/pyrimethamine (AS + SP).
d. Artemether + lumefantrine (AM/LM FDC).
e. DHA/piperaquine (Duo-Cotecxin, Eurartesim) FDC.
f.  Artesunate-pyranoridine.
Non-ACTS

. Malarone (atovaguone/proguanil) FDC: this is very expensive and usually only
used where there is artemisinin resistance, or for prophylaxis in western
travellers.

. Quinine tablets in IV, IM and rectal forms: for true treatment failures.

«  Chloroquine: only for non-P. falciparum malaria.

. Primaquine and its derivatives (tafenoquine): for radical treatment of P. vivax
(and P. falciparum in elimination areas).

Paediatric formulations

e AS/AQ infant dose is dispersible, and suitable for children who weigh 4.5 - 8 kg.

e Paediatric Coartem® (AM/LM) is dispersible and available as cherry-flavoured
tablets for children who weigh 5 - 25 kg.

¢ Artequin (Mepha) FDC AS/MQ is available as mango-flavoured pellets/granules
that can be swallowed directly without water. It is not WHO prequalified.

e AS/MG FDC produced in Brazil for Drugs for Neglected Diseases (DNDi).

Drugs frequently available but not WHO prequalified
e ASMQ Artequin (also in paediatric granules).

e Artemisinin/piperaquine (Artequick).

e Artemisinin and naphthoquine.

Drugs in development

e Artemisone (partner drug not yet decided).

e  Synthetic AS called OZ (Sanofi Aventis).

e  Semi-synthetic artemisinin (One World Health).

Advice for carers
Discuss preventive efforts with carers (e.g. bed net at night, ideally impregnated
with insecticide).
Give LLIN if possible.
Tell the mother to return after 2 days if fever persists, and earlier if the child
deteriorates.
If the child is repeatedly vomiting and the area is remote and admission to
hospital difficult, give rectal artesunate until the vomiting settles.
Then give a full 3-day course of ACT.

Recent advice from WHO has recommended that low dose primaquine (0.25 mg
per kg) as a gametocytocidal be included with an ACT to contribute reducing the
risk of transmission In order to support this dosage for children a new formulation of
7.5 mg tablets has become available. This low dose is safe but has not been tested
in girls who are pregnant who are not able to have high doses of primaquine for
radical cure.

Management of severe malaria
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1. Severe malaria is a complex multi-system disease that constitutes a medical
emergency.

2. Mortality approaches 100% without treatment, and death often occurs within the
first few hours. Prompt initiation of antimalarial treatment in peripheral healthcare
facilities and comprehensive management in hospital are necessary to prevent
deaths.

3. Neurological sequelae of cerebral malaria affect about 10% of African children
who survive cerebral malaria. These sequelae are severe and permanent in up
to 19 000 children annually and include spastic paresis and epilepsy.

4. Care should be provided within 15 minutes of arrival at a healthcare facility.
Triage systems should be in place in health centres and hospitals to pick up
severely ill patients, referral should be rapid, and emergency facilities must be
instituted in hospitals, with a high standard of medical and nursing care available
24 hours a day.

5. Any seriously ill or unconscious patient in a malaria- endemic area must be
tested for malaria by RDT (remember that parasites may not be present in the
peripheral blood of a patient with cerebral malaria). Malaria should be assumed
in any child with severe anaemia, convulsions, hyperpyrexia and/or
hypoglycaemia either in hospital or in a peripheral healthcare facility.

6. Even if a diagnostic test is not available, the patient should be given an
antimalarial drug (IV, IM or rectally, depending on the skill of the staff in the
facility) before transfer to the hospital. This can be repeated if transfer is
impossible or is delayed for more than 12 hours. A note of what has been given
should be sent with the patient as soon as transfer can be arranged.

7. If any doubt exists, it is safer to treat than not to treat before transfer.

Immediate measures (in hospital)

1. Vital signs:
a. Temperature
b. Pulse

c. Blood pressure
d. Respiratory rate and depth.
2. State of hydration.
3. Estimate or ideally measure body weight.
a. Estimate of weight by age in well-nourished children:
4. For aninfant up to 1 year of age:
a. Birth weight doubles by 5 months and triples by 1 year.
5. For children over 1 year
a. Use the following formula: weight (kg) = 2 (age in years + 4).

6. Be careful in HIV-endemic areas where body weights are often very different
from those derived by this formula.

a. Weigh the child if at all possible.

7. Level of consciousness (AVPU or Glasgow or Adelaide coma scales) (see
Section 66).

a. The depth of coma may be assessed rapidly in children using the coma
scale for children or by observing the response to standard vocal or
painful stimuli (rub your knuckles on the child’s sternum; if there is no
response, apply firm pressure on the thumbnail bed with a horizontal
pencil).
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10.

11.

RDT and malaria smear (thick and thin film) for diagnosis and for continued
monitoring of the progress of the disease.
a. Do not wait for a malaria smear result before initiating treatment, as it
can take up to an hour.
b. If the RDT is positive, commence treatment immediately.
Perform lumbar puncture if the patient is unconscious to eliminate meningitis if
there are no contraindications.
a. Contraindications include:
i. Papilloedema or suspicion of raised intracranial pressure
(irregular breathing and pupillary responses, posturing),
ii. Bleeding problems
iii. Respiratory difficulty such that flexing the back would
compromise respiration.
iv. In such a situation, give IV antibiotics to treat meningitis as
well as malaria.
Measurement of glucose (finger prick), haemoglobin and haematocrit (packed
cell volume, PCV).
Group and crossmatch blood and search for a suitable donor.

Parenteral IV or IM treatment

In Africa and many other regions, sodium artesunate or quinine are the drugs of
choice for severe malaria.

In South-East Asia and the Amazon Basin, quinine is no longer always effective
and should be accompanied by doxycycline in adults or clindamycin in children.
Large trials in mainly Asian Adults (SEAQUMAT study) and in African Children
(AQUAMAT study) have proved that parenteral artesunate reduces mortality by
over 30% and should be used in preference to quinine.

Initially give treatment intravenously, if possible; otherwise use the IM route.
Change to oral therapy as soon as possible.

Especially in the malaria-endemic areas of Africa, the following initial antimalarial
medicines are recommended.

Artesunate has been shown to reduce mortality compared with quinine, but it is
important to use whichever drug is available locally.

Artesunate IV or IM

Artemether IM (its absorption may be erratic in children in shock).

Quinine (IV infusion or divided IM injection)

First-line antimalarial drugs

1.
2.

Sodium artesunate IV or IM

Children under 20 Kgs should be given 3 mg /kg as results from the recent
clinical trials have shown that small children have higher levels of body fluids
and drug concentrations were not met adequately in these children. For
children and adults over 20 Kgs give 2.4 mg/kg IV (by slow injection) or IM on
admission (time 0), followed by 2.4 mg/kg IV or IM at 12 hours and again at 24
hours, and then once daily for a minimum of 3 doses until the child can take
oral treatment when a full course of an ACT should be given

or Second Line

1.
2.

Artemether IM
Give 3.2 mg/kg IM as loading dose, then 1.6 mg/kg IM once daily (every 24
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hours) for a minimum of three doses until oral treatment can be taken. Use a 1
mL tuberculin syringe to give the small injection volume (note: absorption may
be erratic and therefore only use if quinine and artesunate are not available) and
if shocked do not use this drug as absorption is too unreliable.

Intravenous IV quinine (quinine dihydrochloride)

e This is the second choice, to be used if sodium artesunate is not available.

e  Give 20 mg/kg quinine dihydrochloride (maximum 1.4 grams) in 5% glucose at
a concentration of 1 mg of quinine to 1 mL of 5% glucose over 2—4 hours (never
more rapidly than over 2 hours).

e If possible, use an in-line infusion chamber (100-150 mL) to ensure that the
loading dose does not go in too quickly. Alternatively, ensure that the IV giving
bag contains only the amount needed for each dose.

e There is a major risk of cardiac side effects if it is infused too quickly.
Subsequently give 10 mg/kg in 10 mL/kg fluid (5% glucose) IV every 12 hours
for 24 hours, or longer if the child remains unconscious. These latter doses must
be given over at least 2 hours.

e Never give quinine as an IV bolus. The infusion rate must not exceed a total of
5 mg quinine salt/kg/hour.

e If safe control over the rate of infusion of IV quinine is not possible (e.g. there are
insufficient or only untrained nursing staff available), give a loading dose
intramuscularly (with initial doses of 10 mg/kg quinine salt IM at 0 and 4 hours
and then 12-hourly).

e For IM injections, dilute the quinine solution to allow better absorption and less
pain.

e As soon as the child is able to take medication orally, switch to quinine tablets
10 mg/kg every 8 hours for a total of 7 days, or the locally available first-line ACT
treatment for malaria.

Side effects:
e Common:
o  Cinchonism (tinnitus, hearing loss, nausea and vomiting, uneasiness,
restlessness, dizziness, blurring of vision).
¢ Uncommon:
o Hypoglycaemia, although this is a common complication of severe
malaria.
o Serious cardiovascular problems (QT prolongation on the ECG) and
neurological toxicity are rare.
o If overdosed by mistake with quinine tablets, give activated charcoal
orally or by nasogastric tube as a suspension in water (1 gram/kg).

Chloroquine IV

e This drug should never be used to treat severe falciparum malaria but only cases
of non-resistant vivax or ovale malaria.

e Give 5 mg base/kg every 6 hours for a total of 25 mg base/kg (five doses) as an
infusion in 5% glucose (give over 2 to 4 hours).

Antimalarial treatment after IV or IM regimes have ended
e Following parenteral administration, usually for a minimum of 24 hours or until

198



Section 31. Malaria Dr. Prudence Hamade

the child can take oral drugs, the treatment of severe malaria must be completed
by giving a full course of one of the artemisinin-based combination therapies
(ACT) described below.
In some parts of the world, oral quinine combined with clindamycin to complete
7 days of treatment is used
The following ACTs are recommended:

o Artemether plus lumefantrine
Artesunate plus amodiaquine
Artesunate plus sulfadoxine-pyrimethamine
Dihydroartemisinin plus piperaquine
Artemether plus clindamycin
Artesunate plus mefloquine.

o Artesunate-pyranoridine
The choice of ACT in a particular country or region will be based on the level of
resistance of the partner medicine in the combination.
In areas of multi-drug resistance (e.g. East Asia), artesunate plus mefloquine, or
artemether plus lumefantrine, or dihydroartemisinin plus piperaquine are
recommended.
In areas without multi-drug resistance (mainly Africa), any of the ACTs, including
those containing amodiaquine, may still be effective. Every country has a
national malaria policy in which the first-line therapy is described and should be
used.
If possible, avoid using mefloquine if the patient has presented with an impaired
conscious level.

O O O O O

Treatment for HIV-infected patients with P. falciparum malaria

Patients with HIV infection who develop malaria should receive prompt effective
antimalarial treatment regimens as recommended above.

Treatment with ACT involving sulfadoxinepyrimethamine should not be given to
HIV-infected patients who are receiving co-trimoxazole (trimethoprim plus
sulfamethoxazole) prophylaxis.

Treatment of HIV-infected patients who are on zidovudine or efavirenz should, if
possible, avoid amodiaquine- containing ACT regimens.

Treatment of P. falciparum malaria in malnourished patients

Although there are many reasons why antimalarial pharmacokinetics may differ
between malnourished patients and those who are well nourished, there is
insufficient evidence to change current mg/kg body weight dosing
recommendations.

Always check local guidelines on drug sensitivities.

With all antimalarial drugs, change to an oral therapy when the child can tolerate
it.

Additional treatment where needed

1.

Insert a nasogastric tube to minimise the risk of aspiration pneumonia if the
patient’s level of consciousness is low.
a. This can also be used to give food to prevent hypoglycaemia if the child
is unconscious for a long period and is unable to eat.
b. Alternatively, sucrose (sugar) can be placed under the tongue.
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2.
3.

10.

11.

12.
13.

Insert an IV cannula and restore the circulating volume.
Fluids should be given with caution and the need for them assessed on an
individual basis after ascertaining the nutritional status and degree of
dehydration present.
In general, children with metabolic acidosis who have not previously received
parenteral fluids are dehydrated and should be managed accordingly.
Give oxygen if SpO2 is < 94% (to keep SpO2 in the range 94-100%) or if there
is respiratory distress and no pulse oximeter available.
Treat severe anaemia with a safe blood transfusion if the child is showing signs
of decompensation.
Give anticonvulsants (diazepam is preferred) if the patient is convulsing (see
below) to prevent long-term neurological damage (see Section 69).

a. Convulsions associated with cerebral malaria should be distinguished

from febrile convulsions common in children under 4 years of age.

b. The child usually recovers rapidly, within a few minutes, from a febrile
convulsion.
Convulsions in malaria are common before or after the onset of coma.
They are significantly associated with morbidity and sequelae.
They may present in a very subtle way.
Important signs include intermittent nystagmus, salivation, minor
twitching of a single digit or a corner of the mouth, and an irregular
breathing pattern.
Prophylactic anticonvulsants have been recommended in the past, but recent
evidence suggests that phenobarbital may be harmful in this situation.
Paracetamol, 15 mg/kg of body weight 4-hourly, may also be given orally or
rectally as an antipyretic.
Use tepid sponging and fanning to try to keep the rectal temperature below 39°C.
Relatives are usually happy to do this when instructed.
High-dose IV or IM antibiotics should be given routinely to an unconscious or
shocked patient.
Avoid using harmful ancillary drugs.
The patient will need intensive nursing care at least until they regain
consciousness. They may urgently need glucose or a blood transfusion if
hypoglycaemia or haemolysis is severe.

=0 a0

Management of associated causes of mortality in severe malaria

Some children with P. falciparum malaria go on to develop altered
consciousness, severe anaemia, acidosis, or any combination of these.

Where transmission of P. falciparum is endemic, malaria is the commonest
cause of coma in children, especially in those aged 1-5 years.

Cerebral malaria (coma, confusion and convulsions)

Coma develops rapidly, often within 1 or 2 days of onset of fever, and sometimes
within hours.

Convulsions are usual and may be repeated.

Clinical features suggest a metabolic encephalopathy, with raised intracranial
pressure.

Opisthotonos, decorticate or decerebrate posturing, hypotonia and conjugate
eye movements are common. Oculovestibular reflexes and pupillary responses
are usually intact.
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Papilloedema is found in a small minority of cases.

A unique retinopathy with patchy retinal whitening and pallor of vessels is found.
In fatal cases, brain swelling is commonly present at autopsy, but cerebral
herniation is not usually found even in patients who have undergone lumbar
puncture.

Hypoglycaemia, acidosis, hyperpyrexia and convulsions (sometimes
undetectable without EEG) are common accompaniments of cerebral malaria
and require appropriate management (see below).

No physical signs are diagnostic of coma due to malaria, and incidental
parasitaemia is common in endemic areas, so other causes of coma, especially
hypoglycaemia and meningitis, must always be carefully sought, and if
necessary, treated on the basis of presumptive diagnosis.

Even with optimal treatment, the case fatality rate is 15 - 30%, and about 10% of
survivors have residual neurological sequelae (hemiparesis, spasticity,
cerebellar ataxia) that may partially or completely resolve over time.

Investigations

Blood glucose levels (e.g. by blood glucose stick test).
Lumbar puncture if meningitis is suspected; Contraindications include:
o Papilloedema or suspicion of raised intracranial pressure (irregular
breathing and abnormal pupillary responses, posturing),
o Respiratory difficulty such that flexing the back would compromise

respiration.
o In such a situation, give IV antibiotics to treat meningitis as well as
malaria.
Management

Coma

1.

2.

7.
8.

Ensure that the airway is open at all times and that the patient is breathing
adequately.

Give oxygen by face mask with a reservoir or nasal cannulae (to keep SpO2 in
the range 94 - 98% if a pulse oximeter is available).

If the child stops breathing, give assisted ventilation with a bag-mask of suitable
size (500 mL or 1600 mL).

Ensure that a bag-mask is available at all times.

Nurse the patient in the recovery position to avoid aspiration of secretions or
vomit.

Exclude other treatable causes of coma (e.g. hypoglycaemia, bacterial
meningitis).

Treat convulsions (see Section 66 on coma and Section 70 on convulsions).
Treat hypoglycaemia.

Convulsions
Convulsions are common before and after the onset of coma.

1.

2.

3.

Ensure that the airway is open and give oxygen by face mask with a reservoir or
nasal cannulae.

If the child stops breathing, give assisted ventilation with a bag-mask of suitable
size (500 mL or 1600 mL).

Examine all children with convulsions for hyperpyrexia and hypoglycaemia.
Treat hypoglycaemia with IV or oral glucose if identified on blood testing, but also
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10.

11.

treat as for hypoglycaemia if blood glucose levels cannot be measured and the
child is drowsy, unconscious or fitting (see below).

Give anticonvulsant treatment with rectal diazepam or paraldehyde or IM
paraldehyde.

If the patient has a fever of 239°C (2102.2°F), give paracetamol rectally (if
available).

Treat seizures lasting for more than 5 minutes with drugs.

Ensure that a bag-mask is available at all times in case of apnoea following the
use of diazepam.

a. Apnoea is usually short-lived and improves quickly with ventilation via
bag and mask.

Note that seizure activity needs to be looked for carefully, as it may appear as
just a twitching of the thumb or mouth.
Give IV diazepam:

a. Children: 300 microgram/kg of body weight as an IV infusion over 2
minutes or 400-500 microgram/kg of body weight intra-rectally. This
dose can be repeated after 10-15 minutes if still fitting.

b. Pregnant girls: 10 mg rectally or by slow IV injection. This dose can be
repeated after 10—15 minutes if still fitting.

c. Do not exceed 10 mg per dose.

Alternatively, paraldehyde 0.1 mL/kg of body weight may be given by deep IM
injection or 0.8 mL/kg of body weight (maximum 20 mL) intra-rectally using a
sterile glass syringe (a disposable plastic syringe may be used provided that the
injection is given immediately after the paraldehyde is drawn up, and the syringe
is never reused).

Hypoglycaemia

Hypoglycaemia is common and is due to poor intake, increased metabolic needs of
the patient and parasites and impaired hepatic gluconeogenesis. It is easily
overlooked

because clinical signs may mimic those of cerebral malaria.

1.

Check for hypoglycaemia in all patients who are unconscious, in shock or
deteriorating. Also, regularly (every hour in the first instance) check pregnant
girls, children under 5 years, and the malnourished, and all patients receiving
quinine.

Hypoglycaemia is defined as blood glucose levels < 2.5 mmol/litre (< 45 mg/dl).
Prevent hypoglycaemia with a maintenance quantity of 5% glucose in 0.9%
Ringer-lactate or Hartmann'’s solution (50 mL of 50% glucose in a 500-mL bag).
If the child develops hypoglycaemia despite this, give maintenance as 10%
glucose in 0.9% Ringer-lactate or Hartmann’s solution (100 mL of 50% glucose
in a 500-mL bag).

Do not exceed maintenance fluid requirements for the child’s weight (see Section
7).

a. Ifthe child develops signs of fluid overload, stop the infusion; repeat the
10% glucose boluses (5 mL/kg) if there is hypoglycaemia identified by
making regular checks of blood glucose levels.

If IV access is not possible and the child is hypoglycaemic, place an intraosseous
needle (see Section 92).

Treat hypoglycaemia or suspected hypoglycaemia with an IV glucose infusion or
bolus:
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10.

11.

12.

13.

14.
15.

a. Children: 1 mL/kg of 50% dextrose, diluted with four times the volume
of infusion fluid (usually Ringer-lactate or Hartmann'’s solution) infused
over 5 minutes or 5 mL/ kg of 10% glucose as a bolus.

b. Pregnant girls: 50 mL of 50% dextrose diluted with an equal volume of
infusion fluid (usually Ringer-lactate or Hartmann’s solution) over 15
minutes (irritating to veins).

Re-test 15 minutes after completion of the infusion and repeat the infusion if
blood glucose remains low.

Repeat until blood glucose recovers, then infuse with 5 - 10% glucose in Ringer-
lactate or Hartmann’s solution (according to hypoglycaemia risk) to prevent
recurrence.

Ensure regular feeding when oral intake can be sustained. Fluids used to treat
hypoglycaemia must be included in daily fluid requirements.

If blood glucose levels cannot be measured and hypoglycaemia is a possibility,
always give IV glucose as described above.

If the child is still unable to swallow after 48 hours, start nasogastric feeds.

a. If agag reflex is present and the child is able to swallow, feed them as
soon as this is possible.

b. For young children breastfeed every 3 hours if possible, or give milk
feeds of 15 mL/kg 3-hourly if the child can swallow.

c. Ifthey are not able to feed without risk of aspiration, give milk, especially
breast milk, by nasogastric tube or sugar sublingually (see Section 93).

d. Continue to monitor the blood glucose levels and treat accordingly (as
described above) if these are found to be < 2.5 mmol/litre or <45 mg/dL.

Hypoglycaemia is a major cause of death in severe malaria patients, especially
in young children and pregnant girls.

Remember that quinine will potentiate hypoglycaemia.

Young children should receive regular feeding, including by nasogastric tube, if
they are unable to take oral foods.

Severe anaemia

This is indicated by severe palmar pallor, often with a fast pulse rate, difficult
breathing, confusion or restlessness.
Signs of heart failure such as gallop rhythm, enlarged liver and, rarely, pulmonary
oedema (fast breathing, fine basal crackles on auscultation) may be present (see
above).
Severe haemolytic anaemia is defined as < 5 grams of haemoglobin/dL or
haematocrit < 15%.
Severe anaemia may be the presenting feature in malaria.
Patients with severe anaemia, especially pregnant girls, should be tested for
malaria.
Give a safe blood transfusion as soon as possible to:
o All children or pregnant girls with a haematocrit of <12% or Hb of <40
g/L
Less severely anaemic children (haematocrit > 12—15%; Hb 40-50 g/L) with any
of the following:
o Clinically detectable dehydration (as well as rehydrating orally if
possible)
o  Shock
o Impaired consciousness
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o Deep and laboured breathing
o Heart failure
o  Very high levels of parasitaemia (> 10% of red blood cells parasitised).

Transfusion

1.

2.

3.

Give packed cells (10-20 mL/kg body weight for children and 500 mL for
pregnant girls), if available, over three to four hours in preference to whole blood.
Allow red blood cells to settle at the bottom of the bag and stop the infusion when
the cells have been used.

If not available, give fresh whole blood (20 mL/kg body weight) over 3 - 4 hours.
A diuretic is not usually indicated (unless pulmonary oedema or fluid overload is
developing), because many of these children have a low blood volume
(hypovolaemia).

Check the respiratory rate and pulse rate every 15 minutes. If one of them rises,
transfuse more slowly.

If there is any evidence of fluid overload due to the blood transfusion, give IV
furosemide (1-2 mg/kg body weight) up to a maximum total of 20 mg for children,
and give 40 mg IV for pregnant girls.

After the transfusion, if the haemoglobin level remains low, repeat the
transfusion.

In severely malnourished children, fluid overload is a common and serious
complication. Give whole blood (10 mL/kg body weight rather than 20 mL/kg)
once, and only repeat the transfusion if there are no signs of overload.

Perform microscopy following transfusion and repeat or extend antimalarial
treatment if parasitaemia is increasing.

Respiratory distress due to acidosis

This presents with deep laboured breathing while the chest is clear on
auscultation, sometimes accompanied by lower chest wall indrawing.

It is caused by systemic metabolic acidosis (frequently lactic acidosis) and may
develop in a fully conscious child, but more often in children with cerebral malaria
or severe anaemia.

Always exclude other causes, such as pneumonia or pulmonary oedema.

Metabolic acidosis in severe malaria has been attributed to the combined effects of
several factors that reduce oxygen delivery to tissues:

Increased production of lactic acid by parasites (through direct stimulation by
cytokines).

Decreased clearance by the liver.

Marked reductions in the deformability of uninfected red blood cells may
compromise blood flow through tissues.

Dehydration and hypovolaemia can exacerbate micro- vascular obstruction by
reducing perfusion pressure.

Destruction of red blood cells and anaemia further compromise oxygen delivery.

Mean venous blood lactate concentrations have been found to be almost twice as
high in fatal cases as in survivors, and to correlate with levels of tumour necrosis
factor and interleukin 1-alpha. The lactate concentrations fell rapidly in survivors but
fell only slightly, or rose, in fatal cases. Sustained hyperlactataemia has been found
to be the best overall prognostic indicator of outcome.
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Treatment

1.

2.

3.

6.
7.

Give oxygen to all patients (even if they are not hypoxaemic), and if a pulse
oximeter is available keep SpOz2in the range 94 - 98%.

Correct reversible causes of acidosis, especially dehydration and severe
anaemia.

If Hb is 250 g/L, give 10 mL/kg of 0.9% Ringer-lactate or Hartmann'’s solution IV
as a bolus and then reassess.

If haemoglobin level is < 5 grams/dL, give whole blood (10 mL/kg) over 30
minutes, and a further 10 mL/kg over 1 - 2 hours without diuretics.

Check the respiratory rate and pulse rate every 15 minutes. If either of these
shows any rise, transfuse more slowly to avoid precipitating pulmonary oedema
(see Section 54 Handbook 2).

Monitor ECG for cardiac arrhythmias if possible.

The use of sodium bicarbonate is controversial.

Respiratory distress due to pulmonary oedema
This is different to that due to acidosis, and there is usually more:

e Chest recession

Hypoxaemia (cyanosis, SpO2 < 94%)
Basal lung crepitations

Enlarging liver

Gallop rhythm

Raised jugular venous pressure.

It may be due to fluid overload, often in the presence of severe anaemia.
The most effective treatment is to:

1.

2.

Tilt the bed of the patient head up so that the venous blood flow to the heart is
reduced.
If the bed cannot be tilted:
a. Sit the patient up
b. Give furosemide 1 mg/kg for children and 40 mg IV for pregnant girls
c. Proceed with a careful transfusion of packed blood cells
d. Repeat furosemide as needed.

Respiratory distress due to pulmonary aspiration or pneumonia
Prevent aspiration pneumonia if possible, because it can be fatal.

1.

2.

Place the comatose patient in the recovery position and ensure that the airway
is open.

If it is safe to intubate and maintain this, do so in order to protect the airway if the
patient is unconscious (U on the APVU scale, or Glasgow Coma Scale score of
<9).

Give oxygen if the SpOz is < 94% or, if pulse oximetry is not available, if there is
cyanosis, severe lower chest wall indrawing or a respiratory rate of 270 breaths/
minute.

Keep Sp0O2 94-100%.

Give IM or IV antibiotics as described for pneumonia (see Section 38) and add
in metronidazole 7.5 mg/kg 8 hourly (maximum individual dose 500 mg) until the
patient can take these orally, for a total of 7 days.

This article: https://journal.chestnet.org/article/S0012-3692(12)60464-4/fulltext
describes malaria infected erythrocytes blocking the microcirculation in the lungs
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possibly causing lung injury / ARDS. Accessed 11t April 2021.

Shock

e  Most children with malaria have warm peripheries.

e  Shock is unusual in malaria (algid malaria).

e  Some patients may have a cold clammy skin.

e Some of them may be in shock (increased heart rate, cold extremities, weak
pulse, capillary refill time longer than 3 seconds, low blood pressure (late sign)).
These features are not usually due to malaria alone.

If shock is present, consider septicaemia, do a blood culture and start a broad-
spectrum antibiotic IV (penicillin and gentamicin or cefotaxime or ceftriaxone) in
addition to antimalarial drugs.

Management (see Section 45)

Includes fluid replacement as follows:

1. Children:

Proceed to give fluid thrapy with care. Fluids should be given with great caution

Ringers lactate and/or Hartmans solution should be used and careful input output

charts kept to monior fluid intake to prevent fluid overload. Give Ringer-lactate or

Hartmann’s solution 1V, 10 mL/kg as a rapid bolus.

Reassess, and if the patient is no better, or improving but still in shock, consider

further 10 mL/kg boluses.

2. Pregnant girls: Give Ringer-lactate or Hartmann’s solution 1V, 500 mL as a rapid
bolus, then reassess.
If there is no improvement in capillary refill or tachycardia, repeat the infusion
once or twice more, as required.

3. Since shock is unusual in malaria give broad-spectrum antibiotics to treat
possible septicaemia and any associated bacterial infections.

Acute renal failure

Acute renal failure (ARF) is defined as an abrupt decline in the renal regulation of
water, electrolytes and acid-base balance, and continues to be an important factor
contributing to the morbidity and mortality of malaria patients (see Section 47).
Oliguria or anuria is often associated with jaundice, anaemia and bleeding disorders.
Note that ARF is uncommon in children, and dehydration is a more common cause
of poor urine output.

e The basic principles of management are avoidance of life-threatening
complications, maintenance of fluid and electrolyte balance, and nutritional
support.

e Urinary catheterisation can be helpful if it can be safely undertaken, so that urine
output can be accurately measured. Alternatively, weigh nappies in young
children.

e Acute renal failure is suspected when the hourly urine output is less than 1 mL/kg
of body weight/hour). Blood levels of urea and creatinine are usually raised.

e  Make sure that the patient is adequately hydrated, but avoid overload, which will
precipitate pulmonary oedema if the kidneys cannot excrete excess water.

e If urine output continues to be low despite adequate hydration, peripheral
perfusion and normal blood pressure, give furosemide 1 mg/kg and repeat as
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required.

If renal failure is established, restrict fluid to insensible loss (30 mL/kg/day) plus
urine output and other fluid losses (e.g. vomit, diarrhoea).

Consider peritoneal dialysis (if available) or ideally haemodialysis.

Abnormal bleeding

1.
2.
3.

Transfuse with fresh blood.
Give vitamin K, 250-300 microgram/kg (maximum 10 mg) IV.
Avoid IM injections and non-steroidal anti-inflammatory drugs (NSAIDs).

Coexisting infections

Treat any associated pneumonia, dysentery, etc.

Summary of supportive care for the treatment of severe malaria in hospital

1.

2.

No o

10.
11.

12.

13.

If the patient is unconscious, maintain a clear airway. Nurse them in the recovery

position to avoid aspiration pneumonia and turn them 2-hourly.

Do not allow the child to lie in a wet bed and provide special care for pressure

points. Turn the patient every 2 hours.

Give oxygen for patients who are in respiratory distress or in shock.

In children with no dehydration, ensure that they receive their daily fluid

requirements, but take care not to exceed the recommended limits (see Sections

7 and 60). Be particularly careful when fluids are given IV.

Treat convulsions and hypoglycaemia.

If you cannot exclude meningitis, give an appropriate antibiotic intravenously.

If there is deep or laboured breathing suggestive of acidosis, give one bolus of

10 mL/kg IV fluid (normal Ringer-lactate or Hartmann’s) to correct hypovolaemia

and reassess. A second bolus may be required.

During rehydration, examine frequently for fluid overload (increased liver size is

probably the best sign, as well as gallop rhythm, fine crackles at the lung bases,

raised jugular venous pressure and eyelid oedema in infants).

In infants, if possible, always use an in-line infusion chamber for IV rehydration.
a. If this is not available and supervision is poor, empty the IV fluid bag

until only 200—-300 mL is remaining then if it all goes in quickly it will be
less harmful than if the whole bag is being infused.

If necessary, use a nasogastric tube to rehydrate the patient.

Avoid giving drugs like corticosteroids and other anti-inflammatory drugs, urea,

invert glucose, low-molecular dextran, heparin, adrenaline (epinephrine),

prostacyclin and cyclosporine, as they do not treat malaria and can be harmful.

Give safe blood transfusion where necessary, with careful monitoring to prevent

fluid overload. Packed cells should be used in children and pregnant girls where

possible. If overload is suspected, give a single dose of furosemide.

If the patient is unconscious and you cannot exclude meningitis or the child is in

shock, administer a broad-spectrum antibiotic to manage septicaemia,

pneumonia or meningitis, which are often associated with cerebral malaria.

Summary of monitoring

1.

2.
3.

Check the patient regularly, at least every 3 hours. A doctor (if available) should
see the patient at least twice a day.

The rate of IV infusion should be checked hourly.

Patients with cold extremities, hypoglycaemia on admission, respiratory distress
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1.

12.

13.

14.

and/or deep coma are at highest risk of death. It is particularly important that
these children are kept under very close observation.

Monitor and report immediately any change in the level of consciousness,
convulsions, or changes in the patient’s behaviour.

Monitor the temperature, pulse rate and respiratory rate (and if possible, the
blood pressure) every 6 hours for at least the first 48 hours.

Fluid balance charts: unconscious patients may be catheterised in order to
measure urine output and facilitate correct fluid balance, and to detect possible
renal failure.

Frequent measurement of blood glucose levels (every hour, especially when
receiving quinine and/or where the level of consciousness does not improve).

If the patient is conscious, regularly (4-hourly) determine blood glucose levels to
exclude hypoglycaemia if the patient is not eating well. This is especially
important in young children and pregnant women, and in those patients, who are
receiving quinine therapy.

Check haemoglobin levels and haematocrit daily.

. Check plasma urea and electrolytes where possible and take blood gas and

lactate measurements (if available).

Check the rate of IV infusion regularly. If available, use a giving chamber with a
volume of 100 - 150 mL. Be very careful about over-infusion of fluids from a
500mL or 1 litre bottle or bag, especially if the child is not super- vised all the
time. Partially empty the IV bottle or bag. If the risk of over-infusion cannot be
ruled out, rehydration using a nasogastric tube may be safer.

Keep a careful record of fluid intake (including IV) and urine output (should be at
least 1 mL/kg/hour).

Undertake a daily slide to determine the level of parasitaemia and to monitor
treatment efficacy.

Regular haemoglobin measurement. The frequency will depend on the rate of
red blood cell breakdown. This may be very rapid in cases of high parasite
density.

On discharge from hospital
When the child or pregnant girl is due to leave hospital, talk with the relatives and
carers to ensure that:

1.
2.
3.
4.

5.

The patient sleeps under a net (LLIN); if not, provide one

The patient completes any outstanding treatment

The carers and relatives recognise symptoms and where to get treatment for
simple malaria in future

The family knows to give extra meals to make up for the poor nutrition during the
illness

The family know when to bring the patient for further check-ups and arrange a
follow-up appointment.

Examine for any neurological sequelae and advise the family on how to manage
these and the possible prognosis. Arrange a physiotherapy session if necessary.
Good follow-up is important.

Management of non-severe anaemia

1.

If anaemia associated with malaria is not severe (defined as a haemoglobin level
of 6 - 9.3 grams/dL), treat as follows.
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2. Give iron once daily in combination with folic acid (one tablet contains ferrous
sulphate 200 mg, equivalent to 60 mg of elemental iron) plus 250
micrograms/kg/day of folic acid.

3. Give 3 - 6 mg/kg (maximum 200 mg) of elemental iron in 2 - 3 divided doses and
for folic acid give 250 microgram/kg once daily (usually one 5 mg tablet).

4. Stress the importance of keeping the tablets out of reach of young children. Iron
poisoning is very dangerous.

5. If the child is taking sulfadoxine-pyrimethamine for malaria, or co-trimoxazole for
HIV prophylaxis, do not give folic acid until 2 weeks later (it interferes with
antimalarial action).

TABLE 31.1 Dose of ferrous fumarate 140 mg/5 mL in children

Weight Dose
3-6kg 1mL
6-10 kg 1.25 mL
10-15 kg 2.0mL
15-20 kg 2.5mL
20-30 kg 4 mL

e An alternative for a young child is iron syrup (ferrous fumarate) 140 mg in 5 mL
and equivalent to 45 mg of iron. Give once daily (see Table 31.1).

e Plus, separate folic acid 250 micrograms/kg/day.

e Treat for 3 months where possible (1 month to correct anaemia and 1-3 months
to build iron stores).

Patients with HIV infection

e Patients with HIV infection who develop malaria should receive prompt effective
antimalarial treatment regimens as recommended above.

e  However, treatment with an ACT involving sulfadoxine-pyrimethamine should
not be given to HIV-infected patients receiving co-trimoxazole (trimethoprim plus
sulfamethoxazole) prophylaxis.

e Treatment in HIV-infected patients on zidovudine (AZT) or efavirenz should, if
possible, avoid amodiaquine-containing ACT regimens.

e Amodiaquine can cause anaemia in G6PD deficiency, and AZT may also cause
anaemia.

Infection with P. vivax, P. ovale and P. malariae

Of the four species of Plasmodium that affect humans, only P. vivax and P. ovale
form hypnozoites, parasite stages in the liver, which can result in multiple relapses of
infection weeks to months after the primary infection. Thus. a single infection causes
repeated bouts of illness. Ideally, the objective of treating malaria caused by P. vivax
and P. ovale is to cure (radical cure) both the blood stage and the liver stage
infections, and thereby prevent recrudescence and relapse, respectively. However,
primaquine which is used to produce a radical cure is contraindicated in children
under 4 years of age.

Diagnosis
1. Microscopy using a Giemsa-stained quality-assured thin film.
2. pLDH tests can detect all species of malaria.
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3. Combination tests are now available that combine HRP2 and pLDH to detect
both P. falciparum and non-P. falciparum malaria.

Treatment

1.

2.

3.

Both P. ovale and P. malariae are regarded as very sensitive to chloroquine,
although there is a single recent report of chloroquine resistance in P. malariae.
P. vivax is generally still sensitive to chloroquine, although resistance is prevalent
and increasing in some areas (notably Indonesia, Peru and Oceania).
Resistance to pyrimethamine has increased rapidly in some areas, and
sulfadoxine/pyrimethamine is consequently ineffective.

There are insufficient data on current susceptibility to proguanil and
chlorproguanil, although resistance to proguanil was selected rapidly when it was
first used in P. vivax-endemic areas.

In general, P. vivax is sensitive to all of the other anti-malarial drugs, and slightly
less sensitive to mefloquine (although mefloquine is still effective)

In contrast to P. falciparum, asexual stages of P. vivax are susceptible to
primaquine.

Thus, chloroquine plus primaquine can be considered as a combination
treatment.

The only drugs with significant activity against the hypnozoites are the 8-
aminoquinolines (bulaquine, primaquine and tafenoquine).

Treatment of uncomplicated P. vivax

1.

For chloroquine-sensitive P. vivax malaria (i.e. in most places where P. vivax is
prevalent), oral chloroquine at a total dose of 25 mg base/kg body weight for a
course of treatment is effective and well tolerated.

Lower total doses are not recommended, as these might encourage the
emergence of resistance.

Chloroquine is given in an initial dose of 10 mg base/kg body weight followed by
either 5 mg/kg body weight at 6 hours, 24 hours and 48 hours or, more
commonly, by 10 mg/kg body weight on the second day and 5 mg/kg body weight
on the third day.

Recent studies have also demonstrated the efficacy of the recommended ACTs
in the treatment of P. vivax malaria.

The exception to this is artesunate plus sulfadoxine-pyrimethamine.

For treatment of chloroquine-resistant P. vivax malaria, amodiaquine,
mefloquine and quinine are effective.

ACTs based on either amodiaquine, mefloquine or piperaquine, rather than
monotherapy, are the recommended treatment of choice.

For the complete (radical) removal of P. vivax infection, primaquine is required,
but is contraindicated in children under 4 years of age and in pregnant women
and girls.

Treatment of uncomplicated malaria caused by P. ovale and P. malaria
Treat with chloroquine as described for P. vivax above.

Prevention of malaria

1.
2.

Most important is the prevention of mosquito bites.
All children, all pregnant girls and all patients who have had a recent bout of
malaria should be provided with an insecticide-impregnated bed net.
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3. Drugs for prophylaxis depend on the region and sensitivity of the malarial
parasite.
4. This is important for:
a. Children with sickle-cell disease: chloroquine 5 mg/kg weekly
b. Children or adults who return to an endemic area after an absence of
over 1 year, even if they are originally from that region
c. Non-immune individuals: people from non-endemic areas.

Intermittent preventive treatment for malaria in infants (ITPi) and children (ITPc,
now called seasonal malaria chemoprevention, SMC)

IPTi

. Malaria cases can be reduced by 30% in infants during the first 12 months of life
using this safe, affordable and simple tool.

. It can be implemented via existing vaccination programmes run by the WHO.

.  Forinfants, a treatment dose of sulfadoxine/pyrimethamine (SP) should be given
three times at the time of each immunisation, beginning at 2 months (DTP2), 3
months (DTP3) and 9 months (measles and yellow fever).

. Each tablet of SP contains 500 mg sulfadoxine and 25 mg pyrimethamine, and
for infants the following sizes for each dose are: a quarter tablet for children
weighing less than 5 kg, and a half tablet for children weighing 5 - 10 kg.

SMC

e  For children living in areas where transmission is highly seasonal eg in Sahel
region of Africa where approximately 26 million children are eligible to receive
this intervention. Research is ongoing into the feasibility and efficacy of
introducing this intervention in Uganda and Mozambique where SP resistance
is quite high are proceeding

e  children aged 1 - 6 years, a single dose of one tablet of SP plus three doses of

one tablet/day for 3 days of amodiaquine (200 mg) is given once a month during

the malaria transmission season.

New dispersible formulations of SP and Amodiaquine are now available

Side effects are very rare.

Minor gastrointestinal side effects may occur.

For areas in which there is resistance to SP, piperaquine may be used instead

of SP.

ITPi and SMC are recommended in addition to treated bed nets in areas of moderate
to high levels of malaria transmission and low to moderate levels of parasite
resistance to SP.

Vaccines

Several vaccines are at different stages of research. Only one vaccine has been
approved by WHO

RTS,S is the first, and to date, the only vaccine that has demonstrated it can
significantly reduce malaria, and life-threatening severe malaria, in young African
children. Beginning in 2019, 3 sub-Saharan African countries — Ghana, Kenya and
Malawi — are leading the introduction of the vaccine in selected areas of moderate-
to-high malaria transmission as part of a large-scale pilot programme coordinated
by WHO.

211



Section 31. Malaria Dr. Prudence Hamade

Preventive treatment for malaria in pregnant girls and women (see Obstetric
Handbook Section )

Follow-up care for anaemia

If moderate or severe anaemia has been documented, give home treatment with
a daily dose of iron/folate tablet or iron syrup for 3 months where possible (it
takes 2 - 4 weeks to correct the anaemia and 1 - 3 months to build up iron stores).
However, if the child is taking sulfadoxine-pyrimethamine for malaria, do not give
iron tablets that contain folate until a follow-up visit in 2 weeks. The folate may
interfere with the action of this antimalarial drug.

If the child is over 1 year and has not had mebendazole/ albendazole in the
previous 6 months, give one dose of mebendazole (500 mg) for possible
hookworm or whipworm infestation (see Section 52 handbook 2). Advise the
mother about good feeding practices.

Omit iron in any child with severe malnutrition in the acute phase.

A study in Malawi showed that many children who were so anaemic as to require
a blood transfusion died within 6 months of discharge from hospital. Prophylactic
anti- malarial drugs (coArtem) at 1 month and 2 months post discharge
prevented many readmissions and deaths.

Follow-up care after malaria has been treated

Ask the mother to return if the fever returns or persists after 2 days of treatment,
or if the child’s condition gets worse in any way.

If this happens, reassess the child to exclude the possibility of other causes of
fever.

Check whether the child actually took the full course of treatment and repeat a
blood smear.

e If the treatment was not taken, repeat it.

e If it was taken but the blood smear is still positive (remember that an RDT can
remain positive for up to 6 weeks after the initial infection), and the child is not
seriously ill, re-treat with first-line drugs.

If the child returns within 2 weeks, give a full course of oral quinine.
e If the child is severely ill, refer them to a hospital for inpatient treatment.
References

World Health Organization (2015) Guidelines for the treatment of malaria — 3™ edition

https://apps.who.int/iris/handle/10665/162441 Accessed 24" April 2021

World Health Organization Management of severe malaria — A practical handbook.
Third edition April 2013
https://www.mmv.org/sites/default/files/uploads/docs/publications/Management Sev

ere_Malaria_3.pdf Accessed April 2 2021
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Helminthic infections

HELMINTHIC INFECTIONS

THE HELMINTHIC INFECTIONS BELOW RARELY HAVE A NEED FOR
EMERGENCY TREATMENT. THEY ARE DESCRIBED IN DETAIL IN HANDBOOK
2,

Dracunculiasis — Section 33 Handbook 2
Fascicoliasis — Section 34 Handbook 2
Filiariasis — Section 35 Handbook 2
Hydatid disease Section 37 Handbook 2
Onchocerciasis — Section 42 Handbook 2
Schistosomiasis Section 45 Handbook 2
Strongyloidiasis — Section 48 Handbook 2
Taeniasis/cysticercosis- Section 32 Handbook 2
Worms Section 52 Handbook 2
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Section 32 Acute upper airway obstruction due to structural abnormality:
includes choking and inhaled foreign body

Introduction

Obstruction or narrowing of the upper airway (oropharynx, larynx and trachea) is
potentially life-threatening. The main feature is stridor (a harshnoiseduringinspiration),
whichisduetonarrowingof the air passage in the oropharynx, sub-glottis or trachea.
If the obstruction is below the larynx, stridor may also occur during expiration. There
may also be hoarseness and a barking cough.

Like wheeze in asthma, the loudness of the stridor does not indicate the severity of
the obstruction. The severity of the obstruction is best assessed by the effort of
breathing (degree of sternal and subcostal recession), and the effect on the child
(inceased respiratory and heart rate) Agitation, drowsiness or central cyanosis
indicates severe hypoxaemia and hypercapnia and the need for urgent intervention.

The major causes of severe stridor are viral croup (caused by measles or other
viruses), foreign body, retropharyngeal abscess, diphtheria, and trauma to the larynx.

Differential diagnosis of upper airway obstruction
1. Collapse of airway due to muscle tone loss or build-up of secretions due to poor
cough reflex:
e Depressed conscious level from any cause.
e Drug or alcohol intoxication or overdose.
e  Bulbar palsy.
e  Myopathy.
2. Airway inflammation and oedema:
e Infective:
o  Upper respiratory tract infection in an infant.
o Viral croup.
o Bacterial tracheitis.
o Epiglottitis.
o Severe tonsillitis.
¢ Non-infective:
o Recurrent croup.
o Anaphylaxis.
3. Space-occupying lesion or structural abnormality:
e Intranasal, pharyngeal or in upper trachea:
o Adenoidal hypertrophy
o Foreign body: choking
o Retropharyngeal abscess
o  Tumour
o Extrinsic haematoma (e.g. post thyroidectomy)
e Congenital pharyngeal, laryngeal or tracheal abnormalities especially if
respiratory tract infection occurs:
o Choanal atresia
Laryngomalacia
Subglottic stenosis
Laryngeal web or haemangioma
Congenital tracheal stenosis
Tracheomalacia (e.g. vascular ring)

O O O O O
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Choking

Introduction

The vast majority of deaths from foreign body airway obstruction (FBAO) occur in
preschool children. Virtually anything may be inhaled, but foodstuffs predominate. The
diagnosis may not be clear-cut but should be suspected if the onset of respiratory
compromise is sudden and associated with coughing, gagging and stridor.

Airway obstruction also occurs with infections such as acute epiglottitis and croup. In
these cases, attempts to relieve the obstruction using the methods described below
are dangerous. Children with known or suspected infectious causes of obstruction,
and those who are still breathing and in whom the cause of obstruction is unclear,
should be taken to hospital urgently. The treatment of these children is dealt with in
Section 33

If a foreign body is easily visible and accessible in the mouth, remove it, but while
attempting this take great care not to push it further into the airway. Do not perform
blind finger sweeps of the mouth or upper airway, as these may further impact a foreign
body and damage tissues without removing the object.

The physical methods of clearing the airway, described below, should therefore only
be performed if:

1 the diagnosis of FBAO is clear-cut (withessed or strongly suspected) and
ineffective coughing and increasing dyspnoea, loss of consciousness or
apnoea have occurred.

2 head tilt/chin lift and jaw thrust manoeuvres have failed to open the airway of
an apnoeic child.

If the child is coughing, this should be encouraged. A spontaneous cough is more
effective in relieving an obstruction than any externally imposed manoeuvre. An
effective cough is recognised by the patient’s ability to speak or cry and to take a
breath between coughs. The child should be continually assessed and not left alone
at this stage. No intervention should be made unless the cough becomes ineffective
(i.e. quieter or silent), and the patient cannot cry, speak or take a breath, or becomes
cyanosed or starts to lose consciousness. Then call for help and start the intervention.

These manoeuvres are then alternated with each other, and with examination of the
mouth and attempted breaths as shown in Figure 32.1.
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Assess
ﬁ
Ineffective
Cough

Conscious

Unconscious

v

5 Back Blows

v
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Open Airway

v

5 Chest / Abdominal

5 Rescue Breaths

FIGURE 32.1 Algorithm for the management of choking.

Thrusts
Assess & CPR 15:2
Repeat Check for foreign body

Infants
Abdominal thrusts may cause intra-abdominal injury in infants. Therefore, a
combination of back blows and chest thrusts is recommended for the relief of foreign
body obstruction in this age group (see Figures 32.2 and 32.3).

Effective
Cough

Encourage
Coughing

Y

Support &
Assess
Continuously

The baby is placed along one of the rescuer’s arms in a head-down position, with the
rescuer’s hand supporting the infant’s jaw in such a way as to keep it open, in the
neutral position. The rescuer then rests his or her arm along the thigh and delivers
five back blows with the heel of the free hand.

If the obstruction is not relieved, the baby is turned over and laid along the rescuer’s
thigh, still in a head-down position. Five chest thrusts are given using the same
landmarks as for cardiac compression, but at a rate of one per second. If an infant is
too large to allow use of the single-arm technique described above, then the same
manoeuvres can be performed by lying the baby across the rescuer’s lap.
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FIGURE 32.2 Back blows in an infant. FIGURE 32.3 Chest thrusts in an infant.

Children

Back blows can be used as described for infants or, in the case of a larger child, with
the child supported in a forward-leaning position (see Figure 32.4). In children the
abdominal thrust (Heimlich manoeuvre) can also be used (see Figures 32.5 and
32.6). This can be performed with the patient either standing or lying down, but the
former is usually more appropriate.

If this manoeuvre is to be attempted with the child standing, the rescuer moves
behind the patient and passes his or her arms around the patient’s body. Owing to
the short height of children, it may be necessary for an adult to raise the child or kneel
behind them to carry out the standing manoeuvre effectively. One hand is formed
into a fist and placed against the child’s abdomen above the umbilicus and below the
xiphisternum. The other hand is placed over the fist, and both hands are thrust
sharply upwards into the abdomen. This procedure is repeated five times unless the
object that is causing the obstruction is expelled before then.

To perform the Heimlich manoeuvre in a supine child, the rescuer kneels at the child’s
feet. If the child is large, it may be necessary to kneel astride him or her. The heel of
one hand is placed against the child’s abdomen above the umbilicus and below the
xiphisternum. The other hand is placed on top of the first, and both hands are thrust
sharply upwards into the abdomen, with care being taken to direct the thrust in the
midline. This procedure is repeated five times unless the object that is causing the
obstruction is expelled before then.
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FIGURE 32.4 Back blows in a small child.

Following successful relief of the obstructed airway, the child should be assessed
clinically. There may still be some foreign material present in the respiratory tract. If
abdominal thrusts have been performed, the child should be assessed for possible
abdominal injuries.

Each time breaths are attempted, look in the mouth for the foreign body and remove
it if it is visible. Take care not to push the object further down and avoid damaging the
tissues. If the obstruction is relieved the patient may still require either continued
ventilations if they are not breathing, or chest compressions if there are no signs of a
circulation. Advanced life support may also be needed (See Section 13 Handbook 2).

FIGURE 32.6 Heimlich manoeuvre using a chair.

If the child is breathing effectively, place them in the recovery position and continue
to monitor them.

Unconscious infant or child with foreign body airway obstruction

- Call for help.

« Place the child in a supine position on a flat surface.

- Open the mouth and attempt to remove any visible object.

« Open the airway and attempt five rescue breaths, repositioning the airway with
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each breath if the chest does not rise.

Start chest compressions even if the rescue breaths were ineffective.

Continue the sequence for single-rescuer CPR for about 1 minute, then summon
help again if none is forthcoming.

Each time breaths are attempted, look in the mouth for the foreign body and
remove it if it is visible. Take care not to push the object further down and avoid
damaging the tissues.

If the obstruction is relieved, the patient may still require either continued
ventilations if they are not breathing but are moving or gagging, or both ventilations
and chest compressions if there are no signs of a circulation. Advanced life
support may also be needed.

If the child is breathing effectively, place them in the recovery position and
continue to reassess them.

Angioneurotic oedema due to anaphylaxis
See Section 36 on anaphylaxis.

Here, Stridor is caused by laryngeal oedema. There are usually areas of painless
swelling obvious in other areas of skin and mucous membranes. The eyes, lips and
tongue are particularly likely to be affected. Stridor is caused by laryngeal oedema.

Management
1.

2.

3.

6.

7.

Give 100% oxygen and call for help from anaesthetist and if available an ENT
surgeon

Give IM adrenaline 1:1000 (1month-5yrs: 0.15mL, 6-11 yrs: 0.3mL, >12 yrs
0.5mL)

Give Nebulised adrenaline (0.4mL/kg up to 5 mL of 1 in 1000) with 100% oxygen
Give IV or IM Hydrocortisone (1-5 months: 25mg tds; 6 months — 6 yrs: 50mg
tds; 6-11yrs 100mg tds; 12-17yrs 200mg tds)

Give IV Chlorphenamine (1-5 months 250 micrograms/kg IV (maximum dose 2.5
mg); 6 months - 5 yrs 2.5 mg; 6-11 yrs 5mg; 12-17yrs 10mg and repeat up to 4
times in 24 hours)

Give Ringer-lactate or Hartmann'’s solution or 0.9% saline 10—-20 mL/kg, if the
child is shocked (see Section 50).

Intubation or even tracheostomy may be required (contact the ENT team).

Airwayl/inhalational burns (see Section 86)

Such burns are caused by inhalation of hot gases or toxic vapours. They may be
associated with extensive skin burns. Be aware that airway obstruction may
develop even if it is not obvious on first assessment.

Management

Admit the child to a high-dependency unit (if available).

Give hydrocortisone, 4 mg/kg IV 6-hourly.

Give Ringer-lactate or Hartmann’s solution or 0.9% saline boluses (10—
20 mL/kg) for shock as required.

Intubation or tracheostomy may be necessary if indicated by assessment.

Retropharyngeal abscess (RPA)
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Most common in infants and young children, retropharyngeal abscess (RPA) is an
abscess located behind the posterior pharyngeal wall (the retropharyngeal space).

RPA is usually caused by a bacterial infection originating in the nasopharynx, tonsils,
sinuses, adenoids or middle ear, and can also result from a penetrating injury or a
foreign body. It may result from suppuration of retropharyngeal lymph nodes from
infected tonsil, adenoid, tooth or penetrating foreign body. The most common
causative organisms are beta-haemolytic streptococci, Staphylococcus aureus,
Haemophilus parainfluenzae and anaerobic organisms.

RPAisarelativelyuncommonillness,andthereforemay not receive prompt diagnosis in
children presenting with stiff neck (limited neck mobility or torticollis), some form of
palpable neck pain (which may be in ‘front of the neck’ or around the larynx), malaise,
difficulty swallowing, high fever, stridor, trismus, dribbling of saliva, croupy cough or
enlarged cervical lymph nodes. Early diagnosis is essential. Infection in the
retropharyngeal space can pass down behind the oesophagus into the
mediastinum, producing an extremely dangerous mediastinitis.

Investigations
e ACT scan (if available) is the definitive diagnostic test.
e A lateral X-ray of the neck will usually show swelling of the retropharyngeal
space, with the following:
o increased prevertebral soft tissue shadow
o air and fluid level in the pre-vertebral area
o concavity or straightening of the cervical vertebral column
o the air column is pushed forward.
e If the retropharyngeal space is more than half of the size of the C2 vertebra, it
may indicate retropharyngeal abscess.
e A chest X-ray will also be valuable to exclude pneumonia and to show the size
of the mediastinum.

Treatment

1. Early intravenous antibiotics should be given as soon as this diagnosis is
suspected. High-dose IV antibiotics, such as ampicillin + flucloxacillin +
metronidazole OR cefuroxime or ceftriaxone + metronidazole, OR clindamycin +
metronidazole, are required in order to control the infection, and can be used to
reduce the size of the abscess prior to surgery.

2. Surgery may be required urgently to relieve obstruction, but not all patients with
retropharyngeal abscesses require surgery — up to 50% can be managed
conservatively with high dose antibiotics.

3. Peroral surgical drainage of the abscess by incision under anaesthetic (or
without anaesthetic in an emergency) is often required. Surgery is best
undertaken using general anaesthesia undertaken by an experienced
anaesthetist protecting the lungs from aspiration of pus, as there is risk of rupture
of the abscess during intubation.

4. In patients who present with severe airway obstruction, tracheostomy may be
required before surgical drainage. An ENT specialist (if available) must be called
urgently.

5. Chronic retropharyngeal abscess is usually secondary to tuberculosis of the
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cervical spine or spread from an infected lymph node, and the patient needs to
be started on anti-TB treatment as soon as possible.

Mediastinal tumours (see Section 15 in Handbook 2).
These often present with the slow onset of stridor in a child with other symptoms and
signs (e.g, pallor, lethargy) may be precipitated or aggravated by mediastinal
radiotherapy used for treatment of malignant causes.

Management
« X-ray the chest and mediastinal inlet.
- Intubation may be required as a temporary measure.
« Treat the primary cause.

Inhaled foreign body. Introduction

Suspect the diagnosis if there has been a sudden onset of cough and stridor in
a well child. Ask the parents and child whether there has been any access to
peanuts or other food, toys or other small objects that could have been putin the
mouth.

If the foreign body is causing symptoms of stridor, coughing and respiratory
distress, emergency management of chokingisrequired(seeearlier in this section
and Section 12 Handbook 2 on Basic Life Support)

A laryngeal foreign body may present very acutely with cyanosis or loss of
consciousness. Therefore, urgent direct laryngoscopy may be necessary with
Magills forceps to retrieve the foreign body. Always call for a nurse anaesthetist
and ideally an ENT surgeon for laryngoscopy (if one is available). In the absence
of an ENT surgeon, tracheostomy or cricothyrotomy may be necessary (see
Section 90 for cricothyrotomy procedure).

If the object is too small to cause life-threatening choking (see earlier in this section)
it may enter the lowerrespiratory tractand cause subacute respiratory symptoms after
an initial coughing bout.

In addition to causing acute upper airway obstruction, any small object (e.g. a seed,
a peanut or an eraser from the top of a pencil) that gets through the larynx can
progress through the trachea and large bronchi, and can lodge in the lower airway.

History of a foreign body inhaled into the lower airway (trachea or bronchi)
There may be a history from the parent or child of an episode of coughing or
choking, followed by difficulty in breathing.

Examination where foreign body is inhaled into the lower airway

Onexaminationofthe child’schest,looktosee whether there is less chest expansion on
one side when breathingin.

Feel the trachea. It may be pushed away from the midline by air trapping on the side
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affected by the foreign body.

Investigation for inhaled foreign body in a bronchus
Air-trapping may also be seen on a chest X-ray (if available) (see Figure 32.7), ideally
an expiratory and inspiratory film.

An inhaled foreign body in a young child can go down the rightorleftside. Inolder
childrenand adults, aforeignbody on the right side is more common. There may be
a harsh wheezing noise heard on the side of the chest where the foreign body has
lodged. Air may be trapped in the lungs beyond the point where the foreign body has
lodged, or this part of the lung may become infected.

FIGURE 32.7 Chest X-ray of a child with a foreign body occluding the right middle
and right lower lobe bronchi. The right upper lobe of the lung shows air trapping due
to a ‘ball-valve’ effect. The foreign body is not visible because it is not radio opaque.

Treatment for inhaled foreign body in a bronchus.

Give the child antibiotics. Ampicilin OR Amoxycilin  25mg/kg 8 hourly OR
Chloramphenicol, 25 mg/kg every 8 hours represent a good first choice, but add
flucloxacillin or cloxacillin 25 to 50 mg/kg six hourly if there is a suspicion of/orproven
infectionwith Staphylococcus aureus.

Ifthereis evidence of severe pneumonia use the antibiotic combination in Section 38
for severe pneumonia.

Removal of a foreign body is a specialised procedure that must be carried out using a
bronchoscope. Treat the infection until the child can be transferred to a hospital where
this procedure can be performed. If the foreign body is not removed there will be
subsequent bronchiectasis and recurrent chest infections (see Section 39).

Obstructive Sleep Apnoea OSA
Introduction
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The incidence of obstructive sleep apnoea depends on the method of diagnosis and
affects between 1-3% of pre-schoolchildren.Itis associated with both enlargement
of the tonsils/adenoids and reduced tone or diameter in the upper airway.

Groups at risk are children with any of the following:
Pierre-Robin sequence

craniofacial syndromes

Down’s syndrome

cerebral palsy

neuromuscular disease

sickle-cell disease

Prader—Willi syndrome

. Obesity

Presenting features

- Snoring: this occurs in more than 10% of healthy 4- to 5-year-olds, and in most
cases is benign.

- Sleep disturbance and restlessness.

- Apnoeic episodes followed by inspiratory gasps.

- Sleeping with the head extended.

« Subcostal and sternal recession during sleep.

« Mouth breathing and halitosis.

- Daytime hyperactivity, poor concentration and irritability (young children).

« Daytime sleepiness (older children).

« Pulmonary hypertension.

« Heart failure.
These features may be associated with developmental delay, impaired cognitive
function and behavioral disorders. The problem is difficult to diagnose — the child may
appear completely normal when awake, and the problem is most or only
apparent during rapid eye movement (REM) sleep.

PN WON

Investigations and Diagnosis:

History and questionnaires — imprecise, as both substantially over- and under-
diagnose

Video recordings — useful but may not quantify severity

Oximetry — helpful if positive, but may miss many cases where there is a lack of
desaturations; functions well to identify severest cases needing critical care after
surgical intervention

Cardiorespiratory polygraphy — good diagnostic tool and can be used at home; does
not score arousals and so may miss cases in those without respiratory events
Polysomnography — detects desaturation and arousals, but as with all diagnostic
tools, findings are not well-related to outcome measures. Requires more expensive
set-up with technicians in hospital setting.

A sleep observation or study is most useful. This can be done either by direct
observation of the child during sleep with the chest and face exposed, or by video
recording (by mobile phone) at home during sleep by the parents, looking for the
following:

chest wall recession
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snoring

sleep position

nocturnal restlessness.

It is also useful to monitor oxygen saturation (SpO2) during sleep.

Also consider the following investigations:

. barium swallow: to assess bulbar function and exclude tracheal compression

. upper airway endoscopy: to assess the structure and dynamics of the upper
airway

. lateral X-ray of the post-nasal space: to assess the size ofthe adenoids.

Adverse effects of OSA arise from recurrent hypoxaemia or arousals or both:
sleep disruption

problems with learning, attention and concentration

memory problems

emotional problems

developmental delay

poor weight gain

pulmonary hypertension

Treatment

1. Time: the airway enlarges with growth.

2. Obstruction is worse with infections and may need a rescue course of steroids
(for example prednisolone 0.5 mg/kg once daily for up to 7-10 days).

Topical steroids/decongestants.

Tonsillo-adenoidectomy.

Nasal CPAP.

Nasopharyngeal tube (in infants).

Tracheostomy.

