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Foreword to the first
edition

Textbooks have been the mainstay of medical education for centuries.
Clearly, the development of the information superhighway via the Internet
has changed how we learn, find information, and communicate. What does
yet another paediatric textbook add to the current long list of titles?

Drs Tasker, McClure, and Acerini have conceived of and edited a new
book. It is a handbook of paediatrics that joins a stable of similar publica-
tions from Oxford University Press. There are 23 contributing editors.
Using a well-tested format for presentation, the handbook consists of 31
chapters, ranging from sections on epidemiology, evidence, and practice,
through the more traditional topics, such as nephrology and neurology,
and concluding with international health and travel, and paediatrics, eth-
ics, and the law. Each chapter follows the same format, 540 sections, fol-
lowed by bulleted points. Both signs and symptoms of illness, as well as
specific diseases are covered. Virtually all topics are limited to 1-2 pages
of important information. Tables are carefully inserted, and complement the
text. Doses of important drugs are included in the text and/or the tables.
There are a limited number of figures, but like the tables, they supplement
the text and have been carefully chosen to add clarity.

The Oxford Handbook of Paediatrics is a worthy addition to your library.
It will be particularly appealing to medical students and younger physicians,
who have learned to digest a great deal of information quickly and in an
abbreviated format. Its availability on a CD-ROM is an added and neces-
sary benefit. Drs Tasker, McClure, and Acerini have done a wonderful job
in ensuring consistency, clarity, and completeness.

Professor Howard Bauchner,

Boston University School of Medicine/Boston Medical Center,
Vice-Chair, Academic Affairs,

Editor in Chief, Archives of Disease in Childhood,

January 2008
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Preface

The first ‘boke’ of paediatrics printed in English was written by Thomas
Phaire (1510-1560), a man from East Anglia who studied medicine at
Oxford University. The book had 56 pages, measured 3 7/8 inches (9.8cm)
by 2 5/8 inches (6.7cm), and covered ‘... innumerable passions & diseases,
wherunto the bodye of man is subiecte, and as well moste commonly
the tender age of chyldren is chefely vexed and greued with these dis-
eases folowyng. Apostume of the brayne, swellyng of the head ...." In
1553, the ‘innumerable passions & diseases’ came to 39 presenting clini-
cal problems. As clinicians, we first met and worked in the heart of East
Anglia (Cambridge University) and have now collaborated with Oxford
University Press in this venture, a new handbook of paediatrics. Our simi-
larity with Thomas Phaire has not escaped us, particularly as we see the
importance of basing a text on common presenting clinical problems.

Our principal aim is to provide a compact source of information and
clinical thinking that can be used in the clinic or hospital ward, at a time
when the child is being seen. The challenge, therefore, was to distil the
content of information found in several textbooks into a conveniently
sized handbook without the loss of important information. We easily
reached the limit in pages given to us, and so we have had to be strict in
sifting out key facts crucial to clinical practice. Our intention is that the
handbook be used from the start of one’s education in paediatrics all the
way through to higher general training in the field.

We have kept with the tradition of providing content and text that
often exceeds that required by the generalist—we believe it important
for learners and readers to see the full landscape. There are spaces where
more notes can be added from lectures, other reading, and personal expe-
rience. This is intended. It means that the handbook can be made personal,
develop with you, and be used in whatever your chosen practice
hospitalist, generalist, or community and family practice. Above all, we
hope that the handbook will give you confidence to manage paediatric
clinical problems effectively and safely.

RCT
RIM
CLA
April 2012

Reference
1 Phaire T (1553). The boke of chyldren. [Reprint edited by Neale AV,
Wallis HRE (1965). Edinburgh: E&S Livingstone Ltd, Edinburgh.



Authors’ disclaimer

All reasonable efforts have been undertaken in order to ensure the accu-
racy of drug doses in this book. UK readers are advised to also consult
the British National Formulary for children (2012; see http://www.bnf.
org/bnf/index.htm)). Other readers should refer to their own regional
or national guidelines. The authors cannot be held responsible for any
errors here in.
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—-ve negative

AABR Automatic auditory brainstem response
ABC airway, breathing, circulation
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BP blood pressure
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BWS Beckwith-Wiedemann syndrome
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CA choanal atresia

CACT carnitine—acylcarnitine translocase
CAD coronary artery disease

CaSR calcium-sensing receptor

CAH congenital adrenal hyperplasia
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CAMHS child and adolescent mental health services
CBT cognitive behaviour therapy
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CD Crohn’s disease

CDD conduct disorder

CDGP constitutional delay in growth and puberty
CDH congenital diaphragmatic hernia

CDS congenital dyserthropoietic anaemia
CeO cerebral oedema
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CF cystic fibrosis

CFAM cerebral function analysis monitoring
CFRD cystic fibrosis related diabetes

CFS chronic fatigue syndrome

CFTR cystic fibrosis transmembrane receptor
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confidence interval

congenital ichthyosiform erythroderma
Creutzfeldt—Jakob disease

creatine kinase

chronic lung disease
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congenital Myasthenia gravis

chronic myeloid leukaemia
cytomegalovirus

central nervous system

carbon monoxide

coarctation of aorta
coagulase-negative staphylococci
corticotrophin-releasing factor
cerebral palsy

continuous positive airway pressure
cardiopulmonary resuscitation
carbamyl phosphate synthetase deficiency
chronic renal failure

Crying, Requires oxygen for saturation >95%, Increased
vital signs, Expression, Sleepless

chronic recurrent multifocal osteomyelitis
C-reactive protein

capillary refill time

Caesarean section

cerebrospinal fluid

continuous subcutaneous insulin infusion
convulsive status epilepticus
computerized tomography
cardiotocogram

central venous pressure

cardiovascular system

chest X-ray

cytochrome P450
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DVM
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EBM
EBV
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delayed visual maturation

deep vein thrombosis

estimated average (nutritional) requirement
expressed breast milk

Epstein—Barr virus

embryonal carcinoma

electrocardiogram

Extracorporeal life support

extracorporeal membrane oxygenation
Ehlers-Danlos syndrome
electroencephalogram

experimental event rate
enterohaemorrhagic E. coli

extremely low birth weight

enzyme-linked immunosorbent assay
electron microscopy

eye movement desensitization and reprocessing
electromyogram

early morning urine
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FHL
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FIX
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G-CSF
GCT
GDAP
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electromagentic valve

ear, nose and throat

emergency protection order

endoscopic retrograde cholangiopancreatography
Ewing’s sarcoma

erythrocyte sedimentation rate

end-stage renal failure

essential thrombocytheaemia

endotracheal tube

Fanconi’s anaemia

foreign body

full blood count

18F-fludeoxyglucose

fibrin/fibrinogen degradation products
familial erythrophagocytic lymphohistiocytosis
forced expiratory volume in 1 second

fresh frozen plasma

familial hypercholesterolaemia

familial haemophagocytic lymphohistiocytosis
fractional inspired oxygen

fluorescence in situ hybridization

factor IX

fludarabine, ara-C, and G-CSF (regime)
fragile X syndrome

functional residual capacity

focal segmental glomerulosclerosis
follicle-stimulating hormone

failure to thrive

forced vital capacity

factor V Leiden

general anaesthetic

generalized anxiety disorder

group B streptococcus

Guillain—Barré syndrome

Glasgow coma scale

granulocyte colony-stimulating factor

germ cell tumour

ganglioside-induced differentiation-associated protein
glomerular filtration rate

growth hormone
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GHIS growth hormone insensitivity syndrome

GHRH growth hormone-releasing hormore

Gl gastrointestinal

GluA glutaric aciduria

GluAD glutamic acid decarboxylase

GN glomerular nephritis

GnRH gonadotrophin-releasing hormone

GOR gastro-oesophageal reflux

GORD gastro-oesophageal reflux disease

GP general practitioner

GPI glycosylphosphatidylinositol

G6PD glucose-6-phosphate dehydrogenase

GSD glycogen storage disease

GU genitourinary

GVHD graft versus host disease

HAV hepatitis A virus

Hb haemoglobin

HBeAg hepatitis B virus e antigen

HBL hepatoblastoma

HBsAg hepatitis B surface antigen

HBV hepatitis B virus

HCC hepatocellular carcinoma

hCG human chorionic gonadotrophin

Hct haematocrit

HCV hepatitis C virus

HD haemodialysis or

HE hereditary elliptocytosis

HELLP haemolytic anaemia—elevated liver enzymes—low platelet
count

HFOV high frequency oscillatory ventilation

HH hypogonadotrophic hypogonadism

HHV6 human herpes virus 6

HIDA hepato-iminodiacetic acid

HIE hypoxic—ischaemic encephalopathy

HIH hiatus hernia

HIT heparin-induced thrombocytopenia

HIV human immunodeficiency virus

HL Hodgkin’s lymphoma

HLA human leukocyte antigen

HLH haemophagocytic lymphohistiocytosis
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hypoplastic left heart syndrome

3-hydroxy-3-methyl-CoA

hypertrophic obstructive cardiomopathy
human platelet antigen

haemoglobin electrophoresis
hypoxanthine—guanine phosphoribosyltransferase
heart rate

high resolution computerized tomography
hereditary spherocytosis

Hirschsprung’s disease

Henoch-Schoénlein purpura

herpes simplex virus

haemolytic—uraemic syndrome
homovanillic acid

insulin auto-antibody

intrapartum antibiotic prophylaxis
inflammatory bowel disease

irritable bowel syndrome

islet cell antibody

International Classification of Diseases
intracranial pressure

infant of diabetic mother
insulin-dependent diabetes mellitus

ratio of inspiratory time to expiratory time
inborn error of metabolism

inborn errors of metabolism

insulin-like growth factor
immunoglobulins

impaired glucose tolerance

idiopathic hypertrophic pyloric stenosis
idiopathic intracranial hypertension
International League of Associations for Rheumatology
intraosseous

intramuscular

inherited metabolic disease

international normalized ratio
intermittent positive pressure ventilation
immunoreactive trypsinogen

intrathecal

idiopathic thrombocytopenic purpura
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ITT insulin tolerance test

m intensive therapy unit.
U international units

IUGR intrauterine growth restriction
IUT intrauterine blood transfusion

\% intravenous

IvC inferior vena cava

IVGT intravenous glucose tolerance test
IVH intraventricular haemorrhage

VI intravenous infusion

IVIG intravenous immunoglobulin

JCA juvenile chronic arthritis

JDM juvenile dermatomyositis

JIA juvenile idiopathic arthritis

JRA juvenile rheumatoid arthritis

JVP jugular venous pressure

KS Kallmann syndrome

LBW low birth weight

LCH Langerhan’s cell histiocytosis

LDH lactate dehydrogenase

LDL low density lipoprotein

LFT liver function test

LGA large for gestational age

LH luteinizing hormone

LHRH luteinizing hormone-releasing hormone
LI lamellar ichthyosis

LIP lymphoid interstitial pneumonitis
LKM liver/kidney microsomal (antibodies)
LKS Landau-Kleffner syndrome

LMW X-linked lymphoproliferative
LOC level of consciousness

LOS lower oesophageal sphincter

LP lumbar puncture

LR likelihood ratio

LRD living related donor

LRTI lower respiratory tract infection
LS linear scleroderma

LSCS lower segment Caesarean section
LSE left sternal edge

M4Eo acute myelomonocytic leukaemia with eosinophilia
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MAS
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MCP
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MCV
MD
MDI
MDP
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MeA
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MFS
MGN
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MPH
MPS
MRD
MRI
MSbP
MSH
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microalbuminuria
mercaptoacetyltriglycine
microangiopathic haemolytic anaemia
monoamine oxidase inhibitor

mean airway pressure

meconium aspiration syndrome
medium chain acyl-CoA dehydrogenase deficiency
McCune-Albright syndrome

minimal change disease

multicystic dysplastic kidneys

mean cell haemoglobin

mean corpuscular haemoglobin concentration
metacarpal phalangeal (joint)
microscopy, culture, and sensitivity
mixed connective tissue disease
micturating cystourethrography
mean cell volume

Meckel’s diverticulum

metered dose inhaler
myeloproliferative disorder
myelodysplastic syndrome
mesenteric adentitis

mitochondrial encephalopathy—lactic acidosis and stroke-
like episodes (syndrome)

multiple endocrine neoplasia

Marfan syndrome

membranous glomerulonephritis
meta-iodo-benzylguanidine
metachromatic leucodystrophy
methylmalonic acidaemia
mycophenolate mofetil

measles, mumps, rubella (vaccination)
maturity onset diabetes of young
membranoproliferative glomerulonephritis
mid-parental height
mucopolysaccharidosis

minimal residual disease

magnetic resonance imaging
Munchausen syndrome by proxy
melanocyte-stimulating hormone
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MSU
MTHFR
MTP
MTX
NAGS
NAHI
NAI
NAIT
NC
NCStE
NEC
NF
NFCS
NG
NGT
NHL
NIMH-MTS

NIPS
NMJ
NNT
NNU
NS
NSAID
NSE
nvCJ|D
OA
OAE
OoCD
od
oD
ODD
OFC
OGTT
Ol
OMIN
oS
OSA
OSAS
oTC

midstream urine
methyltetrahydrofolate reductase
metatarsal phalangeal (joint)
methotrexate

N-acetylglutamate synthetase deficiency
non-accidental head injury
non-accidental injury

neonatal alloimmune thrombocytopenia
nasal cannula

convulsive status epilepticus

necrotizing enterocolitis
neurofibromatosis (NF1, NF2)

neonatal facial coding scale

nasogastric

nasogastric tube

non-Hodgkin’s lymphoma

National Institute of Mental Health-Multimodal Treatment
Study

Neonatal and Infant Pain Scale
neuromuscular junction

number (of patients) needed to treat
neonatal unit

Noonan syndrome

non-steroidal anti-inflammatory drug
neuron-specific enolase

new variant Creutzfeldt—Jakob disease
oesophageal atresia

otoacoustic emission
obsessive—compulsive disorder

once daily

observed difference

oppositional defiant disorder
occipitofrontal circumference

oral glucose tolerance test
osteogenesis imperfecta

Online Mendelian Inheritance in Man (database)
osteosarcoma

obstructive sleep apnoea

obstructive sleep apnoea syndrome
ornithine transcarbamylase deficiency
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p-ANCA
PANDAS

PaO,
PBSCT
PCA
PCH
PCKD
PCOS
PCP
PCR
PCV
PD
PDA
PDD
PDPE
PE
PEEP
PEFR
PEG
PET
PFA
PGE1
PHP
PHVD
PICU
PIE
PIP
PIPP
PK
PKU
PMDI
PML
PN
PNDM
PNET
PNH
PO

PP
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arterial carbon dioxide tension
perinuclear antineutrophil cytoplasmic antibody

paediatric autoimmune neuropsychiatric disorder
associated with Streptococcus

arterial oxygen tension

peripheral blood stem cell transplants
patient-controlled analgesia
paroxysmal cold haemoglobinuria
polycystic kidney disease

Polycystic ovarian syndrome
pneumocystis pneumonia

polymerase chain reaction

packed cell volume

peritoneal dialysis

patent ductus arteriosus

pervasive developmental disorder
psychologically determined paroxysmal events
pulmonary embolism

positive end-expiratory pressure

peak expiratory flow rate
polyethylene glycol

positron emission tomography

platelet function assay

prostaglandin E1
pseudohypoparathyroidism
post-haemorrhagic ventricular dilatation
paediatric intensive care unit
pulmonary interstitial emphysema
peak/positive/proximal inspiratory pressure
Premature Infant Pain Profile

pyruvate kinase

phenylketonuria

propellant metered dose inhaler
promyelocytic leukaemia

parenteral nutrition

Permanent neonatal diabetes mellitus
primitive neuroectodermal tumour
paroxysmal nocturnal haemoglobinuria
orally/by mouth

precocious puberty
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PPHN persistent pulmonary hypertension of newborn
PPI proton pump inhibitor

PPROM preterm prolonged rupture of membranes
PR rectally, per rectum

PResp parental responsibility

PriP proximal interphalangeal (joint)
PROM prolonged rupture of membranes
PSS progressive systemic sclerosis

PT prothrombin time

PTH parathyroid hormone

PTHrP PTH-related peptide

PTSD post-traumatic stress disorder
PTT partial thromboplastin time

PTV patient-triggered ventilation

PUJ pelviureteric junction

PUV posterior urethral valve

PV vaginally, per vagina

PVH periventricular haemorrhage

PVL periventricular leucomalacia
PWS Prader-Willi syndrome

qds four times a day

RA rheumatoid arthritis

RAS reflex anoxic seizures

RAST radioallergosorbent test

RBC red blood cell

RCC red cell count

RCM red blood cell mass

RCT randomized, controlled trial

RDS respiratory distress syndrome

RF rheumatoid factor

rhGH recombinant human growth hormone
RIF right iliac fossa

RMS rhabdomyosarcoma

RNP ribonucleoprotein

ROM range of movement

ROP retinopathy of prematurity

RP retinitis pigmentosa

RR respiration rate

RRR relative risk reduction

RSV respiratory syncytial virus



RTA
RV
SAA
SAD
Sa0O,
SBR
SC
SCD
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SCll
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SDH
SE
SENCO
SGA
SHBG
SIADH
SIDS
SIMV
SIPPV
SLE
SM
SMA
SMN
SN
SOB
SOS
SPA
SpO,

SR
SS
SSC
SSPE
SSRI
StE
STI
subE
SUDI
SUFE
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renal tubular acidosis

residual volume

severe aplastic anaemia

separation anxiety disorder

arterial oxygen saturation

serum bilirubin

subcutaneous

sickle cell disease

severe combined immunodeficiency

SC insulin infusion

subcortical leucomalacia

subdural haemorrhage

standard error

special educational needs co-ordinator

small for gestational age

sex hormone-binding globulin

syndrome of inappropriate antidiuretic hormone
sudden infant death syndrome

synchronized intermittent mandatory ventilation
synchronized intermittent positive pressure ventilation
systemic lupus erythematosus

sternomastoid muscle

spinal muscular atrophy or superior mesenteric artery
survival motor neuron

sensorineural

shortness of breath

self-referral of symptoms

suprapubic aspiration

pulse oximetry measurement of oxyhaemoglobin
saturation

steroid-resistant

steroid-sensitive

systemic sclerosis

subacute sclerosing panencephalitis
selective serotonin reuptake inhibitors
status epilepticus

sexually transmitted infection
subependymal

sudden unexpected death in an infant
slipped upper femoral epiphysis
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SvC superior vena cava

VT supraventricular tachycardia

T1DM type 1 diabetes mellitus

T2DM type 2 diabetes mellitus

T3 triiodothyronine

T4 thyroxine

TA tricuspid atresia

TaGVHD transfusion-associated graft versus host disease

TAPVD total anomalous pulmonary venous drainage

TAR thrombocytopenia—absent radius (syndrome)

TAT transanamastic tube

TB tuberculosis

TBI total body irradiation

TBM tuberculous meningitis

TcCO, transcutaneous carbon dioxide pressure

TcO, transcutaneous oxygen pressure

TCPL time-cycled, pressure limited

TDC thyroglossal duct cysts

TDD total digitalizing dose (for digoxin)

tds three times a day

TdT terminal deoxynucleotidy! transferase

TE expiratory time

TEC transient erythroblastopenia of childhood

TEG thromboelastogram

TEWL transepidermal water loss chapter 6

TFT thyroid function test

TH therapeutic hypothermia

Ti inspiratory time

TIBC total iron binding capacity

TLC total lung capacity

TNDM Transient neonatal diabetes mellitus

TNF tumour necrosis factor

TOF tracheo-oesophageal fistula

TORCH toxoplasmosis, others, rubella, cytomegalovirus, herpes
virus |l

TPA tissue plasminogen activator

TPN total parenteral nutrition

TPPPS Toddler—Preschooler Postoperative Pain Scale

TRAB TSH receptor antibody

TRALI transfusion-related acute lung injury
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VEGF
VDDR
VDRL
VF
VHL
VIP
VLBW
VLDL
VMA
VOD
VSAA
VSD
VT
VIQ
VUJ
VUR
vWD
VWF
\vAY%

SYMBOLS AND ABBREVIATIONS  xlvii

tuberous sclerosis complex

thyroid-stimulating hormone

toxic shock syndrome

thrombin time

tissue transglutaminase IgA antibody
transient tachypnoea of newborn
thrombotic thrombocytopenic purpura
umbilical arterial catheter

ulcerative colitis

urea and electrolytes

urine net charge

universal newborn hearing screening
urinary protein to urinary creatinine (ratio)
upper respiratory tract infection
ultrasound

ultrasound scan

urinary tract infection

umbilical vein

umbilical venous catheter

vertebral anomalies, anal atresia, cardiac malformations,
tracheo-oesophageal fistula, renal and limb anomalies

vascular endothelial growth factor
vitamin D-dependent rickets
Venereal Disease Research Laboratory (test)
ventricular fibrillation

von Hippel-Lindau (disease)
vasoactive intestinal polypeptide
very low birth weight

very low density lipoprotein
vanillylmandelic acid
vaso-occlusive

very severe aplastic anaemia
ventricular septal defect
ventricular tachycardia
ventilation—perfusion ratio
vesicoureteric junction
vesicoureteric reflux

von Willebrand’s disease

von Willebrand’s factor

varicella zoster virus
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WAGR Wilms, aniridia, gonadal dysplasia, retardation

WBC white blood cell

WCC white cell count

WG Wegener’s granulomatosis
WS Williams syndrome

XLP X-linked lymphoproliferative
YST yolk sac tumour

ZIG zoster immunoglobulin
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CHAPTER 1 Practising paediatrics

Reading and learning paediatrics

Welcome to paediatrics and child health! You will find this area of medi-
cine challenging, rewarding, and above all fun. We have written this hand-
book to help you develop as a practitioner—whether it’s in the emergency
department, inpatient wards, outpatient clinic, or family health surgery.

Six basic goals in your learning

If you are a novice in the field, you will find that every day requires new

skills, and sometimes this can seem daunting. Take heart. We hope that

this experience will provide an education in the aspects of general paediat-
rics that are important for all medical practitioners. Your curriculum goals
should be the following.

o Acquire basic knowledge of growth and development: learn about
physical, physiological, and psychosocial change from birth through to
adolescence and see how this applies to clinical practice.

o Develop communication skills: this will help you to speak to children,
adolescents, and their families.

o Become competent in physical examination of babies, infants, toddlers,
children, and adolescents.

o Learn enough core knowledge so that you can make a diagnosis and start

treatment of common acute and chronic paediatric illnesses.

Improve your clinical problem-solving skills.

Take a broader perspective and understand more about the upbringing

and health of children in modern society, and in our different

communities.

As you scan through the handbook you will see that all of the chapters
cover some aspect of these points. We hope that you will take time to
annotate particularly helpful guides and record what you have learnt.
Perhaps, with time, things will not appear quite so daunting.

What next after this foundation?

For those who are using this handbook to progress in their postgraduate
level of learning we have been more prescriptive in the next sections.
We have itemized certain objectives that are deemed essential for profes-
sional conduct, attitudes, skills, and knowledge. Use these as a checklist
and monitor your progress as you work through the handbook. Again,
most chapters cover aspects of the material that you will need.



PROFESSIONAL CONDUCT AND ATTITUDES

Professional conduct and attitudes

o Have you learnt to adapt your clinical approach to patients of all ages?
Can you communicate with the child or adolescent and family in the
clinic? What about dealing with confidentiality and privacy? (see LL
p.1038).

Can you communicate clearly and sensitively? How do you break bad
news to new parents, or to the newly-diagnosed adolescent with
chronic illness or disability? (see £l p.794).

Do you work well in a team? Do you treat each member of the team
with courtesy and recognize the contributions of each?

Are you aware of cultural, ethnic, and socio-economic factors in your
practice?

Do you have a foundation in basic ethical principles! Do you appreciate
the ethical challenges specific to paediatrics and child health? (see L
pp.1032, 1038).

3
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CHAPTER 1 Practising paediatrics

Professional skills

Interviewing (L1 Chapter 3)

o Can you obtain a complete medical history? The history of the perinatal
period, immunizations, development, diet, family and social history,
and systems review is unique to paediatrics. Can you collect this
information in a timely manner—40min in a complex case history.
You should also be able to modify the medical history depending on
the age of the child, with particular attention to the following age
groups—neonate; infant, toddler, school age, and adolescence.

Can you obtain a focused medical history? In an emergency you will need
to know what are the important questions to ask—what is going to
help you now with your treatment.

Physical examination (L Chapter 3)

o Can you complete a full physical examination of an infant, child, and
adolescent, including the observation and documentation of normal
physical findings? You should be able to do this ‘long case’ examination
in less than 10min.

e Can you carry out a problem-orientated examination? For example, in the
child with a limp: what are the important positive and negative clinical
findings?

o Are you a good observer? Do you take time to look first?

o Can you assess behaviour, neurodevelopment, and pubertal staging?

Communication

e Can you establish rapport with the patient and family? Are you able
to identify the main concerns of the patient and family? Can you
communicate information to both the patient and parent, making sure
both understand the diagnosis and treatment plan, and do you give
them the opportunity to ask questions?

e Can you write a discharge letter for the family doctor?

o Can you write a full medical summary for the medical notes?

o Can you present to colleagues a well-organized summary of your patient?
Can you communicate effectively with other health care workers,
including nurses and social workers, and explain the thought process
that led to your diagnosis and treatment?

Clinical problem solving

o Can you compile a problem list and differential diagnosis for each of the
common clinical presentations? Can you use your knowledge of key
signs and symptoms, and the frequency and prevalence of diseases at
different ages to develop a likely differential diagnosis?

e Can you make a management plan of investigations? Can you interpret
the results of commonly ordered laboratory tests, such as the full
blood count, urinalysis, and serum electrolytes, and recognize that the
normal values of some tests may vary with the age of the patient?
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Can you use the medical paediatric literature to research the diagnosis
and management of clinical problems? Can you critically appraise a
topic (i.e. patient, intervention, outcome—see Ll Chapter 2, p.16)
and decide on best evidence for treatment?

Practical procedures (L) Chapter 7)

e Do you know when certain procedures are needed (e.g. lumbar puncture,
intravenous (IV) line, nasogastric (NG) tube, etc.)?

e Can you explain these procedures to parents and children?

o Specialist trainees in paediatrics should be able to perform the procedures
in the Boxes 1.1 and 1.2.

Box 1.1 Diagnostic procedures

e Venepuncture and venous cannulation for blood sampling (2 p.203)

e Collection of blood from central lines and umbilical arterial lines
(E0 pp.204-209)

e Capillary blood sampling (EH p.202)

o Electrocardiogram (ECG)

e Lumbar puncture (LP, £ p.220)

e Suprapubic aspiration of urine (EH p.219)

e Non-invasive blood pressure (BP) measurement

o Urethral catheterization (EJ p.218)

o Urine analysis using standard bedside tests

o Blood sugar measurement using standard point-of-care glucometers

Diagnostic procedures with supervision

e Peripheral arterial cannulation (EJ p.205)

o Needle thoracentesis of pleural effusion for microbiology and
cytology

Box 1.2 Therapeutic procedures

e Bag, valve, and mask ventilation (E p.211)

e Placement of an oral airway (X p.210)

o External chest compression

e Tracheal intubation of term newborn babies (EH p.212)

e Removal and replacement of a blocked tracheotomy tube
e Percutaneous long-line insertion (EJ p.209)
e Placement of NG tube

Therapeutic procedures with supervision

o Injections: intradermal, subcutaneous (SC), intramuscular (IM), and IV
e Insertion of an intraosseous (IO) needle

o Administer surfactant

o Tracheal intubation of preterm and older child

e Chest drain insertion for pneumothorax

5
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CHAPTER 1 Practising paediatrics

Knowledge

During your reading you should consider these questions as a starting
point to the knowledge that would be expected of a junior paediatrician.

Growth (L Chapter 13)

o What are the intrauterine factors that affect growth of the foetus?

o Can you explain how growth charts are used in the longitudinal evaluation
of height, weight, and head circumference?

In particular, consider the following.

e Can you recognize abnormalities of growth that warrant further
evaluation?

e What is the significance of crossing centiles on a growth chart?

o What is the significance of discrepancies between height, weight, and
head circumference?

e What are: short stature; constitutional delay; failure to thrive; obesity;
microcephaly; and macrocephaly?

Development (L) Chapters 15, 24, and 27)

Why is following development important in clinical paediatrics?

e What are the normal changes in reflexes, tone, and posture in the
infant?

e What is the normal progression in motor milestones in the first year?

o What are the signs of cerebral palsy?

Behaviour (LJ Chapters 15, 16, and 21)

What are the typical presentations of common behavioural problems at

various developmental levels and ages?

e What are temper tantrums?

o How may somatic complaints represent psychosocial problems?

o |n what types of situations does pathology in the family contribute to
childhood behaviour problems?

Nutrition (LI Chapter 10)

o What factors contribute to the development of failure to thrive in
infancy?

o What factors contribute to the development of child obesity?

o What are the special dietary needs of children with chronic illness?

o What caloric intake is needed for normal growth in infants and small
children?

Also consider the following.

o What are the major differences between human milk and commonly
available formulas?

e What are the advantages of breastfeeding!
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Newborns (LI Chapter 6)

o What diseases are detected by neonatal blood screening?

o What important historical information, physical examination findings, and
laboratory data are needed for the differential diagnosis of the following
problems:

e jitteriness or seizures;
* jaundice;

lethargy or poor feeding;

respiratory distress;

cyanosis;

bilious vomiting;

non-bilious vomiting;

hypoglycaemia;

sepsis?

Genetics and congenital malformations
(E2) Chapters 23 and 25)

o What are the effects of teratogenic agents such as alcohol and phenytoin?
o What are the findings and implications of the common chromosomal
abnormalities:
e trisomy 21;
¢ sex chromosome abnormalities (e.g. Turner’s syndrome, fragile X
syndrome);
« other genetic disorders (cystic fibrosis, sickle cell disease)?

Common paediatric illnesses

For each of the common ‘presentations’ and ‘conditions’ in this handbook
can you review:

e cause;

o pathophysiology;

o natural history;

e presenting signs and symptoms;

o initial laboratory test and/or imaging needed for diagnosis;
o plan for initial management?

7
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CcHAPTER 2 Epidemiology, evidence, and practice

Introduction

The aim of this chapter is to provide the epidemiological information that

we find useful in supporting our every-day clinical practice. You may have

read an article and need a quick reference. Alternatively, you may want to

examine some data published in a report and apply it to your work. Asking

questions is a skill that you, the clinician, should develop. It is important to

ask questions that fall into two main categories:

e Those that define the burden of disease: i.e. what, who, where, and
when questions.

o Those that understand or search for the cause of childhood disease:
i.e. why, and how questions.

The answers to these questions will require the use of numerical reason-
ing and statistics. In your professional development you should seek an
understanding of:

o Quantifying disease in populations.

o Research design, methodology, and implementation.

o Basic statistical tests and their interpretation.

o Clinical guidelines, systematic reviews and meta-analyses.

o Critical appraisal of the literature.

This chapter will highlight some of these areas. Other texts should be read
for a fuller account of statistics and evidence-based medicine.

Descriptions in populations

Measurements

o Prevalence: the proportion of a study population who have a disease
at one instant, or period in time. This number includes both new and
old cases.

e Incidence: the proportion of people in a study population who develop
a new condition or diagnosis.

Mortality rates

o Still birth: an infant born after the 24th week of pregnancy who does
not, at any time after being born, breathe or show any other sign of
life.

o Perinatal mortality: still births plus deaths in first week of life.

o Infant mortality: deaths from birth to 1yr.

o Post-neonatal mortality: deaths from 4wks of age to 1yr.

o Under 5-yr-old mortality: deaths from birth to under 5Syrs.
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Summary of study designs

Here are the common types of clinical study that you will read about.

Experimental study

e Randomized controlled trial (RCT): this is the gold-standard of clinical
intervention studies. These studies assign subjects to receive treatment
or no treatment. The RCT provides the best evidence for causation

o Quasi-experimental: other studies with an intervention and
measurement of an outcome

Observational study
In populations

These are descriptive studies and can, at best, provide an ecological
correlation

In individuals

These studies can be descriptive, as in case series; or they can be analytical,
as in case-control, cohort, and cross-sectional studies.

o Case-series (retrospective) review: these studies are essentially reviews
of practice or uncontrolled treatment in a defined patient group.
Case-control (retrospective) study: these studies have cases that are
defined by their disease, and controls that do not have disease.
Typically, cases are compared with controls, but there is considerable
potential for bias. This type of evidence for causation is weak.

Cohort (prospective) study: these studies observe, over time, the effect
of exposure to a risk factor or disease in a study cohort and a suitable
control group not exposed to the factor or disease. Population studies
can be used to define incidence and they provide stronger evidence of
causation.

Cross-sectional study: these studies examine, at the same time, an
outcome or disease, and the presence of a risk factor. Cross-sectional
studies can be used to define prevalence.
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Levels of evidence

Evidence-based medicine is a method used for guiding clinical decision-
making based on critically analysed information. There are now standard
texts for this discipline. These approaches, however, are now common-
place and the clinician should be aware of the types of information that
are available:

Systematic reviews

A systematic review is a summary of the medical literature that uses a
standardized methodology for searching databases, appraising the content
of individual studies, and synthesizing all the data in a coherent and statisti-
cally rigorous manner. When this process involves quantitative data then
it could be called a ‘meta-analysis’.

Guidelines

A clinical guideline is a series of systematically developed statements that
are used to assist clinical decisions. Guidelines should provide a summary
of the evidence (quality and level) on which the statements are based, and
an instruction on applying the evidence in practice.

Expert opinions
In areas where there is little in the way of systematic or high-quality data,
one may have to resort to the advice of a panel of experts. The approach
can be systematized with a technique called the ‘Delphi’ approach. In this
iterative process one brings together a panel of experts who each assign a
score (0-9) to statements about practice, management or care. The proc-
ess continues with changes to statements until consensus is achieved. Each
step, for acceptance or rejection, has strict criteria.

The GRADE (GRades of recommendation, Assessment, Development,
and Evaluation) system for presenting ‘Quality of Evidence’ (Table 2.1):

Table 2.1 The GRADE system for presenting ‘Quality of Evidence’

Quality rating Underlying methodology

High Randomized controlled trials (RCT) yielding
consistent and directly applicable results, or well-done
observational studies yielding large effects

Moderate o RCT with important limitations, or well-done
observational studies with yielding large effects

Low Well-done observational studies, or RCTs with serious
limitations

Very low Poorly controlled observational studies and unsystematic

clinical observations such as case series, or case reports
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Basics of statistics

In the following section we describe the terms and tests that we often
refer to when assessing as study.

Commonly used term

o Significance (o) level of a statistical test: often set at 5% (0.05), this is
the probability of finding a statistical association by chance alone when
there really is no association.

o Power (1-3) of a statistical test: often 80% (0.80), the probability of
finding a statistical association when there is one.

o Sample size: the number of subjects needed in a clinical study to

achieve a sufficiently high power and low «, in order to obtain a result

that is of value clinically.

P-value: this value quantifies the probability of a finding by chance

alone. If the P-value is less than the preset «, then the finding is

considered not due to chance.

o Confidence interval (Cl): often set at 95% probability: the interval where
there is 95% chance of finding the true value.

o Relative risk: this value is the ratio of incidence of disease among
people with a risk factor to the incidence of disease among people
without the risk factor.

o (Odds ratio: in case-control studies, the ratio of odds of having the
risk factor in people with disease to odds of having the risk factor in
people without the disease.

The hypothesis test for the difference between two
proportions

There will be instances where you want to re-analyse some data that have
been presented (see Table 2.2)

Table 2.2 Frequency table to display data

Feature Group 1 Group 2 Total

Present A B A+B
U oo o b

Totalpatients ~ A+C=n; B+D=n,  A+B+C+D=ns+n,

When a comparison is being made, you need:

o An estimate of the 95% Cl in each group: in small series (n < 100) you
should consult standard tables. When the proportion is zero (i.e. 0/n),
where n <100, use the ‘rule-of-3’ to calculate the upper limit of the
95% Cl, i.e. upper limit = 3/n.

Then draw a 2 x 2 frequency table to display the data (see Table 2.2).
The observed difference (OD) in the proportions with the feature,
between groups 1 and 2: OD = A/n, — B/n,.

The proportion (p) in both groups combined: p = (A + B)/(n; + n,).
The standard error (SE) of the difference between the two proportions

is: SE= /p{1=p) (1/n,+1/n,).
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o Difference in sample proportions will be normally distributed with mean 0.

o To calculate the observed difference in SE units away from
hypothesized difference of zero: OD/SE.

o Exact level of significance can be read from the table of the normal
distribution.

Assessing the validity of an RCT

Calculate the number of patients that you need to treat (NNT) with the

experimental therapy in order to prevent one additional bad outcome,

as follows:

o Relative risk reduction (RRR): RRR = (CER — EER)/CER, where CER is
the control event rate, and EER is the experimental event rate.

o Absolute risk reduction (ARR): ARR = CER — EER.

o Number needed to treat: NNT = 1/ARR

o The 95% Cl on a NNT — 1/limits on the Cl of its ARR: £ 1.96/CER x
(1= CER)/n; + EER x (1 — EER)/n, where n, is the number of controls
and n, the number treated.

Measurements for evaluating a clinical test
When you want to know whether a test will affect management, assess
the importance of the study in diagnostic terms (see Table 2.3).

Table 2.3 Assessing the importance of a study in diagnostic terms

Disease status

Test result Positive Negative
Positive A (true positive) B (false positive)
Negative ¢ C (false negative) | D (true negative)

o Sensitivity: the proportion of all diseased who have positive (+ve) test
(use Table 2.3) = A/(A + C).

o Specificity: proportion of all non-diseased who have a negative (—ve)
test = D/(B + D).

e Positive predictive value: proportion of all those with +ve tests who

truly have disease = A/(A + B).

Negative predictive value: proportion of all those with —ve tests who

truly do not have disease = D/(C + D).

Likelihood ratio (LR) positive: ability of a +ve test result to confirm

disease status = Sensitivity/(1-specificity).

LR negative: ability of a —ve test result to confirm non-diseased status =

Specificity/(1-sensitivity).

o Pre-test probability or prevalence = (A + C)/(A+ B + C + D).

o Pre-test-odds = prevalence/(1-prevalence).

o Post-test odds = Pre-test odds x LR.

o Post-test probability = Post-test odds/(Post-test odds + 1).

Having analysed the data, ask ‘Will the change from pre-test probability
(prevalence) to post-test probability make a difference?
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Training and special knowledge skills

During clinical practice, as a postgraduate trainee or an undergraduate

medical student, there are many opportunities to demonstrate your ability

and skills at approaching common questions at the core of paediatrics and

child health. We suggest that writing a report will often help to clarify your

thoughts. The format should follow this sequence:

o |dentify the problem you want to address.

o Define a structured question.

o Find the best evidence using original primary studies or evidence
summaries.

o Ask yourself ‘how valid is the evidence?”

e Summarize the results.

e Then ask, ‘how should | apply the results to patient care?

The following format for critically appraising a topic can be used as a
guide—the word lengths are approximate:

Clinical setting (~150 words)

Give a description of the clinical setting that gave rise to your question for
critical appraisal (e.g. where you saw the patient, what interested you?).

A structured question (a sentence)

Your question should demonstrate that you have thought about specific
knowledge which relates to managing patients. It will have four essential
components:

o A [patient] or [problem].

e An [intervention].

o A comparison [intervention] if relevant.

o A clinical [outcome].

For example, in a wheezing child, admitted to hospital with bronchiolitis
[patient], treatment with nebulized salbutamol [intervention] reduces the
duration of oxygen therapy and hospital admission [outcomes].

A brief report of search methods (3 sentences)

List in order the sources of information you have used:

e Secondary sources.

e Systematic reviews (Cochrane Library see [ p.18).

o Primary research (PubMed query using MeSH ‘subject headings’).

o Search results: have you identified any papers as being relevant to your
question.
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A structured summary of search results (use a table)

Using the information you have gained from reading the papers you identi-
fied construct a table listing:

o The citation.

o The type of study.

e The outcome or endpoint of the study.

o The key result.

e Your personal comments.

Commentary on the papers listed in your table (300 words)
Write two paragraphs that draw together your knowledge and insights
on the subject.

Your clinical message or bottom line (50 words)

Have an answer to your question and what you will do in your practice.
Also, set a review date when you we review this topic.

References
Incorporate a list of all of the references.

The final length of your written report should be 500-600 words. Some
medical journals will accept these items for publication.

Practice point

You will find it helpful to present the results of your appraised topic
to your colleagues. We suggest that you do this with no more than 10
presentation slides (see Table 2.4).

Table 2.4 Suggested presentation slides

Slide Content

! The clinical setting

2 Your StrUCtUré'[‘j"('l‘l;l‘estiOn """"""
g .The search strategy """"""
45andé .YOUI” findings %&Fesults """"""
! A summary

el s .How this evid"ence applies to your'

patient or problem

17
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Useful websites and resources

Useful synopses and syntheses of the medical literature:

e Cochrane Database of Systematic Reviews: covers a broad range of
disciplines examining therapy and prevention. Available at: R http:/
www.cochrane.org/index.htm

e Database of Abstracts of Reviews of Effects (DARE): covers all disciplines
and concentrates on therapy and prevention. Available at: S http:/
www.york.ac.uk/inst/crd/crddatabases.htm

e Bandolier: useful for primary care. Available at: R http://www.
medicine.ox.ac.uk/bandolier

Primary sources of the medical literature that give access to reports of

studies:

o MEDLINE has lots of primary studies across all disciplines and areas of
research which is free through PubMed. Available at: S http://www.
ncbi.nlm.nih.gov/pubmed

o GOOGLE Scholar: when all else fails—you can’t remember the right
search term to use or the type of study—the fastest way to find high-
impact studies that have recently made the headlines. Available at:

R http://scholar.google.com

References
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Communication skills

Skill at communication is central to paediatric medical practice. In time you
will develop the following abilities and traits.

Personal

o Courtesy to families, colleagues, and members of the multidisciplinary
team.

o Patience and sensitivity in your communication with children and their
families.

e Empathy with children, young people, and their families experiencing
difficulty and distress.

e Insight into personal limitations and when help should be sought in
managing sensitive and complex situations.

Professional

See also L pp.575-576, 794, 1005, 1034—1035.

o Understand how to manage consultations with babies, young children,
adolescents, and their families effectively.

e Learn how to listen to children and young people, i.e. hear their needs,
respect their views, and respond in an age-appropriate manner where
the child is feeling vulnerable.

o Develop an effective way of communicating information about a
diagnosis, prognosis, or emotional issue to children, young people,
families.

e Know when and what assistance is required when communicating with
children and families who unable to speak or understand English.

o Learn what information is appropriate to share with children based on
their physical and mental maturity.
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Taking a paediatric history:
introduction

This section provides a system for reviewing the full paediatric medical
history and examination. With experience, there are short-cuts, but it is
wise for newcomers to the field to be thorough. As you become more
adept, develop your own style and process—the key point is do not miss
important information. When you write-up notes, record the important
+ve and —ve findings and observations. Remember, these are a form of
communication—between you and your colleagues, or for you at a later
date—they should be legible, clear, and logical, and written in black ink.