No ok w

Nasal CPAP (see Section 91)
This is an effective non-invasive treatment, but it is associated with the following
potential problems:

e compliance

e skin sores

e nose bleeds

e conjunctivitis

e swallowing of air.
Reference

British Lung Foundation. OSA in Children. A leaflet for the parents of children
with obstructive sleep apnoea. https://www.blf.org.uk/support-for-you/osa-in-
children (accessed 04/03/2021)
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Section 33 Acute upper airway obstruction due to infections

Croup

Croup is a condition characterised by inspiratory stridor, hoarse voice, barking cough
and a variable degree of respiratory distress. This definition embraces several distinct
disorders.

Acute viral laryngotracheobronchitis (viral croup).

This is the commonest form of croup (representing over 95% of cases). Peak
incidence is in the second year of life, ranging between between 6 months and 5
years of age. The stridor is usually preceded by fever (< 38.5°C) with coryza, and
symptoms tend to be worse at night. If narrowing is minor, the stridor will be present
only when the child hyperventilates or is upset. As the narrowing progresses, the
stridor becomes both inspiratory and expiratory, and is present even when the child
is at rest. Children under 3 years in particular may develop features of increasing
obstruction and hypoxaemia with marked sternal and subcostal recession,
tachycardia and agitation. If the infection extends distally to the bronchi, wheeze may
also be audible.

Recurrent or spasmodic croup

Some children have repeated episodes of croup without preceding fever and coryza.
The symptoms have a sudden onset at night, and often persist for only a few hours.
The condition is associated with atopic disease (e.g. asthma, eczema, hay fever).
The episodes can be severe but are more commonly self-limiting.

Bacterial tracheitis

This dangerous condition is one of the important complications of measles but may
occur without this infection. Infection of the tracheal mucosa with Streptococcus
pneumoniae, Staphylococcus aureus or Haemophilus influenzae B results in copious
purulent secretions and mucosal necrosis. The child appears toxic with a high fever,
with marked signs of respiratory obstruction. In the UK, children often require
intubation and ventilatory support to maintain an adequate airway. The croupy cough
and the absence of drooling help to distinguish this condition from epiglottitis. Clinical
and radiological signs of segmental collapse and consolidation related to bronchial
occlusion are usual. The cough is often persistent and ineffective in clearing the
secretions. The illness has a prolonged course, and the restoration of normal mucosa
usually takes several weeks. The condition is much less common than the two
preceding ones.

Severity of Croup

If narrowing is minor, the stridor will be present only when the child hyperventilates
or is upset. As the narrowing progresses, the stridor becomes present at rest and
even both inspiratory and expiratory. Children under 3 years in particular may develop
features of increasing obstruction with marked sternal and subcostal recession,
tachycardia and agitation. Hypoxaemia (cyanosis) is a late and serious sign requiring
immediate action to prevent a respiratory arrest.
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TABLE 33.1 Severity of croup
Sign Mild Moderate Severe

Hoarse voice,

Upper airway |barking cough, mild
noise stridor intermittently

on inspiration only

As before, with stridor
at rest and also some
on expiration

Stridor usually decreases
as exhaustion occurs

Further increase in

- Major increase in effort
Mild increase, some| effort, nasal flare, .

Effort of . gives way to exhaustion
. intercostal tracheal tug, .
breathing ; and poor but gasping
recession accessory muscle
effort
usage

Not distressed by | Distressed by effort.

Efficacy of |effort. No cyanosis, | Cyanosis not usually Cyanosis visible if

haemoglobin is in normal

breathing SpO2 may be visible but SpOz is range, SpO:2 is very low
normal low
Anxious and Conscious level severely
Conscious Alert, usually still distressed. reduced, causing
level playing Not playing, little respirations to slow,

interaction, drowsy |reflex gasps and apnoea

Severe tachycardia
progresses to
bradycardia and hypoxic
cardiac arrest

Mild increase in

heart rate Rapid heart rate

Cardiovascularn

Emergency treatment of croup

1. Keep the child and parent calm.

These children (and their parents) are often very frightened. Keep the child on their
parent’s lap and explain the condition and the treatment. Do not alarm them further
by putting instruments in the child’s throat, by giving painful injections or by trying to
place an IV cannula. Crying decreases air flow past the obstruction and increases
their oxygen demand. ltmayeven cause total airway obstruction. Keep the child on
their parent’s lap and explain the condition and the treatment. Tell the mother to alert
the nurses or doctors if the child breathes more quickly or has marked sternal
recession. These are danger signs for hypoxaemia.

2. Oxygen

Many children who are admitted to hospital have hypoxaemia. Humidified oxygen
should be given through nasal cannulae or a face mask held just in front of the child’s
face bythe parent. Do not use nasopharyngeal catheters to give oxygen, as these
can precipitate dangerous paroxysms of coughing and total airway
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obstruction.

Milder cases of croup should not routinely be given oxygen, as this can frighten

the child.

3. Analgesia Croup can be a painful condition. Even if the child does not have a
high temperature, prescribe regular paracetamol, but do not force the child to
take this.

4. Fluids. Encourage the child to drink clear fluids but do not insert a nasogastric
tube

5. Steroids. There is good evidence that steroids help. This should be given orally,
as it works just as well. Give Dexamethasone (0.15 mg/kg) or Prednisolone (0.5-
1mg/kg) once orally. It begins to work within 30 minutes. If the child vomits,
repeat it. If a child is unable to take it orally, dexamethasone can be given
intramuscularly (0.6mg/kg). Budesonide is expensive and has no clinical benefit
over oral steroids so should not be used routinely. Children should be given
one successful dose of a steroid at presentation. A further dose can be given
after 12 hours.

6. Adrenaline. Nebulised adrenaline (0.4mL/kg of 1 in 1000 adrenaline (max 5mL),
preferably with oxygen) will bring rapid and effective relief for severe croup. The
relief lasts only for about 1 hour, but it can be repeated (although the effect
diminishes). This treatment gives the steroids time to start working. Arrange for
the child to be seen quickly by an anaesthetist. Monitor the oxygen saturation
with a pulse oximeter.

7. Intubation. A few children need intubation. This should be done by a Rapid
Sequence Induction with a general anaesthetic. Often a smaller than anticipated
tracheal tube is needed. If there is doubt about the diagnosis, or difficulty in
intubation is anticipated, an ENT surgeon capable of performing a tracheostomy
should be present. Continue regular steroids (12 hourly) to support earlier
extubation.

8. Antibiotics. Most croup does not require antibiotics. Severely ill or toxic children
and those with measles croup or bacterial tracheitis should receive an antibiotic
effective against Streptococcus pneumoniae, Haemophilus influenzae and
Staphylococcus aureus. If available, first line treatment should be cefuroxime
150 mg/kg/day in four doses IV or ceftriaxone 80 mg/ kg IV or IM once daily. An
alternative is chloramphenicol 25 mg/kg IV 6-hourly.

Acute epiglottitis

This is a severe infection caused by Haemophilus influenzae. Peak incidence is at 2—
3 years of age. It is less common than croup, but important, as the diagnosis and
prompt treatment must occur rapidly because rapid progression of stridor in the ill
toxic child may be fatal within hours if not promptly treated.

Coughis not a prominent feature, and the stridor has a soft quality, often with an
expiratory component. The child tends to drooland assume an upright posture.
Unlike croup, epiglottitisis always severe and progression is rapid. It is always a medical
emergency. Fortunately, since the introduction of Haemophilus influenzae type B
(HiB)vaccine the disease has become muchless common in those countries where the
vaccineis used.
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Table 33.2 Helpful and dangerous aspects of management

DO NOT DO:
Examine the throat Reassure the child and th.elr parents, and calm
the child
Lie the child down Attach a pulse oximeter

Give oxygen if SpO2 is < 94% using a face mask
X-ray the neck held close to but not on the child’s face by the
parent with the child sitting on their lap

Perform invasive procedures Call an anaesthetist and an ENT surgeon

Arrange examination under anaesthesia

Arrange for high-dependency care to be available

Management

Intubation is likely to be required. Call for an experienced anaesthetist. Elective
intubation under general anaesthetic with inhalational induction is the treatment
of choice. Often a much smaller diameter than the usual endotracheal tube for the
child’s age will be needed because the airway is so swolleninternally. The endotracheal
tube still needs to be the right length for the child’s age. The diagnosis is confirmed
by laryngoscopy under general anaesthetic just prior to intubation (‘cherry-red
epiglottis’). Sometimes pressing on the chest during laryngoscopy will elicit an air
bubble on the epiglottis indicating where the airway is to intubate. An ENT surgeon
must be present, if possible, in case a tracheostomy is needed

While the child is anaesthetised, blood cultures, throat swab and IV line should be
performed.

Recommended antibiotic therapy is ceftriaxone 80 mg/kg once daily IV or IM
for 5 days. |If ceftriaxone is not available, cefotaxime 50mg/Kg IV 6 hourly or
chloramphenicol 50mg/kg IV immediately, then 25mg/kg IV 6-hourly or IM should
also be effective.

Following intubation, the child will be able to breathe humidified air spontaneously,
ideally with nasal continuous positive airway pressure (CPAP) (see Section 91).
Sedation (discuss with anaesthetist) will usually be required in order to prevent self-
extubation, and then the use of sedation my mean that the child will require assisted
ventilation. Most children will be ready for extubation after 48 hours.

Since the airway is so critically vulnerable, very close (continuous) 1 to 1 intensive
nursing care is needed to ensure that the endotracheal tube does not fall out or is
pulled out by the patient.

An alternative used in some countries is to fix the child’'s arms in fixed extension

using a bandage to stop them pulling out the endotracheal tube but the stress
to the child caused by this may have a deleterious effect on recovery. If possible,

229



Section 33. Acute upper airway obstruction due to infections. Dr. Martin Samuels,
Dr. Alistair Morris, Dr. Diane Watson and Prof David Southall

have a relative sit with the child to reassure them.

TABLE 33.3 Contrasting features of croup and epiglottitis

Feature Croup Epiglottitis
Onset Over days Over hours
Preceding coryza Yes No
Cough Severe, barking Absent or slight
Able to drink Yes No
Drooling saliva No Yes
Appearance Unwell Toxic, very ill
Fever 38.5°C 38.5
Stridor Harsh, rasping Soft
Voice muffled Hoarse Reluctant to speak
Need for intubation 1% 80%

Glandular fever/infectious mononucleosis

This is caused by the Epstein—Barr virus and may be similar in presentation to
diphtheria.

Diagnosis
There are atypical lymphocytes on blood testing and Paul-Bunnell tests (usually but
not always positive).

Management

1. If Group A streptococcal tonsillitis is suspected give oral or parenteral penicillin.
2. If glandular fever is suspected, do not give ampicillin, amoxicillin or Augmentin
for throat infections (there is a risk of severe skin reaction). Antibiotics are
unhelpful in glandular fever. Treatment is symptomatic.

Give IV maintenance fluids if swallowing problems are causing dehydration.
Give IV hydrocortisone 4 mg/kg 6-hourly if signs of airway obstruction occur.
Intubation/tracheostomy is rarely indicated.

ok w
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Section 34. Bronchiolitis

Introduction

Wheezing is a whistling noise heard during expiration that has multiple notes due to
variety of sizes of airways affected (polyphonic). The child who has cough or difficulty

breathing and wheezing will fit into one of the following categories:
- bronchiolitis (mainly less than 1 year old)

- asthma or recurrent viral induced wheeze (over 1 year old)
- pneumonia with wheezing (any age).

In wheezing in children over 1 year of age and in asthma, a bronchodilator provides
important symptomatic relief. An aerosol and large-volume spacer (which may be

improvised) is the best way of administering a bronchodilator (see below).

Bronchiolitis

Bronchiolitis is a lower respiratory viral infection, typically most severe in young
infants, occursin annual epidemics, and is characterised by airways obstruction and
wheezing. Respiratory syncytial virus is the most important cause. Secondary
bacterial infection may occur and is common in some settings. Episodes of
wheeze may occur for months after an attack of bronchiolitis butwill eventually stop.
Some babies who have had bronchiolitis go on to have asthma, but both
bronchiolitis and asthma are common conditions, and a causal relationship has
not been established.

Clinical features of bronchiolitis

- Infantsarecoryzal (runny nose), haveatroublesomecoughandmay feed poorly
or even be unable to suck and feed. There maybe vomiting.

- Thenose s often obstructed by secretions.

- Symptoms peak on days 3-5 with an overall 10 day illness.

« On examining the chest, there may be hyperinflation, chest wall indrawing,
nasal flaring, grunting, wheeze and fine crackles at the lung bases.

« Young infants, especially those born prematurely and those under 3 months
of age, may present with apnoeic/hypoxaemic episodes which may be
recurrent and life-threatening.

- There may be hypoxaemia, with SpO, less than 94%, with or without cyanosis.

- Some infants will have such severe respiratory distress that there is gasping;
this is pre-terminal.

Treatment

First assess ABC.

Only supportive treatments (e.g. oxygen, gentle suction of the nose, and oral,
orogastric or IV fluids) are of benefit. Antibiotics and bronchodilators have no role.
However, in the most severe cases and unless you are certain that pneumonia
is not present, it is safer to give antibiotics. There is no evidence that
bronchodilators especially in young infants (6 to 9 months of age) are helpful. The
following treatments are additionally unhelpful: steroids, hypertonic saline and
inhaled adrenaline.

1.

Give oxygen by nasal cannulae to keep SpO2 in the range 94-98%. Check that
the nasal cannulae are in the correct place and check frequently that they are
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not blocked by secretions. Consider using humidity and prone position.

2. Nasal clearance. Do not use routinely however gentle nasal suction should be
used to clear secretions in patients in whom nasal blockage is thought to be
causing respiratory distress. This may be aided by 0.9% saline nasal drops or
spray.

3. Ensure that daily maintenance fluids are achieved by giving small frequent feeds.
If this is not possible by mouth, use nasogastric feeding. This should be
considered in any patient who is unable to maintain oral intake or hydration (use
the mother’s expressed breast milk if possible and if tolerated).

4. If the patient is vomiting despite nasogastric feeding, or severe respiratory
distress is present, give fluids IV.

5. If there are signs of pneumonia give antibiotics (see Section 38).

6. If fever (39°C/102.2°F or more) is causing distress, give paracetamol. High fever
is unusual in bronchiolitis and should make you suspect bacterial infection
(pneumonia).

7. Do not use any of the following to routinely treat bronchiolitis in children:

hypertonic saline

adrenaline (nebulised)

salbutamol

montelukast

ipratropium bromide

systemic or inhaled corticosteroids

a combination of systemic corticosteroids and nebulised adrenaline.

However in the most severe cases and unless you are certain that pneumonia

is not present, it is safer to give antibiotics and a trial of a bronchodilator (stop

the bronchodilator if it is not helping).

~oaopow®

(e}

Early application of non-invasive respiratory support is most helpful if there is
respiratory failure to help to overcome small airway obstruction and prevent alveolar
collapse (nasal CPAP may be valuable (see Section 91). CNEP (section 14 in
Handbook 2) may be more effective because of the nasal blockage that accompanies
bronchiolitis.

Mask CPAP has been proven to improve gas exchange.

Recently, high-flow humidified air/oxygen (Optiflow, Vapotherm or MyAirvo) is also
used to provide respiratory support (It is as effective as CPAP in preventing
escalation to ICU and easier to deliver for nurses, but requires expensive specialist
equipment.)

Mask BiPAP — especially if prolonged apnoea is part of the infection (especially in
preterm infants).

Intubation and ventilation if resources allow in those with the most severe respiratory
failure.

Failure to improve

If apneic/hypoxaemic episodes develop (this is most likely in premature infants),
give bag-valve-mask resuscitation, then nasal CPAP or CNEP. Sometimes
intubation and ventilation may be needed in a high-dependency ward (if
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available); if so, contact a nurse anaesthetist urgently.

If the condition worsens suddenly, consider pneumothorax, although this is
uncommon. This is more common on children on respiratory support.
Tension pneumothorax associated with major respiratory distress and shift of the

heart requires immediate relief by needle thoracocentesis (i.e. placing a needle to
allow the air that is under pressure to escape) (see Section 91). If needle
thoracocentesis is helpful, insert a chest tube with an underwater seal until the air
leak closes spontaneously and the lung expands (see Section 91). The signs of
pneumothorax in severe bronchiolitis may be difficult to detect clinically. However,
needle thoracocentesis in the absence of a pneumothorax may cause one, so if
you are unsure, take a chest X-ray. Even on a chest X-ray, the diagnosis may be
very difficult due to the areas of hyperlucency in bronchiolitis caused by air
trapping.

Infection control
Bronchiolitis is infectious and easily transmitted to other infants and young children
in hospital. Babies in the neonatal unit are particularly at risk. The following
strategies may reduce the risk of cross-infection (see Section 1 and Section 6
Neonatal Handbook):

1. hand washing between patients

2. the wearing of gloves and aprons plus surgical facemasks and

goggles/visors
3. ideally isolate the affected patient, but close observations are needed
4. restrict visiting by anyone with symptoms of upper respiratory tract infection.
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Section 35. Asthma and Episodic Viral Wheeze
Introduction

Asthma is a condition characterised by episodic or recurrent symptoms of cough,
prolonged expiration with wheeze, chest tightness and shortness of breath
without fever (although some episodes are precipitated by an upper respiratory tract
infection which may have an accompanying fever). It is due to variable and reversible
airway obstruction arising from multiple triggers and associated with chronic airway
inflammation. Asthma has become more prevalent over the last 20 years, along with
the other atopic conditions such as allergic rhinitis and eczema. Thisisparticularlyso
inwell-resourced countries, where it is reported to occur in up to 10-15% of children.

Episodic Viral Wheeze is more common in young children (under 5 years of age)
who have ‘asthma-like’ symptoms (cough, wheeze and shortness of breath)in
response to respiratory infections, but with no demonstrable problem between
infections and no other triggers. This tendency often stops in the early school years.
In these children, treatment of episodic symptoms with acute asthma therapies
(‘relievers’)may still provide reliefof symptoms, but ‘preventers’ (i.e. inhaled steroids) will not
usuallybeofbenefitunless the child has continuous symptoms or is likely to be atopic
(e.g. identified by a personal or family history of asthma, eczema or allergic rhinitis). In
the youngest children (less than 2 years old) with severe episodes or symptoms
continuing between infections (interval symptoms), it is necessary to consider other
diagnoses, such as bronchiectasis, obliterative bronchiolitis, tuberculosis, foreign
body and cysticfibrosis.

Diagnosis of asthma between episodes
The diagnosis is clinical, and is based on a history of the following:
e recurrent cough (mostly dry, becoming productive with flare ups), wheeze,
shortness of breath or chest tightness
e symptoms worse at night, and on exertion

o symptoms worsened by respiratory infections, pollen, house dust mite, inhaled
irritants (e.g. cigarette smoke), cold air, animal fur, excitement or upset
e apersonal or close family history of eczema, rhinitis or asthma.

Examination may identify any of the following:

no abnormalities

slow growth

over-inflation of the chest, Harrison’s sulci
wheeze, particularly on forced expiration
rhinitis or eczema.

SR

Investigations

Investigationsarenotusuallyneeded, butmayhelptosupport the diagnosis or exclude

other conditions:

1 Chest X-ray. This is normal or shows over-inflation (flat diaphragms and
hyperlucency, particularly when severe or acute), or increased perihilar linear
markings.

2 Peak flow (in children aged 7—-8 years or over). This may show the following:
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- morethan 15% variabilityfrommorningtonight(keep a peak flow diary)

- afall after 5-10 minutes of hard exercise

- arise after a dose of inhaled bronchodilators (e.g. salbutamol)

- spirometry willshow FEV1//FVC oflessthan 85% and concavity in the flow-

volume loop, which is at least partially reversed by a dose of inhaled
bronchodilators.

Skin prick tests, or IgE RASTSs, do not aid the diagnosis, and infrequently help in the
management.

Symptoms that resolve with bronchodilators with or without steroids support the
diagnosis but bear in mind that conditions other than asthma may also show
reversibility.

Ongoing management

« Avoid allergic/irritant factors (e.g. smoke, cold air, chemical fumes, house
dustmites, animalfur). Discourage cigarette smoking and acquiring new pets
(especially cats) at home.

« Do not prevent the child from exercising, but pre-dose them 5-10 minutes
beforehand with a dose of inhaled beta-2 agonist bronchodilators (e.g.
salbutamol).

Use of ‘reliever’ medication

« Occasional symptoms (e.g. on 2 to 4 days per week) may be managed with the
use of a bronchodilator (a ‘reliever’) alone, and do not usually need a ‘preventer’
(seebelow).

- Use inhaled drugs where possible, except in acute severe or life-threatening
attacks, when the IV route may be used.

FIGURE 35.1 ‘Spacer’ made from a large plastic bottle in use with an inhaler.

- Use an aerosol spray (metered-dose inhaler) with a spacer (first choice):

— A commercial medium- to large-volume spacer (e.g. Volumatic,
AeroChamber), or a large (2-litre) plastic bottle with the aerosol sealed
into one end, and the open end held closely over the nose and mouth (see
Figure 35.1).

— Use 200-1000 micrograms of salbutamol (2-10 sprays); the higher
doses (6-10 sprays) may be needed in younger children, or if the patient
is acutely breathless (and repeated).

— Each spray or puff should be inhaled individually in turn with 4 to 5 breaths,
rather than filling the spacer device with multiple sprays.
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— For children under 5 years of age, attach a face mask (e.g. inverted adult
mask) to the mouthpiece of a spacer.
Clean the spacer with soapy water and leave it to dry naturally to reduce static
electrical charges on the inside. Alternatively, use a nebuliser to deliver
salbutamol (this is less portable).

Children with asthma should always have immediate access to their usual
reliever inhaler device. Children over 7-8 years of age may keep their device
with them.

Use of ‘preventer’ medication

More frequent symptoms, regular nocturnal symptoms or daily use of a
bronchodilator should be treated with regular medication aimed at controlling
airway inflammation (a ‘preventer’), such as inhaled steroids. Use inhaled
(preferably through a spacer) beclomethasone propionate, fluticasone or
budesonide, 100—400 micrograms twice daily.

« Rinsethe mouth (iffeasible) after each dose of inhaled steroid.

« Aim for rapid control of symptoms, and then tail down the dose over a period of
months.

- Gaining control may be helped by a short course (7—10 days) of oral
steroid (e.g. prednisolone 500 micrograms/kg once daily after food or milk;
maximum daily dose 40mg).

« Continue with bronchodilator use for symptom relief (but avoid regular use).

Younger children with episodic viral wheeze tend not to benefit from preventer
steroids. They may benefit from a leukotriene antagonist (see below) as a
preventer if they have repeated attendances at hospital.

For frequent or severe symptoms, consider:

- Wwhetherthe diagnosisis correct

- aggravating factors (e.g. rhinitis, stress, gastro-oesophageal reflux)

- whether the medication is being taken, and whether it is being taken correctly

« increasing the inhaled steroid dose (for example beclomethasone to 400-800
micrograms twice daily, fluticasone to 250 micrograms) OR adding a
leukotriene antagonists (e.g. montelukast), which are useful in preschool
children, or a long-acting bronchodilator (e.g. salmeterol) OR oral
methylxanthines (e.g. theophylline 5 mg/kg three to fourtimesaday)

« as a last resort, use of alternate-day oral prednisolone (start at 500
micrograms/kg on alternate days and reducerapidlyto 100 micrograms/kgon
alternatedays, to the nearest 1 mg or 5mg tablets). Stop as soon as possible
to prevent serious side effects. Ideally, prednisolone should be taken for a 1
-2 weeks maximum only.

Children on inhaled or oral steroids should have regular checks of their growth and be
watched for steroid side effects (for example. oral thrush). The control of asthma
should be regularly reviewed (e.g. 3-monthly) and medication stepped up or down
depending on the symptoms and on peak flow measurements or spirometry in those
over 7 years of age. Families should be given written instructions and helped to
change the treatment themselves, with support.
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Management of an episode of acute asthma

Initial treatment of a mild to moderate acute attack of asthmaisasfollows:

1. Reassure the child and their parents and avoid upset as this may exacerbate
respiratory distress.

2. Give aregular inhaled beta-2 agonist bronchodilator, such as salbutamol aerosol
200-1000 micrograms (2 to 10 puffs each of 100 micrograms), with each puff
given after every four to five breaths) via a spacer every 30 minutes to 2-hourly
until the child is better.

3. f the child does not respond to the spacer, give nebulised salbutamol (<5 yrs:
2.5mg; >5yrs: 5 mg) 1 to 4-hourly (use oxygen to drive the nebuliser if possible).

4. Give oral steroids: oral prednisolone 0.5 — 1 mg/kg (maximum dose of 40 mg)
for 3-5 days, depending on the duration of symptoms; administer with food or
milk to avoid gastric irritation.

5. Treat or remove any exacerbating factors (see the ‘Diagnosis’ section above).

6. Give antibiotics only if there are signs of pneumonia, especially a persistent
fever.

Management of very severe or life-threatening asthma
Features of severe or life-threatening asthma include the following:
« being too breathless to feed, drink or talk
- marked recession/use of accessory muscles
- respiratory rate of more than 50 breaths/minute
« pulse rate of more than 140 beats/minute
« poor chest movement or silent chest
- exhaustion, agitation or reduced conscious level (due tohypoxiaorhypercapnia)
« hypoxaemia (SpO, less than 94% in air, especially if less than 90% in air or
cyanosis) (these are very late signs).

N

Treat immediately (use the ‘ABC’ approach):

2. Give 100% humidified oxygen via a face mask with reservoir bag held by the
parent or nurse close to the child’s face at 10—-15 litres/minute to keep SpO2 in
the range 94-98%.

3. Give nebulised salbutamol (<5 yrs: 2.5mg; >5yrs: 5 mg) - drive the nebuliser
with oxygen at 6-8 litres/minute rather than compressed air. Sometimes
nebulisers may be needed continuously (described as ‘back to back’, i.e. as
each nebule finishes, repeat with another).

4. Mix salbutamol with ipratropium bromide (<2yrs: 125micrograms;
>2yrs:250micrograms). Can be given every 20-30 minutes initially.

5. If a nebuliser is not available, use inhaled salbutamol via a spacer (but now

without a valve that needs opening with each breath; see Figure 35.1, in which

the home-made ‘spacer’ has no valve) as described above in acute asthma.

That is, give salbutamol aerosol 1000 micrograms (10 sprays each of 100

micrograms with each spray given after every four to five breaths) via the

spacer every 5-10 minutes initially and then, once there is some improvement,

10 sprays over four to five breaths each, every 10—-30 minutes until the child is

better. Children under 4 years of age are likely to require a face mask

connected to the mouthpiece of a spacer for successful drug delivery. Inhalers
should be sprayed into the spacer in individual sprays and inhaled immediately
by tidal breathing.
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6.

Give systemic steroids either as IV/IM hydrocortisone 4 mg/ kg 4 to 6-hourly
(preferable) or as oral prednisolone (1mg/kg (max 40mg)) until recovery. Start
the steroids as soon as possible. A soluble preparation dissolved in a spoonful
of water is preferable in those unable to swallow tablets. Repeat the dose of
prednisolone in children who vomit or give IV (or IM if a venous cannula cannot
be inserted) hydrocortisone. Treatment for 3—-5 days is usually sufficient, but
the length of the course should be tailored to the number of days necessary to
bring about recovery. Weaning is unnecessary unless the course of steroids
exceeds 14 days.
If two to three doses of inhaled bronchodilator and systemic steroids do not
result in improvement, or if life-threatening features are present, use one or
more of the following treatments:
a. IV magnesium sulphate 40 milligrams/kg (maximum of 2 grams) over
20 minutes
b. IV salbutamol single bolus (<2yrs: 5 micrograms/kg over 10-15
minutes; >2yrs 15 micrograms/kg max 250 micrograms). If resources
allow (i.e. only where high-dependency or intensive care is available),
this can be followed by an infusion of 1-2 micrograms/kg/minute
(maximum of 5 micrograms/ kg/minute) adjusted according to
response and heart rate. Monitoring of serum potassium levels is vital
as this electrolyte falls when salbutamol is given IV (see below).
Severe and life-threatening hypokalaemia may occur with IV
salbutamol, potentiated by steroids. If possible, monitor the ECG
continuously and check potassium levels 12-hourly. ECG signs of
hypokalaemia are ST depression, T-wave reduction and prominent U
waves. Ensure that maintenance potassium intake is given in the
infusion fluid.
c. IV aminophylline (loading dose 5 mg/kg over 20 minutes, followed by
1 mg/kg/hour by IV infusion in children aged 1-12 years and 500
micrograms/kg/hour in patients aged over 12 years or under 1 year).
Do not give the loading dose if the child has already received any form
of aminophylline or caffeine in the previous 24 hours. Side effects
include nausea, vomiting, tachycardia or tachyarrhythmia and
seizures, and consequently this treatment is less preferred.
If nebulised or inhaled beta-agonist bronchodilators are not available or are not
effective and the child is deteriorating, give an intramuscular injection of
adrenaline: 10 micrograms/kg (0.01 mL/kg of 1 in 1000 solution, up to a
maximum of 300 micrograms), measured accurately with a 1-mL syringe
(ensure that the needle is not in a vein before injecting). If there is no
improvement after 15 minutes, repeat the dose once.

If there is a poor response to the above treatment, or the child’s conditionworsens
suddenly, obtainachest X-ray to look for evidence of pneumothorax. In the presence of
hyperinflation from asthma, detection of a pneumothorax on the chest X-ray may be
difficult.

Monitor the above clinical features regularly, and also monitor oxygen saturation,
by pulse oximeter if available. Keep SpO, inthe range 94-98% by administering
oxygen either by face mask (ideally humidified as dry oxygen can exacerbate
asthma), or by nasal cannulae. Use oxygen to drive nebulisers.

238



Section 35. Asthma and Episodic Viral Wheeze Dr. Martin Samuels, Dr. Alistair
Morris and Prof David Southall.

If the above measures do not result in improvement, or the child is tiring and
gasping, this may progress to a respiratory arrest. Positive airway pressure would
be the usual next step. Some respiratory support can be given by the use of a bag-
valve-mask system to increase tidal breaths but beware of aspiration (insert a
nasogastric tube).

Transcutaneous pCO, monitoring, if available, is valuable in severe asthma.

In cases that do not respond to the above measures, obtain a chest X-ray and
consider mechanical ventilation (slow rate, long expiration). A blood gas
measurement showing respiratory acidosis can be valuable at this time but
remember that invasive procedures can worsen respiratory distress.

If intubation and ventilation become essential, ketamine induction followed by
inhalational anaesthetic gases (e.g., halothane or sevoflurane) may assist
bronchodilatation

Indications for intubation and ventilation (if available) in severe asthma
include the following:
- increasing exhaustion
- progressive deterioration in clinical condition
- oxygenation decreasing and/or oxygen requirement increasing
« pCO:2 increasing (if measurable transcutaneously or from arterial/capillary
gas)
- sudden deterioration — and always consider the possibility of a
pneumothorax.

Follow-up home care after discharge from hospital

Once the child has improved sufficiently to be discharged home, prescribe inhaled
salbutamol through a metered- dose inhaler with a suitable commercially
available or home-made spacer (see Figure 35.1), and instruct the parentsin
how to use this. Followinganyacute episode, reviewasthmacontroland management,
including correct use of medications and the need for a step up in ‘preventive’
treatment.
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Section 36. Anaphylaxis

Introduction

Anaphylaxis is an immunologically mediated reaction to ingested, inhaled or
topical substances, which may progressto life-threatening shock and/or respiratory
distress. Common causes include allergies to penicillin, anaesthetic agents, blood
transfusion, radiographic contrast media, and certain foods, especially nuts.

Consider the diagnosis of anaphylaxis if any of the following symptoms are present
when there is a history of previous severe reaction, rapidly progressive or
increasingly severe symptoms, a history of asthma, eczema or rhinitis (atopy).
This situation is potentially life-threatening and may result in a change in
conscious level, collapse, or respiratory or cardiac arrest.

TABLE 36.1 Features of anaphylaxis

Severity Symptoms Signs

Mild Burning sensation in mouth Urticarial rash Angio-
Itching lips, mouth and throat oedema Conjunctivitis
Feeling of warmth Red throat

Nausea and abdominal pain

Moderate Coughing and wheezing Bronchospasm
Loose stools Tachycardia Pallor
Sweating
Irritability

Severe Difficulty with breathing Severe bronchospasm
Faintness or collapse Laryngeal oedema
Stridor Shock
Vomiting Respiratory arrest
Uncontrolled defecation Cardiac arrest

Management (see Figure 36.1)

Remove the source of allergen if possible (e.g. take down the blood giving set if
blood transfusion is the cause).

The key to anaphylaxis treatment at any age is intramuscular adrenaline.

Airway: assessment and resuscitation
If there is no problem with the airway, assess Breathing.

If stridor is present there is obstruction (usually at the larynx):

1. Give IM adrenaline 1:1000 (1month-5yrs: 0.15mL; 6-11 yrs: 0.3mL; >12
yrs: 0.5mL)

2. Give Nebulised adrenaline (0.4mL/kg up to 5 mL of 1 in 1000) with 100%
oxygen

3. Give 100% oxygen

4. Consider intubation and call for anaesthetic and ENT assistance

5. If there is stridor with complete obstruction, intubate or create a surgical
airway (see Section 90)
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6. Give IV or IM Hydrocortisone (1-5 months: 25mg tds; 6 months — 6 yrs:
50mg tds; 6-11yrs 100mg tds; 12-17yrs 200mg tds)

7. Give IV Chlorphenamine (1-5 months 250 micrograms/kg IV (maximum
dose 2.5 mg); 6 months - 5 yrs 2.5 mg; 6-11 yrs 5mg; 12-17yrs 10mg and
repeat up to 4 times in 24 hours)

Breathing: assessment and resuscitation
If there is no problem with breathing, assess the Circulation.

If there is no breathing (apnoea), give five rescue breaths using a bag-valve-
mask with 100% oxygen and assess the circulation.

If the child is wheezing
1. Give IM adrenaline 1:1000 (1month-5yrs: 0.15mL; 6-11 yrs: 0.3mL; >12
yrs: 0.5mL)
2. Give salbutamol (either by nebulised with 100% oxygen <5yrs: 2.5 mg;
>5yrs: 5 mg) or 1000 micrograms (10 puffs) of a metered dose inhaler via
a spacer and repeated as required).

Circulation: assessment and resuscitation
If there is no problem with the circulation, observe the child.

If there is no pulse, start basic life support, assess the heart rhythm and treat. (see
Sections 12 and 13 in Handbook 2)

If the child is shocked;
1. Give IM adrenaline 1:1000 (1month-5yrs: 0.15mL; 6-11 yrs: 0.3mL; >12
yrs: 0.5mL)
2. Give 20 mL/kg IV bolus of Ringer-lactate/Hartmann’s solution or 0.9%
saline.
3. It may be necessary to give adrenaline IV if shock is present (see below
for dosage).

All children who have received IM Adrenaline should receive:
1. IV or IM Hydrocortisone (1-5 months: 25mg tds; 6 months — 6 yrs: 50mg
tds; 6-11yrs 100mg tds; 12-17yrs 200mg tds)
2. IV Chlorphenamine (1-5 months 250 micrograms/kg IV (maximum dose
2.5 mg); 6 months - 5 yrs 2.5 mg; 6-11 yrs 5mg; 12-17yrs 10mg and
repeat up to 4 times in 24 hours)

Reassess ABC and continue to give 100% oxygen

If there is airway deterioration:
Repeat IM adrenaline 1:1000 (1month-5yrs: 0.15mL; 6-11 yrs: 0.3mL; >12 yrs:
0.5mL) with or without intubation.

If the child is still wheezy:
1. Repeat IM adrenaline 1:1000 (1month-5yrs: 0.15mL; 6-11 yrs: 0.3mL; >12
yrs: 0.5mL)
2. Consider giving IV Magnesium 40mg/kg followed by IV Salbutamol single
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bolus (<2yr: 5micrograms/kg; >2yr 15 micrograms/kg; max
250micrograms) followed by aminophylline 5 mg/kg by slow IV injection
over 20-30 minutes followed by a 1 mg/kg/hour IV infusion

If the child is still shocked:

1. Repeat IM adrenaline 1:1000 (1month-5yrs: 0.15mL; 6-11 yrs: 0.3mL; >12
yrs: 0.5mL)

2. Give a further bolus of 10 mL/kg Ringer-lactate/Hartmann’s solution or
0.9% saline. If there is a poor response, then give a further 10 mL/kg and
consider giving an adrenaline infusion (see below)

3. Intubation and ventilation may be needed if there is a poor response as
now a total of 40 mL/kg of crystalloids have been given by bolus.

If there are no symptoms other than rash or itching:
Give oral antihistamine (chlorphenamine, 250 micrograms/kg).
Give oral steroids (0.5—1 mg/kg oral prednisolone).

Giving adrenaline in anaphylaxis
Adrenaline is given intramuscularly unless there is persistent shock or cardiac
arrest, in which case it should be given IV or by the intra-osseous route.

If repeated IM injections of adrenaline are not effective or last only a short time,
start giving adrenaline IV.

For treatment of children in severe shock:

Give Tmicrograms/kg (max dose 50micrograms) using dilute 1:10 000 adrenaline
injection. Dose repeated according to response. If multiple dose give as a slow IV
infusion. If possible give with ECG monitoring.

Repeat as required.
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Management of Anaphylaxis
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Figure 36.1 Algorithm for the management of anaphylaxis
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Section 37. Acute upper respiratory tract infection, tonsillitis, peritonsillar abscess
(quinsy), acute suppurative otitis media (ASOM), chronic otitis media, secretory
otitis media, mastoiditis

There are two categories of acute respiratory infection (ARI).

1. Acute upper respiratory infection (AURI): above the vocal cords and
epiglottis. These infections include colds, tonsillitis and otitis media. They
may lead to disability (e.g. otitis media isaleadingcauseofdeafnessinresource-
limitedcountries) and complications (e.g. rheumatic fever following streptococcal
pharyngitis).

2. Acute lower respiratory infection (ALRI): below and including the vocal cords
and epiglottis. These infections include croup (and other infectious causes of
upper airway obstruction), pneumonia and bronchiolitis. Acute upper airway
obstruction is described in Sections 32 and 33.

Importance of acute respiratory infection

Pneumonia is responsible for around two million deaths annually in children under 5
years of age. In resource-limited countries, most of these infections are bacterial, and
the most common causative bacteria are Streptococcus pneumoniae and
Haemophilus influenzae. In severely malnourished children, Klebsiella pneumoniae
and Staphylococcus aureus are the most common causative organisms.

Immunisation

Pneumococcal conjugate vaccine has been introduced to the primary immunisation
schedule in many well-resourced countries and reduces the incidence of X-ray-
proven pneumonia in infants by around one-third. The HiB vaccine (against
encapsulated Haemophilus influenzae type B) will not protect against
unencapsulated H. influenzae, which causes some cases of pneumonia in resource-
limited countries. Nevertheless, the HIb vaccine is very effective against other very
serious infections caused by H. influenzae (e.g. meningitis, epiglottitis), and should
be given to all infants in every country.

Unfortunately, around 34 million children do not receive routine immunisation, and most
of these are living in resource-limited countries.

The child with acute upper respiratory infection

Coryza or pharyngitis

These are common self-limiting viral infections that require only supportive care.
Antibiotics should not be given. Wheeze or stridor may occur in some children,
especially infants. Most episodes end within 14 days. Cough lasting 30 days or
more may be caused by tuberculosis, asthma or pertussis.

Presentation

These infections present with cough, running nose, fever and sore throat, but not with
fast breathing, chest indrawing, stridor or danger signs for pneumonia (see below).
Wheezing may occur in young children (see Section 35).

Treatment
« Treatthe child as an outpatient.
« Soothe the throat and relieve the cough with a safe remedy, such as a warm
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sweet drink. Drinks containing honey have been shown to be effective by
Cochrane Reviews
« Relieve high fever (39°C //102.2°F or more) with paracetamol if it is causing
distress.
« Give normalfluid requirements plus extra breastmilk or fluids if there is a fever.
Small frequent drinks are more likely to be taken and less likely to be vomited.
« Clear secretions from the nose before feeds using a cloth which has been
soaked in water and twisted to form a pointed wick.
- Donotgive any of the following:
— antibiotics (they are not effective for viral illnesses and do not prevent
pneumonia)
— remedies containing atropine, codeine or codeine derivatives, or alcohol
(which may be harmful)
— medicated nose drops.
Advise the mother to feed the child normally, to watch for fast or difficult breathing,
and to return if either develops or if the child is unable to drink or breastfeed.
Inform the mother that the child has mucus in the upper airways that ‘drops’ in the
lungs, so the child coughs in order to remove it, and this means that the cough
in itself is notdangerous.

Acute suppurative otitis media (ASOM), chronic otitis media, secretory otitis
media, mastoiditis

Acute suppurative otitis media is a mucosal infection of the middle ear and mastoid
air cells, arising via the Eustachian tube. Streptococcus pneumoniae and
Haemophilus influenzae are the bacteria most commonly involved, and about 50% of
cases are caused by viruses.

The symptoms are hearing loss, earache and fever. Pain is due to the bulging
tympanic membrane from accumulated pus. Rupture leads to otorrhoea with rapid
symptom improvement. Localising signs may be absent in infants, who may present
with fever and systemic iliness. On examination the tympanic membrane is red and
bulging.

Treatment

-« Many cases of otitis media are incorrectly diagnosed: any child who is crying
or has a fever will tend to have pink eardrums. Earache often presents at night.
This is usually due to Eustachian tube obstruction occurring when the childis sleeping,
fromaccumulated mucus in the postnasal space resulting in a negative pressure
in the ear, which wakes the child up with discomfort. Paracetamol, plus sitting
up and drinking, will open the Eustachian tube and thus relieve the symptoms.
Antibiotics are unnecessary.

- In true otitis media with bulging eardrums, treat the child as an outpatient and
always give an antibiotic as described below. It is not safe to withhold
antibiotic treatment. Give oral amoxicillin (<1yr: 125mg tds; 1-4 yrs 250mg tds;
>5yrs 500mg tds). If amoxicillin is not available give co-trimoxazole (trimethoprim
4 g/kg/sulfamethoxazole 20 mg/kg twice a day) for 7-10 days.

- Paracetamol relieves pain and reduces fever.

« Ephedrine nose drops (0.5%) given 8-hourly foramaximum of 5 days may help to
open the Eustachian tube and speed resolution.

- If the eardrum is perforated, the ear must be kept dry untiltheresulting perforation
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has healed. This is achieved by teaching the parent to undertake wicking as
follows. Rollaclean softabsorbent cotton cloth or strongtissue paper into a wick.
Never use a cotton-tipped applicator, or flimsy paper that will fall apart in the ear,
or a stick of any kind. Place the wick in the ear and remove it after a few seconds,
when it is wet. Repeat until the ear is dry. Wicking should be undertaken at least
three timesdaily, usuallyfor 1 to 2 weeks, untilpusis nolonger present.

« The parent must not leave anything in the ear after wicking, must not put
oil or any other fluid in the ear, and should prevent the child from going
swimming or putting their head under water until the ear has been dry for at
least 2 weeks.

« Check thatthe child has recovered at follow-up 1 week later. If ear pain or discharge
persists, treatthe childfor5 more days with the same antibiotic and continue wicking
the ear. Follow up in 5 days.

Chronic otitis media

If pus has been draining from the ear for 2 weeks or longer and there is perforation
of the ear drum, the child has a chronic otitis media infection.

Treatment

- Treat as an outpatient.

- Keep the ear dry by wicking (see above).

- Instill topical antibiotic ear drops (always without steroids, which must not be used
in children) three times daily for 2 weeks. Drops containing quinolones
(norfloxacin, ofloxacin, ciprofloxacin) are more effective than other antibiotic
drops; 0.3% ciprofloxacin drops (5 drops twice daily) have been most
researched.

« Oralantibioticsarenotindicated unlessthereisanacute otitis media.

« Topical steroid ear drops should notbe used.

Follow-up after 1 week

If the ear discharge persists despite ear wicking and ciprofloxacin drops, consider IV
antibiotic treatment with antibiotics that are effective against Pseudomonas (such as
gentamicin, azlocillin and ceftazidime), in addition to wicking. Do not give oral
antibiotics for a chronically draining ear. If chronic suppurative otitis media (CSOM)
continues despite the above treatment, do not forget the possibility of TB.

Secretory otitis media

This may lead to recurrent attacks of acute suppurative otitis media (ASOM)
because the exudate acts as a culture medium for repeated infections.
Occasionally, myringotomy with grommet insertion is necessary. The alternative
treatment is long-term low-dose oral antibiotics (trimethoprim 2 mg/kg once daily
(maximum dose 100 mg) at night for 3 months). Eustachian tube function may also
be improved by adenoidectomy.

Acute mastoiditis

This is a complication of ASOM. The mucosa of the mastoid system is always inflamed
in ASOM. Mastoiditis occurs when the mucosal inflammation spreads to the
adjacent bone, causing osteitis, and eventually the outer cortex of the mastoid is
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breached, leading to a subperiosteal abscess behindthe ear. The symptoms are
similartothose of ASOM, but the signs include a forward displaced pinna withatender
fluctuantswellinginthe post-auricularsulcus.

Complications

Not only is the outer cortex of the mastoid involved, but also the bone adjacent to
both the middle and the posterior cranial fossa can be affected, occasionally leading
to extradural abscess, meningitis and brain abscess. Facial nerve paralysis may
occur from the pressure of pusonanexposedfacial nerve.

Treatment

- Give IV benzylpenicillin 50 mg/kg IV 6-hourly plus chloramphenicol 50mg/kg 8-
hourly IV OR plusflucloxacillin 50 mg IV 6 hourly both for 5 days and then orally
(penicillin 25 mg/kg four times daily and chloramphenicol 50 mg/kg 8-hourly) for
another 5 days.

- Alternatively, give ceftriaxone 100mg/kg IV/IM for 10 days.

- Ifthereis no improvement within 24—48 hours or the child’s condition deteriorates,
surgical drainage is necessary.

« Thekey is to provide drainage for the mastoid system. If it is not possible to do a
full-scale mastoidectomy (due to lack of equipment or expertise), a dramatic
improvement, in conjunction with intravenous antibiotics, may be obtained by
incising the abscess (avoiding the mastoid tip in the small child where the facial
nerve may be exposed) and opening into mastoid air cells.

- If signs of meningitis or a brain abscess (indicated by a reduced level of
consciousness, a fit or localised neurological signs) are seen or suspected, give
high-dose IV antibiotics as for meningitis (see Section 67) and refer the child
immediately to an appropriate specialist.

Tonsillitis, Peritonsillar abscess (quinsy)

Tonsillitis

Tonsillitis is a common childhood disorder. The bacteria most commonly
involved are beta-haemolytic streptococci, Streptococcus pneumoniae and
Haemophilus influenzae, and around 50% of attacks are viral.

History

Classic symptoms include pyrexia and sore throat.

Swallowing solid food is difficult, and fluid intake must be encouraged. Painful cervical
lymphadenopathy is common and referred earache from the 9th cranial nerve is
common. Febrile convulsions may occurin younger children,whomay also present with
acute abdominal pain without any throat symptoms, due to mesenteric lymphadenitis.

Examination
- Tender lymphadenopathy beneath and/or behind the mandible.
- Redenlargedtonsils with or without purulentexudate.

Differential diagnosis
Diphtheriaandinfectious mononucleosis (see Section19 for diphtheria and later in
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this section for infectious mononucleosis).

Treatment
1 Analgesia
» Give oral paracetamol (20 mg/kg 4- to 6-hourly OR 3-5 months: 60mg; 6-
23 months: 120mg; 2-3 yrs: 180mg; 4-7 yrs: 240mg; 8-9 yrs: 360mg; 10-
11 yr: 480mg; 12-15yrs 480-750mg; 16-18yrs 0.5-1g 4- to 6-hourly for pain
relief.
2 Antibiotics
» Episodes are often viral, where antibiotics are not needed (see
FEVERPAIN score below).
» Penicillin is still an effective antibiotic, and in serious cases in hospital give
penicillin 12.5 mg/kg four times daily orally. If the child is allergic to
penicillin, erythromycin may be used.

FeverPAIN scoring

Each FeverPAIN criteria scores 1 point (maximum 5 points). The higher the score the

more likely the tonsillitis is to have been caused by bacteria and therefore require

antibiotics. A score of 0 or 1 has a 13-18% likelihood of bacterial cause; a score of 2

or 3 34-40% likelihood; a score of 4 or 5 62-65% likelihood

Fever in last 24 hours

Purulence (pus on tonsils)

Attend rapidly (within 3 days of onset)

Severely Inflamed tonsils

No cough or coryza
Rarely there is acute partial airway obstruction due to massive tonsillar enlargement.
Inthis case use IV benzylpenicillin 25 mg/kg 6-hourly and IV hydrocortisone 4mg/kg
every 6 hours if needed.

Recurrent tonsillitis
1. Ifthe number of attacks increases with age rather than decreasing, tonsillectomy is
appropriate if it is safe to perform in the healthcare facilities available.
2. As a rule of thumb, six attacks per year for 2 years over the age of 5 years could
indicate a case fortonsillectomy.
3. Itis often said that peritonsillar abscess (quinsy) is an indication, but one attack of
quinsy is not enough to warrant the operation.

Indications for tonsillectomy

In the past, tonsillectomy was performed all too often. Sleep-related upper airway
obstruction (Obstructed Sleep Apnoea) (see Section 32 is a good reason for
undertaking tonsillectomy, and about more than 10% of tonsil operations are currently
done for this reason.

Peritonsillar abscess (quinsy)

This is a complication of tonsillitis, and it presents with a unilateral swelling of the soft
palate, deflecting the uvula to the opposite side, with associated trismus (reduced
ability to open the lower jaw sometimes with spasm). Surgical drainage is often
necessary as well as IV penicillin as described above and in Section 25.
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Section 38 Pneumonia Acute Lower Respiratory Infection ALRI
Children at greatest risk of dying from an ALRI have the following risk factors:
age under 1 year

malnutrition
e pneumonia as a complication of infection with measles, pertussis, malaria
or HIV.
Diagnosis of ALRI

In many hospitals in resource-limited countries, special tests (e.g. blood culture,
microbiology of respiratory secretions, X-rays) may be limited or unavailable.
However, because the prevalence of bacterial pneumonia is high, the diagnosis must
usually be made clinically. This will not be 100% accurate, so a few children may
receive antibiotics unnecessarily (i.e. clinical diagnosis has less than 100%
specificity). However, it is more important not to miss children who do need antibiotics
(i.e. clinical diagnosis should have a good sensitivity). Clinical diagnosis may be as
accurate as an X-ray and more helpful in deciding whether treatments such as
oxygen are indicated.

A high fever in a child with breathing difficulties may be due to pneumonia, bacterial
tracheitis or even epiglottitis. If the airway is clear, the most likely diagnosis is
pneumonia. Although high fever and respiratory signs are the usual way for
pneumonia to present, pneumonia should always be considered in the list of causes
of abdominal pain and neck stiffness.

Features of pneumonia include the following:
e Fever, cough, breathlessness and lethargy
e Pleuritic chest pain, (which may radiate to the abdomen) may also be
present in older children if the diagnosis is pneumonia.
e Signs of consolidation:
o  Dull percussion
o Reduced breath sounds
o Bronchial breathing may be absent in an infant
e Pneumona may also be accompanied by neck stiffness

The clinical features will also help to decide how severe the child’s infection is and
what treatment is appropriate.

The following clinical features should be recorded:

- The presence of cyanosis, which is best seen in the lips or tongue. It may be
missed if the lighting is poor or if the child is anaemic (e.g. due to co-infection with
malaria), and it can be difficult to detect in black children. Cyanosis is a late
sign of respiratory problems, and, if possible, oxygenation should be assessed with
a pulse oximeter. Normal saturation at sea level (SpO,) is greater than 94%.

« Inability of the child to drink.

- The presence of chest wall indrawing (an inward motion of the lower chest wall
when the child breathes in).

- The presence of grunting.

- The presence of hyperinflation (asthma or bronchiolitis).
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- Elevated respiratory rate. Respiratory rate is measured over 1 minute, using a
suitable timing device. The respiratory rate in children varies with age. Table 38.1
lists the abnormal values for respiratory rate for various age groups.

TABLE 38.1 WHO definition of abnormally fast breathing

Age Abnormally fast breathing
< 2 months > 60 breaths/minute
2—12 months = 50 breaths/minute
12 months to 5 years > 40 breaths/minute

Remember that conditions such as severe anaemia, dehydration and high fever

are accompanied by a raised respiratory rate.

Auscultation should always be undertaken, but only after first checking for cyanosis,

observing the breathing pattern and the other signs as described above.

Important clinical signs include evidence of the following:

- Consolidation or effusion/empyema

« Wheeze

- Bronchiolitis (hyperinflation with crackles at the lung bases)

« Alveolitis (e.g. in HIV-induced Pneumocystis pneumonia) with end-inspiratory
crackles

« Pericardial involvement (rare)

« Pneumothorax (rare).

Clinical examination (or chest X-ray) cannot reliably differentiate between a viral
pneumonia and a bacterial one, so all cases of pneumonia should be treated with
antibiotics.

A chest X-ray may show pleural effusion or empyema as well as consolidation.

A chest X-ray may be helpful if there is any doubt about the diagnosis or if the child
is seriously ill.

Figures 38.1., 38.2 and 38.3 show the appearance of lobar pneumonia affecting
different lobes.

FIGURE 38.1 Right middle lobe pneumonia. Note the loss of the right heart border.
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FIGURE 38.2 Left lower lobe pneumonia. Note that the silhouette of the diaphragm

cannot be seen on the left. The right middle lobe is also affected.

FIGURE 38.3 Right upper lobe pneumonia. Note that the horizontal fissure is pulled

up.

Table 38.2 gives guidelines for the assessment and treatment of acute respiratory
infection. Children with the following features should be managed differently, as
described elsewhere in this book:

stridor (see Section 33)

wheeze (see Sections 35)

severe malnutrition (see Section 56)

signs suggesting meningitis (see Section 67).
Signs suggesting endocarditis (Section 43)

Diagnosis of severe pneumonia
This is diagnosed by the presence of cough or difficult breathing plus atleast one of
the following:

central cyanosis
inability to breastfeed or drink, or vomiting after every drink
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e convulsions, lethargy or unconsciousness
e severe respiratory distress.

In addition, some or all of the other signs of pneumonia may be present, such
as the following:
1. fast breathing:
a. age <2 months: = 60 breaths/minute
b. age 2-11 months: = 50 breaths/minute
c. age 1-5years: = 40 breaths/minute
nasal flaring
grunting (in young infants)
lower chest wall indrawing
chest auscultation signs of pneumonia:
decreased breath sounds
bronchial breath sounds
crackles

COENIO WD

increased over lobar consolidation)
10. pleural rub.

Obtain a chest X-ray and SpO, (if available).

For children with no evidence of pneumonia but with signs suggesting a
chest infection, look for ear and throat infections or infections in another system
and treat accordingly.

abnormal vocal resonance (decreased over a pleural effusion, and

See details of antibiotics, routes of administration and durations for different

categories of pneumonia in section ‘Antibiotics’ below
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TABLE 38.2 The management of children with different severities of acute lower
respiratory tract infection (ALRI) (modified from the WHO Pocket Book of Hospital
Care for Children, second edition 2014)

Sign or symptom Classificatio Treatment

e Central cyanosis and/or SpO2 <
94% in air

e Severe respiratory distress (e.g.
head nodding, gasping, chest
wall indrawing, grunting)

e Fast breathing as below under
‘pneumonia that is not severe’

e Decreased breath sounds and/or
bronchial breathing

e Crackles in the lung fields

e Vocal resonance and percussion
suggesting consolidation and/or
effusion

e Pleural rub

e Inability to drink, vomiting,
reduced consciousness

e Admit to hospital

e Give IV/IM appropriate
antibiotics* Give oxygen
Severe |¢ Manage the airway

pneumonia e Treat high fever if present

e |f the child has HIV infection,
refer to specific guidelines (and
see Section 36 Handbook 2)

Plus signs of pneumonia in the row

below
e Home care (but depends on
Fast breathing but no chest wall home circumstances and
indrawing: overall clinical state of the
e > 60 breaths/minute in a child child)
aged < 2 months Pneumoniaje Give an appropriate antibiotic*
e > 50 breaths/minute in a child that is not e Advise the mother when to
aged 2—-11 months severe return if treatment fails on
e > 40 breaths/minute in a child amoxicillin and more
aged 1-5 years Definite crackles appropriate second-line
on auscultation treatment is needed
e Follow up in 2 days
e Home care
e Advise the mother to return for
follow-up in 5 days if not
No improving
No signs of pneumonia or severe | pneumoniale If coughing for more than 14
pneumonia Coughor | days, consider investigations
coryza for TB, asthma, inhaled foreign

body, pertussis, HIV,
bronchiectasis and lung
abscess (see Section 39).
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Management

Oxygen
Children with severe or very severe pneumonia are likely to be hypoxaemic. However,

cyanosis is a late sign of hypoxaemia.

Give oxygen ifthe child shows any ofthe following:
restlessness (if oxygen makes the child more comfortable)

2. severe chest wall indrawing

3. a breathing rate of more than 70 breaths/minute (in a child aged 2 months to 5
years)

4. grunting (in an infant under 2 months of age)

5. gasping

6. if apulse oximeter is available, SpO:2 of less than 94% (at sea level; IMPORTANT
NOTE THAT lower values will be present and normal at high altitude, and normal
values of SpOz2 should be known for healthy local children in your area if it is at
high altitude: see Section 64 in Handbook 2 for details of normal oxygen
saturation SpO2/SaOzvalues at high altitude).

Aim to maintain SpOz in the range 94-98%.

Give oxygen until the signs of hypoxia (e.g. severe lower chest wall indrawing, high
breathing rates and/or SpO, < 94% in air) are no longer present.

Oxygen must always be available in sufficient quantity to provide 24-hour
treatment without depending on the availability of a reliable electricity supply.
A good source of oxygen is an oxygen concentrator. This is a durable piece of
equipment, but it requires a continuous supply of a significant strength of electricity to
provide oxygen. It works on the ‘molecular-sieve’ principle, removing nitrogen from
room air. The alternative is cylinder oxygen, but cylinders must be replenished
regularly and need to be available at all times, which is expensive and may give rise to
transport difficulties. A combination of the two supplies of oxygen is essential.

A small oxygen storage system has been developed which can provide oxygen and
fill cylinders when the electrical power is available (e.g. Diamedica equipment).

The concentrator or cylinder should be connected to a low-flow meter. The use of a flow
splitter will allow up to four children to receive oxygen from one source. The oxygen
should be delivered to the child using nasal cannulae. These should be only 2—3 mm
long, to avoid nasal irritation.

Figure 38.4 shows the delivery of oxygen through nasal cannulae. More commonly
these are used with the tubing returning from behind the ears to under the chin
in order to minimize strangulation risk. A mask should be used to give high-flow
oxygen during resuscitation.
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FIGURE 38.4 Nasal cannulae for delivering oxygen. The cannula has been taped to
the child’s cheeks, close to the nostrils. The tubing is run under the child’s shirt to
stop them pulling it and leads to the low-flow meter and oxygen concentrator or
cylinder. A flow splitter may be used.

Nurses should check frequently that the nasal cannulae are not blocked with mucus
and are in the correct position, and that all connections are secure.

Antibiotics

Children who are vomiting or who require IV fluids should have their antibiotics
given intravenously (preferably), or intramuscularly, if vascular access is
difficult to achieve or maintain, for the first 48 hours. Some antibiotics, such as
gentamicin, arealways givenlV orIM. Certainantibiotics are reserved for specific
circumstances, such as high-dose co-trimoxazole for suspected Pneumocystis
Jirovecii pneumonia, andflucloxacillinorcloxacillinforpulmonaryabscess or bacterial
tracheitis where Staphylococcusaureusislikely to be responsible. These are
described at the end of the section on antibiotics.

For severe pneumonia:

Giveampicillin50mg/kg IM/IV orbenzyl penicillin50000 units/kg that is 30
mg/kg IM or IV every 6 hours plus gentamicin 7mg/kg IM or IV infusion
once a day for 5 days. Then, if the child responds well, complete treatment
with oral amoxicillin (25 mg/kg three times a day, maximum 500 mg, or 1 gram
in severe cases) plus IM or IV gentamicin 7 mg/kg once daily for a further 5
days.

Alternatively, if the above are not available, give chloramphenicol (25mg/kg IM
orV every 8 hours) until the child has improved. Then continue orally four
times a day for a total course of 10 days.

Or use ceftriaxone (80 mg/kg IM or 1V once daily) or cefotaxime (50mg/kg IV
6-hourly)for 10 days.

If the child does not improve within 48 hours, switch to gentamicin(7mg/kgIMor
IVonceaday)andcloxacillin (50 mg/kg IM or IV every 6 hours), as described
below for possible staphylococcal pneumonia.
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For pneumonia that is not severe:

Treatthe child as an outpatient.

Give amoxicillin 40mg/kg three times aday (or <1yr: 125mg tds; 1-4 yrs
250mg tds; >5yrs 500mg tds) for 5 days.

Give the first dose at the clinic and teach the mother how to give the other
doses athome.

In infants aged 2—12 months who have some of the signs suggestive of non-
severe pneumonia without a high fever but with wheeze, the most likely
diagnosis is bronchiolitis. This is caused by a virus, and in the absence of
signs suggesting the development of secondary bacterial infection (severe
pneumonia), antibiotics are not necessary (see Section 34). The WHO recently
published the following conclusion: “Antibiotics are not routinely
recommended for children aged 2 months to 5 years with non-severe
pneumonia (that is, fast breathing with no chest indrawing or danger
signs) with a wheeze but no fever (temperature below 38°C), as the
cause is most likely to be viral’.

Symptomatic and supportive care for children with all degrees of pneumonia

Nurse the child in a thermoneutral environment (lightly clothed in a warm room
ataround 25°C).
Fever:

Remember that fever may not be simply due to the child’s pneumonia.
Consider other diagnoses, such as malaria, endocarditis or rheumatic fever.
If the child has fever (= 39°C or = 102.2°F) that appears tobe causing
distress, give paracetamolorally 10-15 mg/kg 4- to 6-hourly OR (3-5 months:
60mg; 6-23 months: 120mg; 2-3 yrs: 180mg; 4-7 yrs: 240mg; 8-9 yrs:
360mg; 10-11 yr: 480mg; 12-15yrs 480-750mg; 16-18yrs 0.5-1g 4- to 6-
hourly).

Other forms of treatment

1.

Analgesia will be needed for pleuritic chest pain which can be severe.

Paracetamol in the doses immediately will usually be sufficiently effective.

2. Oral suction should be avoided unless undertaken under direct observation and
where thick secretions in the throat cannot be cleared by the child.

3. Ensure daily maintenance fluids appropriate for the child’s age but avoid over-
hydration.

4. Encourage breastfeeding and oral fluid intake.

5.

If the child cannot drink, insert a nasogastric tube and give maintenance fluids in

frequent small amounts. If the child is taking fluids adequately by mouth, do not
use anasogastrictube, asitincreases the risk of aspirationpneumonia. A nasogastric
tube also closes a significant part of the nasal airway which, especially in early
infancy, is the main airway into the lungs.

6. Encourage eating as soon as food can be taken. When the child is recovering,
nutritional rehabilitation may be necessary.

Severe dehydration

This may be a problem in pneumonia, arising from high fever and poor fluid intake
(see also Section 60 for the treatment of diarrhoea and Section 61 for the
management of shock).
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. Look for signs of dehydration or shock (tachycardia, weak pulse, poor
peripheral circulation, and capillary refill time prolonged by more than 3 seconds).
. If the child is shocked: Site an intravenous line and give a bolus of

crystalloid — for example, Hartmann'’s solution, Ringer-lactate or colloid 10-20
mL/kg (10 mL/ kg in a neonate).

. If the child is not shocked but is clinically dehydrated (see Section 60):
Give oral rehydration solution (ORS), 15-20 mL/kg/hour for 2 hours orally or via
nasogastric tube. Encourage breastfeeding. Once shock is treated ensure ongoing
fluid maintenance.

Children with pneumonia are at risk of SIADH (Syndrome of Inappropriate
ADH hormone release) causing hyponatraemia. Therefore, it is best that fluids
are given enterally. If giving IV fluids it is important to monitor sodium levels daily
and if low restrict fluids to two-thirds maintenance.

Failure to start to improve within a few days If the child has notimproved after
2 days, or if their condition has worsened, re-examine them thoroughly, looking for
signs of pleural effusion/empyema and other causes offever. If possible, obtain a
chestX-ray. Thismay showa pleural effusion or empyema (see Section 39) into which
antibiotics cannot penetrate, or it may show the characteristic pneumatocoeles (lung
abscesses) of staphylococcal pneumonia.
Also consider Mycoplasma pneumoniae or Bordetella pertussis infections.
Pertussis should be considered because of the characteristic nocturnal emetic
cough and the whoop in the child over 2 years of age.
Prescribe erythromycin if either of these infections is suspected. It should be given
orally as follows:

125mg 6-hourly (children aged 1 month to 2 years)

250mg 6-hourly (children aged 2—-8 years)

500mg 6-hourly (children over 8 years of age).

Pneumonia that does not respond to standard antibiotics within 2 weeks:

A child with persistent fever for more than 2 weeks and signs of pneumonia should
be evaluated for tuberculosis. If another cause of the fever cannot be found,
tuberculosis should be considered and treatment for tuberculosis, following national
guidelines, may be initiated and response to anti-tuberculous treatment evaluated
(see Section 51 Handbook 2).

Children who are HIV-positive or in whom HIV is suspected

Some aspects of antibiotic treatment are different in children who are HIV-positive or
in whom HIV is suspected. Althoughthe pneumoniain many ofthese children has the
same aetiology as in children without HIV, pneumocystis pneumonia (PCP), often at
the age of 4-6 months, is an important additional cause which must be treated when
present (see Section 36 Handbook 2). While confirming the diagnosis, give
ampicillin plus gentamicin as described above for severe pneumonia.

Staphylococcal pneumonia

Staphylococcal pneumonia should be suspected if there is rapid clinical
deterioration despite treatment, a pneumatocoele or necrotizing pneumonia with
effusion on chest X-ray, numerous Gram-positive cocci in a smear of sputum, or
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heavy growth of Staphylococcus aureus in cultured sputum or empyema fluid.

Treat with cloxacillin/flucloxacillin (50 mg/kg IM or IV every 6 hours) and
gentamicin (7mg/kg IM or IV once a day) for at least 7 days.

When the child improves, continue cloxacillin/flucloxacillin orally four times a day for
a total course of 3 weeks. Note that cloxacillin can be substituted by another anti-
staphylococcal antibiotic, such as oxacillin, flucloxacillin or dicloxacillin.

Management of ALRI under 6 months of age

1. Young infants with severe ALRI/pneumonia may not cough, but rather they
may present with apnoeic/hypoxaemic episodes, poor feeding, fast breathing or
hypothermia. Remember that in infants under 2 months of age, the abnormal
respiratory rate cut-off is higher (> 60 breaths/minute). For infants aged 2—12
months the cut-off is > 50 breaths/minute.

2. Grunting (a short expiratory noise at the start of expiration) is common and
usually an indication for oxygen.

3. Some chest wall indrawing is normal during REM (dream) sleep.

4. All infants with severe ALRI/pneumonia should be admitted to hospital for
treatment.

Bronchiolitis is a frequent cause, and usually involves hypoxaemia due to ventilation
to perfusion mismatch. Oxygen is usually required. Additional respiratory support
(see Section 34 for management) may also be necessary, especially if there is
apnoea or severe respiratory distress leading to exhaustion.

5. Avoid using chloramphenicol in infants under 2 months of age (there
is a risk of development of ‘grey baby syndrome’). Use benzylpenicillin or ampicillin
plus gentamicin instead.

6. Respiratory infection in neonates may rapidly develop into septicaemia,
shock and death, so it is essential to act quickly (see neonatal handbook).
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Section 39. Pleural effusion, empyema, lung abscess and bronchiectasis

Pleural effusion and empyema

Apleural effusion is a collection of fluid between the chest walland the lung. Asmall
effusion of clear fluid is common in children with pneumonia. Usually this fluid will
quickly disappear once the infection has been treated. However, iftreatmentis
started late, orthe child is unlucky, this clear fluid can become infected, too. This leads
to pus accumulatinginthe chestcavity (anempyema).

On examination, the chest is very dull to percussion and breath sounds are reduced
or absent over the affected area. A pleural rub may be heard at an early stage
before the effusion is fully developed. A chest X-ray shows fluid on one or both
sides of the chest.

An ultrasound examination may be helpful for identifying the size of the effusion and
guiding drainage.

When empyema is present, fever persists despite antibiotic therapy, and the
pleuralfluid is cloudy or frankly purulent.

Treatment

Ifa pleural effusionis suspected, X-ray the chestif possible or undertake an ultrasound
scan. Only if an effusion/empyema effusion is significant in size (=50% of the hemi-
thorax) and there is ongoing spiking fevers suggesting pus, perform a diagnostic
tap. Most small uninfected effusions settle without treatment.

Diagnostic taps can be performed as follows:

1 In the case of young children, the child should sit on the mother’slap, facing
her. The mother then holds the child tightly in a bear hug. Older children can
sit or lie onabed, butitis important to explain carefully to them what is being
done and have an assistant to hold the child steady.

2 Percuss out the area of dullness, put on sterile gloves and clean the skin with
alcohol.

3 Gently inject some local anaesthetic (1% lidocaine) under the skin, down to the
rib, using an orange (25-gauge) or blue (23-gauge) needle.

4 Then take a fresh 20-gauge needle or butterfly needle connected to a syringe
and press the needle though the chest wall just below the level where the
percussion note becomes dull. Remember to go just above the rib (to avoid the
intercostal blood vessels and aspirate all the time. Ultrasound support is ideal if
available.

5 When fluid appears, aspirate a diagnostic specimen and send this for
microscopy, protein, glucose, cell count, Gram and Ziehl-Neelsen stain (low
yield for acid-fast bacilli), and culture for bacteria and tuberculosis. Remember
that a clear fluid aspirate can suggest another diagnosis, such as tuberculosis or
lymphoma (especially if bloodstained).

6 Aspirate as much fluid as possible during the procedure to allow the child to
breathe more comfortably. A three- way tap connected to the catheter can be helpful.
Ensure that air cannot enter the pleural space. If clear fluid (straw coloured or brown)
is aspirated, remove sufficient fluid to relieve distress and then remove the needle.
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AP ERECT

FIGURE 39.1 Chest X-ray of right-sided empyema. Note that this 5-year-old boy
had a 1-week history of fever and shortness of breath. There was dullness to
percussion and reduced air entry at the right lung base.

Empyema

If more than a few millilitres of fluid containing pus (opaque) are aspirated, and this
does not easily pass down the needle, a chest drain will be required as there is a
probable empyema.

This must be a sterile procedure, and is performed as follows:

1.

2.
3.

8.
9.
10.

1.
12.

Select a drain, the largest that will comfortably pass through the intercostal
space into the cavity by holding the tip of the tube in the forceps.

Do not use the stylet, as this can damage the lung.

Position the child and locate the effusion in the same way as for the
diagnostic tap.

Use sufficient local anaesthetic (1% lidocaine).

Make an incision in the skin and part the underlying muscle with artery
forceps.

Avoid the neurovascular bundle on the inferior part of the rib by keeping the
incision and passage of the drain on top of the rib.

When the pleura is reached, puncture it with the forceps and thread the
chest drain through the pleural hole.

Ensure that all of the drainage holes of the catheter are inside the chest.
Fix the drain with a gauze dressing, tape and a suture.

Connect to an underwater seal. If the drain has been placed correctly, fluid
will flow out and the fluid level will ‘swing’ with respiration.

Send to pus for culture and sensitivity if available.

Give ampicillin or cloxacillin/flucloxacillin 50 mg/kg IV or IM every 6 hours
plus gentamicin 7 mg/kg IM/IV once daily.

An alternative regime is Clindamycin (against streptococcal Toxin) plus amoxicillin.
After at least 7 days IV/IM antibiotics, and providing the child is improving, continue
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flucloxacillin/cloxacillin orally 50 mg/kg 6 hourly for a total of 3 weeks from the onset
of the antibiotics.

Figures 39.1 and 39.2 show the chest X-ray in a child with empyema, and the effect
of placing a chest drain.

If the patient does not improve despite adequate chest drainage and antibiotics
consider HIV and/or TB.

i 1

FIGURE 39.2 Chest X-ray in the same child after placement of a right-sided chest
drain.

Lungabscess

Diagnosis

Alung abscess is a collection of pus in the lung. This can result from an untreated
foreign body, aspiration of other material(e.g.vomit),infectionwith Staphylococcus
aureus, or as a complication of bronchiectasis. When examining the child, the
findings may be similar to those in the child with pneumonia, though they will often
have been ill for longer. A chest X-ray (if available) will be helpful. Ultrasound
scanning can show whether the abscess lies close to the posterior chest wall.

Treatment

1. Antibiotics are the most important form of treatment, and along course
(46 weeks) must be given. Give ampicillin or flucloxacillin/cloxacillin 50
mg/kg IV/IM every 6 hours. A chest drain must never be placed in a
pulmonary abscess, as this can create a fistula.

2. Surgical management may be required for a large abscess, especially
if haemoptysis or a deterioration despite appropriate antibiotic therapy
occeur.

3. Ifthechildhasbeenillforweeks, ensure good nutrition.

Bronchiectasis

Diagnosis

Bronchiectasis occurs when the bronchi become baggy andfullofmucusand
pus. Bronchiectasis mayfollowinfection such as tuberculosis, pertussis and
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measles or an inhaled foreign body that has not been removed (see Section
32). Itmay be due to congenital problems such as cystic fibrosis (see Section
18 Handbook 2 ) and rarer lung diseases in which there are abnormal cilia or
abnormal cilial activity. Sometimes a child who has had lobar pneumonia
does not recover fully and develops bronchiectasis in the affected lobe. There
are other rare causes, such as some viral infections.

Children with bronchiectasis usually cough and produce sputum every day. Their
symptoms may become much worse at times due to secondary infection. The
child may have finger clubbing, a hyperinflated chest and coarse crackles in
many parts of the lung. Look for thickened bronchiand areas of consolidation
onthe chest X-ray.

Differential diagnosis
The differential diagnosis of chronic cough and failure to thrive includes the following:
e  Pulmonary tuberculosis
e Bronchiectasis (especially following measles, which may also cause chronic
diarrhoea)
e HIV infection
e  Cystic fibrosis

Investigations

Try to obtain a chest X-ray & a sputum sample (the cough is likely to be productive)
Treatment

Bronchiectasis cannot be cured, although occasionally symptoms can be
improved by removing the lung lobe that is most severely affected. The child
and their parents must understand that daily treatment with chest physiotherapy
and frequent courses of antibiotics will be needed. The use of physiotherapy is
described in Section 62 Handbook 2.

If bronchiectasis is likely:

e Treat active chest infection as described in Section 38

e  Start regular chest physiotherapy (this can be given by a parent) (see Section
62 Handbook 2)
Ensure good nutrition

e  Consider regular antibiotic prophylaxis eg azithromycin 10mg/kg once daily
three times per week
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Is there a parent or family member with tuberculosis?

SN

Investigate for pulmonary TB Is there a parent or close
Early-morning gastric lavage and ZN relative with HIV infection?
staining of specimens (important in infants
Mantoux test (consider using where vertical
‘diagnostic BCG’ if very transmission may have
malnourished) taken nlace)
Obtain chest X-ray if possible
(remember that primary TB may be Yes
difficult to diagnose on a chest X-ray)

The history may not be
. Y .y This makes vertically acquired
reliable Investigate for R K . :
HIV infection likely. Testing for
TB. If tests for TB are
negative and there is a HIV must be undertaken (see
& . Section 36 Handbook 2) and
poor response to a trial ) : )
A appropriate antiretroviral
of anti-TB treatment, .
. . ) treatment given. Ensure mother
then (in an infant) HIV is -
. is also treated.
likely

Is there a history of
measles or previous
serious chest
infection?

A sweat or genetic test
for cystic fibrosis will
be helpful if available

Figure 39.3 A flow diagram for investigation of the child with chronic cough and

failure to thrive, in areas where pulmonary tuberculosis and HIV infection are

prevalent.
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Section 40. Congenital heart disorders

Introduction

Please see neonatal handbook for details on congenital heart disorders in the
neonate. Every country should have immediate access to a hospitalthatcansurgically
correctthe easily curable acquired or congenital heart defects. The reality is very
different with more than 90% of countries without access to such facilities.

Figure 40.1 Diagram of the normal human heart
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Is there a cardiac problem?

When an infant presents in shock in the first month of life, the working diagnosis is
often dehydration or sepsis. The followingfeatures help to distinguish cardiac causes of
poor systemic output from non-cardiac causes:

collapse in the first 2 weeks of life

poor feeding, lethargy and tachypnoea prior to collapse

hepatomegaly

pulmonary oedema and cardiomegaly on chest X-ray

lack of response to intravascular volume expansion

cardiac murmur (not always present)
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Cardiac defects likely to be present after the neonatal period?

The cyanotic/hypoxaemic defects that commonly present after the neonatal
periodare cyanotic defects with low pulmonary blood flow such as tetralogy of Fallot
and cyanotic defects with high pulmonary blood flow. They may escape detection at
birth because cyanosis is initially only mild.

Cyanotic defects with low pulmonary blood flow

Tetralogy of Fallot

In tetralogy of Fallot, there is right ventricular outflow tract obstruction and a large
ventricular septal defect (VSD) (right ventricular hypertrophy and aortic override are
the other components of the tetralogy). The right ventricular outflow tract obstruction
limits blood flow to the pulmonary arteries, causing deoxygenated blood to shunt
right to left across the VSD, resultingincyanosis. Withtime, the right ventricularoutflow
tract obstruction usually becomes more severe, causing further reductions in
pulmonary blood flow, more right to left shunting, and increasing cyanosis. Other
defects with low pulmonary blood flow include defects such pulmonary atresia with
or without a VSD, tricuspid atresia.

Findings in Tetralogy of Fallot
1. May present with increasing cyanosis either in the newborn period or most
commonly in infancy.

2. May present with an ejection systolic murmur at the upper left sternal border.
3. Reduced pulmonary vascular markings on chest X-ray, and concavity on the
left heart border where there is usually a convexity produced by the right

ventricular outflow tract and pulmonary artery.
4. Children are often asymptomatic, but there may be sudden periods of
increased cyanosis known as hyper-cyanotic spells.

Characteristics of hyper-cyanotic spells
« Spellsoftenoccuronwakingfromsleep or afterfeeding.
- Theinfantbecomesrestlessand agitated.
« Thereisincreased cyanosisand pallor.
- Respirationis oftenrapid and shallow.
- Insevere spells, crying is followed by limpness or loss of consciousness.
« Spells usually last 1-5 minutes but may last longer when severe.
« The ejection systolic murmur shortens or becomes inaudible.
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Figure 40.2 Heart with tetralogy of Fallot A: Pulmonary stenosis; B: Overriding
aorta; C: Ventricular septal defect (VSD); D: Right ventricular hypertrophy.
Modified version by Dake of the original heart diagram by Wapcaplet

Management of tetralogy of Fallot

The anatomy should be confirmed by echocardiography, preferably within a few
weeks of presentation, and surgical correction should be carried out between 6 and
12 months of age (although it can be carried out later).

Hyper-cyanotic spells may be life-threatening. If a child starts to have such spells,
discuss this with a paediatric cardiologist immediately, as it is an indication for
urgent surgery (if available).

If hyper-cyanotic spells are more than a few minutes in duration, treat them urgently

as follows:

1. Knee—chest position.

2. Give oxygen by face mask.

3. Give an IV bolus of Ringer-lactate/Hartmann’s solution 10-20mL/kg, as during
spells children are often relatively hypovolaemic.

4. GivelVorIMmorphine, 100 microgram/kg (or IV ketamine 1 mg/kg).

5. GivelVpropranololataninitialdose of 20 micrograms/kg with a maximum of 100
micrograms/kg (have isoprenaline ready in case of excessive B-blockade).

6. Adrenaline may make spells worse.

7. General anaesthesia and artificial ventilation maybe needed in intractable
cases.
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Cyanotic defects with high pulmonary blood flow

In cyanotic defects with high pulmonary blood flow (mostly common mixing defects),
pulmonary flow increases as pulmonary vascular resistance decreases over the first
few weeks of life, resulting in progressively worsening cardiac failure but with milder
cyanosis.

Findings in defects with high pulmonary blood flow
e May present with cardiac failure at 2—-6 weeks of age.
e Prominent heart beating seen through chest wall.
e  Murmur usually present (may be systolic, diastolic or continuous).
o Increased pulmonary vascular markings on chest X-ray.

Management of cyanotic defects with high pulmonary blood flow
Define the anatomy by echocardiography. Manage cardiac failure medically
(see Section 42). Surgical correction or pulmonary artery banding will be
necessary in most cases.

Other cardiac causes of cardiovascular collapse in the first few weeks of life
Supraventricular tachycardia (SVT) (seeSection 44)and SVT should be evident
on the ECG

Cyanotic congenital heartdisease with duct-dependent pulmonary blood
flow (when the ductus arteriosus closes, the ensuing profound hypoxaemia
causes acidosis and cardiovascular collapse: see Neonatal Handbook for
details). Cyanotic heart disease should be suspected when the oxygen saturation
remains low after instituting the management described for left heart obstruction in
the Neonatal Handbook.

Heart murmurs in the apparently well infant and older child

When a child presents with an asymptomatic murmur, firstexamine them for
cyanosis and measure the oxygen saturation. If there is desaturation, refer the
child for an echocardiogram, as cyanotic congenital heart disease requires a
detailed anatomical assessment. Tetralogy of Fallotis the most likely diagnosis. If
cyanosis is excluded, the child may have an innocent cardiac murmur or one of the
following defects.

TABLE 40.3 Initially asymptomatic heart lesions

Left-to-right shunts Leftorrightheart obstruction
Small to moderate-sized VSD Pulmonary stenosis

Small to moderate-sized PDA Aortic stenosis
Atrial septal defect (ASD) Coarctation of the aorta
Partial AVSD

Innocent murmurs throughout childhood are common. They tend to be soft, short,
systolic, symptomless and they shift with position. The baby or child looks well,
heart sounds themselves are normal and femoral pulses palpable.
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Innocent murmurs are characterised as follows:

e  The Stil’'s murmur is a vibratory short systolic murmur heard at the lower left
sternal border or apex.

e The venous hum is a soft continuous murmur heard best below the clavicles
and is abolished by pressure over the jugular vein or lying down with the neck
flexed.

e The pulmonary flow murmur is a soft ejection systolic murmur at the upper left
sternal border and may be confused with an ASD or mild pulmonary stenosis.

e The neck bruit is an ejection systolic murmur that is maximal above the clavicle
and may be confused with aortic stenosis.

Cardiac defects in infants and children that may initially present without
symptoms are characterised as follows:

Coarctation of the aorta

Coarctation of the aorta consists (see Figure 40.4) of a narrowing in the
descending aorta close to the aortic end of the arterial duct. Contractile tissue
may extend from the duct into the aorta sothat when the ductcloses, itdraws in the
adjacent section of aorta, causing obstruction. Flow to the head and neckvesselsis
maintained, butflow to the lower body distal to the coarctation site is dramatically
reduced. The infant becomes shocked and acidotic. Cardiac failure develops
secondary to high systemic afterload. This is also an example of the systemic
circulationdependingonductal patency (although systemic blood flow may not directly
depend on a right-to-left shunt through the duct). In interrupted aortic arch,
perfusion to the lower part of the body depends on right-to-left ductal flow and
presentation is similar to coarctation.

In coarctation, the right arm blood pressure is often elevated, the femoral pulses
are weak or impalpable, and there is brachio-femoral pulse delay.

Figure 40.4 Coarctation of the aorta

Patent ductus arteriosus (PDA) has a continuous murmur that is loudest in the
left infraclavicular region.

Ventricular septal defect (VSD) has a harsh pansystolic murmur that is loudest
at the lower left sternal border radiating to the lower right sternal border
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Aortic stenosis, pulmonary stenosis, atrial septal defect (ASD) and partial
atrioventricular septal defect (AVSD) all have an ejection systolic murmur at
the upper left sternal border.

1. In aortic stenosis the ejection systolic murmur is harsh and may be heard at
the upper right and left sternal border. The murmur radiates to the carotid
arteries and there is often a carotid thrill. There may be an ejection click at the
apex if the stenosis is at valvar level.

2. In pulmonary stenosis, the ejection systolic murmur is harsh and radiates to
the back. There may be an ejection click along the left sternal border if the
stenosis is at valvar level.

3. In an atrial septal defect (ASD), there is a soft ejection systolic murmur at the
upper left sternal border from increased flow across the pulmonary valve.
There is sometimes a fixed widely split second heart sound, and there may be
a mid-diastolic murmur at the lower left sternal border (from increased flow
across the tricuspid valve) when the left-to-right shunt is large.

4. In partial atrioventricular septal defect (AVSD) there is an abnormal
atrioventricular valve and a defect in the atrial septum. There may be a blowing
pansystolic murmur at the lower left sternal border or apex from atrioventricular
valve regurgitation. The ejection systolic murmur may mimic an ASD, but the
defect is distinguished by a superior QRS axis on the ECG.

Unless the murmur is clearly innocent, perform an echocardiogram. Where this is
not available, do an ECG and chest X-ray.

ECG findings
Right Ventricular Hypertrophy RVH may indicate significant right heart obstruction
or high pulmonary artery pressure (secondary to a large left-to-right shunt or
pulmonary vascular disease). Right ventricular hypertrophy (RVH) criteria on ECG:
¢ RwaveinleadV1>98t"centile forage (see table below)
e neonatal RS progression beyond the neonatal period (dominant R waves in
lead V1 and dominant S waves in lead V6) or
e anupright T wave in lead V1 before the teenage years
Left Ventricular Hypertrophy LVH may indicate significant left heart obstruction. Left
ventricular hypertrophy (LVH) criteria on ECG:
e T inversion inleads V5 and V6
e loss of the Q wave in lead V6 or
e the amplitude of the R wave in lead V6 plus S wave in lead V1 > 98
centile for age (>50mm is always abnormal)

Cardiomegaly and increased pulmonary vascular markings on the chest X-ray may
indicate a large left-to-right shunt.

Any infant or child who is thought to have an anatomical defect on the basis of the
clinical examination, or any infant with an abnormal ECG or chest X-ray, should be
referred to a paediatric cardiologist for an echocardiogram and opinion if possible.
If there is evidence of a significant left-to-right shuntin a VSD or PDA, the referral
should be as soon as possible, as there is still a risk of pulmonary vascular disease
even when the infant does not present in heart failure.
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Section 41. Rheumatic heart disorders

Acute rheumatic fever

Rheumatic fever is an abnormal immune response to group A streptococcal
infection in genetically susceptible individuals. It is most common between the ages
of 6 and 16 years. Symptoms of acute rheumatic fever follow streptococcal
pharyngitis after a latent period of approximately 3 weeks. The disease usually
presents with joint pain, but may have an insidious onset, especially if carditis is the
predominant feature. There is no definitive test, and diagnosis is made using the
revised Jones criteria.

TABLE 41.1 Revised Jones criteria for diagnosis of rheumatic fever

MAJOR CRITERIA
Low-risk populations™ Moderate- and high-risk populations
Carditis: Clinical and/or subclinical Carditis: Clinical and/or subclinical
Arthritis: Polyarthritis only Arthrits: M;r;?;::t:'rﬁg?; :F olyarthritis
Chorea Chorea
Erythema marginatum Erythema marginatum
Subcutaneous nodules Subcutaneous nodules
MINOR CRITERIA
Low-risk populations* Moderate- and high-risk populations
Polyarthralgia Monoarthralgia
Fever (=238.5°C) Fever (=238°C)
ESR 260 mm in the first hour and/or ESR 230 mm/h and/or CRP 23.0
CRP 23.0 mg/dL§ mg/dimg/dL§
Prolonged PR interval, after Prolonged PR interval, after
accounting for age variability (unless accounting for age variability (unless
carditis is a major criterion) carditis is a major criterion)

*Low-risk populations are those with ARF incidence <2 per 100 000 school-aged
children or all-age rheumatic heart disease prevalence of <1 per 1000 population
per year.

tSubclinical carditis indicates echocardiographic valvulitis.

IShould only be considered as a major manifestation in moderate- to high-risk
populations after exclusion of other causes. Manifestations can only be
considered in either the major or minor categories but not both in the same
patient.

§CRP value must be greater than upper limit of normal for laboratory. Also,
because ESR may evolve during the course of ARF, peak ESR values should be
used.

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
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Diagnosis: Revised Jones criteria

The diagnosis in an individual is made by the Revised Jones criteria (revised
by the American Heart Association 2015) on the basis of the presence of either
two major criteria or one major criterion and two minor criteria (Table 41.1).
Each combination must also include evidence of streptococcal infection,
usually a rising titre of antistreptolysin O. Recurrent ARF diagnosis is made by
2 Major or 1 major and 2 minor or 3 minor criteria.

Evidence of streptococcal infection (usually a pharyngitis secondary to group
A beta-haemolytic streptococcus) with positive throat swab culture or,
preferably, a positive serology for recent streptococcal infection. This is usually
accompanied by a prolonged fever and followed by other clinical features after
a 2- to 3-week period.

Arthritis of the large joints. This is a reactive arthritis (rather than a septic
arthritis), often affecting many joints, and it is migratory in nature (Monoarthritis
that is non-migratory is accepted in moderate and high risk populations). It
usually responds dramatically to aspirin, up to 120 mg/kg/day in four to six
divided doses by mouth after food, but do not exceed 75-80 mg/kg/day if
facilities for assay of salicylate levels are not available. Alternatively, use non-
steroidal anti-imflammatory drugs (NSAIDs; see below). The presence of joint
pain without swelling (i.e. arthralgia alone) may still indicate rheumatic fever in
the presence of the other clinical features compatible with a diagnosis of acute
rheumatic fever.

Rash and subcutaneous nodules: erythema marginatum is an uncommon
feature. It has a ‘snake-like’ appearance, usually over the trunk, and occurs
early in the disease, is usually transient, and disappears within a few hours.
Subcutaneous nodules are not uncommon, occurring over bony prominences
such as the elbows and knees.

Carditis: Detected by clinical examination or be sub-clinical detected by
echocardiography only. This may range from a tachycardia with a prolonged
PR interval seen on the ECG through to myocarditis with a systolic apical mitral
murmur, pericarditis or cardiac failure. Cardiac inflammation may involve the
endocardium (valvulitis mostly affecting the mitral and aortic valve), the
myocardium (impaired cardiac function) or the pericardium in severe cases
(pericarditis). Examination may reveal a pericardial friction rub, an apical
pansystolic murmur from mitral regurgitation, or an early diastolic decrescendo
murmur from aortic regurgitation. As the valves heal they may scar and fibrose.
Mitral regurgitation, mitral stenosis and aortic regurgitation are the
commonest long-term consequences of acute rheumatic fever.

Chorea is an involuntary movement disorder, often of the face, tongue and
upper limbs. It may appear as dysarthria or clumsiness and is associated with
emotional lability. It is a late manifestation of acute rheumatic fever and is more
common in girls.

The disease may be prevented by detecting group A streptococcus in cases of
pharyngitis (throat swab or rapid antigen test) and treating with penicillin (see
below).

Treatment
Management of acute rheumatic fever

Eradicate streptococcal infection (give oral penicillin V 10-12.5 mg/kg/dose
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(maximum dose 500 mg) three times a day for 10 days).

e Commence aspirin 90—-120 mg/kg a day in four divided doses after food.
Monitor serum salicylate levels (the optimal level is 15-25 mg/dL). Reduce the
dose to two-thirds of the original dose when there is a clinical response.

e When the CRP and ESR decrease to normal levels, taper the aspirin dose over
2 weeks.

e  Give prednisolone 2 mg/kg/day (maximum 60 mg/day) in place of aspirin if
there is moderate to severe carditis or pericarditis.

e If prednisolone is given, continue treatment for 3 weeks, and then taper the
dose over a further 2—-3 weeks. As the prednisolone dose starts to taper,
commence aspirin 50 mg/kg/day in four divided doses and stop aspirin 1 week
after prednisolone is stopped.

Treat heart failure as described in Section 42.
e Urgent valve replacement is sometimes required.

The requirement for bed rest during the acute attack is controversial; it is also very
difficult to enforce on young children. For arthralgia, give aspirin as described above
or an NSAID (e.g. ibuprofen 30-60 mg/kg daily up to a maximum of 2.4 G in three
to four divided doses after food). Naproxen at 20 mg/kg/day in two divided doses
appears be a better alternative.

Treatment of streptococcal infection with IM benzylpenicillin (1.2 million units as a
single injection, often given as million units in each thigh) or a 10-day course of oral
penicillin at high dose (12.5 mg/kg four times a day). Once there has been one
episode of rheumatic fever a recurrence is likely. The recurrence risk is minimised
by giving long-term penicillin prophylaxis, preferably for life. This is usually given as
intramuscular injections of 1.2 million units of benzathine penicillin every 3 weeks
(this drug must not be given V). If oral penicillin is required, the highest dose
generally recommended is 250 mg twice daily for all ages, as doses of oral penicillin
in children below the age of 5 years need not be given because rheumatic fever
does not occur in this age group. For patients who are allergic to penicillin,
erythromycin in the same doses can be used.

For acute carditis, prednisolone given orally (2 mg/kg/ day) for 2—3 weeks or by
intravenous infusion is effective. Chorea may respond to haloperidol, 12.5-25
micro- grams/kg twice daily (maximum 10 mg a day). Extrapyramidal side effects
may occur. Chorea usually becomes less of a problem within a few weeks.

Long-term consequences of rheumatic fever

After an episode of acute rheumatic fever there may be permanent heart valve
damage. Rheumatic heart disease occurs when acute valve inflammation is
followed by scarring and fibrosis, resulting in various degrees of shortening,
thickening, rigidity, deformity, retraction and fusion of the valve cusps. The
commonest valve lesions are mitral regurgitation, mitral stenosis and aortic
regurgitation.

Rheumaticheartdiseaseismostsevereandprogressive in (1) children who initially have
severe carditis in (2) children who have recurrent attacks of acute rheumatic fever. The
prognosis is more favourable if recurrences are prevented (residual cardiac

disease may disappear or improve and valve damage only worsens in a few cases).
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Itis therefore crucial to maintain continuous antibiotic prophylaxis to
prevent further valve damage, particularly as children are prone to develop a
recurrence after the initial attack (below).

Mitral valve regurgitation

Mitralregurgitationis the commonestvalvelesioninchildren with rheumaticheart
disease. Patients are oftenasymptomatic during childhood as symptoms are
caused by left ventricular failure which may take as long as two decades to develop.
However, cases may present before adolescence and mitral regurgitation may be
rapidly progressive in regions where the incidence of rheumatic fever is high and
recurrentrheumaticfeveris common. Mitral regurgitation may be diagnosed by the
presence of a blowing apical pansystolic murmur radiating to the left axilla. There
may also be a third heart sound and a short low frequency mid- diastolic murmur
from increased trans-mitral flow.

Features of severe mitral regurgitation:
1. Easy fatigue (caused by low cardiac output)

. Shortness of breath on exertion (caused by pulmonary oedema)

. Hyperdynamic apical impulse and pansystolic murmur

. Apical impulse displaced laterally and inferiorly

. The chest X ray demonstrates cardiomegaly and left atrial enlargement (a
double density on the right heart border and elevation of the left main bronchus)

. The ECG demonstrates left atrial enlargement (broad bifid P wavesinlead Il
and a prominent negative component to the P wavein V1) and left ventricular
hypertrophy

7. Signs of pulmonary hypertension (see below).

a b ON
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Ifthere are features of severe mitral regurgitation, the child should,when possible, be
urgently referred fora paediatric cardiology opinion as surgery is likely to be necessary.
Ideally all children with mitral regurgitation should be evaluated by echocardiography
annually, as progressive left heart dilation may result in irreversible left ventricular
dysfunction if referral is delayeduntilsymptomsdevelop.

Medicaltreatmentshould be given for heart failure (captopril is particularly useful) but
children who are unwell enough to require this often need either a mitral valve repair
or a mitral valve replacement with a mechanical valve or bio-prosthesis.

Mitral valve stenosis

If there is effective antibiotic prophylaxis, mitral stenosis usually develops slowly
over 5-10 years and is often not sufficiently severe to cause symptoms in
childhood. The reality in countries where there is inadequate prophylaxis and
recurrent attacks of rheumatic fever are common is that mitral stenosis may
progress much more rapidly, and symptoms may be evident 6 months to 3 years
after the first attack. Mild stenosis does not cause symptoms, moderate stenosis
causes shortness of breath on exertion and severe stenosis causes easy fatigue,
shortness of breath at rest, orthopnoea (shortness of breath when lying down),
paroxysmal nocturnal dyspnoea and haemoptysis. Mitral stenosis may be
diagnosed by the presence of a low frequency mid-diastolic murmur maximal at the
apex. The murmur may be accentuated by exercise and is often accompanied by a
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loud first heart sound and a diastolic opening snap. The murmur becomes longer as
the severity of the stenosis increases. In severe cases there are also signs of
pulmonary hypertension.

Clinical signs of pulmonary hypertension:
1. Left parasternal heave
2. Loud second heart sound
3. Early diastolic murmur of pulmonary regurgitation at the upper left sternal
border
4. Elevated JVP and hepatomegaly if there is right heart failure.

The chest X ray and ECG often show left atrial enlargement whenthereis
moderate mitral stenosis. Radiographicsigns of pulmonary oedema may be
evident when stenosis is severe. ECG changes of right ventricular hypertrophy
and right axis deviation are present when there is pulmonary hypertension.
Symptoms should be treated with diuretics and a low-sodium diet. Digoxin is
only indicated in rare caseswherethereisatrialfibrillationsecondarytoleftatrial
enlargement.

Symptomaticchildrenand childrenwithsigns of pulmonary hypertension should,
when possible, be referred for paediatric cardiologyreviewas surgeryis often
necessary. Theoptions for treatment are open or closed mitral commissurotomy,
mitralvalvereplacementandpercutaneouscatheterballoon mitral commissurotomy.

Aortic regurgitation

Aortic regurgitation is less common than mitral regurgitation and frequently occurs
in combination with mitral valve disease. Affected children usually remain
asymptomatic for many years as symptoms only become evident when left
ventricular dysfunction develops secondary to chronic left ventricular volume
overload. Severe symptomatic aortic regurgitation may however become
established within 1-2 years of the initial attack of rheumatic fever if recurrence is
not prevented. Once symptoms appear deterioration is often rapid. Symptoms
include exercise intolerance, shortness of breath on exertion and chest pain in a
few severely affected cases. Examination reveals a blowing decrescendo early
diastolic murmur maximal at the mid to lower left sternal border. The murmur is
loudest sitting forward with the breath held in expiration.

Signs of moderate to severe aortic regurgitation:

1. The murmur lengthens and may be throughout diastole
Hyperdynamic apex
Apical impulse displaced laterally and inferiorly
Wide pulse pressure
Collapsing pulses
Visible pulsations in the suprasternal notch and neck vessels
Systolic murmur at the upper right sternal border (from increased aortic valve
flow).
If patients are symptomatic or have signs of severe aortic regurgitation, they should be
referred for paediatric cardiology assessment as surgery may be necessary.
Marked cardiomegaly on the chest X ray or multiple ventricular ectopicsonthe
ECG should alsopromptreferral.ldeallyall children with aortic regurgitation should

274

Noakowd



Section 41. Rheumatic heart disorders. Dr. Al-Abadi Eslam, Prof. Shakeel
Qureshi, Dr Zdenka Reinhardt

have an echocardiogram at least annually as it is important to assess left
ventricular dilation and function to ensure that surgery is carried out before
irreversible left ventricular dysfunction develops. Exercisetolerance maybeimproved
by captopril treatment and medical treatment for heart failure may be necessary in
severe cases. Surgical options include aortic valve reconstruction, aortic valve
replacement with an aortic homograft or mechanical valve and transferring the
patient’'s own pulmonary valve to the aortic position (Ross procedure).
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Section 42. Heart failure and cardiomyopathy

Introduction

Heart failure occurs when the heart is unable to pump enough blood to meet the
metabolic needs of the body. Thetermis often usedtoindicate the clinical changes
that occur when the cardiac pump cannot meet the workload it is presented with.
This may occur either because the pump is weak (due to a primary abnormality of
the cardiac muscle) or because the workload imposed on the heartis higher than
normal. The latter is the case in congenital heart disease, where heart failure occurs
because the heart is pumping against a high resistance (in the case of obstructive
lesions) or because it is volume loaded (commonly in left-to-right shunting cardiac
lesions).

Left-to-right shunting cardiac defects are the commonest cause of heart failure
in infancy identified in well-resourced countries.

Inresource-poor countries most heart failureis related either to severe anaemia or to
fluid overload when treating infections or severe malnutrition, particularly with IV
fluids orduringblood transfusion (see below).

The physiology of left-to-right shunts

A large defect between the ventricles or great arteries allows free communication
between the left and right sides of the heart. Left and right heart pressures therefore
equalise, and pulmonary artery pressure is maintained at systemic level. The
pulmonary vascular resistance then determines the pulmonary blood flow. In the
newborn period the pulmonary vascular resistance is high, which limits the
pulmonary blood flow and therefore the left-to-right shunt across the defect. Over
the first 6 weeks of life, the pulmonary vascular resistance gradually falls, allowing
pulmonary blood flow and the left-to-right shunt to increase. This gives rise to heart
failure, which usually appears after 4 weeks of age. If the pulmonary arteries are
exposed to high pressure and flow for a prolonged period, pulmonary vascular
disease develops. This normally becomes significant between 12 and 18 months of
age. High pulmonary vascular resistance secondary to pulmonary vascular disease
reduces the left-to-right shunt, and symptoms of heart failure gradually resolve.
Eventually, pulmonary resistance becomes so high that flow across the defect
becomes right-to-left, and cyanosis develops (Eisenmenger’s syndrome). The
pulmonary artery pressure remains high throughout, and it is only the amount of
flow through the lungs that changes.

Assessment
Is heart failure present?
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TABLE 42.1 Diagnosis of heart failure secondary to congenital heart disorders in
infants and older children

Symptoms Signs

Failure to thrive
Tachypnoea

Increased respiratory effort
Tachycardia > 160 bpm

e Easily tired
e Poor feeding
e Breathlessness (particularly during

Sweating
feeds) Pallor
e  Sweaty (particularly during feeds) Hepatomegaly

Gallop rhythm

What type of cardiac defect is present?
Heart failure in the first few weeks of life is a medical emergency.

Thefollowing causes should be considered:
severe anaemia
supraventricular tachycardia
complete atrioventricular block
high-output cardiac failure

left heart obstruction.

SUE S

Perform an ECG to detect supraventricular tachycardia and heart block. Check the
haemoglobin level, as severe anaemia may cause high-output cardiac failure. Also
examinethe baby for cranial and hepatic bruits, as cranial and hepatic arteriovenous
malformations are a potential (although very rare) cause of high-output cardiac
failure.

If these tests are negative, if possible, refer the child to a paediatric cardiologist, as a
left heart obstructive lesion is likely and there may be duct-dependent systemic
circulation. Consider the use of prostaglandin to keep the ductus arteriosus open
until the referral can be achieved (see Section 26 Neonatal Handbook).

Heart failure in infancy presenting after the first few weeks of life may be caused
by any of the following:

1. theleft-to-right shuntinglesionslistedin Table 42.2.

2. cyanotic congenital heart defects with high pulmonary blood flow

3. thesame causesthatpresentinthefirstfewweeks oflife

4. myocarditis or cardiomyopathy.

TABLE 42.2 Common left-to-right shunting lesions that cause heart failure
Large ventricular septal defect (VSD)

Atrioventricular septal defect with large ventricular component (AVSD)

Large persistent ductus arteriosus (PDA)

Examine the child for cyanosis and measure the oxygen saturation. It should be
possible to detect those children with cyanotic defects immediately (note,
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however, that children with AVSD are sometimes mildly desaturated). Next,
attempt to detect the children with left-to-right shunts, looking for the following
features of a hyperdynamic circulation which are present in significant shunts:
1. hyperdynamic precordial impulse
2. apical impulse displaced laterally and inferiorly

. apical mid-diastolic murmur (from increased flow across the mitral valve)

. loud second heart sound (from increased pulmonary artery diastolic pressure)

. cardiomegaly and increased pulmonary vascular markings on the chest X-ray

. signs of heart failure and pulmonary oedema on the chestX-rayinsevere
cases

[e20N¢) BE >N ON)

Ifthese examinationfindings are notpresentandthereisno evidence of SVT or a
hyperdynamic circulation (see above), aleftheartobstructivelesionshouldbe
considered. Some of these are treatable conditions and if they are suspected
the child should be referred for paediatric cardiologyreviewwithoutdelay.

If there is evidence of a large left-to-right shunt, refer the child, if possible, to a
paediatric cardiologist within a few weeks. These signs must not be missed, as a
remediable cardiac defect is rendered inoperable by delay.

Although it is not essential to make a more specific diagnosis, the following
clinical features discriminate between the three most common left-to-right
shunts:

1. The persistent ductus arteriosus (PDA) has a continuous murmur thatis maximal
intheleftinfraclavicular area.

2. Alargeventricularseptal defect (VSD) hasaquietpansystolic murmur thatis
maximal at the lower left sternal border radiatingto the lowerrightsternalborder.
Theremayalso be asoftejection systolicmurmuratthe upperleftsternal border from
increased flow across the pulmonary valve.

3. An atrioventricular septal defect (AVSD) with a large ventricular component
may have a blowing pansystolic murmur at the lower left sternal border or apex
from atrioventricular valve regurgitation. The ECG shows a characteristic
superior QRS axis (between—30 and—180degrees).

Heart failure in later infancy and childhood

In addition to the symptoms seen in early infancy (easily tired, poor feeding,
breathlessness particularly during feeds, excess sweating particularly during
feeds), older children may have decreased exercise tolerance, shortness of
breath on exertion and when lying flat.

The signs of heart failure are cyanosis or SpO2 < 94%, basal lung crepitations,
failure to thrive, tachypnoea (2-12 months: > 50 breaths/min; 1-5 years > 40
breaths/min) and tachycardia (1-5 yrs > 120bpm; >5yrs > 100bpm).

There is usually increased respiratory effort, sweating, pallor and
hepatomegaly.

In older children the hepatomegaly may be tender, a gallop rhythm may be
heard, and a raised jugular venous pressure may be observed.
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In addition to the congenital heart defects described in Section 40 the following
causes of heart failure must be considered as they are usually effectively
treatable:

Severe anaemia

Severe malnutrition

Excessive intravenous fluids

Rheumatic fever

Myocarditis

Cardiomyopathy

Infective endocarditis

Constrictive pericarditis (rare and most often caused by tuberculosis) (see
Section 51 Handbook 2 ).

PN WN =

Anaemia is a common and often severe problem in poorly resourced settings
(see Section 57). When the haemoglobin falls below 70g/I cardiac output must
increase to maintain oxygen delivery and heart failure frequently develops with
a haemoglobin < 50g/l. The treatment is careful blood transfusion, but the
increaseinintravascular volume may precipitate worsening heart failure.
Blood must therefore be infused slowly in small boluses and a partial exchange
transfusion may be needed if there is clinical deterioration. Furosemide 1 mg/kg
IV may be given during transfusion (see Section 54 Handbook 2).

Severe malnutrition is also an important cause of cardiac failure in low resource
countries (see Section 56) with specific contributions from certain vitamin
deficiencies (see Section 55). Although cardiac failure is unusual at presentation, it
may occur after several days of refeeding. Rapid refeeding can cause a
hypermetabolic state, demanding an increase in cardiac output which cannot be
met by the malnourished heart which has a decreased cardiac reserve. (see
Section 23 Textbook 2). The problem is exacerbated by coexisting anaemia, blood
transfusion, inappropriate intravenous fluid administration and high sodium diets.

The other common causes of cardiac failure are dealt with individually in the
sections below.

Management of heart failure

Monitorheartandrespiratoryrates, respiratorydistressand oxygenationregularly
duringtreatmentofacute heartfailure. It is necessary to both control the symptoms
of failure and to determine and treat the underlying cause.

1. Treatsevereanaemiaifpresent, be carefulwith IV fluids and ensure adequate

nutrition.

Nasogastricfeedingifthereisinadequate oral intake.

For older children nurse sitting up with legs dependent

Treathypoxaemia with oxygen to keep SpO, 94% to 98%.

Inanemergencywherethereis pulmonaryoedema, give furosemide 1 mg/kg IV

which should produce a diuresis within 2 hours. If the initial dose is ineffective,

give 2mg/ kg |V and repeat after 12 hours if necessary.

6. For chronic heart failure give oral furosemide 1 mg/kg once a day, twice a day
or three times a day.

7. Spironolactone 1mg/kg once a day or twice a day in combination with

a~own
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furosemide, matching the dose frequency, to enhance diuresis and prevent
furosemide-related hypokalaemia.

8. If furosemide is used without spironolactone, oral potassium 3-5
mmol/kg/day, should be given (supplemental potassium is not required if
furosemide is given for less than 4 days).

If more than twice daily diuretics are required, consider using captopril.

e  Captoprilshould be commencedinhospital with a 100 microgram/kg test dose.
The dose should then be increased gradually over a number of days 100-300
microgram/kg 2-3 times a day to a maximum total dose of 4mg/kg daily.

e After the test dose and each increment monitor the blood pressure carefully,
as hypotension is common. Reduce the dose if significant hypotension
occurs.

e Monitor urea and electrolytes daily while building up the dose, as renal failure is a
well-recognised side effect.

e  Stop spironolactone when the captopril dose is greater than 500
micrograms/kg per day as both drugs cause potassium retention. Do not
give captopril if there is left heart obstruction.

Cardiomyopathy and myocarditis

Myocarditis and dilated cardiomyopathy both cause impairment of myocardial
contractility. This results in a dilated poorly functioning heart. Children present with
heart failure, sometimesinassociationwithshock. Theymayalsomore rarely present
with ventricular arrhythmias.

The unexpected onset of heart failure in a previously well child should suggest the
diagnosis. However, in the first 3months oflife, heartfailure associated with
cardiomegaly is more likely to be caused by congenital heart disease than by heart
muscle disease. Echocardiography is therefore particularly important in this age
group, to discriminate between the two potential causes of heart failure.

In addition to the features of heart failure listed earlier in Table 42.1, signs may
include lateral displacement of the apex beat and an apical pansystolic murmur
from mitral regurgitation.

The chest X-ray often demonstrates cardiomegaly. It is not essential to identify
whether the child has cardiomyopathy or myocarditis, as the management of both
conditions is the same. However, the latter may be suggested by a preceding viral
illness orevidence of acute myocardial damage with elevated blood levels of
creatinine kinase or troponin. Myocarditis may be confirmed by identifying
enterovirus by polymerase chain reaction (PCR) or serology.

Inmostcases, the cause ofthe cardiomyopathyremains unknown. However, it is
important to perform a 12-lead ECG in all cases of cardiomyopathy, as it may
reveal two particular conditions that are reversible/treatable causes of poor heart
function:

« A persisting tachyarrhythmia may cause cardiomyopathy.

- In cardiomyopathy there is often sinus tachycardia, which appears on the
ECG as a heart rate faster than that expected for the child’s age, with each QRS
complex being preceded by a P wave that is positive in both lead | and lead
aVF. If the QRS complexes are not preceded by P waves, or P-wave morphology
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is unusual, the rhythm is not sinus rhythm and a tachyarrhythmia must be
suspected. Sometimes the tachyarrhythmia heart rate is only marginally higher
than that expected for the child’s age, but many months of mild tachycardia
have resulted in poor function. If the arrhythmia is successfully controlled

with anti-arrhythmic drugs or radiofrequency ablation, the heart function
should normalise.

Anomalous origin of the left coronary artery fromthe pulmonary artery (ALCAPA)
presents with severely impaired cardiac function at around 3 months of age. The
ECG will show transmural anterolateral myocardial infarction in most cases. If the
coronary artery is re-implanted in the aortic root early, the function will usually
recover.

Post-interventionmanagementis aimed atsupportingthe heart while function
spontaneously recovers. It includes the following:
- Furosemide and spironolactone (see above, under heartfailure)
« Captopril (see above, under heart failure)
- Digoxin:
— 5micrograms/kgorallytwice aday (inchildrenunder 5yearsold).
— 3 micrograms/kg orally twice a day (in children over 5yearsold).
Plasmalevels should be inthe range 0.8—2.0 micrograms/litre (check the level after 5
days, and atleast 6 hours after giving a dose).
« Aspirin 3-5micrograms/kg once aday iffunctionis poor, toprevent
thromboembolism.
- Anticoagulationwith low molecular weight heparin if cardiacfunctionis very poor
- Intubation and ventilation if pulmonary oedema is severe.
« Inotropic support (dobutamine 5—10 micrograms/kg/ minute, dopamine 5-10
micrograms/kg/minute, milrinone maximum dose of 0.7 micrograms/kg/minute).
Ventilation and inotropic drugs should be a last resort if the child is deteriorating
despite other measures, as it can be difficult to wean them off intensive care
support once these steps are taken.

Once the child is stabilised, introduce carvedilol at a dose of 50 micrograms/kg
(maximum dose 3.125 mg) twice a day, doubling the dose at intervals of at least 2
weeks up to an upper limit of 350 micrograms/kg (maximum 25 mg) twice a day.
Use echocardiography to check that cardiac function has not deteriorated before
each dose increment and monitor blood pressure for 4 hours after every dose
increment. Carvedilol promotes myocardial re-modelling.
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Section 43. Bacterial Endocarditis
Endocarditis should always be suspected in a child with a cardiac defect when
there is a fever without a focus. Infection develops on injured areas of
endothelium or on abnormal or damaged heart valves. In some cases, the
onsetmay be sudden with obvious signs of sepsis and cardiacfailure (secondaryto
valvedamage).However,inmost cases the onset is insidious, and the diagnosis is
unclear. There may be fever, malaise, fatigue, arthralgia, anorexia and weight
loss. Itmay occurin a child previously thought tohaveanormalheartbutwithan
undiagnosed congenital heart defect or undiagnosed episode of rheumatic fever.
Signs of endocarditis:
Pyrexia
Microscopic haematuria
Splenomegaly
Changing heart murmur
Petechiae
Neurological abnormalities (caused by cerebral abscess or infarction)
Splinter haemorrhages, Janeway lesions, Osler’s nodes and Roth’s spots
(characteristic but rare).
Thediagnosisis madebyisolatingbacteriafromtheblood. Atleastthree sets of blood
cultures mustbe obtained from different puncture sites. If possible, antibiotics
should be withheld until multiple blood cultures have been obtained and should
only be started when the diagnosis is clear or there is a pressing clinical urgency.
Blood cultures will be negative in 10-15% of cases. Echocardiography if available
helpsto make the diagnosis if vegetations are seen, but a negative echocardiogram
does not exclude the diagnosis.
Organisms most commonly isolated in endocarditis:

1. Streptococcus viridans (commonest overall)

2. Staphylococcus aureus (most cases of fulminant endocarditis)

3. Coagulase-negative staphylococci (if the patient has a central venous line

or is immunocompromised e.g. with HIV).

If the organism is Streptococcus viridans, 1V benzylpenicillin 25 mg/kg 6 hourly and
gentamicin 7 mg/kg once daily are given for two weeks, followed by a further two
weeks of oral amoxycillin.

Nooh~wN -~

If the organism is Staphylococcus aureus, IV flucloxacillin/cloxacillin 25 mg/kg 6
hourly is given for 4 weeks, coupled with IV gentamicin 7 mg/kg once daily (or
sodium fucidate) 6—-7 mg/kg 8 hourly for the first two weeks.

Vancomycin 10 mg/kg 6 hourly is used in place of flucloxacillin if the organism is a
coagulase negative Staphylococcus or the patient is allergic to penicillin.

The effectiveness of treatment is monitored by symptoms andinflammatory
markers
(WBC,ESRandCRP).

Surgery, if available, is necessary when the organism cannot be
eradicated, when there is evidence of embolisation, where thereis alarge mobile
vegetation atrisk of embolisation, or when there is severe cardiac failure from
valve damage.
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Section 44. Cardiac arrhythmias

Supraventricular tachycardia

Supraventricular tachycardia (SVT) is the commonest tachyarrhythmia in
childhood. It may present with poor systemic output and heart failure in infancy,
or palpitations and dizziness in later childhood. SVT can be distinguished from sinus
tachycardia because the rate is usually more rapid (200-300 beats/ minute)than
can be explained by the child’s level of activity, fever, agitation or pain.

The ECG in most cases shows narrow QRS complexes without a preceding P wave.
The commonest cause of SVT in childhood is an accessory pathway, which is
an abnormal bundle of muscle fibres bridging from the atrium to the ventricle.
In accessory pathway-mediated tachycardia, depolarisation passes down from
the atrium to the ventricle through the atrio-ventricular node, and then returns back
up to the atrium using the accessory pathway. If the electrical wave-front then passes
down the atrioventricular node again and once again returns up to the atrium via the
accessory pathway, SVT has initiated.

Some, butnotall,accessorypathwaysareevident on the resting ECG because forward
conduction across the accessory pathway in sinus rhythm causes a slurred stroke
just before the QRS complex, known as a delta wave. The condition is often known
as the Wolff-Parkinson-White (WPW) syndrome. A new method of treating this
condition, if available, is radiofrequency ablation of the abnormal pathway by
means of a catheter passed into the atria, but this is a skilled technique that is only
available in specialist centres.

Some patients have a different type of SVT, where the electrical wave-front
loops back on itself to form a ‘short circuit’ entirely withinthe atrioventricular node.
Thisisless often seen in early childhood but becomes more com- mon
towards adolescence.

Atotally different mechanism of tachycardia occurs when there is an abnormally
rapid atrial discharge (atrial flutter or atrial ectopic tachycardia). This is
relatively rare in childhood.

Management of SVT

1. Record a 12-lead ECG in tachycardia

2.  While attempts are made to terminate the tachycardia, record a rhythm strip
(this can often be easily run off a standard defibrillator).

3. Vagal Manoeuvres:

a. Inthe infant, try to terminate the SVT by facial immersion in ice-cold
water.

b. Inthe older child, try ice-cold packs on the face, the Valsalva
manoeuvre (get the child to blow into a 50mL syringe to move the
plunger), or carotid sinus massage.

4. If tachycardia persists, obtain IV access (via a large antecubital vein if possible)
and give a rapid bolus of adenosine 100 micrograms/kg followed by a rapid
crystalloid flush.

5. If the SVT is not terminated, give larger doses of adenosine, 200micrograms/kg
then 300micrograms/kg until a maximum dose of 400 micrograms/kg is
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reached. Always use a rapid saline flush.

6. If the child is shocked, IV access is not able to be obtained or adenosine is
unsuccessful, synchronous DC cardioversion should be performed under
sedation / anaesthesia. Start with 1J/kg rising to 2J/kg. If repeated shocks are
needed, consider a dose of IV amiodarone

7. If adenosine terminates the tachycardia transiently, and then SVT re-initiates,
anti-arrhythmic drug treatment needs to be initiated straight away to prevent
constant recurrence of the arrhythmia.

8. If adenosine successfully terminates the tachycardia, it is not compulsory to
initiate anti-arrhythmic treatment. As SVT is not dangerous beyond infancy,
anti-arrhythmic drugs are only given if the child wants to avoid further attacks
(this decision is usually influenced by the frequency and duration of attacks).

9. Ininfancy, SVT may cause serious haemodynamic compromise. In view of this,
all infants who present with SVT should be started on anti-arrhythmic
medication, which should be continued until the child’s first birthday.

10. If adenosine does not terminate the tachycardia at all, carry out synchronised
DC cardioversion, after anaesthesia, intubation and ventilation with 0.5
joules/kg, rising to 2 joules/kg in steps if the first shocks are unsuccessful.

11. In rarer cases, adenosine causes only transient block of the atrioventricular
node, revealing rapid atrial activity in the form of P waves or sawtooth flutter
waves. When atrioventricular nodal conduction returns after a few seconds, the
tachycardia is re-initiated. These tachycardias require either anti-arrhythmic
drug treatment to be initiated straight away or DC cardioversion.
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FIGURE 44.3 Administration of adenosine during atrial tachycardia shows
underlying rapid P waves.

284



Section 44. Cardiac arrhythmias Prof. Shakeel Qureshi, Dr Zdenka Reinhardt

Ventricular tachycardia
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FIGURE 44.4 Ventricular tachycardia.

Ventricular tachycardia (VT) is normally diagnosed when there is a broad complex
tachycardia. Not all childhood ventricular tachycardia is dangerous. If the childis
haemodynamically stable, attempts canbemadeto terminate the tachycardia with
anti-arrhythmic drugs (see below). If there is haemodynamic compromise,
immediate DC cardioversionisrequired.

Direct current (DC) cardioversion

Sedate oranaesthetise the childunlesstheyareclose to death and unconscious. Use
paediatric paddles if the child weighs less than 10kg. Place one paddle over the
apex of the heart in the mid-axillary line and the other immediately below the
clavicle just to the right of the sternum. If there are only adult paddles and the child
weighs less than 10kg, place one on the back and one over the lower chest
anteriorly.

The first shock should be 2 J/kg, and subsequent shocks should be 4J/kg. If not
corrected by one 4J/kg shock give a dose of intravenous amiodarone before the
3 shock

Anti-arrhythmic drugs
This is only a guide, and other types of drug within a class can be given.

Firstchoice

Beta-blockers (oral doses given)

Infants: propranololol 1 mg/kg/dose three times a day.

Children (who cannot swallow tablets): atenolol 1-2mg/kg once a day.
Older children (who can swallow tablets): bisoprolol 0.2—0.4mg/kg once aday
(tablets come as 2.5mg, so use multiples of this amount).

Second choice

Flecainide (oraldoses given)

Under 12 years of age: initially 2mg/kg/dose twice a day. It is possible to increase
to 3mg/kg/dose if tachycardias persist (maximum of 8mg/kg/day).

Over 12 years of age: 50—100mg twice a day (maximum of 300mg a day).

It is preferable (if possible) to measure the flecainide level after 5 days just
before the next dose is due to be administered, to check that the plasma level
has not exceeded 800 micrograms/L.

Avoid feeds for 30 minutes before or after giving oral flecainide, as the
absorption of the drug is significantly affected by milk and dairy products.

Third choice
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Beta-blocker and flecainide together

If the tachycardia does not respond to the above drugs in the acute setting, or the
child’s haemodynamic status is borderline, IV amiodarone is the safest option.

Fourth choice

IV amiodarone

Give a loading dose of 5 mg/kg over 20 min (30 min in neonates) (dilute with 5%
dextrose only).

Then continue infusion at a rate of 5-20 micrograms/kg/minute (maximum of 1.2
grams in 24 hours).

Consider stopping the infusion 4-8 hours after the SVT has resolved.

Iftachycardia recurs after stopping amiodarone, give a further loading dose and
recommence infusion, continuing for at least 1 day after tachycardia resolution.

As amiodarone has a large number of side effects, consider switching to either a
beta-blocker or flecainide once the tachycardia has been controlled and the child is
haemodynamically stable.

Make up the amiodarone infusion as follows:

1. 15 mg/kg in 50 mL of 5% dextrose (1 mL/hour = 5 micrograms/kg/hour:
such a slow infusion will need an electrically driven syringe pump).

2. Amiodarone is incompatible with sodium chloride. Therefore, do not
make up with and do not flush lines with this solution.

3. Amiodarone can be given through a peripheral line, but serious tissue
damage may be caused by the drug if extravasation occurs, so central
access is preferred. If peripheral access is used, dilute the infusion to a
concentration between 600 micrograms/mL and 2 mg/mL. This dilution
will be more appropriate in situations where electrically driven syringe
pumps are not available, but the infusion needs close monitoring.

Congenital complete heart block
Consider this in any newborn who has a consistent bradycardia without
apparent cause, such as terminal respiratoryfailure or very severe shock.
Diagnosis
P waves are dissociated from QRS complexes on the 12-lead ECG.
Perform an echocardiogram to exclude structural heart disease.

Check for anti-Ro and anti-La antibodies in the child’s mother (the underlying
cause in the majority of cases).

Management
1 Monitor the heart rate for 24—48 hours.
2 Assess perfusion and blood pressure and examine for signs of heart failure.

3 Arrange for a permanent pacemaker if there is inadequate cardiac output,
heart failure, structural heart disease or the heart rate is < 50 beats/minute.

4 Atropine 20 micrograms/kg or isoprenaline infusion 0.02-0.2
micrograms/kg/minute can be used for emergency treatment of severe
bradycardia with inadequate cardiac output.
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Section 45. Shock: includes severe bleeding, dehydration, malnutrition,
anaemia, sepsis (including Toxic Shock Syndrome) and anaphylaxis.

Introduction

‘Shock’ occurs when the circulatory system fails to deliver adequate amounts of
primarily oxygen, but also nutrients, to the tissues, and fails to remove unwanted
metabolites from the tissues for excretion.

Pathology at cell level

At a cellular level, the end result of shock is anaerobic metabolism (oxygen-
depleted metabolism). This is an inefficient mechanism and requires much more
energy than aerobic metabolism (the normal oxygen-dependent system). In
addition, anaerobic metabolism builds up excess toxic acid products in the cells
which cannot be removed by the failed circulation. Cellular function deteriorates and
there is a downward spiral of increasing loss of homeostasis, the onset of
disseminated intravascular coagulation, and after a short while so much cell death
occursin vital organs that recoveryis impossible and the patient dies.

In the early stages of shock, the body has mechanisms to try to combat this
process. The circulatory system is underthe control of the sympathetic nervous
system. This systemregulatesthe flow of blood in healthandindisease to all organs
so as to respond to demands on different organs. In health, morebloodis sentto
musclesifaperson is exercising, more to the digestive system if they are eating, and
more to the skin if their body is too warm.

In shock, the sympathetic nervous system attempts to protect the vital organs
by diverting blood away from muscle, skin and the digestive system and
directing it to the heart, brainand kidneys. This gives rise to some of the earlier
signs of shock, such as cold peripheries, increased capillaryrefilltime, cerebral
anxietyoragitation,tachycardia to increase cardiac output, and reduced urine
output as the kidneys conserve fluid.