Practice point

Always record:

e Date and time when you undertook the consultation
e Who was present

e Who gave the history

21
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The presenting complaint

There are over 100 ways in which the human body can respond to illness
or disease. To the clinician, the presenting complaint may be a symptom, a
sign, a finding, or a laboratory abnormality. If it is not clear to you what the
problem is then ask yourself or the patient/carer ‘Why has this child, and
their family, sought medical attention now?’ Record the patient or parent’s
description of the problem.

Box 3.1 lists, in alphabetical order, a selection of common paediatric
symptoms and problems. A more detailed account of these complaints
can be found in the chapters indexed, and the reader should refer to these
sections (see Box 3.1).
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Box 3.1 Common paediatric symptoms and problems

e Abdominal mass and abdominal pain, Edl pp.310, 351, 668, 845
e Anaemia, EX pp.192, 610-629

e Anaphylaxis, [ p.64

e Antisocial behaviour, £ p.598

e Apnoea, [1J p.48

o Ataxia, L p.524

e Attention deficit and hyperkinesis, EJ p.600

o Bleeding, bruising, or purpura, E p.632
Breathlessness, EL] p.258

Coma and head injury, [ld pp.72-79
Constipation, L pp.304, 306

Cough (acute, chronic), £ p.257

Cyanosis, EL pp.60-63, 226

Dehydration, EL p.90

Developmental delay, LL p.564

Diarrhoea (acute, chronic), EX pp.302-305

Ear pain or discharge, L1 p.900-901

Electrolyte disturbance, £ p.89-93

Failure to thrive, L p.308

Fatigue (chronic), £ p.990

Fever and febrile neutropenia, £l pp.682-683, 696702
Headache, [ pp.516-518

Hypotonia, [ pp.136, 538

e Joint pain, limp, El pp.734-737

e Lymphadenopathy, £ p.654

e Oedema, L] pp.138, 226

e Polyuria and urinary frequency, LX p.350

o Rash, L1 p.806

o Red eye, [ p.890

o School performance (poor), EH pp.986, 991

o Seizures and status epilepticus, L pp.80, 134, 505
e Shock, L1 pp.54-58, 65

o Sleep disturbance, L p.279

e Sore throat, 1 p.282

e Stature (short, tall), I pp.466, 474

e Stridor, [ p.256

e Vomiting, L1 p.300

o Walking (delayed), £ p.564

o Wheeze, [l p.255

e White blood cell count (abnormal), EJ pp.608, 626, 656—659, 724
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History of present illness

Once you have established the presenting problem you will need to

answer the following questions:

o When did the current problem start. What was it like?

o Has the problem changed at all? If so, when and in what way?

o Has the patient sought medical attention before now? If so, what
investigations have been done so far? What treatments have been
tried?

o Ask specifically about current state: eating, drinking, passing urine,
stool, acting their normal self, and vomiting.
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Past health history

On reviewing the child’s past health history there are five areas that should
be covered by your questioning. It is important to consider and record at
least those that relate to the current health problem.

Prenatal history

o How many pregnancies has mother had; what were the outcomes?

o What was the length of the pregnancy with this child?

o Were there any complications during the pregnancy, such as abnormal
bleeding, illness, or infection?

o Did the mother take any medication during pregnancy?

Birth history

o What was this child’s gestation at birth and what was the weight?
e How long was labour?

e Was there maternal fever or premature rupture of membranes?
o Was any intervention required at delivery?

Neonatal period

o Did the child have any neonatal problems, e.g. jaundice, cyanosis, or
respiratory distress?

e Was vitamin K given?

o Was the baby treated on the special care baby unit?

o When did the baby and mother go home?

Child development

o When did the baby achieve key developmental milestones, e.g. smiling,
rolling over, sitting unaided, standing, speaking, and toileting skills?

o How well has the child grown in weight and length/height?

o Have there been any concerns about development, vision, hearing?

Immunization

What immunizations has the child had? Start from birth and review the
date when each was given, as well as what was given. If any immuniza-
tions have been missed or omitted, identify any reasons, e.g. was the child
unwell?

Past medical history

In this part of the history you will need to find out about past visits to the

doctor and any admissions to hospital that the child has had.

o Childhood illness and infections: What infections and illnesses has the
child had? Does the child have asthma, diabetes, epilepsy?

o [s the child on any medication? Why? Are there any allergies? Which?

o Surgical procedures and investigations: What, if anything, has been done
in the past?

o |s the child seeing another clinician? What for?
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Symptom review

If you haven’t done so already, you need to find out about the child’s
general condition. Do they feel unwell, tired, or fatigued? The following
list of questions can be used for further review, although it is not exhaus-
tive. Some of these questions will have been covered in your assessment
of the presenting problem, so there is no point repeating them. However,
it is important that you tailor this part of the history to issues you think
relevant to the child’s condition—particularly when you suspect multisys-
tem disease.

Head
Is there a history of injury, headaches, or infection?

Eyes
o How good is visual acuity—are glasses needed?
o |s there a history of infection, injury, or surgery?

Ear, nose, and throat

e |s there a problem with hearing or balance?

o |s there a history of ear infection or discharge?
o |s there any difficulty with breathing?

o |s there a history of nasal discharge, snoring, or bleeding?

o Are there any enlarged lumps or glands?

o |s there a history of sore throat, dental problems, or mouth ulcers?

Chest

o |s there any limitation to exercise?

o Is there a history of cough, wheeze, chest pain, or haemoptysis?
o Has there been any exposure to tuberculosis?

o Has the child ever had a chest X-ray (CXR)?

o Are there any smokers in the family?

o Are there any smoke-free zones in the family accommodation?

Heart

o |s there a history of heart murmur or rheumatic fever in the patient or
family?

o |s there a history of dyspnoea, orthopnoea, chest pain, or cyanosis?

Gastrointestinal

e How good is the child’s appetite?

o Have there been any recent changes in weight, food tolerance, or
bowel movements?

o Has there been any rectal bleeding?
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Genitourinary

e [s there a history of infection?

e How frequent is urination?

o |s there any dysuria, or haematuria, or discharge?
o |s there a history of bedwetting?

e What was the age of menarche?

Joints, limbs, and tissue

o |s there any pain?

o [s there swelling or limitation in movement?
o |s there muscle weakness?

o [s there any difficulty walking or a limp?

Nervous system

Is there a history of fits, faints, or funny turns?

Is there a history of febrile seizures?

Are there any abnormal involuntary movements or tremors?

How has the child being doing at school—has there been a recent
change that has concerned the teachers or the family?

o [s there a history of hyperactivity?

Skin
o |s there a rash?
o Are there any birthmarks or unusual marks on the skin?
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Family history

In paediatrics, the family history is one of the most important components

of the history:

o Ages of parents and siblings: you will need to be able to draw the family
tree. Include the whole extended family with ages.

o |llness in the family: does anyone have a history of seizures, asthma,
cancer, heart disease, tuberculosis, or any other medical condition?
What was the age of onset and the medical advice so far?

o Death in the family: have there been any deaths in the family? What
was the cause and age at death? Were any in infancy or childhood?

o Social history: where and how does the family live? What are the
occupations of the family members? Are there any pets?

Practice point

Draw a family tree to assist your note-taking, and identification of key
family and social history information

Examining a child: introduction

The physical examination of a child is one of the hardest parts of the
doctor—patient interaction. You will need to have gained the confidence
of the family and the child if you are to get the information that you
require. How you approach the family (and how you communicate with
them) throughout the interaction will be picked up by the child. In fact,
a child may decide very early into the interview whether you've gained
their confidence, and whether or not they will let you examine them. No
amount of coercing will improve the situation—the parent will often be
your advocate and do the convincing for you. It is therefore very worth-
while investing in the art of communication—how to talk with toddlers to
teenagers and how to speak effectively with parents of sick children.

The following description is not meant to be prescriptive. There is
much overlap between the different systems and you will have to decide
on when, and in what order, you do things. For example, the tongue is
assessed in the respiratory, cardiovascular, and Gl systems—just look at
it once!
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General condition

o State of health: make a note of the child’s general appearance. Is there
any evidence of chronic illness? Make an assessment of their mental
state: is their behaviour appropriate. Does the child interact with the
parents? Is the child alert, tired, lethargic, or uncomfortable?

Height, weight, and head circumference: these measurements are often
made before you see the child. Acquaint yourself with how they are
done in the clinic or on the paediatric ward. Certain measurements,
e.g. the head occipitofrontal circumference (OFC), you will want to
do yourself. In a growth clinic, length or height measurements are best
done by the auxologist.

Hydration: capillary refill, mucous membranes, anterior fontanelle,
sunken eyes, skin turgor, and pulse.

Practice point

e In those under 2yrs old, obtain a length measurement using a table
stadiometer. In older children, height can be measured standing

o Weigh the child unclothed

o Measure the head OFC at the maximum point of the occipital
protuberance posteriorly and at the mid-forehead anteriorly

e Each of these measurements should be plotted on standard charts
and the centiles recorded with the raw data
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Vital signs

See also [ p.37. See Tables 3.1 and 3.2 for normal values of respiratory

rate, heart rate (HR), and BP at different ages.

o Temperature: there are various ways in which the body temperature

can be measured. Different units use different methods:

« an electronic thermometer in the axilla;

* a chemical dot thermometer in the axilla; or

« an infrared tympanic thermometer L1 p.696.

A sick child could have a high, or abnormally low, temperature.

Pulse rate: the pulse rate should be assessed from the radial pulse. (In

the younger child you may find it easier to use brachial pulse.) Assess

the rate, character, and rhythm at the radial pulse.

o Respiratory rate: in the older child you can observe the chest and
count the number of breaths/min. Breaks or pauses in breathing that
last longer than 15s are abnormal. In the infant, count abdominal
movements over 1min, if you find it is easier to see diaphragmatic,
rather than chest wall movement.

o BP: measurement is commonly performed using an automated
method with BP displayed on-screen. It is important that the size and
width of the cuff is appropriate for the size of limb in which pressure
is being measured. It should cover 50-75% of the upper arm or
thigh. A single measurement is required in most cases, but if heart
disease is suspected, 4-limb measurements are needed. If considering
hypertension, a standard technique is required; plot observations on
BP centile charts.

Table 3.1 Normal values of respiratory rate and heart rate at different

ages

Age Respiratory rate (breaths/min) Heart rate (beats/min)
0-6mths 30-50 120-140
e-tamths 2040 95-120
1;5yrs” e300 90-110
etoys 1825 80-100
>toys 1225 60-100

Table 3.2 Normal values of blood pressure at different ages

Age BP, mean (mmHg) BP range, 90% (mmHg)
0-6yrs 95/65 80/50-115/80
10yrs 110/70 90/55-130/85

15yrs 120/75 110/60-145/90
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Respiratory system

See also [ p.254.

e Lips and buccal mucosa: what is the colour of the mucous membranes
and lips? Is the tongue in good condition? What is its colour? Are there
any plaques, white patches, or spots?

Oropharynx: what is the colour and size of the tonsils? Is there an
exudate? What is the shape of the palate, uvula, and posterior
pharynx?

Chest: what is the shape of the chest? Are there scars or deformity?
What is the position of the trachea? What is the chest like on
percussion? (hyperresonant or dull Where?)

Breathing: are there any signs of respiratory distress. Is there nasal
flaring, intercostals, subcostal, and sternal recession, use of accessory
muscles, forced expiration, grunting, or tracheal tug? Is there an
audible noise during inspiration or expiration?

o Auscultation of the lungs: listen for breath sounds in all regions of the
chest. Evaluate inspiration and expiration. In the crying child you will
still be able to listen during inspiration. Are there any fine crackles,
rhonchi, or wheezes? Is there a pleural friction rub?

Ears: the child will need to be positioned correctly for this part of
the examination. It is often easier to have the child sitting on the
mother’s lap; one of her arms should be held around the upper body,
and with the other arm she should place her hand against the side of
the child’s head so that it is held firm against her. Is there evidence of
otitis externa? Is there a rash in the post-auricular area (a feature of
dermatitis, measles, and rubella)? On otoscopy, check the state of the
tympanic membrane. What is its colour and degree of lucency? Is it
perforated, or is there a myringotomy tube present?

Nose: is there discharge? Can the child breathe through each nostril?

Practice point

You should also consider the following as additional features essential to
the respiratory examination:

e Sputum pot contents

o Peak flow rate measurement and assessment in relation to height

o Inhaler technique in those using such devices

o Evidence of previous tracheotomy or use of current one

You should be able to recognize the following patterns of abnormal
signs:

e Consolidation

o Collapse or removal of a lung

o Pleural effusion

e Pneumothorax

o Airflow obstruction

e Bronchiectasis
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Cardiovascular system

o Colour and cyanosis (see LI respiratory system, pp.55, 60, 254):
examine the colour of the sclerae and conjunctivae.

o Teeth: assess the number and condition of the teeth.

o Clubbing: assess fingers and toes. Is there any peripheral oedema?

o Pulses and rhythm: compare the strength of the femoral and right
brachial pulse. Pulse rate varies with the phase of respiration. It
increases with inspiration and decreases with expiration.

o Chest: identify the position of the apex beat and consider whether it
is displaced. In young children (<7yrs) it will be in the 4th intercostal
space, to the left of the mid-clavicular line, on the left. In the child
older than 7yrs, it will be in the 5th to 6th intercostal spaces. If it is not
palpable, check the right side to exclude dextrocardia. Can you feel
any other pulsations, heaves, or vibrations in the chest wall?

o Murmurs: auscultate the heart with the child in the sitting and supine
positions. Listen over the whole precordium—the apex, the 2nd
intercostal space to the left of the sternum (pulmonary valve area), the
2nd intercostal space to the right of the sternum (aortic valve area),
and the 4th intercostal space over the sternum (tricuspid valve area).
Listen to the heart sounds in each of these areas. Are the sounds
muffled and suggestive of pericardial fluid? In the pulmonary valve
area, is the second heart sound split during inspiration? (Fixed splitting
is found with atrial septal defect.) At the apex, is a third heart sound
present, indicating mitral valve prolapse or atrial septal defect? Is there
a gallop rhythm of congestive heart failure?

Murmurs (see [LJ pp.228-231)

Now listen for added noises during the cardiac cycle. If there is one,
then it should be described according to:

e Loudness: grade | to VI

o Timing in the cardiac cycle:

* diastolic or systolic

* early, mid, or late

Pitch: high or low

Quality: blowing, musical, or rough

Location where best heard: apex, pulmonary, aortic, or left sternal
Radiation: where, if anywhere, does the noise transmit across the
chest? Listen to the back
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Gastrointestinal system

For hands, mouth, tongue, and eyes see respiratory and cardiovascular
systems (EHl pp.50, 254). Assess whether the child is jaundiced.

Abdomen

The child needs to be relaxed and positioned supine, with the knees bent
and hands by the sides.

o Look at the shape of the abdomen: is it distended? Is the umbilicus
everted?

Does the abdominal wall move? Is the child in pain? Is peristalsis visible?
Let the child know that you are going to touch the abdomen: they should
be free to tell you if it hurts. Do not hurt the child. First auscultate for
bowel sounds, and then percuss in your assessment of hepatomegaly
and ascites. In the right mid-clavicular line an enlarged liver extends
more than 2cm below the costal margin. The normal span of the
liver—between its upper and lower margins—is shown in Table 3.3.
Palpate the abdomen and check for any tenderness before assessing
rebound: palpate for masses during inspiration and deep expiration.
Can you feel an abnormal spleen, liver, or kidney?

o Watch the child feeding.

Rectum and anus

In most instances you will only need to observe the patency of the anus

and to look for fissures and rectal prolapse. However, if the child has

abdominal symptoms, a digital examination may be required to check for
sphincter tone, masses, and tenderness.

o This examination should only be done once and you will need to
decide whether this test should be performed by a senior colleague, or
by the surgeon should the child have an acute abdomen.

o Never perform a rectal examination as a senior house officer.

Table 3.3 Normal span of liver (between its upper and lower margins)

Age Normal span of liver
At 6mths 2cm below costal margin
At 3yrs 4érrnrspan””
At 10yrs 6cm span o

In adults 10cm span
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Genitourinary system

See also [ p.484, 868. For hands, mouth, tongue, abdomen, and eyes

see L) Respiratory system, Cardiovascular system, and Gastrointestinal

system. The external genitalia are examined for any evidence of ambiguity,
congenital abnormality, and size. For this examination you should have

a chaperone present for both sexes. In the older child you must ensure

privacy and preserve the child’s dignity with the appropriate use of covers

and gowns. Examine once only.

o In boys: development of the penis, testes, scrotum, and pubic hair can
be staged using a standardized system (Tanner scale). Look at the state
of the foreskin. Is there evidence of infection or discharge. Locate the
position of the penile meatus. Have both testes descended?

e In girls: Tanner stage the pubic hair. Is there evidence of fused labia,
enlarged clitoris, or infection with discharge or bleeding?

Musculoskeletal system

See also L p.732.

o Congenital anomalies: examine the fingers, toes, hands and feet, legs
and arms. Look at the shape of the bones.

e Deformities: are there deformities due to fracture? Are the lower
limbs of equal length? What is the range of motion of each joint? Are
the skin folds in the upper thigh normal? In the infant under émths
check for congenital hip dislocation. Inspect the full length of the spine
looking for tufts of hair, dimples, masses, or cysts at the base. Check
for torticollis in the neck. Observe for any abnormal curvature or
posture with the child standing and bending over touching their toes.

o Gait: watch the child walk and describe it in light of your other findings.

Practice point See also [] pp.496-499, 557

You should be able to recognize the gaits associated with:
o Myopathy (waddling)

e Hemiplegia

o Spastic diplegia

o Cerebellar ataxia
e Painful limb (antalgic gait)
e Foot drop

e Trendelenburg gait
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Cardiopulmonary arrest

Cardiopulmonary arrest in children often develops as a progression of res-
piratory failure and shock. The outcome of out-of-hospital arrest is poor,
but respiratory arrest alone is associated with a rate of survival of 80%.

In hospital, even though unexpected cardiac arrest is now a rare event
(1 per 5000 paediatric admissions), it is important that events or signs that
may lead to arrest are recognized early. Children with any of the features
in Table 4.1 warrant urgent medical review (see £ p.30 for normal values
of vital signs).

Rapid cardiopulmonary assessment

The rapid cardiopulmonary assessment should take less than Tmin.

Airway
Is it patent?

Breathing

o What are the effort and work of breathing? Is there recession, nasal
flaring, grunting, use of accessory muscles, stridor, or wheeze!

e What is the air entry like in the chest?

o What is the respiratory rate: is it fast or slow?

o What is the skin colour?

Circulation

o What is the heart rate?

o What is the systemic perfusion? Check pulse volume, capillary refill,
skin temperature, level of consciousness, and urine output.

e What is the BP?

Disability
o What is the level of consciousness?
o What are the pupils like: size and reaction?
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Table 4.1 Warning signs for acute deterioration

Threatened airway obstruction Tachypnoea

Age Action respiratory rate (breaths/min)

Term to 3mths >60

amens Lo
1—4yrs S Sip
Sy Ly
>12yrs D Sy

Bradycardia or tachycardia

Age Bradycardia (beats/min) Tachycardia (beats/min)
Term to 3mths <100 >180

4mths <100 >180
iy FE o e
S FE D e
e FE L g
Hypotension

Age Action systolic pressure (mmHg)

Term to 3mths <60

4mths %
1-4yrs D <0
5-12yrs S <«
>12yrs D <0

Altered mental state or convulsion

Low pulse oximetry values: <90% in any supplemental oxygen (<60% if cyanotic
heart disease)
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Paediatric basic life support

Cardiopulmonary arrest in children usually results from hypoxia due to
respiratory or neurological failure or shock. If it occurs, irrespective of the
cause, basic life support (BLS) must be started immediately.

Paediatric basic life support algorithm

1 First things
o Assess the safety of the situation.
o Stimulate the child and check responsiveness.

2 Shout for help

3 Open the airway
Give head tilt and chin lift, or jaw thrust

4 Assess breathing
Look, listen, and feel

5 If no breathing: rescue breaths
e Child: 5 breaths mouth to mouth
e Infant: 5 breaths mouth to mouth and nose

6 Assess the pulse
o Child: at the carotid artery
e Infant: at the brachial or femoral artery

7 If HR <60/min and poor perfusion: chest compressions

o Child >8yrs: use two-handed method for rate of 100/min and ratio of
15 compressions to 2 breaths

o Child 1-8yrs: use heel of hand on the lower third of the sternum for
rate of 100/min and ratio of 15 compressions to 2 breaths

e Infant: use two fingers or the encircling chest technique if you have
help at rate of 100/min and ratio of 15 compressions to 2 breaths

8 Provide 1min of life support
9 Contact emergency medical services
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Choking children

The algorithm for emergency management of choking children using the
Resuscitation Council (UK) protocol is as follows (Fig. 4.1):

Assess severity J—\

v

Ineffective cough J { Effective cough ‘

v v
v i Consci Encourage cough
Open airway 5 back blows Continue to check for
5 breaths 5 thrusts deterioration to ineffective
Start CPR (s o ) cough or un[(.il ot;struction
(abdominal for relieve
child >1 yr)

Fig. 4.1 Resuscitation Council Guidelines, Paediatric FBAO treatment algorithm
2010. Reproduced with permission.
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Paediatric advanced life support

Paediatric advanced life support (ALS) algorithm
1 Basic life support

2 Ventilate and oxygenate

3 Attach defibrillator and monitor

4 Assess cardiac rhythm and check pulse
o If ventricular fibrillation (VF) or pulseless tachycardia (VT):
* defibrillate as necessary: 4)/kg for initial and all subsequent shocks
* then give cardiopulmonary resuscitation (CPR) for 2min
* then reassess rhythm and pulse and respond
e If not VF or VT: asystole or pulseless electrical activity:
* give CPR for 4min
* then reassess rhythm and pulse, and respond

5 During CPR
o Attempt and verify:
* tracheal intubation
* [V orlO access
o Check: electrode or paddle placement: the position and contact.
e Give: epinephrine every 3—5min (0.1mL/kg IV (1:10,000))
e Consider:
e giving anti-arrhythmics and alkalizing agents
* potentially reversible causes—hypoxia; hypovolaemia;
hypokalaemia; hyperkalaemia; hypocalcaemia; tension
pneumothorax; cardiac tamponade; toxins; thromboemboli

6 Are there difficulties in ventilation?
Rule out the following potential problems
e |s the endotracheal tube displaced?

Is there an obstruction?

Does the child have a pneumothorax?

Is there equipment failure?

[ ]
[ ]
[ ]
e [s there air in the stomach causing diaphragmatic splinting?

Useful formulae in children

o Estimation of weight
* 0—12 months—Weight (kg) = (0.5 x Age (mths)) + 4
o 1-5yrs—Weight (kg) = (2 x Age (yrs)) + 8
o 6—12yrs—Weight (kg) = (3 x Age (yrs)) +7
e Endotracheal tube
o Size = (Age (yrs)/4 + 4)
* Length for oral tube = (Age (yrs)/2 + 12) cm
* Length if nasal tube = (Age (yrs)/2 + 15) cm
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The algorithm for ALS using the Resuscitation Council (UK) protocol is
shown in Fig. 4.2.

Unresponsive?
Not breathing or
only occasional gasps

!

CPR Call
(5 initial breaths then 15:2) resuscitation team
Attach defibrillator / monitor (1 min CPR first,
Minimise interruptions if alone)
) &
N Assess <
( . rhythm o 3

Shockable " .| Non-Shockable

< g
(VF / Pulseless VT) (PEA / Asystole)

V' N P v ~ r'
1 Shock Return of
o spontaneous
4 /kg circulation
l v

Immediately resume (Immediate post cardiac Immediately resume

CPR for 2 min R (e CPR for 2 min

Minimise interruptions © U AEEDl ez Minimise interruptions

* Controlled oxygenation and
ventilation

Investigations

Treat precipitating cause
Temperature control

Therapeutic hypothermia?

\

During CPR \ [/ ' Reversible Causes
Ensure high-quality CPR: rate, depth, recoil « Hypoxia
Plan actions before interrupting CPR + Hypovolaemia
Give oxygen + Hypo-/hyperkalaemia/metabolic
Vascular access (intravenous, intraosseous) * Hypothermia

Give adrenaline every 3-5 min

Consider advanced airway and capnography
Continuous chest compressions when advanced
airway in place

\ » Correct reversible causes

Tension pneumothorax
Toxins

Tamponade - cardiac

/ Thromboembolism

/

Fig. 4.2 Resuscitation council guidelines 2010. Paediatric Advanced Life Support
algorithm. Reproduced with permission.
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Rhythm disturbances
See [ pp.55-57, 250-251.

Bradycardia

o Bradycardia is often the final response to hypoxia.

o A preterminal rhythm leading to asystole.

Treatment

o Oxygen, with attention to airway and inflation.

e Epinephrine 10 micrograms/kg IV

o May require atropine 20 micrograms/kg IV (minimum 100 micrograms;
maximum 1mg) if triggered by vagal stimulation.

Sinus tachycardia
o Heart rate can be as high as 220/min in an infant, but not higher.
o Caused by fever, pain, and shock.

Treatment Treat the cause.

Supraventricular tachycardia

e The most common primary arrhythmia in infancy and childhood.

o Onset sudden. Heart rate: >220/min in infants; >180/min in children
over 3yrs.

o Rhythm is regular and P waves may not be visible.

o Infants may present with shock, sweatiness, and poor feeding.

Treatment See algorithms opposite, L pp.57, 250.

Ventricular tachycardia

o Rare in children; caused by primary cardiac problem or overdose.
o Heart rate: between 120 and 250/min.

o Rhythm is almost regular, but QRS is wide (>2 small squares).
Treatment

o Pulse present: amiodarone 5mg/kg; synchronized shock.

o Pulseless: treat as for VF.

Ventricular fibrillation

e Mainly caused by hypothermia and drug overdose.
e Found in 27% of all paediatric in-hospital arrests.

Treatment See algorithm on L p.41.

Asystole

o Mainly caused by hypoxia and acidosis.
o 60% of all paediatric arrests.

Treatment See algorithm on EL p.41.

Pulseless electrical activity
See algorithm on L1 p.41.



TREATING SUPRAVENTRICULAR TACHYCARDIA

Treating supraventricular tachycardia

Attach cardiac monitor and check BP.

Algorithm for treating patient with supraventricular
tachycardia, but not in shock

1 Trial of vagal manoeuvres

2 Adenosine

e 50-100microgram/kg given as a rapid IV push into the most central
IV access available followed by fast IV flush

e If no response, then 100-200microgram/kg

e |f no response, then increase at increments of 50—100microgram/kg
to a maximum single dose of 500microgram/kg

3 Consider

e Synchronous DC shock

o Amiodarone (IV bolus over 10min) 5mg/kg

e Procainamide (IV loading dose of 15mg/kg over 30-60min). Stop
infusion if QRS widens or hypotension occurs

e Flecainide (IV 2mg/kg bolus over 20min)

o Seek advice

Algorithm for treating patient with SVT who is in shock
1a Attempt vagal manoeuvres but do not delay progress to step 2

1b If IV access is available give adenosine (see preceding algorithm)
but do not delay progress to step 2

2 Synchronous DC shock

o 1)/kg

e |f no response, then 2J/kg
e If no response, then 2J/kg

3 Consider using anti-arrhythmics (amiodarone)

4 Synchronous DC shock
e Return to step 2 in the algorithm at 2J/kg
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Following unsuccessful resuscitation

The death of a child is distressing. The family should be spoken to sympa-
thetically and in private. Most parents will want to see and hold their dead
child and they should be offered this opportunity.

Report to the coroner (UK)

o Unexpected deaths (see ] Sudden unexpected death in an infant
(SUDI)).

o Infants brought in dead to the emergency department or who die soon
after arrival.

o Deaths where there has been recent surgery or an accident.

o Deaths where there are suspicious circumstances.

Sudden unexpected death in an infant (SUDI)

Parents or carers

o Take and record a detailed clinical history.

o Explain that a referral has been made to the coroner. Explain the role
of the police and warn the family that they may visit the house.

Child

After failed resuscitation the endotracheal tube and IO needle can be

removed, but venous access should be retained. Retain the child’s cloth-

ing/bedding and nappy for the police. Take the following samples:

o Nasopharyngeal aspirate: virology and bacteriology.

o Urine: biochemistry and freeze immediately.

o Blood: toxicology, cultures, metabolic and coagulation screen.

o Lumbar puncture (cerebrospinal fluid (CSF) for virology and culture): if
indicated.

Other professionals

Inform the following:

o Senior clinical staff: in the UK a designated SUDI team will investigate
these deaths and a home visit will be made by the paediatrician and
police within 24hr.

o Family general practitioner.

o Health visitor (or community midwife).

o Neonatologist (if a neonate).

Follow-up

e Arrangements should be made for the family to discuss the results of
the coroner’s post-mortem.

o Genetic counselling may be needed.

o Bereavement counselling should be offered: this may be provided by
the family practitioner, the paediatric team, or from other agencies
(e.g. Foundation for the Study of Infant Deaths, Child Death Helpline,
and CRUSE).
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The ABC of high dependency

Emergency and high-dependency care is about providing the right care
and support in a timely manner. Practising paediatrics under these condi-
tions means that you will need to anticipate what could happen next,
which can be very difficult. Therefore, we shall start with an emphasis
on patient safety—the ABC—the assessment of Airway, Breathing, and
Circulation. Then, we shall cover most of what is needed next for acute
care—knowledge, assessments, and treatments.

A—establish an airway

Provide oxygen

Use fractional inspired oxygen (FiO,) 100%; use the optimum method for

patient size and monitor.

o Neonates, infants: head-box oxygen with in situ FiO, monitor.

e Infants, toddlers: nasal cannulae (NC). The ideal estimate of FiO, from
tidal volume (7mL/kg) and NC flow rate is shown in the following
example.

Consider a 6kg infant on 0.25L/min NC oxygen (tidal volume = 42mL;
NC flow = 250mL/min, 4mL/s; inspiratory time = 1s).

FiO, value is: 4mL x 1.0 = 4mL oxygen, plus 38mL x 0.21 = 8mL oxygen.
FiO, = (4 + 8)/42 = 0.29.

o Toddler, pre-school: NC, face mask.
o School-age child: non-rebreathing mask.

Maintain airway and air movement

o Support airway when needed with jaw lift: suction nasopharynx and
mouth as needed. Provide oral or nasopharyngeal airway.

o Maintain patient in upright position: do not force a distressed patient to
lie down. Minimize discomfort.

B—use respiratory support for breathing

o |dentify the level of respiratory involvement: treat specific problems
appropriately (e.g. bronchodilators).

e Assist work of breathing with non-invasive support: this can be
achieved with nasopharyngeal continuous +ve airway pressure (see
bronchiolitis, L p.288), or —ve pressure ventilation.

e Intubation and mechanical ventilation.

C—assess circulation; establish IV access

o Start pulse oximetry and cardiac monitoring.

o Provide IV fluids: when the circulation is good it is advisable to limit
fluid intake to an amount ranging from restricted to just below
maintenance.
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Respiratory distress

Respiratory distress is defined as increased work of breathing that causes
a sense of altered well-being. The hallmarks are use of accessory muscles
and tachypnoea. Distress can be caused by disorders of gas exchange (O,
absorption, or CO, elimination), respiratory drive, neuromuscular disease,
and infection (see Box 5.1).

Box 5.1 Differential diagnosis of respiratory distress

Nasopharynx

e Nose: choanal atresia, stenosis

o Oropharynx: tonsillar hypertrophy

o Tongue: glossomegaly

o Pharynx: peritonsillar abscess, retropharyngeal abscess, diphtheria

Upper airway obstruction

e Larynx: vocal cord dysfunction, laryngomalacia, papilloma,
haemangioma, croup

o Epiglottis: epiglottitis, foreign body

Lower airway disorder

e Trachea: tracheitis, tracheobronchomalacia, foreign body, pulmonary
artery sling

e Bronchi: bronchitis, bronchomalacia

e Bronchioles: asthma, bronchiolitis, pertussis

Disordered gas exchange

e Haemoglobin: carbon monoxide poisoning, methaemoglobinaemia,
acidosis

o Shunt: pulmonary oedema, haemorrhage, atelectasis, or embolism

e Dead space ventilation: asthma, bronchiolitis, pulmonary hypertension

o Other: sickle chest syndrome, pneumonia, pneumothorax

Respiratory drive

o Hyperventilation: psychogenic, brainstem tumour
o Hypoventilation: apnoea, drugs

Neuromuscular

o Respiratory muscle weakness: Duchenne muscular dystrophy, spinal
muscle atrophy, central nervous system (CNS) depression

Other
o Pleural: pneumothorax, chylothorax, haemothorax, pleural effusion,

empyema
e Chest wall: flail chest, rib fractures
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Definitions
Broadly, we can define the two major causes of respiratory distress as
follows.

Respiratory failure

o Hypoxaemia despite high FiO,: arterial oxygen tension (PaO,) <8kPa in
previously well child.

o Acidosis: pH <7.25; no specific arterial carbon dioxide tension (PaCO,)
since the child may have a chronic ‘compensated’ problem.

o Increasing fatigue, or absence of improvement with therapy: based on
your observations on child’s breathing and mental state.

Neuromuscular weakness

o Clinical: bulbar dysfunction with poor or absent cough, gag, swallow, or
chest wall weakness of neurological or muscular origin.

o Physiological: use spirometry to assess vital capacity <12ml/kg, or
manometry to assess maximum inspiratory force <-20mmHg.
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Respiratory distress: management

Clinical assessment

Assess the patient for the following:

e Colour: pallor or cyanosis.

o Respiratory drive: pattern and timing of breathing may reflect a central
or brainstem cause.

e Inspiration and expiration of air at the mouth and nose: upper airway
obstruction produces stridor; lower airway obstruction leads to cough,
wheeze, and a prolonged expiratory phase.

o Chest wall movement: chest and abdominal wall dynamics may indicate
flail-chest, diaphragmatic palsy, pneumothorax, or foreign body
inhalation.

e Position and level of agitation.

o Mental state.

o Heart rate and perfusion: these may reflect impending arrest.

Investigations

o Non-invasive: pulse oximetry measurement of oxyhaemoglobin
saturation, pulse oximetry measurement of oxyhaemoglobin saturation
(SpO,).

o Arterial blood gas: assessment of acid—base, PaO,, PaCO,. A capillary
blood sample is a good alternative (for pH, PCO,) if the extremity is
warm and the blood flows freely.

o Blood tests: full blood count (FBC), electrolytes, glucose, and cultures.

o CXR: for diagnosis (e.g. severe pneumonia); for assessment of
complications (e.g. pulmonary oedema, pneumothorax).

Monitoring

o Pulse oximetry.
e Continuous ECG.
e BP.

o Temperature.

o Fluid balance.

e Conscious level.

Therapy

There are specific therapies for each condition listed in the ‘Differential

diagnoses’ on L p.48 (see individual sections). With regard to fluid ther-

apy, we generally restrict total volume to 80% maintenance for the fol-
lowing reasons.

o Distress with retraction: high —ve intrathoracic pressure will pull fluid
out of capillaries into the interstitial space and will aggravate breathing
with pulmonary oedema.

o Syndrome of inappropriate antidiuretic hormone (SIADH): this is a
common problem in moderate to severe respiratory distress.

o Diuresis is limited: in the hydrated patient consider using furosemide
(0.5-1mg/kg, IV). It may help the patient with extra-interstitial water
without overt oedema.
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Foreign-body inhalation

Foreign-body (FB) aspiration is more common in toddlers and infants, who
tend to put objects in their mouths. FBs can be inhaled into the airway, or
they may get caught in the oesophagus and compress the trachea.

Symptoms

The symptoms of a FB in the aerodigestive tract range from no symptoms

to complete airway obstruction.

o Larynx: usually causes hoarseness, cough, dysphonia, haemoptysis,
stridor, wheezing, dyspnoea, cyanosis, or apnoea due to complete
obstruction.

o Trachea and bronchus: can cause chest pain. After initial symptoms,
there may be an asymptomatic period followed by features of
pneumonia (see [ p.290).

o Oesophagus: will produce drooling, dysphagia, or vomiting and, if the
trachea is compressed, may produce dyspnoea, stridor, respiratory
failure, or apnoea (see LH pp.256, 258).

Aectiology

Inhaled FB should be considered in all patients with a history of choking

or gagging.

Diagnosis

o A monophonic wheeze or absent breath sounds on one side of the
chest may be noted on examination.

o Chest and neck radiographs, with lateral views, may be helpful in
identifying the location of an object. Inspiratory and expiratory films
may show an area of hyperinflation.

o Arterial blood gas analysis is indicated when the patient is in severe
distress.

Initial treatment

Follow a standard protocol.

o ABC.

o B removal: if the child is calm with good air exchange, removal
of the FB should take place under controlled circumstances;
manipulation may change the position of the object, inducing more
severe obstruction. If the child is in distress, but maintaining good air
exchange, back blows and chest thrusts may be performed as per the
standard technique for paediatric advanced life support (ALS).

o An unconscious child with poor air entry should be given oxygen (FiO,
100%) via a face mask until rigid bronchoscopy and object removal can
be performed.
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Drowning

Drowning is caused by submersion in water. When water has been aspi-
rated into the lungs it is usually a small amount (<22mL/kg). In <10% there
has been laryngospasm without aspiration of water. The location—sea,
freshwater, brackish water—is of little consequence. However, the tem-
perature of the water is important, and the incident is classified as warm,
cold, and very cold when the water temperature is 20°C, 6-19°C, and
<5°C, respectively.

Symptoms

Respiratory acidosis occurs with inadequate ventilation.

o [f there has been a hypoxic—ischaemic insult, brain swelling, and raised
intracranial pressure (ICP) may develop.

o Hypoxaemia and inadequate perfusion will cause acidosis, arrhythmia,
and shock.

Actiology

Children under 3yrs old and teenagers are most at risk. Young children
may have accidents in pools and bathtubs if left unattended. Assess the
duration of submersion, water temperature, and presence of cyanosis or
apnoea. Emergency staff should provide details of resuscitation and the
time taken to establish a pulse and cardiac output. Consider:

o head and neck injuries from diving;

o pre-existing cardiac arrhythmia;

e pre-existing seizure disorder;

o drug and alcohol abuse.

Initial treatment

Follow a standard protocol.

o AB: the neck may be injured and the airway may be obstructed by
material from the water. Clear the mouth and immobilize the neck.

If there is no gagging, hypoxaemia, or apnoea, then endotracheal
intubation is needed. At the time of intubation use in-line traction.

o C: poor perfusion occurs in children with severe hypoxic—ischaemic
injury or pulmonary oedema.

o Temperature: remove all wet clothing in order to avoid cooling. Warm
the child to achieve a core temperature >35°C (use a heating blanket).
In profound hypothermia, more invasive methods of warming may
be used on the intensive care unit (e.g. heart-lung bypass or internal
bladder and gastric lavage).

After resuscitation

o Assess: vital signs, chest, heart, and the central nervous system.

o Start: pulse oximetry and cardiac monitoring.

e ECG.

o Look closely for signs of lower respiratory tract involvement: use of
accessory respiratory muscles, nasal flaring, tachypnoea, cough,
wheeze, and crackles.
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Circulation: cardiovascular difficulty

Shock

The failure to deliver adequate oxygen to the tissues:

o Heart rate disturbance: bradycardia, dysrhythmias.

o Decreased stroke volume: hypovolaemia; vasodilatation; poor
contractility.

Congestive heart failure

Cardiac fatigue due to:

o Excess volume load: from left-to-right cardiac lesions (ventricular septal
defect (VSD), patent ductus arteriosus (PDA), atreriovenous (AV)
canal), AV fistula, severe anaemia, hypervolaemia.

o Excess pressure load: from systemic vascular system (aortic stenosis,
coarctation of the aorta, or hypertension) or pulmonary vascular
system (pulmonary stenosis, pulmonary hypertension, chronic
hypoventilation, or severe upper airway obstruction).

o Myocardial problems: including cardiomyopathy, myocarditis,
myocardial ischaemia (anomalous coronary artery, cardiac thrombosis
in Kawasaki), metabolic disorders (CH p.962).

o Excess myocardial demand: due to fever, thyrotoxicosis.

Dysrhythmia

See also L pp.42—-43, 55-57, 250; uncommon, but consider:
o Supraventricular tachycardia.

e Congenital heart block.

Hypertension

See also L pp.55, 390; causes of hypertension are:

o Renal: glomerulonephritis; haemolytic—uraemic syndrome;
pyelonephritis; obstructive nephropathy; vascular disease.

o Cardiac: coartation of the aorta.

o Neurological: infection; drugs; tumour; cerebral oedema.

o Endocrine: phaeochromocytoma; Cushing’s syndrome; corticosteroids;
hyperthyroidism.

e Toxins and poisons.

o Primary essential hypertension.

Anaphylactic shock

See also [ p.64; main causes are food, medication, and insect bites. Life-
threatening problems are:

o Respiratory: airway narrowing of upper and lower airway.

o CVS: shock, vasodilatation, and increased vascular permeability.

Pericarditis See [l p.246 The causes include infection, rheumatologi-
cal disorders, trauma, malignancy, and post-pericardiotomy syndrome.

Congenital heart disease See [l pp.232-241
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Cardiovascular system difficulty:

assessment
See also L pp.226-231.

Shock

In early shock, findings can be subtle. Hypotension is a late sign, so look
for a decreased stroke volume (decreased pulse amplitude) and increased
systemic vascular resistance (perfusion changes to skin and muscle). In
classic shock there are features of decompensation. Late shock is a pre-
arrest phenomenon.

Shock

Early shock
o Pulse: tachycardia

e BP: normal but postural drop

o Breathing: tachypnoea

e Limbs: cool and mottled

o CNS: agitated

e Laboratory: mild metabolic acidosis
Classic shock

o Pulse: tachycardia and weak pulses

e BP: hypotension

e Breathing: tachypnoea and grunting

e Limbs: cool, clammy, and pale or blue

o CNS: depressed level of consciousness

o Laboratory: metabolic acidosis

Late shock

Pulse: tachycardia and thready pulses; bradycardia is pre-arrest
BP: profound hypotension

Breathing: tachypnoea; bradypnoea signifies pre-arrest

Limbs: cold (blue to white)

CNS: coma

Laboratory: metabolic acidosis, multisystem derangement

Congestive heart failure

The patient may have: sweating on exertion or feeding; malaise and irrita-

bility; decreased appetite. The physical findings include:

o Tachycardia: * gallop rhythm on auscultation.

o Tachypnoea: + wheeze and crackles on auscultation.

o Raised jugular venous pressure: + hepatosplenomegaly and oedema.

o Pale or mottled and cool extremities.

o Hypotension.

e Features of the underlying cause: e.g. murmur in VSD or pallor in
anaemia.
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o CXR: showing cardiomegaly, and pulmonary vascular congestion to
pulmonary oedema.