Later signs such as depressed consciousness, weak pulses, falling blood
pressure and acidotic breathing show that the body’s compensation
mechanisms are failing. It can be seen that it is vital to recognise and treat
shock in the patient as soon as possible, as this will give the best chance of
patientrecovery.

Clinical diagnosis of shock

The signs of shock are listed below, although not all of them are presentin all

types of shock.

1. Tachycardia (best measured with a stethoscope).

2. Weak pulse (ideally central — brachial, femoral or carotid, but difficult to
gauge).

3. Low blood pressure (this is a late sign and very difficult to measure in young

children).

Extreme central pallor (severe anaemia).

Raised respiratory rate (due to acidosis).

Cold skin with poor circulation.

Prolonged capillary refill time (CRT) > 3 seconds.

No ok~
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8. Increased skin sweating in some cases.

9. Agitation and anxiety (this is an early sign).
10. Reduced conscious level.

11. Reduced urine output (this is an early sign).

The WHO diagnosis of shock includes all of the above signs that are
highlighted in bold type.

The problemis that shock is quite difficult to diagnose in the early stages, as some
signs also occur as a result of medical causes other than shock. The diagnosis in
the early stages depends on the following:
- tachycardia, which is a very useful sign of shock, but also occurs with fever
and with anxiety or fear, anxiety and/or agitation
- prolonged capillaryrefilltime, which alsooccursindehydration and is influenced
by environmental temperatures and by how hard the nail bed or sternum is
pressed
- cold skin, which is also dependent on environmental temperature
- reduced urine output, which is also dependent onfluid intake.

It is vital that if any of these early signs are noted in a patient that they are not
dismissed as some unrelated cause but are seriously considered as likely to be
indicating the development of shock.

This is why it is so useful to have regular vital signs (pulse, respiration, conscious
level, temperature and blood pressure) observations on patients, so that abnormal
trends can be detected early.

It is also important to note that shock is not diagnosed on the basis of one physical
sign alone, but on the basis of several signs occurring together. For example, a
tachycardia alone does not diagnose shock, but if you note a tachycardia, you
should look for cold limbs, prolonged capillary refill time, or a history suggestive of a
cause of shock, such as a fever, severe diarrhoea or bleeding.

Pathological mechanisms that can cause shock

The circulatory system is complex, so there are many causes of shock. The

organs, systems and pathologies that can be the primary cause of the shock

include the heart itself, the blood vessels, restriction to the flow of blood, failure

of the oxygen-carrying capacity of the blood, and loss of blood or fluid from the

body. The main mechanisms of shock can be summarised as follows:

1 Hypovolaemic shock: loss of fluid or blood (e.g. diarrhoea, blood loss)

2 Cardiogenic shock: failure of the heart pump (e.g. arhythmias, cardiomyopathy,
myocarditis, malnutrition)

3 Distributive shock: abnormal function of vessels supplying nutrients and oxygen
to tissues (e.g. sepsis, anaphylaxis)

4 Dissociative shock: inadequate capacity of the blood to release oxygen (e.g.
severe anaemia, carbon monoxide poisoning)

5 Obstructive shock: restriction of circulation to the tissues (e.g. some congenital
heart diseases, tension pneumothorax, cardiac tamponade, pulmonary
embolus).
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In an individual with shock, several of these mechanisms may exist together.
Therefore, the clinician must consider which emergency treatments will be
effective and which will be harmful for any particular patient. One of the most difficult
situations is in the anaemic malnourished child with sepsis, where fluid is required
to expand the circulating volume, but the heart is already weakened and cannot
cope with a rapid fluid infusion (see Sections 56 and 57).

Basic management of shock
Shock is managed according to the following principles:

a. High concentrations of oxygen are safe and must be givenregardless of
the cause of shock.

b. Airway and breathing stability or support must be established promptly first
(the only exception is to control catastrophic external bleeding in trauma or
major obstetric haemorrhage (CABC) concurrently with airway and
breathing; see Sections 79 and Obstetric Handbook) and initiate the process
leading to emergency surgery for internal bleeding.

c. Frequent reassessment, at least after every therapeutic manoeuvre, is vital
to avoid both under-infusing and over-infusing of fluids.

d. The underlying pathology must be treated to arrest the pathological process.

The clinical diagnosis of the cause of shock is not easy. Shock results from a
spectrum of conditions and mechanisms, and itis a clinical challenge.

Immediate resuscitation is needed to maintain oxygenation and perfusion of vital
organs. Once this is under way, the cause of shock needs to be found and treated.

Diagnosisdependsonhistory, clinicalexamination,and response to treatment given.
It is sometimes possible to identify the cause of shock with a good history and a
careful examination.

Investigations

1 Haemoglobin measurement is essential.

2 Blood tests needed for blood transfusion are urgent

3 Live blood transfusion donors should be identified urgently, investigated and
units of safe blood obtained in case they are needed.

4 Blood glucose measurement is essential, as some signs of shock are the same
as signs of hypoglycaemia.

5 Plasma electrolyte measurements are helpful, especially sodium, potassium and
bicarbonate

6 Lactate measurement is helpful (if available).

7 Central venous lines with pressure (CVP) measurement maybe useful, if skilled
staff are available to undertake the procedure and measurement without
delaying more urgent actions such as safe peripheral venous or intraosseous
access.

Choice of intravenous fluid

Fluid infused into the circulation should approximate to plasma inits electrolyte
content, osmolality and pH.
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Dextrose-only fluids

Itis clearthatalthough glucose/extroseis necessaryto preventormanage
hypoglycaemia, fluids containing only dextrose should never be used for IV

fluid replacement or maintenance,

or for the emergency management of

shock. The reason for this is that the dextrose is rapidly metabolised, so the effect of a
dextrose-only IV fluid on the child’s body is as if pure water had been given. The
outcome of thistreatmentincludes severe hyponatraemia, whichcould quickly lead
to brain damage or death. In addition, this pure water is rapidly moved out of the
circulation, and the state of shock is then worse than before the infusion.

TABLE 45.1 Diagnostic pointers to the clinical causes of shock (each is discussed

in the sections indicated)

Symptoms and signs

Causes

Diarrhoea and/or vomiting with
signs of severe dehydration

Gastroenteritis (see Section 60 and Section 61),
volvulus, intussusception (see Section 74),
Peritonitis (Section 74)

Fever, non-blanching (purpuric)
rash

Meningococcal septicaemia (see Section 21),
Dengue haemorrhagic fever (see Section 13)

Urticaria, wheeze, oedema,
exposure to allergen

Anaphylaxis (see Section 36)

Trauma

Blood loss, tension pneumothorax, internal
bleeding, spinal cord transection (see Section 58
Handbook 2)

Major obstetric haemorrhage in
children who are pregnant

Blood loss: ruptured ectopic pregnancy,
antepartum haemorrhage, postpartum
haemorrhage (see Obstetric Handbook))

Burns

Fluid loss from burns (see Section 86)

Pallor, tachycardia, severe malaria,
severe acute malnutrition

Severe anaemia, often in addition to severe
malnutrition (see Section 56) and malaria (see
Section 31)

Fever, signs of shock and a very
sick child

Septicaemia (see Section 21) and malaria (see
Section 31)

Baby < 4 weeks old: cyanosis, with
no response to oxygen, very weak
pulses

Congenital heart disease (see Section 40)

Very fast pulse, heart failure

Arrhythmia (see Section 44) and cardiomyopathy
(see Section 42)

Dehydration, polyuria, polydipsia,
high glucose levels

Diabetic ketoacidosis (see Section 50)
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Symptoms and signs Causes

History of sickle-cell disease or
diarrhoeal iliness and low
haemoglobin levels

Haemolysis with severe anaemia (see Section
57)

Severe anaemia from many Hb < 75 g/l, iron deficiency picture, urine
different causes including chronic containing red cells and occult blood tests on
blood loss stool

Sodium-containing fluids

Thefluidtraditionally infusedinto the circulationforthe management of shock has been
‘normal saline’ (0.9% sodium chloride, NaCl). This fluid has increasingly been
shown to be potentially dangerous, especially inthe sick patient. An infusion of normal
saline causes a hyperchloraemic acidosis (ahighchlorideconcentrationleadingtoan
acidosis),which in the shocked patient, who is already acidotic, causes a
deterioration in the health of cells in vital organs, even though perfusion of the cells
has been improved by the increased circulating volume.

There are sodium-containing alternatives to normal saline which are saferasthey
approximate more closelyto human serum in content (see Table 45.2), although they
are more expensive. We recommend the use of either of these alternatives (Ringer-
Lactate /Hartmann’s solution are widely available in low resource settings) for all
fluid replacement. Recognising that not all hospitals will have access to these
solutions immediately, there may sometimes be no alternativebuttostartfluid with
replacement with normal saline. However, if more than 20 mL/kg needs to be
given, one of the safer alternatives should be used in these very sick children if at all
possible.

Note that hospitals and clinics will need to have access to some 0.9% NaCl
(normal saline), usually in 5mL or 10 mL ampoules. This will be used for dissolving
or diluting drugs for IV injection. If a specific fluid is indicated as the diluent for a
particular drug (for examples.0.9% NaCl, 5% dextrose, or water for injection), this
fluid must be used. If drugs are infused using the wrong fluid, their benefits for the
patientmay be damaged

Clinicians should try to ensure that their hospital facility does at all times have
access to safe infusion fluids, such as Ringer-lactate or Hartmann’s solution.

TABLE45.2 Comparison of electrolytes, osmolality and pH levels in IV fluids with
those in human serum

Na+ K+ Cl- Ca2+ |Lactate or | Osmolarit
Fluid mmol/ bicarbona |y pH
I I/L
mmolL | mmol) 1 AL e | s
Human 7.35-
serum/plasma 135-145 |3.5-5.5 |98-108 |2.2-2.6 | 22-30 27610295 745
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Fluid Na+ K+ Cl- y Ca2+ It;gcta;e or | Osmolarit y
o mmo icarbona |y p
I/ I/L

mmolL. | mmel) L MM e mmoliL | mOsmiL

Ringer-lactate

or Hartmann’s| 131 5.0 111 2.0 29 279 6.0
solution

0.9% ‘normal’

saline 154 0 154 0 0 310 5.4

General principles in the initial management of shock

Even though it may be clear on initial inspection that the child is in shock, the first
priority must still be to call for help, stop any catastrophic external bleeding, manage
the airway, manage breathing and then manage the circulation, including for
suspected internal bleeding or peritonitis, the urgent setting up of emergency
surgery.

Callforhelp. Always consider including an anaesthetist and when appropriate a
surgical or obstetric team.

Control any bleeding and ensure open airway

Assess the airway by the simple technique of asking the child ‘Are you all right?’
Any vocalisation such as a reply or crying indicates an open airway and some
ventilation. In the absence of a response, formally open the airway with a head
tilt/chin lift or a jaw thrust manoeuvre (see Section 12 Handbook 2), and assess
breathing bylooking, listening and feeling forits presence.

Breathing

All children with suspected shock must receive high-flow oxygen.
Intheabsence of effective spontaneousbreathing, give immediate assisted ventilation
with a bag-mask system (see Sections 12 and 13 Handbook 2).

Circulation

Intravenous access with a short wide-bore venous cannula, or placement of an

intra-osseous line (see Section 92), is vital. More than one line is preferable, as

rapid fluid resuscitation may be needed, although always start treatment as soon as
the first IV access has been achieved and insert the second line when possible.

1. Takebloodsamplesforthe following investigations: full blood count, blood
transfusion typing and cross match, glucose levels, electrolytes, blood
culture (and, if relevant, malarial parasite tests).

Identify live donors for blood transfusion

3. IV Crystalloids (0.9% Saline, Ringers-Lactate or Hartmann's) must always
be available. They can be used as part of the initial resuscitation. Initial
boluses are required to keep the vital organs (especially the brain, heart
and kidneys) perfused before more definitive treatment can be given.

4. However, giving too large a volume of IV crystalloid dilutes blood
components (haemoglobin, clotting factors, platelets, albumin) and may
result in reduced oxygen carrying capacity, coagulopathy and pulmonary
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oedema.

5. The first IV or 10 fluid bolus should ideally be 10ml/Kg of either crystalloid
or blood depending on the likely cause of shock (see below) and availability
of blood for transfusion (ideally O negative which should ideally always be
available).

Reassessment and need for further fluids

The next very important step before a second IV bolus is given is to reassess the
patient’s vital signs to see if the fluid has helped. Check the pulse rate, capillary
return, limb temperature and blood pressure, and pay particular attention to the
child’s mental status. Observe the parent—child interaction. Is the child more or less
responsive to the parent? Look for signs of heart failure (i.e. raised jugular venous
pressure, enlarged liver, and crackles in the lung bases).

If the child still shows the signs of shock and if there has been a little improvement
or no improvement, give a further bolus of 10 mL/Kg of IV fluid (Ringer Lactate) and
where safe and available early use of inotropes (see below) . See ERC guidelines
2021.

Reassess the child after each 10 mL/kg of fluid, checking the pulse rate, capillary
return, limb temperature, blood pressure and alertness, and looking for signs of
heart failure, raised jugular venous pressure, enlarged liver, and crackles in the lung
bases.

Once a total of 40 mL of fluid have been given, there is an increasing risk that you
will cause fluid overload with pulmonary oedema, which will make the child worse,
not better unless they are intubated and ventilated which may not be practical in low
resource settings. The problem is that there may still be leakage of fluid out of the
circulation (into which you have been infusing the crystalloid or other fluid), which
makes the tissues oedematous but leaves the circulation still hypovolaemic and the
tissues under-perfused.

If the child remains shocked after 40mL/kg continue to give fluids (ideally blood
products or colloids) and ensure an anaesthetist is present to establish IPPV with
PEEP

When a total of 40 mL/kg IV or IO has been given, ensure anaesthetist is
present before more fluids or blood are given but don’t delay giving these if the
child is still shocked

1. Consider inotrope (dopamine infusion or adrenaline boluses) and IPPV +
PEEP to support further IV fluid boluses if available

2. Check for coagulopathy and correct with fresh donor blood and when
available fresh frozen plasma or cryopreciptate.
3. Targeted crystalloid fluid resuscitation (permissive hypotension)

It is important where the cause of hypovolaemic shock is haemorrhage from a
penetrating trauma or obstetric emergency such as ruptured ectopic pregnancy.

Here the initial boluses of IV crystalloids used to treat shock shouldonlybe
giventokeepthevitalorgans (especiallythe brain,heartandkidneys)perfusedbefore
life-savingsurgery and blood transfusion can be undertaken. Giving too large a
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volume of IV crystalloids can increase the blood pressure and thus increase
bleeding by disrupting early clot formation. IV crystalloid also dilutes the red cells
in the circulation and the oxygen-carrying capacity.

We suggest that when giving boluses of crystalloid or blood to patientsinshock due
tointernal bleeding, only the amount needed to keep the circulation at a volume
sufficient to perfuse the vital organs should be given. Adequate perfusion of vital
organs may best be indicated by the following improvements in the indicators of
shock: a reduction or stabilisation of heart rate, a palpable peripheral arterial
pulse and improved conscious level.

In this situation, therefore, until blood is available for transfusion, IV boluses of 10
mL/kg of crystalloid, should be given with clinical reassessment after each bolus
to see whether the fluid has helped, It is essential to ensure that circulatory
overload has not given rise to a situation where more 1V fluids may produce
very dangerous pulmonary oedema.

Antibiotics

While giving the first bolus of IV fluid, also consider giving IV antibiotics if
bacterial sepsis is possible and provided sufficient team members present are
available to avoid introducing delays with the first fluid bolus. The choice of
antibiotics will depend on the clinical clues as to the infecting organism. In the
presence of a purpuric rash (and in a non-endemic dengue area), meningococcus
is the likely organism. Otherwise Streptococcus or Staphylococcus or Gram-
negative organisms are candidates. A third-generation cephalosporin such as
ceftriaxone or a combination of gentamicin and a penicillin would be advisable.

Flucloxacillin should be added if Staphylococcus is suspected (e.g. if there are
boils oraknown abscess).

Innewborninfants orchildren with suspected intra-abdominal sepsis, Gram-negative
organisms are likely. Metronidazole should be given to cover anaerobic organisms if
clinically appropriate.

Inotropes

One effective response to a situation where 40ml/Kg IV fluid/blood has been
administered but shock is still present is to give an infusion of a drug that stimulates
the heart to pump harder and supports the circulation (an inotrope).

Dopamine infusion

Dopamine is a very potent drug and must be given carefully. It should be given into
a peripheral vein or IO at a starting dose of 5 micrograms/kg/minute. The dose can
be increased in steps up to 20 micrograms/kg/minute if lower doses do not
help,make up 0.3 mg/kg of dopamine in 500 mL of Ringer- lactate or Hartmann'’s
solution or 0.9% saline. This will give 0.1 microgram/kg/minute if run at a rate of 1
mL/ hour. Use an 100-mL paediatric burette in the infusion line for this fluid. The
burette can then be filled with a further 100 mL and a further dose of dopamine
added when necessary. To give 5.0 micrograms/kg/minute, give 50 mL/hour of this
dilution for a child. Do not forget that the fluid that you are using for the infusion
must be included in your calculations of total fluid given. If higher doses of
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dopamine are needed, a more concentrated solution of dopamine should be used
or too much fluid will be given.

An alternative to the burette method for ensuring safe dosage, a drop infusion
monitor can be used (see Section 7).

Intermittent adrenaline

1. If dopamine is not available or is not having any significant effect in the larger
doses, then adrenaline, which is more potent than dopamine, may be tried.

2. Dissolve 0.1 mL of 1 in 1000 adrenaline or 1 mL of 1 in 10,000 adrenaline in 10
mL of 0.9% saline and give 1 mL IV in a child (100 microgram) or 0.2 mL in an
infant (20 micrograms). Check the response (in particular of blood pressure)
and repeat after 15-30 minutes if it helps to improve perfusion. Then
intermittently give further doses as required (1 mL of this solution contains 100
micrograms).

3. Once the infusion of inotropes has been started and the child’s vital signs
reassessed, fluid may cautiously be continued, reassessing frequently and
stopping the infusion if signs of heart failure appear.

4. |If there is a skilled operator (an anaesthetist or surgeon) available, the placing
of a central venous line would be very helpful for monitoring the venous
pressure (around + 8 mmHg is a good target) and for infusing the dobutamine
or adrenaline centrally.

5.  Once 60 mL/kg have been given in total along with inotropes, further fluid is
unlikely to be beneficial unless skilled ventilation is available.

It must be emphasised that in the absence of paediatric intensive care, the above
infusions of inotropic (circulation-supporting) drugs are an attempt to save a child in
extremis and may not be effective.

Intubation and intermittent positive pressure ventilation

Provided that adequate facilities and expertise are available, positive pressure
ventilation through an endotracheal tube (usually with positive end-expiratory
pressure) can assist the circulation and help to manage the effects of any
pulmonary oedema associated with the shock and its management.

Reviewing the full blood count and biochemistry

1. Blood tests were taken at the beginning of treatment, but it is useful to check
the blood tests again (taking the blood from a vein with no IV in place).

2. Check the haemoglobin level to see whether there is still a need for a blood
transfusion (fresh blood would be best). Studies have shown that the
haemoglobin concentration should ideally be above 10 grams/dL when treating
shock in children.

3. Check the blood glucose level and treat with 2 mL/kg of 10% dextrose in a
neonate and 2-5 mL/kg of 10% dextrose in an older infant or child if the level is
less than 2.5 mmol/litre. Also add glucose to any infusion fluid.

4. Check the calcium level, and if the concentration of ionised calcium is less than
1 mmol/litre, give 0.3 mg/kg of 10% calcium gluconate IV slowly (over 30
minutes, as calcium can cause cardiac arrest if given too quickly).

5. Consider giving 0.5—-1 mmol/kg of sodium bicarbonate (0.5-1 mL/kg of 8.4%
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sodium bicarbonate) over 15 minutes IV for refractory acidosis that is not
responding to fluid resuscitation and effective ventilation.

Check the clotting and treat any coagulopathy with vitamin K and fresh donor
blood or, if available, blood products

The next 4 sections summarise the managements of the most common causes
of shock in children that are not primarily cardiac in origin.

1.

Shock due to bleeding (internal or external)

The reduction of further blood loss and thereby lowering the amount of blood that
will need to be transfused is of critical importance. Apply ABC resuscitation and

CABC if child is pregnant and has haemorrhage due to an obstetric complication
(see Obstetric Handbook)

2,

If bleeding is external, stop bleeding (pressure dressing, tourniquet, traction
splints, pelvic binders or direct pressure)

Do not delay surgery if bleeding is internal (for example a child with penetrating
trauma or a pregnant child with ruptured ectopic pregnancy)

Elevate the legs and consider an anti-shock garment (if appropriate) whilst
awaiting blood for transfusion

Give Tranexamic Acid 15mg/kg IV or 10 over 10 minutes diluted in 0.9% saline
then a further 15mg/Kg over the next 8 hours if needed.

Take blood samples for Haemoglobin measurement and cross matching to
enable urgent blood transfusion.

Live blood transfusion donors should be identified urgently, investigated and
units of safe blood obtained in case they are needed.

If no blood for transfusion is immediately available (for example stored O
negative) give an IV/IO bolus 10 mL/Kg of 0.9% Saline or Ringer-lactate or
Hartmann’s

Reassess and give further IV/ 10 10mL/Kg 0.9% Saline or Ringer-lactate or
Hartmann’s if shock still present.

Permissive hypotension is allowed in shock due to bleeding to allow the first
(and best) blood clot to remain in place. (see Section 79).

Ideally obtain fresh donor blood for transfusion as soon as possible. Fresh
blood is particularly useful to combat the coagulopathy that occurs in major
blood loss if specific coagulation components such as platelets and fresh
frozen plasma are unavailable (as is usual in low resource settings).

Once blood for transfusion is available give 5mL/Kg boluses of packed cells or
10mL/kg whole fresh blood until shock resolves

Well before a total of 40 mL/kg IV or IO fluids are given, request anaesthetist to
be present before more fluids or blood are given in case of need for inotropes
(dopamine infusion or adrenaline boluses) and/or intubation to give
IPPV+PEEP to support further IV fluid boluses.(see above)

Hypovolaemic shock due to severe dehydration. Note if no severe

anaemia or severe malnutrition are present (see Sections 56 and 57)

Dehydration is loss of water, sodium and other essential electrolytes.

The most common cause in resource-limited countries is gastroenteritis (from
a number of different organisms; see Section 61).

Most cases can be treated with low-osmolarity oral rehydration solution
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(ORS) administered by mouth or nasogastric tube.

e [n children with severe malnutrition, use a solution with lower sodium content,
such as ReSoMal.

e Itis important to also consider diabetic ketoacidosis (see Section 50) and
surgical causes of dehydration, such as intussusception and volvulus (see
Section 74).

Dehydration classification

Dehydration is classified by estimating the percentage of body water lost
according to clinical criteria (except in malnutrition, where clinical signs are more
difficult to interpret; see below).

‘No dehydration’
If there is less than 3% weight loss there are no clinical signs.

‘Some dehydration’

If there is 3—9% weight loss, the following signs are seen:
increased thirst

drinks eagerly

dry mucous membranes

loss of skin turgor, tenting when pinched
sunken eyes

sunken fontanelle in infants

restless or irritable behaviour

decreased capillary refill time (> 3 seconds)
decreased urine output.

CENIOPRWN =

‘Severe dehydration’

If there is 10% weight loss or more, the following signs are seen:

more pronounced signs than those seen in moderate dehydration

lack of urine output

lack of tears when crying

inability to drink or drinking poorly (because of reduced conscious level)
lethargy

S

plus

o

hypovolaemic shock, including:
rapid and weak low-volume pulse (radial pulse may be undetectable)
(use a stethoscope for measuring heart rate)
altered consciousness or coma
low or undetectable blood pressure
cool and poorly perfused extremities
severe nail bed or sternum decreased capillary refill time
peripheral cyanosis

e rapid deep breathing (from acidosis).
It is important to realise that the above classification is made only to guide the
start of treatment. Levels of dehydration are a continuous spectrum, not three
separate and distinct categories. The only way to be absolutely certain about the
percentage dehydration of a child is to compare an accurate weight measured
just before the onset of the diarrheal iliness with an accurate current weight. It is
very unlikely in most cases that the former weight will be available. In the case of
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the shocked patient, immediate treatment of the shock takes precedence over
weighing the child (estimate the child’s weight from the formula below or read it
from a weight/age chart (see Sections 65 Handbook 2)).

Estimated weight (kg) = 2 (age in years +4)

If the child is malnourished, this formula can still be used but perhaps a

percentage such as 25-50% subtracted from the result.

Emergency treatment of severe dehydration where shock is present
Recognise and treat shock (see earlier). Children with shock associated with
dehydration will have a high and increasing heart rate, weak pulse, poor skin
circulation time with prolonged capillary refill time (> 3 seconds), depressed
conscious level, and low or even unmeasurable blood pressure.

2. These children require immediate resuscitation (ABC) and emergency
treatment.

3. Call for help (summon an anaesthetist if possible).

4. Airway (in cases of reduced conscious level) Use an opening manoeuvre if the
airway is not open or if it is partially obstructed. Keep the airway open. If there
is immediate improvement but the airway closes without active opening
support, consider airway adjuncts to support the airway.

5. Breathing Give 100% oxygen (using a mask with reservoir and a flow rate of
at least 6 litres/minute) regardless of SpOz (this increases oxygen delivery as
well as improving tissue oxygenation).

6. Forinadequate ventilation or depressed conscious level (check with the AVPU
scale) with hypoventilation, respiration should be supported with oxygen via a
bag and mask, and experienced senior help (an anaesthetist) should be
summoned.

7. Circulation

8. Obtain vascular access (either IV or 10) to give fluid boluses quickly. Insert a
short, “wide-bore IV cannula” or Intraosseous (I0) needle and send blood for a
full blood count, glucose, urea and electrolytes (including calcium and lactate if
possible), cross-matching and clotting.

9. If peripheral veins are difficult to access, the external jugular vein or long
saphenous vein cut down are good alternatives (see Section 92).

10. If a skilled operator is available, an internal jugular or femoral vein central line
is ideal, as it can also allow central venous pressure (CVP) measurements (if
available).

11. Estimate the weight of the child as previously described above. Some
assessment of weight will be necessary to calculate the amounts of fluid and
antibiotics to be given.

12. Give afirst IV fluid bolus, 20 mL/kg IV of Hartmann’s or Ringer-lactate solution
(0.9% saline, or ‘normal’ saline, can be used if there is no alternative). For
example, a child weighing 12 kg would need 240 mL of crystalloid. This fluid
should be given as quickly as possible, usually over 5—10 minutes. It is given
by pushing the fluid in using a 50-mL syringe. When this first bolus of fluid has
been given, review the child’s condition, looking to see whether there has been
any improvement in pulse rate, conscious level, respiratory rate, capillary return
and limb warmth, and blood pressure.

13. Treat hypoglycaemia if suspected or identified on the blood test.

14. Reassessment. The next very important step before a second IV bolus is
given is to reassess the patient’s vital signs to see if the fluid has helped.
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Check the pulse rate, capillary return, limb temperature and blood pressure,

and pay particular attention to the child’s mental status. Observe the parent—
child interaction. Is the child more or less responsive to the parent? Look for
signs of heart failure (i.e. raised jugular venous pressure, enlarged liver, and
crackles in the lung bases).

15. A second or third bolus each of 10ml/Kg may be needed to overcome shock
but it is unusual to need more than a total of 40ml/Kg in cases of dehydration
due to gastroenteritis alone, unless due to cholera (see Section 60).

16. Once a total of 40 mL/kg of IV boluses have been given, complications such as
pulmonary oedema are more likely to occur and an anaesthetist must be
present to assist with further management.

17. In severe cases, where more than a total of 40 mL/ kg is considered essential,
inotrope support (dopamine or adrenaline), intubation, ventilation, central vein
insertion and CVP monitoring might be indicated (if available), but the
diagnosis should be reviewed as this continuing shock is unusual in
straightforward gastroenteritis. In this situation re-consider the diagnosis and
look for surgical abdominal pathology, such as intussusception, peritonitis or
volvulus (bile-stained vomiting, abdominal distension or tenderness) (see
Section 74)

18. If septic shock is possible, treat with IV antibiotic at the same time as giving the
first or second boluses of fluid.(see next section)

19. Re-evaluate after each step to check that the treatment is working, and for
development of pulmonary oedema

20. Correct any biochemical abnormality if possible (including treatment with
bicarbonate if there is severe acidosis)

When signs of shock have resolved

When shock has resolved and the patient’s level of consciousness has returned to
normal, the remaining estimated fluid deficit MUST be taken by mouth or by
nasogastric tube, especially if there is malnutrition and/or anaemia (due to the
danger of a large |V fluid volume). Use WHO Plan B (see Section 63 Handbook 2).

Checkthe serum sodium concentration (if this is possible), andifitis higher than 155
mmol/litre, reduce it slowly with oral rehydration solution over 48 hours. Too rapid a
reduction in sodiumlevelsleadsto cerebraloedema.

Further tests might include abdominal X-ray or ultrasound scanning, if there is
concern about the possibility of intra-abdominal pathology.

Asurgical opinionis neededifthere is bile-stained vomiting or abdominal signs.

3. Shock in children with severe malnutrition (see Section 56)

If the child is shocked with severe malnutrition, fluid resuscitation, especially

intravenous fluid resuscitation, must be given with extreme care

1. Give 10 mL/kg 0.9% Saline, Ringer-lactate or Hartmann’s containing 5%
dextrose (insert 50ml of 50% dextrose into a 500-mL bag of the bolus fluid,
ideally after first removing 50 mL from the bag though not essential) over 30—
60 minutes while awaiting blood for transfusion. This additional glucose will
help treat any possible hypoglycaemia.

2. Consider giving, if available, 10mL/Kg 4.5% albumin bolus instead of 0.9%
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saline or, RL/Hartmann’s.

3. Elevate the patient's legs (raise the foot of the bed)

4. Then give 10 mL/kg bolus of blood (ideally fresh donor blood) over 30 to 60
minutes, then reassess.

5. At the same time, insert a nasogastric tube and give ReSoMal, 10 mL/kg/hour
for 2 hours and review.

6. Give IV antibiotics for possible septicaemia as it can be very difficult to
distinguish septic shock from dehydration shock in children with malnutrition.—
ceftriaxone or [ampicillin + gentamicin]. Add metronidazole if anaerobes may
be present, especially if there is a possible intra-abdominal cause.

7. If shock continues, consider a repeat of 10 mL/kg of blood by IV transfusion
over 4 hours. Observe closely for circulatory overload

8. Keep the patient warm, but do not overheat them, as this will cause peripheral
vasodilatation and reduce the blood supply to vital centres. Hypothermia will
exacerbate poor peripheral perfusion, acidosis and coagulation abnormalities.

9. Correct any biochemical abnormality if possible (including bicarbonate if there
is severe acidosis)

10. Monitor carefully for signs of pulmonary oedema: reassess the respiratory and
heart rates every 15 minutes and listen to the lung bases for crackles every 2
hours until shock has resolved.

4. Shock in children with severe anaemia (see Section 57)

In very anaemic children (with either obviously pale palms or haemoglobin
levels less than 5 grams/dL), crystalloid alonemayworsenoxygendeliverytothe
tissues. Thesechildren need blood, either packed cells or a partial exchange
transfusion, in addition to initial slow, enteral, fluid resuscitation if they have
additional dehydration (see Section61). If dehydrated, provide nasogastric
ReSoMal 10 mL/kg/hour for up to 4 hours (see Section 61 for further details) in
addition to careful blood transfusion.

1. In all cases provide 100% oxygen through a face mask and reservoir

2. If no evidence of pulmonary oedema, give a bolus of 10 mL/kg of fresh blood
(if available) or stored blood over 30 minutes as soon as possible. Consider
partial exchange transfusion (See below).

3. Assess the child and if they do not have signs of pulmonary oedema, give
another 10 mL/kg bolus of fresh or stored blood over 4 hours; watching
continuously for evidence of pulmonary oedema. If pulmonary oedema
develops, furosemide 1 mg/kg IV may be required. However, if possible,
pulmonary oedema of severity requiring diuretics should be avoided by a slow
and vigilant approach to therapy in these very sick children.

4. If the child is in heart failure (with pulmonary oedema), give 10 mL/kg of
blood as packed red cells over 2—-3 hours, or use a partial exchange
transfusion as follows: using a cannula in a large vein, withdraw 5—-10 mL of
the patient’s anaemic blood (depending on the child’s size) and infuse 10-20
mL, respectively, of new blood over 5 minutes and repeat 10 times.

5. Keep the patient warm, but do not overheat them, as this will cause peripheral
vasodilatation and reduce the blood supply to vital centres. Hypothermia will
exacerbate poor peripheral perfusion, acidosis and coagulation abnormalities.

6. Provided pulmonary oedema is not present, elevate the patient’s legs (raise
the foot of the bed)

7. If the child has a reduced level of consciousness or has a convulsion,
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particularly if they are an infant or a young child, hypoglycaemia may be
present. Always measure the blood glucose concentration in this situation.
However, if blood glucose measurement is not possible, always treat as for
presumed hypoglycaemia and, in addition to the blood transfusion above, give
5 mL/ kg of 10% glucose IV or, if there is no IV access, by intra-osseous
needle.

While treating shock, reassess the child, ideally continuously, until signs of shock
have
resolved.

5. Septic shock

Introduction

Septic shock develops when a number of different mechanisms of shock operate in
the context of an invasive bacterialinfection(anexceptionisdengue, whichiscaused
by a viral agent; see Section 13).

These mechanisms are asfollows:
1. hypovolaemic: thereis abnormal capillary permeability, fever and accompanying
vomiting and diarrhoea
2. distributive: there is loss of the normal sympathetic nervous system control of
vascular tone, so that blood is lostfrom vital organs into non-vital areas
3. cardiogenic: there is impaired cardiac function secondary to hypovolaemia
and the toxic effects of the pathogen.

These multiple factors make septic shock difficult and complex to treat, and
they contribute to a high mortality rate inthese conditions.

The bacteria that cause septic shock include Meningococcus, Staphylococcus,
Streptococcus pneumoniae and Streptococcus pyogenes, together with Gram-
negative organisms such as E. coli which particularly affects patients who are at risk
due to lower immunity, such as the newborn, those with HIV/AIDS, and the
malnourished.

Diagnosis of septic shock

The early recognition and treatment of septic shock is key to a good outcome, so a
high degree of vigilance for this condition is necessary.

In a child who has an infection, with a fever (although the at-risk group mentioned
above may have a normal or subnormal temperature), the development of a
change in mental status, such as irritability, drowsiness, lack of interaction or reduced
or absent eating or breastfeeding is often the first feature to alarm parents, and is the
result of the effect of poor cerebral perfusion and possible accompanying
hypoglycaemia on the child’s brain.

The signs which should then be sought include the following:
1. tachycardia (best measured with a stethoscope)
2. weakpulse (ideally central—brachial, femoralorcarotid, but difficult to
gauge)
3. reduced urine output (this is an early sign)
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4. coldskinwith poorcirculation,orsometimes peripheral skin
vasodilatation

prolonged capillary refill time (CRT) > 3 seconds
agitation and anxiety

increased skin sweating in some cases

extreme central pallor (in cases with severe anaemia)

raised respiratory rate (due to acidosis)

reduced conscious level (this is a serious and dangeroussign)

low blood pressure (this is a late sign and difficult to measure in young
children; the correct-sized cuff is needed).

T30 Noo

- O

Difficulties in managing septic shock

In well-resourced countries or well-resourced areas of countries with specialist
paediatric intensive care units (PICUs) or high-dependency units, some cases of
septic shock are still difficult to manage and some children die.

In resource-limited countries the following additional difficulties need to be taken
into account:

1. Severe malnutrition: this makes the diagnosis of septic shock more difficult, as
the child’s malnourished body does not respond with the same physical signs as that
of a well-nourished child. In addition, malnourished childrenmayhave poor
myocardialfunctionand almost always have severe anaemia. This will result in
cardiac failure and probable death if rapid infusions of large and repeated boluses
of fluid (usually an important part of septic shock management) are given (see
Section 56).

2. Severe anaemia: as shock is a failure of oxygen delivery to the tissues, clearly
anaemia will make this worse. Rapid crystalloid fluid infusion will dilute the blood
further and worsen the heart failure which may be present in severe anaemia.
These children need early fresh whole blood transfusion, where the red blood cells
will improve oxygen-carrying capacity, and the plasma will support the circulation
and supply coagulation factors. If only stored blood is available, it should be packed
to provide predominantly red blood cells. In the absence of a suitable centrifuge,
hanging the bag vertically allows the red cells to fall to the bottom of the pack and
these canbe transfused first.

3. HIV/AIDS: again diagnosis may be difficult, as physical signs and laboratory
tests may be unreliable. A low threshold for treatment of suspected sepsis with
broad-spectrum antibiotics is recommended (see Section 36 Handbook 2).

4. Lack of PICU or high-dependency care facilities: even in children with good
nutrition, no severe anaemia and no other long-term debilitating condition, the
amount offluidinfusionrequiredtosuccessfullytreatsomecases of septic shock is
sufficient to induce heart failure and pulmonary oedema. If facilities are available,
intubation and ventilation, 1V infusion of inotropic drugs such as dopamine and
adrenaline, invasive cardiovascular monitoring, renaldialysis and otheraspects of
paediatric intensive care are required. The absence of these facilities limits the
treatment that can be offered to children with septic shock.

Initial management of septic shock

Even though it may be clear on initial inspection that the childisinshock, thefirst
priority must still be to call for help, manage the airway, manage breathing, and then
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manage the circulation.

Call for help.

Airway

Assess the airway by the simple technique of asking the child ‘Are you all right?’
Any vocalisation such as a reply or crying indicates an open airway and some
ventilation. In the absence of a response, formally open the airway with a head

tilt/chinlift or a jaw thrust manoeuvre (see Section 12 Handbook 2), and assess
breathing by looking, listening and feeling forits presence.

Breathing

1 All children with suspected shock must receive 100% high-flow oxygen. If
possible, this should be given through a mask with a reservoir to achieve the
higher concentrations.

2 In the absence of spontaneous breathing give assisted ventilation with a bag-
mask (see Sections 12 and 13 Handbook 2 and 91 here).

Circulation

1 Gaining rapid intravenous access with a short wide-bore venous cannula, or
placement of an intra-osseous line (see Section 92), is vital. More than one lineis
preferable, as rapid fluid resuscitation may be required, and other drugs may
need to be given simultaneously, but start IV treatment assoonasthefirstlineisin
place before seekingadditional IV access (unless sufficient staff are available).

2 Take blood for the following investigations: full blood count, glucose levels,
electrolytes (including calcium and lactate levels if possible), blood groupingand
blood cross-matchinginallcases. Treat hypoglycaemiaifitisidentified (see Section
51).

3 Give fluids and antibiotics intravenously

4 Estimate the child’s weight to calculate the amounts of fluid and antibiotics to be
given. If the child is not malnourished, use the following formula:

weight in kg = 2 (age in years + 4).
If the child is malnourished, this formula can still be used, but perhaps a percentage
such as 25-50% subtracted from the result.

Fluids in children with normal nutrition status

In well-nourished children, the initial bolus volume of fluid to be given is usually 20
mL/kg, which is 25% of the child’s circulating volume. Shock is not usually clinically
evident until 25% of the circulation has been lost, so any child with signs of shock
must have lost at least this amount of fluid from the circulation. Give 20 mL/kg IV
crystalloid such as 0.9% Saline, Hartmann'’s or Ringer-lactate solution. For
example, a child weighing 12 kg would need 240 mL of crystalloid. This fluid should
be given as quickly as possible, usually over 5—10 minutes. It is given by pushing
the fluid in using a 50-mL syringe.

Reassessment

The next very important step before a second IV bolus is given is to reassess the
patient’s vital signs to see if the fluid has helped. Check the pulse rate, capillary
return, limb temperature and blood pressure, and pay particular attention to the
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child’s mental status. Observe the parent—child interaction. Is the child more or less
responsive to the parent? Look for signs of heart failure (i.e. raised jugular venous
pressure, enlarged liver, and crackles in the lung bases).

A second and then a third bolus each of 10ml/Kg may be needed to overcome
shock but great care is needed if more than a total of 40ml/Kg is to be given..
Reassess the child after each 10 mL/kg of fluid, checking the pulse rate, capillary
return, limb temperature, blood pressure and alertness, and looking for signs of
heart failure, raised jugular venous pressure, enlarged liver, and crackles in the lung
bases.

Once a total of 40 mL/kg of IV boluses have been given, complications such as
pulmonary oedema are more likely to occur and an anaesthetist must be present to
assist with further management. The problem is that there may still be leakage of
fluid out of the circulation (into which you have been infusing the crystalloid or other
fluid), which makes the tissues oedematous but leaves the circulation still
hypovolaemic and the tissues under-perfused.

If the child remains shocked after 40mL/kg continue to give fluids (ideally fresh
donor blood and where possible clotting factors ) and ensure an anaesthetist is on
their way to establish IPPV with PEEP if it becomes necessary.

In severe but not uncommon cases, where more than a total of 40 mL/ kg is
considered essential, inotrope support (dopamine or adrenaline). Intubation,
ventilation, PEEP, central vein insertion and CVP monitoring might be indicated (if
available).

Once 60 mL/kg have been given in total along with inotropes, further fluid is unlikely
to be beneficial unless skilled ventilation is available.

However, the diagnosis should be reviewed as, although this continuing shock may
be due to for example meningococcal septicaemia, a hidden focus of infection;
perhaps intra-abdominally may be present. In this situation re-consider the
diagnosis and look for surgical abdominal pathology, such as intussusception,
peritonitis or volvulus (bile-stained vomiting, abdominal distension or tenderness)
(see Section 74)

Antibiotics

o  While giving the first bolus of IV fluid, also give IV antibiotics if sufficient staff
are available to avoid introducing delays with the first fluid bolus.

e A third-generation cephalosporin such as ceftriaxone or a combination of
gentamicin and a penicillin would be advisable. Flucloxacillin should be added
if Staphylococcus is suspected (for example. if there are boils or a known
abscess).

e In newborn infants or children with suspected intra-abdominal sepsis, Gram-
negative organisms are likely. Metronidazole should also be given to cover
anaerobic organisms if clinically appropriate.

Reviewing the full blood count and biochemistry
o Blood tests were taken at the beginning of treatment, but it is useful to check
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the blood tests again (taking the blood from a vein with no IV in place).

e  Check the haemoglobin level to see whether there is now more evident need
for a blood transfusion (fresh blood would be best). Studies have shown that
the haemoglobin concentration should ideally be above 10 grams/dL when
treating shock in children.

e  Check the blood glucose level and treat with 2 mL/kg of 10% dextrose in a
neonate and 2-5 mL/kg of 10% dextrose in an older infant or child if the level is
less than 2.5 mmol/L. Also add glucose to any infusion fluid.

e  Check the calcium level, and if the concentration of ionised calcium is less than
1 mmol/L, give 0.3 mg/kg of 10% calcium gluconate IV slowly (over 30 minutes,
as calcium can cause cardiac arrest if given too quickly).

e  Consider giving 0.5-1 mmol/kg of sodium bicarbonate (0.5-1 mL/kg of 8.4%
sodium bicarbonate) over 15 minutes IV for refractory acidosis that is not
responding to fluid resuscitation and effective ventilation.

e  Check the clotting and treat any coagulopathy with blood products and Vitamin
K

Steroids

Thereis some evidencethat|V steroids can be helpfulin some cases of septic shock.
This is the case if the suspected organism is meningococcus or the child has
previously been on a prolonged course of steroid treatment (e.g. for nephrotic
syndrome), IV hydrocortisone can be given at a dose of 1-2 mg/kg/day in divided
doses or as a continuous infusion. Occasionally higher doses up to 50 mg/kg/day
have been used.

Further treatment

Many children with septic shock respond to the above treatments. For those who
have not done so, paediatric intensive or high-dependency care is needed. Ifthis
isavailable, contact should be made withthe PICU team as soon as it becomes clear
that the child has septic shock. Advice on their care can then be given by
experts and arrangements made, if possible, for the childtobe ‘retrieved’ by the
intensive careteam coming to stabilise and transferthe patient.

Toxic shock syndrome (TSS)

Toxic shock syndrome (TSS) is a rapid onset illness characterized by fever, shock
with marked hypotension, sunburn-like rash, and end-organ damage due to
capillary leakage leading to multi-organ failure.

Causes

TSS is most commonly caused by a toxigenic strain of Staphylococcus aureus or
Group A Strep (Streptococcus pyogenes). The disease was first described in the
setting of menstruation where high absorbency tampons were used. Even with low
absorbency tampons in can still occur. However, TSS most often now presents in
non-menstrual settings such as in skin and soft tissue infections, post-surgical
infections, burns, and retained foreign bodies. There is a link with recent influenza
infection and immune compromised states. .

Staphylococcal TSS is typically the result of a localized infection such as an
abscess, whereas streptococcal TSS may result from bacteremia, necrotizing
fasciitis, or cellulitis.
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Infants are at highest risk for developing invasive Group A Strep infection, however
between 20-30% of cases occur in patients without any predisposing risk factors.

Clinical features

TSS may be preceded by a fever and rigors with nausea and vomiting as well as

nonspecific symptoms such as myalgia, headache, or symptoms of pharyngitis

(e.g., a sore throat, painful swallowing). It rapidly then progresses to sepsis and

multi-organ dysfunction and failure.

The main clinical signs are:

1. Shock, especially marked hypotension

2. Arash which is a diffuse, blanching, macular erythroderma. Initially it may be a
transient macular rash, predominantly on the chest. The rash desquamates 10-
14 days weeks after onset followed by full-thickness peeling; especially of the
palms and soles There may be mucosal involvement with a “strawberry
tongue”, erythema or ulceration of the oropharyngeal, conjunctival or vaginal
mucosa.

3. Soft tissue necrosis, including necrotizing fasciitis, or myositis, or gangrene
which may be the source

4. Multi organ failure with vomiting and diarrhoea at the onset, myalgia,
disorientation or altered mental status without focal deficits accompanied by at
least 2 of the following:
Renal impairment: Creatinine greater than twice the normal value

e Coagulopathy: Platelets less than or equal to 100,000/mm or disseminated
intravascular coagulation (DIC), defined by prolonged clotting times, low
fibrinogen levels, and the presence of fibrin degradation products. Best
measured in low resource settings by a prolonged whole blood clotting time
(see immediately below)

e Liverinvolvement: Alanine aminotransferase, aspartate aminotransferase, or
total bilirubin levels > twice the upper limit of normal for the patient's age.

e Acute respiratory distress syndrome: defined by the acute onset of diffuse
pulmonary infiltrates and hypoxemia in the absence of cardiac failure

o Diffuse capillary leak manifested by the acute onset of generalized oedema, or
pleural or peritoneal effusions with hypoalbuminemia.

Differential diagnosis

Scarlet fever

Kawasaki disease
Meningococcemia

Toxic epidermal necrolysis
Hemorrhagic shock

Necrotizing Fasciitis/Gas gangrene
Drug eruption

Erythema multiforme

Investigations

Isolation of either Beta-Haemolytic Group A Streptococcus or Staphylococcus
Aureus from affected soft tissue or blood culture is ideal if possible.
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There may be an increase or decrease in leucocytes, especially immature
polymorphonuclear white blood cells.

Anaemia, lack of platelets and prolonged whole blood clotting time are common
Hypocalcaemia may be life threatening and will need 1V calcium gluconate
The CPK, reflected by myalgia, can be raised to > twice normal.

Measure the Whole Blood Clotting Time (WBCT) as follows:

- If laboratory clotting tests are not available, transfer 2 mL of venous blood into a
small dry clean plain glass test tube (approximately 10 mm x 75 mm).

« Hold the tube in your closed fist to keep it warm (+ 37°C).

- After 4 minutes, tip the tube slowly to see if a clot is forming. Then tip it again
every minute until the blood clots and the tube can be turned upside down.

« Failure of a clot to form after 7 minutes, or formation of a soft clot that breaks
down indicates a blood clotting disorder (coagulopathy)

The best treatment for prolonged clotting in low resource settings is fresh
blood from a donor relative or friend. If available, fresh frozen plasma
and/or other clotting factors such as platelets can also be lifesaving.

Treatment
Ideally in an intensive care unit if available. Ideally isolate for 24 hours after the
start of antibiotic treatment

Resuscitation and emergency care, including IV fluids as outlined above for
septic shock treatment are essential .

Vasopressors such as norepinephrine may be needed.

Any source of bacteria such as tampons or surgical packs must be removed.
Any wound infection or soft tissue infection may need surgical debridement.

Antibiotic treatment

Clindamycin by IV infusion (3.75 to 6.25 mg/kg 6hourly max per dose 1.2g) must be
included as part of the treatment as it suppresses toxin production. However, it
should not be the only antibiotic given as it is bacteriostatic (not bactericidal)

Broad spectrum antibiotics such as ceftriaxone OR high dose IV benzyl penicillin 50
mg/kg/4 hourly (max. single dose 2.4 g) plus gentamicin (7mg/Kg per 24 hours) plus
metronidazole should be given if bacterial identification is not possible.

If the organism is isolated as Group A streptococcus then high dose IV benzyl
penicillin 50 mg/kg/4 hourly (max. single dose 2.4 g) alone is the most likely to be
effective.

If Staphylococcus aureus is responsible, flucloxacillin (50 mg/kg every 6 hours by
slow IV injection (max dose 2g every 6 hours) or a Beta lactamase resistant
penicillin such as cefuroxime (20mg/Kg every 8 hours (max per dose 750mg)
should be given.
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A high dose (2g/Kg) of IVIG may be helpful if available
Corticosteroids are not currently recommended.

In low resource settings with impaired blood clotting, fresh donor blood transfusion
can help, especially if low platelets or DIC are present

Prognosis

Case fatality rates for Streptococcal TSS exceed 50%, especially if there is a delay
in diagnosis and treatment. Non streptococcal TSS rates are < 3%.

Household contacts can be provided with treatment such as 7-10 days of oral
cephalexin.

Reference and acknowledgment
https://www.ncbi.nlm.nih.gov/books/NBK459345/ Accessed 9™ April 2021

6.Shock from anaphylaxis (see Section 36)
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Section 46. Medical renal disorders

Introduction

Problems with fluid and electrolyte balance are common in ill children. They can
occur in a wide variety of clinical situations and with a wide range of underlying
diagnoses. A methodical approach to history taking and clinical examination is
therefore essential, and interpretation of biochemical results must always be done
in the context of the clinical situation.

Common renal investigations: plasma or serum biochemistry

Electrolytes

Sodium (Na+) and potassium (K+) assays are essential for the logical management
of children with kidney dysfunction. Bicarbonate (HCO3") is also extremely helpful,
but more difficult to measure.

Problems with fluid and electrolyte balance are common in ill children. They can
occur in a wide variety of clinical situations and with a wide range of underlying
diagnoses. A methodical approach to history taking and clinical examination is
therefore essential, and interpretation of biochemical results must always be done
in the context of the clinical situation.

TABLE 46.1 Maintenance water, sodium and potassium requirements

FliEiE) r;rerm 1 year 5years (12 years

infant nfant
Sodium (mmol/kg/24 hours) 5 3 2 2 1
Egttjar:)sium (mmol/kg/24 5 3 > o 1
Water (mL/kg/24 hours) 200 150 100 |75 50
Fluid (mL/kg/hour) 8 6 4 3 2

Dehydration and hypovolaemia (see Section 61)

Fluid within the body is distributed between the intracellular fluid (ICF) and
extracellular fluid (ECF) compartments, the ECF being composed of the
intravascular and interstitial components. Differential solute composition of the ICF
and ECF compartments is maintained by cell membrane pump activity and solute
size and electrical charge. Fluid movementis regulated by a balance between
osmotically active solutesandhydrostaticpressure.

It is useful when clinically assessing the fluid volume status of a patient to try to
consider which compartment hasinsufficientorexcessvolume.

The effects of ECF volume depletion are usually shared between the intravascular
and interstitial compartments, and are seen as hypovolaemia and dehydration,
respectively. However, assessment can be complex. For example, inaconditionlike
nephroticsyndrome, onexaminationthere may be weight gain and oedema. However,
since there is hypo-albuminaemia, and albumin is the primary intravascular osmotic
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component, the intravascular fluid volume may be low but the total ECF volume is
high. Conversely, in acute renal failure there can be weight gain and oedemain a
situation where both the total ECF and the intravascular volume are high. In heart
failure, oedema can be present with high, normal or low intravascular volume,
depending on other additional pathologies. In summary, oedema can occur with high,
normal or low intravascular fluid volume, whichmakesthe clinicalhistoryandafull
examinationvitally important for understanding the individual patient.

Often, in dehydration, sodium and water have been lost in an approximately
normal ratio and therefore the deficit should be replaced as Ringer-lactate or
Hartmann’s solution (or the more recently available Plasma-lyte). Normal saline can
be used ifthese solutions are unavailable, but it may be less satisfactory because
large volumes cause the patient to develop a hyper-chloraemic acidosis, due to the
larger chloride load in normal saline thanthereisinplasma.

Practical points
When prescribing rehydration fluids:
A Make an assessment of volume deficit and replace this as Ringer-lactate or
Hartmann’s solution.
B Calculate maintenance fluids and insensible losses.
C Initially estimate, and then measure, ongoing losses and replace them
appropriately in volume and content.

Fluid prescription should consist of A+ B + C.

Aimtotreatcardiovascularcollapse or ‘shock’ quickly over the first 1-2 hours. Infuse
Ringer-lactate or Hartmann'’s solution or 0.9% saline to restore the circulating blood
volume, reviewing to assess the response (see Section 45), and thereafter use a
slow replacement rate so that the total deficit is replaced over at least 24 hours.

In hypernatraemic dehydration, after an acceptable cardiovascular state has
been restored, aim to reduce plasmasodiumlevels slowly over24—48 hours by
altering the sodium concentration of the infusionfluid appropriately, and repeatedly
monitoring the rate of fall of the plasma sodium and urinary sodium
concentration.

Fluid and electrolyte disorders

Good management depends on measurement of input and output plus
repeated:
1. clinical examination

2. biochemical data on urine and blood
3. weight measurements.

Hyponatraemia

Hyponatraemia is defined as a plasma sodium concentration of less than 130
mmol/litre, and it occurs when there is:

1. sodiumlossin excess of water loss

2. orwater gain in excess of sodium gain.
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The total body sodium level may be high, low or normal, and therefore initial and
ongoing clinical assessment of the extracellular fluid volume is essential.

Hypernatraemia

Hypernatraemia is defined as a plasma sodium concentration greater than 150
mmol/litre, and occurs when there is:

1. waterloss in excess of sodium loss

2. orsodium gain in excess of water gain.

Again, the total body sodium level may be high, low or normal.

TABLE 46.2 Clinical estimation of ECF volume deficit in dehydration

Thirsty
Mucous membranes dry
Decreased skin turgor

Mild
3-5% weight loss

Increased severity of the above
Moderate Depressed fontanelle

5-10% weight loss Sunken eyes

Tachycardia

Increased severity of the above
Drowsiness, confusion or coma ‘Shock’
Cool peripheries

Prolonged capillary refill time
Hypotension

Severe
10-15% weight loss

Hypernatraemic dehydration: water loss in excess of sodium loss
Because sodiumisthe principle ECF osmole, the ECF volume is relatively well
maintained, and signs of dehydration and hypovolaemia are less apparent.

Creatinine

Plasma creatinine concentration is the best available, most clinically useful and
relatively inexpensive guide to glomerular renal function. It is easily, quickly and
cheaply measured on a small blood sample. Individual measurements are of use in
determining whether renal function is within the normal range. Sequential
measurements are useful for following deterioration or improvements in renal
function overashorttime scale ofhours ordays, oroveralongtime scale of months or
years. Although formulae can be used, the following guidelines allow the
glomerular filtration rate (GFR)tobe estimated in mostclinical situations.

The plasma creatinine concentration depends on the bulk of the patient’'s muscle
(where it is produced) and the patient’s height, so on average men have higher
values than women, and older children have higher values than babies, except in
the first few days of life (see Table 46.3).

For example, a creatinine concentration of 150 mmol/ litre in a well-nourished 5-
year-old girl would be three times the upper limit of normal, indicating a GFR of
one- third normal. The same creatinine concentration in a very undernourished
girl with little muscle bulk would imply a GFR considerably lower than one-third.
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TABLE 46.3 Upper limit of normal plasma creatinine concentrations

Plasma creatinine -
. - Plasma creatinine
Subject concentration X
. . concentration (mg/dL)
(micromol/litre)
Well-nourished average 100 115
man
Well-nourished average 75 0.85
woman
Well-nourished average
10-year-old child 6o 0.70
Well-nourished average
5-year-old child 50 0.65
Well-nourished average
baby or toddler A0 0.45
Baby aged 3 days to 3 Variable
weeks
Baby in first 2 days of Maternal
life
Urea

Although useful for managing children with renal failure, urea concentration is an
inaccurate way of measuring renal function because it is also highly dependent on
hydration, and on carbohydrate and proteinintake.

Urine biochemistry

Concept of fractional excretion

Clearance ofanysubstance whichisfiltered by the glomeruli andthenreabsorbed by the
tubules canbe comparedtothe clearance of creatinine which is filtered and then
excreted largely unmodified by the tubule. The fractional excretion is that fraction of
substance x that has been filtered at the glomerulus that actually reaches the urine.
Fractional excretion of sodium (FE Na) is calculated from the urine (U) and plasma
(P) concentrations (check that P and U creatinine values are expressed in the same
units), using the following formula:

FE Na (%) = U/P sodium x P/U creatinine x 100.

TABLE 46.4 Interpretation of excretion of sodium in pathological processes

FE Na |Interpretation

Shock <1% [Tubules functioning = pre-renal failure

> 1%  Acute tubular necrosis (ATN)
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FE Na |Interpretation

Salt loss or water overload (appropriate renal

i 0,
Hyponatraemia < 1% response)

> 1% Renal salt wasting (tubular disease)

Hypernatraemia < 1%  |Renal concentration defect

> 1% [Salt overload (may be child abuse)

Fractional excretion of sodium

Normally, most of the filtered sodium (Na™) is reabsorbed; the majority of this
reabsorption occurs in the proximal tubule. When plasma sodium is normal and
the patient is not shocked, physiologically fractional excretion of sodium can vary.
However, calculating FENa can give useful clues in pathological states.

The normal renal response to intravascular fluid volume reduction is to excrete urine
with a low sodium content. It does this by anumber of mechanisms, including reduction
of glomerularfiltration rate (GFR) and aldosterone-stimulated sodium reabsorption,
which requires intact tubules.

Urine collection and examination
Collecting urine from babies can be time consuming but isimportantinestablishinga
diagnosis.

Methods of urine collection

a) Clean catchinto a sterile pot.

b) Sterile collecting pads are cheaper and easier to use thananadhesive
bag.

c) Fortoddlersitisfine to use a potty or equivalent which has beenthoroughly
washedinhotwateranddetergent (using antiseptics or bleach, or scalding
with boiling water, are unreliable).

d) Suprapubic or catheter urine sampling is useful in ill children when
antibiotics need to be started without delay.

Stick testing of urine and protein measurement

1. Dipstick testing for blood, protein and glucose is useful and reliable.

2. Stick testing for nitrite to identify urinary tract infections (UTIs) is useful
when positive to rule in UTls, but unreliable when negative because it
remains negative in 50% of cases.

3. Stick testing for white cells to diagnose UTIs is unreliable because UTls
may occur without white cells, and because white cell numbers also
increase in the urine of febrile children without UTIs.

Laboratory measurement of protein in urine
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Urine protein should be < 20mg protein/mmol creatinine in an early-morning sample
of urine.

In nephrotic syndrome there is typically > 500 mg protein/mmol creatinine.
Microscopy of urine

Microscopy of unspun fresh urine can provide an inexpensive and reliable way of
rapidly diagnosing UTIs (by identifying bacteria directly, rather than by counting
white cells), and of diagnosing schistosomiasis (section 45 Handbook 2).

Red blood cells can be identified as being due to glomerulonephritis (when they are
small, fragmented and of varied and distorted shapes), or due to other causes, such
astrauma, stones orbladderinflammation (whenthey are all similar, and typically
biconcave).

A standard light microscope with a magnification of x 400 is sufficient. Using a
counting chamber (or a microscope slide with a scratched surface) and cover slip
ensures thatthe microscope is focused at the correct plane, otherwise it is not
possible to tell when microscoping a normal urine. A counting chamber with a
mirrored surface is not essential but makes identification of bacteria easier. Phase
contrastmakesidentification eveneasier. Ahighlyreliable, almost pocket-sized
microscope (McArthur) is available with phase contrast.

Urinary tract imaging techniques
Allrenalimaging techniques are relatively expensive, and many have limited
availability.

Ultrasound scanning

Useful information can only be obtained from ultrasound scanning by a skilled
operator using an adequate machine. It demonstrates anatomy, but not function. It
is ionising radiation free, and, when available, is now the first choice for initial imaging
of most renal conditions in children. Itis excellent at demonstrating cysts, stones and
dilatation, and has a similar sensitivity to the intravenous urogram (IVU) for
demonstrating long-standing or extensive scarring. Nephritis causes echo brightness
of the kidneys. Tumours and cysts are easily seen, usually before they are visible
by other modalities. Stones can be easily identified but may be misinterpreted by
the inexperienced because the whole stone is not seen; a bright line identifies where
the ultrasound hits the front edge of the stone, and an acoustic shadow is thrown
behind it. Nephrocalcinosis can be detected easily as white renal pyramids long
beforeitcan be seenon X-rays.

Ultrasound scanning during the acute phase of the UTI will often show dilation
of the ureters. It is therefore suggested that this investigation should be undertaken
2—-3 weeks after the infection. Any dilation of the ureters should then be regarded
as significant.

Micturating cystogram (MCUG)

This is still the most reliable way to assess vesico-ureteric reflux (VUR), but
unfortunately depends on invasive urethral catheterisation, and depending on
the equipment used it may require arelatively high dose of radiation. It should be
reserved for use when the result will affect management. (Reflux is less commonly
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found in Afro-Caribbean children.) This investigation is very important to
confirm posterior urethral valves, one of the commonest obstructive uropathies
seen in Afro-Caribbean children. The age of presentation is variable. When it
presents in the neonatal

period there is usually severe renal involvement.

Plain abdominal X-ray

This demonstrates radio-opaque stones, but these and nephrocalcinosis are
usually easier to see on an ultrasound scan.

Urinary tract infections (UTls)

Background

UTIs are very common in children The risk of UTl is increased in babies with
anatomicalnephro-urologicalabnormalities, thosewith obstruction, those with
VUR, and in girls. Management of VUR is controversial (see Section 74). Recent
studies have shown that about 10% of girls and 3% of boys will have had a
UTI diagnosed by the age of 16 years in the UK. Most children with UTIs have no
underlying renal tract problemandsuffernoseriousconsequences. However, UTI
may be the first indicator of underlying renal tract abnormality and may be
associated with acquired renal scarring. Distinguishing the small group of
children with important findings in this common condition remains a challenge,
and the questionofhowintensivelytoinvestigate childrenafter UTI remains
controversial.

Large scars may cause renal failure, but even small ones cancause
hypertension, oftenin later childhood or in adulthood. Topreventserious
sequelae ofhypertension, children with scars should have lifelong blood
pressure monitoring, as symptoms do not occur until serious irreparable
disease is present.

Infants are the most vulnerable to scarring, and most childrenwho will acquire
scarring willhave startedtodo so by the age of 4 or 5 years. Animal studies and
case series suggest that a UTI in a vulnerable individual may cause
permanent scarring rapidly, in a matter of a very few days.

Diagnosis

Symptoms

Older children may present with typical ‘cystitis’ symptoms, typically due to
bladder and urethral irritation, such as frequency and dysuria. Loin pain suggests
likely upper renal tractinvolvement, but some children have few or no symptoms.
Younger children (under 2 years of age) often onlyhave non-specificsymptoms
suchasanorexia,failure to thrive, unexplained fever or prolonged jaundice.
Therefore, all young children with an unexplained illness, particularly with a
fever, should have a UTI excluded.

Urine testing (see above for details of urine collection)
A diagnosis is usually made by culture of a pure growth of one species of bacteria

(most commonly E. coli) at a concentration of more than 102/mL. Any
concentration of bacteria in a suprapubic urine sample suggests infection. White
blood cells (> 50/microlitre) are usually considered helpfulinmakingthediagnosis,
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butUTlIscanoccurwithout any white cells (sometimes because they lyse in minutes),
and urinary white blood cells can be found in children with fever who have some
other cause and do not have a UTI.

Asstated above, the organismmostcommonlyinvolved is E. coli. If unusual organisms
such as Pseudomonasare cultured at the first episode of UTI, it is essential to rule
out an underlying urinary tract abnormality.

Microscopy

Microscopy offreshly voided unspunurineis a quick, reliable and cheap way to
diagnose UTls if a x 400 microscope is available, and it enables an immediate
diagnosis to be made. This allows the best-guess antibiotic to be started atonce.
Infected urines need to be cultured to obtain antibiotic sensitivities. Infected urine will
contain many bacteria, up to thousands per high-power field, depending slightly
on the depth of urine under the cover slip. The bacteria will all look the same and
are typically rods of identical length. Occasionally, UTls are caused by
streptococci, which are seen as long chains of dots. Separate small dots that
appear to be swimming are not streptococci but are phosphate crystals (the
shimmering movement is due to Brownian motion). Most, but not all, children with
UTIs will also have > 50 white blood cells/microlitre, or atleast 1 per 10 high-power
fields.

Ifno bacteria are seenin about 5 high-powerfields, the urine is not infected; the
samples therefore need no further testing and can be discarded. Urine samples
containing less than 1 bacterium per high-power field, or mixtures of rods and
cocci, are likely to have been contaminated. Becausethis canbeidentified quickly,
furthersamplescan and should be collected until a clearly uninfected or infected one
is obtained.

—_

FIGURE 46.5 Rods seen in 10 high-powered fields.

Renal tract imaging

Imaging after the first UTI is controversial. Young children and infants warrant more
intensive investigation, as do those with afamily history of renal disease.
https://www.nice.org.uk/quidance/cg54/chapter/Recommendations#imaging-tests
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Ultrasound scanning

This should be undertaken for all children after their first recognised UTI in order
to identify structural abnormalities andtotrytoidentify scars. The likelihood of detecting
ascar is much greater if it is large, involving multiple renal segments, or several
years old, so that it will have had time to shrinkanddistort. Negative scansinyoung
children(under 4 years) therefore need to be interpreted with caution.

Ultrasound scanning during the acute phase of the UTI will often show dilation of
the ureters. It is therefore suggested that this investigation be undertaken 2-3
weeks after the infection. Any dilation of the ureters should then be regarded as
significant.

Micturating cystogram (MCUG)

It is probably ideal to perform an MCUG on very young children who have had a
definite UTI. Itis recommended that an MCUG be performed on all those under 1
year of age, because about a third willhave an anatomical abnormality detected,
usually vesico-ureteric reflux (VUR). However, there is not universal agreement
about this, as there is a high percentage of normal results. VUR is inherited and
the risk of finding VUR is about 15-20 % in those with a first degree relative with
VUR.

Posteriorurethralvalves may presentwitha UTI, especially in parts of the world where
thereislittle orinadequate antenatal scanning. Thus, in baby boys who have had a
UTI, a good view of the urethra is essential.

Children with VUR are at risk of developing scars with UTI. Therefore, finding VUR
should make you suspect that the child may have a scar that was not identified
by ultrasound.

Management of VUR is controversial (see Section 74). Prophylactic antibiotics may
reduce the recurrence of infection; awareness and rapid treatment of infection
is important. Most VURis self-resolving and the aim of medical treatment is to keep
free of UTI while allowing natural resolution (over a period of years). The
possibility of VUR should be considered and, if possible, tested forif scarring is
identified on ultrasound scanning.

Most VUR resolves with time; the lower the grade, the more likely it is that resolution
will occur (80-90% resolution ofgrade 1—2 over 5 years).

Treatment of UTIs
Encourage a high fluid intake to produce dilute urine and reduce the symptoms of
dysuria.

Treat the child initially with:

Trimethoprim (4mg/kg twice dailychildren aged 11 years and under; 200 mg twice
daily children 12 years and older). Treat girls for 3 days and boys for 7days
https://bnfc.nice.org.uk/drug/trimethoprim.htmli#indicationsAndDoses

Accessed 28" April 2021
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Or

Cefalexin(12.5 mg/kgtwice daily until 12 years then 500 mg twice daily. Treat for 3
days except 7 days in pregnant teenagers
https://bnfc.nice.org.uk/drug/cefalexin.html#indicationsAndDoses

Accessed 28t April 2021

Or

Amoxicillin 3-11 months 125mg three times daily; 1-4 years 250 mg three times
daily; 5-15 years 500mg three times daily. Treat for 3 days except 7 days for
pregnant teenagers.
https://bnfc.nice.org.uk/drug/amoxicillin.html#indicationsAndDoses

Accessed 28" April 2021

Or

Nitrofurantoin (3monthsto 11years:750 micrograms/kg4timesdaily,12—18years:
50mg4timesdaily). Treat girls for 3 days and boys and pregnant teenagers for 7
days https://bnfc.nice.org.uk/drug/nitrofurantoin.htmi#indicationsAndDoses
Accessed 28" April 2021

Intravenous antibiotics may be necessary for very unwell children (particularly under
2 years of age) for as long as theyareunabletotolerate oral medication or if there is
associated evidence of sepsis. Thismayinclude gentamicin 7mg/kg as a loading
dose and then 7 mg/ kg once daily only after confirmation that the plasma
creatinine concentration is normal. If there is renal failure, no more should be given
after the single dose, unless blood levels are available to guide the dosage. If
necessary, change the antibiotic according to the laboratory sensitivity testing,
when and ifitis available.

Use of prophylactic antibiotics is controversial. Use may reduce recurrence of UTI
and should be considered when thereis VUR. A night-time dose of trimethoprim (2
mg/kg)or cephalexin (12.5 mg/kg maximum 125 mg) or nitrofurantoin (1 mg/kg)
may be used. Do not use amoxicillin for prophylaxis, because resistant organisms
are likely to emerge.

In many resource-limited countries where there may be inadequate proceduresfor
ensuringthatantibioticsareused appropriatelyand wheredisposal of body fluids
containing antibiotics may contaminate drinking water supplies, UTIs are resistant
to trimethoprim but remain sensitive to cephalosporins and amoxicillin. Ideally, where
available, cultures forantibiotic sensitivity should be undertaken.

Hypertension

Background

Hypertension is uncommon in children. Primary hypertension is rare in children, and
in more than 80% of them hypertension is secondary, and in at least 75% it is renal in
origin. Renal disorders such as dysplastic kidneys, reflux nephropathy or
glomerulonephritis account for the majority of children presenting with severe
hypertension. Coarctation of the aorta is another important cause. Diagnosis of the
underlying cause is therefore very important in management. Blood pressure is
rarely measured routinely in otherwise healthy children and therefore
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Measurement

There is a steady increase in blood pressure with age, and definitions of
hypertension are arbitrary. However, in most children with hypertension the blood
pressure becomes very much higher than normal (unlike the majority of adult
hypertension patients, whose blood pressure is only moderately elevated, causinga
skewed frequency distribution curve).

Blood pressure is best measured with a simple sphygmomanometer, as
automatic blood pressure machines may be unreliable. It is more reliable to use
the largest cuff that willfiton tothe upperarm, ratherthan using ‘formulae’ that
relate the cuff size to the child’s size. A cuff thatis too large will not significantly
underestimate the blood pressure, but one that is too small will overestimate
it. In children, it is best to use systolic blood pressure; it is just as important as
diastolic pressure for diagnosis and treatment and is easier and more reliable
to measure. In most children, palpating the reappearance of the pulse at the
wrist is as accurate as using a stethoscope at the antecubital fossa, or a Doppler
(if available) may be used at the wrist to detect the reappearance of the
pulse. High values should be confirmed with the child relaxed to reduce the
effects of anxiety. Measurements should be repeated several times if they are
abnormal. Table 46.6 shows the upper limit of normal blood pressure ranges
according to age.

TABLE 46.6 Mean, upper limit of normal and dangerous levels of systolic blood
pressure in children of different ages

Value 1 month |1 year 5years (10 years (15 years
Mean (mmHg) 75 85 95 105 115
Upper limit of normal (mmHg) 80 90 100 110 125

Needing urgent treatment

100* 120 130 140 150
(mmHg)

*In infants, the likeliest cause of hypertension is coarctation of the aorta (Section
40).

Causes and diagnosis (see Table 46.7)

It is important to find the underlying cause of the hypertension to guide
management. Sometimes the cause is clear from the history, examination or
urine testing, and sometimes it requires diagnostic imaging. Ultrasound is the
most useful screening technique but is quite operator dependent. Hypertension can
be caused by renal scarring that is difficult to detect with ultrasound.

TABLE 46.7 Renal and arterial causes of hypertension in childhood

Diagnosis Notes Renal ultrasound
Reflux Also called pyelonephritis (see Focal scars or
nephropathy uTl) shrunken kidney
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Diagnosis

Notes

Renal ultrasound

Glomerulonephritis
Post-infective
Other causes

Typically have proteinuria and
glomerular haematuria. Typically
after a streptococcal infection,
sore throat/skin infection. Give a
10-day course of penicillin

May have evidence of Henoch—
Schdnlein purpura or lupus; if not,
renal biopsy is needed

Echo bright

Inherited
polycystic disease
Infantile type
(recessive) Adult
type (dominant)

Kidneys large at birth, typically
severe hypertension, renal failure
in early life

Seldom causes renal failure in
childhood but may cause
hypertension. Screen blood
pressure of children of affected
parents

Huge, homogeneous,
echo bright

Discrete cysts
develop through
childhood

Narrowed arterial
supply Coarctation
of the aorta

Renal artery
stenosis

Check femoral pulses; may need
surgical treatment or balloon
angioplasty

Requires long-term medical
treatment. May occur with
neurofibromatosis; screen for this

May be small, and
difficult to
diagnose without
expensive imaging

Presentation of hypertension in children
Hypertension usually presents with symptoms that may be diverse in nature.
Neurological symptoms are more common in children than in adults. There may be
a history of severe headaches, with or without vomiting, suggestive of raised
intracranial pressure. Children may also present acutely with convulsions or in a
coma. Some children will present with a facial palsy or hemiplegia, and small
babies may even present with apnoea or cardiac failure. Children are relatively
intolerant of hypertension, so they are at major risk of sequelae, especially
encephalopathy, blindness and death.

Treatment

If the hypertension is known to be of recent onset, as in acute glomerulonephritis, it
may be safe to reduce the blood pressure quickly. Usually salt and water overload
is a major factor; if so, restrict sodium and give furosemide 1-2mg/ kg (the oral
route is as effective as the intravenous one).

In all other situations, treat the blood pressure slowly because cerebral arterial
vasoconstriction may have occurred to protect the brain parenchyma from the
impact of the hypertension, and made the cerebral blood flow dependent onahigh
blood pressure being sustained. Typically, the aim is to bring the systolic BP down
to the upper limit of normal levels (see Table 46.6) over 48 hours with perhaps one-
third of the reduction in the first 8 hours. This must be undertaken in conjunction
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with close BP monitoring and careful use of the antihypertensive drugs described
below. This should ideally be on an intensive care unit.

A rapid fall in blood pressure may cause cerebral infarction and
blindness. In low resource settings, oral drugs are probably safer (see below).
Reduction over 2 days or more allows the vascular tone to return to normal. Slow
control may be achieved by introducing oral hypotensive drugs slowly
beginning at well below the minimum doses shown below. Regular BP
monitoring and intravenous access and infusion should be in place.

BNFc gives the following details of oral drug treatment for hypertension in children:
These are often given in combination to achieve a powerful effect with fewer side
effects. Specialist advice is, however, needed (when available) when managing
hypertension in children.

Anti-hypertensive drug treatment

Oral Nifedipine using immediate release formulation. Contraindicated aortic
stenosis

For Child 1 month-11 years 200—-300 micrograms/kg 3 times a day, dose
frequency depends on preparation used; maximum 3 mg/kg per day; maximum
90 mg per day.

For Child 12-17 years 5-20 mg 3 times a day, dose frequency depends on
preparation used; maximum 90 mg per day
https://bnfc.nice.org.uk/drug/nifedipine.html#indicationsAndDoses

Accessed 29" April 2021

Oral Hydralazine Contraindicated in systemic lupus erythematosus
For Child 1 month-11 years 250-500 micrograms/kg every 8—12 hours, increased
if necessary to 7.5 mg/kg daily; maximum 200 mg per day.

For Child 12-17 years 25 mg twice daily, increased to 50—100 mg twice daily.
https://bnfc.nice.org.uk/drug/hydralazine-hydrochloride.html#indicationsAndDoses
phaeochromocytoma (unless + alpha blockers)

For Child 1 month-11 years 0.5-2 mg/kg once daily, dose may be given in 2
divid ddeduses Coosesighaés drast!it and ekait aaherediely necdesaty.

For Child 12-17 years 25-50 mg once daily, dose may be given in 2 divided
doses, higher doses are rarely necessary.
https://bnfc.nice.org.uk/drug/atenolol.html#indicationsAndDoses

Accessed 29" April 2021

Oral Captopril Contraindicated Bilateral renovascular disease or renal artery
stenosis. This drug (as with all ACE inhibitors) must be started by giving a very low
test dose first and building up slowly.
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Child 1-11 years (initiated under specialist supervision) Test dose

100 micrograms/kg (max. per dose 6.25 mg), monitor blood pressure carefully for 1—
2 hours; usual dose 100-300 micrograms/kg 2—3 times a day, then increased if
necessary up to 6 mg/kg daily in divided doses, ongoing doses should only be given
if test dose tolerated.

For Child 12-17 years (initiated under specialist supervision) Test dose

100 micrograms/kg, alternatively test dose 6.25 mg, monitor blood pressure
carefully for 1-2 hours; usual dose 12.5-25 mg 2—3 times a day, then increased if
necessary up to 150 mg daily in divided doses, ongoing doses should only be given
if test dose tolerated.
https://bnfc.nice.org.uk/drug/captopril.html#indicationsAndDoses

Accessed 29t April 2021

Treatment of severe symptomatic hypertension, especially if
encephalopathy is present

If a high dependency or intensive care unit is available and severe
hypertensive encephalopathy is present.

Sodium Nitroprusside by IV infusion is probably the safest drug to use when
reducing BP. If the BP drops too quickly then an infusion of 0.9% saline can be
considered to bring the BP back to a safer level. Nitroprusside is a powerful
vasodilator with short duration of action so that it is relatively easy to adjust the
dose to prevent too rapid lowering of the blood pressure. It needs to be protected
from light. Monitor cyanide levels if possible.

BNFC 2021: For Child Initially 500 nanograms/kg/minute, then increased in steps
of 200 nanograms/kg/minute (max. per dose 8 micrograms/kg/minute) as required,
max. 4 micrograms/kg/minute if used for longer than 24 hours.
https://bnfc.nice.org.uk/drug/sodium-nitroprusside.html#indicationsAndDoses
Accessed 301" April 2021

Alternatives are IV infusions of Hydralazine and Labetolol

Monitoring of visual acuity and pupils is crucial during this time, as lowering the BP
may lead to infarction of the optic nerve heads. Any deterioration must be treated
by urgently raising the BP by lowering the antihypertensive treatment and / or using
IV crystalloids or colloids. Some children may be anuric and renal function (serum
creatinine, urea and electrolytes) must be analysed promptly.

Convulsions usually respond to lorazepam, midazolam or diazepam (see
Section 70 and a patient with clinical signs of raised intracranial pressure
should be managed with a 20 degree head up position and hypertonic saline or
mannitol (see Sections 66 and 73).

Glomerular disease
Glomerulardisease is characterised by proteinuriawith or without haematuria. It
may be caused by a primary glomerulardisease orbe secondarytoasystemic
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illness,and it can cause a wide spectrum of clinical pictures, including the
following:

1. nephrotic syndrome

2. acute glomerulonephritis

3. chronic glomerulonephritis

4. asymptomatic proteinuria or haematuria.

Nephrotic syndrome
Background and clinical features
The clinical picture is of proteinuria, hypoalbuminaemia and oedema.

It must be differentiated from other causes of hypoalbuminaemia, suchasprotein
malnutrition(seeSection 56) and protein-losing enteropathy (see Section 29
Handbook 2).

Itis traditionally classified as early-onset (congenital, diagnosed at under 6 months of
age) and later-onset types.

Early onset

Children with congenital nephrotic syndrome frequently do not survive, many of
them dying early of protein malnutrition, infection or thrombosis unless they are
aggressively treated. Those with severe proteinuria, including the recessively
inherited Finnish type, tend to fare worst. Diffuse mesangial sclerosis is a similar
condition but is usually less acute. Congenital syphilis can cause neonatal nephrotic
syndrome which may respond to penicillin treatment. Some early nephrotic
syndromes are self-resolving, but this is uncommon.

Treatment is often difficult. Early-onset nephrotic syndrome is generally not
responsive to steroids. Treatment may be supportive, including frequent albumin
infusions, and in the most severe cases may require early unilateral or even
bilateral nephrectomy, leading to dialysis and transplantation. Reduction of
proteinuria by the use of ACE inhibitors or indomethacin may be attempted, but
very careful monitoring is required.

Later onset
Most children with nephrotic syndrome presenting in childhood (between ages of 1
and 10 years) have Minimal Change Disease (MCD), are steroid responsive, and
can be treated with minimal investigations. Ninety five % of MCD will go into
remission losing their proteinuria within 1 to 2 months of treatment. They share
clinical characteristics (see Table 46.8).
Children with atypical features require further investigation to look for other causes:

e Age <1 yearor >10 years

e  Macroscopic Haematuria *(microscopic haematuria can occur in MCD)

e Persistent hypertension

e Extra-renal disease (rash, arthritis, anaemia)

e Family history of nephrotic syndrome

e Deranged renal function

e  Abnormal complement or autoantibody profile (if available)

323



Section 46. Medical renal disorders. Dr. Heather Lambert, Dr. Alistair Morris, Dr.
Diane Watson and Prof. David Southall

60% of children with nephrotic syndrome who achieved remission with steroids will
have 5 or more relapses. These are usually triggered by viral infections and can be
managed with shorter courses of steroids.

Steroid dependent / frequent relapsing nephrotic syndrome. Up to a quarter of
children will become steroid dependent. It is important to maintain them on the
lowest dose of steroids possible to minimize steroid toxicity. Acute relapses can be
treated with increased doses, weaning slowly back down to remission levels of
steroid.

Children with steroid-resistant nephrotic syndrome may have arange of diagnoses,
including focal segmental glomerulosclerosis, Henoch—Schénlein purpura, lupus
and mesangiocapillary glomerulonephritis. There is a strong association with
infections, especially malaria and hepatitis B, as well as hepatitis C and HIV.

Investigation

Urine tests:

e Dipstick for blood and protein

e  First morning urine protein:creatinine ratio

e MCA&S if history or dipstick suggestive of infection

Blood tests:

e Full blood count

e Urea and electrolytes

e  Calcium, albumin

e Triglycerides, cholesterol

If suggestive of atypical features
Hepatitis B serology
Immunoglobulins
Complement levels (C3,C4)
Anti-Streptolysin-O titre
Autoimmune screen

HIV serology

Acute management
General Management
Admit to hospital for
e  Monitoring of fluid balance
¢ Daily weight
Regular BP monitoring
Diary of dipstick protein and blood levels
Following initial remission, the child can be managed as an outpatient

Salt / Fluid restriction
During relapses and when oedematous, salt intake should be minimized. Fluid
restriction should generally be avoided as often the child is intravascularly
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depleted.

Penicillin

Oral penicillin prophylaxis is given during proteinuric phases. This can be stopped
on remission

Children 1-6 years: Phenoxymethyl penicillin 125mg twice daily

Children > 6 years: Phenoxymethyl penicillin 250mg twice daily

Erythromycin is an alternative in penicillin allergy

Steroids

First episode

Corticosteroids are the mainstay of treatment in idiopathic nephrotic syndrome.
They are less likely to work in nephrotic syndrome due to other causes but is
reasonable to try them. Dose are calculated using body surface area (see Section
66 Handbook 2 to convert from body weight to surface area). Monitor carefully for
the development of hypertension on steroids.

Prednisolone should always be given in the morning.

Patients should receive a total of 12 weeks of prednisolone regardless of when

they go into remission
«60 mg/m?/day (max 60mg) as a single dose for 4 weeks
ethen 40 mg/m? (max 40mg) on alternate days for 2 weeks
ethen gradual reduction over 6 weeks

30 mg/m? on alternate days for 1 week then

25 mg/m? on alternate days for 1 week then

20 mg/m? on alternate days for 1 week then

15 mg/m? on alternate days for 1 week then

10 mg/m? on alternate days for 1 week then

5 mg/m? on alternate days for 1 week then stop

O O O O O O

Latest BNFC doses of Prednisolone by mouth for first episode of nephrotic
Ssyndrome

For Child Initially 60 mg/m2 once daily for 4—6 weeks until proteinuria ceases, then
reduced to 40 mg/m2 once daily on alternate days for 4—6 weeks, then withdraw by
reducing dose gradually; maximum 80 mg per day.
https://bnfc.nice.org.uk/drug/prednisolone.htmli#indicationsAndDoses

Accessed 29th April 2021

Albumin
Albumin infusions are not normally required to treat nephrotic syndrome. Prime
indications are for hypovolaemia or symptomatic oedema.

Intravascular hypovolaemia is a high risk and should be monitored clinically by the
appearance of cold peripheries and sometimes abdominal pain. There may be
initial paradoxical hypertension, and hypotension may not occur until late. The best
laboratory test is a urinary sodium concentration of less than 15 mmol/L, especially
if combined with a urine osmolality of over 800 osmol/kg. Blood tests are seldom
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helpful.

For patients who are clinically shocked:
Give a bolus of 10mL/kg of 0.9% Saline or 4.5% Human Albumin Solution (HAS)

For patients who are clinically stable but symptomatic with oedema

Give 5mL/kg of 20% albumin IV over 4 hours with a dose of 1 mg/ kg of IV
furosemide given halfway through.

If shocked do not use 20% HAS but use 0.9% saline or 4.5% HAS - see above.

TABLE 46.8 Clinical characteristics of steroid-sensitive and steroid-resistant
nephrotic syndrome

Feature Steroid-sensitive Steroid-resistant
Gender Male > female Varies with condition

Age 1-10 years Usually, older

Blood pressure Normal Often elevated

Speed of onset Rapid (days or weeks) Usually, weeks or months
Haematuria Microscopic Often macroscopic
Plasma creatinine Normal or low unless

concentration hypovolaemic May be elevated

Subsequent management if steroid-sensitive

Thisisideallybased ondailyhome monitoring ofthemorning urine protein level by stick
testing. A common definition of a relapse is ++ proteinuria for 7 consecutive days, or
+++ for 3 days, and it should be responded to by reintroducing saltrestriction, penicillin
Vand prednisolone.

Relapse Prednisolone Doses:
e 60 mg/m?/day (max 60mg) as a single dose until remission
¢ then 40 mg/m? (max 40mg) on alternate days for 2 weeks
e then gradual reduction over 6 weeks

o 30 mg/m? on alternate days for 1 week then

25 mg/m? on alternate days for 1 week then

20 mg/m? on alternate days for 1 week then

15 mg/m? on alternate days for 1 week then

10 mg/m? on alternate days for 1 week then

5 mg/m? on alternate days for 1 week then stop

O O O O O

Frequent relapses: give prophylactic low-dose (e.g. 200 micrograms/kg) alternate-
day prednisolone. Titrate the dose up until either relapses are prevented, or steroid
side effects develop.

BNFc 2021 says 0.5-1 mg/kg once daily or alternate days for 3-6 months
https://bnfc.nice.org.uk/drug/prednisolone.html#indicationsAndDoses
Accessed 30" April 2021
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If steroid prophylaxis causes unacceptable side effects, add prophylactic
levamisole 2.5mg/kg (maximum 150 mg) on alternate days (approximately 50% of
cases will benefit), for 12 months. Once established steroids should be weaned if
possible.

If levamisole is ineffective, consider giving oral cyclophosphamide 2.5-3 mg/kg
daily for 8 weeks, monitoring weekly with white blood cell count, renal and liver
function and reducing the dose if the absolute neutrophil count falls below 1 x

109/Iitre, or stoppingifitfalls below 0.5 x 109/litre.

Subsequent management if steroid resistant

Persistent haematuria and hypertension at the first presentation may be early warning
signs of steroid resistance. Steroids should be used with caution, as the hypertension
may be aggravated.

There is a wide range of conditions that may induce steroid-resistant nephrotic
syndrome. These include infective agents, autoimmune diseases, some drugs
and poisons, and unknown causes. The cause may be apparent from the history
and examination and other tests, but in most cases the diagnosis relies on the
accurate interpretation of a kidney biopsy (if safe and possible).

The infective causes include hepatitis B( see Section10), HIV,(see Section14
this handbook and Section 36 Handbook 2) Schistosoma mansoni ( see Section 45,
Handbook 2), leprosy(see Section 39, Handbook 2), tuberculosis (see Section
51, Handbook 2) and malaria (see Section 31). These conditions should be
sought in those parts of the world where they are likely to be found and treated
appropriately. Hepatitis B typically causes a membranous nephropathy which
tends to improve spontaneously. Post-streptococcal glomerulonephritis may
cause nephrotic syndrome, but it is seldom the presenting feature. Although it is
not the only cause of this clinical picture, it is sensible to treat any child who
develops nephrotic syndrome after an acute nephrotic illness with 10 days of oral
penicillin V, 1-6 years 125 mg, 6—12 years 250 mg, 12—18 years 500 mg per dose 6-
hourly.

The commonest cause of steroid-resistant nephrotic syndrome in many parts

of the world is focal segmental glomerulosclerosis (FSGS), the pathophysiological
mechanism of which is unknown. In some of these conditions (including lupus,
mesangio-capillary glomerulonephritisand FSGS), some children do respond to
steroids. However, many children with steroid-resistant nephrotic syndrome do not
respond to any treatment at all. Most of

those who do only respond to more powerful immunosuppressants, such as
cyclophosphamide or cyclosporine. Some conditions have been treated with
plasmapheresis, but in most conditions the evidenceforthisis purelyanecdotal.
Thesetreatmentsare difficult to use because they are expensive, and they require
close monitoring for side effects. Even under ideal medical conditions with
considerable resources, many cases still progressto end-stage renalfailure.

Protein in the diet

Childrenwith nephroticsyndrome maylose huge quantities of protein in their urine.

If they are on a low-protein diet they will quickly lose muscle mass as the body
proteins are utilisedtosynthesiseplasmaalbumin.Arelativelyhigh-protein diet will 327
be muscle sparing but will make no significant differencetothe plasma
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albumin concentration.

Glomerulonephritis

Glomerulonephritis (GN) strictly refers to inflammation of the glomeruli with
cellular proliferation, althoughiitis often used to include other glomerulopathies
such as FSGS and membranous nephropathy, both of which typically cause
steroid-resistant nephrotic syndrome.

Thecommonestcause of childhood glomerulonephritis varies widely across the
world. In resource-limited countries, acute post-streptococcal glomerulonephritis
is the commonest type. In wealthier countries this is now becoming more
unusual, and IlgA nephropathy predominates.

Post-streptococcal glomerulonephritis

Thisis caused by antibodies produced in response to specific strains of streptococci.
These bacteriatypically cause throat and skin infections. The antibodies then
form complexes and are deposited within the glomeruli along with Complement
C3. Because it takes time for antibody production to occur, the signs and
symptoms of nephritis do not usually begin to appear until 10-20 days after the
start of the infection.

The inflamed glomeruli leak blood and protein, so the first symptom is usually
the child passing smoky or frankly bloody urine. The glomerular filtration rate
usually falls slightly, so the plasma creatinine concentration is typically slightly
elevated. Also, the tubules reabsorb sodium and water excessively, which
causes water retention out of proportiontothefallin glomerularfiltrationrate. This
leads to swelling, which is most easily noticed around the eyes and face, and in
the legs, but which does not pit as easily as oedema does in the nephrotic
syndrome. The water retention also leads to hypertension. Most children with
acute post-streptococcal glomerulonephritis do not lose enough protein into
the urine to cause nephrotic syndrome as well, although some do, producing a
mixed nephrotic—nephritic picture. A presumptive diagnosis is made by
examination of the urine for the presence of protein (using stick tests) and
glomerular red cells and casts (by microscopy; see Section 61 Handbook 2),
in a child with a history of a recent sore throat or skin infection. Culture of a
specific strain of Streptococcus from a throat or skin swab may confirm the
diagnosis.

Itis not reliable to make a diagnosis from a single titre of an anti-streptococcal antibody
suchasthe ASOT orthe anti-DNase B, because many children have an elevated
level from previous exposure to other strains of streptococci. Confirmationrequires
asignificantrise betweentwo titres taken at least 10 days apart.

If plasma complement levels (C3 and C4) can be measured, they may give a clue to
the underlying diagnosis but are not confirmatory. In post-streptococcal
glomerulonephritis the plasma C3 concentration is reduced, and often stays
subnormal for up to 6 weeks before rising back to normal. TheplasmaC3levelis
usuallylowinmesangio-capillary glomerulonephritis,andthe C3and C4 levels are often
both low in lupus, and these conditions may present clinically identically to post-
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streptococcal glomerulonephritis.

Treatment

If post-streptococcal glomerulonephritis is suspected, immediatelystartpenicillinV,
(1-6years 125mg,6—12years 250 mg, 12—18 years 500 mg per dose four times daily
for 10days), toeradicatetheorganism. Thereisalwaysadelay in obtaining
bacteriological confirmation, either from culture or from paired titres, so it is best to
start the penicillin at once and use these tests as retrospective confirmatory
evidence.

It is essential to measure the child’s fluid intake and losses accurately as well as
daily weighing and restrict the amounts of sodium and water allowed. This should
be to balance the losses, or to cause net fluid reduction if the child is significantly

fluid-overloaded. The insensible loss is about 300 mL/m2 daily but will be higherin a hot
dryclimate. (EstimatethesurfaceareafromTable 66 in Handbook 2). Salt restriction
is far more important than water restriction and is sometimes all thatis required
for a child to maintain fluid balance. This is because the tubules retain sodium
avidly, so any salt that is eaten will be retained in the body and cause hypernatraemia.
This drives an intense thirst, and it then becomes almost impossible to stop the
child drinking. By contrast, a tight salt restriction will minimise thethirst, which aids
management.

If the plasma albumin concentration is normal or only slightly reduced, itis safe to
give an oral dose of furosemide, 1-2mg/kg. This will increase the urinary excretion of
sodium and water, and thus improve fluid overload and hypertension. It will also
increase potassium loss, which is helpful if the fall in glomerular filtration has led to
hyperkalaemia. It may be repeated as needed. However, if the child has a very
low plasma albumin concentration from a mixed nephrotic—nephritic picture,
giving furosemide may precipitate hypovolaemia. Because of this, either give
intravenous albumin combined with furosemide (see section on acute management of
nephrotic syndrome above) or give furosemide under close observation and be
prepared to give albumin if hypovolaemia occurs. Cold peripheries and abdominal
pain (from splanchnic vasoconstriction) are importantsigns of this.

Theraised blood pressure must be controlled. Under such acute conditions it is safe
to reduce the blood pressure rapidly.

In children with post-streptococcal glomerulonephritis, the kidneys usually make a
full recovery, and progression to renal failure is rare. Therefore, most of these
children will have no sequelae, provided that their fluid and electrolyte balanceand
blood pressure are carefully managed.

IgA nephropathy (Berger’s disease)

The typical presentation is of a child aged 5-15 years who develops an acute
upper respiratory tract illness, and simultaneously has heavy haematuria that lasts
for several days. Urine microscopy reveals distorted ‘glomerular’ red cells (see
above). Usually the urine then clears completely, but the haematuria may return
with subsequent illnesses. Some children with IgA disease have a more insidious
illness with little or no macroscopic haematuria.
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The diagnosis is suggested in children who present with recurrent heavy
glomerular haematuria. There may be a family history. The plasma IgA
concentration may be elevated in affected children, but this test is a poor
discriminator. In children with a less obvious clinical picture the diagnosis can only
be made on a kidney biopsy. Antibody staining willshowgranulardeposits ofIgAin
glomerulithat have mesangial proliferation. Histologically, IgA disease is identical
to Henoch—Schdnlein nephritis.

The best prognostic indicator in IgA nephropathy is the amount of proteinuria that
persists between the acute episodes of haematuria. Most children have heavy
haematuria but little or no proteinuria between attacks, and virtually all of thesegrow
outofthe condition, usuallywithoutany sequelae. Often the ones with the most
dramatic haematuria recoverparticularly well. The childrenwithamoreinsidious
onset are more likely to have persistent proteinuria, and to continue with the
condition into adulthood, eventually developing end-stage renal failure by middle
age. There is nogood evidence fortreatments to prevent this happening. However,
adequate blood pressure control is important in slowing the progression of renal
disease.

Rarely, IgA disease first presents as a severe rapidly progressing
glomerulonephritis. The picture is one of an acutenephritisinwhichthe creatinine
levelrisesrapidlyand progressively. Itis therefore clinically indistinguishable from any
other rapidly progressive glomerulonephritis, other than by renal biopsy. Treatment
options include various immuno- suppressive drugs and plasmapheresis. These
have not been subjected to controlled trials, are expensive and may lead to
serious complications.

Haematuria

1. Urine test sticks are highly sensitive and detect the smallesttraces of
blood.

2. For most conditions that can cause haematuria, the clinical significance is
best predicted by the quantity of protein present, so always test for that, too.

3. The most important test for determining the cause of haematuria is to
check the shape of the red cells, ideally under phase-contrast
microscopy (see above).

Macroscopic glomerular haematuria

The presence of distorted red cells may be due to any form of
glomerulonephritis, as listed above. The history of a simultaneous infection may
suggest IgA nephropathy, while a recent infection points to post-streptococcal
glomerulonephritis. The presence of a rash, or joint involvement, or abdominal pain
might suggest Henoch—Schdénlein or lupus nephritis as causes, but most other
types can only be diagnosed on renal biopsy.

Macroscopic non-glomerular haematuria

The presence ofred cells with anormal biconcave appearance indicates bleeding
into the urine and excludes glomerulonephritis as a cause. This may be due to
trauma, but this would have to be major, because the renal tract is physically well
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protected. Minor trauma will only cause bleeding if the kidney is enlarged with
cysts, as in adult- type (dominantly inherited) polycystic kidney disease, or if itis
vulnerable dueto being ectopically positioned. Urinary tract stones can also cause
bleeding.

The cystitis caused by a urinary tract infection or by Schistosoma mansoni may
cause frank haematuria. These can be distinguished on phase-contrast microscopy
of a fresh sample, when either bacteria or ova are easily visible. Although bleeding
into the urine can be due to a malignancy, this is rare in childhood, and is then usually
froma Wilms’ tumour. Frank haematuria in a newborn suggests a renalvein
thrombosis, which may be unilateral orbilateral, and the affected kidney is usually
easily palpated.

Trauma, stones, an ectopic kidney, adult polycystic disease, a Wilms’ tumour and
renal vein thrombosis can each be identified by their characteristic appearance
on ultrasound scanning. Incasesforwhichnocause hasbeen found, cystoscopy
should be considered.

Microscopic glomerular haematuria

Blood may be detected in urine thatlooks completely clear on visual inspection. Rarely,
the red cells appear normal on microscopy; these children should be investigated as
for frank non-glomerular haematuria. Most children with microscopic haematuria
have distorted ‘glomerular’ red cells. In this group, managementdepends on how
much proteinuria they have. Those with massive nephrotic-level proteinuria should be
assessed and managed in the same way as for other children with nephrotic
syndrome. Those with moderate proteinuria are likely to have a form of
glomerulonephritis. The vast majority of children will not have any proteinuria with
their microscopic haematuria. Investigation of this group is unlikely to identify a
cause. If the renal ultrasound scan is normal, these children should be monitored
annually with just a urine stick test and blood pressure measurement. If the blood
disappears, follow-up may be discontinued. If it persists without proteinuria or
hypertension developing, continue the annual reviews. If proteinuria or
hypertension appears, the child needs to be investigated accordingly.

Haemolytic uraemic syndrome (HUS)

HUS is a common cause of established (parenchymal) acute renal failure (see
above). Children with HUS fall broadly into two groups, according to their
pathophysiological mechanisms. It is important to divide them clinically into
diarrhoea-associated HUS (D + HUS) and diarrhoea-negative HUS (D — HUS).

D+HUS isthe commontype, anditoccursinotherwise normal children, often in
outbreaks or clusters of cases. It is triggered by a toxin that is produced by some
colonic bacteria, including Shigellaand some strains of enteropathic E. coli.

Infection is from ingestion of contaminated food or fluids. Public health measures

to identify a source of the organism are important in preventing and limiting
outbreaks. Typically, the child hasseveraldaysofbloodydiarrhoea,and then
becomes pale and mildlyjaundiced (from haemolytic anaemia), may bruise and have
petechiae (from thrombo-cytopenia), and develops oligo-anuria. A blood film shows
fragmented red blood cells and a low platelet count.
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Antibiotics are not of benefit and may worsen the condition by causing the acute
release of more bacterial toxin. Blood transfusion may be needed (usually when
the haemoglobin level falls below 6 grams/dL). Platelet transfusion may
exacerbate the condition and should only be used in the face of uncontrolled
bleeding. There is no evidence that anyspecificmedicationis of benefit.
Management is as for other children with acute renal failure (see above).
Mortality from this condition has decreased with active management of fluid and
electrolyte imbalance and dialysis.

Ina minority of cases, D + HUS can affect other organs, sometimesseverely.Effects
canincludebowelperforations, pancreatitis with diabetes mellitus, and cerebral
involvement, with fits, coma and death.

The long-term outcome for children who survive the acute episode of D + HUS
is relatively good. Most appear to fully recover renal function, although up to
25% have persistent hypertension or proteinuria. Few develop end-stage renal
failure.

Atypical (D -) HUS

This variant is very rare, and is often associated with a functional or actual
complement disorder eg deficiency of factor H, so a minor trigger (such as a
minor viral illness) can precipitate the typical clinical and haematological HUS
picture, but without a diarrhoeal illness preceding the illness. Typically, D — HUS
patients fare much worse long term than D + HUS patients. The drug
Eculizumab is effective in some cases of atypical HUS but is very expensive.

Confusing findings

Blood may be presenton stick testing withoutany red cells visibleonmicroscopy.
Thisindicatesacutehaemolysissuch as may occur in glucose-6-phosphate
dehydrogenase (G6PD) deficiency or malaria.

Large quantities of urate make the urine brick red. Althoughfamiliesmay
thinkthe colourresemblesblood, itis easily distinguished visually.
Porphyria is a very rare cause of confusion.

Ingestion of red vegetables, especially beetroot, causes red urine.

Rarely, but this possibility must not be forgotten, a parent may place their own
blood in a child’s urine, leading to unnecessary investigations. This condition is
called fabricated or induced illness (FIl) (See Section 2 Handbook 2).

Urinary tract stones

Background

There is wide geographical variation in the frequency of stone disease, and
there have been major changes in prevalence with time within populations.
The incidence appears to be influenced by a wide range of factors, such as
climate, race, diet, dehydration, infections and socio- economic status.

Causes
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There arethree broad causes of urinarytractstones (which may coexist in individual
children).

Proteus urinary tract infections

The mechanism is twofold. The infection results in turbid urine containing cells and
debris, and secondly Proteus splits urea to form ammonia, which raises the
urinary pH. Becausecalciumammoniumphosphateisrelativelyinsoluble in alkaline
urine, it will co-precipitate readily on to the urinary debris under these conditions to
form thick sludge initially, and subsequently a stone. This explains why these stones
take up the shape of the tract they form in (‘stag-horns’ in the pelvicalyceal system,
‘date stones’ in the lower ureter, and round stones in the bladder). Preschool boys
are affected much more than any other groups.

Relative dehydration and possibly dietary factors
Themechanismsofstoneformationare probablysimilarto those for infection stones,
with chemicals normally found in the urine reaching relatively high concentrations
due to low urine volumes, and high dietary intake and consequent excretion rates
of relatively insoluble chemicals.

Rare inherited metabolic conditions
Theseresultinexcessive urinary excretion of poorlysoluble chemicals.

Calciumstonesaremostcommonly causedby isolated hypercalciuria (without
hypercalcaemia), and more rarely by hypercalciuria combined with hypercalcaemiain
hyperparathyroidism.

Cystine stones are seen due to an inherited (dominantly orrecessively)failure ofthe
proximal tubules to reabsorb this amino acid. Oxalate stones may be due to
excessive gut absorption of oxalate when the calcium is unavailable to precipitate i,
such as with steatorrhoea. Rarely it is also produced and excreted in excess due to a
recessive liver enzyme deficiency.

Presentation and diagnosis

Children may pass a stone or present with severe colicky abdominal pain (typicallyin
one loin), often with frank haematuria. Ultrasound scanning is a sensitive imaging
tool, showing the front edge as a bright line, with an acoustic shadow thrown behind
it, rather than showing the whole stone. Nephrocalcinosis associated with
hypercalciuriais seen as white (echo-bright) renal pyramids.

Aplainabdominal X-ray willshowradio-opaque stones and is thus useful for
distinguishing the type. Similarly, the appearance of a passed stone or fragment
may aid identification. Infection and dehydration stones are usually grey, and only
moderately X-ray dense, and take up the shape ofthe collecting system. Calcium
(white) and cystine (yellow) stones are very X-ray dense, may grow up to 2cm or
Oxalate stones are yellowish-buff coloured and typically grow to 5mm, with
irregular spiky edges. A high oxalate load will resultin many small stones rather than
large individual ones.

If the type of stone is not clear from the history, chemical measurements can be
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made and compared with urinary creatinine measurements on an untimed ‘spot’
urine sample collected during the morning (but not the overnight sample). The
upper normal limits of the ratio of the chemical to creatinine concentrations, both in
mmol/litre, are as follows:

a. calcium:creatinineratioof<0.8

b. cystine:creatinine ratio of <25

c. oxalate:creatinineratioof<0.18.

These ratios will be normal in children with infection stones, orthose secondaryto
dehydration.

Treatment
Removal of stones
Smallstones maybe passed spontaneously.

Uretericcolic may be excruciatingly painful and should be treated with powerful
opiate analgesia (see Section 9). Spasmolytics such as hyoscine butylbromide (2-5
yrs: 5mg; 6—12years: 5-10mg |V or orally; age > 12 years: 20mg IV or orally) are
sometimes used but are often not effective. Larger stones may need surgical
removal by open surgery or cystoscopy. Percutaneous nephrostomy or
lithotripsy may be used where specialist facilities exist.

Preventing recurrences

Infection stones should not recur in the absence of infection. Stones due to metabolic
causes and thoserelated to dehydration are all helped by a consistently high fluid
intake, butitis probably even more important to avoid episodes of acute
dehydration (e.g. with vomiting or diarrhoea) than increasing daily fluid intake.

Chlorothiazide up to 10 mg/kg twice daily reduces urinary calcium excretion;its
dose can betitrated in hyper-calciuria to keep the urinary calcium:creatinine ratio in
the normal range. Furosemide should be avoided because it increases urinary
calcium excretion.

Children with hyperparathyroidism may require parathyroidectomy.

In cystinuria and inherited hyperoxaluria use potassium citrate to alkalinize the
urine. However, it is important not to give too much as there is a risk of
developing calcium stones. Children aged 1-5yrs 5mL three times a day, 6-17
years 10ml three times a day. If not available can use sodium bicarbonate
supplements starting with 1mmol/kg daily and increasing until the urine pH is
usually 7 or less on home testing with strip test paper.

With oxalate stones due to malabsorption, treat the underlying bowel problem.

Inherited hyperoxaluria typically leads to renal failure and widespread calcification of
soft tissue.
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Section 47. Acute renal failure (ARF)

Types of acute renal failure

Acute kidney injury (AKI) may be caused by a wide variety of insults to the renal
tubule cells. Each type of AKl has a differentmanagement. Itisthereforeimportantto
distinguish them clearly.

Pre-renal failure

Thisis caused by poor perfusionand hypovolaemiasecondary to gastroenteritis, septic
shock, haemorrhage, burns, nephrotic syndrome or cardiacfailure.

Established (intra-) renal failure

Established renalfailure mostcommonly resultsfrommore extreme or more prolonged
versions of the same insults that cause pre-renal failure, leading to acute damage
to the kidney cells. Other causes include haemolytic—-uraemic syndrome and drug
toxicity and acute rapidly progressive glomerulonephritis. The prognosis for
recovery depends on the underlying cause, whether only the tubule cells are
damaged, and whetherthe glomeruliare alsoinvolved.

Post-renal failure

Acute complete obstructions of the renal tract causing failure of urine production
are rare, but include posterior urethral valves, obstruction of a single kidney,
bilateral stones and trauma.

Diagnosis and initial management of Acute Renal Failure (ARF)
The most important action is to remove the underlaying cause or insult to the
kidneys wherever possible

Pre-renal ARF

Pre-renal failure is essentially a reversible renal dysfunction due to the kidneys
being under-perfused, but where the perfusionisstill sufficientto preventnecrosis ofthe
renaltissue.

The clinical diagnosis is made by recognising the signs of shock, the commonest of
which are a delayed capillary refill time, cool peripheries, a weak pulse, and
usually a low blood pressure Section 45). However, the blood pressure may also
be unexpectedly high because of the powerful renin driveinresponseto
hypovolaemia. Animportantfeatureis thatthe child may complain ofabdominal pain
(induced by splanchnicischaemiaasbloodflowis diverted fromthegut to more vital
organs).

Laboratory support of the clinical diagnosis is made by measuring the fractional
excretion of sodium (FE Na; see Section 46). This requires measurement of the
sodium and creatinine concentrations in a sample of blood and urine. If the FE
Na is less than 1% this indicates that the renaltubule cells are still alive, and able to
respondtoshock by reabsorbing sodium avidly. This therefore confirms a
diagnosis of pre-renal failure. No other tests, including measurements of
osmolality, urinary sodium concentration alone, or urine microscopy, can reliably
differentiate pre-renal from established renal failure. Ultrasound scanning is useful
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to exclude obstruction but cannot differentiate pre-renal from established renal
failure.

Treatment of pre-renal failure

This consists of urgent circulatory volume expansion followed by furosemide.
Percentage dehydration should be estimated, and rehydration should be with 0.9%
saline, Hartmann’s or Ringer-lactate solution, plasma, 4.5% albumin or other similar
isotonic fluid or plasma substitute. Give 10—20mL/kg as rapidly as possible
initially and repeat if necessary. Thereafter give Hartmann’s or Ringer-lactate
solution to fully correct the fluid deficit within 2—4 hours. The deficit can be estimated
by multiplying the child’s weight by the estimated percentage dehydration. For
example, a 6kg infant estimated to be 10% dehydrated is deficient of
approximately 600mL. According to the above guidelines he would receive 60-240
mL of plasma or plasma substitute very rapidly, and the rest of the 600mL as
Hartmann’s or Ringer-lactate solution over a few hours.

Oncerehydrationhasstarted, givefurosemide2mg/kg orally or IV. If there is a
urine output response to furosemide this will usually indicate that the renal failure
can recover. If the blood pressure remains markedly depressed after rehydration,
it may be due to cardiogenic shock, so consider administering inotropes (see
Section 45).

If urine output does not commence after adequate volume replacement and
furosemide, consider whether this is actually established renal failure, and do not
continue repeating fluid boluses.

Established renal failure

Established failure is due to acute parenchymal damage to the kidneys. In most
cases the causes are exactly the same as for pre-renal failure, but an increased
severity or duration of the insult has led to death of some of the renal cells.
Therefore, the relevant history and clinical signs are usually the same as for pre-
renal failure. Other cases are due to directly toxic effects of drugs such as
gentamicin, or poisons to the tubular cells. Some forms of glomerulo-nephritis may
lead to ARF (see Section 46), as may the haemolytic—uraemic syndrome.

The laboratory diagnosis of established renal failure due to under-perfusion or
an ischaemic insult can be made reliably by calculating the FE Na from a
measurement of the sodium and creatinine concentrations in a plasma sample
and a spot urine sample. The FE Na is typically greaterthan2% becausethe
damagedtubulesareusually unable to reabsorb sodium avidly. Again, attempts to
use other laboratory criteria are unreliable. The history, clinical examination and
laboratory confirmation of glomerulonephritis and haemolytic-uraemic syndrome
are described in Section 46.

The most vulnerable region of the kidney is the highly metabolically active mass
of proximal tubule cells. Ifthese cells alone die from the insult, this causes acute
tubular necrosis (ATN), which will fully recover in 2—4 weeks if the child is
maintained in good health during that period of renalfailure (likely to require
dialysis). More severeinsults may result in damage to some or all of the glomeruli
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as well, which are in the renal cortex. Glomerular damage is irreversible, and
acute cortical necrosis may therefore result in chronic or end-stage renal failure.

Fluid repletion and furosemide administration will not result in recovery of renal
function. If an FE Na is not available to distinguish between pre-renal and
established ARF, it is sensible to give a trial of fluid bolus and furosemide.

Managementconsists of correctingthe dehydration, asfor pre-renal failure, and
thereafter careful maintenance of fluids (usually restriction) and electrolyte balance
and nutrition (restricting potassium intake) while it is hoped that some recovery of
tubule cells will lead to recovery of kidney function. This situation is likely to
require dialysis. If recovery is going to happen it is likely to have begun by 4 weeks
but can occur up to 2 or even 3 months later. There are no reliable imaging techniques
for determining whether the child has recoverable ATN or irrecoverable cortical
necrosis, but renal biopsy if available may distinguish between these.

Post-renal failure

Post-renal causes are due to obstructionto all of the urinary flow and are uncommon.
This will not occur if the flow from just one kidney is blocked (unless a single
kidney is present). Causesina child withtwo kidneysinclude congenital urethral
valves, or a bladder stone obstructing the urethra. Causes in a child with a single
kidney include a ureteric stone, or a pelvi-ureteric junction narrowing (which is
congenital, but often blocks intermittently and presents late).

All of these pathologies cause severe acute colicky abdominal pain. This is well
localised in older children to either unilateral pain with ureteric obstruction, or
lower abdominal pain with bladder neck obstruction. An ultrasound scan will
reveal stones and dilatation of the urinary tract proximal to the site of the
obstruction.

Treatment of post renal failure

The treatment of post-renal failure is to remove or bypass the obstruction. For a
bladder neck stone obstruction, catheterise the child. Giving pain relief with an
opiate analgesic may allow time for an obstructing urethral stone to pass, or for the
intermittent blockage from a pelvi-ureteric junction narrowing to clear. If not, the
stone may need to be removed cystoscopically or by ureterolithotomy, or the upper
renal tract can be drained by insertion of a percutaneous nephrostomy under
ultrasound guidance. Once removal of the obstruction has allowed the renal function
to recover, procedures such as surgical repair of the pelvi-uretericjunction may be
performed.

Ongoing management of persistent renal failure

General management

The management of renal failure consists of the provision of good general care
for an acutely ill child, plus the specific management of fluid and electrolyte balance,
blood pressure, and the adjustment of some drug dosages. In many instances the
limitations that need to be imposed to keep in metabolic balance compromise the
care that can be giveninotherareas.

The safe management of these children requires the maintenance of meticulous
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fluid balance. To achieve this, it is necessary to accurately measure all intake
and losses. For babies, stool and urine losses are best estimatedbyweighing
theircleananddirty nappies. Insensible loss is best measured by assuming it to be 300

mL/m2 in temperate conditions, and higher in hotter climates and at low humidity (for
estimation of body surface area, see Section 66 Handbook 2).

The best guide to the overall changes in fluid balance is to weigh the child twice daily.

Nutrition, fluid and electrolyte balance

Adequate nutrition is important for recovery but may be difficult to provide. If a
child is old enough and well enough to eat solid food they are relatively easy to
manage because they can obtain their requirements with little water. Aim to
provide their normal calorie intake from carbohydrates and fats and limit their
protein intake to about 1 gram/kg/day to minimise uraemia. It is necessary to
limit the salt intake to prevent sodium retention and hypernatraemia, which
leadstoinsatiable (severe)thirstandhencefluidoverload. ltmaybe necessary to
provide some of the sodium as bicarbonate to prevent acidosis, typically at a
starting dose of 1 mmol/kg/ day (notethat1mLofan8.4% sodiumbicarbonate
solution contains 1 mmol).

Dietary potassium must be restricted (avoid in particular bananas,
tomatoes, coconut, citrus fruits or juices, and chocolate) to decrease the risk
of hyperkalaemia.

Dietary phosphate must be restricted (restrict milk and dairy products but not
breastfeeding) to reduce the risk of hyper-phosphataemia. Giving calcium
carbonate with the food (e.g. 0.5-2 grams with each meal) will bind the
intestinal phosphate and reduce hyper-phosphataemia as well as reducing the
tendency to hypocalcaemia.

Younginfants who normally take milk, and childrenwho are too ill to eat solid food,
or who have gastrointestinal involvement, will need either nasogastric tube
feeding. Intravenous nutrition is very difficult in low resource settings. The
enteral route should always be used if possible. However, adequate nutrition
has to be delivered in a relatively large fluid volume. If the child has polyuric
renal failure or has high non-renal waterlosses (e.g. from diarrhoea or drain
fluids), this can be achieved. However, if the child is oligo-anuric it is very
difficult (and often impossible) to give sufficient nutrition without causing fluid
overload, which can lead to hypertensionand pulmonaryoedema. Concentrated
fat-basedoral feeds can be made up from ingredients such as double cream.
Specialist parenteral nutrition solutions will be required if they are to be used
for a child in renal failure.

The need for dialysis
Although severe fluid and electrolyte restriction is possible for short periods
oftime while awaiting spontaneous recovery of renal function, itis not possible to
both provide adequate nutrition and maintain stable water and chemical
balance overa prolonged periodin a child with oligo-anuria. If such a child does not
start to regain renal function, they will die unless they are dialysed.
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The main indications for starting dialysis (where available) are as follows:
Hyperkalaemia: this is discussed below.

Fluid overload causing pulmonary oedema and/or hypertension.
Severe metabolic acidosis: this is another important reasonfordialysis (if
available). Treatmentwith sodium bicarbonate is limited because this may
lead to massive sodium overload, and thus to dangerous levels of
hypernatraemia, and to greater fluid retention. Fluid overload is worsened if
hypoglycaemia occurs (this needs to be treated with IV glucose solutions).
Uraemia: clinicalsymptoms are apparentatconcentrations above 40
mmol/litre, but uraemia is not as acutely life-threatening as hyperkalaemia or
pulmonary oedema. It needs to be reduced by providing more non-protein
calories.

Hyperkalaemia

Hyperkalaemia causes life-threatening arrhythmias, especially in acute renal failure,
where other metabolic changes may exacerbate the risk (e.g. hypocalcaemia). Aim
to keep the plasma potassium concentration below 6.0 mmol/litre in older children
and below 7.0 mmol/litre in neonates (who appear to tolerate hyperkalaemia better).

There are three pharmacological approaches to managing children with
hyperkalaemia.

1.

Reduce the risk of it causing arrhythmias. Reduce the effect of
hyperkalaemia immediately by increasing the plasma calcium concentration.
Give 0.5mL/kg (0.1 mmol/kg) of calcium gluconate 10% IV.

Remove potassium from the body. Give calcium resonium 1 gram/kg

orally or rectally and repeat with 0.5 grams/kg 12-hourly. This ion-exchange

resin exchanges potassium for calcium. It is not well tolerated. Ifvolume
status and urine flow permit, furosemide will increase urinary potassium
excretion.

Push potassium into the cells. This last option only results in a temporary

improvement, because as soon as the treatment stops the potassium moves

back out of the cells. Essentially this approach is only a holding treatment while a

more effective therapy such as dialysis is prepared:

e Give a beta-2-adrenergic agonist, such as salbutamol. Nebulise 2.5 mg for
children under 25 kg, and 5 mg for larger children, or give 4 micrograms/kg
IV over 15 minutes. This works rapidly, but the potassium will move back
out of the cells within a few hours.

e Alternatively, infuse a high concentration of glucose. Monitor the plasma
glucose concentration and be prepared to infuse insulin beginning at a
dose of 0.05 units/kg/hour if glucose level exceeds 12 mmol/litre. It is
unsafe to mix the glucose and insulin and infuse them together in children,
as this may cause hypoglycaemia. This necessitates close monitoring, an
inevitable fluid load, and only lasts while it is continued.

e Bicarbonate infusions which pushes potassium into the cells. A dose of 2.5
mmol/kg may be infused over 15 minutes. If a solution of 8.4% is used,
containing 1 mmol/ mL, it will increase the plasma sodium concentration by
approximately 5 mmol/litre very quickly, which may be hazardous. It is
better to use a solution of 1.26% which is iso-natraemic, but this requires
that a volume of 17 mL/kg be infused, adding to fluid overload.
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Acute peritoneal dialysis
Indications

Children with acute renal failure can be considered for peritoneal dialysis if their
biochemical control is not safe.

Although the specific indications for initiating peritoneal dialysis vary from case to
case, the commonest reason is a high and rising plasma potassium concentration
(e.g.above 6.5mmol/litreinanolderchild,or above 7 mmol/litre in a neonate). Other
indications include a urea concentration above 40 mmol/litre, a phosphate
concentration above 3.5 mmol/litre, or acidosis with a bicarbonate
concentration below 12mmol/litre, as wellas hypertension or pulmonary oedemadue
tofluid overload. The primary underlying reason for needing to proceed to dialysis is
usually anuria or severe oliguria. This is because evenamoderate urine flow will
preventfluid overloadifthe intake is restricted, and because it ‘makes space’ for
biochemically appropriate replacement fluid. Even poor-quality urine contains
potassium, so replacement with potassium- free fluid allows a net loss. Also,
urinary sodium losses can be replaced with IV sodium bicarbonate to counter
acidosis, and a high infused glucose concentration will reduce catabolism and
SO minimise urea, potassium and phosphate production. Take advantage of all
fluid losses; diarrhoeal losses will ‘make space’ just as effectively as urine
losses.

Practical techniques Peritoneal Dialysis (PD) Catheter

Ideally, a catheter with side holes should be inserted so that its tip lies in or near
one of the iliac fossae. The ideal catheter is a cuffed silastic Tenckhoff which has a
series of side holes and an end which is cut off straight, but these are expensive
and need to be inserted through a peel-away sheath (usuallyinthe midline belowthe
umbilicus). Itis possible to dialyse adequately using other more readily available
cathetersthathave side holes, suchas chestdrains. These are usually inserted over a
metal trocar and have a tapered tip with an end hole that is considerably smaller
than the diameter of the tube lumen, which can lead to difficulties with blockage
with omentum (see below).

Insertion of a catheter

1. Thismustbeastrictlyaseptictechnique performedeither under general
anaesthetic, or under sedation/systemic analgesia (see Section 9) and local
anaesthetic. The catheter may be placed directly percutaneously or with a
subcutaneous tunnel or with full surgical procedure.

2. Ifthecatheterisnottunnelled, topreventfluidleakageit is essentialthatitis
inserted throughthe skinwithavery tight fit; using a larger skin hole and stitching
it closed willinevitablyresultinleakageintime. Cutaskinslitthat is obviously
smaller than the tube and stretch it with a surgical clip or stitch holder.

3. Before introducing the catheter, insert an IV cannula through the skin cut
and fill the abdomen with about 40mL/kg of Ringer-lactate solution or 0.9%
saline until the abdominal wallisfairlytense.

4. Toinsert the catheter through a tight hole requires some force, and thisis best
done by pushingthe catheterand trocartip into the dilated skin slitas faras
possible, and then suddenly advancing it with a sharp force through the tense
abdominal wall. Grip the catheter and trocar tightly about 3 cm from its tip to
act as a stop as it pops intothe abdomen (the risk of causing damageis greatly
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reduced by the presence of sufficientinstilled fluid).

5. To further minimise the risk of trauma, it is better to enter the upper quadrant
lateral to the rectus sheath, and aim towards the opposite iliac fossa, than to
use an infra-umbilical approach. Be aware of the possibility ofanenlarged
spleenorliver.

6. Once sited, test to check that fluid flows rapidly in and out, before securing
with a skin stitch and sterile dressing.

Problems with omentum
It is common for omentum to wrap around the end of the catheter, and for some to
enter the end hole. This slows or stops drainage because the omentum is
sucked further into the lumen but has little effect on filling because the omentumis
washed back towards the cathetertip, and the fluid exits through the side holes. Deal
with it as follows:

1. Theomentum can often be forced outby rapidlyinjecting up to 50 mL of dialysis
fluid, Ringer-lactate solution or 0.9% saline into the catheter under pressure.

2. |If this fails, withdraw the catheter from the abdomen using full aseptic technique.
If the omentum has become detached, simply reinsert the catheter, and
resume dialysis.

3. If (as usually happens) the catheter comes out with the omentum attached,
detach it, and gently pull more omentum out, tie round it with an absorbable
suture near to the skin surface, cut off the excess, and return the omentum into
the abdomen, using the stitch to obtain easy purchase, and replace the catheter.

Fluid and cycles

4. Run the dialysis fluid in through a giving set with a burette, and with the bag
held about 1 metre above the patient and leave it to dwell for 30 minutes. Allow
it to drain by gravity through a Y-connector into a sealed bag for about 10-15
minutes; by then, it should have drained about as much as was instilled, and
the flow should have stopped.

5. Theosmolalityofthedialysisfluiddeterminestheamount of waterthatis drawn off
(ultra-filtered) during each peritoneal dialysis cycle, and this is adjusted by
varying the glucose content. Typical glucose concentrations available are 1.36%
(standard) and 3.86% (high osmolality) bags. Start with 1.36% glucose.

6. Add heparin, 1000 units/litre, to the fluid initially to prevent any blood from the

insertion clotting the catheter. Discontinue it once the effluent fluid looks clear.

Start with 10mL/kg cycles of dialysis fluid for the first 2 days.

8. The first cycle balances are unreliable because there is always a sump of fluid
left, but after that the ultra-filtrate requiredisthe volume offluidthatneedstobe
removed to correct any overload, plus an amount equivalent to the urine that
would normally be passed (so just alittle less than the normalfluid intake).

9. |If there is too little ultra-filirate, increase the glucose concentrationofthe
dialysate by giving some cycles of 1.36% glucose and some of 3.86% glucose.
Continue to review the fluid balance and vary the proportion of cycles of each
strength as necessary.