Arrhythmias
A 12-lead ECG and BP are needed for diagnosis.

Bradycardia

If there is haemodynamic instability (i.e. hypotension or poor perfusion),
significant bradycardia is present if the HR is:

e <80/min in neonates.

o <50/min in infants.

e <40/min in older children.

Tachydysrhythmia

These may be:

o Narrow complex: QRS duration <0.1s in children or <0.12s in
adolescents (e.g. supraventricular tachycardia (SVT) and atrial flutter).
There are no P waves in SVT;

o ventricular: prolonged QRS.

Hypertension

To diagnose hypertension strict criteria should be followed: three mea-
surements in non-stressful circumstances with values >2 standard devia-
tions above mean for age and sex. Standard charts should be consulted
(EA) p.391-392), but, by age, the upper limits of normal BP are:

<2yrs: systolic BP, 110mmHg; diastolic BP, 65mmHg;

3—6yrs: systolic BP, 120mmHg; diastolic BP, 70mmHg;

7—10yrs: systolic BP, 130mmHg; diastolic BP, 75mmHg;

11=15yrs: systolic BP, 140mmHg; diastolic BP, 80mmHg.

Pericarditis

There may be chest pain or features of the underlying cause. Look for:
o Congestive heart failure.

e Friction rub.

o Pulsus paradoxus (>10mmHg).

When cardiac tamponade is present there are classic signs:

e Shock.

o Distended jugular veins.

o Heart sounds appear distant.

o E£CG: decreased voltage, elevated ST segments, T-wave inversion.
o CXR: the heart will look enlarged if an effusion is present.

Congenital heart disease

In cyanotic babies the history and examination can be used to exclude

respiratory causes of cyanosis. The assessment also includes the hyperoxia

test (measurement of PaO, in FiO, 100%).

o Pa0, < 13.3kPa (100mmHg): possible cyanotic heart disease.

e Pa0, 13.3-26.7kPa (100—200mmHg): possible heart disease with
complete mixing and increased pulmonary blood flow.

e Pa0, > 33.3 kPa (>250mmHpg): cyanotic heart disease unlikely.
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Cardiovascular system difficulty:
therapy—1

Shock

Initial therapy includes the following.

o Oxygen: provide supplemental oxygen, FiO, 100%. Intubate if required.

o Position: in shock, elevate the legs to improve venous return. In
congestive heart failure elevate the head.

o |V access: central access may be required, particularly when using
inotropes.

o Temperature: control fever with antipyretics (paracetamol 15mg/kg).

o Metabolic state: correct hypoglycaemia and hypocalcaemia. Acidosis of
respiratory cause should be controlled with ventilation.

Fluid volumes for shock

o Hypovolaemia: IV 20mL/kg of normal saline. In severe volume depletion
give 40-60mL/kg of normal saline, with additional increments of
10mL/kg to restore volume if small heart size on CXR, and CVP
<5-10mmHg.

o Stop resuscitation with volume:
« when clinical improvement is achieved;
» when clinical signs of improvement fail to appear;
« if there are signs of volume overload: hepatosplenomegaly, VP

distension, gallop rhythm, wheeze and crackles.

Inotropes for shock
o Start inotropes:

» when circulation remains unsatisfactory and CXR shows large heart,
pulmonary vascular congestion, pulmonary oedema, or pleural
effusion;

* when CVP >10-15mmHg; once initiated, titrate dose upward to
produce the effect required.

o Hypotension with tachycardia:

e dopamine—1-20microgram/kg/min (start at Smicrogram/kg/min).

* dobutamine—2-20microgram/kg/min (start at 5microgram/kg/min).
Can use peripheral IV.

Dysrhythmias
See also [ pp.42-43, 250-251.

Sinus bradycardia and heart block

e Do not treat if haemodynamically stable (i.e. BP and perfusion).

o Consider other treatable causes of bradycardia, such as raised ICP,
acidosis, or hypercapnia.

o Atropine: 0.02mg/kg IV (min 0.1mg; max 1mg).
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Intensive care treatments for shock

Hypotension with normal or low HR

o Adrenaline: 0.05—1microgram/kg/min (start at 0.05-0.10 microgram/
kg/min)

o Noradrenaline: 0.05-1microgram/kg/min (start at 0.05-0.10
microgram/kg/min)

o Amrinone: load 0.75mg/kg IV over 3min, then give 5-10microgram/
kg/min

Hypotension refractory to volume and single inotrope

o Seek intensive care advice as these patients will usually need
intubation and ventilation, and steroids (see Ll p.714)

o Combinations of inotropes are used in this instance

o Afterload reduction may be required with sodium nitroprusside:
0.5-7micrograms/kg/min (start 0.5microgram/kg/min)

Diuresis for volume overload

e Start diuretics: after circulation is restored expected urine volume is
1mL/kg/hr

e If oliguria or anuria use furosemide 0.5—1mg/kg IV or mannitol
0.5-1g/kg IV

Tachydysrhythmia—SVT

Treatment will require consultation with a cardiac specialist. If haemody-

namically stable, consider the following:

o Vagal manoeuvres: ice bag to face for 15-20s or unilateral carotid
massage or Valsalva manoeuvre. Do not compress orbits.

o Adenosine: 50-100micrograms/kg initially, as rapid IV push.

e DC shock: synchronized countershock 1)/kg should be reserved for the
haemodynamically unstable. Intubation and appropriate analgesia and
sedation are required.

o Other drugs: amiodarone, procainamide, flecainide.

Ventricular tachycardia

If haemodynamically stable and pulse, consider the following after advice
from cardiac specialist:

o If pulse present: amiodarone 5mg/kg; synchronized shock.

o Pulseless (see [ Chapter 41, p.41).
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Cardiovascular system difficulty:
therapy—2

Congestive heart failure

Use fluid restriction and inotropic support after cardiological advice.
Digoxin may be used for primary cardiac problem (total digitalizing

dose, TDD). By age TDDs are as follows.

o Neonate: 30micrograms/kg PO or 20micrograms/kg V.

o <2yrs: 40-50micrograms/kg PO or 30-40micrograms/kg IV.

o 2—10yrs: 25-35micrograms/kg PO or 20-30micrograms/kg IV.

e 10yrs: 0.75-1.25mg PO or 0.5-1mg IV.

Digoxin administration

Split the TDD at the following times:
o Initial: give 50% of TDD.

o 8hr: give 25% of TDD.

o 16hr: give 25% of TDD.

Hypertension

See [[J pp.390-397. For severe, symptomatic hypertension, the BP should

be lowered by 20-25%. Do not aim for normal levels. Patients should

be monitored in a high-dependency area. Discuss with nephrologist.

Hypertensive encephalopathy is an emergency and too rapid lowering of

BP may lead to stroke. Short-acting antihypertensives are the treatment

of choice. Consider:

o Diazoxide: 1-3mg/kg IV by rapid infusion; repeat after 5-15min.

o Hydralazine: 100-500micrograms/kg IV over several minutes (max dose
20mg). May repeat dose in 20—-30min.

o Sodium nitroprusside.

Congenital heart disease: alprostadil

See also L p.232. In neonates, consider alprostadil (prostaglandin E1
(PGE1) infusion if:

PaO, <4-5.3kPa (30—40mm/kg).

Oxygen saturation <70% in FiO, 100%.

Femoral pulses are diminished or absent with poor perfusion.
Metabolic acidosis persisting after volume and inotropes.

PGE1 dose

0.01-0.20micrograms/kg/min (start at 0.05micrograms/kg/min, increase in
0.05micrograms/kg/min increments if response is not adequate). Be aware
that apnoea may develop.
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Cyanosis: assessment

Cyanosis is the result of deoxygenated haemoglobin or abnormal haemo-
globin in the blood. Cyanosis is apparent when there is 4g/dL of reduced
haemoglobin or 0.5g/dL of methaemoglobin. Anaemic patients may not
become cyanotic even in the presence of marked arterial desaturation.
In light-skinned patients, cyanosis is usually noted with arterial saturation
<85%. In dark-skinned patients, the saturation must be lower. Cyanosis is
caused by the following problems.
o Lung pump:

« alveolar hypoventilation;

« ventilation—perfusion inequality;

* impairment of oxygen diffusion.
e Cardiovascular pump: right-to-left shunting.
o Haematological: decreased affinity of haemoglobin for oxygen.

Differential diagnosis for cyanosis

Alveolar hypoventilation

o CNS: seizures; cerebral oedema; haemorrhage; infection; hypoxia—
ischaemia; drugs

e Hypothermia

Ventilation—perfusion inequality

e Lung: bronchiolitis; pneumonia, pneumothorax; pleural effusion;
respiratory muscle dysfunction (muscular dystrophy, myasthenia
gravis, Guillain—Barré); tracheal compression

o Cardiac: decreased pulmonary blood flow (tricuspid atresia,
pulmonary atresia with intact septum, critical pulmonary stenosis,
tetralogy of Fallot); decreased systemic perfusion (coarctation of the
aorta, sepsis)

Impairment of oxygen diffusion
e Lung: bronchopulmonary dysplasia; hypoplasia; diaphragmatic hernia

Right-to-left shunting

o Cardiac: congenital heart defect; Eisenmenger syndrome; AV fistula—
pulmonary or systemic

o Decreased oxygen affinity for haemoglobin

o Methaemoglobinaemia: hereditary; aniline dyes; nitrobenzene; azo
compounds and nitrites

o Carboxyhaemoglobinaemia
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Clinical assessment
Also see [ pp.31-32. The key part of the assessment is respiratory and
cardiovascular.

Vital and general signs

o Record the temperature.

e Record HR.

e Record BP in all four limbs.

o |s there evidence of failure to thrive?

Clubbing

This sign may be present in the older infant or child. It should be looked
for in the fingers and toes. The causes can be:

o hereditary;

o idiopathic;

e congenital heart disease (CHD);

e infective endocarditis;

e pulmonary conditions (e.g. cystic fibrosis);

o Gl disease (e.g. Crohn’s, ulcerative colitis, cirrhosis).

Respiratory

In the neonate increased respiratory rate (usually <80breaths/min) with no
respiratory distress suggests cyanotic heart disease, but with respiratory
distress pulmonary disease is suggested. In the older child a full respiratory
examination is required—look at all components of the examinations.

Cardiovascular
The absence of a murmur does not exclude congenital heart disease. Is
the liver enlarged?
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Cyanosis: management

Investigations

Blood tests

o FBC with differential.

e Blood cultures.

o Glucose.

o Bedside diagnosis of methaemoglobinaemia: place a drop of blood on
a piece of filter paper. After 30s exposure to air, normal blood turns
red, while blood taken from a patient with methaemoglobinaemia
remains chocolate brown.

Infection
o Lumbar puncture as indicated.
o Urinary culture.

Arterial blood gas

In the older child a single measurement is needed. In the neonate, assess
the change in PaO, in response to FiO, 100% for 5-10min (see hyperoxia
test, £ p.55).

Chest X-ray

See also [ p.231. In the neonate the lung fields should be assessed

for signs of increased vascularity, pulmonary congestion, or oligaemia.

Characteristic radiographic findings are:

e Egg on a string: transposition of the great arteries.

o Boot-shaped heart: tetralogy of Fallot (Box 5.2), pulmonary atresia,
ventriculoseptal defect.

e Snowman sign: supracardiac total anomalous pulmonary venous
drainage.

o Wall-to-wall heart: Ebstein’s anomaly.

Electrocardiogram

See also L p.231. Characteristic findings include:

o Superior left axis: tricuspid atresia; endocardial cushion defect; primum
atrial septal defect.

o Left axis deviation: pulmonary atresia + atrial atresia.

o Marked right atrial hypertrophy: Ebstein’s anomaly.

Echocardiography
Assessment for specific cardiac lesions.

Monitoring
Standard cardiorespiratory monitoring (see 1 p.50).

Therapy
Therapies for specific cardiac, respiratory, and poisoning conditions are
discussed elsewhere.
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Box 5.2 Tetralogy of Fallot (‘tet spell’) See also [l p.235

Patients may have attacks of paroxysmal hyperpnoea and increased cya-
nosis that occur spontaneously or after early morning feeds, prolonged
crying, or defecation

Emergency treatment

e Place the patient in the knee-to-chest position

o Administer oxygen

e Insert IV line and administer phenylephrine, morphine sulphate, and
propranolol

o Prolonged attacks require sodium bicarbonate

o Refer to cardiac centre
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Anaphylaxis

Anaphylaxis is a life-threatening allergic event. It is the extreme clinical
example of an immediate hypersensitivity reaction.

Symptoms

The reaction includes involvement of:

o Skin: urticaria and angioedema.

o Respiratory: acute airway obstruction with laryngeal oedema and
bronchospasm.

o Gastrointestinal: severe abdominal cramping and diarrhea.

e Systemic: hypotension and shock.

Aectiology

The symptoms of anaphylaxis are abrupt, often within minutes of expo-
sure to an antigen. The causes are:

o Drugs: penicillin, aspirin.

o Injections: radiographic contrast dyes.

o Stings: bites and envenomations.

o foods: shellfish, nuts, peanuts, eggs.

Diagnosis
Take a careful history and aim to determine the time between onset of
symptoms and exposure to the potential precipitating cause.

Initial treatment

Follow a standard protocol

o ABC.

o Epinephrine (adrenaline): give SC 0.01mL/kg (1:1000, maximum dose
0.5mL). Repeat every 15min if required.

o Hypotension: put the patient head-down at 30° (Trendelenburg
position) and give IV normal saline (20mL/kg bolus). IV epinephrine
may be given over 2-5min (0.1mL/kg, 1:10,000), while an infusion is
being prepared.

o Salbutamol: give nebulized salbutamol 0.05-0.15mg/kg in 3mL normal
saline. Approximately 2.5mg for child <30kg and 5mg for child >30kg,
every 15min if required.

o Antihistamine.

e Steroid: give IV bolus methylprednisolone (2mg/kg). This dose should
be followed by IV methylprednisolone 2mg/kg/day (divided every 6hr),
or oral prednisolone 2mg/kg (bolus once a day).
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Hypovolaemic shock

Shock is characterized by inadequate systemic perfusion. The most com-
mon type, hypovolaemic shock, is related to abnormally low circulating
blood volume.

Symptoms

See L1 p54.

Aetiology

The causes of hypovolaemia are:

e Trauma.

o Gl bleeding (L pp.312-313).

e Burns (K pp.66-68).

o Peritonitis.

e Diarrhoea (L pp.302-303).

o Diabetic ketoacidosis. (EJ pp.98—101)

Diagnosis
Perform a rapid clinical examination and direct your initial treatment to-
ward the patient’s vital signs.

Initial treatment

Follow a standard protocol

o Airway, Breathing, Circulation, Disability (ABCD).

o Blood: in patients with significant blood loss, transfusion will be
required (about 2mL/kg to increase haemoglobin concentration by
1g/dL). (Patient may need O —ve unmatched blood in an emergency).
Monitor the response with laboratory testing.

Fluid: acutely, blood pressure and perfusion need to be restored

with crystalloid infusion. IV bolus of normal saline, 20mL/kg, can be
given over 15min and repeated if necessary. If more than 60mL/kg is
required consider endotracheal intubation and ventilatory support. In
the patient who is dehydrated, the water and electrolyte deficit needs
to be replaced (see, 1 pp.90-93).

Refractory hypotension: intubation and intensive care monitoring and
therapy are required (see [ p.714).
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Burns

There are different forms of thermal injury to the body:
o Contact with fire.

o Scalding fluids.

o Chemicals.

o Electricity.

o Inhalation of flame, heated vapour, and toxic fumes.

o Cold: freezing injury.

The severity of a burn to the skin is assessed according to its severity and
total surface area.

Severity

Severity of the burn site is categorized according to the degree of involve-

ment of the skin:

o First degree: limited to epidermis; painful and erythematous.

o Second degree: epidermis and dermis. Superficial is blistered and
painful, and deep is white and painless.

o Third degree: epidermis and all of the dermis; painless and leathery.

Surface area

The extent of the burn as a proportion of the body surface area (% body
surface area) can be calculated by making a sum of the individual areas
involved in the injury. Table 5.1 gives the percentage of the body surface
area taken up by the individual areas at different ages.

Table 5.1 Contribution of different body parts to total body surface
area at different ages

Body part area/total body surface (%) at ages

Body part <tyr 1-11yrs >11yrs

Head 18 13 9
Trunk(fmnt)1g1g13
Trunk(back)181818
Leg141618
ol
Symptoms

Features of hypovolaemia, pain, and signs of inhalation injury may be
present.
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Symptoms of inhalation in the lung
e Tachypnoea.

o Stridor.

o Crackles.

o Wheeze.

e Cough.

o Respiratory distress.
o Black sputum.

Other burn symptoms
Brain

e Confusion.

e Dizziness.

e Headache.

e Restlessness.

e Coma.

e Seizures.

Skin

e Facial burns.

e Nasal burn.

o Cherry-red colour.

Aectiology

You should find out the following about the injury:
o |ts mechanism.

o The duration of exposure.

e Environmental factors (closed or open space).

o Loss of consciousness during the accident.

Investigations

Minor burns

There is no need for routine investigations in children with minor burns,
i.e. burns that are:

o partial thickness and <5% body surface; or

o full thickness and <2cm? (unless hands, face, genitals, joints involved).

Major burns

o Arterial blood gas.

o Carboxyhaemoglobin level.

e Blood count and cross-match.

o Blood urea, creatinine, and electrolytes may be tested.

Consider child protection issues!
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Burns: treatment

Initial treatment

Follow a standard protocol

o ABC: if there is evidence of inhalation then pulmonary toilet with
endotracheal intubation may be needed.

o Assume that there is carbon monoxide poisoning and measure

carboxyhaemoglobin level and PaO,. Give humidified 100% oxygen

until results are available.

Follow serial arterial blood gases and CXRs.

Consider cyanide exposure and poisoning if the breath smells of

almonds, or if the accident is fire-related, or if there is metabolic

acidosis with raised anion-gap.

o Ininfants with burns >10% of body surface area, or children with >15%
burns, consider an IV bolus of normal saline (10-20mL/kg). Further
fluid resuscitation should be directed toward maintaining a urine
output of 0.5-2mL/kg/h. In patients with >25% burns use the Parkland’s
formula as a guide to fluid therapy Box 5.3.

Box 5.3 Parkland’s formula

0-24hr after burn
Crystalloid

e 4ml/kg per 1% burn
e Use 50% of this volume in the first 8hr

24—48hr after burn

Crystalloid + colloid

o Use 50-75% of fluid requirements on day 1

o Add albumin (1g/kg/day) to maintain serum level above 2g/dL

o Analgesia: pain must be treated. First ensure that ventilation,
oxygenation, and perfusion are adequate. Use IV analgesics if required.

o Other injuries: do a secondary survey of associated traumatic injuries.

Assess for cardiac and skeletal muscle injury in electrical accidents. In

chemical burn, wash and neutralize the chemical.

Place a nasogastric tube (NGT) and urinary catheter. Follow outputs.

Pulse oximetry and cardiac monitoring are useful, but remember their

limitations in carbon monoxide poisoning.

o Eyes: examine the eyes for burn or abrasion, and treat with topical
antibiotics if required.

o Give tetanus immunoprophylaxis if required.
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Sepsis
Sepsis is bacterial infection of the bloodstream accompanied by signs of
systemic toxicity. In this section we will consider the recognition and spe-

cific treatment for sepsis. Shock and respiratory failure are covered else-
where in the chapter (see [ pp.48, 54).

Clinical assessment

Clinically, there may be fever in the older child, but be aware that fever
or hypothermia can be the presenting feature in the infant. Perfusion is
usually poor and there may be evidence of shock and coagulopathy (i.e.
petechiae or purpura).

Investigations
All organ systems may be involved in sepsis so it is important to perform
the following tests.

Blood

o FBC with differential.

o Coagulation state.

e Serum electrolytes with urea and creatinine.

o Liver function tests.

o Arterial or capillary blood gas.

o Inflammatory markers (e.g. CRP and erythrocyte sedimentation rate

(ESR)).

Urine
Urinalysis.

Imaging
o CXR.
o Abdominal X-ray (AXR).

Sepsis screen

o Blood culture: bacteria (aerobic and anaerobic), virus, fungi. (Remember
that blood cultures may not be positive, so repeat when there is
fever).

o Urine culture.

o Stool swab.

o CSF.

o Other cultures: respiratory; wound; and all ports of any indwelling
catheters.

Monitoring

Ensure the ABCs. Then, the form and type of monitoring will be dictated
by the patient’s condition. Start with:

o Continuous pulse oximetry.

e ECG monitoring.

o Intermittent BP monitoring.

e Hourly urine output.



SEPSIS 79

Therapy

Antibiotics

o When: do not delay the first dose because of tests, but it is worthwhile
trying to get a blood culture first.

o Should | do a lumbar puncture? This can wait until you have stabilized
the child—you may even have to defer it if there is any coagulopathy.

o What: the choice of antibiotics you should use will depend on the
patient, as well as your local microbial flora. In general, you can start
with a third generation cephalosporin and use the following antibiotics
for specific groups of patients.

Age <8 weeks

Consider group B streptococcus—ampicillin.

Indwelling catheter

Consider Staphylococcus aureus—anti-staphylococcal cover that is appro-
priate in your institution.

Intra-abdominal cause

Consider gut anaerobes—metronidazole, gentamicin.

Immunosuppressed or oncological

e Pseudomonas: ceftazidime, gentamicin.

o fungi: amphotericin B.

o Herpes, Varicella: aciclovir.

Cellulitis or fasciitis

Consider group A streptococcus—penicillin.
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Altered level of consciousness
See also LLJ p.552.

The brain can be injured in many ways. Its responses to injury, however,
are uniform and include any combination of:

o Altered level of consciousness (LOC).

o Seizures or dystonia.

o |mpaired respiratory function.

o Loss of cardiovascular autoregulation.

o Cerebral swelling.

o SIADH.

o Weakness.

Take a note of:
e When symptoms started, and their progression (gradual versus
sudden).

o Possible ingestion or exposure to medication or toxins.

o Possible recent trauma, illness, or exposure to infection.

o History: seizures; diabetes; allergies; chronic illness.
o Family history/consanguinity.
e Previous altered LOC.

Aectiology

Infectious causes

o Meningitis, encephalitis (L pp.78-79, 720-721).
e Toxic shock (L p.719).

o Subdural empyema, cerebral abscess.

Autoimmune

Acute disseminated encephalomyelitis (ADEM) LLJ p.520.
Toxins See poisoning (- pp.82-88).

Neoplastic causes Brain tumours (EJ pp.662-665).

Trauma
e Head injury: concussion or contusion.
o Haemorrhage: epidural; subdural; brain.

Vascular causes
e AV malformation.
e Aneurysm, venous thrombosis.

Metabolic causes

o Hypoglycaemia (L p.96).

e Diabetic ketoacidosis (EJ pp.98—101).

o Electrolyte abnormalities.

e Inborn errors of metabolism (EX p.102).

o Hepatic encephalopathy.

o Hormonal abnormalities: thyroid; adrenal; pituitary (EJ pp.424, 449).
o Uraemic encephalopathy.
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Other

Hypothermia.

Hyperthermia.

Seizures and post-ictal state (EJ pp.506-507).
Hypertension (L2 p.396).

Hydrocephalus (EH p.535).
Hypoxia—ischaemia.

Sepsis (KX p.714).

Intussusception (L p.860).
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Altered level of consciousness:
clinical assessment

Initial examination
General examination can provide an explanation for the patient’s state.

General

o Vital signs: make a note of the adequacy and rate and depth of
respiration, the pulse rate and rhythm, BP, and body temperature.

o Medic-Alert bracelet: search for a bracelet or tag, or other information
that may indicate a longstanding medical problem.

o Skin: examine for evidence of trauma, rash, petechiae, jaundice, and
needle tracks.

o Breath: check for odours of alcohol, ketones, hydrocarbons, or toxins.

Head and neck

o Head: if the anterior fontanelle is patent, a tense fontanelle indicates
raised ICP, whereas a sunken fontanelle suggests dehydration.

o Nose and ears: leakage of blood or CSF; ‘raccoon eyes’ or Battle sign
suggests basal skull fracture.

Pupils

o Small (2-3mm) reactive pupils: suggest metabolic cause of coma.

o Midsize (4-5mm) unreactive, midposition pupils: suggest midbrain lesion.

o Pinpoint (1-2mm) pupils: indicate a pontine disorder, but are also
commonly associated with opiates.

o Unequal pupils with one fixed and dilated: suggest a brain disorder on
the side of the dilated pupil.

o Bilateral fixed dilated pupils: imply a poor prognosis, although similar
pupils may be produced by mydriatics, barbiturate intoxication, and
hypothermia.

Fundi
Examine for evidence of retinal haemorrhages and papilloedema.

After the ABCs, a focused neurological assessment is needed (see Box
5.4). Look for evidence of increased ICP and potential site of intracranial
lesion.

Signs of raised ICP

The signs of raised ICP include:

o Abnormal respiratory pattern.

o Unequal or unreactive pupils.

o Impaired or absent oculocephalic or oculovestibular responses.
o Systemic hypertension, bradycardia.

o Tense fontanelle.

o Abnormal body posture or muscle flaccidity.
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Box 5.4 Detailed neurological examination

Pattern of respiration

o Cheyne—Stokes (alternating apnoea and hyperpnoea) can be
seen with metabolic disturbance, bilateral cerebral hemisphere
dysfunction, and insipient temporal lobe herniation

o Central neurogenic hyperventilation (deep rapid respiration) can occur
with hypoxia—ischaemia, hypoglycaemia, or lesion between low
midbrain and midpons

o Ataxic respiration (irregular depth and rate) can be caused by
abnormality of the medulla and impending respiratory arrest

o Apneustic breathing (gasping, respiratory arrest in inspiration)
indicates pontine involvement

Eye movements

® Roving eye movements are seen in light coma without structural brain
disease

o Extra-ocular movements with coma suggests a metabolic disorder or
a supratentorial disorder

o Absence of movements suggests infratentorial disorder or drug
intoxication

o Abnormality of lateral gaze: the eyes are deviated toward the side
of a destructive cerebral lesion and away from an irritative cerebral
lesion. In a brainstem lesion the eyes are directed away from the side
of the lesion

o Skew deviation is seen with posterior fossa lesions

e Ocular bobbing is seen in pontine lesions

Lateral eye movement reflexes

Lateral eye movements are mediated by brainstem structures and re-

quire an intact midbrain and pons. These are assessed clinically by:

o Oculocephalic reflex (doll’s eye): sudden turning of the head from one
side to the other normally causes conjugate deviation of the eyes in
the direction opposite to that in which the head is turned.

* Do not test when the neck is unstable

o Oculovestibular reflex (cold caloric): cold water irrigated into the
ear with the head held 30° above the horizontal normally causes
conjugate deviation of the eyes toward the side of the irrigation

Motor function and posture

o Decorticate rigidity: the arms are held in flexion and adduction, the
legs in extension. This signifies a lesion in the cerebral white matter,
internal capsule, or thalamus

o Decerebrate rigidity: arms are extended and internally rotated. Legs
are extended. Occurs with lesions from midbrain to midpons,
and with bilateral anterior cerebral lesions. Can also be seen with
metabolic abnormalities, hypoxia—ischaemia, or hypoglycaemia.
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Altered level of consciousness:
Glasgow coma scale

As a summary of conscious state, the GCS score should be used (Tables
5.2 and 5.3). It is also a useful tool for monitoring changes. The full score
is calculated from the sum of E + V + M. A score <8 is used as a criterion
for endotracheal intubation in the head-injured.

Table 5.2 Glasgow coma scale: scores for older children

Response Score
Eye opening (E)

Sﬁ)bﬁianeous o 4
To verbal stimuli o o 3
Topain 2
None 1

Best verbal (V)
Orientated

Coﬁfused speercrhr 7

Inappropriate words

Non-specific sounds

SN IWiA I,

None

Best motor (M)

Follows commands

Localizes pain

Withdraws to paln

Fléxes to pain

Extends to pain

N SR UC RN T TN

None

Reproduced from Teasdale G, Jennett B. (1974) Assessment of coma and impaired
consciousness. A practical scale. Lancet Jul 13; 2(7872): 814, with kind permission from
Elsevier
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Table 5.3 Glasgow coma scale: scores for infants

Response Score

Eye opening (E)

Spontaneous

To speech

To pain

None
Best verbal (V)
Coos and babbles

Irritable cries

Ciries to pain

Moans to pain

None

Best motor (M)W

Normal

Withdraws to £6uch

Withdraws to péin

Abnormal flexion

Abnormal extension
None 1

Reproduced from Teasdale G, Jennett B. (1974) Assessment of coma and impaired
consciousness. A practical scale. Lancet Jul 13; 2(7872): 81-4, with kind permission from
Elsevier
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Altered level of consciousness:
management

Investigations Consider the following if the cause of the coma is
unknown.

Blood

e FBC, clotting, and bleeding time.

o Glucose, electrolytes, urea, liver function tests, ammonia, and lactate.
o Save two extra tubes of clotted blood for storage in the laboratory.

Toxicology
e Urine, blood, gastric aspirate for ingestions.
o Serum lead and free erythrocyte protoporphyrin.

Acid-base Arterial blood gas.
Microbiology Blood and urine cultures.

Imaging

o Cranial CT scan.

o MRI particularly for posterior fossa or white matter lesions. Cranial
imaging should only be performed if the child is well enough to leave
the emergency department, i.e. a full assessment has been undertaken,
and the child is stable, or intubated if GCS<9

Electroencephalography Standard EEG.

Lumbar puncture

Defer LP until a CT scan has been obtained if there are signs of raised ICP

or focal neurology, and until after intubation if GCS<9. Examine CSF for

microscopy, culture, glucose, and protein (see also LH pp.720-721).

Meningitis

e 20-20,000 white blood cells (WBC)/mm? with a polymorphonuclear
neutrophil leucocyte predominance.

o An elevated protein level >100mg/dL.

o Low glucose <2mmol/L (or <50% of plasma level).

Encephalitis

e 20-1000cells/mm? with lymphocyte predominance.

e The presence of red blood cells (RBC) up to 500 cells/mm?® suggests
herpes simplex virus (HSV) infection.

o CSF protein can be normal or mildly elevated.

o Glucose is usually normal (770% of plasma level).

Monitoring

The form and type of monitoring will be dictated by the underlying cause

of the patient’s state. Generally, after initial evaluation, monitor hourly:

o Vital signs, pupil reaction, fluid balance.

o The GCS for neurological review—in those with GCS 9—-11 a gastric
tube and urinary catheter may be needed.
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Treatment

Follow a standard protocol

o ABC: the initial priority.

o Glucose: whenever the cause of coma is not clearly obvious, 25%
glucose (250-500mg/kg) should be given IV after a blood sample has
been taken for laboratory blood glucose testing.

o Specific therapies should be considered (see Box 5.5).

Box 5.5 Specific therapies See also [1J p.720

Meningitis

o Immediately begin the appropriate antibiotics (see Antibiotics, p.79)
o Dexamethasone (IV 150micrograms/kg, qds for 4 days) if >3mths

Encephalitis
In the presence of a compatible clinical history, treat for HSV encepha-
litis with aciclovir (IV 10mg/kg, tds for 10-14 days)

Suspected raised ICP

e GCS <8: rapid sequence endotracheal intubation

o Ventilate to achieve normocapnia and normoxia

o Elevate the head of the bed to 30°

o Keep the head in the midline

e Mannitol (IV 0.25-1g/kg) and/or furosemide (IV 1mg/kg)

SIADH secretion
Limit the fluids to 67% maintenance

Antibiotics

Antimicrobial therapy is often given presumptively. The choice will de-

pend on local epidemiology, public health, immunization, and antibiotic

policy. In the comatose child, consider the following.

o Age <4 weeks: group B streptococcus, Gram —ve bacteria, and Listeria
monocytogenes: Recommend: ampicillin + aminoglycoside.

o Infants 1-3 months: group B streptococcus, Gram-negative bacteria,
Streptococcus pneumoniae, Neisseria meningitides. Recommend:
ampicillin + aminoglycoside/3rd generation cephalosporin.

® >3 months: Streptococcus pneumoniae, Neisseria meningitides.
Recommend: 3rd generation cephalosporin.

In the comatose older child where no CSF is available, a combination of
antimicrobials to cover HSV, Streptococcus pneumoniae, and Mycoplasma
pneumoniae infection is often prescribed.

o Cefotaxime (IV 50mg/kg qds; maximum 12g/day).

o Erythromycin (IV 10mg/kg qds).

o Aciclovir (IV 10mg/kg, tds).
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Status epilepticus

Status epilepticus (StE) is a prolonged seizure lasting over 30min or recur-
rent seizures during which the patient does not fully regain consciousness
within a 30min period. However, in practical terms, once a child has been
fitting for more than 5min, the chances of the seizure lasting more than
30min are dramatically increased, and therefore the common practice is to
start therapy at this point. The success of treatment depends on prompt
recognition and treatment (see Box 5.6, also L p.505).

Symptoms

StE is classified as convulsive (C) or non-convulsive (NC). NCStE is di-
agnosed with electroencephalogram (EEG), and should be considered in
the comatosed.

Aectiology

The common causes of childhood StE include:

o A regular occurrence in a child with a known/difficult epilepsy.
o Fever.

o Subtherapeutic anticonvulsant levels.

o Central nervous system (CNS) infections.

e Trauma.

o Poisoning.

e Metabolic abnormalities.

Note: in teenagers diagnosed with convulsive StE in the emergency depart-
ment, who do not have a pre-existing disability, up to 50% will be having
voluntary movements of psychological origin (‘pseudoseizures’). So con-
sider whether it is definitely a genuine epileptic seizure.

Investigations

After emergency life-supporting therapies, useful diagnostic tests include:

o Brain imaging: computerized tomography (CT), magnetic resonance
imaging (MRI).

o EEG.

o Lumbar puncture* caution, see L. pp.720-721;

o Blood: magnesium, electrolytes, calcium, glucose, and creatinine levels.

o Arterial blood gas.

o Toxicology: blood and urine.

e Anticonvulsant levels in those on anticonvulsants.

e FBC and WBC differential.

Initial treatment

Box 5.6 summarizes the treatments according to time after seizure begins.
At any stage, if there is respiratory depression, intubate the trachea and
support breathing.
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Box 5.6 Anticonvulsants in status epilepticus

0-5min: ABC

o Note time

o Call for help

o Consider whether it is a genuine epileptic seizure

o Check glucose

e Establish IV access

o Monitor vital signs, especially pulse oximetry saturation
o Give 100% oxygen via mask

5-15min: start anticonvulsants
o Use |V lorazepam (50-100micrograms/kg, up to 4mg) or
o Rectal diazepam (0.5mg/kg, up to 10mg)

15—20min: anticonvulsants
If there is no response, repeat the dose of lorazepam or diazepam (if
no IV access).

Note if the child has been given a benzodiazepine already, e.g. paramed-
ics, give only one dose.

15-35min: if seizure persists
o Load with IV phenytoin (18mg/kg, at rate <1mg/kg/min) or
o |V phenobarbital (18mg/kg, at rate <1mg/kg/min)

45min: refractory seizure

o [f seizures persist intensive care should be initiated

o Intubate the trachea and support breathing

e Intensive care medications include midazolam and thiopentone
e EEG monitoring

Once the seizure has stopped

Whilst the child is convulsing there is a reasonable amount of oxygen
perfusing the brain. Hence, the advice to parents that home oxygen is not
indicated for the treatment of StE. However, once the convulsion ends,
the child may have a respiratory arrest. So this is the critical period for
vigilance of ABC. Roll into the recovery position, keep the oxygen run-
ning, watch the SpO,, and other observations carefully. Do not transfer the
child or perform potentially dangerous procedures, such as LP until the
child has a GCS that is both improving and >9.
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Poisoning

The peak incidence of childhood accidental poisoning is between the ages
of 2 and 3yrs. Most cases occur at home. In older children, accidental self-
poisoning should be suspected as a possible suicide gesture.

Actiology

Parents usually know the name and often have a good idea of the amount

of material ingested. Obtain the bottle or container of the ingestant. Get

these details in the history.

o Exact name of the drug or chemical exposure.

e Preparation and concentration of the drug exposure.

o Probable dose (by history) of drug ingested in mg/kg, as well as
maximum possible dose.

o Time since ingestion or exposure.

o Check the National Toxicology database.

Symptoms and signs

There are various signs and symptoms produced by poisoning. It is help-
ful to consider the derangement in body systems and think of potential
causes (see Box 5.7). In addition, there are specific odours that may lead
to diagnosis.

Odours

o Acetone.

o Alcohol.

o Bitter almonds (cyanide).

e Garlic (heavy metals).

o Oil of wintergreen (methyl salicylates).
o Pears (chloral hydrate).

o Carrots (water hemlock).

Diagnosis

The likely type of poisoning may be indicated by its clinical effect
(see Box 5.7). Bedside or laboratory tests should also be performed.
o Urinary dip-tests and toxicology.

o Arterial blood gas.

o Blood glucose.

o Co-oximetry (carboxyhaemoglobin level).

e Serum urea and electrolyte.

o Osmolar gap: [osmolality — (2 x Na) + urea + glucose].

o Drug levels.

o ECG: 12-lead for assessment of rhythm and QT interval.

o X-rays: abdomen to detect radio-opaque tablets (e.g. iron).
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Box 5.7 Clinical effect and causative drugs or poisons

Depressed respiration: antipsychotics, carbamate pesticides, clonidine,
cyclic antidepressants, alcohol, narcotics, nicotine

Tachycardia and hypertension: amphetamines, antihistamines, cocaine
Tachycardia and hypotension: salbutamol, carbon monoxide, tricyclic
antidepressants, hydralazine, iron, phenothiazine, theophylline
Bradycardia and hypertension: clonidine ergotamine, ephedrine
Bradycardia and hypotension: calcium-channel blockers, clonidine,
digoxin, narcotics, organophosphates, phentolamine, propranolol,
sedatives

Atrioventricular block: astemizole, B-adrenergic antagonists, calcium-
channel blockers, clonidine, cyclic antidepressants, digoxin
Ventricular tachycardia: amphetamines, anti-arrhythmics (encainamide,
flecanide, quinidine, procainamide), carbamazepine, chloral hydrate,
chlorinated hydrocarbons, cocaine, tricyclic antidepressants, digoxin,
phenothiazine, theophylline

Torsade de pointes: amantadine, antihistamines (astemizole), cyclic
antidepressants, lithium, phenothiazine, quinidine, sotalol

Coma with miosis: alcohol, barbiturates, bromide, chloral hydrate,
clonidine, ketamine, narcotics, organophosphates, phenothiazines
Coma with mydriasis: atropine, carbon monoxide, cyanide, cyclic
antidepressants, glutethimide

Hypoglycaemia: alcohols, insulin, oral hypoglycaemic agents,
propranolol, salicylates

Seizures: amphetamines, anticonvulsants (carbamazepine, phenytoin),
anticholinergic, antihistamines, camphor, carbon monoxide,
chlorinated hydrocarbons, cocaine, cyanide, tricyclic antidepressants,
isoniazid, ketamine, lead, lidocaine, meperidine, phenothiazine,
phenylpropanolamine, propranolol, theophylline

High anion gap (Na — [Cl + HCO;]) metabolic acidosis: alcohol,
carbon monoxide, cyanide, ethylene glycol, iron, isoniazid, methanol,
salicylate, theophylline

Low anion gap: bromide, lithium, hypermagnesaemia, hypercalcaemia
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Poisoning: management

Initial treatment
Follow a standard protocol for ABCD and seek advice from your regional
or national poisons centre.

Gastrointestinal decontamination
Avoid if airway is unprotected. Otherwise consider the following.

Activated charcoal

o Oral or nasogastric: 1g/kg is used for substances that can be adsorbed.

e Do not use when there is risk of aspiration (e.g. bowel obstruction,
ileus, absent gag reflex).

o Do not use after ingestion of alcohol, iron, boric acid, caustics, lithium,
or electrolyte solutions.

Gastric lavage

o May be useful if the patient arrives within 1hr of ingestion (longer if
salicylates or iron).

o Do not use if there has been caustic or hydrocarbon ingestion.

e Do not use if co-ingestion of sharp objects.

o The lavage is performed via a large bore gastric tube with normal
saline (15mL/kg/cycle, maximum 200mL/cycle) until the gastric
contents are clear.

Ipecacuanha

o Useful within 30min of ingestion.

o Use 10mL for infants 26mths.

e Use 15mL for children 1-2yrs.

o Use 30mL for child >12yrs.

e Do not use when there has been caustic ingestion.

o Do not use if the child has altered LOC or is at risk of seizures.

o After taking ipecacuanha the child should be placed in the prone or
lateral position.

Bowel irrigation

o Nasogastric polyethylene glycol solution (GoLYTELY® 25-40mL/kg/h
for 4—6hr or until clear effluent) is useful after toxic iron, lithium, or
lead ingestion.

e GoLYTELY® may be useful some hours after ingestion of enteric-
coated tablets (salicylates, calcium channel blockers, 3-blockers).

e Do not use in cases of coma when the airway is not protected.

e Do not use in cases of Gl haemorrhage, obstruction, and ileus.
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Enhanced elimination

o Urinary alkalinization (pH 7-8) aids elimination of weak acids
(salicylates, barbiturates).

o Use IV NaHCO; (1-2mmol/kg) followed by increased maintenance
fluids (1.5-2 times) with added NaHCO,.

o Beware of further electrolyte disturbance.

o Haemodialysis is useful for low molecular weight substances that have
low volume of distribution and low binding to plasma proteins (aspirin,
theophylline, lithium, phenobarbitone, and alcohols).
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Poisoning: antidotes and substrates

Antidotes and substrates are useful in only a minority of poisonings. Poison
centres will provide exact advice.

Antidotes and substrates

Paracetamol (acetaminophen)

o Children taking >150mg/kg need assessment

o Take blood 4hr after ingestion and use nomogram. Give
N-acetylcysteine if criteria are met. Check liver function tests (LFTs)
and International normalized ratio (INR)

o N-acetylcysteine: PO or NG loading 140mg/kg, then 70mg/kg/
dose qds for 17 doses. IV used if Gl bleeding. Repeat blood level
at 24hr

Anticholinergics, antihistamines (diphenhydramine), plants (deadly

nightshade, jimson weed, henbane), anti-Parkinsonian drugs, dilating

eye drops, skeletal muscle relaxants

Benzodiazepines: used for agitation and seizures (avoid phenytoin)

e Physostigmine: useful for anticholinergic syndrome. It reverses
central effects of agitation and seizures. Not for tricyclic
antidepressant overdose, asthmatics, Gl obstruction, genitourinary
(GU) obstruction. Give slow IV 20micrograms/kg/dose (up to
500micrograms) over 5min. Repeat every 5min, but maximum
cumulative dose should be below 2mg. Have atropine available
for cholinergic symptoms (0.5mg for every mg of physostigmine).
Response is rapid

Benzodiazepines: chlodiazepoxide, clonazepam, diazepam,

temazepam

e If ABCs are stable there is little need to do more than observe

o Flumazenil. Reverses lethargy and coma. Not for tricyclic
antidepressant or chloral hydrate overdose, or child with seizure
disorder on benzodiazepines. Give 10micrograms/kg over 1min
(maximum 500micrograms/dose, or 1mg overall). Response is rapid,
but resedation may occur. May induce seizures

[B-adrenergic antagonists: atenolol, esmolol, labetalol, propranolol

e Glucagon is useful for reversing bradycardia and hypotension. Give
0.05-0.1mg/kg bolus, followed by 0.1mg/kg/h infusion

o Atropine, isoprenaline, and amiodarone can be used if bradycardia or
hypotension persist after glucagon

o Cardiac pacing may be needed. If cardiac arrest occurs, massive
doses of adrenaline (epinephrine) may be required

Calcium channel blockers: diltiazem, nifedipine, nimodipine,

verapamil

o Use glucagon, amrinone, isoprenaline, atropine, and dopamine for
hypotension unresponsive to fluids and calcium
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o Give calcium chloride (20mg/kg of 10% solution) or calcium gluconate
(100mg/kg of 10% solution) for hypotension and bradyarrhythmias
o Consider cardiac pacing

Carbon monoxide (CO) fire; exhaust from fuel engines, furnaces, or

burners; paint remover with methylene chloride

o Ensure ABCs and give 100% oxygen

e Check COHb level

o Consider hyperbaric oxygen if COHb >40%, or if symptoms persist
after 4h despite 100% oxygen

e Also consider cyanide toxicity if smoke inhalation

Cyanide

o There are special kits for rescue that will be in Pharmacy

o Sodium nitrate 3%: dose depends on Hb level, but do not give if CO
poisoning as well

e Sodium thiosulphate 25%: dose depends on Hb level

Digoxin

e Measure serum drug level. Toxicity occurs with level >2ng/mL

o Check electrolytes, magnesium, thyroxine, and calcium

o Correct hypokalaemia (IV 0.5-Tmmol/kg/dose as infusion 0.5mmol/kg/h
over 2hr)

o |f hyperkalaemic (>5mmol/L) give insulin, dextrose, sodium
bicarbonate, and Kayexalate®. Do not give calcium chloride or
calcium gluconate because these potentiate ventricular arrhythmias

o Digoxin-specific antibody (FAB fragments). Give for ventricular
dysrhythmias, or supraventricular bradyarrhythmias (if resistant
to IV atropine 10-20micrograms/kg), hyperkalaemia, hypotension,
heart block, and ingestion >4mg. Phenytoin may be used to improve
AV conduction. Avoid quinidine, procainamide, isoprenaline, or
disopyramide if AV block present

Ethylene glycol, methanol

e Fomepizole (loading 15mg/kg, then 10mg/kg bd for 4 doses, then
15mg/kg bd until levels <20mg/dL): antidote for methanol and
ethylene glycol. Indications: level >220mg/dL, or high anion gap
metabolic acidosis

e |f not available, use ethanol (loading dose 0.6g/kg; load over 1hr
followed by infusion 100mg/kg/hr)

e Other agent: pyridoxine 2mg/kg and thiamine 500micrograms/kg. In
the case of methanol, also give folate (50—100mg over 6hr)

Iron

e Measure serum concentration 2—6hr after ingestion. A level
>350micrograms/dL is frequently associated with systemic toxicity. If
ingestion <20mg/kg no treatment needed

o Desferrioxamine: IV infusion 5-15mg/kg/hr in all cases of
serious poisoning (i.e. based on symptoms, AXR, serum level
>500micrograms/dL). Continue until symptoms have resolved
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Isoniazid
For stopping seizure use pyridoxine (vitamin B,) 3—5g

Lead

e Immediate intervention for blood level >70micrograms/dL

e Oral chelation with dimercaptosuccinic acid (DMSA): first 5 days 30mg/
kg/day divided every 8hr; next 14 days 20mg/kg/day divided every
12hr

Parenteral chelation with British antilewisite (BAL): initial dose 75mg/
m? deep IM; then 4hr later start CaNa,EDTA (1500mg/m?/day via
continuous |V infusion for 48hr). If there is risk of cerebral oedema,
then give IM. BAL is continued simultaneously at 75mg/m?/dose IM
4-hourly for 48hr

BAL is suspended in peanut oil, and may cause haemolysis in patients
with G6PD deficiency

Methaemoglobinaemia: sulphonamides, quinines, phenacetin, nitrates,

aniline dyes, naphthalene

e Measure level and if >30% start treatment

o Methylene blue 1%: 1-2mg/kg (0.1-0.2mL/kg) IV over 5min. May
repeat dose (maximum total 7mg/kg) if symptoms present after 1hr

e Beware of methylene blue in G6PD deficiency

e Consider hyperbaric oxygen or exchange transfusion if no response

Narcotics: codeine, dextromethorphan, propoxyphene, pentazocine,

butorphanol, methadone

o Naloxone useful for reversing coma caused by opiates. Give IV, IM,
or via ETT 2mg (10micrograms/kg, if < 12yrs) inc to 100micrograms/
kg. Response is rapid and repeat doses or infusion can be used.

Organophosphates: pesticides

o Atropine: initial dose 20micrograms/kg (max 2mg) 1V; then additional
doses if bronchorrhoea

e Pralidoxime: 25-50mg/kg/dose (up to 1g) IV; consider 10-15mg/kg/hr
infusion for severe cases

Phenothiazine

e For extrapyramidal syndrome, diphenhydramine: 1mg/kg/dose slow
IV over 5min.

e Also if life-threatening, IV benzatropine 20-50micrograms/kg/dose
(1-2 doses per day in children >3yrs)
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Fluid and electrolytes

Normal fluid requirements

All children with serious acute illness in hospital are given fluid and elec-
trolyte solutions. It is important to match what you prescribe to what
the child actually needs. There are a number of ways of calculating daily
requirements, but the method we most commonly use is based on patient
weight (see Box 5.8).

Box 5.8 Calculating fluid and electrolyte requirements

24-hr fluid requirements

o 100mL/kg: for the first 10kg of weight

o +50mL/kg: for the second 10kg of weight

o +20mL/kg: for the remaining weight above 20kg

24-hr electrolyte requirements
o Sodium: 2—4mmol/kg
e Potassium: 1-2mmol/kg

Normal fluid therapy is based on the above calculations. In the fasting pa-
tient, the type of fluid given should contain dextrose (usually 5%), sodium
chloride, and added potassium chloride. Outside the neonatal period we
use 0.9% or 0.45% saline with dextrose and additives. Do not use plain 5%
dextrose in water or 5% dextrose 0.18% saline. The volume of fluid admin-
istered should be increased in dehydration (see L p.91), and restricted to
50-75% of the usual maintenance volume in cases of:

o SIADH (EH pp.92, 448).

e Fluid overload (EJ p.53).

e Congestive heart failure (X p.226).

o Renal failure with oliguria or anuria (EJ pp.362-365).
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Fluid and electrolytes: dehydration

Dehydration can lead to shock, severe metabolic acidosis, and death, par-
ticularly in infants. Its severity can be assessed using change in weight or
the following physical signs.

Mild dehydration (0-5%)

o Weight loss: 5% in infants and 3% in children.
o Skin turgor: may be decreased.

o Mucous membranes: dry.

o Urine: may be low.

o Heart rate: increased.

o Blood pressure: normal.

e Perfusion: normal.

o Skin colour: pale.

o Consciousness: irritable.

Moderate dehydration (5-10%)

o Weight loss: 10% in infants and 6% in children.

o Skin turgor: decreased.

® Mucous membranes: very dry.

o Urine: oliguric.

o Heart rate: increased.

o BP: may be normal.

o Perfusion: prolonged capillary refill (capillary refill time (CRT) > 2s).
o Skin colour: grey.

o Consciousness: lethargic.

Severe dehydration (10-15%)

o Weight loss: 15% in infants and 9% in children.
o Skin turgor: poor with tenting.

o Mucous membranes: parched.

o Urine: anuric.

o Heart rate: increased.

o Blood pressure: decreased.

o Perfusion: prolonged CRT.

o Skin colour: mottled; blue or white.

o Consciousness: comatose.

After you have assessed the degree of dehydration in your patient, two
problems need to be addressed—water and electrolyte losses. In practice,
our treatment is aimed at correcting both the water and electrolyte losses
(Table 5.4).
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Table 5.4 Water and electrolyte losses in 10% dehydration

Losses in 10% dehydration

H20 (mL/kg) Na (mmol/kg) K (mmol/kg) Cl (mmol/kg)
Isotonic dehydration (Na, 130—150mmol/L)

ooy g
Hyponatraemic dehydration (Na < 130mmol/L)

oo P
Hypernatraemic dehydration (Na > 150mmol/L)

oo g S

Isotonic and hyponatraemic dehydration

o First assess the degree of dehydration (use weight change and signs).
o Calculate the fluid deficit.

o FBC with differential.

o Serum electrolytes (Na, K, Ca) with urea, creatinine, and glucose.

Emergency treatment is directed toward restoring any compromise in the
circulation. (See shock, [l p.56: use 20mL/kg IV normal saline). Monitoring
should include: vital signs, losses (urine output, stool, vomitus, NG), daily
weights, and blood tests. After the initial phase, fluid administration should
be calculated to correct deficits over 48hr. Overall, take into account the
deficit, maintenance requirements, and any ongoing losses:

Hourly rate = (24hr maintenance + deficit — resuscitation fluids)/24

Hypernatraemic dehydration

o Water losses exceed sodium loss.

o Cerebral oedema is a risk during rehydration, so correction of the
deficit should be achieved slowly and evenly, over 48hr.

e Emergency treatment of shock is treated with 10-20mL/kg IV saline.
Thereafter, calculate the deficit and restore patient’s needs.

e Monitor as above, with at least 8-hourly electrolyte studies.

o Use 0.9% saline so that sodium correction occurs slowly.

Seizures and cerebral oedema may complicate the rehydration phase of
hypernatraemic dehydration. If these occur, treat symptomatically and
refer to an intensive care unit. There may be a number of causes of these
problems—your initial role in this emergency is to do the ABCs. Further
investigations and CT scan may be needed.
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Fluid and electrolytes: abnormalities

Hyponatraemia (<130mmol/L)
Assess the problem. s the patient hypovolaemic or overloaded?

Sodium depletion

o Associations: hypovolaemia and low urine Na (<10mmol/L).

o Causes: inadequate Na intake, excessive Na losses.

o Treatment: restore circulation, replace water and salt deficits.

o Symptomatic therapy (<120mmol/L): if there are seizures, the serum Na
level should be acutely raised by 5-10mmol/L in about 1hr. Use 3mmol
NaCl/kg IV over 30—-60min.

Dilution

o Associations: normovolaemia (occasionally overload), paradoxically high
urine Na (usually >300mmol/L), and sometimes cerebral oedema.

o Causes: impaired water excretion; excess water given.

o Treatment: correct the volume overloaded circulation with diuretics
(furosemide 0.5-1.0mg/kg IV). Provide oxygen and inotropes if
required. Restrict fluids to less than maintenance.

® SIADH: There are many causes of SIADH. The features are low urine
volume and high urine osmolality in the absence of hypovolaemia,
renal disease, and adrenal disease. Urine Na is paradoxically high
(20-30mmol/L) in the presence of hyponatraemia secondary to
volume overload (see EL p.448).

Hypernatraemia (>150mmol/L)

Besides hypernatraemic dehydration and salt poisoning, you will see
hypernatraemia in diabetes insipidus (DI), where there is excess renal
water loss. The urine is 5-10 times usual volume, with low osmolality
(50-100mOsm/L), in the absence of glycosuria. So, assess the underlying
problem, and restore compromised circulation (see Ll p.91).

Anti-diuretic hormone (ADH) deficiency

o Causes: severe asphyxia, and CNS trauma, surgery, or infection.

o Treatment: use two |V solutions—one at 30-40% maintenance for
replacement of insensible losses; the other for replacing urine losses.
Check urine Na/K and prepare IV replacement solution to match.

o Hormone replacement: DI is sometimes transient and so initial fluid
therapy is reasonable. However, if this problem is established,
hormonal replacement is needed: nasal deamino-8-d-arginine
vasopressin (DDAVP) 1-40micrograms/day in 1 or 2 doses; parenteral
(IV) DDAVP 2—4micrograms/day in 2 doses. You should see a
response within Thr.
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Hypokalaemia (<3mmol/L)

o ECG changes: flattened, prolonged, or inverted T waves; prominent U
waves; ST segment depression; atrioventricular block.

o Dysrhythmias, hypotension.

o Neuromuscular: weakness; hypotonia; hyporeflexia; paraesthesiae.

o Gl:ileus; constipation.

Correction

o Urgent: ECG changes, children on digoxin, or serum <2.5mmol/L.

o Treatment. use 0.5mmol KCl/kg IV over 1hr via a central line. The bolus
should not exceed 20mmol, and should not be more concentrated
than 40mmol/L KCU/L. Monitor with continuous ECG and repeat
serum K level after 1-2hr.

Hyperkalaemia (>5.5mmol/L)

o ECG changes: peaked T waves; widened QRS; depressed ST segments
progressing to increasingly aberrant ECG complexes;

o Dysrhythmias: bradycardia; VT; VF; cardiac arrest.

Approach

Treatment guided by the level, but first repeat a venous sample in case
of haemolysis. Stop all potassium and monitor the ECG, while you wait
for the result.

Symptomatic treatment (>8.0mmol/L or ECG changes)

o Protect the myocardium: calcium gluconate 10% (100mg/kg/dose IV at
maximum rate 100mg/min; 1.5-3.3mL/min, 50mg/mL) and monitor for
bradycardia and hypotension.

Increase intracellular K uptake: NaHCO, (1-2mmol/kg IV over
5-10min); insulin with glucose (0.1unit/kg IV with dextrose 25% 0.5g/kg
IV over 30min).

Induce kaluresis: salbutamol nebulizer.

Decrease total load of K: Kayexalate® (1g/kg/dose PR 2-hourly with 5SmL
20% sorbitol).

Hypocalcaemia (<1.1mmol/L)

See also L) p.442. Low ionized values of Ca can result in:
o ECG changes: prolonged QT, AV block;

o Shock.

o CNS effects: seizures, tetany, and weakness.

Symptomatic therapy
o Calcium gluconate 10% for seizures, tetany, hypotension, arrhythmias.
e Monitor HR and BP during treatment.

Refractory hypocalcaemia

o Check magnesium level and serum albumin: if low, correct (25-50mg/kg.
IV magnesium sulphate over 30min, 6-hourly for 3 doses).

o [f these are normal, with raised phosphate, decrease phosphate intake
and use phosphate binders. Check renal function.
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Renal insufficiency

Acute renal failure is the sudden reduction or cessation of renal function
to the point where body fluid homeostasis is compromised, leading to ac-
cumulation of nitrogenous waste products, with or without reduced urine
output. Children in this state need immediate attention and transfer to a
specialized renal unit. More commonly, we see patients with a degree of
renal insufficiency that is complicating an acute medical illness—it may be
present at the time of presentation or it may evolve during hospital admis-
sion. The causes of renal insufficiency are discussed on L p.362.

Clinical assessment

Take a thorough history and do a full examination. Assess whether there
is hypertension or hypotension. Check the urine output (oliguria <0.5mL/
kg/hr) and if anuric suspect obstruction. The particular points you should
consider are the following:

o Whether there has been any preceding throat infection
(streptococcus), gastroenteritis (haemolytic-uraemic syndrome (HUS)),
or exposure to drugs or toxins.

Is there any evidence of general illness with pallor, anorexia, oedema,
weakness, and fatigue?

o |s there a rash, and is it petechial or purpuric?

o |s there hypertension or signs of heart failure?

e |s there tachynoea, cough, or haemoptysis?
L]
o

Is there any nausea, vomiting, bleeding, flank mass, or ascites?
Is there any evidence of altered consciousness?

Investigations

The following tests are required in acute care:

o Blood: FBC with differential.

o Serum biochemistry: electrolytes with urea and creatinine, and arterial
or capillary blood gas.

o Urine: check for any protein, blood, or active sediment (red cell
casts, tubular cells, white cell casts, or other evidence of urinary tract
infection (UTI)).

o Imaging: organize a CXR, AXR, and abdominal and renal ultrasound
(US) examination with Doppler studies of renal vessel blood flow.

o Other tests: consider taking blood samples for complement levels (C3,
C4), serum titres (e.g. anti-streptolysib O (ASO) titres).

Monitoring

The form and type of monitoring will be dictated by the patient’s condi-
tion. Start with:

e Continuous pulse oximetry.

o ECG monitoring.

o Intermittent BP monitoring.

o Insert a urinary catheter and follow hourly output.
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Acute therapy
In the acute setting first assess the ABCs. Then, to assess intravascular
volume, come to a decision about whether the patient is hypovolaemic
or hypervolaemic.

Hypovolaemia

o Administer 20mL/kg 0.9% normal saline as an IV bolus, and repeat if
necessary.

o [f the cause of anuria is fluid depletion, fluid resuscitation should
restore urine flow within 6hr.

o Give blood if necessary and continue to monitor.

o Acute tubular necrosis is likely if there is no response to the above.
Repeat the fluid bolus with furosemide (1-5mg/kg IV), but do not use
if obstructive uropathy is suspected—refer to a urologist.

o [f the patient produces urine, expect large amounts (which will need to
be replaced) as polyuric renal failure may be present.

Hypervolaemia
o Consider a single dose of furosemide (1-5mg/kg IV).
o If the urine output is minimal then treat as acute renal failure.

Acute renal failure and kidney injury

A child in acute renal failure will need to be transferred to a renal unit.
Hypertension, hyperkalaemia, hyponatraemia, and seizures will need to
be treated. You should continue to monitor volume state, BP, ECG, and
electrolytes. Standard treatment includes the following.

BP

e Hypertension is present if BP >95th centile (see L pp.391-392).
o Restrict salt intake.

o Consider antihypertensive drugs.

Fluids
o Continue to correct and replace volume loss with normal saline.

o Thereafter, restrict fluids to urine replacement and insensible losses
(300—-400mL/m?/day).

Electrolytes

o Correct hyponatraemia if causing seizures.

o Correct hypocalcaemia if symptomatic—do this before correcting any
acidosis.

o Discontinue any potassium administration. (Remember that for every
0.1 fall in pH, potassium will rise by 0.4mmol/L, so you may need to
treat acidosis if pH <7.2 and bicarbonate <10mmol/L.)

Diet
Limit protein to 0.5—-1.0g/kg/day.
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Glucose: hypoglycaemia

In infants and children this emergency is defined as a blood value
<2.2-2.6mmol/L (see also L pp.132, 412, 967).

Aetiology

Hypoglycaemia is a sign of an underlying disease process that interferes
with carbohydrate intake or absorption, gluconeogenesis, or glycogenoly-
sis. These conditions are discussed in detail in Chapter 26 (see L p.967).
Outside the neonatal period, in the acute setting, the causes of hypogly-
caemia can be grouped as follows.

Endocrine

o Hyperinsulinism.

o Hypopituitarism.

o Growth hormone deficiency.
o Hypothyroidism.

o Congenital adrenal hyperplasia.

Metabolic

o Glycogen storage disease.

o Galactosaemia.

o Organic acidaemia.

o Ketotic hypoglycaemia.

o Carnitine deficiency.

o Acyl CoA dehydrogenase deficiency.

Toxic

o Salicylates.
o Alcohol.
e Insulin.

o Valproate.

Hepatic

o Hepatitis.

e Cirrhosis.

o Reye syndrome.

Systemic

e Starvation.

e Malnutrition.
o Sepsis.

o Malabsorption.

Clinical assessment

Take a thorough history and identify the timing of hypoglycaemia in rela-
tion to feeding and medication. On examination assess for:

e Short stature (K p.466).

e Failure to thrive (K p.308).

o Hepatomegaly (X p.960).

e Features of any generalized metabolic disorder (EJ p.954).
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Investigation

If possible, during an acute episode you should try to:

o Save blood and urine for metabolic and endocrine testing.
o Check blood glucose in the laboratory.

o Blood electrolytes, urea, liver function, and osmolality.

e Blood gas.

o Toxicology screen.

Monitoring
Ensure ABCs. Then start with continuous pulse oximetry and ECG moni-
toring, and intermittent BP monitoring.

Treatment

Asymptomatic child
Oral glucose drink or gel.

Symptomatic child

o Glucose: 10% 5-10mL/kg IV, or 25% 2—4ml/kg IV.

o followed by: continuous infusion of salt solution with 5-10% glucose
(6-8mg/kg/min), e.g. 0.45% saline and 5% glucose.

o If hypoglycaemia persists increase the glucose to 10-12mg/kg/min.

o [f there is no response consider glucagon, hydrocortisone, or diazoxide.
These patients will need advice from a specialist.
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Diabetic ketoacidosis

See also LLJ p.413.

Diabetic ketoacidosis (DKA) is a diabetic emergency and such patients can
die from hypovolaemic shock, cerebral oedema, hypokalaemia, or aspira-
tion pneumonia. DKA is defined as:

o Hyperglycaemia (>11mmol/L).

e pH<73.

o Bicarbonate <15mmol/L.

o Urinary ketones.

Patients who meet the above criteria, who are more than 5% dehydrated,
or who have altered level of consciousness require careful supervision and
treatment. Some patients may need referral to an intensive care unit (e.g.
pH < 7.1, severe dehydration with shock, <2yrs of age).

Clinical assessment

o Degree of dehydration (EH p.90).

e Level of consciousness (KX pp.74-77).

e Full examination for evidence of cerebral oedema, infection, and ileus.
o Weight.

Investigations
The key tests are as follows.

Blood

e FBC with differential.

e Serum electrolytes with urea and creatinine.
e Glucose.

e LFTs (transaminases).

o Arterial or capillary blood gas.

o Lactate level.

o Ketone level.

Urine

o Urinalysis.

o Ketones.

o Reducing substances.

e Organic and amino acids.

o Drug screen.

Monitoring

o Ensure the ABCs: after that the form and type of monitoring will be
dictated by the patient’s condition.

o CNS: follow the neurological state. If there is headache or altered
consciousness, treat as though raised ICP has developed.

o Continuous pulse oximetry and ECG monitoring: T-wave changes should
alert you to hypokalaemia or hyperkalaemia.

o Intermittent BP monitoring.

o Hourly urine output: test for ketones.



~ DIABETICKETOACIDOSIS g9




100

CHAPTER 5 Emergency and high dependency care

Diabetic ketoacidosis: treatment

Fluid therapy
We have already discussed the management of dehydration (EJ pp.90—
93). Our therapy is similar in DKA, with the following caveats.

Resuscitation fluid

o Use 0.9% saline for resuscitation of the circulation.

o This alone will bring down the glucose level.

o Remember to include the initial resuscitation volume in your
calculation of total fluid replacement to be given in the 48hr.

Calculation of deficit
o Never use more than 10% dehydration in the calculations.
o Restore deficit over 48hr.

Type of fluid

o Use normal saline initially.

o When glucose has fallen to 14mmol/L add glucose to the fluid. If this
fall occurs within 6hr, the child may still be sodium depleted. In this
instance add glucose to 0.9% saline. Usually the fall in glucose occurs
after 6hr and it is safe to change the fluid type to 0.45% saline with 5%
glucose.

Potassium should be started with the rehydration fluids after the first
500mL provided the patient is passing urine. Add 40mmol KCU/L (i.e.
20mmol KCl to each 500mL bag).

Bicarbonate and phosphate

e There is no evidence for using bicarbonate/phosphate in DKA.!

e However, under extreme conditions and in critical illness these are
sometimes considered.

Electrolytes
Check these 2-hourly after resuscitation, and then 4-hourly.

Oral fluids

o Initially nil by mouth £ NGT.

e Juices and rehydration solutions should only be given after substantial
clinical improvement.

e These fluids should be added to the overall calculation of fluid intake.

Insulin therapy

Once the rehydration fluids and potassium have been started insulin
should be used to switch off ketogenesis and reverse DKA. There is no
need for an initial bolus dose; continuous low-dose IV insulin is the pre-
ferred method of administration.
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Insulin treatment in diabetic ketoacidosis

Insulin infusion

o Make up a solution of 1U/mL of human soluble insulin (50U in 50mL
of 0.9% saline)

o Attach this to a second IV line or ‘piggy-back’ to one line with the
replacement fluids

e Give 0.1U/kg/h (i.e. 0.1mL/kg/hr)

Glucose fall

o [f the rate of blood glucose fall exceeds 5mmol/L/hr, or falls to
around 14-17mmol/L, then add glucose (equivalent to 5-10%) to the
IV fluids

e Insulin dose needs to be maintained at 0.1U/kg/hr in order to switch
off ketogenesis—do not stop it. If the blood glucose falls below
4mmol/L, give a bolus of 2ml/kg of 10% glucose and increase the
glucose concentration of the infusion

Recovery

e Once the pH is >7.3, the blood glucose <14mmol/L, and a glucose-
containing fluid has been started, consider reducing the insulin
infusion rate, but to no less than 0.05U/kg/hr

o Once the child is drinking well and able to tolerate food, IV fluids
and insulin can be discontinued

e Start SC insulin in the newly-diagnosed diabetic, according to local
protocol. Resume usual insulin regimen in known diabetics

e Discontinue the insulin infusion 60min after the first SC injection

Treatment failure
If blood glucose is uncontrolled, or the pH worsens after 4—6hr, check
IV lines, dose of insulin, and consider possible sepsis

Complications

The most concerning complication of DKA is cerebral oedema. The warn-
ing signs include:

o Headache, behavioural change with restlessness, drowsiness.

o Body posturing, cranial nerve palsy, seizures.

o Slowing of HR, haemodynamic instability.

o Respiratory arrest.

Once identified:

e Start ABCs.

o Emergency mannitol (1.0g/kg) IV.
e Transfer to the intensive care unit.

Reference

1 Dunger DB, Sperling MA, Acerini CL, et al. (2004). ESPE/LWPES consensus statement on diabe-
tic ketoacidosis in children and adolescents. Arch Dis Child 89: 188-94.
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Inborn error of metabolism

Inborn errors of metabolism are rare. If such conditions are suspected
during the neonatal period, then there is a specific course of action that
should be followed (see [ p.187, and Chapter 26). Very occasionally,
however, infants or children present outside the neonatal period with a
catabolic state induced by an intercurrent illness such as viral infection, or
fasting. The differential diagnosis at this time is broad and includes:

o Infection: generalized sepsis; CNS infection.

o Gastrointestinal: pyloric stenosis; gastroenteritis.

o Cardiac: duct-dependent CHD.

Clinical assessment

History

o A thorough history is important.

o Assess whether there is any consanguinity, or death of siblings from
unknown or metabolic diseases.

o |dentify specifically developmental progress.

o Has there been intermittent vomiting, sleepiness, or seizures.

Examination

o A full examination is needed here.

e Think about abnormal odours.

o Check on growth, failure to thrive.

o Skin: dermatitis or alopecia.

o Eyes: cataracts.

o Breathing pattern: Kussmaul or central hyperventilation.

Investigations
Until you know the diagnosis, the key tests are as follows.

Blood

e FBC with differential.

e Serum electrolytes with urea and creatinine.
o Glucose, LFTs (transaminases).

o Arterial or capillary blood gas.

o lactate, pyruvate, ketones.

e Plasma amino acids.

e Ammonia.

e Carnitine.

e Drug screen.

Urine

o Urinalysis.

o Ketones.

Reducing substances.
Organic acids.
Amino acids.

°
L[]
°
e Drug screen.
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Monitoring

Ensure the ABCs. Then, the form and type of monitoring will be dictated
by the patient’s condition. Start with continuous pulse oximetry and ECG
monitoring, and intermittent BP monitoring. Follow hourly output.

Therapy

In the acute setting, prior to transfer (if needed), treatment will be sup-
portive, and directed towards any complicating metabolic acidosis or hy-
poglycaemia. All protein intake and oral feeds should be discontinued until
the diagnosis is confirmed. In order to avoid catabolism give continuous
glucose infusion (10-15%) during illness or periods of fasting.

Supportive care

o The underlying or precipitating illness needs to be treated.

e Later on, as a means of prevention against infection, ensure that
immunizations are up to date.

Acidosis

o Correct and optimize ventilation and circulation.

o After this, bicarbonate replacement may be needed.

e For more persistent problems, treat in specialist centres.

Hypoglycaemia
Use glucose 25% (2—4mL/kg/dose IV).
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Other acid-base problems

Since respiratory derangements in acid—base have already been discussed,
we will restrict this section to metabolic acidosis (see EJ p.958). An aci-
dotic pH (<7.30), with low bicarbonate (<20mmol/L), suggests a primary
metabolic acidosis. In an emergency, an alkalotic pH (>7.50) with raised
bicarbonate (>30mmol/L) is most usually seen when supportive ventila-
tion has been started in a patient with chronic hypercapnia.

Differential diagnosis of metabolic acidosis
Calculate the anion gap (AG)

AG = [Na] - ([HCO,] + [CL])
Normal AG = 10-12mmol/L

Increased anion gap metabolic acidosis
This is due to the production of exogenous acid. As an aide-mémoire,
think of ‘a mudpile’

o Alcohol or aspirin

Methanol

Uraemia

DKA

Paraldehyde

Ingestion or inborn error

Lactate

o Ethylene glycol

Normal anion gap metabolic acidosis

This is commonly due to loss of bicarbonate from the gut or kidney, or
impaired acid secretion by the kidney

e Diarrhoea

Type | (distal) renal tubular acidosis (RTA): inability to excrete
hydrogen ion; urine pH always high (>6.5); caused by a variety of
medications or inherited; often associated with hypokalaemia and
hypercalciuria

Type (proximal) Il RTA: impaired reabsorption of bicarbonate from
proximal tubule: usually associated with other proximal tubular
dysfunction such as phosphaturia or glycosuria (Fanconi syndrome)
Type IV (hyperkalaemic) RTA—inadequate aldosterone production or
inability to respond to it: seen in acute pyelonephritis or obstructive
uropathy
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Clinical assessment

History

A thorough history is important. You will need to identify any symptoms
of fever, flank pain, and vomiting (pyelonephritis), lethargy, or altered
mental state (metabolic disease or poisoning). Then ask specific questions
about the gastrointestinal and renal tracts, and growth. Last there may be
a significant family history of renal disease, kidney stones, or early infant
death.

Examination

A full examination is needed. Assess:

o Hydration.

e Growth.

o Respiratory state (compensation for metabolic acidosis).
e Abdomen.

o CNS.

Investigations

Until you know the diagnosis, the key tests are as follows.

o Blood. FBC with differential, serum electrolytes with urea and
creatinine, glucose, LFTs (transaminases), arterial or capillary blood
gas, lactate, pyruvate, ketone, plasma amino acids, ammonia, carnitine,
and drug screen.

o Urine: urinalysis, ketones, reducing substances, organic and amino acids,
and drug screen.

o Imaging: renal US scan looking for nephrocalcinosis (type | RTA).

Monitoring

Ensure the ABCs. Then, the form and type of monitoring will be dictated
by the patient’s condition. Start with continuous pulse oximetry and ECG
monitoring, and intermittent BP monitoring. Follow hourly output.

Therapy

If the patient is dehydrated then this problem should be treated with oral

or IV replacement. This alone may improve serum bicarbonate. However,

for the specific metabolic disorders:

o Increased AG: identify cause and treat;

e Distal or proximal RTA: bicarbonate supplementation (see also [
pp.382-385);

o Hyperkalaemic RTA: correct serum bicarbonate and increase fluids
to improve sodium delivery to the distal tubule (this will enhance
potassium secretion).

Bicarbonate treatment

If you are using bicarbonate then:

o Estimate the deficit = (20 — [HCO,]) x weight (kg) x 0.5mmol;
o Replace over 24-48hr with oral supplements.
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Further reading

BSPED-recommended DKA Management Guidelines (2009). Available at: & www.bsped.org.uk/
professional/guidelines/docs/DKAGuideline.pdf

Wolfsdorf |, Craig ME, Daneman D, et al. (2007) ISPAD Clinical Practice Consensus Guidelines
2006-2007. Pediat Diabet 8: 28-43. For the evidence base to the DKA management guidelines,
see the 2007 ISPAD guidelines. Available at: & http://www.ispad.org/FileCenter/10-Wolfsdorf_
Ped_Diab_2007,8.28-43.pdf


www.bsped.org.uk/professional/guidelines/docs/DKAGuideline.pdf
www.bsped.org.uk/professional/guidelines/docs/DKAGuideline.pdf
http://www.ispad.org/FileCenter/10-Wolfsdorf_Ped_Diab_2007,8.28%E2%80%9343.pdf
http://www.ispad.org/FileCenter/10-Wolfsdorf_Ped_Diab_2007,8.28%E2%80%9343.pdf
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Newborn life support

All who attend deliveries should be proficient in newborn resuscitation,
ideally taught on a recognized course (newborn life support (NLS) or
equivalent). The algorithm on [ p.109 demonstrates a general approach
to resuscitation (see Fig. 6.1). Preterm infants require special consideration
(2 p.114).

Before birth

o Check equipment.
e Ask about: Gestation? Foetal distress? Meconium?

At birth

e For uncompromised babies, a delay in cord clamping of at least one
minute is recommended.

o There is insufficient evidence to recommend a delay in babies who
require resuscitation.

Meconium

e Vigorous infants born through meconium stained liquor do NOT
require airway suctioning either on the perineum or the resuscitaire.

o Pale, floppy, poor respiration, or bradycardia? Inspect oropharynx and
perform suction if required.

o If appropriate expertise is available, tracheal intubation and suction
may be useful in non-vigorous babies. If expertise not available, or
if attempted intubation is prolonged or unsuccessful, start mask
ventilation, particularly if there is persistent bradycardia.

Lung inflation

o Inflation breaths are given initially, use air (21% O,).

® 3s each breath, 7 30cmH,0 (term infants)—give in sets of 5.

e Once the chest is moving, ventilation breaths (shorter and gentler) are
given at a rate of 30—40/min if required.

Airway manoeuvres

o Jaw thrust (2 person technique very useful).

o Direct inspection of oropharynx and airway suction.
o Guedel airway.

e Intubation (if competent).

Chest compressions

o Rate ~100/min, using two thumbs technique.

o 3 chest compressions per lung inflation (3:1 ratio).
o Re-assess infant after each 30secs (15 cycles).

Drugs

o Give through umbilical venous catheter (UVC) or IO (high dose
endotracheal tube (ETT) adrenaline can be considered).

o Remember, drugs are B.A.D. (Bicarbonate/Adrenaline/Dextrose 10%).
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Assess (tone), breathing and heart rate

o
—

Re-assess
If no increase in heart rate
look for chest movement

If no increase in heart rate
look for chest movement
v
When the chest is moving:
If heart rate is not detectable
or slow (<60/min)
Start chest compressions
3 compressions to each breath

)
—

Fig. 6.1 Newborn life support. SpO, values are 25th centile for term infants.

T
Birth AT
30s ALL
STAGES
60s
ASK:
Acceptable*
pre-ductal SpO,
2 min 60%
3 min 70%
4 min 80%
5 min 85%
10 min 90%
DO
YOU
NEED
HELP?

Reproduced with kind permission of Resuscitation Council (UK) 2010.
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Perinatal definitions
See also [ p.10.

Gestational age (post-menstrual age) Age measured from the first
day of the last menstrual period before conception and expressed in com-
plete weeks or days.

Chronological/postnatal age Time elapsed from birth.

Corrected age Chronological age minus the number of weeks born
before 40wks gestation.

Spontaneous abortion (miscarriage) A conceptus born after
spontaneous labour without any signs of life before 24 completed weeks
gestation.

Live birth A baby that displays any sign of life (i.e. breathing, heart beat,
cord pulsation, or voluntary movement) after complete delivery from the
mother, irrespective of gestation.

Stillbirth (late foetal death) Foetal death prior to complete delivery
from the mother after 24 completed weeks gestation.

Perinatal mortality Includes all stillbirths and neonatal deaths in the
first week. UK rate ~7-8 per thousand total births.

Neonatal mortality Death amongst live births before 28 days of age
(whatever the gestation at birth). UK rate ~3 per thousand live births.

Neonatal period From birth to 28 postnatal days in term infants. If
preterm, from birth to 44wks post-menstrual age.

Preterm Birth before 37 completed weeks gestation. ~8% of births.
Term birth Between 37 and 42 completed weeks gestation.

Post-term (post-mature) Birth after 42 completed weeks gestation.
<5% of births.

Low birth weight (LBW) Birth weight <2500g. 7% of births.

Very low birth weight (VLBW) Birth weight <1500g. 1.2% of
births.

Extremely low birth weight (ELBW) Birth weight <1000g.

Small for gestational age (SGA) Birth weight <10th centile for ges-
tational age.

Large for gestational age (LGA) Birth weight >90th centile for ges-
tational age.
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Small for gestational age

SGA is birth weight <10th centile for gestational age. Intrauterine growth
restriction (IUGR) is failure of growth in-utero that may or may not result
in SGA.

o Symmetric (proportional) SGA: all growth parameters symmetrically
small; suggests foetus affected from early pregnancy, e.g. chromosomal
disorder or constitutional.

o Asymmetric (disproportional) SGA: weight centile < length and head
circumference. Usually because of IUGR due to insult in late pregnancy,
e.g. pre-eclampsia. Asymmetric SGA infants at risk of complications.

Causes

o Constitutional, i.e. small parents (commonest).

o Restricted foetal O, or glucose supply, e.g. placental dysfunction,
maternal hypertension, multiple pregnancy, maternal illness.

o Foetal abnormality, e.g. chromosomal disorders, congenital anomalies
and syndromes, congenital infection.

e Maternal substance exposure, e.g. alcohol, smoking, therapeutic or
other drugs.

Complications

o 1 Risk of foetal death and asphyxia (SGA indicates foetal compromise).

o May have congenital infection, toxoplasmosis, others, rubella,

cytomegalovirus, herpes virus Il (TORCH) or malformation (EJ p.182).

Hypoglycaemia (due to decreased glycogen stores; L p.187).

Hypothermia.

Polycythaemia (secondary to chronic intrauterine hypoxia; Ll p.192).

Necrotizing enterocolitis and/or intolerance of feeds (chronic foetal

bowel hypoxia; L p.178).

e Thrombocytopenia/neutropenia/coagulopathy (bone marrow/hepatic
compromise; [ p.193).

e Meconium aspiration syndrome (2° to foetal hypoxia; Ll p.152).

Management

Ideally manage on a postnatal ward with increased ratio of midwives.

o Routine postnatal care.

Evaluate clinically for features suggestive of underlying cause.

Particular attention to thermal care and blood glucose monitoring.

Observe temperature, pulse, and respiration for at least the first 48hr.

Admit to neonatal unit if birth weight <1800g.

o Well infants can be discharged when: they are sucking all feeds
3—4-hourly; weight gain is satisfactory (20-30g/day); body temperature is
maintained at room temperature; mother is capable of caring for infant.

Prognosis

See also [l p.117. Neurodevelopmental impairments more common in
SGA infants. Symmetric SGA infants often stay small. The Barker hypothe-
sis suggests IUGR infants with a small placenta are at risk in later life of
coronary disease, stroke, obesity, and hypertension.
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Large for gestational age

Defined as birth weight >90th centile for gestational age.

Causes

o Most frequently constitutional, i.e. large parents.
o Infant of a mother with diabetes mellitus.

o Foetal hyperinsulinism, pancreatic islet cell hyperplasia.

e Hydrops foetalis (EJ p.138).

o Beckwith-Wiedemann syndrome (BWS; LLJ p.949).
Complications

o Perinatal asphyxia, nerve palsies, shoulder dystocia, fractures.

o Hypoglycaemia, especially if due to maternal diabetes or in BWS.
o Problems associated with the underlying cause LGA.

Management

o Careful obstetric management to prevent obstetric complications.
o Examine for associated features, e.g. BWS or signs of birth injury.
e Prevent hypoglycaemia (EH p.132).

Prognosis Generally excellent (unless hydrops foetalis) if managed well.

Infant of a mother with diabetes mellitus

Pathophysiology

Maternal hyperglycaemia — 1 foetal glucose — 1 foetal insulin secretion
(antenatally has growth hormone function) - macrosomia, organomega-
ly, and polycythaemia. Rarely, maternal vascular disease results in foetal
IUGR.

Associated complications

o 2—4 x risk of congenital abnormalities: caudal regression syndrome
(sacral and femoral agenesis or hypoplasia); transient hypertrophic
cardiomyopathy; small left colon syndrome; neural tube defects.

o Obstetric complications (see L] Complications): increased risk of
spontaneous miscarriage, intrauterine foetal death, and prematurity.

o Hypoglycaemia: generally resolves as serum insulin level falls.

o Respiratory disease: respiratory distress.

o Polycythaemia. Risk of secondary thrombosis (e.g. renal vein).

o Exaggerated physiological jaundice.

o Hypocalcaemia and hypomagnesaemia.

Management
Optimize maternal glycaemic control during pregnancy (¥ risk of compli-
cations except for congenital abnormalities; see LI p.120).

Prognosis

o Normoglycaemia occurs within 48hr in vast majority.

e 7 x increased risk of diabetes mellitus in later life.

o Increased risk of later obesity and, possibly, poor development.
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Prematurity

Birth before 37 completed weeks gestation. 8% of all births. Most prob-
lems seen in with infants born <32 completed weeks (~2% of all births).

Predisposing factors

o |diopathic (40%).

o Previous preterm birth.

o Multiple pregnancy.

o Maternal illness, e.g. chorioamnionitis, polyhydramnios, pre-eclampsia,
diabetes mellitus.

o Premature rupture of membranes.

o Uterine malformation or cervical incompetence.

o Placental disease, e.g. dysfunction, antepartum haemorrhage.

o Poor maternal health or socio-economic status.