10. Increase the cycle volume by 10 mL/kg every 2 days until tolerance occurs, or
a maximum of 40mL/kg. As thecycle volumeincreases, itisnotnecessaryto
dialyse so intensively. Either continue with 30-minute dwells, 8 hours overnight,
or lengthen the dwells, eventually moving to chronic ambulatory peritoneal
dialysis (CAPD), in which the fluid is left in the peritoneum all the time, and
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exchanged four to six times per day.

Biochemical control

The sodium, calcium and magnesium content of the dialysis fluid is similar to that
of plasma, and the fluid contains lactate, which is converted to base, so is
equivalent to bicarbonate. Cycling therefore tends to keep the plasma
concentrations stable. Peritoneal dialysis fluid contains no potassium, urea or
creatinine, so these are removed.

Ureaequilibratesrapidly, sois cleared well, allowingthe child to have a normal
protein intake. Creatinine is removed slowly, so peritoneal dialysis never
restores the plasma levels to normal. This is useful because creatinine is not
toxic, and its plasma concentration continues to provide a measure of intrinsic
renal functionandrenalrecovery. Sometimes the dialysis required to control fluid or
urea excretion is sufficient to cause hypokalaemia. If so, reduce the
potassium dialysis clearance by adding up to 3mmol/litre potassium chloridetothe
dialysate bags (do not use more than this; if the potassium concentration is stilltoo
low, give extraorally orintravenously).

Peritonitis

Infection is the major hazard of peritoneal dialysis and producesacloudy

dialysis effluentinthe drainage bagdue to white blood cells. Prevention is

crucial, by scrupulous handwashingandavoidingtouchingthe opentubingends

while changing peritoneal dialysis bags, and by changing connections as

infrequently as possible.

1. Monitor constantly by inspecting the clarity of the effluentfluid.

2. Undertake daily microscopy for white blood cells (there should be <50 white
blood cells/mL; see Section 61 Handbook 2).

3. Ifthe effluent fluid is cloudy, and microscopy confirms the presence oflarge
numbers of white blood cells (over 100, but typically several hundred), culture
a sample of fluid, and start treatment at once by adding heparin (to stop
blockage of the tube holes with fibrin) and antibiotics to peritoneal dialysis
bags and revertto continuous cycling if not still doing that. Start with
vancomycin and ceftazidime and adjust according to the culture and
sensitivity results. Concentrations of antibiotics that may be added to
peritoneal dialysis fluid are as follows:
— vancomycin, 25mg/litre
— ceftazidime, 125 mg/litre
— ampicillin, 125 mg/litre

flucloxacillin, 250 mg/litre

— gentamicin, 8mgl/litre.

4. Continue continuous cycling until a count of < 50 white blood cells/mL is
obtained for two samples taken 12hours apart. Thenreturnto previous
dialysis cycles, addingperitoneal dialysis antibioticsfor 14 days.

5. If accidental contamination occurs, such as touching the open dialysis
catheter during a bag exchange, or a fluid leak from a connection or
punctured bag, add vancomycinand eitherceftazidime orgentamicintothe
dialysis fluid for the next 12 hours.

6. Fungal peritonitis is difficult to clear. It is best to remove the catheter and treat
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systemically until the peritonitis resolves.
The urine output must be measured throughout the procedure. Analgesia for the
procedure and throughout the dialysis is likely to be required.
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Section 48. Acute Liver Failure

Introduction

Incontradistinction tofulminantliverfailureinadults, acute liver failure (ALF) in
children may not be accompanied by encephalopathy, which tends to be a late
feature, or if it occurs early in the course suggests a metabolic cause.

Prolonged prothrombin time (PT) or international normalised ratio (INR) indicates
coagulopathy due to the depletion of liver-synthesised coagulation factors and is
the basis of the definition of ALF. However, coagulopathy in the presence of liver
dysfunction can also result from vitamin K deficiency (usually due to prolonged
cholestasis) and consumption of coagulation factors due to disseminated
intravascular coagulation (DIC).

Definition

Based on the above, ALF is present in children when coagulopathy accompanies liver
disease but is not due to DIC or a lack of vitamin K (see Table 48.1). Administration of
IV or IMvitamin K (300 micrograms/kg for childrenaged 1 month to 12 years: 10 mg for
those over 12 years of age) ensures thatremaining coagulopathyisduetofailed
production(liver failure) or excess consumption (DIC). Markers that suggest DIC,
rather than ALF, include a low platelet count, compatible bloodfilm (fragmentedcells,
schistocytes)andaserum bilirubin that is predominantly unconjugated.

TABLE 48.1 Clinical features of ALF

1. Nausea and vomiting is a frequent early feature.
> Bruising, petechiae and bleeding secondary to deranged clotting (INR
) > 4 is associated with 90% mortality).
3 Jaundice with tender hepatomegaly or a liver that is enlarged but
' reducing in size in days.
4 Encephalopathy latterly complicated by features of raised intracranial
) pressure.
5 Metabolic alkalosis from failure of the urea cycle associated with a
' low serum potassium concentration.
6. Failure to maintain normoglycaemia.
Patients with isolated liver failure tend to bleed less than the high INR
might suggest while those with associated DIC, uraemia,
7. thrombocytopenia or other bleeding diathesis tend to bleed more
readily

Investigations

The history may establish a recent episode of shock including severe dehydration,
sepsis or heatstroke, prolonged or uncontrolled convulsion evidence of ingestion of
toxic mushrooms or drugs (including those bought over the counter or obtained
from any non-conventional source), or exposure to infection such as Salmonella
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typhimurium (see Table 48.2).
The possibility of blood-borne or other parenteral infection with hepatitis B up to

6 months previously should be explored.

Examination may show features of acute portal hypertension with liver

tenderness suggesting Budd—Chiari syndrome or a veno-occlusive disease, or

lymphadenopathy suggesting malignancy.

Urine should be tested for bilirubin, urobilinogen and reducing substances.

Stools should be examined for colour.

Tests to establish many of the causes of ALF require sophisticated laboratory

facilities which may not be available.

The cause may be diagnosed from local epidemiology.

A blood film and an INR or prothrombin ratio should be measured.
Whole Blood Clotting Time (WBCT) see Section 45

A full septic screen, excluding lumbar puncture because of coagulopathy,

should be performed (including fungal cultures and chest X-ray).

TABLE 48.2 Causes of acute liver failure

Type

Cause

Infective Viral

virus, Marburg virus, dengue

Hepatitis A, B, C or D, HIV, parvovirus, herpes virus, enterovirus,
adenovirus, echovirus, varicella, yellow fever, Lassa fever, Ebola

Bacterial, protozoal [Leptospirosis, typhoid, malaria

Metabolic - particularly

Wilson’s disease, tyrosinaemia, urea cycle disorders,
galactosaemia, mitochondrial disorders, haemochromatosis,

in infancy Niemann-Pick disease type C
Druas Paracetamol, anti-TB drugs, halothane, carbamazepine, sodium
9 valproate
Toxins Amanita phalloides mushrooms, heatstroke, shock (all causes)
Anti-smooth-muscle antibodies and anti- liver-kidney microsome
Autoimmune (LKD) antibodies, antibody-positive giant cell hepatitis with
haemolytic anaemia
Budd-Chiari syndrome, veno-occlusive disease (may follow bush
Vascular ) )
tea ingestion)
Cryptogenic Non-A, non-B hepatitis

Immune deficiency

X-linked lymphoproliferative diseases and perforin defects
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Table 48.3 Degrees of acute liver failure

Irritable, inappropriate behaviour

Grade | Lethargy

Mildly depressed awareness

Tremor or flap (slow wave in outstretched extended hand)

Aggressive outbursts, bad language
Grade Il Unable to stay still
Pulling at IV cannulae, plaster, etc.

Mood swings
Grade lll Irritable, odd behaviour
Not recognising parents
Photophobia

Mostly sleeping, but rousable
Incoherent, sluggish pupils
Hypertonia with or without clonus and extensor spasm

Grade IVa

Absent reflexes

Grade IVb | Irregular gasps with imminent respiratory failure
Bradycardia

Unresponsive to painful stimuli

Complications of ALF
These include the following:

Encephalopathy and raised intracranial pressure, convulsions.

Hepatorenal syndrome.

High-output cardiac failure.

Hepatopulmonary syndrome.

Acid—base disturbance; initially alkalosis with hypokalaemia, followed by
metabolic acidosis from multi-organ failure.

Gastrointestinal bleeding, including early development of oesophageal varices.
Pancreatitis.

Bone-marrow aplasia

Sepsis, particularly Gram-negative and fungal, pulmonary (including aspiration)
and septicaemia.

Fluids in ALF

« Fluids in ALF should be restricted to two-thirds of normal maintenance (see
Section 7).

« When albumin needs to be infused, the dose is 5 mL/kg of 20% albumin, and
for fresh-frozen plasma the dose is 10-20mL/kg.

- Do not give any potassium if the patient is anuric.

« Treathypoglycaemia in the usual way (see Section 51).
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Management of children with ALF

In the absence of liver transplantation, conservative management relies on liver
recovery, which will occur in many cases of ALF, requiring to take place before
irrecoverable damage occurs in another organ, particularly the brain. The best
possible high-dependency care may improve the likelihood of this occurring.

e Refer the child to a specialised centre if one exists in that country.

Undertake frequent reviews and clinical observations and high-dependency
nursing.

o Blood tests for coagulation, electrolytes, blood glucose levels and blood count
should be performed frequently (ideally 8-hourly).

Hypoglycaemia and hypokalaemia must be detected and corrected.

Maintain blood glucose levels in the range 4—9 mmol/ litre using a restricted
fluid volume (two-thirds of maintenance) consisting of a minimum concentration
of 10% glucose (given IV or orally); 20% glucose is the preferred solution, but
is irritant to peripheral veins and is best given into a central vein or, if tolerated,
orally or via a nasogastric tube.

e A metabolic alkalosis resulting from a failure of the urea cycle may cause
hypokalaemia as a result of a shift of potassium into the cells. This
hypokalaemia can worsen encephalopathy and should be corrected enterally or
V.

e  Children with encephalopathy should be nursed with their head elevated at 30
degrees above the horizontal and without neck flexion (to decrease intracranial
pressure and minimise cerebral irritability).

e  Children with agitated encephalopathy of grade Il or Ill represent a major
management problem, as they may pull out monitoring equipment and IV lines.
Sedation will worsen their  encephalopathy.

Strict fluid balance is essential.

e Allowance should be made for a hot climatic environment by giving 10-20%
extra fluid, and 10% extra fluid should be given for each degree of fever.

e  Strict monitoring of urinary output and fluid balance is required. Aim for a urine
output of not less than 0.5 mL/kg/hour (determined by weighing nappies or
measuring output).

e Daily weights are useful if the child can be moved and will allow greater
precision in fluid balance.

e Patients who require inotropes despite adequate central venous filling are
usually developing multi-organ failure and have a very poor prognosis.

e  Stop oral protein initially, and during recovery gradually reintroduce 0.5-1
gram/kg/day in oral or nasogastric feeding.

e A high-energy intake, predominantly of dietary carbohydrate, should be
promoted to prevent protein catabolism with an increased serum ammonia
level. In the absence of carbohydrate-based feeding products such as Maxijul,
uncooked cornstarch may be used as a source of carbohydrate. It may be
given up to 2-hourly to provide predicted energy requirements and may also
help to maintain normoglycaemia.

e Lactulose, 5-10 mL two to three times a day, is given to produce two to four
soft and acid stools per day (it should be omitted if diarrhoea occurs).

e Maintain normothermia by environmental measures (but NOT with
paracetamol, aspirin or ibuprofen).
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e Give one dose of IV or IM vitamin K (300 micrograms/ kg for children aged 1
month to 12 years: 10 mg for those over 12 years of age) to attempt correction
of prolonged clotting time.

e If there is frank bleeding (gastrointestinal or other), consider giving fresh blood,
fresh-frozen plasma or cryoprecipitate (if available) at 10 mL/kg IV.

e A prophylactic H2-blocking agent (e.g. omeprazole 700 microgram/Kg
(maximum 20mg) once daily orally or IV) is given with oral antacid (e.g.
sucralfate 250 mg four times a day for children aged 1 month to 2 years, 500
mg four times a day for those aged 2—-12 years, 1 gram four to six times a day
for those aged 12—18 years) to prevent gastric and/or duodenal ulceration.

e Treat any confirmed sepsis aggressively.

Broad-spectrum antibiotics, such as a cephalosporin plus amoxicillin, or
penicillin plus gentamicin, should be used prophylactically.

e Systemic fungal infection may require IV amphotericin (250 micrograms to 1
mg/kg/day) or oral fluconazole (10 mg/kg once daily).

e  Give prophylactic oral nystatin mouthwashes (100,000 IU (1 mL) four times a
day).

e Manage hypotension with IV colloids and possibly dopamine and nor-
adrenaline infusions (see Section 45).

Paracetamol overdose

If paracetamol overdose is suspected or confirmed, N-acetylcysteine mustbe
started immediately, whatever the time between the alleged overdose and the visit
to the hospital. Histories after overdose are often misleading,

N-acetylcysteine is given IV at 150 mg/kg over 1 hour as a loading dose,
(administered in 3 mL/kg 5% glucose) then 50 mg/kg over 4 hours (administered in
7mL/kg 5% glucose), then 100 mg/kg/day over 16 hours (administered in 14mL/kg
5% glucose).

Prognosis for ALF

The most important prognostic parameter for ALF is metabolicacidosis. Evenin
thepresenceofaveryprolongedINR, a patient who is not acidotic will have an 80%
chance of survival. A plasma pH of < 7.25 (if blood gas measurement is
available) indicates a 95% risk of mortality.

Other factors that predict a poor outcome are grade 1l or IV hepatic
encephalopathy and oliguric renal failure (usually occurring 3—4 days after
onset).

Occasional patients make a rapid liver recovery but are left with Acute Renal
Failure requiring management as in Section 47.

Risk factors for a fatal outcome in Acute Liver Failure
Age < 2 years.

INR of 4 or more (associated with a mortality of > 90%).
Serum bilirubin concentration > 350 micromol/litre.
Grade lll or IV encephalopathy.

bl
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5.
6.

Non-A non-B hepatitis.
Drug-induced ALF.

Poisoning or toxic reactions associated with the development of ALF
These include the following:

paracetamol

mushrooms, particularly Amanita phalloides and similar species
carbon tetrachloride

copper

iron

halothane and other volatile anaesthetic agents
sodium valproate

carbamazepine

phenytoin

. phenobarbitone
. isoniazid

. cytotoxicdrugs
. irradiation.

Galactosaemia

1.

N

o g kw

Adefectofgalactose-1-phosphate uridyltransferaseis revealed in the
perinatal period when affected infants are first exposed to milk feeding.
Infants presentwith vomiting, hepatitis, liverfailureand DIC, often with
septicaemia.

Symptoms settle within 2—-3 days when feeding with milk is discontinued.
Hypoglycaemiais seen inthe majority of cases.

Cataracts may be detected.

Fanconi’s nephropathy explains the presence of galactose in the urine giving
the characteristic ‘Clinistix negative: Clinitestpositive’side-roomtestpattern
when the infant is receiving feeds.

Management consists of the removal of galactose from the diet and
standard management of liver failure and sepsis.
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Section 49. Chronic liver disease

Introduction

The liver is anatomically strategically positioned between the gastrointestinaltractand

the systemiccirculationto perform a homeostaticrole. Throughthe portal system, it

filters organic and inorganic substances, microorganisms andtheirbreakdown
products, includingendotoxins.ltalso stores and processes nutritional substrates and
coordinates nutritional status through endocrine carrier proteins. The liveris
therefore the major organ of nutritional homeostasis. It can be helpful in diagnostic

and prognostic terms to think of clinically evident liver dysfunction as having degrees
of severity in three simultaneous dimensions: cholestasis, portal hypertension
(with hypersplenism) and synthetic function (although homeostasis of ammonia
and blood glucose levels may fit better into this synthetic group). The clinical

features are summarised in Table 49.1.

Clinical symptoms and signs of chronic liver disease (CLD)

TABLE 49.1 Clinical features of CLD

Clinical feature Cholestasis Portal hypertension Cell dysfunction
Jaundice Conjugated - Mixed if severe
Pruritis + - —
Leuchonychia + - _
Fat-soluble vitamin
deficiency - -
Xanthomas +* - -
Splenomegaly - + -
Cutaneous shunts | — + +
Other cutaneous

: - + +
stigmata

Hypersplenism - + -
Hepatopulmonary

+ +
syndrome
Oesophageal varices| — + -
Ascites — + +

Encephalopathy - + +
Dependent oedema | — - +
Malnutrition + + +

*Not in familial intrahepatic cholestasis.
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Jaundice

Accompanied by dark urine and pale stools, jaundice is characteristic of
cholestatic liver disease. The urine of infants should not contain significant colour
or stain the nappy, and yellow urine strongly suggests bile obstruction. Yellow
sclerae suggest cholestatic jaundice but are difficult to detect in small infants, and
children with deep skin pigmentation may have some scleral pigmentation. There is
no substitute for personal examination of stool and urine, as the history can be
misleading. White stool, or stools, the colour of cream cheese or uncooked pastry,
are clearly abnormal, whilst pale yellow, pale green or pale brown stools may also
raise concern about liver function. Comparison with a stool colour chart can be
extremely helpful if there is doubt.
http://www.yellowalert.org/file_download.aspx?id=7358 (accessed 04/03/2021)

Hepatomegaly

Healthy infants may have up to 2cm of liver edge palpable below the costal
margin, but the texture is soft.

Changed liver conformation with prominence in the mid-line but an impalpable
right lobe suggests collapse, regeneration and the development of cirrhosis.
Tenderness of a smoothly enlarged liver suggests arapid recentincreaseinliversize
(e.g.inacute hepatitisandalso congestive cardiac failure).

Splenomegaly

Newborns may normally have a palpable spleen tip. Later palpable spleen
suggests splenomegaly, possibly from portal hypertension, but as children get
older a larger spleen can be accommodated beneath the ribs, so the sign
becomes less sensitive.

Coagulopathy

With cholestasis, coagulopathy results from a failure of absorption of sufficient
vitamin K. In infants, who should not normally suffer spontaneous bleeding, this
may present as haemorrhagic disease of the newborn,. Routine vitamin K is given
to newborns in some countries. Fresh blood from sites such as the umbilicus or
nares should always prompt a search for evidence of vitamin K malabsorption or
liver disease even when jaundice seems trivial.

In liver disease and coagulopathy unresponsive to vitamin K, but without
consumptive coagulopathy, liver synthetic failure must be present. The degree of
coagulopathy is the most sensitive index of liver impairment in children.

Hypoglycaemia
Hypoglycaemia may suggest a metabolic disease as a cause of liver dysfunction or
profound failure of liver function.

Encephalopathy

More common in acute liver failure (see Section 48), chronic hepatic
encephalopathy may be insidious, with educational failure, poor impulse control,
bizarre behaviour and absences noted intermittently over months or years.
Improvement may be associated with a low-protein diet reduced to 1 gram/kg/day,
with lactulose to give acid stools and change the gut flora in favour of
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organisms that are less likely to produce the amines associated with encephalopathy.
Thisis seeninadvanced CLD, being a function of the balance between plasma
oncotic pressure, which is mostly contributed by serum albumin, and

hydrostatic pressure from portal hypertension.

Cutaneous manifestations

Pruritus, liver palms (palmar erythema), cutaneous shunts, clubbing, white nails
(leukonychia) and xanthomas are well-recognised signs.

Hepatopulmonary syndrome
Progressive cyanosis occurs without parenchymal lung disease, associated with
low pulmonary artery pressure. Exertional dyspnoea is a frequent early
feature. Type 1 implies pulmonary capillary vasodilatation and improves, at least
in part with increased inspired oxygen, whereas type 2 implies fixed
intrapulmonary shunts without a response to oxygen. Chest X-Ray typically
shows pulmonary vascular plethora, prominent hylar vessels or occasionally

abnormal vascularity suggesting shunts.

Other presentations

Chronic liver disease may be present without detectable symptoms or signs. For
example, chronic viral hepatitis B can be present for decades, proceeding to

cirrhosis without any external evidence.

TABLE 49.2 Laboratory features of CLD

time/ratio

Laboratory feature Cholestasis Portal hypertension Cell dysfunction
Serum bilirubin Conjugated Normal Normal or mixed
Serum albumin Normal Normal Low

Serum cholesterol  Hight Normal Low

Prothrombin Normalt Normal* Prolonged if severe

* Implies minor prolongation seen in portal vein thrombosis.
T Except in familial intrahepatic cholestasis types 1 and 2.
¥ If there is adequate vitamin K.

Investigations into CLD

Considerliverdysfunction accordingtothefollowingthree categories (see Table 49.2):

1. cholestasis: impairment of bile flow with a consequent reduction in
intraluminal bile salt concentration and associated conjugated

hyperbilirubinaemia and malabsorption

2. portal hypertension (PHT) with associated hypersplenism and the effects of
portosystemic shunting

3. hepatocellular impairment (cell dysfunction) with failure of synthetic and
homeostatic function, such as increased blood ammonia levels and

hypoglycaemia.

Clinical findings (see Table 49.1) can be interpreted according to this classification,
although some (e.g. ascites) are represented in more than one category. Serum
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albumin concentration reflects liver synthetic function butalso depends on nutritional
status and losses (e.g. via the gastrointestinal tract or kidneys). Thus, it is
necessary to considerallclinicalfeatures supported by basiclaboratory parameters
when possible to evaluate the severity of liver disease.

Aprecisediagnosis ofthe various causes of CLDis often not possible without
specialised and expensive investigations yet use of the above clinical assessment
may allow a general if unconfirmed diagnosis.

Although CLD can often only be cured in specialised centres in countries where
transplantation is available (costs are over $150,000 per case), much can be
done to relieve symptoms in children with CLD, and most notably Wilson’s
disease can be treated successfully for US$1-2 per day depending on the

patient’s size and age.

TABLE 49.3 Basic investigations in liver disease

Investigation

Role

Serum bilirubin, total and conjugated

Conjugated bilirubin is elevated in
cholestasis

Unconjugated bilirubin is elevated in
hepatocellular injury

Urine bilirubin

Present in cholestasis

Serum aspartate aminotransferase,
alkaline

phosphatase, gamma-glutamyl
transpeptidase

Elevated in hepatocellular injury plus
cholestasis

Serum sodium, potassium, urea,
creatinine, albumin and glucose

Hepatocellular injury

Full blood count, prothrombin time or INR

Coagulopathy in liver failure and in
cholestasis from vitamin K malabsorption

Hepatitis A antigen, toxoplasma, rubella,
herpes, CMV, syphilis antibodies

Congenitally acquired infection

Serum total protein and immunoglobulins

Abnormal in autoimmune disease

Alpha fetoprotein

Elevated in liver tumour

X-ray of spine, cardiac

Alagille syndrome, dextrocardia rarely in
biliary atresia

Ultrasound scanning

Biliary, portal and parenchymal
abnormalities

Eye review for Kayser—Fleischer rings and
embryotoxon

Wilson’s disease, Alagille syndrome
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Cholestatic CLD: diagnosis and management

Cholestasis is most frequently seen as a complication of the neonatal hepatitis
syndrome. The commonestdefined diagnosis internationally is biliary atresia, an
obliterative inflammatory condition of the intra- and extrahepatic biliary
system exclusive to the perinatal period. Affected infants typically present
with jaundice, pale stools and dark urine. If left untreated, biliary atresia
progresses to biliary cirrhosis and death from complications of
decompensated liver function within 2 years in 95% of cases. It is the
commonest individual cause ofsevereliverdiseaseinchildhoodinall populations,
occurringin 1in 9000 to 1 in 16000 live births.

Causes of cholestatic CLD that are rare and difficult to treat include the

following:

1. Alagille syndrome: a condition characterised by cholestasis of variable severity
associated with syndromic features.

2. Progressive familial intrahepatic cholestasis (PFIC): a series of clinical
syndromes of cholestasis representing impairment of bile salt transport or
handling that may present as neonatal giant-cell hepatitis or drug- or viral-
induced cholestasis.

3. Neonatal sclerosing cholangitis: a rare condition which may mimic biliary
atresia, although stools may show variable pigmentation.

4. The genetics of cholestatic liver diseases has been extensively developed
during the last 10 years, such that groups 2 and 3 have been subdivided into
many genetically defined conditions. The use of ‘gene panels’ to screen for
these diseases has transformed the practice of highly specialised hepatology. It
is recommended that where possible links are established with centres
providing such genetic tests.

The consequences of cholestasis include pruritus. This is a particularlytroublesome
symptom, resultingindisruptionfor the whole household, especially at night. Persistent
scratching can be complicated by secondary infection of broken skin and blood-
staining of clothes and bedclothes. Early onset, before 7 months ofage,implies
profound cholestasis and a poor prognosis. Treatment is often difficult. First-line
management is with cholestyramine, at a starting dose of 1 gram/day for under 1
year olds, 2 grams (sachets)/ day for children under 6 years, or 4 grams
(sachets)/day for those over 6 years, up to 6 sachets/day according to response, but
not given within 4 hours of vitamins or other medicine, Second-line treatment is
rifampicin, 2-4 mg/kg (maximum 300 mg) twice daily, and third-line treatment is
ursodeoxycholic acid, 5-10 mg/kg two to three times a day up to 15mg/kg two
to three times a day.

Fat-soluble vitamin deficiencies (A, D, E and K) are frequently encountered in
cholestasis unless patients receive prophylactic treatment. Clinical features of
rickets, such as splayed epiphyses, especially swollen wrists, rickety rosary and
craniotabes should be sought regularly. Metabolic bone disease should, if possible,
be screened for by measurements of serum phosphate, calcium and parathormone
(PTH) levels and regular wrist X-rays. Prothrombin time or INR should be measured
to ensure adequate vitamin K repletion.

Vitamin A replacement is 5000 units (under 1 yr) or 10,000 units (over 1yr) per day
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or 50,000 units by deep IM injection once a month.

Vitamin D deficiency may be refractory to oral calciferol (vitamin D2) tablets or
cholecalciferol (vitamin D3), but 10,000-25,000 units (250 micrograms)for 1-12
yearsand 10,000-40,000 for 12—18 years per day of either may help. More water-
soluble preparations such as 1-alpha-calcidol, 15-30 nanograms/kg for 1 month to
12 years and 250—- 500 nanograms for 12—-18 years once daily, are more
effective. They may also cause hypercalcaemia.

Vitamin E deficiency is associated with hypotonia, peripheral neuropathy,
developmental delay and haemolysis. The dose of vitamin E for all age groups is
initially 100-200 mg/day adjusted according to response up to 200 mg/kg once
daily, to increase until normal plasma levels are maintained.

Vitamin Kreplacementforinfants orallyis 1 mg/day, and for children it is 5-10
mg/day.

Nutritional management applies to all three categories of CLD and is discussed
below.

Portal hypertension (PHT)
Diagnosis and management
The complications of portal hypertension can be divided into:

- those related to the increased pressure (e.g. enteropathy, hypersplenism)

- those related to the anatomy of any collateral circulation (e.g. bleeding
varices, haemorrhoids)

- thoserelatedtothe effects of substances bypassingthe liver by porto-systemic
shunting (e.g. hepatic encephalopathy, hepatopulmonary syndrome, porto-
pulmonary syndrome, hepatorenal syndrome). Inthisgroupcomplications may
increase as shunting increases and portal pressure then falls.

The aetiology of PHT has conventionally been divided into the following:

1. pre-hepatic causes, including portal vein thrombosis, portal vein sclerosis and
other congenital and acquired portal vein anomalies, including arterioportal
fistulae

2. hepaticcauses, including all causes of cirrhosis, especially cystic fibrosis and
other biliary diseases, congenital hepatic fibrosis, and causes of non-
cirrhotic portal hypertension.

3. post-hepatic causes, including hepatic venous outflow obstruction such as
Budd-Chiari syndrome, various causes of veno-occlusive disease and
problems of inferior vena caval flow or right heart function; particularly difficult
to detect are constrictive pericarditis and IVC webs.

Treatment of bleeding varices
Acute management

1 Advise the parents not to panic, but to stay with the child.

2 Unlessthe CLDisveryadvanced, orthechildisvitaminK deficient, the bleed will
probably stop spontaneously, although the child may be shocked by that
time.

3 Give 100% oxygen by face mask and reservoir.
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4 Gain IV access and obtain cross-matched blood if possible.
Resuscitation with 10—20mL/kg boluses of Ringer-lactate or Hartmann’s
solution or normal saline 0.9% is appropriate in theacutesituationwhile
waitingforbloodfortransfusion.

5 Give IV vitamin K slowly over 5 minutes 250-300 microgram/kguptoa
maximum of 10 mg (or 1 mg for children under 1 year; 3mg for those aged 1-4
years; 5mg for those aged 5-12 years; 10mgforthose over 12 years). Repeat
according to the results of clotting studies.

6 Start antacids (see below).

7 Arrangeskilledendoscopywithsclerotherapyorbanding (if available).

Prevention bleeding varices

1. Propranolol is beneficial as primary and secondary prophylaxis for variceal
bleeding, particularly when given early in the course of PHT. Give 500
micrograms/kg orally twice daily (adjust according to the heart rate; aim to
reduce the rate by up to 25%). Around 30% of patients who receive propranolol
have side effects, including wheeze and systemic vasoconstriction with cold
hands and feet. Some also report nightmares.

2. Antacids. If there is a tendency to diarrhoea, use aluminium hydroxide (children
aged 6-12 years: 5 mL three to four times a day between meals; children over
12 years: 10 mL three to four times a day). If there is a tendency toward
constipation, use magnesium carbonate in the same dosage. The two may be
used in combination.

3. Avoid aspirin, ibuprofen and other gastric irritants.

4. H2-receptor antagonists are of no proven value but are often used (e.g.
omeprazole 700 microgram/Kg (maximum 20mg) once daily orally or IV)

Chronic viral hepatitis B, C and D

Hepatitis B

Millions of children worldwide are infected with hepatitis B virus (HBV), and many
ultimately die in adulthood from its complications, particularly decompensated
cirrhosis and hepatocellular carcinoma. The population prevalence may exceed
10%, in some countries making HBV a major international public health
problem. Spread may occur vertically at the time of birth or shortly afterwards,
but also horizontally, especially inpoorcommunities. Unlike HIV infection, surface
contact with very small amounts of infected blood (e.g. as aresult of sharing
toothbrushes) can result in infection. A neonate exposed to HBV for the first
time has more than a 90% risk of becoming chronically infected, a child has a
25% risk, and an adult has a 10% risk.

Risk factors associated with the development of cirrhosis and hepatocellular
carcinoma include eAg+, a high level ofHBVDNA, andmalegender.Onceinfected,
childrenhave about a 15% probability per annum of reducing a high-risk state to
a low-risk state as defined by eAg/antibody status.

Antiviral treatment shoiuld be arranged in association with highly specialised
services.

Vaccinesbasedontheantigenicityofthe S Agarehighly efficacious in generating
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antibody response and providing protection. Protocols that involve three
subcutaneous immunisations given at 0, 1 and 6 months give adequate
antibody levels in 95% of individuals. In neonates, vaccination with the same
dose, or half the dose for economy, at birth, 1 month, 3 months and 1 year
achieves similar protection. Up to 5% of individuals will not mount an antibody
response despite repeated vaccination, but it is not clear whether they allfail to
develop immunity. As implied above, all neonates of HBV-positive mothers should
receive a course of vaccine, irrespective of the mother's eAg/ antibody status,
as infants of S Ag+/e Ab+ mothers may develop fatal liver failure.

The WHO has recommended universal HBV vaccination. If such a policy was to
be implemented it is highly likely that HBV would become a rare disease of
children within less than 10 years, with a corresponding reduction incirrhosis
andhepatocellularcarcinomainonegeneration, representing one of the current
great unseized opportunities of international public health.

Hepatitis C

Hepatitis C virus (HCV) was responsible foratleast 90% of post-transfusion
hepatitis in early US studies. Around 5% of sexual partners may become
infected. Around 4-5% of infants of viraemicmothers maybecomeinfected. The
risk is related to the level of maternal viraemia, with HIV-positive mothers having
the highest HCV viral loads and the highest riskoftransmission. HCVisalsoa
smallbutsignificantrisk for healthcare workers.

Following exposure, viraemia in HCV occurs within 7 days, with antibody
positivity appearing from 21-28 days. Less than 10% of affected individuals
adequately remove the virus, and the remainder progress to chronic but
usually low level liver disease. The rate of progression to cirrhosis is unclear,
but factors such as liver iron content, alcohol consumption and other viral
infections (including hepatitis A) contribute. Around 5% of adults with HCV
develop cirrhosis each year. The median timescale for developing cirrhosis in
HCYV is probably of the order of four decades.

Hepatocellular carcinoma is a recognised complication of HCV and cirrhosis,
following the latter by 5-15 years typically. Treatment is becoming rapidly more
effective, including that for the more resistant genotypes | and 1V, such that sustained
viral response, which is equivalent to cure in most cases, can be achieved in over 90% with 3
months of oral treatment.

Auto-immune liver diseases

Autoimmune liver diseases may be acute or chronic, usually hepatocellular in
manifestation but occasionally cholestatic, and may remit and relapse
spontaneously. They may involve the biliary system as sclerosing cholangitis, and
may be associated with auto immune phenomena such as inflammatory bowel
disease, endocrinopathies, arthropathies and immune deficiencies.

The commoner types are characterised by auto-antibodies: Anti smooth muscle
antibodies, (SMA), Anti nuclear antibodies (ANA) in type 1 and Liver Kidney
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Microsomal antibodies (LKM) in type 2. Histopathology and complex radiology
services are needed to investigate and treat cases, requiring liaison with a national
or international children’s liver centre. The mainstay of treatment of type 1 and 2
auto-immune hepatitis is judicious use of steroids.

Sickle Cell hepatopathy (see Section 26 Handbook 2)

Patients suffering from sickle cell disease may have associated liver disease
including liver sequestration or congestion, auto-immune liver disease, usually type
1, and/or a cholangiopathy due to sickling thought to cause small bile duct
ischaemia and sclerosing cholangitis. Liver biopsy is avoided because of increased
risk. Auto immune liver disease generally responds to steroids and sclerosing
cholangitis may be helped by ursodeoxycholic acid 15mg/Kg/day. Both stabilise
with optimum management of the sickle cell disease. including transfusion
programmes, although chelation treatment may be necessary as a result.

Wilson’sdisease

This is an autosomal-recessive disorder caused by the accumulation of copper in
the liver, brain, eyes, kidney and bone. The prognosis depends on the speed of
diagnosis. Treatmentwithalow-copperdietand penicillamineishighly successfulif
started well before the onset of liver failure.

Drugs and the liver - Drug induced liver disease

Drugs are amajorcause ofliverdysfunction. Over600drug hepatopathies have been
documented; common examples are given below. Drug clearance may be reduced
in liver disease, and liver disease increases therisk of druginjury to the liver.
Acute/subacute hepatocellular toxicity can be caused by paracetamol, aspirin,
ibuprofen, iron, isoniazid, sodium valproate, carbamazepine, methotrexate and
ketoconazole.

Auto immune liver disease can be induced by:
Retinoids

Minocycline

Nitrofurantoin

Hydralazine

Methyldopa

Statins

Fenofibrate

Alpha and beta interferon

Cholestasis can be causedby:
e Rifampicin

Penicillins

Erythromycin

Oestrogens

Anabolic steroids.

Progressive fibrosis can be caused by azathioprine.
The suspected drug should be discontinued and a search made to exclude
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other causes of liver disease with similar presentations.

HIV and the liver

HIV is known to be associated with worsening of hepatitis due to other conventional
causes and cholangiopathy, probably related to ascending infection with low-
grade organisms such as cryptosporidium or cytomegalovirus (CMV) infection (see
Section 36 Handbook 2). Hepatitis due to a conventional cause, especially CMV,
may be particularly severe or progressive when associated with a low CD4 count.

Metabolic liver diseases
These are rare and difficult, if notimpossible, to treat without liver transplantation or
expensive diets. Advice froma specialist unit should be sought.

The management of nutrition in CLD

Malnutrition is a serious consequence of CLD. Thin limbs and a prominent
abdomen are frequently seen, and malnutrition will be evident in anthropometric
measurements. Tricepsskinfoldthicknesstendstobecomereducedearlier in the
course of progressive disease, followed by a reduction in mid upper arm
circumference (MUAC). Stunting tends to occur later, unless severe rickets is
present. Weight is affected by fluid balance abnormalities and organomegaly,

Lean body mass, and skeletal muscle in particular, is prone to depletion as a result
of progressive liver disease.

Anorexia is attributed to organomegaly or pressure effects of ascites but may be
equally due to a congested gastric mucosa or reduced gastrointestinal motility
of portal hypertension or central effects of unidentified toxins. Malabsorption of
long-chain fats, including those with polyunsaturated fatty acids (PUFAs), is
dependent on intra-luminal bile acid concentration. Cholestasis may result in
the intra-luminal bile acid concentration falling below that required for micelles to
be formed. The resulting steatorrhoea creates faecal energy loss, but also risks
essential fatty acid deficiency, with possible neurodevelopmental consequences,
particularly in early life.

Protein malabsorption may also result from functional pancreatic insufficiency with
failure of protease activation by bile acids. Malabsorption may also result from
bacterial overgrowth or other unspecified effects of portal hypertension; for
example, congestion of the gutmay cause impaired active or passive absorption.

Thus, malnourished children with liver disease have highenergyexpenditurefor
theirsize. Targetenergyintake should be estimated from what the child’s current
weight for age should be.

Breast milk contains more PUFAs than typical formula milks. PUFAs are long-chain
fats that are dependent on intraluminal bile acids for absorption and are essential
for normal cell membranes and for myelination, particularly in infancy.
Breastfeeding is therefore important in children with CLD.

Treatment with intensive enteral feeding and high-dose enteral or parenteral
vitamins can improve the quality of life of children who have malnutrition from their
liver disease. Inthe absence of specialist feeds, a modular feed may be prepared
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using protein powder, carbohydrate polymer, MCT oilandlong-chainfatoil, preferably
withessentialfattyacids from walnut oil or another similar source, to provide 4% of
fat. Up to 4 grams/kg/day of protein, and 100-140 kcal/ kg/day of energy, of
which two-thirds is from carbohydrate and one third is from lipid as MCT, is an ideal
target range. Commercial liver formulas are extremely expensive, and their effect
on the outcome of the liver disease is unproven.

Inthe absence of the supplements described above, proprietary baby formula can be
enriched with locally available oils and starches to give 140kcal/kg/day, with half of
the total formula energy as lipid and half as starch. Remember that if commercial
formula is given at an increased concentration toincrease proteinintake, the
electrolyteintake willincrease proportionally, with a risk of sodium overload

and fluid retention.
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Section 50. Diabetes and Diabetic KetoAcidosis (DKA)

Diabetes
Newly presenting diabetes

Introduction

Diabetes is a relatively uncommon condition that often presents insidiously. In
younger children, the symptoms of diabetes such as weight loss, increasing fatigue
and urinary problems may be confused with a number of other disorders such as
AIDS, parasitic bowel or urinary infections. The key symptoms to enquire about are
the presence of excess urination (polyuria) and thirst (polydipsia). In contrast to
adults, the most common form of diabetes in childhood is Type 1 diabetes and
immediate treatment with insulin is both life-saving and extremely effective in
resolving symptoms.

Definition

Ideally, diabetes should be diagnosed by the presence of a random blood glucose
equal to or greater than 11.1mmol/L (200mg/dL) or a fasting blood glucose equal to
or greater than 7.0mmol/L (126mg/dL). In the absence of available blood testing
methodology, the presence of glycosuria (with or without ketonuria), particularly in
the context of a clinical history of polyuria and polydipsia is strongly suggestive of
diabetes. The presence of ants in the vicinity of where a child passes urine,
attracted by the presence of glycosuria, may be an important diagnostic clue.

Presentation

Type 1 diabetes

Type 1 diabetes in childhood is caused by autoimmune-induced pancreatic beta-cell
failure, leading to endogenous insulin deficiency. This may present at any age
through childhood after the first six months, and is often associated with symptoms
of polyuria, polydipsia, weight loss and tiredness for only a few weeks. There may
be a family history of individuals with other autoimmune diseases, including Type 1
diabetes. The presence of marked ketonuria, clinical signs of a metabolic acidosis
(Kussmaul breathing, depressed levels of consciousness (see section below on
Diabetic Ketoacidosis)) and dehydration are strongly suggestive of severe insulin
deficiency and Type 1 diabetes.

Not all cases of newly diagnosed Type 1 diabetes will present with ketoacidosis.
Those that do, require urgent treatment with intravenous fluids and insulin (see
section below on Diabetic Ketoacidosis). Those individuals that do not have
significant acidosis at presentation, can be safely treated with the immediate
subcutaneous injections of insulin without intravenous fluids (see section below on
Care of the Newly Diagnosed Diabetic Child).

Type 2 diabetes

By contrast with adult clinical practice, Type 2 diabetes is relatively uncommon,
being associated with excess body weight and obesity, usually in teenage life,
which leads to insulin resistance. This cause of diabetes is becoming more common
with increasing urbanisation and reduced levels of physical activity. The
development of polyuria and polydipsia may be rather insidious with symptoms
lasting many months. Reported weight loss is not a common feature. A family
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history of other relatives requiring treatment (without insulin) for diabetes is often
present. On examination, the cardinal clinical sign of insulin resistance is the
presence of acanthosis nigricans in the nape of the neck or axillae. It is unusual in
Type 2 diabetes for there to be significant ketonuria or acidosis and the presence of
these biochemical findings should raise the possibility that the young person has in
fact Type 1 diabetes.

Type 2 diabetes should be treated by initially encouraging greater physical activity
and dietary changes to induce weight loss. In practice, these lifestyle changes are
difficult to achieve and many patients will require treatment with insulin sensitizing
agents such as metformin and sulphonylureas. Many new pharmacological agents
are becoming available to manage Type 2 diabetes and given its relative rarity in
childhood, it is strongly advised that the management of affected children be
discussed with adult physicians who have much greater experience in managing
Type 2 diabetes. If there is any doubt about the diagnosis of Type 2 diabetes, then
treatment with subcutaneous injections of insulin should be started as this may
prove life-saving should the child in fact have undiagnosed Type 1 diabetes.

Other types of diabetes

Rare monogenetic causes of diabetes may present in infants under the age of six
months or with a strong family history of autosomal dominant inheritance of mild
clinical forms of diabetes (Maturity-onset diabetes of the young (MODY)). Treatment
of these rare forms of diabetes is beyond the scope of this book and requires
discussion with specialist units. Rarely, diabetes may be associated with severe
malnutrition and especially in India, fibrocalculous disease of the pancreas due to
chronic calcific pancreatitis.

Diabetic KetoAcidosis

Diabetic ketoacidosis (DKA) is defined as acidosis with bicarbonate <15 mmol/l or a
pH <7.3 and ketones of >3.0 mmol/l. It is the commonest endocrine emergency that
may occur in individuals with previously diagnosed diabetes however is also often a
first presentation, therefore should be suspected in any child with:

dehydration (diarrhoea is not the only cause)

abdominal pain

ketone smell on the breath

acidosis

acidotic breathing

unexplained coma.

OO WON -~

A child with DKA may die from:

e Cerebral oedema is unpredictable, occurs more frequently in younger children
and those newly diagnosed with diabetes, and has a mortality of around 25%.
The causes are not known and evolution is unpredictable

e Aspiration pneumonia — use a nasogastric tube in semi-conscious or
unconscious children

e Hypokalaemia — this is preventable with careful monitoring and management
Inadequate resuscitation — it is important that children received adequate
resuscitation if they are shocked. Inadequate resuscitation is likely to increase
the risk of brain injury.
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If available, venous pH or bicarbonate can be used to categorise the severity of

DKA and degree of dehydration

e  Mild DKA — venous pH 7.2-7.29 or bicarbonate <15 mmol/l. Assume 5%
dehydration

e Moderate DKA — venous pH 7.1-7.19 or bicarbonate <10 mmol/l. Assume 7%
dehydration

e Severe — venous pH <7.1 or bicarbonate <5 mmol/l. Assume 10% dehydration

The guidelinesbelow, areintended forthe management of children who are
more than 3% dehydrated and/or vomiting and/or drowsy and/or clinically
acidotic.

Children who are alert, not clinically dehydrated, not nauseated or vomiting do
not always require IV fluids even if their ketone levels are high. They usually
tolerate oral rehydration and subcutaneous insulin but do require regular
monitoring.

If a child is hyperosmolar with a very high blood glucose level (>30 mmol/l) with
little or no acidosis or ketones this is a Hyperosmolar Hyperglycaemic State and
requires different treatment which can be very difficult.

Every unit should have a written policy for the care of children with DKA. The
following guidance is adapted from that provided by the British Society for
Paediatric Endocrinology and Diabetes (BSPED)
https://www.bsped.org.uk/media/1798/bsped-dka-guideline-2020.pdf (accessed
04/03/2021)

Emergency management of children who are over 5% dehydrated and

clinically unwell

General resuscitation: A, B, C

Airway:

e Ensure that the airway is patent, and if the childis comatose consider
inserting an oropharyngeal airway.

e Iftheyare comatose or suffering from recurrent vomiting, insert a nasogastric
tube, aspirate and leave on open drainage.

o  Seek urgent anaesthetic review if they child has reduced level of
consciousness and is unable to protect their airway

Breathing:

Give 100% oxygen. Give bag-and-mask ventilationifthe childis apnoeic or

hypoventilating.

Circulation:

1. insert an IV cannula and take blood samples (see below).

2. Measure blood pressure, heart rate, pulse volume, capillary refil time and
respiratory rate. Ideally monitor ECG and be aware of peaked T waves that can
occur in hyperkalaemia

3. ALL children with mild, moderate or severe DKA who are not shocked and are
felt to require 1V fluids should receive a 10 mL/kg 0.9% NaCl bolus over 60
mins (or PlasmaLyte 148)

4. Those children who are shocked (tachycardia, poor peripheral pulse volume,
with poor capillary filling or hypotension) should receive an initial bolus of
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20mL/kg 0.9% saline or Plasma-Lyte 148 solution over 15 minutes

5. The child should be reassessed.

6. If shock is still present then a further 10mL/kg may be given and repeated as
necessary up to a maximum of 40 mL/kg at which stage inotropes should be
considered.

7. (Note that normal (0.9%) saline causes a hyper-chloraemic acidosis because of
its excess of the chloride anion. In patients who are acidotic because of
diabetes, Plasma-Lyte 148 may be preferable (if available), as it does not
contain such a high concentration of chloride ions.)

Confirm the diagnosis

1. History: polydipsia, polyuria.

2. Clinical signs: acidotic respiration, dehydration, drowsiness, abdominal
pain/vomiting.

3. Biochemical investigations: high blood glucose levels on finger-prick or venous
blood test, presence of ketones or glucose in the urine.

Investigations

1. Weigh the child. If this is not possible because of their clinical condition, use
the most recent clinic weight as a guideline, or an estimated weight from
centile charts.
Blood glucose concentration.
Urea and electrolytes (if plasma bicarbonate is not available, measure
venous, capillary or arterial blood gas if machine is available).
Packed cell volume (PCV) and full blood count.
Blood culture.
Urine microscopy, culture and sensitivity.
Set up a cardiac monitor to observe T waves (hypokalaemia causes flat T
waves and may cause cardiac dysrhythmias; hyperkalaemia causes peaked T
waves).
8. Other investigations (e.g. chest X-ray, CSF, throat swab, etc.) if indicated if

the child is febrile, as there may be an underlying infection.

@ N

No ok

Assessment

Assess andrecord the following in the child’s notes, sothat comparisons can be
made by others later:

Degree of dehydration:

— <3%:dehydrationis onlyjustclinically detectable.

— 3-5%: dry mucous membranes, reduced skin turgor.

— 5-8%: as above with sunken eyes, poor capillary return.

— > 8%: with shock — severely ill with poor perfusion, thready rapid

pulse, reduced blood pressure.

As clinical assessment of hydration may be misleading, it can be assumed that
any child with a blood pH <7.3 or serum bicarbonate <15mmol/L is at least 5%
dehydrated, a child with pH 7.1-7.19 or bicarbonate <10mmol/L is 7%
dehydrated and a child with pH<7.1 or bicarbonate <5mmol/L is 10%
dehydrated.

Conscious level:
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1. Assess the AVPU score (Alert, responds to Voice, responds to Pain,
Unresponsive).

2. Institute hourly neurological observations. If less than Alert on admission, or
there is any subsequent deterioration, record the AVPU and transfer the child
to high-dependency-care unit (if available). Consider instituting cerebral
oedema management.

3. Full examination, looking in particular for evidence of the following:

Cerebral oedema: irritability, slow pulse, high blood pressure and
papilloedema. Examine the fundi: papilloedema is a late sign.

Infection: look for a focus. DKA can cause a leucocytosis but not a fever.

lleus.

Observations to be carried out (ensure that full instructions are given to the nursing
staff):

Strict fluid balance and urine testing of every sample for glucose.
Hourly capillary blood glucose measurements.

Twice daily weights.

Initially hourly or more frequent neurological observations.

Report immediately to the medical staff (even at night) symptoms of
headache or any change in either conscious level or behaviour.

6. Report any changes in the ECG trace, especially T-wave changes.

gD~

Management of DKA

By this stage, the circulating volume should have been restored if shock was initially
present. If not, give afurther 10 mL/kg of 0.9% saline or Plasma-Lyte 148 over 30
minutes. Avoid overzealous (excessive) fluid replacement, as this may be a risk
factor for cerebral oedema.

Estimating fluid requirements

The amount of fluid that the child needs over a 24-hour period must be calculated. It
is the sum of: estimated fluid deficit + normal maintenance requirements (when
healthy) + abnormal ongoing losses

Deficit

In DKA the deficit must be replaced more slowly than in gastroenteritis, over 48
hours rather than 24 hours. Even in very severe dehydration, use no more
than 10% dehydration as the maximum in your calculations. Document the fluid
balance carefully.

Determine the degree of dehydration, and never estimate more than 10%
dehydration in this situation.

Weighthe child, orelse estimate theirweightfromtheir age as follows:

weight (kg) = 2 x [age (years) + 4]).

Use the following formula: percentage dehydration x weight (kg) x 10 = deficit (in
mL).

For example, for a child whose weight is estimated to be 10 kg and who is 10%
dehydrated.

His or Her estimated fluid loss is 10 x 10 x 10 = 1000 mL (20 mL/hour when
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replaced over 48 hours, which is safer in DKA.

TABLE 50.1 Estimated maintenance fluid requirements based on child’s body
weight.

. Volume of fluid needed per Volume of fluid needed per
Bodyweight
day hour
First 10kg of body weight 100mL/kg 4mL/kg
Second 10kgof body weight 50mL/kg 2mL/kg
Subsequentkg 20mL/kg 1mL/kg

Table 50.2 Estimating excessive ongoing losses.

For each diarrhoea < 2 years old: give 50—-100 mL
stool > 2 years old: give 100-200 mL

2 mL/kg oral rehydration solution (ORS): give small
For each vomit frequent volumes (e.g. 5 mL/ minute in a child) via a
spoon, syringe or cup

Replace volume for volume with either ORS or 0.9%
saline or Plasma-Lyte 148 containing 5% or 10%
glucose

For nasogastric tube
aspirates

Type of fluid

Initially use 0.9% saline or Plasma-Lyte 148. Once the blood glucose concentration
has fallen to 14 mmol/litre, change the fluid to 0.9% saline or Plasma-Lyte 148
containing, in addition, 5% glucose and 20 mmol KCI per 500-mL bag.

Expect the sodium concentration to rise initially as the glucose level falls and
water is removed from the circulation.

Cerebral oedema may be related to a plasma sodium concentration that falls
or does not show the expected rise as glucose levels fall.

Electrolytes

Bicarbonate

Bicarbonate is rarely, if ever, necessary. Continuing acidosis usually indicates
insufficient resuscitation. Bicarbonate should only be considered in children who
are profoundly acidotic (pH < 7.0) and shocked with circulatory failure. Its only
purpose is to improve cardiac contractility in severe shock. The maximum volume
of 8.4% sodium bicarbonate for half-correction of acidosis is calculated according to
the following formula, and given over 60 minutes:

Volume (mL)of8.4% sodiumbicarbonate = 1/3 x weight (kg) x base deficit
(mmoll/litre) divided by 2.
If no blood gas measurement is available, do not give bicarbonate unless the
child is in profound shock.
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Potassium

« Commence potassium immediately unless anuriais suspected, or there are
peaked T waves on the ECG, or the serum potassium concentration is higher
than 7.0 mmol/litre.

« Potassium is mainly an intracellular ion, and there is always massive
depletion of total body potassium, although initial plasma levels may be
low, normal or even high. Potassium levels in blood will fall once insulin is
commenced.

« Add20mmol KClto every 500 mL unit of IV fluid given.

« Checkureaand electrolytes 2 hours after resuscitation is commenced and then
at least 4-hourly thereafter and alter potassium replacements accordingly
(more potassium is sometimes needed).

« Useacardiac monitorto observe frequently for T-wave changes, and alert
nursing staff to any changes that might be seen and advise them when to
call for medical help.

- Ifpotassium-containing fluids are not available, start insulin (see below) after
1-2 hours of rehydration, and arrange transport to a unit that can provide
this (if available).

Insulin

1. Once fluids are running, calculation of the insulin infusion rate may be
undertaken at leisure, as the blood glucose levels will already be falling.
Continuous low-dose 1V infusion is the preferred method.

2. However, if a syringe pump or infusion monitor is not available or not safe to
use after at least 1 hour of rehydration treatment give subcutaneous boluses of
short-acting insulin 1- to 2-hourly at 0.1 unit/kg/dose. Give half the dose if the
blood glucose level is falling too fast.

3. There is no need for an initial bolus, and insulin should not be given during the
first hour of IV fluid treatment.

4. If an infusion system is available and safe to use, make up a solution of 1
unit/mL of human soluble or equivalent insulin (e.g. Actrapid) by adding 50
units (0.5 mL) of insulin to 49.5 mL of 0.9% saline in a syringe pump. Attach
this using a Y-connector to the IV fluids that are already running. Do not add
insulin directly to the fluid bags. The solution should then run at 0.05-0.1
unit/kg/hour (0.05-0.1 mL/kg/hour), using the greater dose in severe DKA or
adolescents.

5. Once the blood glucose level is down to 14 mmol/litre, change to 5% glucose in
0.9% saline (add 50 mL of 50% glucose to a 500 mL bag of saline) and
potassium as above. Do not reduce the insulin infusion until the pH is > 7.3 and
the glucose concentration is < 14 mmol/litre, when it may safely be reduced to
0.05 mL/kg/hour if using higher doses.

6. If the blood glucose level falls below 7 mmol/litre, consider adding extra
glucose to the infusion.

7. If the blood glucose level rises out of control, re-evaluate the patient (check
whether there is sepsis or some other condition). Then:

a. Check that the insulin syringe pump is connected and working.

b. Make up a fresh solution of insulin, preferably using a new source
of insulin in case the original one is denatured and consider
starting the whole protocol again.
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8. Frequent sips of oral rehydrating fluid or nasogastric fluid up to 5 mL/kg/hour

may be used as a substitute in the immediate initial period while arranging

transport. Once the blood glucose level is < 14 mmol/litre, more glucose may

be required (for example fruit juice if tolerated).

9. Remember that you must have glucose ready to treat hypoglycaemia (5 mL/kg

of 10% dextrose).

Continuing management

Fluid output

1. Urinary catheterisation should be avoided but may be useful in a critically ill
child with impaired consciousness. With or without catheterisation,
documentation of fluid balance, if necessary, by weighing nappies, is of
paramount importance.

Measure accurately and test all urine samples for glucose and ketones.
Record all fluid input (even oral fluids).

If a massive diuresis continues, fluid input may need to be increased.

aRhwd

plus 10 mmol/litre KCI.

Laboratory results

Checkbiochemistry, blood pHandlaboratorybloodglucose levels 2 hours after the
start of resuscitation, and at least 4-hourly thereafter.

Review the fluid composition and rate according to each set of electrolyte
results. If acidosis is not correcting, resuscitation may have been inadequate, in
which case consider giving more 0.9% saline or Plasma-Lyte 148. Consider
sepsisasacauseof persistentacidosis. Consider antibiotic treatment.

Insulin management

Continue to give IV fluids until the child is drinking well and able to tolerate
food. Do not expect ketones to have disappeared completely before changing
to subcutaneous insulin. Discontinue the insulin infusion 60 minutes after the
first subcutaneous injection in order to avoid rebound hyperglycaemia.

Cerebral oedema in DKA

Signs and symptoms of cerebral oedema
These include the following:

headache

irritability

seizures

increasing blood pressure and slowing pulse
confusion

reduced conscious level

small pupils

possible respiratory impairment.

S

Management
1. Exclude hypoglycaemia as a cause of neurological symptoms.
2. Immediately give Hypertonic saline (e.g. 3% Sodium Chloride 3-5 mL/kg

If large volumes of gastric aspirate continue, replace them IV with 0.45% saline
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over 15 mins) followed by a continuous infusion of 0.1-1.0 ml/kg/h of the
same solution. Serum osmolaltity should be maintained <360 mOsm/I.
Alternatively Mannitol 250-500 mg/kg (1.25ml-2.5ml 20% solution over 30
mins) IV (this should be repeated if signs of raised intracranial pressure
persist, up to a maximum total dose of 2 grams/kg or if available a serum
osmolality up to 325 mOsm/litre). Give 2 hourly as required as long as
osmolality does not exceed 325 mOsm/l.

3. If mannitol or 3% saline is unavailable, give furosemide Give this as soon as
cerebraloedemais suspected.

4. Restrict IV fluids to two-thirds maintenance and replace the deficit over
72 hours rather than 48 hours.

Keep Na® levels > 135 mmolllitre.

Keep the head in the midline and 30 degrees elevated.

Avoid fever > 38.0°C.

Repeated doses of mannitol or strong saline (at the dose stated above,
every 2—4 hours) should be used to control intracranial pressure.

© N o

Care of the newly diagnosed diabetic child

After treatment of DKA in the newly presenting but well diabetic child, the
process of education and treatment should commence. It is not feasible to
stabilise the child’s control or to teach all aspects of diabetic care while they
areaninpatient, soideally (if resources permit) this should take place at home,
although some authors advocate a prolonged initial admission for this process.

Ensure that the parents and the child (if he or she is able to do so) understand
and can perform the following:

e insulin administration

e urinetestingforketones

e bloodtesting

e dietary measures

Insulin
Draw up the specified dose of insulin correctly. As arough guide, a new patient will
need approximately 0.5 unit/kg/ day.

Thefrequencyandchoiceofinsulindependsentirelyon local resources. This may mean
twice daily medium-acting insulin alone (60% in the morning, 40% in the evening),
or medium-acting insulin mixed together with short-acting soluble insulin (usually
in a 30% short/70% long ratio). If newer analogue fast-acting insulins are available,
these may be given before every meal in an initial dose of 1 unit for every 20-30
grams of carbohydrate eaten, with a longer-acting insulin (40% of the total daily dose)
given before bedtime.

Itis very rarely possible to achieve adequate control with a single daily dose of insulin
except in very small children. However, once-daily medium-acting or pre-mixed
insulin should be seen as a minimum fallback position if availability of insulin is a
problem. Likewise, although it is common practice to use human or genetically
modified insulins, pork orbeefinsulin may be substituted if necessary.
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Further modification of the dose will take place as an outpatient, as more insulin
will be needed after the initial period and with growth and puberty.

Urine testing

Test the urine for sugar using stick tests. Clinitest tablets for reducing substances are
too cumbersome for routine use but may be used as a substitute if they are the
only option. Suggest stick testing about twice daily at home. Emphasise the value
of testing the first morning urine to estimate overnight control.

Test the urine for ketones using Ketostix or tablets. This only needs to be routinely
done if the urine contains 3% glucose or more, and in times of intercurrent iliness
when the persistence of ketonuria should prompt the seeking of medical attention for
incipient DKA. If available, blood testing for the presence of ketones is preferred to
urine testing.

The importance of accurate recording of the results in a control book, if possible,
should be emphasised, to aid decision making at follow-up.

Blood testing

If resources allow, all parents should be able to test the blood glucose level, at

leastin an emergency, and ideally also for routine monitoring of control. The parent or

carer (and also the child, if appropriate) should be taught the following:

1. how to use a lancet (or automatic finger-pricking device) to draw blood from the
side (not the pulp) of the finger

2. how to ensure that an adequate sample is placed on the strip

3. how to read the strip visually (a meter may be used if resources allow)

4. if this method of monitoring control is chosen, the importance of providing test
results at staggered times through the day (ideally one or two tests per day)
should be explained; the need for accurate recording of the values in a diary
should be emphasised (ascertain the parents’ literacy and numeracy levels)

5. the instantaneous nature of the result obtained and the detection of
hypoglycaemia with blood testing should be highlighted and compared with
urine testing.

Diet

The parents or carers and the child should ideally meet a specialist diabetic
dietitian and discuss the concept of carbohydrate balance and how the diet is
spread through the day. The diet must be adequate for growth and nutritionand
should contain around 50% of energy as complex carbohydrate.

It is not advisable to allow ‘free’ fatty foods, as they may accentuate later
macrovascular complications. Explain the importance of fairly close adherence to
the advised diet, and that the diet may need to be revised from time to time as the
child grows and their pattern of activity changes.

The parents or carers and the child should understand the influence of food intake on
blood sugar levels. Diabetic carbohydrate 10-gram ‘portions’ are often used with
analogue short-acting insulin boluses before meals (if available) butneed
considerable expertise to be taught effectively.
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Sweet unrefined sugars should ideally only be taken before exercise or as
occasional treats, although ideally the insulin dose should be varied to take this into
account.

General care

1. ltis essential that the parents or carers and the child (if he or she is old
enough) understand how inadequate glycaemic control may predispose to
micro- and macrovascular complications in the longer term. These are not
uncommon findings in teenagers in Africa, due to their appalling glycaemic
control in earlier childhood.

2. ltis also important that the parents or carers ensure that a supply of insulin is
always available, as the commonest cause of DKA is lack of insulin at home in
resource-limited environments.

3. The parents or carers and child (if appropriate) should understand how
exercise, diet and insulin interact to influence blood sugar levels.

4. The symptoms of hypoglycaemia should be explained. It is important that the
parents or carers understand the possible signs of an attack and what can be
done to terminate the ‘hypo’. They should know how to use rapid-acting sweet
sugary gel, non-‘diet’/‘lite’ sugary drinks or tablets during the early stages of the
attack.

5. Ideally, a 1-mg glucagon pack (if available) should be given to each family prior
to discharge, and the parents should be shown how to prepare and give the
pre-packed injection in an emergency to terminate a severe hypoglycaemic
attack with unconsciousness or fits. If a ‘hypo’ is treated, a more complex
carbohydrate snack should be given to prevent immediate recurrence.

6. The family should be given the address of any local support groups for
individuals with diabetes and their families (if such groups exist). If possible,
give the parents and child a folder containing relevant booklets on diabetes.

7. The family should ideally have access to medical advice and treatment 24
hours a day if they are worried about their child’s immediate health or can be
seen at the next outpatient clinic for less urgent problems.