Associated problems

o Respiratory: surfactant deficiency causing respiratory distress
syndrome (RDS; X p.150), apnoea of prematurity (B p.154), chronic
lung disease/bronchopulmonary dysplasia (CLD/BPD) (EJ p.166).

e CNS: intraventricular haemorrhage, periventricular leucomalacia;
retinopathy of prematurity (L p.188).

e Gl: necrotizing enterocolitis (Cl p.178); inability to suck; and poor milk

tolerance.

Hypothermia.

Immuno-compromise resulting in t risk and severity of infection.

Impaired fluid/electrolyte homeostasis (t transepidermal skin water

loss, poor renal function).

Patent ductus arteriosus (L p.169).

Anaemia of prematurity (L p.192).

Jaundice (liver enzyme immaturity; [ p.130).

Birth trauma (E p.126).

Perinatal hypoxia (X p.120).

Later: increased risk of adverse neurodevelopmental outcome,

behavioural problems, sudden infant death syndrome (SIDS), non-

accidental injury (NAI), and/or parental marriage break up (due to

impaired infant-maternal bonding, stress of long-term complications, etc.).

General management—antenatal

o Delivery should be planned in a centre capable of caring for preterm
infants.

o |f a woman has threatened preterm labour in a centre unable to
care for the baby, possible in-utero transfer should involve discussion
between neonatology and obstetrics teams preferably at consultant
level. Consider foetal fibronectin screening to aid diagnosis and
tocolysis to delay birth to allow for transfer.

e Give mother IM corticosteroids, 2 doses, 12-24hr apart, of either
beta- or dexamethasone, if <34wks gestation. Steroids ¢ mortality
by up to 40% (¥ severity of RDS, periventricular haemorrhage, and
necrotizing enterocolitis) provided they are given >24hr before birth.
Benefit persists for at least 7 days. Effect of repeated doses remains
unclear—may have adverse impact on later growth.
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General management—postnatal

o Most preterm infants require stabilization and support in transition—
not resuscitation.

Senior paediatrician should be present at birth if very preterm, e.g.
<28wks.

Delay cord clamping for 1min if infant not compromised.

Immediately after birth, place in food grade plastic bag and under
radiant heater.

Provide respiratory support as required:

* use positive end-expiratory pressure (PEEP) (5cmH,O);

* start with lower peak inspiratory pressure or proximal (PIP)
(20cmH,0);

consider elective intubation and ETT surfactant if <27/40;

may be possible to stabilize with PEEP/nasal continuous positive
airway pressure (CPAP) only.

Monitor oxygen saturation levels if available (right wrist = pre-ductal),
and target oxygen therapy appropriately:

* must be familiar with normal values;

« approx 10% well preterm infants will have SpO, <70% at 5min;

* & ‘correct’ starting dose of O, unclear, therefore, can start in air;
« easy to hyperoxygenate if start in high FiO,.

Once stable, well infants >1800g, and >35/40 may be transferred to a
suitable postnatal ward if midwifery staffing and expertise exists for the
required additional care. Otherwise admit to a neonatal unit.
Measure weight and temperature on admission and monitor closely:

« <1000g 37-37.5C;

* >1000g 36.5-37C;

¢ nurse in 80% humidity for first 7 days if <30/40.

Monitor and maintain blood glucose with enteral feeds (expressed
breast milk), total parenteral nutrition (TPN) or 10% glucose as
appropriate. Encourage ALL mothers to express breast milk from day 1.
Start broad spectrum antibiotics if any possibility of infection, e.g.
benzylpenicillin, and gentamicin.

Start specific treatment for associated diseases and complications of
prematurity, e.g. surfactant for RDS.

o Aim for minimal handling of infant with appropriate levels of noise and
cycled lighting in the nursery.

Support parents.
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Birth at the limit of viability

WHO defines the perinatal period as starting at 22wks gestation, which is
realistically the earliest gestation of viability. In the UK threshold viability
is generally accepted to be when birth is between 22 and 25 completed
weeks gestation, typically 500-1000g birth weight.

Management before birth
As gestation falls, the likelihood of mortality and serious long-term dis-
ability increases. When preterm birth at threshold viability is threatened
there should be close collaboration between paediatrician, obstetrician,
midwife, and family.

Unless delivery is precipitate a senior paediatrician should meet parents
before birth to assess and do the following:
Ascertain whether estimate of gestation is likely to be reliable.
Give relevant information.
Outline potential problems.
Outline possible management (including option of not resuscitating).
Describe relevant survival and disability rates.
Parents should fully participate in any decision about the
appropriateness of any later attempted resuscitation.

Management at birth

o <22wks gestation: rarely suitable for resuscitation, but it may still be
beneficial for a senior paediatrician to attend birth to reassure parents
and support staff in provision of comfort care.

o 22-25wks gestation: a senior obstetrician and paediatrician should be
present to assess size, maturity, and condition of the newborn and
then manage appropriately. If an infant appears viable, respiratory
support should be given. External cardiac massage or resuscitation
drugs are not generally considered appropriate. If junior doctors are
present alone at such a delivery full resuscitation should be started
and continued until a senior paediatrician arrives and makes an
assessment. If parents do not wish life-sustaining care in an infant born
before 25wks their view should be respected and taken into account.
However, if the infant appears unexpectedly vigorous or more mature,
full treatment should be started.

If resuscitation is withheld on a delivery ward the infant should be kept
warm and comfortable, as well as offered to parents to cuddle. For man-
agement after death see (L) p.198.

Management after birth

Clinical progress after the initial resuscitation and further discussion with
the parents will dictate whether it is appropriate to continue or withdraw
life-sustaining treatment. Where doctors and parents, or parents them-
selves, cannot agree as to the best or most appropriate management it is
almost always best to continue as the situation will become clearer with
time and agreement is usually then reached.
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Outcome following prematurity

Risk of complications and associated morbidity/mortality steadily lessen as
gestation advances. Infants who are well in the first 24hr and are >32wks
gestation are at low risk of suffering adverse outcomes. The EPICure and
EPICure2 studies give the best available guide to likely outcome in UK for
infants born at less than 26wks gestation (Table 6.1).!

Table 6.1 Likely outcomes in UK for infants born at <26wks gestation

Weeks of gestation

Survival to discharge (%) 22-23 24 25
1995 19 35 54
2006 26 47 67
Statistically significant increase? No Yes+ Yes++
Overall survival of live births free of <0.5 9 20

disability at age 6yrs (%)EPICure 1

Disabled survivors in EPICure were categorized as approximately; 1/3

Severe, 1/3 Moderate, 1/3 Mild. The overall rate of severe IVH (13—-15%) or

chronic lung disease (74-75%) was unchanged between 1995 and 2006.
Typical disabilities were;

o Cerebral palsy, most commonly spastic (diplegia > quadriplegia >
hemiplegia).

e Squint (strabismus).

o Blindness.

o Hearing loss.

o Epilepsy.

o Cognitive impairment and behavioural disorders, e.g. attention deficit

hyperactivity disorder.

Generally smaller, more immature infants will have a poorer outcome
than larger, mature babies.

Knowledge of your own unit’'s outcome is important. However, the
numbers will be small, and national figures (where available) should be
used. Note that many things influence outcome, e.g. a singleton infant,
born spontaneously at 25wks gestation after an otherwise uncomplicated
pregnancy in a mother treated with 48hr of steroids, has a better prog-
nosis than a triplet born suddenly at 2éwks after the mother developed
severe chorioamnionitis.

Reference

1 Marlow, N., Wolke, D., Bracewell, et al. (2005). Neurologic and developmental disability at six
years of age after extremely preterm birth. N Engl | Med 352: 71-2.
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Basic obstetrics

The aim of obstetrics is to monitor and promote foetal and maternal well-
being during pregnancy and labour, and to identify and manage high risk
pregnancies or complications. In the UK most women choose to deliver in
hospital, although planned home deliveries are on the increase. Depending
on local provision women may also choose to deliver in a birthing centre,
community midwifery unit, or midwife-led unit attached to an obstetric
centre.

All *high-risk’ deliveries should be in a consultant-led obstetric unit, and
clear protocols should be in place for the transfer in of women from outly-
ing centres if problems arise during labour.

Routine antenatal care of the low risk pregnancy

In the UK, care is usually shared among GP, community midwife, and ob-

stetrician.

o First antenatal (‘booking’) visit usually occurs at 10-12wks gestation
when significant risk factors should be identified.

e Foetal US is usually performed to determine gestational age.

Women are assessed every few weeks to monitor:

o general health;

e haemoglobin (Hb);

o BP, urine glucose and albumin;

o foetal growth, movements, HR, and lie (liquor volume).

Routine prenatal screening

Maternal testing is offered for:

e Blood group and antibodies (iso-immune haemolytic disease);

o Serology for syphilis, rubella, hepatitis B, and human immunodeficiency
virus (HIV);

o Urine for protein, glucose, and bacteria.

Blood tests are also offered at 17—-18wks to screen for chromosomal dis-

orders and structural anomalies. Controversy exists as to what is most

cost-effective and they may include:

o o-fetoprotein (AFP);

e Human chorionic gonadotrophin (hCG);

e Oestriol (combined with above 2 tests = ‘triple test’);

o Triple test plus inhibin (‘quadruple test’);

o Quadruple test plus pregnancy-associated protein-A (PrAP-A) + US
nuchal thickness.

A detailed foetal US looking for abnormalities is usually done at ~18wks.

Chorionic villus biopsy (>10wks gestation) or amniocentesis (usually at
15-16wks) is offered for chromosomal, enzymatic, or gene probe analy-
sis, if screening tests show high risk of serious problems (also if maternal
age >35yrs, previously abnormal baby, +ve family history). Both diagnostic
tests carry a risk of miscarriage (~1%, slightly higher with cardiovascular
system (CVS)).



BASIC OBSTETRICS 119

Induction of labour

Indicated when delivery is safer for either mother or baby than to remain
in utero. Method: use prostaglandin (PO or vaginally, per vagina (PV)) or
amniotomy.

Normal labour

Occurs >37wks and should result in delivery within 24hr of starting.

o 1st stage: from the onset of labour to full cervical dilatation. Once
cervix is 3cm dilated should then be at least 1cm/hr.

® 2nd stage: time from fully dilated cervix to birth. Normal duration is
45—120min in a primiparous woman; 15—45min if multiparous. Active
pushing during the second stage should not usually exceed 60-90min.

® 3rd stage: time from birth to placental delivery.

Intrapartum foetal assessment
Intrapartum foetal heart monitoring detects signs of foetal compromise:
o In established low-risk labour intermittent auscultation (by Doppler
USS, or Pinard stethoscope) should be undertaken for 1min after
contractions, at least every 15min in the first stage and every 5min in
the second stage.
e Continuous electronic foetal monitoring (cardiotocogram) should be
undertaken in high risk pregnancies and when:
* abnormal foetal HR detected;
« meconium staining of liquor or bleeding in labour;
* maternal pyrexia;
e oxytocin use;
¢ maternal request.
o Foetal blood sampling is indicated if foetal distress suspected.

Mode of delivery

Majority of term infants are delivered by normal vaginal delivery. Indications
for caesarean section (CS) include:

o maternal ill health;

acute foetal distress;

antepartum haemorrhage (APH);

placenta praevia;

umbilical cord prolapsed;

failure to progress;

failed induction;

previous CS;

foetal malpresentation (including breech);

multiple pregnancy;

pregnancy-induced hypertension;

maternal HIV or HSV;

evidence of ongoing foetal compromise, e.g. severe IUGR.

Instrumental delivery (forceps or vacuum extraction) may be indicated
when there is:

o prolonged 2nd stage;

e malpresentation, e.g. breech delivery or occipital-posterior;

o foetal distress.
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Obstetric problems

It is desirable for a paediatrician to attend a birth if there is:

o foetal distress (including meconium-stained liquor);

e emergency CS;

o elective CS under general anaesthetic (GA);

o vaginal breech delivery;

o rotational forceps;

e preterm delivery <34wks gestation;

e severe IUGR;

e maternal IDDM;

o serious foetal abnormality; significant iso-immune haemolytic disease.

Small for gestational age

See [ p.111. Serial detailed US scans (including Doppler foetal umbilical

and cerebral artery blood flow measurement) should be performed to

determine:

o Whether growth reduction is symmetrical or asymmetrical.
Symmetrical SGA is usually foetal in origin; asymmetrical suggests
placental dysfunction.

o Foetal growth rate.

o Foetal health.

There is 1 risk of foetal hypoxia or death, requiring close antenatal and
intrapartum monitoring. Early delivery may be needed. Abnormal Doppler
artery measurements (e.g. absent or reversed end diastolic flow) indicate
an especially high foetal risk.

Large for gestational age

See [ p.112. A glucose tolerance test should be performed to detect
maternal diabetes. Because of t risk of obstetric complications, a senior
obstetrician should supervise timing and mode of delivery and labour.
Specialist input (diabetologist) should also be sought early.

Multiple pregnancy
There is an increased risk of:
o Perinatal mortality.

o Preterm delivery.
o Malformations.
o Malpresentation.
o Polyhydramnios.

o Pregnancy-induced hypertension.

o APH.

o Risk increases as foetus number increases. ™ If >3, selective feticide
may be indicated to improve outcome for survivors.
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Oligohydramnios

Liquor volume <500mL. Causes:

o Placental insufficiency.

e Preterm prolonged rupture of membranes (PPROM).

o Foetal urinary tract obstruction or renal disease (e.g. Potter’s
syndrome: [l pp.370, 951).

Risks
o Pulmonary hypoplasia/dry lung syndrome.
o Contractures/developmental dysplasia of the hip.

Polyhydramnios

Liquor volume >2000mL. Causes:

o 50% 2° to foetal disease, e.g. upper Gl tract obstruction.
o 30% idiopathic.

e 20% maternal diabetes mellitus.

Risks

o Preterm labour.

o Malpresentation.

o Umbilical cord prolapse.

o APH.

Amniotic fluid reduction and indomethacin may be beneficial.

Prolonged pregnancy

Longer than 42wks gestation.

o Significant t perinatal mortality and morbidity (1 risk of perinatal
hypoxia due to placental insufficiency, obstructed labour due to larger
foetus, meconium aspiration, reduced skull moulding).

e Induction of labour is usually advised after 41wks.

Antepartum haemorrhage

Uterine-placental bleeding after 24wks gestation.

o Associated with * perinatal mortality and morbidity; preterm delivery.

e Major causes are placenta praevia, vasa praevia, placental abruption.

o Observation or immediate delivery performed depending on severity
and gestation.

Umbilical cord prolapse
An obstetric emergency due to high risk of cord compression and perina-
tal asphyxia. Requires urgent delivery, usually by CS.

Preterm prelabour rupture of the membranes

o [n 80% preterm labour rapidly follows.

o In remaining 20% there is significant risk of infection and, if PPROM
occurs before 20wks, neonatal pulmonary hypoplasia.

o Treatment: Give mother corticosteroids. Consider antibiotics.
Tocolysis is contraindicated.

Preterm labour See Ll p.114 and p.116
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Failure to progress

Neonatal and maternal morbidity increase with progressive delay.

o Caused by: passage obstruction (malpresentation, cephalopelvic
disproportion, abnormal pelvic, or cervical anatomy) or uterine
dysfunction.

o Treatment: artificial rupture of membranes (ARM), analgesia, and
synthetic oxytocin to hasten delivery. CS may be necessary.

Disturbing/abnormal foetal heart rate patterns
May signify hypoxia. Foetal acidosis results if hypoxia prolonged or re-
peated.

Signs

o Loss of variability in baseline foetal heart rate (<5beats/min).

o Late decelerations (in heart rate) (lowest foetal heart rate is >30s after
peak uterine contraction).

o Repetitive severe, variable decelerations.

o Prolonged foetal deceleration (2-9min below established baseline).

o Prolonged foetal bradycardia (<100/min).

o Persistent foetal tachycardia (>170/min).

Tests

o Foetal blood gas sampling (pH < 7.24 = ‘Borderline’ - repeat < 30min;
<7.2 = ‘Abnormal'—consultant obstetrician and delivery).

o Postnatal umbilical artery and venous blood gas are used to determine
the actual level and nature of acidaemia.

Malpresentation

Most common form is breech (3% at term).

o Types: extended (hips flexed and knees extended); flexed (hips and
knees flexed); footling (feet are presenting part).

o External cephalic version: may be successful in turning baby between 34
and 36wks.

o Vaginal breech delivery: associated with t perinatal mortality and
morbidity; CS is recommended.

e Other malpresentations are associated with 1 risk of obstructed
labour and CS rate (obligatory for brow and transverse presentation).

Shoulder dystocia

Inability to deliver shoulders after head has been delivered. Cord com-

pression leads to rapid foetal asphyxia.

o Treatment: urgent delivery—experienced obstetrician, McRobert’s
manoeuvre (flexion + abduction maternal hips, thighs on abdomen),
suprapubic pressure, posterior foetal arm extraction, +/— episiotomy

e Risks: perinatal asphyxia, humeral and clavicle fracture, Erb’s palsy.
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Maternal disorders causing neonatal
disease

Any maternal disease can adversely affect foetal and neonatal health.
Certain maternal illnesses, e.g. CHD, also raise the risk of inheritance in
the newborn. Most common manifestations are:

e Spontaneous abortion.

o Foetal death.

o |UGR and/or preterm delivery.

Maternal drug ingestion

Maternal medications or substance abuse can affect the newborn:
e maternal anticonvulsants (EJ p.951);

e alcohol abuse and foetal alcohol syndrome (EJ p.951);

e tobacco;

e neonatal abstinence syndrome (L p.186).

Hypertensive diseases

Pregnancy-induced hypertension (e.g. pre-eclampsia, eclampsia, haemolyt-
ic anaemia—elevated liver enzymes—low platelet count (HELLP) syndrome)
is associated with increased foetal loss, the need for preterm delivery,
IUGR, neonatal leucopenia, and thrombocytopenia. Maternal drug treat-
ment may cause neonatal hypoglycaemia and hypotension.

Systemic lupus erythematosus

Associated with:

o 1 Risk of spontaneous abortion.

e IUGR.

o Preterm delivery.

o Neonatal lupus syndrome (rare; associated with anti-Ro and —La
antibodies): complete heart block, haemolytic anaemia, leucopenia,
thrombocytopenia, and discoid erythematous skin rash.

Antiphospholipid syndrome Maternal antiphospholipid antibodies
(e.g. lupus anticoagulant or anticardiolipin antibodies) are associated with
spontaneous abortion, IUGR, foetal death, need for preterm delivery.

Thyroid disease See [1J p.425.

In ~10% of women with Graves’s disease, thyroid-stimulating hormone
(TSH) receptor-stimulator antibodies cross the placenta causing neonatal
thyrotoxicosis. Foetus most likely to be affected if high maternal IgG se-
rum level develops, or mother requires treatment during pregnancy. Take
cord blood for TSH, fT4, and TSH receptor antibody (TRAB). Repeat at
D5 if results abnormal.

Myasthenia gravis
In ~10% transplacental passage of IgG antibodies to motor end-plate ace-
tylcholine receptors causes transient neonatal myasthenia gravis.

Diabetes mellitus See [ p.112
Maternal infection See [ pp.184-185
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Birth trauma

Risk factors
LGA, cephalic—pelvic disproportion, malpresentation, precipitate delivery,
instrumental delivery, shoulder dystocia, prematurity.

Head

o Caput succedaneum: oedema of the presenting scalp. Can be
particularly large following ventouse delivery (chignon). Rapidly
resolves.

o Cephalhaematoma: common fluctuant swelling(s) due to subperiostial
bleed(s). Most often occur over parietal bones. Swelling limited by
suture lines. Resolves over weeks.

o Subaponeurotic haematoma: rare; bleeding not confined by skull
periostium, so can be large and life-threatening. Presents as fluctuant
scalp swelling, not limited by suture lines.

Skin

o Traumatic cyanosis: bruising and petechiae of presenting part.

o Lacerations: caused by forceps, ventouse cap, scalp electrodes, scalp
pH sampling, or scalpel wounds during CS. Close with Steri-Strips® or
suture if required.

Nerve palsies

o Brachial plexus: commonest is Erb’s palsy (C5-Cé nerve routes). May
result from difficult assisted delivery (e.g. shoulder dystocia); the arm is
flaccid with pronated forearm and flexed wrist (waiter’s tip position).
Complete recovery occurs within 6wks in two-thirds of cases. X-ray
clavicle to exclude fractures. Refer to physiotherapy for assessment
and follow-up.

o Facial nerve palsy: follows pressure on face from either maternal ischial
spine or forceps. Presents as facial asymmetry that is worse on crying
(affected side shows lack of eye closure and lower facial movement;
mouth is drawn to normal side). Majority recover in 1-2wks. May
require eye care with methylcellulose and specialist referral.

Fractures

e Clavicle (commonest).

o Long bone fractures: usually lower avulsion fractures of the femoral or
tibial epiphyses, or mid-shaft fractures of the femur or humerus. Infant
presents as unsettled, with affected limb pseudo-paralysis, or obvious
deformity or swelling. Confirm by X-ray.

o Skull fracture: associated with forceps delivery and usually require no
treatment unless depressed in which case neurosurgical referral is
required.

o Treatment: analgesia; limb immobilization (arm inside baby-grow), often
do not require orthopaedic intervention, healed in a few weeks. Rapid
healing and remodelling usually occur.
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Soft tissue trauma

Sternocleidomastoid tumour: overstretching of muscle leads to
haematoma. Subsequent contraction of muscle results in non-tender
‘tumour’ and torticollis (head turns away from affected muscle).
Physiotherapy almost always curative (see also LLJ p.883). Possible
indication of malposition in-utero—consider increased risk of
developmental dysplasia of the hip (DDH) (LL p.748).

Fat necrosis Tender, red, subcutaneous swelling caused by pressure
over bony prominences, e.g. forceps. It usually resolves spontaneously.
May be extensive with risk of * Ca?* and so there is a need to monitor
serum level.
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Non-specifically ill neonate

Early recognition of serious neonatal illness is an important skill. The nurse
or parent may say that the infant is just ‘not right’. Listen, examine the
baby carefully, and act if in any doubt! Any serious disease can present
non-specifically.

Major causes

o Infection (e.g. group B streptococcus or Guillain-Barré syndrome
(GBS), septicaemia, meningitis; [ p.180).

e Hypothermia (may be sign of infection).

e Metabolic (e.g. hypoglycaemia, [l p.132; inborn errors of metabolism
[ p.187).

e Cardiac (e.g. congenital heart disease, arrhythmias; £ pp.232, 250).

o Gl (e.g. NEC; 1 p.178).

e CNS (e.g. intracranial haemorrhage, seizures; LI pp.134, 176).

Presentation

o Skin: pallor, mottling, peripheral cyanosis, cool peripheries; capillary
refill >2secs; rash; jaundice.

o Temperature: t or 4.

o CNS: lethargy, weak or unusual cry, generalized hypotonia, irritability,
jittery, seizures.

o Respiratory: apnoea, expiratory grunting, flaring nostrils, tachypnoea
(>60breaths/min), intercostal or subcostal recession, tracheal tug.

o CVS: tachycardia (>160/min), weak or absent pulses, (bradycardia <80
or hypotension should be considered late/pre-terminal signs).

o Gl: vomiting, distended abdomen (ileus), diarrhoea, bloody stools;
abdominal tenderness; bilious vomit or aspirate.

o Metabolic: * or 4 blood glucose.
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Management of non-specifically ill neonate

o Quickly assess ABC. Secure airway, give O, if required, and provide
ventilatory support if needed

e Transfer to neonatal unit as soon as safe to do so (get a nurse/
midwife to accompany you on the move)

o Obtain vascular access (IV/UV/IO) and give bolus 0.9% saline
10-20mL/kg if circulatory compromise. Repeat if necessary

o Monitor breathing, SpO,, heart rate, BP (consider arterial access),
temperature

o Measure BP, blood glucose, urea and electrolytes (U&Es), FBC,
blood gas. Consider clotting studies and C-reactive protein (CRP).
Ventilate early if respiratory failure

o Full septic screen: blood culture; CXR/AXR; LP (only postpone
if baby very unstable) for CSF, M, C&S, protein, glucose; stool
culture and virology; urine (suprapubic, or midstream urine (MSU) if
antibiotics can be delayed)

o Consider cranial ultrasound scan if preterm/at risk

e Start broad-spectrum antibiotics. IV benzylpenicillin and an
aminoglycoside (e.g. gentamicin) unless possible listeria infection in
which case substitute ampicillin for benzylpenicillin. If >48hr old, and
particularly if indwelling lines were present before illness, consider
flucloxacillin, or vancomycin, and gentamicin. If meningitis ensure
broad spectrum cover and good CSF penetration—e.g. cefotaxime.
If all cultures are negative and index of suspicion of sepsis is low,
antibiotics can be stopped after 48hr. If not, treat for 5-7 days,
changing antibiotics according to sensitivities of significant identified
pathogens. Treat for 14-21 days if meningitis present. If any doubt
consult microbiologist

o Specific treatment as appropriate, e.g. correct hypoglycaemia,
inotropic support if persistently hypotensive, blood transfusion if
significant haemorrhage, clotting factors to correct disseminated
intravascular coagulation (DIC)

129
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Neonatal jaundice

See also [ p.314. Jaundice is common (60% term, 80% preterm in first
week), and is usually unconjugated. Significant jaundice may indicate un-
derlying disease. High serum unconjugated free bilirubin is neurotoxic and
can cause kernicterus (deafness, athetoid cerebral palsy (CP), seizures).

Physiological jaundice
Common and appears after 24hr, peaks around day 3—4, and usually re-
solves by 14 days. It is due to immaturity of hepatic bilirubin conjugation,
but poor feeding (particularly in breast-fed infants) can also contribute.
Jaundice progresses in a cephalic-caudal direction.

Measure bilirubin (transcutaneous or serum) in babies with jaundice.
Action is required when serum bilirubin (SBR) is above gestation and age
cut-offs (e.g. >300umol/l in term infant at 72hr) or rapidly rising.

Causes of elevated SBR Exaggerated physiological jaundice (e.g. preterm,
bruising); sepsis; haemolytic disorders; hepatic disease.

Treatment of elevated SBR

e Stop bilirubin rising to level that may cause kernicterus (C2 p.195).

e Treat any underlying cause, e.g. sepsis.

o Start ‘blue light’ phototherapy (converts bilirubin to water-soluble
form that can then be excreted in urine).

o Use age/gestation specific charts to determine level to start
phototherapy (see Fig. 6.2). Be aware of risk factors (family history,
exclusive breast feeding, Rh or blood group incompatibility).

e Measure SBR frequently (4-24-hourly depending on circumstances)

and stop when falls below treatment level.

Ensure adequate hydration.

Cover eyes (phototherapy side effects: 4 or * temperature; eye

damage; diarrhoea; dehydration; rash; separation from mother).

o Exchange transfusion * intravenous immunoglobulin (IVIG) if very
high SBR (e.g. >450pmol/L in term infant at 48hr) or rapid rise
(>8.5umol/L/hr).

o In the UK the National Institute of Clinical Excellence (NICE) has
produced guidance on investigation and management of newborn
jaundice (see Fig 6.2)—the full guideline also includes gestation specific
treatment thresholds and charts: RO http://guidance.nice.org.uk/CG98.

Jaundice in the first 24hrs
Assume it is pathological. Start phototherapy. Check SBR, FBC, direct
coombs test (DCT), and blood group. Consider septic screen/ TORCH.

Causes Haemolysis (e.g. Rh disease), red cell enzyme defects (e.g. G6PD
deficiency), red cell membrane defects (congenital spherocytosis, ellipto-
cytosis), sepsis, severe bruising.


http://guidance.nice.org.uk/CG98
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Baby's name Date of birth
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Fig. 6.2 Bilirubin thresholds for phototherapy and exchange transfusion in
infants with hyperbilirubinaemia. Reproduced from: Neonatal Jaundice. National
Collaborating Centre for Women’s and Children’s Health, May 2010, with the
permission of the Royal College of Obstetricians and Gynaecologists.

Prolonged jaundice (>14 days in term infant; >21 days in
preterm)

All infants require investigation and measurement of conjugated bilirubin.
If conjugated hyperbilirubinaemia present, further specialized investigation
will be required. Ask about pale stools/dark urine.

Causes Breastfeeding (benign, self-limiting, and usually resolves by 12wks),
enclosed bleeding (e.g. cephalhaematoma), prematurity, haemolysis, sep-
sis, hypothyroidism, conjugated jaundice, hepatic enzyme disorders (e.g.
Crigler—Najjar Syndrome, Lucy—Driscoll disease).

Initial investigations SBR (total and conjugated), U&E, FBC, DCT, blood
group, thyroid function test (TFTs), LFTs, and glucose.

Treatment Depends on cause. Rarely phototherapy is beneficial, e.g.
Crigler—Najjar Syndrome.

Conjugated jaundice (conjugated SBR >25umol/L))
Stools may be clay-coloured in obstructive jaundice.

Causes Sepsis, TPN, biliary tract obstruction (e.g. biliary atresia, choledo-
chal cyst), viral hepatitis; TORCH infections, o.-antitrypsin deficiency,
cystic fibrosis, inspissated bile syndrome after haemolytic disease, galac-
tosaemia, other inherited metabolic disease, idiopathic giant cell hepatitis.

Initial investigations As for prolonged jaundice. Further investigations
include radiology, enzyme testing, viral serology, liver biopsy, histology.

Treatment Depends on cause.

131
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Hypoglycaemia

o Measurement of blood glucose using glucose reagent strips is

unreliable. Use blood glucose analyser or laboratory measurement.

In newborn period defined as <2.6mmol/L.

Blood glucose drops naturally in first few hours after birth before

normalising—newborns have increased ability to utilize ketones/lactate

for energy.

o Allinfants should be encouraged to feed in first hour if well enough.

o At risk groups for hypoglycaemia include; infant of diabetic mother;
<2500g or <3rd centile for weight; <37/40 gestation; maternal beta-
blockers; birth asphyxia.

o Check blood glucose in all infants who are unwell/lethargic/jittery.

Causes

o Reduced glucose stores: preterm, IUGR, LBW, inborn errors of
metabolism (IEM) (e.g. galactosaemia).

e Increased glucose consumption: sepsis, hypothermia, perinatal hypoxia,
polycthaemia, haemolytic disease, seizures.

o Hyperinsulinism: maternal diabetes mellitus, BWS, pancreatic islet cell
hyperplasia, transient.

o Miscellaneous: maternal 3 blockers, tissued or malfunctioning IV
infusion.

o Other rare causes: foetal alcohol syndrome, pituitary insufficiency,
adrenal insufficiency.

Presentation

Commonly asymptomatic. Jitteriness, apnoea, poor feeding, drowsiness,
seizures, cerebral irritability, hypotonia, macrosomia (if hyperinsulinism).

Investigation

Blood glucose should be measured in first hour in all high risk infants.

Apart from regular blood glucose measurements, further investigation is

not usually required if cause evident (e.g. IDM).
Suspicious patterns of hypoglycaemia meriting investigation include;

o Recurrent hypoglycaemia in term infant despite functioning intravenous
infusion (IVI) of glucose 10%.

o Severe (<1mmol/L) and/or recurrent (>1) hypoglycaemia.

e Symptomatic hypoglycaemia.

o High glucose requirement (>8mg/kg/min).

e Hypoglycaemia and prolonged jaundice (panhypotpituitarism) or
sodium abnormalities (adrenal problems).

o Hypoglycaemia with genital or midline abnormalities.

Calculating IV glucose infusion rate (mg/kg/min)
Infusion rate (mg/kg/min) equals:
IV rate (mL/hr) x % glucose in IV infusion x 0.167
weight in kg
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First line tests (taken when hypoglycaemic):

e Blood for glucose, insulin, growth hormone, cortisol,
B-hydroxybuyrate, free fatty acids, amino acids (consider C-peptide,
lactate, and ammonia).

o Urine for urinalysis (ketones), amino and organic acids.

o Further investigations as guided by results/clinical biochemist.

Prevention of hypoglycaemia in at-risk infants (see list of causes
on [ pp.98, 132).

o Adequate feed soon after birth (<1hr) and then at least 3-hourly.

e Monitor blood glucose levels (pre-feed), keep warm, support feeding.

Prognosis

Profound/prolonged hypoglycaemia can cause neurological damage—
exact level/duration after which this may occur is unclear.

Treatment of hypoglycaemia

Symptomatic or severe hypoglycaemia (glucose<1.0mmol/L)
o |V bolus 3-5mL/kg of glucose 10%
e Follow with 10% glucose infusion IV (4—émg/kg/min)

Asymptomatic (glucose <2.0mmol/L or 2.0-2.6mmol/L on 2 occasions)
o Enterally fed infants:

* inspect feed chart (frequency/volume, etc.)

* if reluctant to feed—consider NGT

« if not tolerating milk—consider IV

* give early milk feed (consider larger volume)

* monitor with pre-feed blood glucose levels
e Infants on IV fluids:

* check IV line is working

« if glucose <1.0mmol/L—give bolus then increase infusion rate/

concentration
* if glucose >1.0mmol/L—increase infusion rate/concentration

Resistant hypoglycaemia (glucose requirement >8mg/kg/min)

o Seek specialist advice, as hyperinsulinism likely

e Increase background glucose infusion (central IV access needed)

e Glucagon 0.5mg IM can be given in emergency—rebound increased
insulin secretion will occur

e Treatment options include:
« diazoxide (given with chlorthiazide to counteract fluid retention)
* somatostatin (octreotide)
* nifedipine
* surgery (subtotal pancreatectomy)

o Enteral feeding promotes normality. Aim to wean off [V as soon as
able

o High concentrations of glucose (>12.5%) require central IV access

o Monitor plasma sodium if on IV fluids
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Neonatal seizures

See also [0 p.508. Incidence ~2—4/1000 live births. Usually occur 12—48hr

after delivery. Can be generalized or focal, and tonic, clonic, or myoclonic.

Subtle seizure patterns (lip-smacking, limb-cycling, eye deviation, apnoeas,

etc.) can be difficult to identify or differentiate from other benign condi-

tions that may mimic seizures:

e Startle or Moro reflexes;

o Normal ‘jittery’ movements (fine, fast limb movements that are abated
by holding affected limb);

o Sleep myoclonus (REM movements).

A large proportion of clinically diagnosed seizures are not associated with
electrical seizure activity and many electrical seizures do not manifest
clinically.

Causes
o Brain injury:
* hypoxic ischaemic encephalopathy (HIE);
« intracranial haemorrhage;
« cerebral infarction (ischaemic or haemorrhagic);
e cerebral oedema;
* birth trauma.
e CNS infection:
* meningitis (e.g. GBS, coliforms);
* encephalitis (e.g. HSV, CMV).
e Cerebral malformation.
o Metabolic:
 hypoglycaemia;
* hypo- or hypernatraemia;
* hypocalcaemia, hypomagnesia;
« pyridoxine dependent seizures;
* non-ketotic hyperglycinaemia.
o Neonatal withdrawal from maternal medication or substance abuse.
o Kernicterus (Ed) p.195).
o Rare syndromes:
* benign familial neonatal seizures (autosomal dominant);
« early myoclonic encephalopathy.

With improved access to neuroimaging, fewer infants are being catego-
rized as ‘benign’ or ‘idiopathic’ seizures. Neonatal stroke is increasingly
recognized.

Investigation and management

This should include family history, history of pregnancy and delivery, com-
plete examination, evaluation for infection, serum electrolytes, calcium,
magnesium, glucose, and blood gas. If available, cerebral function analysis
monitoring (CFAM) should be commenced.
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If appropriate, further investigation may include radiological evaluation,
e.g. cranial MR, toxicology screening, serum ammonia, urine organic acids,
serum amino acids, karyotype, and TORCH screening.

Treatment of neonatal seizures

o Immediate: give O,, maintain airway, insert IV, treat underlying
cause. When to start anticonvulsants is controversial because
risks and benefits of treatment have not been properly evaluated;
usual indication is >3seizures/hr or single seizure lasting >3-5min
particularly if evidence of cardio-respiratory compromise.

o first-line anticonvulsant: IV phenobarbital (10-20mg/kg bolus; give
further 10-15mg if seizures persist after 30min; maintenance dose
5mg/day).

o Second-line IV clonazepam, IV midazolam, or IV phenytoin.

e For intractable seizures consider therapeutic trial of parenteral
pyridoxine (50mg). € Depending on cause probably safe to stop
treatment after a few days of no seizures, but many clinicians prefer
to wait until several months before ceasing.

Prognosis

Prognosis varies with the cause of seizures, but is generally good for idi-
opathic seizures, sleep myoclonus, hypocalcemia, and benign familial ne-
onatal seizures. There is a significant risk of adverse neurodevelopmental
outcome after meningitis, HIE, hypoglycemia, cerebral infarction, hypo- or
hypernatraemia, cerebral malformations, kernicterus, and some inborn er-
rors of metabolism.
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The floppy infant

See also LI pp.538-547 and p.944. It is often helpful to divide causes
into those that are ‘central’ involving the CNS (so-called ‘floppy strong’)
and ‘peripheral’ involving lower motor neurons, neuromuscular junction
(NM]), or primary muscle disease (‘floppy weak’).

Range of clinical features

o Common to ‘central’ and ‘peripheral’ diseases: generalized hypotonia;

‘frog-leg’ posture; respiratory failure; obstetric problems (e.g.

polyhydramnios due to impaired swallowing, breech presentation);

HIE.

Central conditions: encephalopathy; dysmorphism; reasonable muscle

strength; * or normal tendon reflexes.

o Peripheral causes: normal conscious level; muscle signs (weakness,
myotonia, fasciculations, or fatiguing); + or normal tendon reflexes;
little facial expression; micrognathia; high arched palate; ptosis;
undescended testes; limb contracture/deformities (severe is
arthrogryposis multiplex congenital); hip dislocation.

Management

o Exclude severe systemic illness: e.g. sepsis that requires prompt

treatment.

Treat any respiratory failure with O, or ventilatory support as required.

Examine for above clinical features to help distinguish cause. Examine

both parents for possible disease, e.g. maternal myasthenia gravis or

myotonic dystrophy (possibly undiagnosed!).

Elicit family history (e.g. maternal myotonic dystrophy); antenatal history

(e.g. polyhydramnios).

o ‘Central’ cause: consider—blood glucose; U&E; Ca**; Mg?*; septic

screen; ESR/CRP; TFT; karyotype; cranial ultrasound; CT/MRI; EEG;

IEM screen; maternal drug screen; genetics opinion if dysmorphic.

‘Peripheral’ cause: consider—serum creatinine phosphokinase; specific

cytogenetics (e.g. myotonic dystrophy); electromyogram (EMG), nerve

conduction studies; muscle or sural nerve biopsy; muscle ultrasound;
edrophonium 20micrograms/kg test dose — followed 30s later (if

no adverse reaction) with 80micrograms/kg IV (causes dramatic

improvement in some forms of myasthenia gravis); echocardiogram

(storage diseases).

o Spinal cord damage (rare): consider in the infant who has a flaccid
paralysis from birth. Associated with rotational forceps delivery.
Immobilize neck. Seek specialist advice. MRI.

o Refer to paediatric neurologist.

Prognosis

Causation-dependent (see Box 6.1) and very variable. Some causes are
fatal, e.g. type 1 SMA.
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Box 6.1 Causes

‘Floppy strong’ or ‘central’ involving CNS

o Prematurity

HIE

Hypoglycaemia

Sepsis

Electrolyte disturbance

Drug-related

IEM

Hypothyroidism

Chromosomal disorders (e.g. trisomy 21)
CNS malformations

Benign congenital hypotonia

e Underlying syndrome (e.g. Prader—Willi syndrome)
o Cervical spinal cord trauma (birth injury)

‘Floppy weak’ or ‘peripheral’ involving lower neurology, NM|, or

primary muscle disease

o Spinal muscular atrophy (SMA), particularly type 1 (previously
known as Werdnig—Hoffman disease)

o Myasthenia gravis (transient or congenital)

e Congenital myotonic dystrophy (autosomal dominant inheritance
from mother)

o Congenital muscular dystrophies

e Congenital myopathies

e Metabolic myopathies

o Peripheral neuropathies

o Spinal cord injury
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Hydrops foetalis

Abnormal accumulation of fluid in skin and body compartments. Results

from rate of production of interstitial fluid exceeding absorption.
Characterized in the foetus by:

o Gross generalized oedema;

o Ascites;

o Pleural + pericardial effusions.

If still present at birth, it results in severe illness. Incidence ~1/2500 to
1/4000 births.

Causes

Hydrops is due to underlying disease, singularly or in combination result-
ing in: * capillary hydrostatic pressure; ¥ colloid osmotic pressure; lym-
phatic obstruction; capillary leaking (see Box 6.2 for summary).

Box 6.2 Some causes of hydrops foetalis

Immune
Haemolytic disease of the newborn: alloimmune, Rh, Kell, other.

Non-immune

e Cardiac:
o structure—Ebsteins anomaly, in-utero closure of ductus arteriosus,

hypoplastic left or right heart

* arrythmia—SVT, atrial flutter
* cardiomyopathies—TORCH or other viral infection

o Genetic: Turners, Trisomy (21,13,18, etc.)

o foetal anaemia: twin-twin transfusion, a Thalassaemia, foeto-
maternal haemorrhage

e Infection: TORCH, Parvovirus B19

o Malformation: congenital cystic adenomatoid malformation (CCAM),
bowel atresia

e AV malformation

e Lymphatic (cystic hygroma)

o |diopathic

Associated complications

o Intrauterine/perinatal death.

Obstetric complications, e.g. shoulder dystocia.
Preterm labour.

Pulmonary hypoplasia (pleural effusions).

L]
°
°
e Perinatal asphyxia.
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Management

Disorders treatable antenatally

e Intrauterine blood transfusion (IUT) for haemolytic disease/
parvovirus infection

o Anti-arrhythmia drugs to treat foetal SVT

e Laser ablation of foetal vessels (twin-twin transfusion syndrome)

Birth planning

Before birth organize expert help

o If anaemia likely, have available fresh CMV —ve, O —ve blood,
irradiated (if previous IUT), cross-matched blood against the mother

o Prepare for full resuscitation, ventilation, UVC insertion, paracentesis
(ascites), or pleural effusion drainage

Neonatal management
o Resuscitation:
* ventilation, intubation
* paracentesis, thoracentesis
* blood transfusion or partial exchange transfusion
e Supportive management:
cardiac support—pressors, ionotropes
respiratory support—mechanical ventilation
chest tube placement, drainage of ascites
fluid and electrolyte management
treatment of anemia: blood transfusion or partial exchange
transfusion
treatment of infections
octreotide to treat chylothorax and ascites

Prognosis

For foetuses or infants with non-immune hydrops, the survival rates are
variable, in the range of 50%. Higher survival is reported in infants with
SVT, chylothorax, and parvovirus infections, and lower rates in those with
chromosomal abnormalities. Survival rates with immune hydrops is > 80%.
Neurodevelopmental outcome depends on cause.
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Routine care of the newborn

Routine measurements

Measure within 1hr of birth:

o Weight (term mean ~3.5kg);

o Head circumference (mean ~35cm);
e Body length (mean ~50cm).