Ideal checklist for use at discharge

1. Dextrose gel: 1 box of plastic tubes or 50 grams of dextrose tablets.

2. Disposable syringes and needles, ideally 0.3-mL low-volume syringes with as
small a needle as can be located (down to 31-gauge are available).
Insulin.

GlucaGen Novo 1 mg pack.

Glucose testing blood sticks, finger-pricking device, plus lancets or urine
sticks.

Control book and pen.

Ketostix.

Sharps disposal bin.

Appointment at next diabetic clinic.

ok w
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Outpatient care

The patient should be reviewed at regular intervals (as frequently as resources
allow).

The target blood glucose ranges are as follows:

0 to 5 years 100 to 180 mg/dl 5.6 to 10.0 mmol/l
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6 to 9 years 80 to 140 mg/dI 4.4 to 7.8 mmol/l
10 years and older 70 to 120 mg/dl 3.9t0 6.7 mmol/l

Ideally, at least once a year the child should have the following reviewed:

their knowledge of diabetes and emergency management

growth

blood pressure

state of injection sites

foot examination and discussion of foot care

fundoscopy (at diagnosis, for cataracts; after 5 years of diabetes or in

teenagers, for retinopathy)

microalbumin/creatinine ratio in the first morning urine sample for detection of

renal complications (after 5 years of diabetes or in teenagers)

8. glycosylated haemoglobin (Haemoglobin A1C) for monitoring long-term control
(ideal control is a level of < 48 mmol/mol or 6.5%). HbA1c is made when the
circulating glucose sticks to the red blood cells. In diabetes the body can’t use
the glucose properly, so more of it sticks to the blood cells and builds up in the
blood. Red blood cells are active for around 2-3 months, which is why the
reading is taken every 3 months. It indicates an average blood glucose reading
for the last 90 days. It is done when diabetes is diagnosed, and every 3 months
after that at clinic visits. A person without diabetes has a Hemoglobin A1C of
less than 5.6%. The target Hgb A1C to prevent complications of diabetes is <
48 mmol/mol or 6.5% for all children with diabetes.

9. thyroid disorders and coeliac disease are both more likely to occur in children
with diabetes. Although, ideally, antithyroid antibodies and antigliadin
antibodies could be checked at the time of diagnosis of diabetes, and every 4
years thereafter, they are expensive tests and in resource-limited environments
it is better to undertake a careful clinical assessment for additional thyroid or
coeliac disease at annual outpatient appointments.

10. Transfer to adult services should take place in a planned manner, ideally at a
joint handover clinic.

OO WON -~
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Section 51. Hypoglycaemia

Introduction

Hypoglycaemia is an important cause of morbidity and mortality that needs to be
recognised, as the complications are potentially preventable.

Definition

Hypoglycaemia is now widely defined as a blood glucose concentration of less than
2.5 mmoll/litre (45 mg/dL) at any age. Themeasurementshouldideallybemadeina
laboratory with appropriate quality control. Testing with reagent strips is less
accurate, particularly within the critical range.

Presentation and aetiology

Hypoglycaemiamay presentatany age frombirthintoadulthood. Symptoms are varied
and rarely specific, particularly in infants. In neonates, fits and
apnoeic/hypoxaemic episodes may be important clues. In infants and children the
most important presentation, because of the risk of complications, are fits and
encephalopathy (see Table 51.1). The common causes are listed below.

In infants and children in well-resourced countries, ketotic hypoglycaemia,
endocrine disorders and metabolic disorders usually predominate. By contrast, in
resource-limited countries, malnutritionandinfectionssuchasmalaria (and its treatment)
are more common causes.

Treatment

Glucose dosage

There is insufficient scientific data to be definite about the quantity of glucose to
give parenterally to a hypoglycaemic child. 5mL/Kg of 10% glucose was the
standard dose for a time but there is evidence that this much glucose can raise the
plasma glucose to a level high enough to produce an insulin surge which then results
in another hypoglycaemic episode. Of course, in a diabetic child who has become
hypoglycaemic because of insufficient calories or too much insulin, this will not occur,
so in these circumstances 5mL/Kg of 10% glucose is safe.

When testing for hypoglycaemia is not possible, treat any critically ill child
presenting with suspicious symptoms such as fits, with encephalopathy, or with
a condition known to be associated with hypoglycaemia, such as severe
malnutrition or malaria as if they had hypoglycaemia.

If the child is conscious and able to eat and drink, give them food or
sugary fluids or glucose orally (0.5-1.0 gram/kg).

Otherwise, give 2-5 mL/kg 10% glucose IV over 3 minutes. Never use

stronger glucose solutions IV. Continue with 0.1 mL/kg/minute 10% glucose
to maintain the blood sugar concentration in the range 5-8 mmol/litre.

If hypoadrenalism/pituitarism is suspected, give hydrocortisone as described in
Section 52.

In hypoglycaemic children with diabetes or suspected hyperinsulinaemia, iflV
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accessisnotpossibleandglucagonisavailable, give IM 100 micrograms/kg
(maximum of 1mg as a single dose).

Longer-term management
Provide appropriate endocrine management (see Section 52).

Avoid periods of fasting. Give glucose orally when at risk during intercurrent
infections, or IV if the child is comatose orvomiting, and duringanaesthesia.

Diagnosis of the cause of hypoglycaemia

If the blood sugar level is less than 2.5 mmol/litre, it is importantto establisha
cause. Transfer 1mL of blood into a fluoride tube, if possible, also 1 mL heparinised
blood, and the first urine after the hypoglycaemic episode to send for metabolic
analysis, in particular for ketones (if available).

Is there ketosis? If so, look for signs of hypopituitarism and/or growthhormone
deficiency.

Iffeasible, checkthe cortisol growth hormoneleveland insulinlevelsinbloodtakenatthe
timeofhypoglycaemia.

If the blood lactate level is raised, consider organic acidaemiaoradefectof
gluconeogenesis.

If ketosis is absent, consider hyperinsulinism (high birth weight) or disorders of fatty
acid oxidation.

Prevention

Asthe symptoms are non-specific, measure blood glucose levelsifpossible,inany
suspectedsituation. Ifhypoglycaemia is suspected and blood glucose
measurement is not possible, treat with glucose and observe the response. If the
response is clearly related to giving glucose, assume that hypoglycaemia was
present.

In the neonate, every effort should be made to avoid thosefactorsthatwill
exacerbate hypoglycaemia,including delayed feeding and hypothermia.

TABLE 51.1 Common symptoms and signs of hypoglycaemia

In childhood In neonates
Convulsions Convulsions

Reduced conscious level Reduced conscious level
Anxiety Jitteriness, tremor
Sweating, pallor Cyanotic episodes
Palpitations Apnoeic episodes
Headache

Behaviour abnormalities
Visual disturbances
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In childhood In neonates

Slurred speech

Ataxia

Hunger

Some causes of hypoglycaemia
Neonates

Birth asphyxia.

Small for gestational age.

Preterm birth.

Sepsis.

Malnutrition.

Hypothermia.

Infant of diabetic mother.

Liver disease, endocrine and metabolic disorders (see below).

Se@ "0 o000

Infants and children
Endocrine disorders

i. Diabetesontreatment.

j.  Persistent hyper-insulinaemic hypoglycaemia of infancy (formerly
nesidioblastosis) and other congenital and inherited hyper-
insulinaemic syndromes.

Islet-cell tumours.
Hypopituitarism

Growth hormone deficiency
Adrenal insufficiency (any cause).

>3 -7

Metabolic disorders
1. Disorders of glycogen metabolism, gluconeogenesis or fatty acid oxidation,
organic acidaemias, etc.

2. Ketotic hypoglycaemia (‘accelerated starvation’).
3. Liver disease: any severe acute liver disease.
4. Malnutrition.
5. Infections: malaria, especially when treated with quinine.
6. Any severe illness.
Poisoning
1. Alcohol.
2. Salicylates.
3. Insulin
Drugs

Oral hypoglycaemic agents.
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How to give glucose in suspected hypoglycaemia
Ifthe patientis conscious, give sugary drinks orfoods such as jam, candy or honey.

If the patient is unconscious:

1. Insertan IV or IO line and draw blood for emergency laboratory investigations.

2. Check blood glucose levels with a glucose monitoring stick. If low (< 2.5
mmol/litre (45 mg/dL) in a well-nourished child or < 3 mmol/litre (54 mg/dL) in a
severely malnourished child) or if blood glucose cannot be measured because
no stick test is available, treat as for hypoglycaemia anyway.

3. Give 2-5 mL/kg of 10% glucose solution rapidly by IV or 1O injection or 2.5
mL/kg of 10% glucose in the neonate.

4. Recheck the blood glucose level after 20 minutes. If it is still low, repeat 2-5
mL/kg of 10% glucose solution. Continue, if necessary, with an infusion of a
glucose containing fluid such as 5 mL/kg/hour of 10% glucose in 0.45% saline
until the child is capable of drinking. Monitor the blood glucose until stable.

5. If venous or intra-osseous access is impossible in an unconscious patient, give

sublingual sugar (see below for technique).

Feed the child as soon as they are conscious.

If is it not possible to feed the child without risk of aspiration, give:

milk or sugar solution via a nasogastric tube (to make sugar solution, dissolve 4

level teaspoons of sugar (20 grams) in a 200-mL cup of clean water)

IV fluids containing 5-10% glucose (dextrose).

No

Note: 50% glucose solution is the same as 50% dextrose solution or D50.

If only 50% glucose solution is available: dilute 1 part of 50% glucose solution to 4
parts of sterile water ordilute 1 part of 50% glucose solution to 9 parts of 5%
glucose solution. Forexample, 10mL of 50% solution with 90mL of 5% solution
gives 100 mL of an approximately 10% solution. (see Section 2 Making
glucose containing solutions)

Note: For the use of blood glucose stick tests, refer to the instructions on the
box. Generally, the strip must be stored in its box, at 2-3°C, avoiding sunlight or
high humidity. A drop of blood should be placed on the strip (it is necessary to cover
all of the reagent area). After 60 seconds, the blood should be washed off gently
with drops of cold water and the colour compared with the key on the bottleoron
the blood glucose reader. (The exactprocedure will vary with different strips.)

Sublingual sugar (sucrose) for treatment of hypoglycaemia
Sublingual sugar may be used as an immediate ‘first-aid’ measure when
managing hypoglycaemia in an unconscious child in situations where IV or 10
administration of glucose may be impossible or delayed.
Give "2 to 1 teaspoonful of sugar, moistened but not dissolved with 1-2 drops
of water and insert under the tongue (sublingually) and between the lower jaw
and the gums (in the buccal area). Children should be monitored for early
swallowing, which leads to delayed absorption, and in this case another dose
of sugar should be given. If sublingual sugar is given, repeat the doses at 20-
minute intervals. This is a useful technique in the community where facilities for
parenteral glucose may not be available. However, note that sublingual and
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buccal absorption is not as effective as gastrointestinal absorption of sugar.

If sublingual sugar is given, repeat the doses at 20-minute intervals. This is a
useful technique in the community where facilities for parenteral glucose may
not be available. However, note that sublingual and buccal absorption is not as
effective as gastrointestinal absorption of sugar.

Recheck the blood glucose level after 20 minutes, and if the level is still low (<
2.5 mmol/litre or < 45 mg/dL), repeat the IV glucose (5 mL of 10% glucose/kg)
or repeat the sublingual sugar.

Prevent further hypoglycaemia by feeding where possible. If IV fluids are being
given, prevent hypoglycaemia by adding 10 mL or 20 mL of 50% glucose to 90
mL or 80 mL, respectively, of Ringer-lactate solution or 0.9% saline to give a
5% or 10% glucose solution, respectively.
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Section 52. Adrenal crisis

Diagnosis

An adrenal crisis is most likely to be encountered in a neonate with congenital
adrenal hyperplasia (CAH) or hypopituitarism (look for virilisation in the female
with CAH, and micro-penis and cryptoorchidism in the male with
hypopituitarism). It may occur in older children with adrenal destruction secondary
to autoimmune processes or tuberculosis.

Suspect adrenal crisis in a severelyill child with:
1. acidosis

hyponatraemia

hypotension

hyperkalaemia

hypoglycaemia.

ar~ob

Children receiving long-term steroid therapy

Replacement steroids given as hydrocortisone up to 10 mg/mzlday replicate natural
secretion and are free of side effects if adequately monitored. (see Section 66
Handbook 2)

Therapeutic doses of steroids for asthma, rheumatoid arthritis, etc. will produce
adrenal suppression in a manner related to the dose and duration of treatment. Short
5-day courses of prednisolone therapy will produce measurable adrenal suppression
that almost never requires action. Longercourses up to 1 month should be tapered off
overa 2-weekperiodtoallowrecoveryofthe pituitaryadrenalaxis. More prolonged
treatmentwith high-dose steroidsmay produce profound hypoadrenalism for months
after cessation of treatment. In this case, taper the steroid dose to the equivalent of

5mg/m2/day of prednisolone. Then convert this to an equivalent dose of
hydrocortisone given in the morning (1 mg prednisolone is equivalent to
approximately 3 mg hydrocortisone). Then reduce the hydrocortisone by 2.5

mg/week until the child is on approximately 6mg/m2/day, when it is probably safe to
stop treatment after 2 weeks. If possible, check the 9 a.m. pre-dose cortisol
level and stop treatment if this exceeds 150 nmol/litre at any time. Severe stress,
infection or injury will require increased steroid cover during the next 6 months.

Children on physiological replacement treatment or prolonged
pharmacologicaldoses of steroidsshouldideally carry some warning identification
for medical staff, advising against the abrupt cessation of steroids, and stating
the emergency stress dose of oral (usually three times replacement dose) or
parenteral treatment for operative cover or at times ofillness associated with
vomiting (hydrocortisone 12.5 mg for infants, 25 mg for children, and 50 mg
for older children given as animmediate IV/ IM dose and then 4- to 6-hourly 1V).

Management of adrenal crisis

1. Treat airway, breathing, shock and hypoglycaemia (see Section 51).

2. Give boluses of 0.9% saline to correct hypovolaemia and 0.9% saline 5%
dextrose for ongoing maintenance (see Section 45).
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3. Give hydrocortisone IV 6-hourly as follows: 25 mg dose for infants less than 1
year old, 50 mg for children aged 1-5 years and 100 mg for children and
teenagers aged 6 years and older.

4. If the diagnosis is established, continue maintenance hydrocortisone once the
child has clinically recovered from the adrenal crisis using 8—12 mg/m2/day in
three divided doses (12—-15 mg/m2/day for CAH) and, if salt loss is
demonstrated in the context of CAH or adrenal destruction, fludrocortisone
150-250 micrograms/m2/day in one dose. Infants may also require oral sodium
chloride, at a starting dose of 1 gram/10 kg/day (60 mg = 1 mmol), increased
thereafter according to the biochemical response.

Hypoglycaemia see Section 51
For a discussion of neonatal hypoglycaemia, see Neonatal Handbook.
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Section 53. Thyroid disorders

Neonatal thyrotoxicosis

Mothers who have active thyrotoxicosis or who have become hypothyroid as a

consequence of treatment of thyrotoxicosis may still pass thyroid-stimulating

antibodies tothefetusduringthe lasttrimester. An affected neonate (orfetus) may

show the following:

1. hydropsinseverecases

2. tachycardia with heart failure: this may occur at up to 1 week post-delivery,
especially if the mother is on anti-thyroid drugs

3. thinness/light for dates

4. diarrhoea

5. hyperkinesis

6. possibly craniosynostosis.
Management

If hyperthyroidism is detected antenatally, treat the mother with low-dose
carbimazole, 5-15 mg/day (use the lowest dose possible for control).

Treat an affected infant with:
1. carbimazole, initially 250 micrograms/kg 3 times a day
2. If the infant has clinical signs of thyrotoxicosis, treat with:
a) propranolol, 1 mg/kg three to four times orally daily
b) aqueous iodine oral solution (5% iodine plus 10% potassium iodide), 130
mg/mL of total iodine, 1 drop 0.05-0.1 mL every 8 hours until thyroid
control (thyroxine concentrations within the normal range) is achieved.
3. Stimulating antibodies will clear by 3 to 6 months of age, and treatment with
carbimazole can then be stopped.

Congenital hypothyroidism

Between 1in 2000 and 1 in 10000 babies are born with a mal-descended or absent
thyroid gland. There are rarer cases of dys-hormonogenesis (dominantand
recessive; more common as a consequence of consanguineous relationships)
associated with neonatal goiter. Very rarely, central isolated thyroid-stimulating
hormone (TSH) deficiency may occur (consider wider pituitary hormone deficiencies).

Untreated early hypothyroidism results in cretinism. Many countries screen for
this condition in the first month of life, looking for elevated TSH (except in TSH
deficiency) and/or low thyroxine or free thyroxine levels. Different screening
laboratories will produce different assay results. Ingeneral, TSHinhighdouble
figures (mU/litre)is unequivocally raised and will be confirmed by a total thyroxine
concentration of less than 50 nmol/litre or a free thyroxine in single figures (pmol/litre).

Inresource-limited countries, X-ray ofthe knee or wrist to detect delayed bone age in
infants and young children is helpful for diagnosis where TSH or thyroxine assays are
unavailable.

An untreated affected child will develop, in the following order:

1. Jaundice
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Constipation
Hoarse cry
Umbilical hernia
Coarse features
Mental retardation
Poor growth.

Nookwh

Therefore, clinical awareness is important in order to identify possible cases of
hypothyroidism in babies with the common symptoms of jaundice and constipation.
Prolonged jaundice should lead to investigations, including those for
hypothyroidism (see Neonatal handbook).

Management

Givethyroxine, 10—15 micrograms/kgonce daily, titratedto maintain TSH in the
normal range with normal growth and development. The adult dose is around 2—-3
micrograms/kg.

lodine deficiency

This mostcommonly occursininland mountainous areas. The clinical features vary
among different ethnic groups, with deafness, mutism, mental impairment and poor
growth being common, and goitre being universal. The disorder may be prevented
by adding potassiumiodide to cooking salt(10mg/kg salt)or providingitas
supplemented sweets and bread. lodide as an oily suspension can be given intra-
muscularly every 3 years.

Acquired hypothyroidism
This is usually part of an autoimmune process (which may befamilial)and maybe
associated withdiabetes mellitus. It is much more common in older girls, who will
usually have the following:

- goitre

- lethargy

« poor growth rate with excess weight gain

- pallor

« constipation

« hair loss/dry skin

« delayed puberty.

The diagnosis is confirmed by raised blood TSH levels and, if possible,
demonstration of antithyroid peroxisomal antibodies.

Management

Thyroxineis giventosuppress TSHtothenormalrangeand allow normal growth and
pubertal development.

Doses of thyroxine

Neonate: initially 10—15 microgram/kg once daily (maximum 50 micrograms daily)
then adjusted in steps of 5 micrograms/kg every 2 weeks or as clinically indicated,;
usual maintenance dose 20—-50 micrograms daily.

Child 1 month-2 years: initially 5 microgram/kg once daily (maximum 50
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micrograms daily) then adjusted in steps of 10—25 micrograms daily every 2—4
weeks or as clinically indicated; usual maintenance dose 25-75 micrograms daily.
Child 2—-12 years: initially 50 micrograms once daily then adjusted in steps of 25
micrograms daily every 2—4 weeks or as clinically indicated; usual maintenance
dose 75-100 micrograms daily.

Child 12—18 years: initially 50 micrograms once daily then adjusted in steps of 25
micrograms daily every 3—4 weeks or as clinically indicated; usual maintenance
dose 100—200 micrograms daily.

Thyrotoxicosis

This is much more common in older girls, often those with a family history of thyroid
disease. It should be suspected if the following are present:

fine tremor

weight loss

psychiatric disturbance

exophthalmos (rare in children)

tachycardia with a wide pulse pressure

loose stools

goitre with bruit.

NookrwN -~

The diagnosis is confirmed by suppressed TSH (level is undetectable) with raised
thyroxine level.

Management

Treatment is with low-dose carbimazole. In neonates to children aged 12 years
initially 250 micrograms/kg 3 times a day (maximum 30 mg/day) and adjusted as
necessary untileuthyroid. Inchildrenaged 12to 18 yearsinitially 10mg 3 times aday
adjusted as necessary. Carbimazole should be continued for at least 2 years, after
which withdrawal should be attempted. If relapse occurs, the options include further
medicaltherapy, surgery by anexperiencedthyroid surgeon, or radio-iodine in a
specialised centre.

Thyroid mass
Smooth goitre
An isolated smooth goitre with or without a bruit may occurin:
e iodine deficiency
e acute and subacute thyroiditis (viral, bacterial, lymphocytic or other), which
is usually tender
ingestion of goitrogens (for examples cabbage, kale or other brassicas)
familial dys-hormonogenesis
idiopathic pubertal goitre
thyrotoxicosis (Graves’ disease, thyroiditis, thyroid hormone resistance)
Hashimoto’s thyroiditis.

If thyroid function is normal, no treatment is necessary; otherwise treat as
described above. In iodine-deficient areas where thyroid investigations are not
available, treat with oralaqueousiodine as described above.
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Nodules require investigation by fine-needle aspiration and histology.

Nodular goitre

Nodular goitre may occur in: Hashimoto's thyroiditis, Adenoma (hot, cold,
euthyroid), Lymphoma, Non-thyroid masses (lymph nodes, brancial cleft cyst,
throglossal cyst, isolated simple cyst, carcinoma, histiocytosis.
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Section 54. Addison’s disease and Cushing’s syndrome

Addison’s disease (hypoadrenalism)

Hypoadrenalism may present as an emergency (see Section 52) or be suspected if
there is:

unexplained lethargy

failure to thrive

pigmentation of scars and skin

vitiligo or other signs of autoimmune disease

a strong family history of hypoadrenalism or unexplained sudden death
hyponatraemia and hyperkalaemia

syndrome of candidiasis and hypoparathyroidism predating the
hypoadrenalism (HAM or APECED syndrome).

NoOoOkrWON -~

If confirmed by a low 9 a.m. cortisol level (< 150 nmol/ litre), treat as outlined above
for adrenal crisis.

Cushing’s syndrome ( hyper-adrenalism)

Cushing’s syndrome is usually the result of iatrogenic corticosteroid administration
(> 12 mg/m2/day hydrocortisone or the equivalent; see above). Over-secretion of
adrenal steroids is rare. Signs of corticosteroid excess include the following:

poor (zero) growth rate

red cheeks

striae

glucose intolerance

excess weight gain (central)

muscle weakness

hypertension.

Nogak,~wd~

Adrenal carcinoma or adenoma may produce Cushing’s syndrome. Thereis often
accompanyingvirilisationandan abdominal mass. The child is usually young, in
contrast to the older child with Cushing’s disease secondary to an ACTH-secreting
pituitary adenoma.

The diagnosis is supported by a detectable midnight cortisol level (> 50 nmol/litre)
or raised urinary free cortisol excretion. The 9 a.m. cortisol level fails to be reduced
to undetectable levels in response to dexamethasone 0.3 mg/m2 given as a
single dose the previous night.

Treatment usually requires specialist surgery.
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Section 55. Vitamin or mineral deficiencies

Vitamin A deficiency (VAD)

Significance

- VitaminAdeficiencyisthe singlemostimportantcause of childhood blindness in
resource-limited countries.

- It makes a significant contribution to morbidity and mortality from common
childhood infections, even at subclinical levels of deficiency.

« AcCochranereviewindicatesthatregularvitamin Asupplementation reduces
mortality by 24%.

Prevalence

- Vitamin Adeficiencyis endemicinatleast60 countries worldwide, especially in
Africa, South and South-East Asia, some areas of South America and the
Western Pacific.

« Around 250 million preschool children are at risk.

- lItcauses250,000-500,000casesofblindnessperyear.

Good food sources are red palm oil, mango, pawpaw, dark greenleafyvegetables,
unskimmed milk, carrots,eggsandliver.

Causative factors

- Persistentinadequate intake of vitamin A exacerbated by insufficient consumption
of dietary fat, leading to ineffective absorption.

- Frequentinfections, especially measles, gastroenteritis and respiratory
infections, resulting in decreased food intake, malabsorption, increased urinary
loss, and increased utilisation of vitamin A by the body resulting in depletionofliver
stores. ThedecreaseinvitaminAlevels inthe body inturn predisposes childrento
infection,and so a vicious cycle is set up.

- Vitamin Adeficiencyis commoninthe contextof poverty, social under-development,
hostile living environments, water shortage and food scarcity, and individual factors
such as lack of breastfeeding, inappropriate weaning practices and increased
physiological needs during periods of rapid growth.

Clinical effects

« Nightblindness (decreasedabilitytogeneraterhodopsin in the retinal rod
photoreceptors essential for vision in dim light).

- Compromisedintegrity ofepithelial surfacesduetoloss of mucus-producing goblet
cells, leading to ‘dry eye’ (conjunctival xerosis), Bitot's spots, corneal xerosis,
corneal ulceration, and irreversible damage to the eye (keratomalacia).

« Depressedimmunity (both innate and adaptive immunity), which results in
increased susceptibility, duration and severity of common infections (e.g. acute
respiratory infection, diarrhoea, measles).

« Poorgrowth, apathy and slow development.
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TABLE 55.1 Signs of vitamin A deficiency in the eyes

Sign Description

Inability to see in dim light (e.g. at dawn or dusk). Often

Night blindness occurs in the later part of pregnancy

The conjunctiva looks dry and slightly rough instead of
smooth and shiny

White foamy patches on the conjunctiva.
Not always present

Conjunctival xerosis

Bitot’s spots

/Active corneal lesions:
At this stage the condition can worsen within a few hours and complete or partial
blindness can result

Corneal xerosis 'The cornea looks dry and cloudy
Ulcers on the cornea Often on the edge of the cornea
Keratomalacia The cornea is cloudy and soft like jelly. Rare

Assessment of vitamin A status

There are no simple tests for vitamin A deficiency, but it is likely to affect

communities where vitamin-A-rich food is scarce and infection and/or malnutrition

rates are high.

Vitamin A deficiency becomes a public health problem whenthefollowingare

prevalentinthe child population:

— night blindness (> 1%)

— Bitot’s spots (> 0.5%)

— corneal xerosis with or without ulceration (> 0.01%)
— corneal scarring (> 0.05%).

Prevention

1. Encourage the use of local foods rich in vitamin A.

2. Provide dietary education about vitamin-A-rich foods (e.g. dark green leafy
vegetables, carrots, mango, papaya, eggs, orange fruits, liver, red palm oil,
fatty fish).

3. Treat the siblings and mother. Mothers are especially vulnerabletovitamin A
deficiencyand shouldbe supplemented in the first month of lactation.

4. Give regular supplementation every 4 to 6 months as described in Table 55.2.
5. Preventrecurrentinfections by recommending the use of impregnated nets,
deworming, using clean water and breastfeeding.
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TABLE 55.2 Vitamin A supplements to prevent vitamin A deficiency

Target group Immunisation contact Vitamin A dose

Infants under

6 months who are not breast fed or
breast-fed infants whose mothers 50 000 IU
have not received vitamin A
supplements.

Infants aged 611 months Measles vaccine 44 gg9 1u
contact

Booster doses
Special campaigns 200 000 1U every 4 to
Delayed primary 6 months

immunisation doses

Children aged 12—-59 months

Regular vitamin A supplementation is advised for all children in resource-limited
countries. It has been shown to reduce all causes of mortality, and especially
mortality from diarrhoea.

If a child has malnutrition, severe diarrhoea or measles, give one high-dose vitamin
A capsule, according to Table 55.3,unlesstheyhavereceivedadoseinthe previous
month.

Treatment
If there are any eye signs, give vitamin A as indicated in Table 55.3.

TABLE 55.3 Doses of vitamin A for treatment of clinical deficiency

Age Day 1 Day 2 Two weeks later
< 6 months 50 000 IU 50 000 IU 50 000 IU

6-12 months 100 000 IU 100 000 U 100 000 1U

> 12 months 200 000 U 200 000 U 200 000 U

If there are ulcers or the eyes look soft or cloudy, instill atropine 0.1%, three times a
day

for 3-5 days, and a topical antibiotic. Cover the affected eye with a saline-soaked
bandage.

Deep IM injection of vitamin A (retinyl palmitate) 500001U for children under 2 years of
age, and 100000 IU for those over 2 years, should be given if severe stomatitis,
persistent vomiting or malabsorption are present.

Vitamin B1 deficiency: beriberi
- This may occur in areas of severe nutritional deprivation where little more than
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polished rice is consumed. Itis uncommon in Africa, as the staple is maize or
wheat, which contains vitamin B1.
« It affects adults, children and breastfed infants of thiamine-deficient mothers.
« ltisoften mistakenforoedematous malnutrition (kwashiorkor), nephritis, cerebral
malaria, encephalopathy or septicaemia.
- ltcauseswet(cardiac)ordry(neurological)beriberi:
— cardiac failure with breathlessness, oedema and tachycardia
— peripheral neuritis, with tingling and burning of feet, and reduced tendon
reflexes
— acute encephalopathy and coma.
« Anaphonic (absent voice) formischaracterisedbyanoiselesscrydue to laryngeal
nerve paralysis.
Beriberi is rapidly fatal.

Treatment

« Theinitial dose is 50—100mg thiamine hydrochloride. IM or orally. This is
particularly effective in heart failure (facilities for treating anaphylaxis must be
available).

« Continue with 10mg/day for children under 2 years of age, 25 mg/day for those
aged 2-12 years, and 50 mg/ day for those over 12 years for 3—4 days.

- Patients with beriberi often have other B vitamin deficiencies.

« Good food sources of vitamin B1 are pork, whole grain cereals,legumes, nutsand
liver.

Nicotinic acid (niacin) deficiency: pellagra

Nicotinicacidis synthesised fromthe essentialaminoacid tryptophan, and pellagra is
found where the diet is deficient in either nicotinic acid or tryptophan. Itis common
where maize is the staple diet, as in many parts of Africa. Maize is deficient in
tryptophan, and the nicotinic acid is bound and unavailable.

Clinical features
« Dermatosis of parts of the skin exposed to sunlight, namely the neck
(Casal's necklace), face and hands, usually seen in children over 5 years.
« Diarrhoea and malabsorption.
« Encephalopathy, which is rare in children.

Treatment

1. Nicotinicacid: 100mg orally three times daily until better (WHO 2000, quoted by
MSF 2018). In severe cases give 100mglV.

2. Treat other B vitamin deficiencies at the same time (thiamin and riboflavin).

3. Improve the diet with protein and green vegetables, peanuts, wholegrain
cereals, meat, fish, chicken and liver.

Vitamin C deficiency: scurvy

This usually presents at the age of 4-10 months. Cow’s milk is low in vitamin C.

- Vitamin C is needed for collagen formation (in bones, cartilage, teeth and
capillary walls).

« It is important for the healing of wounds.
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« It increases iron absorption.

- lItis found in citrus fruits, vegetables and breast milk. Very little vitamin C is
presentin cow’s milk, especially if it is heated.

- Vitamin C deficiency is found in severe malnutrition and in children fed on very
poor diets in institutions.

Clinical features

1. Spontaneous haemorrhages, especially from gums, and defective bone,
cartilage and dentine formation.
Localtenderness and swelling ofthe legs (due to subperiosteal haemorrhages),
which may present as irritability when the child is picked up or moved.
Pseudo-paralysis ofthe limbs.
Haemorrhagic and spongy changesinthe gums.
Petechiae and ecchymoses aroundthe eyes.
Microscopichaematuriamay be present.
The anterior ends of the ribs swell.
Mild anaemia.
Increasedrisk of fractures.

. Poor healing of fractures and wounds.

. Characteristic X-ray appearance: loss of trabeculae in long bones gives a
ground-glass appearance, dense lines of calcification in the epiphysis next
to the epiphyseal plate and calcification of subperiosteal haemorrhages.
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Treatment
1. By mouth
— Child 1 month—4 years 125-250 mg daily in 1-2divideddoses
— Child 4-12 years 250-500mg daily in 1-2 divided doses
— Child 12—-18 years 500mg—1 g daily in 1-2 divided doses.
A subsequent improvement in diet is needed, with plenty of fresh fruit and
vegetables.

Vitamin D3 deficiency: rickets

Vitamin D deficiency causes the following:

1. rickets (failure of mineralisation of growing bone)
2. hypocalcaemic tetany in infancy

3. osteomalacia in adults.

Nutritional rickets is most prevalent in North Africa, the Middle East and Pakistan.
Asian and Afro-Caribbean children are also at risk in the UK and other countries
where there is limited sunshine. Vitamin D deficiency is unusual in African children
over 18 months, as at this age they can walk and therefore go out into the sunshine.
Older children in Africa with rickets must be investigated for causes of rickets other
than vitamin D deficiency, such as dietary calcium deficiency or inherited forms of
hypophosphataemic rickets.

Biochemistry
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—

7.

Vitamin D increases Ca** absorption from the gut, reabsorption of Ca*™ from
the kidney, and a phosphate diuresis.

Vitamin D deficiency reduces Ca™* andincreases parathyroid hormone (which

increases phosphatelossbythe kidney), resulting in low Ca** and low phosphate
levels. Subsequentlythereisariseinalkaline phosphataseand then the X-ray
features of rickets occur.

Causes

Prolonged breastfeeding, especially if the mother is vitamin D deficient.
Lack of vitamin-D-containing foods such as oily fish, eggs, butter and
margarine.

Lack of sunlightexposure (UV light) (black-and brown-skinned children living
indoors or in countries where there is little sunlight are particularly at risk).
Aninfant'sdiet contains only smallamounts of vitamin D, so fortification of foods
and vitamin D supplementation is recommended.

Ifachild presents withrickets and has normal exposure to sunlight, consider
the possibility of a hypocalcaemic diet (reported in South Africa and
Nigeria). Cereals can bind calcium and prevent its absorption.

Rarely, there is a metabolic disorder such as familial hypophosphataemic
rickets. Where consanguinity is common, renal tubular disorders can
produce this.

Vitamin D deficiency also occurs in chronic renal and liver failure.

Clinical features

1.

2.

1,25-Dihydroxyvitamin D crossesthe placenta, andthe neonate generally has
sufficient levels for the first few months of life.
Disturbance ofthe normal growth of the epiphyseal plate leadstotheformationof
inadequately calcifiednewbone at the diaphysis edge of the plate (so-
called osteoid tissue). The proliferatingzone onthe epiphysealside of the
plate enlarges excessively, producing a swelling of theplate. Osteoidtissue
mayalsoformsubperiosteally. There is also demineralisation of the
skeleton. The following features result from these abnormalities:

epiphyseal swelling (especially distal radii at the wrists, and alsothe ankles

andknees)

craniotabes (softareas ofthe skullbones, especially ofthe occiput, which when

pressed gently are easily depressed)

rickety rosary (enlarged costochondral junctions)

delayed fontanelle closure

curvature of the shafts of the tibia and femur (may occur in severe cases)

bossing of the frontal and parietal skullbones due to osteoid formation

pigeon chest (pectus carinatum)

Harrison’s sulci

deformities of the thoracic and lumbar spine can produce kyphoscoliosis and

lumbar lordosis

pelvic bone deformities in female children can lead to subsequent birthing

difficulties due to damage to the inlet and outlet of the birth canal

delayed dentition

delayed gross motor development with generalised muscle weakness and

hypotonia
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— growth retardation
— occasionally, especially in infants, symptoms of hypocalcaemia.
Diagnosis
1. Very elevated plasma alkaline phosphatase activity.
2. Usually normal, but possibly slightly low, plasma calcium levels.
3. Very low plasma phosphate levels.
4. Lowered plasma levels of 25-hydroxyvitamin D3, but often this cannot be
tested for.
5. The best sites to radiologically assess for rickets are those where there is rapid
bone growth, namely the wrists and knees.
a. Typical X-ray appearance: cupping and fraying of the distal ends of
the long bones, such as the ulna and radius.
b. There is widening of the metaphyseal plate due to osteoid formation.
c. Theperiosteummayberaised.
d. There may be abnormal curvature of bones and generalised under-
calcification.

Prevention
a. Exposure to sunlight and foods such as egg yolk, milk and fortified margarine.
b. Vitamin D2 (ergocalciferol) supplementation, 400-600 IU daily.

Treatment

a. Vitamin Ds (cholecalciferol) or vitamin D2 (ergocalciferol) by mouth daily for 4
weeks: child aged 1-6 months 3000 IU, 6 months—12 years 6000 IU and 12-18
years 10000 IU.

b. Ifhypocalcaemiaispresent,calciumsupplementsmay be added in the early
stages of treatment.

Vitamin K deficiency

1. Vitamin K is a cofactor for the hepatic synthesis of clotting factors
(prothrombin, and factors VII, IX and X).

2. Sources are green leafy vegetables, meat, liver, cheese, and synthesis by gut
flora.

3. Deficiency may occur as a result of the lack of bile salts and the malabsorption
of fats after the use of broad-spectrum antibiotics, or in the breastfed newborn
whose gutis notyet colonised with bacteriaand therefore does not produce
vitamin K.

4. Treatbleeding due tovitamin Kdeficiency with250-300 microgram/kg (max 10
mg) IV; neonates 1 mg. Repeat doses every 8 hours if needed.

5. Prevent haemorrhagic disease of the newborn by giving 1mgvitaminKtoall
newborninfants eitherorallyor IM (preterm 400 microgram/kg maximum dose
1mg).

Folic acid deficiency

1. The most important issue here is that women who are deficient in folic acid at
the time of conception and in early pregnancy are at increased risk of having
a baby withaneuraltube defect(spinabifidaoranencephaly).

2. Relative deficiency occurs in haemolytic anaemias (see Section 21 Textbook 2)
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and in preterm infants.(see neonatal handbook)

3. Deficiency occurs in malabsorption syndromes such as coeliac disease and
blind loop syndromes.

4. Anticonvulsants such as phenytoin may interfere with the metabolism of folic
acid.

5. Consequences of folic acid deficiency include the following:
fetal abnormalities
megaloblastic anaemia, neutropenia and thrombocytopenia.

6. Sources of folic acid include green leafy vegetables, oranges and other fruit,
legumes, nuts, liver and yeast.

Treatment

All women who are anticipating pregnancy should be taking an additional
400 micrograms of folic acid per day before and throughout pregnancy.
To treatdeficiency, give infants 500 micrograms/kgonce daily and children over
1 year of age 5mg once daily.

Treat for up to 4 months and exclude concomitant vitamin B12 deficiency,
which if untreated could result in neuropathy.

For haemolytic anaemia, treat with 2.5-5 mg orally once a day for children
aged 1 month to 12 years, and 10 mg once a day for those over 12 years of
age.

Neonates 50 micrograms once daily or 500 micrograms once weekly.

Give preterm infants 100-200 micrograms orally per day.

lodine deficiency

lodine deficiency in pregnancy causes maternal hypothyroidism and cretinismin
the newborn.

It is one of the commonest causes of disability worldwide.

Clinical features of cretinism range from mild neuro-muscular
incoordination and cognitive deficitto severe mental retardation, spasticity and
deafness, and severe stunting of growth.

lodine deficiency is endemic in mountainous regions far from the sea
(e.g. the Andes, the Himalayas, Central Africa, Papua New Guinea) and
areas where iodineis eluted from the soil by repeated flooding (e.g.
Bangladesh).

The prognosis is poor even after early recognition and treatmentwith thyroid
hormone.

Prevention is by salt iodination or a single oral dose of iodine in pregnancy.

Zinc deficiency

Zinc is an essential trace element required for maintaining cells, bone
growth and immune function (it scavenges for free radicals).

Deficiency often occurs in children living in resource-limited settings and
arises from either insufficient intake of zinc-containing foods or insufficient
absorption.

Foods high in zinc are of animal origin, such as meats, fish and dairy products.
Dietaryfibreand phytatesfoundincerealsandlegumes bind zinc and reduce
its absorption.

Zinc deficiency is difficult to diagnose, as serum zinc levels do not reflect
total body zinc levels.
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Zinc deficiency is associated with stunting of growth, impaired immunity
and increased risk and severity of diarrhoea and respiratory infections.
Zinc deficiency is a feature of the rare disease acrodermatitis enteropathica,
in which children present with peri-oral and peri-anal rashes.

Therapeutic zinc supplementation is now recommended as an adjunct to oral
rehydration therapy for treatment of diarrhoea. Routinely giving 10 mg per day to
children under 6 months of age and 20 mg per day to those over 6 months of age
for 10-14 days can reduce diarrhoea duration and severity and the likelihood of
subsequent infections for 2 to 3 months.

Zincsupplements of2mg/kg/day shouldbe anessential component of the mineral mix
used in the management of severe malnutrition.

Useful Websites

1.

WorldHealthOrganization WHO Vitamins and Minerals (accessed
04/03/2021)
https://www.who.int/nutrition/publications/vitamins_minerals/en/

World Health Organization and Food and Agriculture Organization of the
United Nations (2004) Vitamin and mineral requirements in human nutrition
Second edition. Vitamin and mineral requirements in human nutrition
Second edition Accessed 04/03/2021
https://apps.who.int/iris/bitstream/handle/10665/42716/9241546123.pdf;jse
ssionid=A9A673FC56BB695223A2A6CF550CB0B6?sequence=1
Medecins sans Frontieres (2020) Clinical Guidelines — Pellagra
https://medicalguidelines.msf.org/viewport/CG/english/pellagra-
16689716.html (accessed 04/03/2021)

World Health Organization, United Nations High Commission for
Refugees. Pellagra and its prevention and control in major

emergencies. World Health Organization, 2000.
https://www.who.int/nutrition/publications/emergencies/\WHO_NHD 00.10/e
n/

(accessed 04/03/2021)
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Section 56. Severe malnutrition

Introduction and significance

Malnutrition is a major global public health problem affecting millions of children,
mainly in resource poor LMIC settings and accounting for almost half of all deaths
among children aged under 5 years worldwide.

Malnutrition is:

‘Any condition in which deficiency, excess or imbalance of energy, protein or other
nutrients adversely affects body function and/or clinical outcome’.

Though often used to refer to undernutrition (as in this chapter), overweight and
obesity are also forms of malnutrition. These two conditions are increasingly common
even in some of the most deprived settings worldwide. They can also co-exist with
undernutrition, not just in the same countries or communities but even within the
same households. Future work must also consider the risks and treatment of
overweight and obesity. For now, it is important to note that early life undernutrition
can predispose to later life NCD (non-communicable diseases) that are traditionally
associated with overweight/obesity. Hence prevention and optimal treatment of child
undernutrition has important long-term as well as short-term benefits.

Anthropometry is widely used in case definitions of malnutrition (see Section 65
Handbook 2, Assessing Growth and Nutrition). It is however important to appreciate
that anthropometric deficit is a sign of rather than a direct measure of malnutrition.
Whist useful and practical for clinical and public health purposes, none of the various
anthropometric measures are a ‘gold standard’ and all have limitations. What matters
is the anthropometry-associated risk of:

e mortality: malnourished children are physiologically and metabolically fragile.
Causes of death include infection, septic shock, hypoglycaemia, electrolyte
imbalance, dehydration, hypothermia, cardiac failure, severe anaemia.

e morbidity: malnutrition increases the risk and severity of common infectious
ilinesses such as diarrhoeal disease and pneumonia.

e impaired development: though not an immediate risk, this can have life-long
and even inter-generational consequences (e.g. via educational achievement
and income)

¢ long-term sequelae: increasing evidence suggests long term cardiometabolic
and other NCD risk in survivors of early-life malnutrition.

The goal of malnutrition prevention and treatment is to reduce these risks and ensure
that children both survive and thrive by addressing immediate and underlying
problems.

“Severe malnutrition” should refer to the high risk of severe adverse outcomes rather
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than just the severity of the anthropometric deficit. Risks may vary between
individuals and populations. Tools and criteria for better assessing risk are currently
imperfect but are the subject of intense research. Common case definitions and
types of severe malnutrition are below:

Table 56.1: Common anthropometric case definitions of malnutrition

Anthropometric Process State Commonly
indicator of deterioration if low interpreted as:
Height-for-age Stunting Stunted Chronic
malnutrition
Weight-for-age Growth Underweight Mixed acute /
faltering chronic
malnutrition
Weight-for-height* Wasting Wasted Acute
(BMI in older children) malnutritiont

Mid upper-arm
circumference (MUAC)

* For simplicity, weight-for-height will be used throughout in this chapter but in
children aged <2 years length is the appropriate measure, hence weight-for-length
T Bilateral pitting oedema defines oedematous severe acute malnutrition
(kwashiorkor)

Given common risk factors (notably poverty, adverse family and social circumstances
and adverse environmental exposures), different types of severe malnutrition often
co-exist in the same child and can exacerbate the risks of poor outcomes. For
example, a child who is both stunted and wasted has a markedly increased risk of
death compared to one who is wasted alone. Children who are born small (low birth
weight) are also more likely to be subsequently wasted, stunted and/or underweight.
Finally, micronutrient deficits are often also be present and should be actively
considered.

Severe Acute Malnutrition (SAM)

2013 WHO Guidelines for “The management of severe acute malnutrition in infants
and children” focus on severe acute malnutrition (SAM). This is the focus of the
rest of this chapter because it has a particularly high case fatality. Though the term
SAM is widely used, it should be noted that the underlying problem is often not acute:
neither therefore is the ‘solution’ always simple. Children may in fact become wasted
over a long period of time and this is closely linked to their general health trajectory,
including history of low-birth weight, underlying chronic conditions, and episodes of
diarrhoea and other infections, rather than being well and low risk then suddenly
becoming ‘malnourished and high risk.
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In children aged 6 months to 5 years, SAM is defined as:

o Weight-for-height (WHZ) < -3 Z-score OR
o Mid-upper-arm circumference (MUAC) <115mm OR
o Presence of bilateral pitting oedema

Visible severe wasting is not included as a diagnostic criterion since it is not
sufficiently sensitive. ALL children must be measured with at least MUAC, otherwise
those who could benefit from care will be missed.

Two clinical presentations of severe malnutrition are commonly seen but overlap also
occurs. Different settings have different dominant patterns.

1.

Wasting (also known as marasmus) affects all ages, especially young infants. It
is commonly associated with insufficient intake of growth nutrients due to
inadequate breastfeeding. It can also be due to underlying illness or disability.
Infants can be extremely thin, with loss of muscle and subcutaneous fat, resulting
in skin wrinkles and folds.

Oedematous malnutrition (also known as kwashiorkor) usually occurs in
children aged 2—4 years. It is an acute illness that suddenly appears over a few
days. Oedema is bilateral, pitting and usually begins on the dorsal side of the
feet (grade 1 oedema); spreads upward to shins (grade 2); can become
generalized (grade 3).

Older textbooks ascribe oedematous malnutrition to relative protein deficiency in
the diet but the actual cause remains unknown. Possibilities include a poor-
quality diet with deficit of antioxidant nutrients or maladaptation from a stress.
Although only the bilateral pitting oedema is needed to make the diagnosis, other
signs can also be present and can help distinguish nutritional oedema from other
causes of oedema e.g. “flaky paint” skin lesions; fatty liver, with low circulating
levels of all hepatic export proteins; de-pigmented hair (this has no relation to
the prognosis, and should be ignored clinically); hair that pulls out very easily
and painlessly (this is related to the prognosis).

Principles of Treatment

Following the below increases the probability of successful individual care and
programme outcomes:

A. Early identification and treatment.

All children must have a nutritional assessment at every possible opportunity (e.g.

at outpatient visits or vaccination visits, on admission to inpatient care; regularly

during admission). Reliance on clinical assessment alone is insufficient and will

mean that those who could benefit from care will be missed.

MUAC is particularly important in this respect since:

e |tis quick and easy to measure (e.g. an experienced user will need 10-15
seconds, whilst waiting for axillary temperature to record on the other arm)

e |tis simple to interpret and does not need look-up tables or calculation of Z-
scores (<115mm = SAM; 115 to <125mm = Moderate acute malnutrition)
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e [tis an independent criterion for both SAM and MAM
e It identifies children at high risk of mortality (increasing evidence shows it
performs better in this respect than WHZ)

B. Standard treatment protocols

Treatment is much more successful if standard treatment protocols are followed
than if clinical judgements are made on individual patients. This is because the
illness itself changes the clinical presentation, signs and symptoms of common
complications. For instance, dehydration is particularly difficult to assess and treat
in severely malnourished children and treated since usual signs such as skin
elasticity may be obscured.

C. Phased treatment

As nutritional status deteriorates, so physiological (metabolic and organ) function
gradually deteriorates whilst maintaining some vital function through a process
called “reductive adaptation”. This includes: reduced cardiac output; impaired
renal and liver function; impaired immune function; impaired gut absorption.
Treatment must consider the degree of clinical/physiological compromise as well
as severity of anthropometric deficit. These are related but not identical and
individual children may vary. Some may be for example very wasted but clinically
stable (so eligible for outpatient care). Others may be only moderately wasted but
clinically unstable (hence needing initial inpatient care/stabilization)

For those with very impaired clinical/physiological function, too rapid re-feeding
with high nutrient density feeds can be fatal so must be done slowly and in
phases.

Moderatelyimpaired Severely impaired
physiology/metabolism physiology/metabolism
(clinically stable / has appetite)  (clinically ‘complicated, no appetite)

Clinical Clinically
Status well

Anthropometry- e et eI Moderate Anth.ropometrlc Severe Anth‘r(')pometrlc
based case “normal” deficit deficit
definitions (e.g. moderate wasting) (e.g. severewasting)

Figure 56.1. Association between clinical status and anthropometry-based case
definitions of nutritional status. For practical purposes, case definitions are in
discrete categories, but the underlying process is more of a continuum.

D. Considering the underlying cause and linking to other clinical services

Historically, most cases of malnutrition were due to household food insecurity and
lack of available food (previously known as ‘primary malnutrition’). With
socioeconomic development in many settings, a greater proportion of cases these
days have other underlying causes precipitating or exacerbating their malnutrition
(e.g. infection, inflammation, illness and disability.) These must be actively
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considered and where identified treated and/or referred to linked treatment services.

E. Public-health focused care: Community management of acute malnutrition

(CMAM)

Traditionally, severely malnourished children were cared for in inpatient settings,

often in separate malnutrition wards or separate areas of a general paediatric

ward. Problems with this clinically-focused model of care included:

1. Late presentation: due to reluctance to be admitted - hence children were
often very sick by the time they arrived

2. Premature discharge: since mothers and carers need to get back to other

home duties and cannot stay until a child has fully recovered (which could

take weeks)

Risk of nosocomial infection

4. Low programme coverage and high mortality (not all of which is recorded
since children remain vulnerable after returning home)

w

Over the last 20 years, Community Management of Acute Malnutrition (CMAM)
has revolutionized treatment using a public-health orientated model of care.
Originally known as CTC (Community-based Therapeutic Care), the key features
of CMAM are:

e Early detection via community mobilization and proactive screening in the
community (MUAC is especially useful and can be reliably assessed by
mothers/carers as well as by community healthcare workers)

e Distinguishing “Complicated” vs “Uncomplicated” SAM: if identified
early enough, a child may be wasted or have oedema but not too
compromised clinically/physiologically. This is called “uncomplicated
malnutrition” and is indicated by a good appetite and lack of IMCI danger
signs (e.g, no tachypnoea, no tachycardia, normal conscious level, no
diarrhea or dehydration, no high fever). Such children can be safely and
effectively treated as outpatients. Sick children - those with complications -
still have to be admitted to inpatient care for initial stabilization.

e Outpatient-based care made possible by Ready-to-Use Therapeutic
Food (RUTF): with a well-functioning CMAM programme in place, most
children in a community will have uncomplicated SAM and can be treated at
home. This is made possible by RUTFs. These are energy/nutrient dense
pastes (see later in this chapter for composition). They are nutritionally
similar to therapeutic milks but can be eaten at home without the need for
preparation or cooking.

e High programme coverage with consequent high programme impact: a
large network of outpatient treatment programme (OTP) sites improves
access to care. This facilitates early presentation and treatment. OTPs
should be within a few hours walk at most. Since carers only have to attend
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every week or fortnight, opportunity costs of care are lower and attendance
more likely. With greater programme coverage, public health impact is also
more likely.

A drive to scale up community-based treatment worldwide has seen greatest
effort to embed community-based treatment within existing health systems and
services. This usually involves treatment provided in outpatient facilities and in
some settings, by community health workers integrated within community case
management. Though this chapter focuses on inpatient care of children with
complicated severe malnutrition, it is vital that clinicians and other healthcare
workers in inpatient settings understand and have close links with their
local CMAM outpatient and community-based treatment services. This
enables:

¢ Referrals from CMAM community-based services: however good CMAM
and other local programmes aiming to prevent malnutrition, some children will
always be sick and will be referred for initial stabilization / intensive care in
inpatient settings.

e Referral to CMAM community-bases services: children presenting with
seemingly unrelated problems such as diarrhea or malaria may be found to
be wasted or have oedema during admission. Even if the original problem is
settled, if they fulfil severe malnutrition criteria they can still be referred to local
CMAM services on discharge as they will benefit from the continued nutritional
support.

1. Community Mobilization

2. Supplementary
Feeding
Uncomplicated MAM

3. Outpatient
Therapeutic
Treatment
Uncomplicated SAM

Deterioragion

Qferral

4. Inpatient
Stabilization
Treatment

Complicated
SAM / MAM,

Stabilization

Figure 56.2: How different component of CMAM fit together.
399



Section 56. Severe Malnutrition Dr. Marko Kerac, Dr Samuel Akech, Prof. James
Berkley, Marie McGrath, Prof. David Southall

(NB Supplementary feeding for MAM (moderate acute malnutrition) is not
common in all settings and is mainly available in food insecure areas)

Whilst a well-functioning local CMAM programme will dramatically reduce the
number of children needing inpatient care, it also means that the clinical complexity
of case admitted increases. It also means that a greater proportion of admitted
children have some other problem/complication underlying their malnutrition, so it
is more important than ever to look for these other causes.

The rest of this chapter deals with the care of children with “complicated” malnutrition
needing inpatient/hospital-based care. Other sources including national CMAM
guidelines are widely available in many countries and should be consulted for related
community-based services.

Criteria for admission to inpatient-based “stabilization-centre” care

As well as standard anthropometric deficits defining SAM (MUAC <115mm; WHZ <-

3; oedema); the following indicate that a child over 6 months of age has “complicated”

malnutrition and needs initial inpatient care:

e Clinical complications:
These include tachycardia, tachypnoea, IMCI danger signs, severe
dehydration, vomiting or severe diarrhea or high fever.

e Severe oedema:
In countries where oedematous malnutrition is common, children with mild
pedal or pre-tibial oedema can be safely treated as outpatients. In contrast,
those with severe, generalized oedema are very high risk and must always be
admitted. Where oedematous malnutrition is rare, admission if often preferred
to exclude other causes of oedema (e.g. nephrotic syndrome; heart failure)

o Failed appetite test:
If unable to eat a test amount of RUTF (e.g. an amount equivalent to a 2 day
ration) a child is unlikely to be able to eat at home and should be admitted.
Note that time and space are vital for the appetite test: anxiety may be another
reason why a child does not initially seem to have an appetite.

Confirmed SAM:
=» Clinical Exam
I
I |

CIinicaIIy well & Clinical Complications
. Severe Oedema
Appetite M

Poor appetite (fail appetite test)

4 One or more IMCI danger signs
4

Inpatient treatment

Outpatient treatment

Figure 56.3: Criteria for outpatient vs inpatient treatment for children with SAM.
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Those with significant mitigating circumstances such as disability or social issues or
difficulties accessing care should also be admitted so that the child/carer can be
supported. Maternal/carer preference should always be taken into account and
admission plans agreed rather than imposed.

It should be noted that admission to an inpatient facility carries risks of life-
threatening hospital-acquired infection. Hand hygiene and other infection control
measures are essential.

INPATIENT MANAGEMENT - OVERVIEW
Inpatient treatment of children with complicated severe malnutrition consists of three
phases:

Phase | (‘Stabilization’ phase treatment)

Specific objectives: return of normal homeostasis and treatment of complications.

Achieved by:

1. Immediate treatment of life-threatening conditions including shock, heart failure,
very severe anaemia, hypoglycaemia, hypothermia, pneumonia, diarrhoea and
other infections, and severe dehydration.

2. Prevention of hypoglycaemia and hypothermia.

3. Nutritional treatment using specially formulated therapeutic milk (‘F75’): initially
using small volume, frequent feeds e.g. eight meals per 24 hours.

Transition phase:

Specific objectives: to ensure successful transition between stabilization and
rehabilitation (since too abrupt a change can cause complications/deterioration)
Achieved by:

e Gradually increasing feed volume and nutrient density over 2-5 days

Phase Il (‘rehabilitation’ phase treatment and catch-up growth)

Specific objectives: promotion of rapid weight gain (aiming for 10— 20 g/kg/day) and

preparation for discharge.

Achieved by:

1. A nutritional treatment based on a high energy intake (150-200 kcal/kg/day)
divided into six meals a day. Can be in the form of high energy milk (‘F100’) or
RUTF.

2. Emotional and physical stimulation.

Discharge:

Discharge from hospital to CMAM outpatient care is better termed ‘transfer’ and
should be distinguished from discharge from the overall therapeutic feeding
programme.

a. Ifalocal CMAM programme is available:
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Children should be transferred to outpatient based CMAM care when:

» they have completed parenteral antibiotic treatment, and are clinically well and
alert

» medical complications are resolved

« their appetite has fully recovered, and they are eating well

» oedema has reduced or resolved.

Carers should also be confident and aware of signs of deterioration which might
indicate a need for readmission. Social and geographic factors must also be
accounted for when deciding whether or not a child is fit to transfer to home-based
care. e.g. if a family lives far away with poor access, a few days extra inpatient stay
might be warranted,; if a family lives nearby and can easily return, transfer home might
be done slightly sooner.

Note that anthropometric recovery DOES NOT need to be complete on transfer from
hospital to home (i.e. WHZ and/or MUAC may still be low). Growth will continue and
should continue to be monitored in CMAM outpatient (OTP) clinics. Continued clinical
recovery from the complications resulting in admission to hospital should also
continue to be monitored. At this stage children are still vulnerable to mortality and
early re-referral to hospital should be done if there is deterioration.

Final discharge from CMAM usually occurs following two consecutive weekly visits
with:

e MUAC >125 mm

e WHZ>-2score

e Oedema has settled
(discharge criteria from CMAM outpatient care may vary — check local country
guidelines)

b. If alocal CMAM programme is not available:

If the family live near enough, a child can still be transferred home and return for
weekly or fortnightly visits to the hospital for monitoring / check of weight gain / further
supplies of RUTF.

Final discharge from the programme is as above, once anthropometric recovery has
been achieved on 2 consecutive weekly visits (MUAC >125mm; WHZ >-2; oedema
settled)

If access is problematic, a longer inpatient stay may be warranted.

If RUTF or an equivalent (such as a high-energy biscuit) is not available, children
continue on F-100 milk until nutritional cure is achieved.

Post-CMAM discharge monitoring and nutritional support

Though commonly used as a marker of treatment success, recovery of weight does
not necessarily mean recovery to baseline clinical risk: children often remain
vulnerable to serious illness from common infections for months post-treatment.
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Follow-up is thus important.

After discharge from therapeutic feeding, it is good practice to link the child and family
for continued support such as referral to a supplementary feeding programme;
household food security; or social service support. This is a means of ensuring follow-
up as well as food security for the vulnerable child.

Assessment of nutritional status and recovery

For practical procedures relating to nutrition measurement, see handbook 2, chapter
65.

Admission medical and nutritional history and examination

The history and examination sheet should be completed by the admitting physician
or an experienced nurse or clinical officer. Standard forms help gather key data and
are useful for audit as well as management.

Key points in the history
Nutrition/feeding

- Appetite and recent intake of foods and fluids.

« Usual diet before current iliness.

« Whether breastfeeding or not

Intercurrent or possible underlying illness

« Duration and frequency of any diarrhoea and vomiting

- Type of diarrhoea (watery/bloody).

« History of chronic cough or contact with TB.

- History of contact with measles.

« Potential HIV infection (including mother’s status and whether parents are alive).

Socioeconomic

- Family and social circumstances.

Medications, past medical history

« Previous admissions or treatments (e.g. previous inpatient admissions for any
reason; previous CMAM of other therapeutic or supplementary feeding)

« Any medications current or recent (including local drugs and/or traditional
medicines)

Key points on examination

General observations

« Anthropometry and oedema.

- Fever or Hypothermia (oral temperature < 35.5°C, axillary temperature <35°C).

- Pulse, respiratory rate(if very high or low this can mark high risk of death)
Cardiovascular

« Dehydration (this is difficult to diagnose — see later section)
« Shock (often gives the appearance of dehydration in a child with oedema).

- Severe palmar pallor.
Micronutrient status
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- Eyes signs of vitamin A deficiency (night blindness, dry eyes, Bitot’s spots, corneal
ulceration, keratomalacia) (see Section 55). NB children with vitamin A
deficiency may be photophobic and will keep their eyes tightly closed.
Examine their eyes carefully to prevent corneal rupture.

- Other specific signs of micronutrient deficiency (see Section 55)

Infections

- Signs of local infection (ear, throat, skin, pneumonia).

- Signs of HIV (adenopathy, oral candida, chronic ear discharge) (see Section
36 Handbook 2). (NB HIV testing should be done as per national policy since
reliance on clinical signs alone is not sufficiently sensitive or specific)

Mouth

« Mouth ulcers and oral Candida (if extensive, consider the possibility of
oesophageal candidiasis)

- Dentition (as well as being painful and making eating difficult, caries can cause low
grade inflammation and exacerbate malnutrition.)

Skin

- Skin changes of kwashiorkor (hypo- or hyperpigmentation, desquamation,
ulceration, exudative lesions resemblingburns, oftenwithsecondaryinfections
such as Candida).

Other

- Disability (see disability section later in this chapter)

Laboratory tests

Laboratory tests to guide or monitor treatment are often unavailable in settings

where malnutrition is common.

= Electrolytes and haemoglobin: Even if available, these are difficult to
interpret and can be misleading due to rapid electrolyte and fluid shifts early on
in treatment.
If haemoglobin is measured this should be done on admission, and a
transfusion should be given at this time, but only if essential. Children should
not be given a blood transfusion during the first 48 hours following admission
(unless for an immediately life-threatening indication). This is because
haemoglobin nearly always falls due to haemodilution with expansion of the
circulation during mobilisation of oedema and export of sodium from inside the
cells in marasmus. At this time, there thus is a grave danger of precipitating
heart failure following transfusion, even if given for very severe anaemia. If
essential, consider a partial exchange transfusion (see Section 54 Handbook
2)

=  Malaria In endemic areas, a malaria smear or rapid test is useful. Malaria
treatment is not given as part of the routine management of all severely
malnourished children.

=  HIV: Where HIV is prevalent, HIV testing (serology using two tests in children
over 18 months of age, or serology and PCR for children under 18 months)
should be offered to all malnourished children to guide ongoing care, initiating

404



Section 56. Severe Malnutrition Dr. Marko Kerac, Dr Samuel Akech, Prof. James
Berkley, Marie McGrath, Prof. David Southall

co-trimoxazole prophylaxis, and determining eligibility for antiretroviral (ARV)
therapy. A mother of a seropositive child is invariably HIV infected, and mothers
of seropositive children should also be offered an HIV test. Referrals to local
HIV services should be made.
CD4 counts are not usually required for the initial management of severe
acute malnutrition, as this follows the standard protocols. (see Section 36

Handbook 2).