Usually babies are not weighed again until day 3—5 and then alternate daily
whilst they remain in hospital. It is normal to lose weight after birth due to
water loss, but weight loss should not exceed 10% of birth weight. Birth
weight should generally be regained by day 7. Subsequent mean growth is
20-30g/day until age 6mths.

Vitamin K (phytomenadione)
To prevent haemorrhagic disease of the newborn, vitamin K is routinely
given within 48hr of birth.

Dose 1mg IM (preferred) in term infants or alternatively 2mg orally on
days 1 and 7, and, if breastfeeding, also on day 28.

Cord care

Immediately after birth clamp the cord with a purpose-made device. Keep
the umbilicus clean and dry. Antibiotic powders or sprays are not rou-
tinely required. The cord usually detaches after 7-10 days. If umbilical
granulomas develop, clean with alcohol wipes and consider chemical cau-
tery (silver nitrate stick).

Thermal care

Babies should be delivered in a warm room, rapidly dried with a warm
towel, and then immediately wrapped or placed skin to skin on the moth-
er’s front and then covered with a warm towel and a hat.

Routine observations

Record soon after birth and then daily whilst in hospital. Mean pulse is
120-160beats/min, respiratory rate 35—45breaths/min, and temperature
36.9 C. Infants should be nursed in an ambient temperature of 20—
22 C.

Bathing
Not required until day 2 or 3. Use tepid water. Genitalia should be cleaned
superficially only. Do not retract foreskin; it is attached to the glans.

Biochemical screening

In the UK, all infants should undergo a screening heel prick blood test

placed on a specific card between day 3 and 10 (‘Guthrie’ test). Regional

variation exists, but commonly screened diseases include:

e Phenylketonuria (* phenylalanine); congenital hypothyroidism(t TSH);
cystic fibrosis (* immune-reactive trypsin).

o Medium chain acetyl-CoA deficiency.

o Sickle cell disease.
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Positive tests require follow-up and more detailed testing.

Newborn hearing screening

All infants in the UK will have their hearing screened (otoacoustic emis-
sion—OAE) within the first 4wks of life. Automatic auditory brainstem re-
sponse (AABR) testing is carried out if any uncertainty in OAE response.

Neonatal immunization

See also L pp.728-729. In several countries hepatitis B immuniza-
tion of all newborns is recommended. In the UK, immunization is only
offered to infants of seropositive mothers. Similarly, in the UK, Bacille
Calmette—Guérin (BCG) should be offered to babies born to parents of
ethnic groups or communities with a high incidence of close contact with
a sputum-positive case for tuberculosis (TB).
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Milk feeding

Methods
e Bottle.
o Tube feeding (if too ill/immature to suck).
» Naso/oro-gastic tube.
« Silastic naso-jejunal tube (severe gastro-oesophageal reflux (GOR),
aspiration, or recurrent apnoeas).
 Gastrostomy (if required long term, older children).

Breastfeeding

Breast feeding is a learned skill for both mother and baby. Establishing
feeding can take time, and it is vital that good support is available (breast
feeding advisors or midwifes with appropriate training).

Advantages

e | Maternal post partum haemorrhage.

o Mild maternal contraceptive effect.

t Bonding.

¥ Maternal breast cancer risk.

Cheap.

{ Infant mortality (less relevant in developed world).
4 Gl and respiratory infection rate.

{ Later autoimmune disease incidence (e.g. type | diabetes mellitus,
atopic diseases).

o & 1t later IQ.

Problems

o Cracked/sore nipples.

o Maternal anxiety (breast fed babies can gain weight slower than their
bottle-fed couterparts—give reassurance and support).

o Small risk of hypernatraemic dehydration if low milk intake (suspect if
weight loss >10%).

Contraindications

o +ve maternal HIV status (in developed countries).
Certain maternal medications (e.g. amiodarone).
Maternal herpes zoster over breast.

Infantile galactosaemia or phenylketonuria (PKU).
Primary lactose intolerance (very rare).

Expressed breast milk (EBM)

Usually mother’s own breast milk, but some units have donor breast milk
banks which can be of value, particularly in extreme preterm infants.

EBM is usually used to establish feeding in preterm infants, but is also
useful when top-up feeds are required, if mother and baby are separated
for any reason, or if there are other maternal problems e.g. cracked/sore
nipples or breast engorgement.

Once expressed, can refrigerate and use within 24-48hr, or freeze and
use for up to 3mths.
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Formula milk
Normal volume required is 150mL/kg/day. See Box 6.3 for different types
of formula milk available.

Advantages
e Paternal involvement.
e Milk intake determined.

Problems

o Constipation.
e Oral thrush.
e Milk bezoars.

Box 6.3 Types of formula milk available

e Cow’s milk formula: standard milk used. Extensively modified, e.g.
to ¥ solute load, * iron and vitamins. Formula used from birth is
predominantly whey protein, whilst ‘follow on’ milks (for ‘hungrier’
infants >6mths old) are predominantly casein-based

Soya milk: previously recommended for cow’s milk protein allergy
or lactose intolerance, but use not now recommended due to high
levels of phyto-oestrogens and availability of other alternatives
Hydrolysed cow’s milk formula: e.g. Nutramigen®. Contains short
peptides. Indicated for prophylaxis or treatment of cow’s or soya
milk protein allergy.

Elemental formulas: e.g. Neocate®. Cow'’s milk protein is fully
hydrolysed to amino acids. Indicated for severe milk protein allergy
or malabsorption.

In addition, many specialized formula milks exist for conditions such
as: preterm/LBW infants; gastro-oesophageal reflux (thickened
with cornstarch); metabolic diseases; lactose intolerance (lactose-
free milk); poor growth (high energy formulas); malabsorption, e.g.
Pregestimil®.

Trophic feeding (gut-priming)

The term describes practice of feeding small milk volumes (0.5-1mL/kg/hr of
EBM) to enhance gut structure and function in infants too ill or immature
to tolerate substantive milk feeds. Evidence suggests that in the preterm
infant it improves Gl motility and function, as well as achieving clinical
outcomes of 1 weight gain, t head growth, ¥ infection risk, and improved
later milk tolerance.
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Routine neonatal examination

Each baby must be examined at least once in the first week, usually on
day 1 after birth. Such child health surveillance can be done by a hospital
paediatrician, advanced neonatal nurse practitioner, general practitioner,
or specially trained midwife/nurse.

Purpose

e Maternal reassurance.

o Health education; explaining common variations.

o Detecting asymptomatic problems, e.g. congenital heart disease, DDH.
e Screening for rare, but serious conditions.

Order of examination

o Attending midwife: ask if there are any concerns or problems.

o Mother: check patient notes for relevant details of the maternal
medical history, family history, antenatal and obstetric history, and
social history. Ask about feeding and whether baby has passed
meconium/urine.

o Baby: when baby is quiet (if needed use calming techniques like
pacifiers, sucking a clean finger, examination after a feed) note:

« general posture and movements;

« skin colour;

e listen to the heart and lungs;

* examine the eyes for size, strabismus (LHl pp.908-910);

« using an ophthalmoscope examine the eyes for bilateral red reflexes
to exclude cataract or retinoblastoma (see Ll pp.614, 916).

The remaining examination should proceed as described in the box
opposite.



ROUTINE NEONATAL EXAMINATION

Rest of routine neonatal examination

The baby should be completely undressed. Examination proceeds as
follows in head to toe order:

Cranium: measure maximum occipital-frontal circumference (normal

33-37cm at term), assess skull shape, fontanelle positions, tension,

and size (anterior may be up to 4cm x 4cm, posterior 1cm)

Face: assess any dysmorphism, nose, chin size. Inspect mouth.

Visualize and palpate palate for possible clefts

Ears: assess position, size, shape, and external meatus patency

Neck: inspect and assess movements; palpate clavicles.

Chest: assess shape, symmetry, nipple position, respiratory rate

(normal 40-60/min), pattern, and effort. Palpate precordium and

apex beat

Abdomen: inspect shape and umbilical stump. Check for inguinal

hernias. Palpate for masses, liver (normally palpable up to 2cm

below costal margin), spleen (normally palpable up to 1cm), kidneys

(normally palpable), bladder

Genitalia:

« girls—inspect (N.B. the clitoris and labia are normally large)

* boys—assess size, shape, position of urinary meatus; palpate for
descended testes (N.B. retractile testes are normal)

Palpate the femoral pulses (absence or weakness may indicate aortic

arch abnormalities)

Anus: assess position and patency

Spine: inspect for deformity and sacral naevi/dimple/pit/hair patch/

lipoma/pigmentation (may indicate underlying abnormality);

Limbs: assess symmetry, shape, passive and active movements, digit

number and shape. Assess palmar creases. Examine hips for DDH

(see [ p.748)

CNS: in addition to evaluation of above: assess tone during handling,

pulling baby to sitting position by holding wrists, and ventral

suspension (baby should be able to hold head almost horizontally),

check moro reflex (symmetrical?) (see L p.558)

Finally, check that urine and meconium were passed within the first

24hr
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Normal variations and minor
abnormalities

Skin

o Vernix: normal ‘cheesy’ white substance on skin at birth.

o Peripheral cyanosis: normal in first few days after birth.

o Post-mature skin: dry peeling skin, prone to cracking, common in post-
mature babies. Resolves, but topical emollients often beneficial.

Head

o Skull moulding: overriding skull bones with palpable ridges are part of
moulding and are harmless. Resolves within 2—3 days.

o Pre-auricular pits, skin tags, or accessory auricles: usually isolated, but can
be associated with hearing loss or other abnormalities. Test hearing
and consider surgical referral for cosmetic reasons.

o Caput succedaneum, chignon, and cephalhaematoma: see [ p.126.

Eyes

o Blocked lacrimal duct leads to recurrent sticky eye; responds to
regular eye toilet until ducts open. This may persist for months, but
only consider surgery if >12mths. If purulent then secondary bacterial
conjunctivitis is likely. Take swab for M, C&S (including swab for
chlamydia). Treat with antibiotic eye drops (see also EL p.918).

o Subconjunctival haemorrhage: associated with precipitate deliveries or
cord around the neck. Harmless and resolves within a few weeks.

Mouth

o Epstein’s pearls: self-resolving white inclusion cysts on palate/gums.

o Tongue-tie: shortened tongue frenulum (see LI p.882).

o Ranula: self-resolving bluish mouth floor swelling (mucus retention
cyst).

o Oral candidiasis (thrush): mucosal white flecks and erythema. Treat with
oral antifungal, e.g. nystatin suspension 1mL é-hourly.

Heart
See [J p.228. Murmurs are detected in 1-2% of all newborns, but only ~1
in12 will represent congenital heart disease.

If murmur heard, evaluate in context of other clinical findings (cyanosis,
signs of heart failure, peripheral pulses). An innocent heart murmur is
likely
o Murmur is grade 1-2/6, systolic, not harsh, loudest at the left sternal

edge.

o Remaining cardiovascular examination is normal.

Good evidence exists to support the use of pre and post-ductal satu-
ration readings (right arm = pre, foot = post) as part of assessment of
a pathological murmur. ECG and 4-limb BP should also be performed.
Echocardiography should be obtained in infants where there is clinical

concern.
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If murmur persists in an otherwise well infant, in whom no echocardiog-
raphy has been performed, then arrange for repeat examination in a few
days to weeks and consider referral for cardiac assessment.

Umbilicus

See also L pp.874-875.

o Umbilical hernia: protuberant swelling involving the umbilicus. Rarely
strangulates and almost all spontaneously resolve within 12mths.

o Single umbilical artery: usually isolated and of no significance, but can be
associated with several syndromes and [UGR.

Genitalia

o Undescended testes: differentiate from retractile testes (can be
‘persuaded’ into the scrotum). If still undescended at 1yr refer to a
surgeon (see L) p.878).

Hydrocele: common and most resolve by a year. If persists refer to a
surgeon (see L p.868).

Vaginal mucoid or bloody discharge: due to maternal oestrogen
withdrawal. Almost always spontaneously resolves.

Vaginal/hymenal skin tags: spontaneously shrink (L2 p.881).

Inguinal hernias can rarely be present from birth. Refer to a surgeon.
N.B. There is a relatively high likelihood of strangulation/incarceration.

Limbs

e Single palmar crease: found in ~2% of normal babies. May be associated
with chromosomal abnormalities, e.g. trisomy 21.

o Polydactyly: can be isolated or associated with other abnormalities.

Refer to a surgeon.

Syndactyly: most common between the second and third toes. Often

familial. If toes only are affected require no treatment.

Postural deformities: common, especially after oligohydramnios or

malpresentation, e.g. breech. Positional talipes is usually equinovarus or

calcaneovalgus. If affected joint can easily be massaged back to normal

neutral position, deformity will rapidly resolve. If fixed (structural)

refer to orthopaedic surgeon/physiotherapist. These children are also

at increased risk of DDH (see LLJ p.748).

Miscellaneous

e Jaundice: see [1J pp.130-131.

e Sacral coccygeal pits: require no action if within natal cleft. Higher pits
require spinal imaging.

o Breast swelling: almost always due to maternal hormones and may
lactate. Spontaneously resolves over several weeks. If does not resolve
then endocrinology investigation is warranted.
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Newborn fluid and electrolyte balance

Normal

o The newborn baby is largely water (~75% term, ~85% at 26/40).

e There is a large extracellular compartment (65% of body weight at
26/40 compared to 40% by term, 20% in adult).

e There is a rapid loss of extracellular fluid after birth.

o Decreased pulmonary vascular resistance increases blood flow to left
atrium, thereby inducing increased Atrial Natriuretic Peptide release
(* GFR/4¥ Na* reabsorbtion/ ¥ rennin-angiotensin aldosterone
system).

e Physiological increased urine output at ~12—-24hr after birth.

o Na/K ATPase activity is low at birth, but increases steadily (Na/K
ATPase is responsible for reabsorbing Na+ from renal tubular lumen,
in turn creating a gradient to allow reabsorption of Glucose, Na* and
amino acids. Immature infants have lower enzyme activity.

Preterm babies have

o A variable ability to excrete a sodium load.
o An excellent ability to deal with water load.
o Modulated by ADH (osmo and baro-receptors).
o A tendency to lose sodium in urine over first weeks as the increased
glomerular filtration rate (GFR) exceeds ability to resorb Na*.
o A high transepidermal water loss (TEWL). Evaporation from immature
skin, <28/40. To reduce nurse in incubator with 80% humidity
o Respiration related water losses (ventilated and spontaneously
breathing infants) can be countered with warm-humidified gases.
o Sick infants (e.g. respiratory distress syndrome (RDS)) will have
delayed dieresis;
« giving additional Na* will further delay diuresis and may worsen
outcome;
* attempts to induce diuresis (e.g. with Furosemide) unlikely to be
helpful.

Postnatal weight loss
o Weight loss after birth is normal;
e up to 10 % in well term infants over the first week of life;
* greater in preterm/VLBW.
o Rising sodium suggests dehydration (term and preterm infants).
o Failure to lose weight may suggest fluid retention/overload.
o Infants with >10% weight loss require further assessment of feeding;
risk of hypernatraemic dehydration;
usually breast-fed infants with unrecognized poor feeding;
weigh all babies day 3 (some suggest day 5);
check U&E if weight loss >12%;
support mother with breast expressing/top-up feeds;
may require admission/NG feeds/IV fluids
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Specific disturbances

Hyponatraemia
e Na* < 130mmol/L.
o Causes:
« water overload (most common in first-week);
* maternal fluid overload;
iatrogenic;
sick infant (e.g. birth asphyxia, sepsis);
excess renal loss (common ‘late’ cause in preterm infants);
Gl loss, e.g. diarrhoea, NG aspirates, high output stoma;
drainage of ascites/CSF;
other (e.g. hypoadrenalism of any cause, Bartter syndrome/Fanconi
syndrome).
o Symptoms: irritability, apnoeas, seizures.
o Treatment: dependent on underlying cause (e.g. fluid restriction/ Na*
supplementation)
o Take care as too rapid correction can cause neurological damage.

Hypernatraemia

o Risk of seizures if Na* >150mmol/L.

o Causes: water depletion (usual), excess Na* administration (unusual as
normally retain water also).

o Two major at-risk groups:
* extreme preterm infants in first days of life (excess water losses, e.g.

TEWL);

* breast-fed infants with poor intake (see LI p.142).

o Treatment: increase fluid intake (caution with rapid correction).

Hypokalaemia
o K* <2.5mmol/L—causes:

« excess losses (diarrhoea, vomiting, NG aspirate, stoma, renal/

diuretics);

* inadequate intake (failure to recognize daily requirement, e.g. TPN).
o Correct with supplementation (IV or enteral):

* caution with enteral if G disturbance;

 extreme caution with IV infusion as risk of heart arrythmia.

Hyperkalaemia
o K*>7.5mmol/L OR >6.5mmol/L and ECG changes.
o Causes: Failure of K* excretion, e.g. renal failure.
o Treatments:
« myocardial stabilization: calcium gluconate;
« elimination: calcium resonium, dialysis;
« re-distribution: salbutamol, insulin.
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Respiratory distress syndrome

RDS refers to lung disease caused by surfactant deficiency. The disease is
largely seen in preterm infants. RDS is rare >32wks gestation.

Causes

Surfactant deficiency causes alveolar collapse, increased work of breathing
and hypoxia (due to intrapulmonary shunting of blood). Increased risk of
RDS is associated with CS delivery; hypothermia; perinatal hypoxia; me-
conium aspiration; congenital pneumonia; maternal diabetes mellitus; past
family history (see LH p.152).

Presentation

Cyanosis, tachypnoea, chest in drawing, grunting within 4hr of birth. If
untreated, the disease worsens over 48-72hr and then (depending on
severity) resolves over 5-7 days.

Investigations

o CXR (L1 p.156): bilateral, diffuse ‘ground-glass’ appearance
(generalized atelectasis), airway bronchograms, reduced lung volume
(see Fig, 6.3).

e SpO, monitoring and blood gases.

Management

e Good delivery room resuscitation. This may involve intubation and
administration of surfactant (extremely preterm) or nasal CPAP.

o Respiratory support will depend on the severity. May need O,, nasal
CPAP (LA p.160), or ventilation (EJ pp.162-165).

e Surfactant (Curosurf ® or Survanta®) requires intubation and
ventilation, and should be considered in all extremely preterm
(<27/40) infants and when oxygen requirement exceeds 30—40%.

e given as bolus down ETT;
« give 2nd dose if oxygen requirement remains high (FiO,>0.3);
« further doses are sometimes required.

o Antibiotics: e.g. penicillin and gentamicin, until congenital pneumonia has
been excluded, as it can mimic or coexist with RDS.

o Nutrition: use IV fluids until the baby is stable. Then start gastric
tube feeds with minimal volumes and slowly increase as tolerated. If
unstable, start parenteral nutrition after 24—48hr.

Prognosis

The majority have a good recovery. Mortality is 5-10% and depends on
severity and gestation. Bronchopulmonary dysplasia may develop (~15% of
cases, inversely proportional to gestational age).

Prevention

o Corticosteroids (betamethasone/dexamethasone, 2 doses, 12-hourly)
given to mother 1-7 days before birth decreases incidence and mortality
by 40%. Maximum benefit 24hr after first dose and lasts 7 days.

e Treat co-existing morbidities that inhibit surfactant production
developing, e.g. hypothermia, acidosis, infection.
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Acute respiratory diseases

All of the diseases presented below have signs of respiratory distress
(E3 p.150). Cerebral hypoxia, congenital heart disease, and metabolic aci-
dosis can induce respiratory distress (suspect if CXR is normal).

Transient tachypnoea of the newborn (TTN)

o Caused by delayed clearance/absorption of lung fluid after birth.

o Presents within 4hr after birth. Common after elective CS. CXR:
shows streaky perihilar changes and fluid in lung horizontal fissures.

o Treatment: supplemental O,. Consider nasal CPAP and antibiotics.

e Spontaneously resolves within 24hr.

Congenital pneumonia

o Caused by aspiration of infected amniotic fluid.

o Associated with prolonged rupture of membranes (PROM),
chorioamnionitis, foetal hypoxia.

o Usually group B streptococci, Escherichia coli, other Gram —ve bacteria,
listeria, chlamydia.

o Presents in first 24hr. CXR: patchy shadowing and consolidation.

o Respiratory support: antibiotics (benzylpenicillin, or ampicillin if listeria,
and gentamicin) after septic screen; chest physiotherapy.

o Prognosis: depends on severity and associated sepsis or persistent
pulmonary hypertension of newborn (PPHN).

Meconium aspiration syndrome (MAS) (1-5/1000 live births)

o 5% of term infants with meconium-stained liquor develop MAS.

e Hypoxia results in gasping and meconium passage in utero, a
combination that leads to aspiration. Meconium aspiration inhibits
surfactant, obstructs the respiratory tract, and induces pneumonitis.

o Presents with respiratory distress soon after birth. Associated with

pulmonary air leaks and PPHN. CXR: generalized lung over inflation

with patchy collapse/consolidation +/— air leaks.

Prevention: if liquor is meconium-stained, delivery should be expedited

to prevent further hypoxia and gasping. If baby is apnoeic at birth,

visualize the larynx and suck out any meconium from larynx/trachea.

Tracheal suction is not recommended for vigorous infants.

o Treatment: supplemental O,; intermittent positive pressure ventilation
(IPPV) or high frequency oscillatory ventilation (HFOV) if ventilation
required; surfactant; antibiotics (since listeria can cause antenatal
meconium passage); treat any PPHN (EJ p.168); consider ECMO if
severe.

o Prognosis: mortality <5%. Survivors do well, but there is 1 risk of
asthma and, if extracorporeal membrane oxygenation (ECMO) is
needed, neurological sequelae.

Pulmonary air leaks

Commonly secondary to other respiratory disease (e.g. RDS, MAS) or to
assisted ventilation.
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Pneumothorax
Spontaneous pneumothorax occurs in ~2% term infants. Incidence is
increased in prematurity and respiratory disease.
o features: majority are small, asymptomatic, and resolve spontaneously.
If large, present with respiratory distress. Tension pneumothorax
(see [ p.214) is life-threatening (signs: respiratory distress, cyanosis,
mediastinal shift away from affected side, ¢ chest movement and air
entry on affected side, transillumination lights up affected side).
o CXR: shows ipsilateral translucency, lack of peripheral lung markings,
collapsed lung (see Fig. 6.4).
Treatment: none if asymptomatic. Give O, as required. If symptoms
are severe or worsening, insert chest drain (L p.214). In emergency,
perform needle aspiration before chest drain.
Prognosis: excellent in term infants. Mortality is doubled in infants with
RDS. Also 1 risk of periventricular haemorrhage in preterms.

Pulmonary interstitial emphysema (PIE)

Air leak into lung parenchyma results in small airway and alveolar col-

lapse. Follows high IPPV, particularly in preterm infants with severe RDS

or MAS.

o Signs: respiratory distress; chest hyperexpansion; poor air entry; coarse
inspiratory crackles.

o CXR (L p.157): hyperinflation; ‘honeycomb’ pattern of cystic

lucencies/bullae, generalized or local (see Fig. 6.5).

Treatment: high FiO,, low PIP, low PEEP, fast rate IPPV; HFOV may be

superior. Unilateral PIE: nurse infant with affected side down. In refractory

cases consider selective intubation to ventilate the healthier lung.

Prognosis: mortality 25-50%. There is an increased risk of

bronchopulmonary dysplasia.

Pneumomediastinum

Often preceded by asymptomatic pneumothorax/PIE.

o CXR: translucency around the heart extending superiorly; thymus lifted
and splayed from below (‘sail’ sign).

o Treatment: usually no treatment is required.

Pneumobpericardium: usually occurs with other air leaks associated with
IPPV and can lead to cardiac tamponade (with quiet heart sounds, hypo-
tension, bradycardia, cyanosis).

o CXR: translucency around the borders of a small heart.

o Treatment: urgent needle drainage inserted under the xiphisternum.

® Prognosis: high mortality if symptomatic.

Pneumoperitoneum Air can occasionally track into the peritoneum from a
pulmonary air leak. AXR confirms the diagnosis. Severe abdominal disten-
tion could impair ventilation. Drain if symptomatic.

Massive pulmonary haemorrhage (1/1000 live births)

Usually due to haemorrhagic pulmonary oedema in VLBW infants. Small
bleeds are associated with tracheal trauma from ETT or suction. It is
associated with: PDA, heart failure, PIE, hydrops foetalis, perinatal hypoxia,
sepsis, coagulopathy, fluid overload, surfactant therapy.
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Signs

o Rapid systemic collapse.

o Profuse bloodstained fluid welling up from upper airway.

o Respiratory crackles on auscultation.

e CXR. Virtual ‘white out’. Consider echocardiography to detect PDA.

Treatment

e t O, and ventilatory pressures.

o Frequent endotracheal suction.

o Correct hypovolaemia and coagulopathy.

o Consider blood transfusion.

o Consider surfactant.

o Treat known associations.

Milk aspiration

Term infants can accidentally aspirate a feed. The usual causes are:

o Swallowing incoordination, e.g. preterm, neurological disease.

o Upper airway or oesophageal disorders, e.g. tracheo-oesophageal
fistula, gastro-oesophageal reflux.

Presentation
Sudden choking or respiratory distress during or after a feed, often with
excessive milk in the mouth, or aspiration pneumonia.

CXR: normal or patchy collapse/consolidation in the upper lobes.

Treatment If well, observe only. If unwell, respiratory support and broad
spectrum antibiotics are needed. Investigate cause and use gastric or naso-
jejunal tube feeding. Period of IV fluids or feeding may be necessary.

Apnoea
Apnoea can result from any severe illness.

Management
o Support respiration.
o Investigate and correct primary cause.

Apnoea of prematurity

e Common below 34wks gestation (incidence 1t as gestation +).
o Between episodes the infant is well.

o Consider and exclude other diagnoses (see L pp.48, 128).

Treatment Tactile stimulation, blood transfusion, continuous tube gastric
feeds, caffeine or theophylline, nasal CPAP, or IPPV.

Prognosis Short-lived apnoeas appear to cause no harm and should resolve
by 34wks gestation.
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Neonatal X-rays

Fig. 6.3 Respiratory distress syndrome. Bilateral, diffuse ‘ground-glass’ appearance
(due to generalized atelectasis), airway bronchograms, reduced lung volume.
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Fig. 6.4 Left tension pneumothorax. Left chest hyperlucency and hyperinflation,
collapsed left lung (absence of peripheral lung markings), mediastinum shifted to
the right.

Fig. 6.5 Pulmonary interstitial emphysema. Bilateral lung hyperinflation
(hyperlucency and downward displacement of diaphragm) with multiple radiolucent
cystic areas. PIE may be unilateral. Isolated large bullae may appear. Cardiac
compression may occur.
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Fig. 6.6 Bronchopulmonary dysplasia. Hyperexpansion, diffuse patchy collapse
and fibrosis interspersed by radiolucent cystic areas and area of emphysema in left
lower lung.

Fig. 6.7 Congenital diaphragmatic hernia. Air-filled bowels loops fill left
hemithorax with absence of left lung markings and mediastinal shift to the right.
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Fig. 6.8 Necrotizing enterocolitis. Dilated loops of thick walled bowel and
pathognomonic appearance of gas in the gut wall (pneumatosis intestinalis) evident
in the left lower abdomen (gut seen side on) and centre (gut seen end on — ‘halo
sign’). Gas evident in the portal venous system may also be seen and indicates
severe disease (not present on this X-ray).
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Neonatal respiratory support

Supplemental oxygen

Excess oxygen is toxic, particularly in preterm infants. All infants receiving

supplemental oxygen should have SpO, monitoring as a minimum. If sig-

nificant hypoxia, consider an arterial line to directly monitor PaO,. Term

infant’s oxygen saturation levels should be >95% in air—usually >97%. &

The ‘correct’ saturation range for preterm (<32/40, <1500g) infants has

not been determined. Maintaining SpO, around 90-95% and avoidance

of ‘swings’ in either saturation or FiO, is reasonable whilst evidence from

large RCTs is awaited. Supplemental oxygen can be given via:

e Head box (concentration easily monitored).

o Nasal cannula <2L/min (cannot monitor effective FiO,—depends on
gas flow rate, FiO, and tidal volume, can’t humidify effectively).

o High flow nasal cannula >2L/min. Can be effectively humidified.
Generates CPAP effect.

CPAP Prevents airway collapse and loss of lung volume. Maintenance
of functional residual capacity above closing volume reduces work of
breathing.

Uses

o RDS and respiratory support, particularly for preterm infants.
o Post-extubation.

o In upper airway obstruction.

Method

o Nasal mask or binasal prongs, rarely face mask or via ETT.

o Usual pressure is 5-6cmH,O. Probable safe upper level is 8cmH,O,
but 1 risk of pulmonary air leaks as pressure 1.

e Some equipment can deliver bi-level CPAP with or without
synchronization to spontaneous breaths.

Complications

e Pulmonary air leaks, e.g. pneumothorax. (particularly if treating RDS in
an infant who has not received surfactant).

Nasal trauma.

Baby upset leading to hypoxia.

t Airway resistance and effort of breathing.

Upper Gl distension or perforation (insert gastric tube on free
drainage to reduce risk, rarely seen with modern equipment).

Positive pressure ventilation
Intermittent positive pressure ventilation (IPPV) See [ p.162.

High frequency oscillatory ventilation (HFOV) See LLJ p.164.

Synchronized ventilation

Nomenclature confusing, but includes the following:

o Synchronized intermittent positive pressure ventilation (SIPPV)/assist
control/patient-triggered ventilation (PTV): every spontaneous patient
breath can trigger time-limited positive pressure inflation.
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o Synchronized intermittent mandatory ventilation (SIMV): rate of triggered
breaths is pre-set; any other spontaneous patient breaths are
unassisted—in case of apnoea the set rate is given.

o Pressure support: all spontaneous breaths are supported by positive
pressure for as long as inspiratory flow continues above a defined
threshold. Can be combined with other modes.

Studies in newborn infants show no particular advantage for SIPPV or SIMV
compared to conventional IPPV during acute stages of respiratory illnesses
such as RDS. May be useful during weaning, or if infant is not synchronizing
with ventilator. Smaller infants may not be able to trigger breaths (older
ventilators). Autocycling can cause over ventilation in PTV.

Extracorporeal life support (ECLS)

Provided only in a very small number of specialist centres in the UK. Also
known as extracorporeal membrane oxygenation (ECMO), ECLS reduces
mortality in severe respiratory disease, e.g. meconium aspiration syn-
drome, persistent pulmonary hypertension of the newborn." Early transfer
to an ECLS centre is important as these infants are often critically unwell.

Criteria for eligibility: severe, but reversible cardiac or respiratory disease
and oxygenation index persistently >30—-40 where:

Oxygenation index = [(mean airway pressure X FiO,)/PaO, (kPa)] x 100

FiO, is expressed as a decimal, e.g. 30% O,= 0.3

Contraindications

Weight <1.8kg.

Gestation <34wks.

Severe congenital malformation.

Intracranial haemorrhage or poor CNS prognosis (e.g. severe HIE).
Coagulopathy.

Technique

Blood taken from a major cannula is passed through a membrane oxy-

genator and then returned to the body. Blood is heparinized (activated

clotting time 2-3 X normal) and low level conventional ventilation is main-

tained. ECMO is maintained until disease recovery. May be:

o Venous—venous: double lumen cannula in right jugular vein or right
atrium;

o Venous—arterial: blood drawn from right jugular vein and returned to
right carotid artery.

Outcome Survival rates are high for reversible lung pathologies. Up to
10% of ECMO survivors suffer major long-term problems. Complications
include brain injury (secondary to neck vessel trauma, thromboembo-
lism, CNS haemorrhage, complication of pre-ECMO disease/therapy) and
peripheral thromboembolic phenomenon, e.g. may cause renal failure.

Reference
1 UK Collaborative Trial Group (1996). UK collaborative randomised trial of neonatal extracor-
poreal membrane oxygenation. Lancet 348: 75-82.
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Conventional positive pressure
ventilation

IPPV via ETT with continuous flow of heated and humidified gas allows
the non-paralysed baby to breathe spontaneously. The ventilator is time-
cycled, pressure limited (TCPL) where the user sets the positive inspira-
tory pressure (PIP), inspiration time (Ti) and ventilator rate. In this mode
the tidal volume is determined by the lung compliance. Some ventilators
can adjust PIP within a set range to deliver a set tidal volume (volume
guarantee). Some ventilators can terminate inspiration when a set volume
is reached or when inspiratory flow is declining below a threshold level.
Whichever method is chosen the user must be familiar with the operation
and limitations of the ventilator.

Indications

o Worsening respiratory failure, e.g. RDS.

o Impending or actual respiratory arrest from any cause.

e Recurrent apnoeas.

o Massive pulmonary haemorrhage.

o Severe cardiac failure.

o Persistent pulmonary hypertension of the newborn.

o Severe congenital lung malformation, e.g. diaphragmatic hernia.
e Severe HIE.

o Anaesthesia.

Ventilation parameters

o Peak inspiratory pressure (PIP).

o PEEP.

e Tl and expiratory (TE) time (often expressed as |:E ratio).

o Inspired O,% or fraction inspired O, (FiO,).

e Gas flow (L/min) through ventilator circuit (may not be adjustable).

Monitoring ventilation

e Review and adjust ventilation settings soon after commencement (see
Box 6.4 for care principles).

o Monitor blood gases and adjust ventilation as appropriate. Acceptable
limits will depend on the clinical situation, however, as a guide in
preterm infants; pH 7.2-7.35, PCO, 5-8kPa, PO, 6—10kPa, saturation
90-95%, expired tidal volume around 5mL/kg.

e If PaO, is too low—1* FiO, or * mean airway pressure (the latter by
either t PIP, t PEEP, or ¥ TE which will 1 rate as Tl stays constant).
Do the opposite if PaO, is too high.

* If PaCO, is too high—* alveolar ventilation, i.e. minute volume, by *
PIP, or ¥ PEEP, or 1 rate. Do the opposite if PaCO, is too low.
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Box 6.4 Care principles in assisted ventilation in newborns
Endotracheal tube (ETT) Use correct size and secure appropriately.

Elective intubation Give prior sedation with opiate, e.g. morphine or fen-
tanyl, and muscle relaxant, e.g. suxamethonium (ONLY if staff experi-
enced in airway management are present).

Minimal handling Reduces episodes of deterioration.

Sedation/analgesia Evidence does not support routine use of morphine
infusion for ventilated preterm infants.

& Prolonged neuromuscular relaxation (e.g. Vecuronium)
o Consider in specific circumstances, e.g. severe meconium aspiration
o Give sedation/analgesia to paralysed infants, e.g. morphine infusion

Feeding Once stable, ventilation is not a contraindication to careful gas-
tric feeding. Very ill babies may not tolerate feeding as gastric distension
can cause diaphragmatic splinting.

Humidify and warm inspired gas
Minimal routine suctioning

Continue monitoring

o Pulse, BP, respiratory rate

e SpO,, £TcO,, TcCO,

o Tidal volume

o Intermittent blood gas analysis (capillary or arterial)

Acute deterioration during ventilation

May present as systemic collapse, # PaO,, or #f PaCO,. Ventilate with
manual system, e.g. T-Piece (preferably with PEEP), and O, as required.
Rapid improvement suggests ventilator problem. Otherwise consider ob-
structed ETT, displaced ETT, pneumothorax, or non-respiratory disease,
e.g. intraventricular haemorrhage (IVH), gut perforation.

Slow deterioration during ventilation

May present as slow deterioration in overall clinical condition, * PaCO,,
or ¥ PaO,. Consider: worsening respiratory disease; partial ETT obstruc-
tion; airway circuit leak; non-respiratory disease.

Ventilation weaning

As condition starts to improve aim to wean ventilation. Wean O, to low-
est needed to maintain adequate PaO, (¥ retinopathy risk). As lung com-
pliance improves wean PIP to maintain appropriate expired tidal volume
(¥ risk of pulmonary air leak) in 2cmH,O steps until 12-14cmH,O (moni-
tor blood gases). Then wean rate by 5 or 10 increments until 10-20breaths/
min. Following extubation it is often helpful in preterm infants to start
nasal CPAP 5cmH,O (see [ p.160). Extubation without CPAP may be
appropriate after short-term ventilation.
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High frequency oscillatory ventilation

A continuous positive distending pressure (mean airway pressure) is ap-
plied and, around this pressure amplitude (or Ap) is oscillated by a dia-
phragm or an interrupter device in the ventilator circuit. High frequency
oscillatory ventilation (HFOV) has an efficacy equivalent to IPPV in the
primary treatment of RDS. It may be indicated for:

o Rescue treatment when IPPV has failed.

o Pulmonary air leaks.

e Meconium aspiration syndrome.

e PPHN.

e Pulmonary hypoplasia.

o Congenital diaphragmatic hernia (see Fig. 6.7).

Ventilation parameters

o Mean airway pressure (P,,).

e FiO,.

o Airway pressure difference generated around P,,, (amplitude or Ap).
o Oscillation frequency per second.

o Circuit gas flow.

Oxygenation (Pa0,) is dependent on both P, and FiO,. As P, t, PaO,
will improve as functional residual capacity (FRC) t. At some point, how-
ever, further P, t will ¥ PaO, because of over distension.

CO, removal (PaCO,) is dependent on alveolar ventilation and, so,
on both the frequency and amplitude. Unlike IPPV, ventilator constraints
make tidal volume inversely proportional to the frequency. It is normal for
generated tidal volumes to be less than that physiologically required, yet
adequate ventilation occurs—this apparent paradox is explained by com-
plicated air flow physics of HFOV that augment CO, diffusion. Once the
frequency is set, CO, removal is increased by * amplitude and vice versa.

Commencing ventilation

If ventilating for the first time, appropriate initial settings at term are:
e P, 8cmH,O.

o Amplitude 20cmH,O.

o Frequency 10Hz

e FiO, 0.5, i.e. 50% inspired O, concentration.

If transferring from IPPV:
e Set initial HFOV P, 2cmH,O higher then P,,, used in [PPV.
o Start on the same FiO,, and set frequency at 10Hz.
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Monitoring ventilation

o Once ventilated, observe the infant’s chest expansion and oscillation,
and alter settings as required.

o Perform a CXR after 1hr to assess chest expansion: 8 posterior ribs
visible above the diaphragm is appropriate until the baby is stable.

Monitoring ventilation is otherwise as for IPPV (see EL p.162). Be aware

that rapid elimination of CO, can occur leading to over-ventilation.

Anticipate and monitor blood gas/transcutaneous readings closely.

e IfPa0, is too low: 1 either the FiO, or mean airway pressure (MAP)
by 1-2cmH,O every 30-60min (avoid chest overexpansion), and vice
versa.

e If CO, is too high: + amplitude by 2cmH,O increments and vice versa.

o Optimal CO, elimination occurs at 10Hz, and, hence, the frequency
does not usually need to be changed.

Weaning ventilation
As clinical status improves: + FiO, to 0.5 and then ¥ P, by 2cmH,O steps
until 6-7cmH,O is tolerated. Also progressively ¥ amplitude to the mini-
mum required to maintain normal CO,.

Some babies will tolerate weaning to what is essentially CPAP, whilst
others, below a certain P,,, do better if changed to slow rate IPPV.

aw?
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Bronchopulmonary dysplasia

See also 1 p.276. Bronchopulmonary dysplasia (BPD) is a form of chronic
lung disease that affects infants who have been born preterm. Over the
last decade advances in neonatal care, including the increasing use of
antenatal steroids, and early surfactant therapy, have modified a change
in the underlying pathology in many cases. ‘Old’ BPD was described as
a disease of scarring, and repair. This condition was associated with long
periods of mechanical ventilation, often with high PIP, and high F.O,. ‘New’
BPD is a condition of impaired alveolar development, with less destruction
and scarring. Mechanical, oxidative and inflammatory factors all contrib-
ute to lung injury. The radiographic appearances of more recent cases
are less dramatic (see Fig. 6.6), however, the impairment in lung function
continues through childhood, and is associated with a number of other
impairments.

Definition

The definition of BPD has evolved with time. The most commonly used
definition is ‘Oxygen requirement at 36/40 corrected gestational age
(CGA)'. This definition does not have any grading of severity, and encom-
passes a wide spectrum of disease.

NICHD/NHLBI Definitions (2001)

o Mild: need for supplemental O, at age 28 days, but not at 36/40 CGA

o Moderate: need for supplemental O, <30% at age 28 days and at
36/40 CGA

o Severe: mechanical ventilation or requiring >30% O, at > 36/40 CGA

‘Walsh’ test (2003)

e Test at 36+1/40 CGA. Aim to maintain 5,0, > 88%

e BPD if need > 30% O, to maintain SpO, >88% (or ventilated)

o |f <30% O,, then FO, is gradually decreased to air. BPD is defined as
inability to maintain SpO, >88% for 1hr

Incidence and risk-factors

Incidence is dependent on definition used. Wide variations between cen-
tres with a range of 4-58% (mean 23%) of at-risk babies. BPD more likely
with:

o Gestational immaturity.

o Low birth weight.

o Males.

o Caucasian heritage.

o I[UGR.

o Family history of asthma.

o History of chorioamnionitis.
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Prevention of BPD

No evidence of effect

o Surfactant and ANC steroids (effect may be off-set by increased
survival?)

o Closure of PDA

e Diuretics

e Inhaled steroids

e Inhaled nitric oxide

e HFOV compared to conventional ventilation

e Treating Ureaplasma urealyticum (more research needed)

May be of benefit in certain infants

e Systemic corticosteroids € (clinical trials needed as increased risk
of CP)

e nCPAP vs. intubation & (need for surfactant, risk of pneumothorax)

Evidence of effect
o Caffeine citrate for apnoea of prematurity in infants <1250g
o Vitamin A supplementation for infants <1000g

Treatment of established BPD

& No specific treatment has been demonstrated to show an improve-
ment in outcome of BPD. Oxygen is the most commonly used therapeutic
agent, although the ‘correct’ dose and what SpO, is acceptable has not
been established. A number of large trials are ongoing and their results are
awaited (Ref: NeOPrOM Collaboration).

Other treatments include; diuretics, corticosteroids, sildenafil, optimiz-
ing nutrition.

Immunization for at-risk infants with monoclonal respiratory syncytial
virus (RSV) antibody has recently been recommended by the UK depart-
ment of health. & This involves monthly injections during the RSV
season.

Outcome

Increased survival of preterm infants has led to an increase in the number
surviving with BPD. Mortality has improved (previously 10-20% would die
from cor-pulmonale or respiratory infection). Other problems include:

o Increased risk of CP.

e Poorer cognitive functioning and academic performance.

o High risk of re-hospitalization with respiratory illness.

e Poorer lung function.

Respiratory problems seem to lessen as children get older, perhaps
reflecting the lung’s continued growth and development.
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Circulatory adaptation at birth

Foetal circulation

Oxygenated placental blood (PaO, ~5kPa) returns to the foetus via the
umbilical vein. Blood bypasses the liver via the ductus venosus and flows
into the inferior vena cava, and then the right atrium. This blood is then
channeled to the left atrium and so to the left ventricle (via the foramen
ovale). Oxygenated blood is then pumped to the cerebral and coronary
vessels. The right ventricle mostly receives deoxygenated blood from the
superior vena cava. About 15% is pumped to the lungs and the rest is
diverted, via the ductus arteriosus, to the descending aorta so that it can
go to the placenta via the umbilical arteries.

Postnatal circulation

At birth, oxygen inhalation leads to pulmonary arterial vasodilatation, lead-
ing to ¢ arterial resistance and * pulmonary blood flow. At the same time
systemic vascular resistance 1 due to loss of the low resistance placental
circulation. The ductus arteriosus constricts as PaO, t. The foramen ovale
closes as pulmonary venous return to left atrium * and right atrial pres-
sure +. Although initially rapid, these changes consolidate over 2—-3wks.

Persistent pulmonary hypertension of the newborn (PPHN)
Failure of pulmonary vascular resistance to fall after birth causes decreased
pulmonary blood flow; incidence 1/1000-1500 live births.

Causes Rarely primary/idiopathic due to disease of pulmonary vasculature.
More commonly, it is a secondary complication of severe illness.

Presentation

e Hypoxia disproportionate to any difficulty with CO, elimination.

o Discrepancy between pre- and post-ductal arterial oxygen saturations
>10%.

o Mild breathlessness (as PaCO,, not PaO,, is the main physiological
determinant of respiratory rate), acidosis, hypotension.

o Loud single second heart sound.

Echocardiography shows t pulmonary arterial pressure, large right to left
shunt at the level of the foramen ovale and ductus arteriosus.

Management

o Treat cause; minimal handling.

e Optimize BP, pH (aim high-normal), Hb, U&E, blood glucose.

o Ventilate (aim for high PaO, and normal PaCO,). HFOV may be
helpful.

o Inhaled nitric oxide (results in selective pulmonary vasodilatation):
dose 20ppm for 6hr initially and monitor for toxic levels of NO, and
methaemoglobin.

e ECMO, if severe.

Prognosis 10-30% mortality. Risk of neurodevelopmental impairment in
survivors.
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Patent ductus arteriosus

Defined as failure of ductus arteriosus to close normally after birth. The
ductus is normally functionally closed within 1-3 days of birth in term
infants. Common in preterms (>50% if VLBW).

Presentation
o Small: asymptomatic.
o Large:

« poor growth, difficulty feeding, respiratory difficulty, systolic or
continuous ‘machinery’ murmur at the upper left sternal edge
radiating to back, heart failure;

* CXR. Cardiomegaly, pulmonary plethora;

* echocardiography confirms PDA and degree of shunt.

Complications Poor growth, heart failure, pulmonary haemorrhage, *
risk of BPD.

Management

& There is considerable uncertainty about whether preterm infants ben-
efit from treatment for PDA and, if so, what is the optimal treatment.
There is wide variation in practice with some units treating many cases and
others almost none. An approach considered sensible by many is:

If asymptomatic Observe because most close spontaneously.

If symptomatic In a preterm infant consider the following:

o Restrict fluids, e.g. 100—-120ml/kg/day.

Optimize blood oxygenation, e.g. blood transfusion if anaemic.

Treat heart failure, e.g. furosemide 1mg/kg 12-hourly PO or IV.
Consider pharmacological closure (e.g. indomethacin or ibuprofen). If
duct fails to close a repeat course may be given. Side effects: ¥ renal
blood flow leading to oliguria, fluid retention, +/— hyponatraemia;

{ cerebral blood flow; Gl complications (bleeding, ulceration);
bleeding (¥ platelet function); displaces protein bonding of bilirubin.
Consequently, indomethacin is contraindicated if severe jaundice,
necrotizing enterocolitis (NEC), thrombocytopenia, or renal failure.
Pharmacological closure is also contraindicated when the PDA is
necessary for pulmonary blood flow (e.g. some forms of congenital
heart disease).

Surgery may be necessary if medical management fails to control
symptoms or if there is significant heart failure, ventilator dependence,
or prolonged failure to close.

Prognosis

Generally good, but infants who require PDA treatment often have other
morbidities that affect prognosis, including severe BPD. Surgery after failed
medical treatment carries a significant risk of mortality. PDA is much less
likely to close when present in term infants. Medical treatment in term
infants is not likely to be effective.
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CNS malformations

Overall incidence ~4-5/10 000 births. There has been a dramatic fall in
last 50yrs.

Neural tube defects
e Failure of primary neural tube closure during 4th week of gestation.
o Prevalence decreasing due to:

« prenatal diagnosis (*AFP, USS) leading to termination;

e maternal periconceptual folate therapy

Anencephaly Lethal condition comprising absence of skull bones, fore-
brain and upper brain-stem.

Encephalocele Midline skull defect with brain tissue herniation. The lesion
is covered with skin and requires surgical excision and closure. Associated
brain abnormality usually leads to poor neurodevelopment.

Spina bifida

Several types, all secondary to failure of midline fusion of dorsal vertebral

bodies. All forms require specialist advice and treatment.
o Spina bifida occulta: no herniation of neural tissue. Often overlying
dermal sinus, dimple, lipoma, or hairy naevus is present (perform spinal
US or MRI). Associated with diastematomyelia or cord tethering.
e Meningocele: herniation of meninges and fluid only with skin covering.
Requires surgical closure. Excellent prognosis.
o Myelomeningocele: herniation of spinal neural tissue, which may be
covered by meninges/skin or be open. Adjacent spinal cord is always
abnormal. Usually thoraco-lumbar, lumbar, or lumbo-sacral.
 problems include—flaccid paralysis below the lesion; urinary and
faecal incontinence; urinary tract dilatation; hydrocephalus; bulbar
paresis secondary to Chiari malformation; and vertebral anomalies
(e.g. kyphosis);

* treatment—surgical closure and hydrocephalus drainage;

* prognosis —related to severity of associated problems. Prognosis
worst if lesion very large or high. Palliative care may be appropriate.

Congenital hydrocephalus

Excessive head growth caused by CSF accumulation (see also EL p.535).

e Causes: congenital (aqueduct stenosis, Dandy—Walker malformation,
congenital infection, e.g. CMV, cerebral tumour); acquired (IVH,
subarachnoid haemorrhage, CNS infection, e.g. meningitis).

o features: OFC above the 97th centile with wide cranial sutures and
bulging fontanelle, ‘sun-setting’ sign of eyes.

e Confirmed by cranial US or MRI.

o Treatment: surgical insertion of indwelling drainage device, e.g.
ventriculo-peritoneal shunt.

Dandy-Walker malformation
o Cerebellar vermis hypoplasia associated with:
« hydrocephalus;
* posterior fossa CSF collection (‘cyst’) expanding into 4th ventricle.
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o Associated with variety of syndromes: foetal alcohol, trisomy 13 + 18.
o Prognosis: depends on associated abnormalities/underlying condition.

Agenesis of the corpus callosum

o Non-specific feature of numerous conditions and is associated with a
wide variety of conditions.

e May be total or partial.

e May be incidental finding.

o Prognosis depends on associated syndromes/features.

Hydrancephalus

o Absence of cerebral hemispheres with cavity filled with CSF. Brainstem
and midbrain are usually spared.

o Cause: severe (vascular) cerebral insult leading to extensive cortical
necrosis.

o Prognosis: usually lethal. Survivors have severe neurodevelopmental
impairment.

Microcephaly

See also [ p.534. OFC progressively falls below 3rd centile.

o Primary defect is reduction in brain size.

o Causes: intrauterine infection, chromosomal defects, various
syndromes, maternal drug/alcohol abuse, brain injury.

o Prognosis: generally poor neurodevelopmental outcome.

Holoprosencephaly

Severe developmental defect of the forebrain. There is a single central
cerebral ventricular cavity with varying degrees of development and sepa-
ration of the hemispheres. Midline facial defects are common. May be
isolated or associated with chromosomal defects, particularly trisomy 13.
Poor prognosis.

Neuronal migration defects

Includes lissencephaly (smooth brain), pachygyria (very few gyri), poly-
microgyria (numerous underdeveloped gyri), schizencephaly (deep cere-
bral cleft), neuronal heterotopia (foci of neurones in abnormal locations
within the brain). All are associated with poor neurodevelopmental out-
come and seizures, but eventual outcome is dependent on severity of
malformation.
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Hypoxic—ischaemic encephalopathy

Clinical syndrome of brain injury secondary to a hypoxic-ischaemic insult.
In developed countries the incidence is ~2-5/1000 live births (moderate to
severe incidence is 1-2/1000 live births).

Causes

o | Umbilical blood flow, e.g. cord prolapse.

o | Placental gas exchange, e.g. placental abruption.
o | Maternal placental perfusion.

o Maternal hypoxia from whatever cause.

o Inadequate postnatal cardiopulmonary circulation.

Presentation

Varies depending on severity of cerebral hypoxia. An infant may have a
range of symptoms and signs affecting: level of consciousness, muscle tone,
posture, tendon reflexes, suck, heart rate and central nervous system ho-
meostasis.’

Before concluding that an infant may have HIE secondary to an intra-
partum hypoxic-ischaemic event, assess for evidence of an intrapartum
problem (e.g. CTG abnormality, sentinel event such as abruption or cord
prolapse). There should be respiratory depression at birth and a need for
resuscitation, including IPPV (Apgar score at 5min < 5). There should be
moderate to severe acidosis soon after birth (pH<7.0, base excess worse
than —12). The baby should develop encephalopathy within 24hr of birth.
Other causes of encephalopathy should be excluded.

Management

o Resuscitate at birth; insert IV * arterial lines. Avoid hyperthermia.

o Assess eligibility for therapeutic hypothermia (TH) (see Box 6.5).

o Start cerebral function analysis monitoring (CFAM).

o Assess for features of dysmorphism and birth trauma.

o Assess neurological features.

o Exclude other causes of encephalopathy, e.g. meningitis, metabolic
disturbances, maternal drugs, CNS malformation, and haemorrhage.

o Expect and manage associated multi-organ failure, e.g. cardiac or renal.

e Monitor and maintain homeostasis, e.g. U&E, Ca?*, Mg** blood glucose,
Hb, blood gases, coagulation. Support BP.

o Mild fluid restriction initially (e.g. 40mL/kg/day 10% dextrose) as there
may be oliguria. Omit milk feeds for 1-2 days if HIE severe and then
feed slowly.

o Treat seizures €.

Therapeutic hypothermia
This is now the standard of care for term infants with moderate/severe hy-
poxic ischaemic encephalopathy.? Cooling is achieved using a temperature
controlled mattress or wrap, and eligible infants have their temperature
lowered to 33-34°C within 6éhr of insult. Hypothermia is maintained for
72hr before gradual re-warming.
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Box 6.5 Criteria for therapeutic hypothermia:

(A) Infants >36/40 and >1800g and <6hr old with one of
e Apgar <5 or continued need for resuscitation at 10min
o Acidosis: cord pH (or any blood gas in first hour) <7/BE<-16

(B) Moderate or severe encephalopathy

Altered level of consciousness (lethargy/stupor/coma) and one of:
e Hypotonia

o Abnormal reflexes, e.g. moro, suck, gag, papillary, oculovestibular
o Clinical seizures

If criteria A and B both met then assess for criterion C (CFAM)

(C) At least 30min of CFAM recording which shows either abnormal
background activity or seizures (clinical or electrical).

If CFAM not available and criteria A&B are met, cooling can be started
after senior doctor discussion (e.g. before or during transport).

Cerebral function analysis monitoring (CFAM)

Single or 2 channel machines available (2 channel = left and right hemi-
spheres). Displays ‘raw’ EEG and a compressed ‘amplitude integrated’ re-
cording. Pattern of a EEG is used for classification of background activity
(see Figs 6.9—6.12). Normal CFAM (aEEG) recording (term infants):

o Lower margin <5uV (when awake), upper margin 210pV.

o Evidence of sleep-wake cycling, no seizures.

Prognosis

Without cooling, risk of later disability or death is: grade | <2%; grade Il
24%; grade Il 78%. Disabilities are likely to be one or more of the follow-
ing: spastic quadriplegia, dyskinetic cerebral palsy, severely reduced 1Q,
cortical blindness, hearing loss, and epilepsy.

References

1 Sarnat HB, Sarnat MS (1976) Neonatal encephalopathy following foetal distress. A clinical and
electroencephalographic study. Arch Neurol 33: 696-705.

2 Edwards AD, Brocklehurst P, Gunn AJ, et al. (2010) Neurological outcomes at 18 months of
age after moderate hypothermia for perinatal hypoxic ischaemic encephalopathy: synthesis and
meta-analysis of trial data. Br Med | 340: c363.
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Fig. 6.10 Moderately abnormal CFAM trace. Note the widened aEEG trace
(baseline <5) and suppressed raw EEG with periodic high-voltage complexes.
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Cerebral haemorrhage and ischaemia

Periventricular haemorrhage (PVH) and intraventricular
haemorrhage (IVH)

Rare >32wks gestation. Haemorrhage starts in the vascular germinal ma-
trix (subependymal). Bleeding may then extend into, and may dilate, the
lateral ventricles (IVH). Haemorrhagic periventricular infarction may then
occur secondary to impairment of cerebral venous drainage by intraven-
tricular haemorrhage.

Incidence: ~10-15% of infants born <32wks. Risk t with t prematurity.

Causes: related to rapid alteration in cerebral blood flow, e.g. severe RDS,
pneumothorax, hypotension, hypoxia, /4 PaCO,.

Presentation: most occur within 72hr of birth. Seldom occur before birth

unless there is alloimmune thrombocytopenia. Up to 50% are asympto-

matic. Larger bleeds may present as sudden catastrophic systemic col-
lapse, bulging fontanelle, neurological dysfunction (e.g. seizures or paucity/
abnormal movements), anaemia, and jaundice.

o Diagnosis confirmed using cranial US.

o At risk groups or preterm infants <32wks should be screened by
cranial US (at 1wk, and at 1mth, or after sudden deterioration). Several
grading systems exist, but it is better to describe the location and
extent of haemorrhage as one of:
 subependymal only; or
* [VH % ventricular dilatation; or
* IVH # parenchymal involvement.

Prevention Antenatal steroids reduce incidence. Prophylactic neonatal
indometacin treatment reduces incidence, but does not improve long
term neurodevelopmental outcome.

Treatment Supportive. Irrigation of lateral ventricles following surgical
drain insertion is experimental.

Complications

o Post-haemorrhagic ventricular dilatation (PHVD): 2° to obstruction of
CSF flow or absorption. Clinical features include: increasing OFC; wide
cranial sutures; apnoea; seizures; feed intolerance; ‘sun setting’ eyes.
Diagnosis confirmed and monitored by measuring ventricular index
on cranial US. 50% resolve spontaneously. Progressive symptomatic
PHVD requires CSF drainage either by serial LP or intracranial
reservoir and then by insertion of ventriculo-peritoneal shunt.

o Haemorrhagic periventricular infarction: occurs in 15%. Blood in the
lateral ventricles impairs adjacent venous drainage, which results in
adjacent cerebral infarction. Cranial US: cystic parenchymal area(s)
adjacent and communicating with lateral ventricle (porencephalic cyst).

Prognosis Sub-ependymal or uncomplicated IVH does not affect neurode-
velopment. Cerebral palsy is common if either PHVD present and treat-
ment is required (50%), or there is parenchymal extension (80%).
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Term intracranial haemorrhage

o Subdural: increased risk with difficult extraction.

o Subgaleal: potential massive blood loss with systemic collapse. Boggy
swelling all over scalp, not limited by sutures.

o Subarachnoid: asymptomatic, or may present with seizures/irritability.

o Parenchymal or intraventricular: is usually haemorrhagic infarction—
seizures possible.

o Cephalohaematoma: subperiosteal bleed, limited by suture lines, may
take weeks to resolve, and may partially calcify.

Periventricular leucomalacia (PVL)

Severe HIE can lead to cortical neuronal necrosis, basal ganglia injuries,

focal cerebral infarctions or subcortical leukomalacia. PVL is characterized

by periventricular white matter lesions: t echogenicity; cysts.

o Cause: poor cerebral perfusion or ischemia, inflammation.

o Risk factors: extreme prematurity; hypotension; severe illness;
hypocarbia.

e May not be apparent for several weeks after birth.

o Diagnosis: periventricular echodensities or cysts seen on cranial US.

o Prognosis: higher risk of cerebral palsy (especially spastic diplegia),
particularly if there is cyst formation.

Cerebral infarction (perinatal stroke)

Incidence: 1:1600 to 1:5000 births.

Neurological signs and symptoms caused by a vascular event around
the time of delivery.

Presentation depends on timing and nature of event; focal seizures,
encephalopathy, apnoea, poor feeding, asymmetrical reflexes/
movement/tone.

May be associated with maternal/neonatal coagulation disorders (e.g.
Factor V Leiden, Protein C or S deficiency).

Management: supportive, cover infection, correct any metabolic (e.g.
hypoglycaemia) or haematological (e.g. polycythemia) abnormalities.
Start CFAM and treat any seizures.

Investigation: FBC/Coag/U&E(Ca?*, Mg*")/LFTs/Glucose/CFAM/ MRI/
EEG.

Prognosis: depends on site and nature of lesion. ~50% of affected
children will carry some neurological impairment into childhood.
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Necrotizing enterocolitis

Incidence

The most common neonatal surgical emergency. Incidence 1-3/1000 live
births (5-10% in VLBW infants). Incidence is reduced 6-fold in preterm
infants fed breast milk. Typically a sporadic condition affecting preterm
infants (~90% of cases), but can be epidemic or occur in term infants. The
disease may just involve an isolated area of gut, or be extensive. Distal ter-
minal ileum and proximal colon are most frequently affected. Multi-organ
failure is associated with diffuse disease.

Cause

Multifactorial. Severe intestinal necrosis is end result of an exaggerated
immune response within the immature bowel leading to inflammation and
tissue injury. NEC rarely occurs before milk feeding commences, but tim-
ing of first feed appears not to be relevant. Predisposing factors:

o Prematurity.

o |UGR (causes chronic bowel ischaemia).
o Hypoxia.

o Polycythaemia.

o Exchange transfusion.

o Hyperosmolar milk feeds.

Presentation
Most common in the second week after birth.

Early

o Non-specific illness.

o Vomiting/bilious aspirate from gastric tube.

o Poor feed toleration (increasing gastric aspirates).
o Abdominal distension.

Late

o Additional abdominal tenderness.

o Blood, mucus, or tissue in stools.

o Bowel perforation.

o Shock.

o DIG; multi-organ failure. AXR shows intestinal distension (see Fig. 6.8).

o Pneumatosis intestinalis.

o Hepatic portal venous gas.

o Signs of intestinal perforation, e.g. free peritoneal gas or gas outlining
of falciform ligament (‘football’ sign).

Management

o Prophylaxis: antenatal steroids and breast milk are protective. Emerging
evidence for prevention by administration of probiotic bacteria.

o Investigations: FBC; U&E; creatinine; coagulation screen; albumin; blood
gas; blood culture; AXR; Group and cross match.

o Stop milk feeds for 10—14 days €. Insert gastric tube on free drainage.

o ‘Bell staging’ (see Table 6.2) may be useful in grading severity.
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IV antibiotics for 10-14 days, e.g. benzylpenicillin, gentamicin, and
metronidazole.

Systemic support: e.g. assisted ventilation, correct BP and DIC,
parenteral nutrition (PN).

Surgical opinion: indications for surgery are Gl perforation,
deterioration despite above medical treatment (necrotic bowel likely),
Gl obstruction secondary to stricture formation (late). If localized
disease, surgical resection of involved bowel with primary repair.

If more extensive, two stage repair with bowel resection(s) and
enterostomy, followed later by intestinal re-anastomosis.

Prognosis

Overall mortality is ~22%. Increased mortality is associated with:
o VLBW.

o Extensive intestine involvement.

o Multi-organ failure.

o Intrahepatic portal gas.

Extensive bowel resection may result in short bowel syndrome. Excellent
prognosis is seen in those who respond to medical treatment, but subse-

quent stricture may develop.

Table 6.2 Bell staging of NEC

Stage | (suspected Predisposed infant

NEC) Systematic manifestations: temperature instability,
lethargy, apnoeas, bradycardias
Gl manifestations: feed intolerance, vomiting (may
be bilious), occult blood in vomit or stool, mild
abdominal distension
Abdominal radiographs: bowel distension only

Stage Il (definite As above plus mild/moderate acidosis and/or

NEC) thrombocytopaenia
Persistent occult or gross Gl bleeding, marked
abdominal distension
Abdominal radiographs show distension and bowel
wall thickening, intramural gas (portal vein or a fixed
bowel loop)

Stage Il (advanced  As above plus shock, severe acidosis, electrolyte
NEC) abnormalities, thrombocytopaenia, DIC
Marked Gl bleeding
Abdominal radiographs may show
pneumoperitoneum
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Neonatal infection

Neonatal infection can be acquired transplacentally (congenital, see LLJ
p.182), by ascent from the vagina, during birth (intrapartum infection), or
postnatally from the environment or contact with others. Infections are
categorized as early-onset (first 48hr of age) vs. late-onset sepsis (>48hr).
Preterm infants are at greater risk for both types of infections.

Risk factors for early-onset neonatal sepsis

o Prolonged rupture of membranes >18hr, especially if preterm.

o Signs of maternal infection, e.g. maternal fever, chorioamnionitis, UTI.
o Vaginal carriage or previous infant with GBS.

e Preterm labour; foetal distress.

o Skin and mucosal breaks.

Risk factors for late-onset sepsis

o Central lines and catheters.

o Congenital malformations, e.g. spina bifida.

o Severe illness, malnutrition, or immunodeficiency.

Early-onset neonatal infection (2-5/1000 live births)

Infection is caused by organisms acquired from the mother, usually GBS,
E. coli, or Listeria. Other possibilities include herpes virus, H. influenza,
anaerobes, Candida, and Chlamydia trachomatis.

Presentation (symptomatic)
Includes temperature instability, lethargy, poor feeding, respiratory dis-
tress, collapse, DIC, and osteomyelitis or septic arthritis.

Initial investigations

o These include blood culture, cerebrospinal fluid (glucose, protein, cell
count and culture), FBC, CXR.

e The diagnostic value of CRP in early neonatal sepsis is unclear 6.

e Failure to respond within 24hr should prompt further investigation.

Treatment

e Supportive (may require ventilation, volume expansion, inotropes).

e Broad-spectrum antibiotics, e.g. penicillin and gentamicin (consider
ampicillinfamoxicillin if listeria a possibility).

o |f meningitis confirmed or strongly suspected then treatment with
cefotaxime (+/— amp/amoxicillin) should be commenced.

o Length of antibiotic course and choice of antibiotics will depend on
local sensitivities/policy as well as the age/gestation of baby.

o [f infant has remained well, and initial index of suspicion was low, then
consider stopping antibiotics if culture results are negative (~48hr), and
observe.

Length of treatment in CSF positive meningitis ranges from 14 to 21 days
(or greater). A repeat LP demonstrating resolution at the proposed end
of treatment may be of value in deciding length of course.
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Prognosis
Up to 15% mortality (up to 30% if VLBW).

Late-onset neonatal infection (4-5/1000 live births)

Infection is caused by environmental organisms such as coagulase —ve
staphylococci, Staph. aureus, E. coli, and other Gram —ve bacilli, Candida
spp., and GBS.

Investigation
FBC, blood culture, urinalysis (clean catch) and urine culture, CSF glucose,
protein, cell count and culture.

Treatment

Give broad spectrum antibiotics, e.g. flucloxacillin and gentamicin IV.
Consider cefotaxime if meningitis is likely.

Vancomycin if coagulase —ve Staph. sepsis likely, e.g. preterm infant
with indwelling central venous catheter. Decisions on removing/
continuing to use any central catheter should be made by a senior
doctor.

Fungal sepsis is relatively uncommon in the UK (1% of VLBW infants),
however, should be considered in any infant who fails to respond to
standard therapy or has additional risk factors.
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Transplacental (congenital infection)

Causes

o ‘TORCH' infections.
o Herpes zoster.

o Parvovirus B19.

o Syphilis.

o Enterovirus.
o HIV; hepatitis B.

o Rarely bacterial, e.g. GBS, Listeria monocytogenes, N. gonorrhoeae.

Presentation

o TORCH infection: SGA, jaundice, hepatitis, hepatosplenomegaly,
purpura, chorioretinitis, micro-ophthalmos, cerebral calcification,
micro/macrocephaly, hydrocephalus.

o Rubella and CMV: also cause deafness, cataracts, congenital heart

disease, osteitis (rubella only).

Parvovirus B19: rubella-like rash, aplastic anaemia +/— hydrops.

Herpes zoster: cutaneous scarring, limb defects, multiple structural

defects.

o Congenital syphilis: SGA, jaundice, hepatomegaly, rash, rhinitis, bleeding
mucous membranes, osteochondritis, meningitis.

o Bacterial infections present with features that may be non-specific
or even result in multi-organ failure. Gonorrhoea causes purulent
conjunctivitis (ophthalmia). Listeriosis causes preterm labour and
meconium-stained liquor.

Investigation

Consider:

e Blood culture.

o Pathogen-specific IgM and IgG (paired for Herpes zoster, Toxoplasma).
o Venereal Disease Research Laboratory (test)(VDRL).
o Maternal-specific serology.

o Urine CMV culture.

e Throat swab viral culture.

o CSF culture and latex particle agglutination (GBS).

e Stool viral culture.

o Skin vesicle viral culture and electron microscopy.

Treatment

o Most congenital infections have no specific treatment.

o General treatment is supportive and involves careful follow-up to
identify sequelae, e.g. deafness and CMV.

o Toxoplasma: spiramycin (4—6wks 100mg/kg/day) alternating with
pyrimethamine (3wks 1mg/kg/day) plus sulfadiazine (1yr 50-100mg/kg/
day).

o Syphilis: benzylpenicillin 14 days 30mg/kg 12-hourly IV.

o Symptomatic CMV: consider IV ganciclovir then oral valganciclovir 6.

Prognosis Variable and depends on disease severity.
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Prevention of neonatal infection

General measures

o Good hand washing with antiseptic solutions and use of gloves.
e Avoidance of overcrowding.

o Low nurse to patient ratio.

o Nurse cohorting.

o Patient isolation and barrier nursing.

e Minimal handling.

o Rational antibiotic use.

o Minimize indwelling vascular access.

Group B streptococcal disease

The best approach to minimize early onset sepsis due to Group B strepto-
coccal infection is uncertain because there have not been trials that permit
the overall risks and benefits of intrapartum antibiotic prophylaxis (IAP)
to be judged. IAP reduces the number of newborns with positive blood
cultures, but with a very low disease incidence and a very high rate of ma-
ternal GBS colonization (around 25%) a very large number of women must
be treated to prevent a case if bacteriological screening programs are
implemented. Routine bacteriological screening of pregnant women is not
presently recommended in the UK. Current practice follows a risk factor
based approach. The incidence of early-onset GBS disease in term infants
without antenatal risk factors in the UK is 0.2cases/1000 births.

The Royal College of Obstetrics and Gynaecology' recommend that
intrapartum IV penicillin (or clindamycin) should be offered to women
with a previous baby with neonatal GBS disease. Other risk factors that
should prompt consideration of IAP are:

e intrapartum fever >38 C;

o preterm (<37/40);

o PROM >18hr;

o GBS maternal carriage detected on low vaginal swab culture or GBS
bacteriuria.

Management of the newborn is not well evidenced. Any ill newborn infants
should have cultures taken and be treated with broad spectrum antibiot-
ics that are effective against Group B streptococcus and other common
neonatal pathogens.

Well infants exposed to the above risk factors should be evaluated clini-
cally and observed. Because more than 90% of cases of early onset GBS
disease present in the first 12-24hr after birth. Infants who remain well
after this time are not at increased risk of disease in comparison with
infants without risk factors. There is no need to send investigations on
infants who are not ill. If there are multiple risk factors, or a previous child
has been affected by Group B streptococcal sepsis many would consider
blood culture and starting antibiotics appropriate.
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Hepatitis B

Usually contracted at birth. Routine antenatal screening detects maternal
carrier state (hepatitis B (HBsAg) +ve). Transmission risk ~10% if mother is
a low-risk carrier, (i.e. anti-HBe +ve). To reduce vertical transmission give
hepatitis B vaccine to infant within 24hr of birth. Also give specific hepatitis
B immunoglobulin 2001U IM if mother is a high-risk carrier, (i.e. mother
HBeAg +ve, or, anti-HBe —ve, or, antibody/antigen status unknown), since
the untreated transmission risk is 90%. In both groups, subsequent hepati-
tis B vaccine is required at 1, 2, and 12mths (UK schedule).

Human immunodeficiency virus (HIV)

See [ p.726. Vertical transmission rate ~15-25%. Risk markedly reduced

by:

o Maternal antiretroviral drug therapy to minimize viral load during third
trimester and labour and then postnatal treatment of baby for 6wks.

o Elective lower segment Cesarean section (LSCS).

o Avoidance of breastfeeding (in developed world).

Infants are usually asymptomatic at birth. Test at birth and 3 and émths
for:

o HIV viral PCR;

o P24 antigen;

o specific IgA.

Infection is very unlikely if all negative at émths and baby well.

Herpes simplex

85% of neonatal HSV is contracted at birth from active maternal genital le-
sions. Elective LSCS reduces transmission if mother has active genital her-
pes. Treat infant with prophylactic IV aciclovir if born by vaginal delivery
and there is primary maternal herpes (transmission risk of 50% compared
with 3% in secondary herpes). To prevent infection from carers with cold
sores, the lesions should be covered with a mask and the sores treated
with topical aciclovir.

Herpes zoster

Perinatal infection can cause severe disseminated disease with high mortal-

ity (30%) if:

o Maternal rash occurs in the period between 7 days antenatally and 7
days postnatally;

o A LBW infant (<1mth old) has contact with varicella and whose
mother is non-immune (i.e. check maternal antibody status if unsure).

Prevention Oral aciclovir and specific zoster immunoglobulin (ZIG) 100mg
IM given soon after delivery.

Reference

1 Royal College of Obstetrics and Gynaecology (2003). Prevention of early onset neonatal group B
streptococcal disease, RCOG Guideline No. 36, November 2003. London: RCOG Press.
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Neonatal abstinence syndrome

A cluster of symptoms caused by withdrawal from a dependency-inducing
substance. In the UK this is commonly related to methadone (+/— heroin),
or benzodiazepines, however, withdrawal is well documented with a num-
ber of other substances, for example; cocaine, amphetamine, SSRIs (e.g.
fluoxetine), alcohol, caffeine, and nicotine.

Presentation

o Timing depends on substance: heroin and SSRIs often present soon after
birth, methadone within 24hr, and benzodiazepines later.

o CNS symptoms: include irritability, sleepiness, hyperactivity, tremors,
seizures.

o Non-CNS: poor/disorganized feeding, vomiting, diarrhoea (can cause
severe nappy rash), sneezing, tachycardia, sweating, respiratory
depression, fever (be cautious—sepsis may co-exist or present with
similar symptoms).

Management

o Observe ‘at risk’ infants for signs of withdrawal for several days after
birth. Several scoring systems exist for quantifying withdrawal.

e General and supportive measures: swaddling, minimal handling, dark and
quiet environment, frequent low volume feeding.

o A pragmatic approach to starting drug treatment (low dose oral
morphine) would be to start if significantly symptomatic, e.g. sleeping
<1hr after feeds, continuous high-pitched cry, unable to feed. Once
stable, wean morphine slowly over several days.

o Start apnoea monitor if preterm or require large doses of morphine.

e Seizures should be controlled by phenobarbital (also drug of choice to
treat barbiturate withdrawal).

Other points to consider are:

e Does baby need a urine screen (remember this will effectively drug-
test the mother)?

o Ensure Social Services are aware as child protection and family support
issues must be considered.

o Consider associated pathologies, e.g. HIV or hepatitis B or C infection.

o Breastfeeding is not contraindicated unless mother is taking high doses
of methadone (>20mg/day), amphetamines, cocaine, or is HIV +ve.

Prognosis

It is difficult to establish whether any adverse outcomes are directly relat-
ed to drug exposure as literature is confounded by social and environmen-
tal factors. There is an increased risk of:

prematurity;

IUGR;

sudden infant death syndrome (SIDS);

congenital HIV/hepatitis B/C infection;

social problems;

L]
o
L]
o
L]
o neurodevelopmental impairment.
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Inborn errors of metabolism

See also I pp.102-105, Chapter 26. The common presentations of IEM
are as follows:

o Encephalopathy without metabolic acidosis: e.g. pyridoxine-dependent
seizures, urea cycle enzyme defects (hyperammonaemia; see )
pp.960, 964);

Encephalopathy with metabolic acidosis: e.g. organic acidurias (see L
p.958);

Hepatic failure: e.g. galactosaemia (see LI pp.342, 960);

Non-immune hydrops: can be haematological, e.g. B-thalassaemia, or
due to lysosomal storage disorder, e.g. Gaucher disease (see L1
p.968);

Significant dysmorphism: these can be divided into: lysosomal disorders,
e.g. mucopolysaccharidosis; peroxisomal disorders, e.g. Zellweger
syndrome; mitochondrial disorders; biosynthetic defects, e.g. albinism;
receptor defects, e.g. pseudo-hypoparathyroidism;

Other: non-specific illness (see [1J p.128); severe hypotonia; resistant
hypoglycaemia; cataracts; odours; cardiomyopathy; severe diarrhoea.

Investigations

o Initial: blood for U&E, SBR, gas analysis, glucose, Ca**, Hb, ammonia,
and anion gap (normal range 12—16mmol/L). Urine for ketones and
reducing substances.

o ‘Metabolic screen’ (for amino acid and organic acid analysis): take and

save blood in heparinized (1-2mL) and EDTA (3-5mL) tubes and save

urine (5-10mL) in sterile container with no preservatives.

Subsequent investigation after discussion with expert: if child dies prior to

diagnosis, seek permission to take:

« further blood for storage (clotted and heparinized);

* skin biopsy placed in sterile saline;

« liver and muscle biopsy;

* send immediately to pathology laboratory for preservation.

Acute management

e Supportive.

o Stop all protein intake, including milk, and start 10% glucose IV
infusion.

o Correct electrolyte/acid-base imbalance.

o Broad spectrum antibiotics in case crisis was precipitated by infection.

o Specific treatments after expert advice.

Prognosis
Depends on disease.
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Retinopathy of prematurity

See also [ p.920. Retinopathy of prematurity (ROP) is a leading cause of
preventable blindness. Infants born <32/40 and those weighing <1500g at
birth are at greatest risk. The incidence is decreasing and recent data sug-
gest that around 90% of infants born weighing >1000g will have no ROP,
however, this number drops to only 38% for those <750g at birth. The
cause is multifactorial. In utero, the retinal vasculature develops in a rela-
tively hypoxic environment, with vessels stimulated to grow towards the
most hypoxic regions. This development is disrupted with preterm deliv-
ery. ROP is associated with retinal arterial hyperoxic vasoconstriction and
retinal ischaemia during retinal development before 32wks gestation. It is
therefore, essential to monitor and prevent hyperoxia in infants requiring
supplemental O,. Minimizing variability in oxygenation may also be impor-
tant.

Classification
ROP is a proliferative retinopathy that is classified according to interna-
tionally accepted guidelines (see Box 6.6).!

Screening criteria

o <27/40: first screen at 30-31/40 CGA.

® 27-32/40: first screen at day 28-35 of life.

o Screen 2wkly thereafter unless:

* any stage 3 disease;

« any plus/pre-plus disease;

« vessels end in zone 1, or posterior zone 2;
 weekly screening if present.

e Screening is performed by indirect ophthalmoscopy after
pharmacological pupil dilatation or increasingly by wide field digital
retinal imaging.

e Screening continues until vascularization has progressed into zone 3
(usually >36/40).

Treatment

Diode laser treatment within 72hr (48hr if aggressive disease) of meeting
any of the treatment criteria (see Box 6.6).
Babies should be ventilated, adequately sedated, and given a muscle
relaxant. Atropine should be available.
Side effects of treatment include:
o Need for re-ventilation.
o Bradycardia.
e Apnoea.
e Ocular haemorrhage.
o Eyelid trauma.
e Laser burns.

Infants should be re-examined 5-7 days following treatment, and if no
regression, re-treatment should be performed at 10-14 days after initial
therapy. Steroid eye drops may be useful in decreasing post-operative
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swelling. Direct injections of monoclonal antibodies against vascular
endothelial growth factor (VEGF) are showing promise as an alternative.

Prognosis

Almost all cases can be treated effectively so blindness is a rare outcome.
There may be reduced visual fields in severe cases. Refractive errors are
common.

Box 6.6 Classification of ROP'

Severity

o Stage 1: demarcation line visible

o Stage 2: ridge evident

o Stage 3: ridge with extraretinal fibrovascular proliferation

o Stage 4: subtotal retinal detachment (4A, extrafoveal; 4B involves the
fovea)

o Stage 5: total retinal detachment

Location

e Zone 1 extends a radius of 30  from the optic disc

e Zone 2 extends from the nasal retina periphery in a circle around
the anatomical equator

e Zone 3 involves the anterior residual crescent of temporal retina

Extent Recorded as clock hours in each eye in the appropriate zone.

‘Plus’ (+) disease Indicates aggressive disease and is used when there is:
engorgement and tortuosity of posterior pole retinal vessels; iris rigidity
or vessel engorgement; vitreous haze.

Treatment criteria

e Zone 1, any stage if ‘Plus’ disease present

e Zone 1, stage 3 (no plus)

e Zone 2, stage 3 with ‘Plus’ disease

o Seriously consider if Zone 2, stage 2 with ‘Plus’

Reference

1 Royal College of Ophthalmologists/RCPCH Medicine Joint Working Party (2008) Retinopathy of
prematurity: guidelines for screening and treatment. London: Royal College of Ophthalmologists
and British Association of Perinatal Medicine.
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Metabolic bone disease

Also known as osteopenia of prematurity, the incidence is 32-90% in pre-
term infants (mostly ELBW).

Cause

Chronic substrate deficiency—usually phosphate, rarely calcium or vita-
min D. Risk is increased if:

o prolonged PN;

o breastfed (low in phosphate);

o chronic diuretic treatment.

Presentation

o Bone mineral biochemical derangement (see LLJ Investigations);
measure serum Ca2*, PO} and alkaline phosphatase weekly in all
infants under 33wks gestation.

e | Linear growth.

o Rib or distal long bone fractures.

Investigations

e Biochemistry: PO} <1.2mmol/L; Ca?* >2.7mmol/L; alkaline phosphatase
>10001U/L.

o Bone X-ray: osteoporosis, features of rickets, fractures.

e Urine Ca?*/PO7 ratio >1 after 3wks of age (high renal
PO; reabsorption).

Treatment

o Oral PO} 1mmol/kg/day supplement if milk fed.
o Increase TPN Ca** and PO; (consult pharmacist).

Prevention

In infants <2kg or <33wks gestation:

o Supplement breast milk with oral PO; 1mmol/kg/day (not required if
fed preterm formula as already contains added PO} );

e Oral vitamin D 4001U/day;

e Ensure TPN contains Ca?* 2mmol/kg/day and PO;" 2.5mmol/kg/day
(organic phosphate solution avoids mineral precipitation);

o 10min/day of passive exercise appears beneficial.

Prognosis
Stature is reduced at age 18mths. Bone mineralization and fracture risk
appear to be normal by 2yrs.
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Orofacial clefts

See also [ p.846. Orofacial clefts are due to failure of fusion of maxillary
and pre-maxillary processes. They may be unilateral or bilateral and result
in cleft lip and/or cleft palate. The incidence is ~1/1000 live births.

Causes

Multifactorial and includes genetic and environmental factors. 66% of clefts

are isolated. Majority have no obvious cause.

o Enviromental factors: maternal folic acid deficiency; maternal exposure
to alcohol, tobacco, steroids, anticonvulsants, and retinoic acid.

e ~30% are syndromic, e.g. Pierre—Robin syndrome (large midline
posterior cleft palate, mandible hypoplasia, prone to upper airway
obstruction due to a posteriorly displaced tongue).

Treatment

o Refer to specialized ‘cleft lip and palate’ multidisciplinary team.
Possible upper airway obstruction is a recognized complication of a
large cleft palate, e.g. Pierre-Robin syndrome. If it occurs or is likely:
* nurse prone;

* nasopharyngeal airway may be helpful;

monitor SpO,—a low or worsening SpO, is an ominous sign and
should be taken very seriously;

* intubation may be difficult and require specialist (ENT) support.
Feeding problems are common. Specialist nursing input, special feed
devices and prosthetic plate (obdurator) may all be required if cleft
palate is too large to allow adequate suck.

Be aware of increased risk of infections (aspiration pneumonia and,
later, secretory otitis media with conductive hearing loss). Treat as
appropriate.

Surgical repair of lip is usually at 3mths; palate at 6—12mths.

Later speech defects and dental problems can occur requiring speech
therapy and dental input respectively.

Prognosis

Repair of unilateral complete or incomplete lesions usually produces a
good result. As well as those complications described above later prob-
lems may include:

o Hindered parental bonding.

o Psychological morbidity.
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Neonatal haematology

Anaemia See also £ pp.610-629.

Causes

Antenatal

o Alloimmune haemolytic disease, e.g. Rhesus disease.
e Twin to twin transfusion syndrome.

o Parvovirus B19 infection.

o Antepartum haemorrhage.

o Red cell defects or aplasia.

Postnatal
o Nutritional deficiency.
o Chronic illness.
o Anaemia of prematurity occurs 6—12wks after preterm delivery and is
caused by:
* repeated and frequent blood sampling;
« shorter hbf red cell half-life;
* { erythropoietin;
« fast growth rate.

Presentation

o Pallor and tachycardia.

o t O, requirement or apnoea.
e Poor feeding 6.

o Growth failure é™.

Treatment

o Start iron supplement at 4wks old for 12mths if <35wks gestation.

o Further research is required to establish appropriate blood transfusion
thresholds for preterm infants. Transfuse if clinically indicated. Volume
to transfuse (mL) = desired rise in Hb (g/dL) x weight (kg) % [4
(packed cells) or 6 (whole blood)]. Alternatively, give 20mL/kg over
4hrs. Blood should be CMV —ve and irradiated.

o Erythropoietin is useful, but not cost-effective for routine use and may
increase the risk of retinopathy of prematurity. Use is limited to infants
from Jehovah'’s witness families.