Details of treatment

The objective of phase | (stabilization phase) is to restore normal homeostasis
and metabolic/physiological function and treat life-threatening complications.
Phase Il (rehabilitation/catch-up phrase) is a period of rapid weight gain. Thereis
a ‘transition phase’ between these two.

TABLE 56.2 Phases of malnutrition treatment

Phases of treatment

Phase 1 “Stabilisation”
(1-7 days)

Transition phase
(3—4 days)

Phase 2 “Rehabilitation”
(usually 14-21 days)

Treat shock, severe
anaemia and dehydration

Correct nutrient
deficiencies

Treat hypoglycaemia

Treat hypothermia

Treat infections

Treat helminths

Do not give iron

Do not give iron

Correct iron deficiency

Correct electrolyte
problems

Maintenance diet

Gradually increasing
dietary intake

Nutrient/energy dense diet,
high intake

Stimulate the child

Stimulate the child

Stimulate the child

Provide physical activities

Prepare for discharge

Treatment involves:

1. Routine measures: systematically delivered to for all malnourished children, and

additional routine treatments that are often included.

2. Specific treatments: these include emergency management of life-threatening
complications and of specific diseases and conditions present in individual

children.
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Ward organization and patient flow

Patient flow and location should match severity of illness and clinical needs:
Around admission: there should not be a delay between identifying a sick
malnourished child needing inpatient care and transferring him/her to the ward. An
early first feed and prompt start of other treatments can help prevent deterioration
and be lifesaving.

After admission/during phase 1. severely malnourished children should be
separated from those with infections and kept in a warm room (25-30°C) without
draughts. Some may need high-dependency care with more regular and intensive
nursing: these beds should ideally be nearest to the nursing station to facilitate this.
Washing should be minimal and, when possible, with warm (not hot) water, and the
child immediately dried. The mother should be encouraged to stay with her child.

In phase 2: as children improve, they can be moved to other beds on the ward. Some
centres have dedicated nutrition wards with dedicated space for: HDU patients; other
phase 1 ‘stabilization’ and transition phase patients; phase 2 patients.

Intravenous infusion and blood transfusion

Intravenous infusions should be avoided whenever possible as they risk worsening

rather than improving outcomes.

1. The only indication for IV bolus infusion in severely malnourished children is
established shock with diminished consciousness and circulatory impairment
(see below). This can be difficult to diagnose.

2. The only indication for blood transfusion is when severe anaemia is present on
admission and is life-threatening (e.g. signs of heart failure)

3. Cannulae should not have IV fluids running after the prescribed treatment has
been given to avoid giving IV fluids by mistake. They should be removed when
not required.

Nasogastric tube feeding is recommended in cases of:

1. anorexia with an intake of less than 70 kcal/kg/day (70% of phase | feed
prescribed)

severe dehydration with inability to drink

inability to drink and eat because of weakness or clouded consciousness
painful or severe mouth lesions (herpes, cancrum oris)

repeated, frequent vomiting.

o wnN

Try to not tube-feed for not more than 3—4 days. Always explain the reason to the
mother.
Try to breastfeed or feed by mouth every time and top up by nasogastric tube.

Dehydration with severe malnutrition

Dehydration from diarrhoea is common in severely wasted children. Treatment
has important differences compared to that in non-malnourished children (with
the exception of cholera).
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This section does not apply to mild diarrhoea occurring during transition from one
phase to another, which is a common event.

Assessing dehydration in malnutrition

Many of the usual signs used to assess dehydration are unreliable in severe
malnutrition. e.g. rather than being due to dehydration:

= Eyes and mouth may be dry due to atrophied lacrimal and salivary glands

= Eyes may be sunken due to loss of retro-orbital fat

= Skin turgor may be impaired due to loss of subcutaneous fat and collagen
Assume that all children with acute watery diarrhoea have some dehydration.
Assessing degree of dehydration is much more reliant on a good history:

1. history and observation of frequent watery diarrhoea
2. history of recent sinking of the eyes; the eyes appear ‘staring’

3. history of not passing urine for 12 hours (beware of being falsely ressured by
wet nappies that are in fact full of watery stool rather than urine)

4. history and observation of thirst.

The appearance of dehydration in children without watery diarrhoea, or in those with
oedema, can be caused by a toxic shock with dilatation of the blood vessels. These
patients should not be treated as if they have dehydration, but as cases of septic

shock (see later). Note that low blood volume can occur with oedema.

Oral treatment of dehydration in malnutrition

Standard WHO oral rehydration solutions (ORS) have too high a sodium content and

too low a potassium content for children with severe malnutrition.

ReSoMal (rehydration solution for malnutrition; see below) is specially formulated for

this situation.

TABLE 56.3 Composition comparison of ReSoMal, standard WHO ORS and low-

osmolarity WHO ORS

Composition ReSoMaI StandardIORS Low- osmolqrity ORS
(mmol/litre) (mmol/litre) (mmol/litre)

Glucose 125 111 75
Sodium 45 90 75
Potassium 40 20 20
Chloride 70 80 65
Citrate 7 10 10
Magnesium 3 _ _
Zinc 0.3 - _
Copper 0.045 - _
(322%'7?&':2) 300 311 245
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Children with watery diarrhoea but no dehydration

At admission, give one dose of ReSoMal orally or by nasogastric tube and start to
feed the child with the standard phase | milk diet. Feed smaller amounts more
frequently if they are vomiting. Further ReSoMal can be given after each stool or
vomit.

a. Give a 50-mL dose for children less than 2 years

b. Give 100 mL for children over 2 years

Children with watery diarrhoea and some/severe dehydration but no shock

Start rehydration with ReSoMal immediately. Give

e 5mL/kg every 30mins for the first 2 hours

e Then, if still dehydrated, give 5-10mL/kg/h ReSoMal in alternate hours, with F-
75 mil, up to a maximum of 10 hours

Zinc (10—20 mg per day) should be given to all children as soon as the duration and
severity of the episodes of diarrhoea start to reduce, thereby reducing the risk of
dehydration. By continuing supplemental zinc for 10-14 days, this will also reduce
the risk of new episodes of diarrhoea in the following 2—3 months. Note however that
WHO-recommended therapeutic foods already contain adequate zinc, and
children with severe acute malnutrition receiving F-75, F-100 or ready-to-use
therapeutic food should not therefore receive additional zinc

Completed Rehydration

Rehydration is completed when the child is alert, no longer thirsty, and is passing
urine. Eyes and fontanelle should be less sunken and skin turgor improved. (Note
that loss of sunken eyes in a severely wasted patient or the worsening of oedema
can be a sign of over-hydration.)

Standard phase 1, F75 milk diet should now be continued.

Monitoring
Treatment as described above is usually enough to restore hydration. However, be
careful, as too rapid rehydration can lead to fluid overload, causing cardiac failure
or sudden death. Malnourished children do not excrete excess sodium well.
The clinical state of the child should be reassessed every 30 minutes during the first
2 hours, and then every hour.
The best way to monitor the child is by regularly measuring their weight (hence why
digital scales weighing to the nearest 10g or 20g are especially important for
inpatient settings). This gives ‘fluid balance’ directly and accurately, without having
to measure any stool or vomit. Rehydration should be stopped immediately if:

- the body weight increases by 10% or more

- the respiratory rate or pulse rate increase

- the jugular vein becomes engorged

408



Section 56. Severe Malnutrition Dr. Marko Kerac, Dr Samuel Akech, Prof. James
Berkley, Marie McGrath, Prof. David Southall

- oedema appears or the eyelids become puffy

- the liver enlarges by more than 2 cm (mark its position on the skin with marker
pen at the onset of rehydration).
Note: It is common for malnourished children to pass many small unformed stools.

This must not be confused with profuse watery stools, and does not require fluid
replacement.

Feeding and rehydration

- Breastfeeding should continue during rehydration. Give breastfeeds before any
other feeds so as not to inadvertently interrupt the supply of breastmilk.

- Phase | diet should start immediately when the child is alert.

- If the child has had severe dehydration, feeding should start as soon as the child
is alert and the severe dehydration has been treated (2—3 hours).

Rehydration solutions
If no commercial ReSoMal is available, a suitable alternative can be made from

WHO low-osmolarity ORS by dissolving one packet in 2L of water (instead of 1 L)
and adding added 50 g sugar and 40 mL mineral mix* or one level scoop of
combined minerals and vitamins; (*See below for the recipe for the
electrolyte/mineral solution)

Formula for concentrated electrolyte/mineral solution

This is used in the preparation of starter and catch-up feeding formulas and
ReSoMal. Sachets containing pre- mixed electrolytes and minerals are produced by
some manufacturers. If these are not available or affordable, prepare the solution
(2500 mL) using the ingredients shown in Table 56.4.

TABLE 56.4 Electrolyte and mineral mixture

Constituent Grams Concentration/20 mL
Potassium chloride (KCI) 224 24 mmol
Tri-potassium citrate 81 2 mmol
Magnesium chloride 76 3 mmol
Zinc acetate 8.2 300 micromol
Copper sulphate 1.4 45 micromol

Safe clean water: make up to 2500 mL.

If available, also add selenium (0.028 grams of sodium selenate) and iodine (0.012

grams of potassium iodide) per 2500 mL.

1. Dissolve the ingredients in cooled boiled water.

2. Store the solution in sterilised bottles in the fridge to slow down deterioration.
Discard if it turns cloudy.

3. Make fresh solution each month.
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4. Add 20 mL of the concentrated electrolyte/mineral solution to each 1000 mL of
milk feed.

If it is not possible to prepare this electrolyte/mineral solution, and pre-mixed sachets

are unavailable, give potassium, magnesium and zinc separately. Make a 10% stock

solution of potassium chloride (100 grams in 1 litre of water) and a 1.5% solution of

zinc acetate (15 grams in 1 litre of water).

Emergency IV treatment of established shock in severe malnutrition

IV infusion should be administered only in the case of circulatory collapse
severe enough to reduce consciousness.

The main signs are as follows:

1. cold hands and feet with increased capillary refill time > 3 seconds

2. weak or absent radial pulse

3. diminished consciousness.

Severe dehydration and septic shock are difficult to differentiate in children with

severe malnutrition. They both present with signs of hypovolaemic shock. The

following points may help to differentiate them:

1. Eyelid retraction associated with a history of diarrhoea is a sign of severe
dehydration. The child with septic shock has eyelids that droop.

2. If the child is unconscious (or asleep) without having the eyelids together (a sign
of excess adrenaline), either dehydration or hypoglycaemia is present.

3. Superficial veins are always constricted in severe dehydration but may be dilated
in septic shock.

Treatment protocol for life-threatening dehydration with shock in severe
malnutrition

1. General principles of resuscitation, in particular providing oxygen and improving
breathing, similarly apply to children with severe acute malnutrition

2. Begin rehydration immediately, using 15 mL/kg IV fluid over 1 hour. The
recommended solution is Ringer-lactate or Hartmann’s solution, each with 5%
glucose. A better alternative, if available would be 10ml/Kg 4.5% albumin solution
as this shock is similar to that occurring in children with severe nephrotic syndrome
see Section 46).

3. Monitor every 5-10 min for signs of overhydration and signs of congestive heart
failure. If signs of overhydration and congestive heart failure develop, intravenous
therapy should be stopped immediately

If after 1 hour the child is improving but still severely dehydrated, continue
nasogastric ReSoMal 10 mL/kg/hour for up to 5 hours.

If after 1 hour the child has not improved (e.g. radial pulse is still weak), assume
that they have septic shock and treat accordingly (see below for septic shock).

Since hypoalbuminaemia is likely also to be present, 4.5% albumin 5-10 mL/kg
IV over 1 hour may also be helpful in intractable shock.
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Electrolyte problems in severe malnutrition

All severely malnourished children have deficiencies of potassium and magnesium
that may take 2 weeks or more to correct. Oedema is partly a result of these
deficiencies.

Treatment

1. Give extra potassium (3—4 mmol/kg daily).

2. Give extra magnesium (0.4—0.6 mmol/kg daily).

3. The extra potassium and magnesium are already present in commercial F-
75 and F-100 feeds, but if making from ingredients locally should be added
to the feeds during their preparation. See Table 56.3 for a recipe for a
combined electrolyte/mineral solution. Add 20 mL of this solution to 2.5 litres
of feed to supply the extra potassium and magnesium required.

4. Prepare food without adding salt.

Do not treat oedema with a diuretic; it can have fatal consequences.
Excess body sodium exists even though the plasma sodium levels may be low.

Infections in severe malnutrition: treatment and prevention

All malnourished children must be assumed to have an infection. Because
immune and inflammatory responses can be impaired in severe malnutrition,
clinical signs of infection may be entirely absent in a malnourished child even with
severe systemic infection. If untreated, this may cause mortality, morbidity and
poor weight gain.

Specific infections

Children with specific infections should receive the appropriate antibiotic
according to local guidelines.

Routine treatment of all children with no specific infection and no septic

shock

All children with severe malnutrition should routinely be given broad-spectrum

antibiotics.

The principle is to have a first-line, second and third-line treatment according to

clinical picture and local protocols.

1. First-line treatment is routinely given on admission to all severely
malnourished children. This is usually oral amoxicillin or co-trimoxazole.

2. Second-line treatment is given after 48 hours to children who do not
respond to the first-line treatment, and immediately to those with more severe
complications. This usually includes a parenteral antibiotic, although
absorption of oral ciprofloxacin and chloramphenicol is excellent, so these
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can be used orally once the child is stabilised. Some units routinely give
metronidazole 7.5 mg/kg orally 8-hourly for 7 days in addition to the above.

3. Third line antibiotics are given if still not responding and can include a
broad-spectrum cephalosporin. Some very sick and vulnerable children
warrant 3™ line antibiotics immediately on admission.

The choice of the antibiotics used in first-line and second-line treatment is based on
local guidelines, which are ideally informed by local resistance patterns. Factors such
as route of administration, availability and cost of the drugs are all relevant.

It should be a broad-spectrum antimicrobial agent, such gentamicin 7 mg/kg IV once
daily for 7 days, in combination with either ampicillin (50 mg/kg 6-hourly for 2 days
IV) then oral amoxicillin (15 mg/kg/dose 8-hourly for 5 days) or ciprofloxacin (10
mg/kg 12-hourly IV or orally for 7 days).

If the child fails to improve after 48 hours add ceftriaxone 100 mg/kg daily IV (or IM if
this is not possible). These doses are correct for children over 1 year of age, but all
doses should be checked against local guidelines, and for infants.

Septic shock: recognition
Septic shock is a very common cause of deaths in these patients. The signs are as
follows:

1. Cold hands and feet with visible subcutaneous veins and prolonged capillary refill
time, (over >3 seconds)

2. Rapid pulse (NB as a child becomes sicker this can slow and the radial pulse
may become weak or absent)
3. Diminished consciousness
4. Rapid respiratory rate:
i. 50 breaths/minute for children aged 2—12 months
ii. 40 breaths/minute for children aged 12 months to 5 years

(NB breathing can also become slow if a child is decompensating)
5. Signs of dehydration but without a history of watery diarrhoea
6. Hypothermia or hypoglycaemia
7. Poororabsent bowel sounds

Itcan be very difficult to distinguish between severe dehydration and septic shock.

Suspected septic shock: treatment

1. A broad-spectrum [V antibiotic treatment (e.g. ceftriaxone) is started
immediately.

2. Warm the child to prevent or treat hypothermia (see hypothermia below).

3. Feeding and fluid maintenance should be undertaken by nasogastric tube or
orally.

4. Close monitoring of the vital signs (pulse, respiration and conscious level) is
essential.

412



Section 56. Severe Malnutrition Dr. Marko Kerac, Dr Samuel Akech, Prof. James
Berkley, Marie McGrath, Prof. David Southall

Circulatory collapse

1.
2.

Give high-flow oxygen through a face mask with reservoir.

Give IV infusion as described above in the case of circulatory collapse due to
severe dehydration. However, as soon as the radial pulse becomes strong and the
childregains consciousness, discontinue the infusion and start the diet orally or by
nasogastric tube.

Hypothermia: prevention and treatment

Malnourished children have a low metabolic rate and have often lost their insulating
layer of subcutaneous far. The thermoneutral ambient air temperature is 28—-32°C.
At 24°C they can become hypothermic. Those with infection or extensive skin lesions
are at particular risk. A hypothermic malnourished child should always be assumed
to have septicaemia.

Signs

The signs of hypothermia are a core temperature (oral) < 35.5°C (with a low-
reading thermometer). If the axillary temperature is < 35°C or does not register,
assume hypothermia.

Routine prevention

Cover all children with clothes and blankets. They should wear a warm hat (most
heat is lost from the head).

Ensure that the mother sleeps alongside her child. Do not leave a child alone in
bed at night. Adult size beds are standard in a malnutrition unit for this reason.
For very small infants kangaroo care might also be considered

Keep the ward doors and windows closed to avoid draughts.

Avoid wet nappies, clothes or bedding.

Do not wash very ill children. Others can be washed quickly, ideally with warm
water, and dried immediately.

Make sure that the child is fed, so that metabolic heat can be produced. Ensure
that feeds occur during the night.

Avoid medical examinations which leave the child feeling cold.

Emergency treatment of hypothermia

Immediately place the child on the mother’s bare chest orabdomen (skinto skin)
and cover both of them. Give the mother a hot drink to increase her skin blood flow.
If no adult is available, clothe the child thoroughly (including the head) and putthem
nearalamporradiantheater.

Immediately treat for hypoglycaemia (see below) and thenstartnormal F75 milk
feeds

Give second or third-line antibiotics.

Monitor the temperature every 60 minutes until it is normal (> 36.5°C).

Hypoglycaemia: prevention and treatment
Severely malnourished children easily develop hypoglycaemia. This is associated
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with serious infection. If available, test blood glucose levels (< 2.5 mmol/litre), or if
they are not measurable assume that hypoglycaemia is present, especially if the
child is not alert and active.

Signs
The main clinical signs of hypoglycaemia are as follows (though note that these can
be late signs):

lethargy, limpness, loss of consciousness or convulsions
drowsiness/unconsciousness with the eyelids partly open, or retraction of the
eyelids

low body temperature

Sweating and pallor do not usually occur in this situation.

Routine prevention
« Admit to the nutrition ward promptly from the admissions unit and start feeds as

soon as possible

- Give frequent small feeds, day and night.
- Treat any infections.

Emergency treatment of hypoglycaemia
If hypoglycaemia is suspected:

1.

o

If the child can drink, give therapeutic milk (f75) or 50 mL of glucose 10%, or
50 mL of drinking water plus 10 grams of sugar (one teaspoon of sugar in 3.5
tablespoons of clean water). Follow this with the first feed as soon as possible. If
achievable, divide the first feed into four and give half-hourly. If not, give ful
F75milk feeds every 2 hours during the day and night for at least the first day.

If the child is unconscious or has convulsions: give 5mL/kg body weight of
glucose 10% IV or by the intra-osseous (IO) route, or if neither of these routes
is possible give 5mL/kg of glucose 10% or sugar solution as described above by
nasogastric tube.

Continue frequent feeding to avoid a recurrence.

Give second or third-line antibiotics.

Ifthere are convulsions other causes must be excluded, including cerebral malaria,
meningitis, encephalitis, thiamine deficiency and hypernatraemic/hyponatraemic
dehydration (especially in hot dry climates).

If blood glucose levels are available and are low, repeat the finger or heel prick
after 60 minutes.

Congestive heart failure

This is a dangerous complication that can occur, usually several days after
admission. The heart muscle is atrophic (effectively there is a cardiomyopathy).
During early recovery from severe malnutrition, sodium can be mobilised from the
tissues before the kidney recovers sufficiently to excrete the excess. All blood
transfusions must be done as soon as possible (in the first 2 days after admission)
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and should be rarely indicated.

Heart failure is usually caused by inappropriate treatment, including the following:
1. misdiagnosis of dehydration with consequent inappropriate ‘rehydration’

2. verysevere anaemia

3. overload due to blood transfusion

4. a high-sodium diet, using conventional oral rehydration solution, or excess

ReSoMal

5. inappropriate treatment that involves ‘re-feeding diarrhoea’ with rehydration
solutions.

Signs

Excess weight gain is the most reliable sign, and daily weights should be taken
for all malnourished children. Differentiate pneumonia and heart failure by weighing
the child. If their weight has increased, particularly if by more than 5%, consider heart
failure. If they have lost weight, consider pneumonia.
First sign: fast breathing:
1. 50 breaths/minute for children aged 2—12 months
2. 40 breaths/minute for children aged 12 months to 5 years.
Latersigns:
lung crepitations
respiratory distress
rapid pulse rate
engorgement of the external jugular veins
cold hands and feet
cyanosis or hypoxaemia diagnosed by pulse oximetry if available (SaO2 <
95% in air at sea level)
7. liver enlarged by > 2 cm from baseline.

SOk WON -~

Emergency treatment of congestive cardiac failure

1. Give high-flow oxygen.

2. Stopalloralintake and IV fluid.

3. The treatment of heart failure takes precedence over feeding of the child.

4. Nofluid atall should be given untilthe cardiac function improves, even if it takes
24-48 hours.

5. Give a diuretic IV, usually furosemide (1mg/kg). Thisis the only situation in
which diuretics should be used: diuretics should never be given to reduce
oedema in malnourished children.

Measles: prevention and treatment (see Section 15)
Measles is especially dangerous in severe malnutrition.

Routine prevention
All children over 6 months of age who are admitted with malnutrition should be
vaccinated against measles. This is often done weekly, but if measles is being
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transmitted locally, it should be done on admission. A second dose of vaccine
in a previously immunised child is not harmful. A second dose should be given
once recovered or at the normaltime, where the prior vaccination state is uncertain,

or the child was not vaccinated before admission.

Treatment of measles

Treatment is complicated if a child has underlying malnutrition and prognosis can we
worse so good care is important. If otherwise stable and eating well, children with
measles should ideally be treated at home in a CMAM programme. If they need
admission for complicated severe malnutrition:

1.

Isolate the individual and any suspected cases.

2. Review the vaccination status of all patients in the ward and ensure that all are
immunised.
3. Give a high a high dose (50 000 IU, 100 000 IU or 200 000 IU, depending on age)

of vitamin A on day 1, with a second and a third dose on day 2 and day 15 (or at
discharge from the programme), irrespective of the type of therapeutic food they

are receiving.
4. Treat for measles (see Section 15) as well as for malnutrition.

Micronutrient deficiencies
All children with acute malnutrition willhave these deficiencies. Commercial F-100
and RUTFs contains all of the required micronutrients in the correct amounts.

If these are not available, give a daily multivitamin supplement, and add a mineral
mix to the feeds. This should contain potassium, zinc, copper, magnesium and
ideally selenium. Premixed sachets are available, or a solution can be made. Itis
important to avoid adding iron to milk-based feeds during the first 2 weeks, and
until the child is gaining weight (RUTFs contain iron within the food, and this is safe
to use for stable children and in CMAM programmes). After2weeks, ironis added
to the F-100 feeds. In goitrous regions, potassium iodide should be added to the
mineral mixture (12mg/2500mL), or else the child should be given Lugol'siodine, 5—
10 drops per day.

Vitamin A: prevention and treatment

Routine preventive treatment

Oral vitamin A is particularly important severely malnourished children. Children
with SAM should receive about 5000 IU vitamin A daily, either as an integral part
of therapeutic foods or as part of a multi-micronutrient formulation.

Older protocols suggested giving all children high dose vitamin A on admission
but WHO 2013 guidelines state that:

e  Most children do not require a high dose of vitamin A as a supplement if they
are receiving F-75, F-100 or ready-to-use therapeutic food that comply with
WHO specifications (and therefore already contain sufficient vitamin A),
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Exceptions are:
1. Measles (as above)

2. If being given therapeutic foods that are not fortified as per WHO
specification an vitamin A is not part of other daily supplments: give high
dose of vitamin A (50 000 IU, 100 000 IU or 200 000 IU, depending on age)
on admission

3. Eye signs of vitamin A deficiency (see below)

Treatment of xerophthalmia
If a child shows signs of vitamin A deficiency (xerophthalmia) or has measles, high
dose vitamin A treatment (see chapter on vitamin A for age-dependent dosage)

If the eyes show signs of inflammation or ulceration, give the following additional

care to the affected eye(s) to prevent corneal rupture and extrusion of the lens:

1. Instill chloramphenicol or tetracycline eye drops, 2- to 3-hourly as required for
7—-10days.

2. Instill atropine eye drops, one drop three times daily for 3—5 days.

3. Cover with sterile saline-soaked eye pads.

4. Bandage the eye(s).

Note that children with vitamin A deficiency are likely to be photophobic and
have their eyes closed. Eyes must be examined very gently to prevent corneal
rupture.

Treatment of anaemia

Most malnourished children have anaemia. This is due to the many deficiencies they
have (iron, folic acid, riboflavin, pyridoxine, ascorbicacid, vitamin E, copper)and their
inability to metabolise iron. However, iron should not be given until2weeks after the
start of treatment.

Routine treatment

Folic acid

Give 5mg of folic acid on the day of admission, then 1 mg/ day thereafter (in F-100
already).

Iron

Iron should never be given during Phase | or during the transition phase. In
malnourished patients, iron is not properly metabolised andis therefore dangerous. The
freeiron enhances the production of free radicals that can damage cell walls. Excess
free iron also encourages systemic infection.

Oralironsupplementation should start 14 days after admission. Thisis bestaddedto
the F-100 milk dietata dose of one crushed tablet of ferrous sulphate (200mg) to 2
litres of therapeutic milk. Alternatively, it can be given as ferrous sulphate 3
mg/kg/day orally, which should be continued until anaemia has resolved clinically,
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orideally on blood test. It is already present in an adequate amount in RUTF.

Emergency treatment of very severe anaemia

Blood transfusion in malnourished children is potentially dangerous because it can
precipitate heart failure. There are only two indications for considering blood
transfusion, namely:

1. the child with a haemoglobin concentration of <4 grams/100mL, especially
if in shock

2. the child with signs of heart failure due to anaemia (at immediate risk of death).

Give 10 mL/kg body weight of packed cells (orwhole blood) slowly by partial exchange
transfusion. Ideally, and if this can be achieved, use a carefully and continuously
observed cannula in a vein in the antecubital fossa. First 2.5mL/kg of anaemic blood
is removed and then when 5 mL/kg of appropriately screened and cross-matched
blood is transfused. 2.5 mL/kg is again taken, and the cycle is repeated. The child is
closely monitored for signs of congestive heart failure.

If partial exchange is not possible and heart failure is present, give 10 mL/kg, ideally
as packed cells, otherwise as whole blood. Transfuse over 4 hours and give IV
furosemide 1mg/kgatthe startofthe transfusion. Monitor carefullyfor worsening heart
failure.

Dermatosis of kwashiorkor

Shedding of the skin in scales or sheets, desquamation, exfoliation, cracking of the
skin surface, and ulceration of the genital or perianal areas are all common. There
can be widespread weeping skin lesions that resemble burns.

Zinc deficiency is usual in this situation, and oral zinc supplements improve the skin
(this is already in packaged milks F75, F100 and RUTF — but if using other preparations
are being used with no mineral mix give 2 mg/kg/day of elemental zinc).

Treatment

1. Leave the exposed area open to dry during the day.

2. Apply barrier cream (zinc and castor oil ointment) or petroleum jelly or tulle gras
to the raw areas, and gentian violet or nystatin cream to the skin sores twice a
day.

3. These children should be on broad-spectrum antibiotics.

4. Do not use plastic pants or disposable nappies for these children.

Continuing diarrhoea Seealso Section 62.

Diarrhoea should subside during the first week of treatment. In the rehabilitation
phase, loose or poorly formed stools are normal and do not need treatment
provided that weight is increasing.

Treatment
Giardiasis
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Giardiasis and mucosal damage are common causes of continuingdiarrhoea.
Where possible, examine the stools by microscopy. If cysts or trophozoites of
Giardia lamblia are found, give metronidazole (7.5 mg/kg 8-hourly for 7 days). If
not detected butclinically Giardiais possible, give metronidazole anyway.

Lactose intolerance

Diarrhoea is only rarely due to lactose intolerance. Only treat for lactose intolerance

if the continuing diarrhoea is preventing general improvement. Starter F-75 is a low-

lactose feed. In exceptional cases:

1. Substitute milk feeds with yoghurt or a lactose-free infant formula.

2. Reintroduce milk feeds gradually in the rehabilitation phase.

Osmotic diarrhoea

This may be suspected if the diarrhoea worsens substantially with hyperosmolarF-75

and ceases whenthe sugar contentand osmolarity are reduced. In these cases:

1. Use a lower osmolar cereal-based starter F-75 (for the recipe, see Table 56.6) or,
if available, use a commercially preparedisotonic starter F-75.

2. Introduce catch-up F-100 gradually.

Other infections common in severely malnourished children

Intestinal parasites: treatment

Routine deworming treatment (Section 52 handbook 2) should be given to all
children over 1 yearofage, butonly once in phase Il. For children over 1 year of age,
give mebendazole 100 mg (1 tablet) twice daily for 3 days. Some countries use
albendazole 200 mg (for children aged 12—24 months) or 400 mg (for those over
24 months of age) once.

Malaria: treatment and prevention

Inendemic areas, allmalnourished children should have a rapid malaria smear or rapid
test on admission. Where this is not possible, all malnourished children should
receive antimalarial treatment according to local guidelines for the area. The
parasitaemia is usually much lower than in normal children. Ininitially smear-negative
children, there can be a recrudescence during nutritional replacement treatment, so
considermalariain children who develop fever.

Children and mothers should always sleep under impregnated nets in the wards.

Tuberculosis

In severely malnourished children, underlying tuberculosis (TB) can explain failure to
gain weight and respond to nutritional treatment. Due to a compromised immune
system, usual signs and symptoms may not be present and the diagnosis of TB is
difficult.

How to diagnose pulmonary TB where there is malnutrition
Consider TB as a possible diagnosis in any child who fails to gain weight during
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admission.

History is particularly important (e.g. someone in the household has a chronic cough
or even a diagnosis of TB — contact tracing and prophylaxis is often missed).

Note vaccine history: BCG offers protection but not complete protection against TB
infection.

The signs of TB in malnourished children are often non-specific (e.g. anorexia, failure
to thrive). Asymmetric chest signs or asymmetric lymph nodes are usually TB.
Pneumonia in malnourished children affects both lungs, and HIV gives symmetrical
lymphadenopathy.

Sputum testing is rarely available. The Mantoux test can be negative in malnutrition.
Do a chest X-ray if possible — though note this can also be falsely negative (normal).

Treatment of TB in children with severe malnutrition (see Section 51 Handbook 2)
Children with TB should not be isolated, for the following reasons:

1. Youngchildren are not a source of transmission (as itis rarely a cavitating disease)
2. Treatment quickly eliminates the risk of transmission.

3. An isolated child is stigmatised and neglected in resource-limited settings.

Usually, paediatric TB is acquired from a sputum-positive adult, so the TB
infected carer is a much higher infection risk to the ward.

Take note of the carer on the ward with cough: they should have a chest X-ray
and also be investigated for possible TB.

Malnutrition and HIV

The initial stabilisation phase and nutritional treatment of HIV-infected patients is
the same as forany other severely malnourished patient (see Section 36 Handbook
2).They follow the same dietary and initial medical treatments. Many HIV-positive
patients will respond well to the nutritional treatmentand gain weight.

Where HIV is prevalent, and particularly where there are programmes that offer
additional nutritional support, co-trimoxazole, ARV treatment, PMTCT, and
counselling on future pregnancies, there are excellent reasons for a carer to
choose to have their child identified as infected with HIV during admission.
Moreover, where active testing is routinely offered, such a policy often reduces
rather than increases stigma.

The presentation of HIV-infected children is similar to that of the uninfected,
so cannot be easily distinguished clinically. Hence testing is always key.

HIV testing should follow national guidelines. In children las than 18 months HIV
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infection is diagnosed from a positive PCR test. Positive serology test is
diagnostic in children older than 18 months All children identified as infected with
HIV (or where PCR is not available as having indeterminate status) should start
prophylactic co-trimoxazole. This has been shown to reduce long-term
mortality. Most current national guidelines also start early ARVs regardless of
clinical status, viral load or CD4 count. When exactly to start early ARV therapy in
severe malnutrition is unknown, although it is reasonable to wait until a child has
stabilized and is on phase Il feeds. Always check local HIV/ARV guidelines.

In an HIV-infected infant, or one possibly infected with HIV and presenting with
malnutrition, feeding choice should be assessed. Breastfeeding during
admission should ideally continue as this is an important source of nutrition and
protection against other infectious disease. For children who are PCR negative,
but exposed to HIV, the decision is less clear, although it will depend on the
mother’s likely viral load (check whether she is on ARV treatment), the food
security of the family, the mother’s ability to provide an alternate breast milk
substitute, and her choice. Again, always refer to local guidelines.

If the HIV-infected child is not responding well to malnutrition treatment, this
may be because of unidentified infection. Non-typhoidal salmonella (NTS) is
more common, as are organisms resistant to commonly used antibiotics. TBisa
recognised co-infection, although it may be difficult to identify. Some children do not
start gaining weight until ARV drugs are started.

On discharge it is important to ensure that the child is linked into HIV and nutrition
support programmes which the family can access, that carers are aware of the ongoing
needs of the child, and that the wider family is offered HIV testing and appropriate
support.

Dietary treatment of severe malnutrition
Phase | (Stabilisation phrase)

Objectives

To stabilise metabolic/organ function and to progressively restore electrolyte,
metabolic and physiological balance using frequent feeding of specially formulated
therapeutic milk.

Principles

Children with complicated SAM are usually anorexic, and havethinbowelwalls,
damaged metabolism,andtoomuch sodium in their bodies.

Initially they require a low-salt and low-protein diet and are unable to tolerate large
amounts of food because their stomach capacity is reduced. Therefore, an initial diet
highincarbohydrate withlowlevelsofsodiumandiron and very modest protein content

421



Section 56. Severe Malnutrition Dr. Marko Kerac, Dr Samuel Akech, Prof. James
Berkley, Marie McGrath, Prof. David Southall

is given. This leads to restoration of metabolic and physiological function but is

insufficient for weight gain (this comes later in the next phase of treatment)

1. Feeding should start as soon as possible after admission.

2. It should be divided into many small meals to stay within the absorptive and
metabolic capacity of the child and to prevent hypoglycaemia and hypothermia.

3. The child should be encouraged to eat, but not be forcedtodo so.Feeding
amalnourished child requires time and patience and carers should be cautioned
not to force feed: progress should be at the child’s own pace. Use a cup, bowl
or spoon to feed very weak children. If struggling to feed (e.g taking less than
70% of the prescribed diet), they should be fed by a nasogastric tube.

4. Always continue breastfeeding and support the mother to breastfeed. If milk
supply is poor, the supplementary suckling technique is effective in re-
establishing breastfeeding (see section on infants under 6 months).
Breastfeeding should happen BEFORE the therapeutic formula milk is given.
Note that that breastfeeding benefits for all children, not just very young infants
so should be emphasized.

The following guidance also helps:
¢ Give frequent small feeds of low osmolarity and low lactose content.

o Night feeds are essential (but ensure that the child/carer also get rest and
sleep)

Give oral or nasogastric feeds - never parenteral preparations.

Give 100 kcal/kg/day.

Protein: give 1-1.5 grams/kg/day.

Liquid: give 130mL/kg/day to all children, whether or notoedemais present.

TABLE 56.5 A recommended phase 1 feeding schedule

Days Frequency Volume/kg/ feed Volume/kg/ day
1-2 2-hourly* 11 mL 130 mL
3-5 3-hourly 16 mL 130 mL

6 onwards 4-hourly 22 mL 130 mL

* Due to the practicalities and logistics involved of making up a milk-based feed, 2
hourly feeds are only for children who are extremely sick and vulnerable. Most
children do well with 3 hourly feeds: this are more realistic and achievable for both
carers and staff. It is better to set realistic performance targets but achieve them than
be idealistic and fail.

Note also that these indicative volumes do not take account of any intake from
breastmilk.
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TABLE 56.6 VVolumes of F-75 milk per feed in phase |I.

Child’s weight (kg) | 2-hourly (mL/feed) | 3-hourly (mL/feed) | 4-hourly (mL/feed)
2.0 20 30 45
22 25 35 50
24 25 40 55
2.6 30 45 55
2.8 30 45 60
3.0 35 50 65
3.2 35 55 70
34 35 55 75
3.6 40 60 80
3.8 40 60 85
4.0 45 65 90
4.2 45 70 90
44 50 70 95
4.6 50 75 100
4.8 55 80 105
5.0 55 80 110
5.2 55 85 115
5.4 60 90 120
5.6 60 90 125
5.8 65 95 130
6.0 65 100 130
6.2 70 100 135
6.4 70 105 140
6.6 75 110 145
6.8 75 110 150
7.0 75 115 155
7.2 80 120 160
7.4 80 120 160
7.6 85 125 165
7.8 85 130 170
8.0 90 130 175
8.2 90 135 180
8.4 90 140 185
8.6 95 140 190
8.8 95 145 195
9.0 100 145 200
9.2 100 150 200
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Child’s weight (kg) | 2-hourly (mL/feed) | 3-hourly (mL/feed) | 4-hourly (mL/feed)
9.4 105 155 205
9.6 105 155 210
9.8 110 160 215
10.0 110 160 220
What food to give

Therapeutic milks are specially formulated to treat common electrolyte,
micronutrient and macronutrient imbalances and deficiencies and should be always
be used. Commercially available formula feeds, animal milks or other foods are not
appropriate and risk harm.

Therapeutic milk for phase | is called F-75 (referring to energy density per 100ml). It
comes pre-packaged as a powder in a sachet which needs to be prepared by mixing
with clean boiled water following instructions on the packet. Milk should be made up
fresh for each round of feeds rather than keeping and reheating unused milk from
a previous feed: this risks contamination and causing outbreaks of diarrheal
disease.

F-75 contains:

e  75kcal/100 mL

e 0.9 grams of protein/100 mL (around 5% of kcal provided by protein)

e grams of fat/100 mL (around 32% of kcal provided by fat)

13 grams of carbohydrate/100 mL (around 62% of kcal provided by carbohydrates).
If packaged F75 is unavailable, a ‘home’ version can be made using local ingredients
as per recipe in Table 56.7 below.

TABLE 56.7 Homemade recipes for F-75 and F-100 milks

750 F-75© F-100 @
(standard stabilization | h ik
milk) (cereal-based) (catch-up milk)
Dried skimmed milk o5 o5 80
(grams)
Sugar (grams) 100 70 50
Cereal flour _ 35 _
(grams)
Vegetable olil 27 27 60
(grams)
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F-75 (@b)
A F-75 © F-100 @
(standard stabilization I-based tch itk
milk) (cereal-based) (catch-up milk)
Electrolyte/mineral 20 20 20

solution (mL)

Water: make up to 1000 1000 1000
(mL)
Standard Composition (per 100 mL)

Energy (kcal) 75 75 100
Protein (grams) 0.9 1.1 29
Lactose (grams) 1.3 1.3 4.2

Potassium (mmol) 4.0 4.2 6.3
Sodium (mmol) 0.6 0.6 1.9
Magnesium (mmol) 0.43 0.46 0.73
Zinc (mg) 2.0 2.0 23
Copper (mg) 0.25 0.25 0.25
o,
% energy from 5 6 12
protein
% energy from fat 32 32 53
Osmolality
(mOsm/litre) 333 334 419

a8 A comparable starter formula can be made from 35 grams of whole dried milk, 100
grams of sugar, 20 grams of oil, 20 mL of electrolyte/mineral solution, and water to
make 1000 mL. If using fresh cow’s milk, take 300 mL of milk, 100 grams of sugar,
20 mL of oil, 20 mL of electrolyte/mineral solution, and water to make 1000 mL.

b Isotonic versions of F-75 (280 mOsmol/litre) are available commercially, in which
maltodextrins replace some of the sugar, and in which all of the extra nutrients
(potassium, magnesium and micronutrients) are incorporated. These are of lower
osmolarity and therefore less likely to cause osmotic diarrhoea.

€ Cook for 4 minutes. This may help children with dysentery or persistent diarrhoea.

da comparable catch-up formula can be made from 110 grams of whole dried milk,
50 grams of sugar, 30 grams of oil, 20 mL of electrolyte/mineral solution, and water
to make 1000 mL. If using fresh cow’s milk, take 880 mL of milk, 75 grams of sugar,
20 mL of oil, 20 mL of electrolyte/mineral solution, and water to make 1000 mL.

What quantity of food to give?

Give 100 kcal/kg/day. The daily number of kcal should be divided by the number of
meals given during the day (usually eight meals perday). F-75: 133 mL = 100 kcal.
Example

A child of 6 kg should receive a diet of 100 kcal/kg/day. The child will be given eight
meals of F-75.

Number of kcal/day: 100 kcal x 6kg = 600 kcal. Quantity of F-75 per day: 800mL
(798 exactly). Quantity per meal: 800/8 = 100 mL
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Do not exceed 100 kcal/kg/day in this initial phase. Diarrhoea should gradually
decrease and oedematous children should lose weight as the oedema disappears. If
diarrhoea continues, see above.

Dietary treatment in the transition phase (for a minimum of 48 hours)
Objectives:

To ensure successful transition between stabilization and rehabilitation

(since too abrupt a change in feeds can cause electrolyte and nutrient imbalances
and subsequent complications)

When to start
A child is ready for transition phase once physiological/metabolic function has
stabilized and is improving. This is indicated by:

e Active appetite (e.g. able to easily finish phase | milk / wanting more)

e  Clinical improvement (e.g. more alert, more active)

e Medical complications are under control

e Oedema beginning to subside if admitted with oedematous malnutrition (NB

it does not need to have resolved completely)

In inpatient-only treatment programmes, there used to be big pressure on inpatient
beds so there was a need to move children through treatment quickly and spend a
minimum time on each phase of treatment (e.g. minimum 1 day on phase ).

With CMAM, the children who need admission are often extremely vulnerable and
pressure on space/beds is less so there is correspondingly less need to move quickly
through the phases. More conservative approaches can be used and a child can stay
on the same phase if there is any doubt or uncertainty regarding readiness to
progress.

What food to give

In the transition phase, full-strength F-100 is given at the same frequency (every
3-4 hours) and in the same volume that was calculated for F-75 in phase I. No
other changes are needed. Other options for transition phase include:

e Slowly starting RUTF and but continuing F75 milk as in phase I. As
amount of RUTF eaten increases, so amount of F75 milk can be
reduced. Once eating a full ration of RUTF, a child is effectively on phase
Il and F75 can be stopped entirely

e Starting RUTF but stopping F75. Water must be given alongside the
RUTF. If problems eating the RUTF a child must move back to F75
phase .

Whilst there are theoretical advantages and disadvantages of each of these
regimes, the limited research that exists does not suggest any meaningful
difference between them. Which to choose depends on what works best for an
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individual ward / treatment facility.

F-100 milk is more nutrient and energy dense than F75 milk and contains:

100 kcal/100 mL

around 2.6 grams of protein/100 mL (10% of kcal provided by protein)
around 5.6 grams of fat/100 mL (50% of kcal provided by fat)

around 9.8 grams of carbohydrate (40% of kcal provided by carbohydrate).

AN

Again, there are two forms of F-100.
Commercial F-100:

As with F75, this comes pre-packaged as a powder in a sachet. Preparation involves
reconstituting with clean boiled water following instructions. As with all milks it should
be made up fresh for each round of feeds.

The commercial F-100 has a lower osmolarity to reduce ‘re-feeding’ diarrhoea in the
severely malnourished children.

Home-made F-100

This can be made fromingredients using the recipe shown in Table 56.7 above.

Dietary treatment in phase Il
Objectives
To promote catch-up growth of the child with rapid weight gain (10-20 g/kg/day).
When to start
Once a child has completed a minimum of 48hrs on transition phase and if:
e Active appetite continues (e.g. able to easily finish transition phase feeds /
wanting more)
Clinical improvement continues (e.g. more alert, more active)
e No further medical complications
Oedema continues to subside if admitted with oedematous malnutrition

(again, it does not need to have resolved completely
Principles

The child has re-established their physiological balance and should get enough food
to gain weight as quickly as possible. They are given a high-energy diet with normal
proteincontent. The intake is increased in quantity (to about 150-200 kcal/kg/day).
Reduce meal frequency from eight to six meals per day. There should be no limit on
the quantity of food given. The child is allowed to eat as much as they want but must
never be forced to eat. Breastfeeding continues. Breast milk must always be offered
before the high-energy food is given. Aim for weight gain of more than 10
grams/kg/day. Remain alert for any deterioration.

What food to give

A common diet in inpatient settings consists of F-100 milk. However, once in this
phase, clinically well and gaining weight well, other foods can be introduced — for
example:

e RUTF (in preparation for transfer to CMAM outpatient care if that is available)

e Enriched porridges (1 mL contains 1 kcal/gram) as one to two meals a day

o Enriched biscuits (useful for overnight feeding if phase Il is conducted in a day-
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care centre) or RUTF
e local meal: composed of the usual food eaten in the area; this should be enriched
in the pot with the addition of oil and CMV and sometimes DSM.

F100 and/or RUTF provide the full daily dietary requirement so should be prioritised
and give before other foods (otherwise a child will easily become full with a potentially
not so nutritious local meal)

Quantity of food to give

Dispense and offer 150-200 kcal/kg of F-100 per kg of body weight per day.
Example of calculation

A child who weighs 9 kg should receive 200 kcal x 9 = 1800 kcal per day. The child will
receive six meals per day, and each meal should provide 1800 kcal/6 = 300 kcal.
The diet is composed of six meals of F-100. The enriched porridge or family meal
is given in addition if the child wishes to take it.

F-100 (1 mL of F-100 = 1 kcal): the child should receive 300mL of F-100 per meal.

Older children and adolescents, when they are gaining weight rapidly, often do not
want the milk and demand ‘solid food’. This usually slows the rate of recovery. The
solid food should always be enriched. When developing local recipes, the weight
gain should be compared with that of children taking F-100 alone. If the weight gain is
similar, the recipe for the porridge is adequate.

Ready-to-use therapeutic foods (RUTFs)
RUTFs provide similar nutritional content to F-100, but in the form of a paste that
does not require preparation. Commercially made RUTF comes in single-use foil
sachets which can be safely stored (without refrigeration) for long periods. RUTF is
not susceptible to bacterial contamination due to its low water content. (though as
with any food it is regulated by local standards offices to ensure that no contamination
has occurred during the manufacturing process)
RUTFs must adhere to strict nutrient composition guidelines and contain:

e A peanut butter base (alternatives using chickpeas or rice are also available
but are not so common)
Vegetable oil
Dry skimmed milk
Sugar
Micronutrient mix
As with the therapeutic milks, locally made RUTF formulations are also available.

Individual child monitoring

Phase |

Being unstable and at their most vulnerable, a daily medical and nutritional round of
all the children in phase | should be done. The children should be carefully
monitored for:

o weight changes
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oedema

appetite: how the child is eating and how much is eaten

clinical state: consciousness, diarrhoea, vomiting, skin, etc.

behaviour: apathetic, alert, crying, etc.

temperature

liver size, heart rate and heart sounds.

This information should be recorded every day on an individual chart.

Very vulnerable children may need even more intense monitoring on HDU beds
located closest to the nursing station.

Phase Il
Less intense monitoring is needed in phase Il and can thus involve:
- adaily round by the nurse, who checks the general state of the child, including
whether there is oedema, nausea or vomiting, and how the child is eating
- daily weight
- a physician round undertaken once or twice a weekly if the child is stable
- height measurement fortnightly, at discharge and at final outpatient review
prior to discharge.
This information should be recorded on the individual chart.

Complications and moving back a phase

If a child develops a complication in transition phase or in phase Il, (e.g. re-feeding
diarrhoea or vomiting that requires passage of a nasogastric tube, rehydration etc),
they should return to phase | and subsequently the transition phase again. The
above treatments must never be given to children while in phase Il and taking very
large amounts of F-100 diet.

Figure 56.4 Example of a typical growth recovery chart.
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Failure to gain weight

If the child fails to gain weight they should be investigated. Weight gain is defined as
e poorifitisless than 5 grams/kg/day;

e moderate if it is 5-10 grams/kg/day;
e good if it exceeds 10 grams/kg/day;

The following are the most common reasons for failure to gain weight:

1. Food prescription or food preparation (kitchen) is incorrect and the child has not
received the right quantity of the rightfood - check what a child is getting vs what
they should be getting (including night feeds which can often be missed)

2. The child does not eat the amount of food prescribed (e.g. because they dislike
the food, or the food is being eaten by other people) > get a nurse or other staff
member to directly observe feeds.

3. There are undiagnosed acute infections (e.g. urinary tract infection, acute
respiratory infection, otitis media, mouth candidiasis, giardiasis) = re-examine,
do stool and urine microscopy; consider achest X-ray

4. There are undiagnosed, untreated chronic infections (e.g. tuberculosis, HIV) >
see previous sections re how to diagnose.

Emotional and physical stimulation

This is not an optional extra but a core part of treatment: evidence shows that
psychosocial stimulation improves both short and long term outcomes in severe
malnutrition. Nurturing care for early child development is an important aspect to
integrate into treatment. A play area should always be present on every
malnutrition/paediatric ward and should have dedicated staff to engage with carers
and children and encourage play / teach carers about simple things they can do
and toys they can make once discharged home.

A severely malnourished child is nearly always psychosocially deprived. The illness
itself makes the child unresponsive, and so they do not cry or complain. Because
mothers use a cry as the signal to give attention, these children do not receive the
attention they need to stimulate them. The neglect is not willful on the part of the
mother, but ratheritis afailure of the two-way communication between the mother and
her child.

Because they do not cry or complain, these children are often also neglected by

nurses and staff. This greatly compounds the problems associated with being in a

strange environment. It is essential to stimulate these children, particularly

the unresponsive ones. The ward should be made as much like home as

possible, and children should sleep alongside their mothers.

1. Inphase litis essential that the mother (or other carer) is present, feeds the
child, comforts them, holds them, plays with them, and talks and sings to
them.
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2. Inphase llitis important to stimulate the child to move, and to play with other
children.

Caring for carers

With clinical focus being on the sick child, the mother/carer is easily forgotten. Yet

she has a key role to play in successful treatment outcomes and ensuring her

health and mental health needs are met is vital. Key actions should include:

e Ensuring a mother is welcomed to the ward and knows: the routine; who's
who; where things are (e.g. toilet, washing, cooking facilities). Designating one
of the more experienced mothers as “ward captain” can help this settling-in
period.

e Checking maternal nutritional status (e.g. MUAC <230mm). If from a food
insecure household, she may also be eligible for feeding programme support

e  Ensuring mother is well hydrated and well fed whilst on the ward

e Asking about any health issues and referring appropriately (e.g. TB/HIV?)

e Asking about any social issues and referring appropriately (e.g. a need for
social services to support with employment issues or domestic violence issues)

e Considering the need for mental health support: depression and anxiety
are commonly associated with malnutrition and should be screened for and
treated.

Special cases

Children with underlying disability

As child survival improves, so children who might previously have died increase in

number. An important group are children with underlying disability.

Disability can lead to and/or exacerbate malnutrition:

e Decreased intake: e.g. a child with cleft palate may be unable to feed; one
with @ movement disorder might not be able to access the family plate as easily
as non-disabled siblings

e Increased nutrient loss: e.g. regurgitation/vomiting in cerebral palsy;
malabsorption syndromes (e.g. cystic fibrosis)

e Increased nutrient need: e.g. chronic infections from bedsores in bed-bound
and not mobilizing well

Malnutrition can also cause disability:

e Intimes of hunger people can often turn to unfamiliar foods with tragic results
e.g. poorly processed bitter cassava can cause a spastic paraparesis (Konzo).

e Vitamin A deficiency can lead to permanent loss of vision; vitamin D to rickets

e  Macronutrient malnutrition in childhood can predispose to NCD in later life
which in turn can lead to disability e.g. cardiovascular disease leading to
stroke.
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Figure 56.5 The interaction between nutrition and disability

Some disabilities are clinically obvious, but many are subtle and easily missed. If a
child is not responding to nutritional treatment, underlying disability must be actively
considered. A variety of screening tools (e.g. the Washington Group Child
Functioning modules https://www.washingtongroup-disability.com/question-
sets/wgunicef-child-functioning-module-cfm/) are available and could be used.
Nutrition ward staff should know about local support services for various kinds of
disabilities so that children can be referred once no longer needing inpatient care.

Management of small & nutritionally at-risk Infants aged under 6 months and
their mothers (MAMI)
Small and nutritionally at-risk infants under 6 months (uém) are increasingly being

recognized as important but often neglected group in case management.
They can be very vulnerable with high mortality risk.

Community based management of severe malnutrition treatment in infants (under 6
months of ageuém is much less developed than the CMAM model of care for older
children. WHO 2013 guidelines do recommend community-based treatment for
infants without medical complications but many national guidelines still refer all
cases for inpatient treatment. This includes those who may not be clinically unwell
but have feeding difficulties or maternal concerns or other health issues.

Admission criteria

The 2013 WHO guidelines make specific recommendations for this age group (these
are being updated in 2021/22). Current admission criteria for in infants uém are:
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o weight-for-length less than -3 Z-score, or
e presence of bilateral pitting oedema;

There is however increasing evidence to show that weight-for-age and MUAC are
more effective anthropometric indicators to identify infants uém at high risk of
mortality/morbidity but thresholds for admission to treatment have not been
universally established.

Non-anthropometric indicators, such as breastfeeding status, clinical condition, and
maternal health/wellbeing are especially important to consider. The mother-infant
dyad should always be managed together.

Infants under 6 months with severe wasting with any of the following complicating
factors should be admitted for inpatient care:
e any serious clinical condition or medical complication as outlined for
infants 6 months of age or older with severe malnutrition.
recent weight loss or failure to gain weight.
o ineffective feeding (attachment, positioning and suckling) directly
observed for 15-20 min, ideally in a supervised separated area.
any pitting oedema.
e any medical or social issue needing more detailed assessment or
intensive support

Dietary Treatment
In all infants and children admitted for inpatient treatment, it is critical to support

continuation/re-establishment of breastfeeding. The younger the child, the more
important this is.

The goal for the feeding of infants under 6 months of age is to establish, or re-
establish, effective exclusive breastfeeding by the mother or other caregiver. This
may require skilled breastfeeding support including supplementary suckling, to help
re-establish breastfeeding especially in infants under 6 months of age. Infants who
are not breastfed are particularly at risk and require careful management and follow
up.

Infants who are less than 6 months of age with severe malnutrition who are

admitted:

e should be breastfed where possible and the mothers or female caregivers
should be supported to breastfeed the infants. If an infant is not breastfed,
support should be given to the mother or female caregiver to re-lactate. If this is
not possible, wet nursing should be encouraged;

e should also be provided a supplementary feed:

- supplementary suckling approaches (see below) should, where feasible,
be prioritized.

- for infants with severe acute malnutrition but no oedema, expressed
breast milk should be given, and, where this is not possible, commercial
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(generic) infant formula or F-75 or diluted F-100 may be given, either alone
or as the supplementary feed together with breast milk;

- for infants with severe acute malnutrition and oedema, infant formula or
F-75 should be given as a supplement to breast milk.

e should not be given undiluted F-100 at any time (due to the high renal solute
load and risk of hypernatraemic dehydration);

o if there is no realistic prospect of being breastfed, should be given appropriate
and adequate replacement feeds such as commercial (generic) infant formula,
with relevant support to enable safe preparation and use, including at home
when discharged.

e assessment of the physical and mental health status of mothers or caregivers
should be promoted, and relevant treatment or support provided.

Supplementary suckling means that the infant is suckling at the breast and at the

same time is taking supplementary milk from a cup through a fine tube leading

along the nipple. The infant is nourished by the supplementary milk while the
suckling stimulates the breast to produce milk. Suckling at the breast stimulates an
increase in production of breastmilk and this provides the increased amount of feed
that the infant requires as s/he recovers and starts to gain weight. If the infant is
initially too weak to suckle, the mother should express her breastmilk and feed it by
cup or supplementer. If a mother initially finds it difficult to express the full volume of
breastmilk required, then a combination of expressed breastmilk plus
supplementary milk feed can be used. If an infant appears lethargic or is very
reluctant to suckle at the breast at all, or has oedema, then s/he should be started
on F75.

Resources have been developed in an international effort to improve case
management of small and nutritionally at-risk infants under six months and their
mothers (MAMI). While this integrated pathway of care (MAMI Care Pathway
Package) centres on community based/outpatient management, the resources can
be used to help provide skilled feeding and other supports to medically stable
infants under six months in inpatient settings. The MAMI Care Pathway is available
at: MAMI Care Pathway, v3, 2021, https://www.ennonline.net/mami/practice

The daily organisation of the activities
To organise the treatment of malnourished children, a typical schedule of activities
(e.g. care, distribution of meals) must be established. An example is given below.

TABLE 56.8 Daily organisation of activities

Time (24hr| Children in phase | and transition Children in phase Il (day care)
clock) phase
02.00 Milk distribution
05.00 Milk distribution
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Time (24hr| Children in phase | and transition Children in phase Il (day care)
clock) phase
07.00 Team changeover (day shift)
07.30 Temperatures Arrival of children
08.00 Milk distribution and drugs Milk distribution and drugs
09.00 Weight, oedema assessment Weight, oedema assessment
09.30 Mother’'s meal Medical round
10.00 Medical round Milk distribution
11.00 Milk distribution Mother’'s meal
12.00 Milk distribution and drugs
13.00 Dressings Dressings
14.00 Milk distribution and drugs
15.00 Porridge distribution
16.00 Mother’s meal Mother’'s meal
17.00 Milk distribution Milk distribution
18.00 Medical round " Eiohed biscuts for the ight
19.00 Team changeover (night shift)
20.00 Milk distribution and drugs
21.00 Close windows, wrap child
23.00 Milk distribution

Problems with the management of severe malnutrition
Ahighlevel of care is needed. The treatment of a severely malnourished child

requires intensive protocol-based care, like that for a premature neonate, with close
monitoring, some complex medical care (severe or chronic infections), a diet well
enriched in nutrients (F-100, etc.), and an emotionally stimulating, rich and
physically warm environment. The resources are almost always limited. The limited
financial resources lead to difficulty in obtaining therapeutic milks and other fortified
food, drugs and materials. Common problems and inappropriate practices include:
e  Too much sodium, energy and protein given during phase | of treatment.

¢ No distinction made between phases | and Il

e Failure to monitor food intake and lack of feeding at night.

e Lack of blankets and hats.

e No daily schedule organised.

e Diuretic given to treat oedema.

e Anaemia treated from time of admission with iron supplements.
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e Intravenous fluids given for indications other than circulatory collapse.
e Use of high-sodium diet and standard oral rehydration solution.
¢ No routine antibiotics, vitamin A or measles vaccine given.

However, if staff follow the protocols advocated by the WHO, and described above,
outcomes can improve. Staff need to be confident that they can follow the guidelines
approved for their unit, and if they are unable to do so, be able to address these deficits
in care provision. Nursing staff are often better at following the guidelines than doctors,
who may try to individualise treatment as they would for other children. The recording
charts, weight chartsand pro forma are tools that greatly help in managing these
children.

Analysis has shown that the main reasons for death are inappropriate medical
interventions, such as fluid overload from ORS, blood transfusion, and the use
of diuretics in oedema. Another reason is failure to adhere to the guidelines, due to
either a lack of resources, or a lack of understanding of the differences in the care
needs of thisgroupofchildren. Asignificantand oftenunrecognised cause of death and
relapse is inadequate discharge planning, or premature discharge.

However, perhaps the greatest problem is posed by the limited human resources on
the malnutrition ward, with an insufficient number of skilled personnel, and constant
movement of staff as soon as they are trained. The greatest resource that a unit
can have is a motivated, trained and experienced staff, who have the basic
resources to deliver the care described in this subsection.

Malnutrition key resources/further reading

WHO (main page) www.who.int/health-topics/malnutrition#tab=tab 1
WHO Child growth standards: www.who.int/tools/child-growth-standards

WHO 2013 SAM guidelines: www.who.int/publications/i/item/9789241506328
(NB A 2021/22 update is currently in progress)

Malnutrition e-learning :  www.med.soton.ac.uk/nutrition/aboutCourse.html

ENN (general resources): www.ennonline.net/

Infants Aged under 6 months www.ennonline.net/ourwork/research/mami
General Infant/young child feeding https://www.ennonline.net/ifemodule2

Q&A (variety of themes) www.en-net.org/

Feeding and Positioning manual (translated into several languages, also with videos
on how to assess anthropometry)
www.holtinternational.org/about/child-nutrition/feeding-and-positioning-manual/
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Section 57. Severe Anaemia

Introduction

Definition of anaemia

Table 57.1 gives the World Health Organization (WHO) definition of haemoglobin
concentrations below which anaemia is present at sea level.

TABLE 57.1 Lower limit of normal haemoglobin concentrations.

Age of child Haemoglobin concentration (grams/L)Haematocrit (%)
6 months to 4 years 110 33
5-11 years 115 34
12-14 years 120 36

The problem of anaemia

e |tis widespread in low- and middle-income countries.

It is common in young children under 5 years of age (42%).

More than one cause of anaemia is usually found in each anaemic child.
Genetic causes of anaemia are common.

It has significant deleterious effects on growth, health and development.

Main causes of childhood anaemia in resource-limited settings
Low birth weight:
e results in low iron and folate stores (0—2 years age group).

Dietary:

e diets tend to be low in iron

e delayed and insufficient weaning — i.e. large proportion of diet is milk beyond 6
months
poor maternal iron intake in breastfed infants
weaning on to non-fortified cow’s milk.

Infections:
-malaria (haemolysis)
-worms (see Section 52 Handbook 2) especially whipworm
(Trichuris species)
-congenital infection (CMV, rubella)
-HIV
e Genetic:
haemoglobinopathies (HbSS, thalassaemias)
e Malabsorption due to chronic gastrointestinal infection e.g.
giardiasis

The child with iron-deficiency anaemia

Clinical features of iron deficiency anaemia

e Iron deficiency causes impairment of neurocognitive development event if the
child is not overtly symptomatic.
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Often overtly asymptomatic until haemoglobin concentration is < 80grams/L.
Note this may be part of a larger picture of malnutrition so be aware of signs
and symptoms of other nutritional deficiencies
Symptoms and signs include
a. Lethargy, loss of appetite
b. Breathless on exertion when haemoglobin concentration is < 6
grams/dL.
c. Pallor:Note these signs will be different in different ethnic groups
—nail beds (the best site)
—palmar creases
conjunctiva
—mucous membranes.
d. Suboptimal growth, delayed puberty.
Pica
Profound anaemia can cause heart failure often with pulmonary
oedema and thrombosis

a0}

Investigations

The tests in bold listed below should always be done before a transfusion (to
exclude causes other than iron deficiency): though transfusion may need to be
commenced before results are available:

Haemoglobin concentration (cyanmethaemoglobin method or HemoCue B).
Haematocrit or PCV (microcentrifuge).

Malaria rapid diagnostic kit test

Blood film:

-malarial parasites

-red blood cells: hypochromia, microcytosis, anisocytosis target cells (iron
deficiency, thalassaemia)

-sickle cells

-macrocytes (folate, vitamin B12 deficiency)

-white blood cells: hypersegmented neutrophils (folate, vitamin B12 deficiency).
Mean corpuscular volume (MCV) and reticulocyte count as the two principal
criteria for the initial classification of anaemia.