Polycythaemia

See also L p.630. Defined as arterial or venous packed cell volume (PCV)
>65%. More common if placental insufficiency, maternal diabetes mellitus,
Down’s syndrome, or after twin to twin transfusion. Risk of complications
due to thrombosis and or microvascular sludging.

Treatment

o If symptomatic: (lethargy, seizures, respiratory distress, poor feeding,
thrombocytopenia, stroke, renal failure, NEC) perform dilutional
exchange transfusion with 20-30mL/kg of normal saline over
30-60min.

° If asymptomatic: it is probably wise to perform dilutional exchange
transfusion if PCV >70% to prevent complications.
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Thrombocytopenia

See also L p.642. Common neonatal causes include:
o Sepsis, including congenital infection.

o NEC.

e I[UGR.

e Maternal idiopathic thrombocytopenic purpura (ITP) (due to passive
transfer of autoimmune IgG antiplatelet antibodies).

Neonatal alloimmune thrombocytopenia (NAIT) resulting from
transplacental passage of maternal specific IgG antiplatelet antibodies
sensitized to differing foetal human platelet antigen (HPA). In 85%
antibody is to HPA1 antigen.

Placental dysfunction.

o Pre-eclampsia.

e DIC.

Presentation
e Petechiae.

e Thrombocytopenia.
o Intracranial haemorrhage (10-20%) particularly with NAIT.

Treatment

Platelet transfusion 10-15mL/kg if platelet count is <50 and active bleed-
ing or <30 plus additional haemorrhagic risk factor or <20 in a well
baby.

NAIT-specific treatment

o Antenatal: foetal platelet transfusion. Maternal IV immunoglobulin.

o Postnatal: observe if platelets >40 x 10°/L. If platelets less or infant
symptomatic, give platelet transfusion (HPA1-negative if relevant)
and consider corticosteroids, IV immunoglobulin, or even exchange
transfusion (liaise with blood transfusion/haematology).

Coagulation disorders

See also [ pp.632-640. The most common neonatal cause is DIC. Rarely,
there is a specific coagulation defect, e.g. haemophilia, or haemorrhagic
disease of newborn.

Haemorrhagic disease of newborn

Bleeding is due to deficiency of vitamin K dependent factors resulting
from:

o Poor transplacental supply.

o Lack of enteric bacteria.

e Maternal anticonvulsants.

o Low vitamin K levels in breast milk.

Typical presentation: is at age 2—7 days with bruising and spontaneous
bleeding, e.g. from umbilicus, Gl tract, or intracranial.

Investigation: shows t prothrombin time (PT) and partial thromboplastin
time (PTT), whilst platelet count is normal.

Prevention: vitamin K, at birth (see £ p.140).
Treatment: immediate IV vitamin K; 1mg and fresh frozen plasma 10mL/kg.
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Rh disease (rhesus haemolytic disease)

Haemorrhage of foetal blood of differing rhesus group into the maternal
circulation leads to maternal anti-D IgG production (usually foetus RhD
+ve, mother RhD —ve). Transplacental passage of this antibody leads to
foetal RBC haemolysis. The condition is usually asymptomatic or only mild
in the first affected pregnancy. Severity usually increases with subsequent
pregnancies. Maternal blood group and rhesus antibody status are routine-
ly checked in early pregnancy. Elevated or rising titres indicate that further
foetal investigation is warranted, e.g. serial anti-Rh titres, foetal US, foetal
blood sampling. The risk of disease is predicted by maternal anti-Rh titre:
o Unlikely when maternal anti-Rh titre <4u/mL.

o 10% when titre is 10-100u/mL.

o 70% when foetal Hb <7g/dL or titre >100u/mL.

Iso-immunization may also occur with other blood group incompatibilities,
(e.g. ABO—usually baby A or B and mother O), other rhesus groups (e.g.
¢, C, e, E), Kell, Kidd, Duffy. Clinical presentation is usually milder than
with RhD (particularly ABO).

Presentation

o Antenatal: foetal anaemia, hydrops foetalis.

o Postnatal: hydrops foetalis, early jaundice, kernicterus
(3 p.195), cutaneous haemopoietic lesions (‘blueberry muffin’),
hepatosplenomegaly, coagulopathy, thrombocytopenia, leucopenia.
Late: anaemia, inspissated bile syndrome.

Investigations

e Maternal blood for: group (usually RhD —ve), t anti-Rh titre.

o |nitially, cord or neonatal blood for: ¥ Hb, * reticulocytes, + platelets,
DCT +ve, group (usually RhD +ve), * SBR.

o After diagnosis monitor SBR 4-hourly (until rate of rise known), blood
glucose, rate of Hb fall. Check coagulation screen.

Treatment

See also hydrops foetalis, L p.138.

o Close antenatal supervision +/— intrauterine blood transfusion.

o After birth check cord SBR and Hb, start high risk infants on intensive
phototherapy whilst awaiting results. If SBR>100umol/L then prepare
infant for exchange transfusion, consider IVIG (see L pp.130, 646).
Supportive treatment as required, e.g. correct any coagulopathy.

o |If treatment required, oral folic acid 250mcg/kg/day for 6mths.

o Check Hb every 1-2wks to detect anaemia for up to 12wks. Transfuse
if symptomatic or Hb <7g/dL.

Perform audiology screening if exchange transfusion required.
Prophylaxis: Rh anti-D IgG given to RhD —ve mothers after birth of Rh
+ve foetus or possible foeto-maternal haemorrhage.

Prognosis
Mortality <20% even if hydropic. Risk of late onset anaemia.
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Bilirubin encephalopathy (kernicterus)

A clinical syndrome resulting from the development of excessive neuro-
toxic unconjugated bilirubin levels. Toxic levels lead to selective damage
of the cerebellum, basal ganglia, and brainstem auditory pathways. It may
occur in the healthy neonate if serum bilirubin is >360pmol/L , but usually
only occurs at significantly higher serum levels (>430pmol/L after 48hr of
life) unless:

o Infant is <24hr old.

o Infant is preterm.

o Infant is severely ill (any cause).

o Infant is acidotic.

o Caused by iso-immunization haemolytic disease.

o Reduced albumin binding caused by drugs or hypoalbuminanaemia.

Presentation
o Lethargy progressing to hypertonia then hypotonia.

o Poor feeding.

o Fever.

o High-pitched cry.

o Opisthotonos.

o Seizures and coma.

Main differential diagnosis is meningoencephalitis/sepsis. Neonatal tetany
may also present with opisthotonos.

Treatment

o Supportive (likely to require full intensive care).

e Urgent reduction of serum bilirubin by intensive phototherapy and
exchange transfusion.

o Give |V immunoglobulin.

o Treat underlying cause.

Prognosis

Majority survives, but there is a high risk of athetoid cerebral palsy, deaf-
ness, and low 1Q.
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Neonatal dermatology

Neonatal skin is covered with vernix at birth and is poorly keratinized.
There is reduced resistance to bacterial infection, increased water loss,
increased absorption of drugs (all more pronounced with prematurity.)

The following conditions are all benign and resolve without treatment,
often within a few weeks of birth.

o Milia: <2mm yellowish-white spots, usually on the face, secondary to
blocked sebaceous/sweat glands.

o Erythema toxicum (erythema neonatorum): erythematous macular—
papular discrete lesions, often with a white centre, mostly present
over the knees, elbows, trunk, and face. Very common particularly in
post-mature infants.

e Harlequin colour change: marked erythema or pallor in different halves,
or quadrants, of body. 2° to vasomotor immaturity.

o Cutis marmorata (livedo reticularis): marble-like colour change in well

baby, secondary to vasomotor immaturity.

Sucking blisters: common on hand, wrist, or upper lip.

Superficial capillary haemangioma (salmon-patches, stork marks):

erythematous vascular marks common on eyelids, face midline, and

posterior scalp, particularly over the nape of neck (tends to persist at
latter site).

e Mongolian blue spots: bluish-black macules, most often in lumbar—sacral
region, common in non-Caucasians. May last several years.

Nappy rash
Usually a contact dermatitis from ammonia released by bacterial break-
down of urine.

Treatment

Includes:

o Frequent nappy changes.

o Barrier cream, e.g. zinc and castor oil cream; expose to air.

o Suspect secondary Candida infection if worse in flexures or satellite
lesions present. Treat with topical antifungal, e.g. nystatin ointment
6-hourly (if severe may benefit from oral antifungal simultaneously).

Infantile seborrhoeic eczema

Very common. Usually appears after a few weeks. Erythema and scaling

rash affects face, neck, behind ears, axillae, scalp (cradle cap), upper trunk,

napkin area, and flexures. Majority spontaneously resolve within weeks.

Minority will go on to develop atopic eczema, particularly if there is a

family history.

Treatment

e Avoid detergents (i.e. soap).

o Use topical emollients.

o Mild topical steroid/antifungal preparation (e.g. 1% hydrocortisone
cream).
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Perinatal death

Causes
o Extreme prematurity (40%).

e Congenital abnormalities (30%).
e RDS.

o Sepsis.

o Perinatal asphyxia.

o Pulmonary hypoplasia.

o Miscellaneous.

After death

o Take photographs and mementos, e.g. footprints, according to parents’
wishes.

o Inform all relevant professionals, (e.g. GP, obstetrician).

o Refer to coroner (Procurator Fiscal in Scotland) if required. UK criteria
are:

« cause of death unknown;

* no medical practitioner attended illness leading to death;

* intraoperative death or prior to recovering from anaesthetic;
e suspicious circumstances.

o Explain and offer post-mortem to parents. Possible benefits include:

« determines cause of death;

« identifies unknown comorbidities;
e determines degree of normality;

* audits clinical care;

e research;

* medical education.

o Unexpected/unexplained death. As soon as possible consider (with
consent!):

* blood for culture—save serum for possible later testing (iem);
* throat, eye, ear surface swabs for bacterial and viral culture;

* suprapubic aspiration (spa) of urine to be saved (iem);

« axilla skin biopsy for fibroblast culture (send in sterile saline).

o Currently, no neonatal organ or tissue is harvested for transplantation
in UK.

o If able, issue completed death certificate to parent/guardian who is
then responsible for registering the death. In the UK there is a specific
certificate required for a neonatal death (i.e. <28 days old).

o Offer follow-up appointment with senior doctor at 4—6wks to discuss
issues surrounding death, post-mortem findings, bereavement.

Withholding or withdrawal of life support

Up to 70% of deaths on UK neonatal units follow withholding or elec-
tive withdrawal of life-sustaining treatment. In UK the Royal College of
Paediatrics and Child Health states that there are 5 situations when with-
holding or withdrawal of life sustaining treatment may be appropriate.
Three are relevant to newborns and are summarized here:
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‘No chance’: life-sustaining treatment simply delays death without
significant alleviation of suffering, e.g. spinal muscular atrophy type 1.
‘No purpose’: although the baby may be able to survive with treatment,
the degree of physical or mental impairment will be so great that there
is no quality of life, e.g. severe permanent brain injury after perinatal
hypoxia.

‘An unbearable situation’: treatment is more than can be borne by the
baby and/or family when the illness is progressive and irreversible, e.g.
recurrent cardiopulmonary resuscitation in an infant with irreversible
and progressive cor pulmonale.

The other two situations relating to ‘brain death’ and ‘permanent
vegetative state’ cannot currently be diagnosed in the newborn.

Withholding or withdrawing life-sustaining treatment must be first dis-
cussed with the parents. Almost always a joint decision can be made in the
child’s best interests. Time, rather than court proceedings, is usually the
best approach, the latter being best reserved for extreme situations.

Procedure for withdrawal of life-supporting treatment
Remember, withdrawal of life-sustaining treatment does not equal with-
drawing care:

o If possible, allow parents and family to say their good-byes, spend time
alone with baby, have appropriate religious services conducted.
Parents may wish to be present at the time of withdrawal. Offer
options of being present or holding the child in a private quiet room
during withdrawal or afterwards.

o Stop all non-palliative infusions and remove all peripheral vascular lines
and gastric tubes. Clamp central lines and chest drains.

Switch off all alarms/monitors.

If ventilated, disconnect and remove ETT.

Dress or swaddle infant and then allow parents to cuddle infant.

Give parents/family space and privacy.

After death undertake relevant tasks as outlined in [LJ ‘After death’,
above.
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Note: All practical procedures should be performed whilst observing appropriate practices to
minimize the risk of infection for both the patient and the operator, including aseptic technique,
wearing protective clothing, such as gloves, and safe disposable of all contaminated sharp equip-
ment, e.g. needles.
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Capillary blood sampling

Capillary blood sampling is used when small volumes of blood are neces-
sary for analysis, e.g. FBC, blood gas, blood glucose. An automated device
to pierce the skin is preferred over a lancet, as it causes less pain and
punctures to a predetermined depth, thereby reducing the risk of underly-
ing bone damage or infection.

Equipment

o Alcohol impregnated swab.

o Automated device or sterile lancet.

o Appropriate sample bottles or capillary tubes.
o Cotton wool or gauze swab.

Site
e Plantar heel surface outside the medial and lateral limits of calcaneous

bone in the young infant (Fig. 7.1).
o Finger site in the older child.

Procedure

o Warm the heel or finger.

In the case of foot, hold dorsiflexed.

Clean with an alcohol impregnated swab.

Gently massage area to improve blood flow and use your hand as a

tourniquet.

Puncture skin with an automated device or sterile lancet.

e ‘Scoop’ droplets of blood into an appropriate sample container or on
to blood glucose-measuring strip. Note that excessive squeezing leads
to falsely high serum potassium and haematocrit levels, and bruising.

e Once sample has been collected stop any residual bleeding by local
pressure with a cotton wool ball or gauze swab.

Fig. 7.1 Site for capillary blood sampling on plantar surface of foot. Sampling area
is indicated by shaded area.
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Venepuncture

Venepuncture is preferable to capillary blood sampling when a significant
volume of blood is needed for testing, e.g. coagulation studies, or when
sterility of sample is important, e.g. blood culture.

Equipment

o In older child, as in adults, a 21-23G needle and syringe or vacuum
tube should be used.

o Ininfants and small children use either a 23G butterfly needle and
syringe or 21-23G butterfly needle without the normal tubing.

o An alcohol impregnated swab.

o Appropriate sample bottles or capillary tubes.

e Cotton wool or an occlusive plaster.

Procedure

o Suitable sites include the antecubital fossa, dorsum of the hand, and

dorsum of the foot. Sometimes, necessity demands that other sites

such as the scalp are used, particularly in infants.

Identify suitable vein and warm limb if necessary.

Topical local anaesthetic cream can be applied under an occlusive

dressing for 30—60min reduces pain and may be appropriate in young

children.

o Apply a tourniquet proximal to the intended venepuncture site. In

infants this is often best done using your own gloved fingers or asking

an assistant to squeeze the limb. Also use your fingers to stretch the

overlying skin to stabilize the vein. In young children an assistant may

be required to keep the child’s limb steady.

Clean overlying skin with an alcohol impregnated swab.

Along the line of the vein and in a proximal direction, insert needle

through overlying skin at 20-30° into the vein until blood flashes back

into the needle.

Stabilize needle/butterfly with your fingers and then aspirate into

syringe or, if using a butterfly with no tubing, allow blood to drip into

sample bottles. Repeated gentle release and retightening of tourniquet

often increases blood flow.

Once blood has been collected, release the tourniquet, remove needle

and then apply gentle pressure to puncture site for a few minutes with

cotton wool.

o Once bleeding has stopped, an occlusive plaster is optional, but is
often appreciated!
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Intravenous cannulation

IV cannulation is required for the infusion of fluids or drugs. Any blood
sampling necessary may also be done at the time of insertion. This ‘com-
bined’ technique will save puncturing the child twice.

Equipment

o An alcohol impregnated swab.

o [V cannula: 24G in newborns, 21G in older children.

o |V extension set and 3-way tap with Luer lock flushed with 0.9% saline.
o Tourniquet (older children).

e Fixing tape or transparent occlusive dressing to fix cannula in site.

Procedure

o Carefully identify a suitable vein. The dorsum of the hand or foot or
antecubital fossa is ideal. Other suitable sites include the anatomical
snuff box, volar aspect of forearm, great saphenous vein at the medial
malleolus or knee. Whilst not ideal, scalp veins can be used, but the
hair usually needs to be shaved. If possible, avoid larger veins if a
percutaneous central line insertion is likely to be needed later.

o Tip: transillumination of hand or foot with a ‘cold’ light source can be
very useful for locating ‘hidden’ veins, particularly in the newborn. In an
emergency, or if one or more normal sites have been used, scour the
whole body and use whatever vein you can find!

o Consider at least 45min of local anaesthetic cream applied under an

occlusive dressing over the intended vein before starting. Remove the

cream before starting.

Ensure good vein perfusion, e.g. warm extremity before cannulation.

If needed, ask an assistant to help with keeping the child’s limb steady.

This may require wrapping a young child in a towel or sheet.

o |n older children, apply a tourniquet proximal to the vein. In infants, if

attempting the hand dorsum, apply compression and immobilization by

flexing the wrist, then grasping with the index and middle fingers over
the dorsum, whilst the thumb is placed over the child’s fingers.

Clean site with an alcohol impregnated swab.

Insert cannula at an angle of 10-15° to the skin with the bevel upright,

just distal and along the line of the vein.

o When the stylet tip penetrates into the vein lumen blood will flash
back (not always if the vein is small!).

o Once vein lumen is entered advance 1-2mm, to ensure the cannula is

also in vein, and then advance the cannula over stylet up into the vein.

Remove stylet, and collect any blood required from the cannula hub.

Flush cannula with 0.9% saline to confirm IV placement (fluid should

infuse without resistance) and to prevent clotting, then connect IV line.

o Secure cannula with appropriate adhesive tape or dressing leaving the

skin over the cannula tip visible so that extravasation can be observed.

Splint extremity to prevent the cannula kinking.

This is a difficult procedure to master, particularly in the newborn. Do

not be afraid to ask for senior help if unsuccessful after 2 or 3 attempts.
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Peripheral arterial blood sampling

Used for determination of blood gases, acid—base status, or when large
volumes of blood are required and venous access is difficult.

Equipment
o As for venepuncture.
o Heparinized arterial blood syringe, if blood gas analysis intended.

Procedure

o In descending order of appropriateness, the suitable sites are: radial
artery, posterior tibial artery (in newborns), dorsalis pedis artery
(newborns) and ulna artery (only if Allen’s test confirms patent
adjacent radial artery). If the femoral artery is to be used in the older
child, cannulation is preferable before sampling. Brachial artery should
rarely, if ever, be used because of its ‘end arterial’ distribution.
Identify artery by pulse or ‘cold’ light.

Partially extend limb, (e.g. extend wrist for radial artery sampling), and
with a finger slightly stretch skin over artery to stabilize its position.
Clean overlying skin using an alcohol impregnated swab.

Insert needle through overlying skin at 15-30° angle into artery until
blood flashes back; if after inserting needle there is still no flash back
withdraw slowly as often blood will then appear.

Collect blood by aspirating into the syringe.

Remove needle and apply pressure with cotton wool or gauze swab to
puncture wound for at least 5min and bleeding has stopped.

Peripheral arterial cannulation

This procedure is indicated when repeated arterial blood sampling or arte-
rial pressure monitoring is required. The most common arteries used are
those described for peripheral arterial blood sampling.

Equipment As for IV cannula (see L p.204).

Procedure

o |dentify selected artery by method described above and follow the
procedure described, but use a cannula instead of a needle.

e When blood flashes back into the hub, advance the cannula smoothly

over the stylet and into the artery.

Remove the stylet and immediately stop the bleeding by applying

pressure over the artery and the tip of the catheter with your finger.

Connect a 3-way tap that has been previously flushed with heparinized

saline. Samples can be obtained from the unused ports.

Flush the arterial line with heparinized saline (1U/mL) and connect the

saline infusion line at 1-2mL/h (1U heparin/mL).

o A pressure transducer may be attached to continuously monitor
arterial BP.
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Umbilical arterial catheter

An umbilical arterial catheter (UAC) can be used in newborns up to 48hr
old for invasive BP monitoring, continuous blood gas monitoring, blood
sampling, fluid infusion, and/or exchange transfusion.

Site

To avoid the origins of the coeliac, mesenteric, and renal arteries, the tip
of the catheter should be positioned in the aorta above the diaphragm at
the T8-T10 vertebral level or in the distal aorta at the L3-L4 level.

Equipment

o Antiseptic solution, e.g. 0.5% chlorhexidine.

o Sterile surgical instruments including fine forceps, blunt-ended dilator
probe, scalpel, artery forceps, scissors, suture forceps, sutures.

o Sterile drapes, gown, gauze swabs, and gloves.

o Umbilical catheters: 3.5Fr if birth weight <1500g; 5.0Fr for newborns

>1500g. Catheters with a terminal electrode can be used for

continuous measurement of arterial O, and CO, concentrations.

3-way taps, IV extension sets, syringes, cord ligature.

e 5-10mL syringes, one containing heparinized saline (1Ut/mL).

e BP transducer if monitoring is intended.

Procedure

e Monitor baby closely during procedure, e.g. O, saturation monitoring.

o An assistant should hold the baby’s legs down with the infant supine.

o Calculate the distance (cm) to insert the catheter from the umbilicus to
the aorta at T8-10 level using the formula:

Insertion distance = 3 x weight (kg) + 9 + umbilicus stump length.

To control bleeding, tie a cord ligature around the umbilicus stump.
Catheter insertion should be performed using strict aseptic technique.
Wash hands and put on sterile gloves, gown, +/— surgical mask.
Connect a 3-way tap to catheter and prime with heparinized 0.9%
saline (do not use heparinized saline if coagulation testing is required).
Clean cord and periumbilical area with antiseptic solution.

Surround periumbilical area with sterile towels to create sterile field.
Clamp the umbilical cord horizontally with artery forceps 0.5-1cm
above umbilical skin. Using the artery forceps as a guide, cut the
umbilical cord horizontally and immediately below with the scalpel.
Identify the two umbilical arteries and umbilical vein (see Fig. 7.2).
Dilate the end of one of the arteries with fine forceps or a probe until
wide enough for the catheter tip to be easily introduced.

Gently advance catheter the calculated distance (see formula). If
resistance is met put gentle traction on the umbilicus using artery
forceps as this often eases insertion down the spiral umbilical artery.
o Aspirate blood to confirm position and take required samples. Note:
arterial blood should pulsate and still bleed if catheter hub is held
above infant (unlike blood from the umbilical vein).
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e Secure catheter by fixing a zinc oxide flag around the catheter and
then suture it to the stump (see Fig. 7.2). Ligate remaining vessels with
a separate purse string suture. Remove cord ligature and check for
bleeding.

o Connect catheter to 3-way tap and IV infusion set. BP monitoring can
be performed by connecting appropriate pressure transducer.

e Confirm correct placement with a combined CXR/AXR. Catheter
should loop initially downwards to the pelvis as it traverses the iliac
arteries before ascending up the aorta.

o Check perfusion of the perineum and lower limbs. If ischaemia occurs,
this usually may be corrected by an IV bolus of 0.9% saline or albumin.
If ischaemia remains, remove the catheter immediately.

o Following insertion, the abdomen should remain exposed to allow
immediate observation of any haemorrhage, e.g. from accidental
removal of catheter.

e As soon as the catheter is no longer required, it should be removed.
Cut the surrounding suture, then slowly withdraw it, taking several
minutes to remove the final few centimetres from the artery. Then
apply pressure or suture to limit any bleeding.

Umbilical
catheter

Zinc oxide
tape

Suture from
tape to skin

Umbilical stump Umbilical artery

Fig. 7.2 One method of umbilical catheter fixation.
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Umbilical venous catheter

A UVCis indicated in newborns up to 5 days of age for: emergency vascu-
lar access during resuscitation; vascular access when it is difficult to obtain
otherwise; prolonged fluid or drug infusion; exchange transfusion; central
venous pressure (CVP) measurement.

Equipment
e 5or 6 Fr umbilical venous catheter.
e Remaining equipment as for umbilical arterial catheter (E p.206).

Procedure

o Measure distance from umbilicus to mid-sternum (= insertion
distance).

o Catheter insertion should be performed using strict aseptic technique.

e Wash hands and put on sterile gloves, gown, +/— surgical mask.

Clean and prepare umbilical stump and create sterile field as detailed

on L p.206.

Identify umbilical vein (see Fig. 7.2) and then dilate opening with fine

forceps or a dilating probe.

Insert catheter the measured distance (see Procedure, first bullet point).

Aspirate blood to confirm insertion. Blood from the umbilical vein

should not pulsate and, when the catheter hub is held open to the air

above the infant, blood will slowly fall back to the infant. Do not do

this for long or an air embolus will result!

e If blood will not aspirate or resistance is felt before the catheter is

inserted the measured distance, it is likely that the catheter tip has

lodged in the hepatic portal veins or sinus. Withdraw the catheter and

then reinsert as far as it will go while still allowing blood aspiration.

Flush umbilical catheter with heparinized saline (1Ut/MI).

Secure catheter and ligate unused other umbilical vessels using method

described for umbilical arterial catheter (E2 p.206).

Remove cord ligature and check for bleeding.

Confirm correct position by a combined CXR/AXR. UVC should only

follow a direct course proximally through the liver (unlike a UAC)

Ideally, tip should lie in the inferior vena cava (IVC) just above diaphragm.

o The catheter can then be used for blood sampling, fluid or drug
administration, or CVP monitoring (the later only if the catheter tip is
above the diaphragm).

o As soon as the catheter is not needed, remove it slowly and then

gently compress umbilical stump until bleeding stops.

In an emergency (e.g. resuscitation at birth) the procedure is simplified.

Simply, cut the umbilical cord with a scalpel blade 1-2cm distal to the

umbilical skin and rapidly insert the umbilical catheter until blood can

be aspirated. Resuscitation drugs and fluids can then be given safely.

Don’t worry about haemorrhage as cardiac output will be minimal

or absent in such an emergency! Besides, any bleeding can be easily

controlled by squeezing the base of the umbilicus between the thumb

and index finger. Note: Caution is needed as air embolism will occur if

an umbilical catheter is left open to the air for any significant time.
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Central venous catheterization via a
peripheral vein

For administration of prolonged or concentrated IV fluids or drugs.

Sites

Suitable sites include the veins of the antecubital fossa, or long saphenous
vein anterior to the medial malleolus or inferior—medial to the knee. Less
preferred sites include the axillary or scalp veins.

Equipment

Sterile surgical instruments including fine forceps and scissors.

Sterile gloves, gauze swabs, gown, and drapes.

Antiseptic solution, e.g. 0.5% chlorhexidine.

23 or 27G silastic long line catheter. 27G should only be used when a
23G line cannot be inserted.

2-5mL syringe and heparinized (1U/mL) saline solution.

Introducer, e.g. 19G butterfly needle, 20G IV cannula.

Sterile adhesive tape and transparent occlusive dressing.

Procedure

Measure distance from insertion site to just above the right atrium.
Placing the catheter tip in the right atrium risks pericardial tamponade.
Catheter insertion should be performed using strict aseptic technique.
Wash hands and put on sterile gloves, gown, +/— surgical mask.

Set out equipment and prime catheter with sterile heparinized saline.
Apply tourniquet proximal to selected insertion point.

Immobilize relevant limb, then clean insertion site with antiseptic.
Place sterile drapes around insertion point to create sterile field.
Insert introducer needle into the vein until blood flashes back. If using
a cannula, remove stylet.

With fine forceps advance catheter through introducer needle/cannula.
Continue to advance catheter into vein until the desired distance is
reached. Tip: often the catheter will meet resistance as it becomes
wedged against a kinked vein or valve. Milking in a proximal direction
with a finger over the catheter tip may facilitate further advancement.
Remove tourniquet and then flush catheter with heparinized saline.
Once fully inserted, withdraw introducer needle/cannula. Remove
from line after unscrewing catheter hub. Reconnect hub to catheter.
Ensure haemostasis at puncture site by applying gentle pressure with
sterile gauze swab. This may take some considerable time!

Secure line in place by using thin strips of sterile adhesive tape and
sterile transparent occlusive dressing.

Start infusion of heparinized saline (1U/mL) to keep line patent.
Confirm catheter tip placement with CXR. This may be aided by the
injection into the line of 0.5mL of contrast solution immediately before
X-ray. ldeally, the catheter tip should lie just proximal to the right
atrium. Withdraw the catheter before use if it is in the right atrium.
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Airway management

Before effective ventilation can take place, the airway must be patent. This

can be ensured in various ways, alone or in combination.

o Head tilt: tilt the head back gently to a neutral position in newborns,
slightly extended in older children.

o Chin lift: using 1 or 2 fingers apply forward pressure to just under the
chin to pull the tongue forward.

o Jaw thrust: apply forward pressure behind one or both angles of the
jaw to pull the tongue forward.

o Guedel oro-pharyngeal airway: slip the airway over the tongue until the

flange reaches the lips. Be careful not to push the tongue back. To

determine the correct size, hold the airway along the line of the jaw
with the flange in the middle of the lips. The end of the correctly sized
airway should be level with the angle of the jaw.

Endotracheal intubation: see L p.212.

Suction: not routinely required, especially in newborn resuscitation.

However, if the methods described above are not successful in

obtaining an adequate airway, check that the airway is not obstructed

by secretions, vomitus, blood, meconium, etc. If there is obstruction
on inspection, or it is obvious from the start, suction should be

performed using an appropriate suction catheter connected to a

suction source.

o Tracheotomy: bypasses upper airway obstruction and when oral oro-
nasal endotracheal intubation fails or is contraindicated. Perform only if
already trained by a senior doctor. The description of this technique is
beyond the scope of this book.
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Mask ventilation

This procedure is useful during resuscitation or for short periods of as-
sisted ventilation. It can be performed using a self-inflating bag and face
mask with an appropriately-sized reservoir bag; alternatively, use a mask
connected to a ‘T’ piece and a continuous supply of gas, as well as a
pressure-limiting device. In the latter, a breath is given by occluding the
open aperture of the ‘T’ piece.

Procedure

o Ensure patent airway (see £ p.210).

o Select appropriate size mask. It should be big enough to be able to
cover the face from the bridge of the nose to below the mouth, but
not extend over the edge of the chin or over the orbits. In infants a
round mask, e.g. Laerdal® or Bennett’s mask, is most appropriate. In
older children the Laerdal® moulded mask is more suitable.

Connect face mask to an appropriate self-inflating bag or tubing with a
‘T’ piece and then to an oxygen or air supply at an adequate flow rate,
e.g. 5-8L/min in the newborn.

o In newborns, a pressure-limiting valve should used and initially be set
at ~25-30cmH,O.

Apply mask to face over mouth and nose, and apply enough
downward pressure to make an effective seal.

Give inflation breaths by either compressing self-inflating bag or
occluding open aperture of ‘T’ piece.

Observe and ausculate chest wall for adequate inflation. Note whether
condition of child is improving or deteriorating.

If inflation is poor or child deteriorating, check airway is not
obstructed and use one or more techniques described on X p.210 to
ensure patent airway.

Prolonged mask ventilation is likely to lead to a distended stomach. Insert
an oro-gastric tube on free drainage to decompress the stomach and pre-
vent diaphragmatic splinting.
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Endotracheal intubation

Indications This procedure is used as part of advanced resuscitation
and care.

Equipment

o Appropriately-sized laryngoscope: neonatal laryngoscopes are straight;
blade size starts at 0 (7.5cm long) for use in preterm infants. Use
size 1 (10cm) in term infants. In older children use curved blade
laryngoscopes (Macintosh).

ETT size: 2-2.5mm (internal diameter) in infant <1000g; 3mm when
1000-3000g; 3.5mm when >3000g. The appropriate size then
increases as child size increases up to male adult size of 8-9mm.
Cole (shouldered) ETTs are suitable for oral intubation in newborns.
Straight (non-shouldered) tubes can be used for oral or nasal
intubation.

Appropriately-sized introducer if required.

Lubricating jelly if attempting nasal intubation.

Magill forceps if attempting nasal intubation.

Suction catheter and tubing connected to suction source.
Appropriate ETT connection adaptors, tubing, and O, source.
Fixation device and tape.

Procedure

o Oral intubation is preferred during short-term intubation or during

resuscitation. Nasal intubation has advantages if ventilation is

prolonged.

Check laryngoscope light, O, supply, and suction.

Connect child to pulse oximeter and cardiac monitor.

Sedation or anaesthesia should be given prior to elective intubation.

Pre-oxygenate the child by hyperventilation with 85% O, for 15-30s

prior to elective intubation.

o Place the child in the supine position with the head in the neutral

position and the neck slightly extended.

Stand immediately behind the child’s head.

If nasal intubation is being performed, a prelubricated ETT should be

passed into one nostril as far as the nasopharynx prior to insertion of

laryngoscope. If the ETT will not pass easily, do not try force, as this

may lead to penetration of the cribriform plate.

Open the mouth and use suction to clear airway secretions.

Holding the laryngoscope in the left hand, initially insert the blade to

the right side of the mouth and advance to the base of the tongue.

o Once inserted move the laryngoscope blade into the centre of the
mouth, thereby pushing the tongue to the left.

o Advance the blade further until epiglottis is seen and then insert blade

tip into the valleculla (space between base of tongue and epiglottis).

Vertically lift up the whole blade, thereby exposing the vocal cords

(see Fig. 7.3). Apply cricoid pressure with the little finger of the left

hand to see the vocal cords. Perform suction if needed.
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o [f the vocal cords cannot be seen after 30s do not try to attempt blind
intubation. Abandon the attempt, maintain patent airway (EJ p.210),
and perform mask ventilation (EJ p.211), before trying again.

Once the vocal cords are seen, insert the ETT between the vocal
cords. If difficult, or performing nasal intubation, use the Magill forceps
with the right hand to advance the ETT tip.

If using a straight tube, the ETT should be advanced until the thick
black line at the tip is level with the vocal cords. If using a Cole ETT,
advance it until the shoulder just reaches the vocal cords.

If using a cuffed tube advance until the cuff is just below the vocal
cords and no further. Then inflate the cuff with air using a syringe.
Once intubation is successful, connect tubing and ventilate.

Visually check chest movement and auscultate over each lung to
ensure appropriate and equal bilateral air entry.

If this procedure is successful, SpO, and heart rate should improve.
Fix ETT in place appropriately following local institutional guidelines.
Perform a CXR to confirm position of ETT, which should ideally be
1-2cm above the carina, depending on the childs’ size.

Causes of failure to intubate include: poor visualization of vocal cords
due to over extension of neck or advancement of laryngoscope

too far into the oesophagus; spasm of vocal cords (wait, as almost
certainly vocal cords will open eventually—do not attempt to force
ETT through as this may cause damage); anatomical abnormalities, e.g.
laryngeal atresia; vocal cord oedema.

Conditions that may give an impression of failed intubation (little or
no chest movement on ventilation after intubation) include: thoracic
pathology (e.g. tension pneumothorax, diaphragmatic hernia);
intubation of the right main bronchus (detected by unequal air entry);
and particulate obstruction of airway or ETT.

Laryngoscope

Vocal cords

Trachea

QOesophagus

Fig. 7.3 Anatomy of laryngeal intubation.
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Insertion of a chest drain

Indications

This procedure is used to drain a pneumothorax, pleural effusion or chy-
lothorax. In an emergency (most commonly due to a tension pneumotho-
rax), drainage should first be performed by inserting 21-23G butterfly into
the affected side at the second intercostal space in the mid-clavicular line.
The butterfly tubing can be placed under water following insertion; alter-
natively, a 3-way tap can be attached allowing aspiration with a syringe.
Once the child is stable, a formal chest drain should be inserted.

Equipment

o Antiseptic solution: e.g. 0.5% chlorhexidine.

o Local anaesthetic: e.g. 1% lidocaine, needle, and 10mL syringe.

e Intercostal drain: size ranges from 8—12Fr for newborns up to 18Fr for
young adults.

o Straight surgical scalpel blade, artery forceps, and suture.

o Sterile dressing pack (including gauze, gloves, drapes).

o Underwater drainage system and suction pump.

o Steri-Strips® and plastic transparent dressing, e.g. Tegaderm®.

Procedure

o Lie the child supine with the affected side raised by 30-45° using a

towel.

Raise the arm towards the head.

Suitable sites are the fourth intercostal space in the mid-axillary line

(be careful to avoid the nipple), and second intercostal space in mid-

clavicle line.

o Chest drain insertion should be performed using strict aseptic

technique.

Wash hands and put on sterile gloves, gown, +/— surgical mask.

o Clean skin over the insertion site with antiseptic solution.

Prepare sterile field, then infiltrate small amount of local anaesthetic

into the tissues down to the pleura.

o Wait 1-2min, then make a small skin incision with the scalpel just

above and parallel to rib. Note: Blood vessels lie just below each rib.

Using artery forceps make a blunt dissection down to and through the

parietal pleura.

o Using forceps clamp chest drain and then insert into pleural space.
Most clinicians remove the trocar before insertion.

o Aim to push the chest drain tip towards the lung apex. In the
event of a small pneumothorax aim the tip in the direction of the
pneumothorax remembering to aim anteriorly (air rises in the ill child
lying supine).

o Connect the drain tightly to the underwater drainage system, unclamp
drain, and apply negative pressure of 5-10cmH,O. Bubbling should
start to occur.
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Using single sutures close skin wound closely around chest drain. Do
not use a purse string suture as this will increase scarring.

Apply zinc oxide tape to chest drain and fix to skin using sutures.
Perform a CXR to check drain position and pneumothorax or effusion
drainage.

Remove drain when confident it is no longer required, e.g.
pneumothorax has resolved and there has been no bubbling for >24hr.
This is done by releasing holding sutures, then rapidly removing drain
followed by immediate pressure and gentle rubbing with a gauze swab
to close the underlying tissues. Apply Steri-Strip® across skin incision
to provide air-tight seal. Perform a CXR to confirm that a significant
pneumothorax has not re-accumulated.

Note: If pleural fluid is required for diagnostic purposes only, then
simple needle aspiration at the above sites is the technique of choice.
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Intraosseous infusion

Indication
This procedure is used for emergency vascular access to give resuscitation
drugs or fluids, or for blood sampling when vein cannulation difficult.

Equipment

e 22G |O needle or 1.5G spinal needle in neonates.

o Alcohol impregnated swab.

e 5mL syringe.

o Local anaesthetic, e.g. 1% lidocaine, 2mL syringe and a small gauge
needle if patient conscious and local anaesthetic appropriate.

Sites

e <3 years old: anteromedial proximal aspect of tibia, 1-2cm below tibial
tuberosity, or anterolateral surface of femur, 2-3cm above lateral
condyle.

o Any age: medial malleolus of the tibia above the ankle.

Procedure

o |dentify site and inject local anaesthetic if the patient is conscious.
Clean skin with an alcohol impregnated swab.

Insert at 90° to the skin. Advance into bone using a rotary action.
Advance trocar until bone cortex is reached, when a give will be felt.
Remove stylet, attach syringe, and aspirate to confirm position. Obtain
any required blood samples.

o Flush needle with 0.9% saline to again confirm position. Swelling
outside the bone indicates needle displacement.

Infuse any required fluids (any fluid that can be given IV can be used).
Obtain conventional vascular access as soon as possible and then
remove |O needle.

Intracardiac injection

Indicated only during resuscitation when all other attempts at securing
vascular access have failed.

Equipment
o Alcohol impregnated swab.
e 21G needle and syringe containing resuscitation drug.

Procedure

o Attach needle and syringe. Flush needle with drug to expel air.

o Locate site: 4th intercostal space immediately lateral to the left sternal
edge (immediately below the line joining the nipples).

Clean site with an alcohol impregnated swab.

Insert needle and aspirate syringe as needle is inserted.

Once blood flashes back, stop advancing.

L]
o
°
o Inject resuscitation drug(s).
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Pericardiocentesis

Indications
Therapeutic drainage of a pericardial effusion or for diagnostic purposes.

Equipment

o Alcohol impregnated swab/antiseptic solution, e.g. 0.5% chlorhexidine.
e 21G needle or IV cannula and 10-20mL syringe.

o Sterile gloves, drapes, gown, and adhesive plaster.

o Sterile sample containers if pericardial fluid analysis intended.

Procedure

e Lay child on a 30° slope to cause effusion to pool inferiorly.

o Locate insertion site; this lies just below the angle between the
sternum and the left costal margin.

Use sterile gloves and gown. Clean the site with antiseptic and place
sterile drapes around insertion site.

Local anaesthetic infiltration may be appropriate.

Insert needle connected to syringe at an angle of 30° to the skin and
advance slowly, aiming towards the left shoulder. Gently aspirate the
syringe as needle is inserted.

Stop when pericardial fluid (usually straw-coloured) is aspirated and
remove desired amount as indicated.

e Once drainage is complete, remove needle and apply adhesive plaster.

Abdominal paracentesis

This is indicated for drainage of ascites when it compromises breathing,
e.g. hydrops fetalis, or for diagnostic purposes, e.g. following trauma.

Equipment As for LLJ p.217, Pericardiocentesis.

Procedure

e In infants, the left iliac fossa is the preferred site (which avoids liver and
spleen). In older children, a midline site between the symphysis pubis
and the umbilicus is preferred because of less vascularity.

Lay the child supine. If ascites is minimal also tilt towards the left side.
Except in emergencies, clean and prepare the site as described in L
p.217, Pericardiocentesis.

Attach needle to the syringe and carefully insert it at 90° to the skin.
Aspirate fluid and place it in sample containers. If large amounts of
fluid are to be drained use an IV cannula. Once inserted, remove

the stylet, and leave the cannula in place to reduce the risk of bowel
perforation. If prolonged drainage is needed, attach the cannula to the
skin using adhesive tape or stitches.

Once complete, remove needle and apply sterile plaster to site.

If a large amount of fluid is withdrawn, drainage should be followed by
IV infusion of albumin.
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Urethral bladder catheterization

Indications

This procedure is used for bladder decompression, e.g. potential obstruc-
tion, accurate measurement of urine output, and collection of urine for
bacteriological investigation in suspected urinary tract infection.

Equipment

o 3-8Fr urinary catheter (depending on child’s size).

o Anaesthetic lubricating gel, e.g. 0.1% lidocaine gel.

o Water-based antiseptic solution, e.g. 0.5% chlorhexidine.
o Sterile urine sample container.

o Sterile gloves and adhesive tape.

Procedure

o Lay child in supine position with hips abducted, with an assistant
holding the child.

o Clean penile tip or vulval area with antiseptic solution.

o Apply anaesthetic lubricating gel to catheter tip and urethral opening.

o Partially withdraw foreskin in males. Part the labia in females.

o Insert and advance catheter into urethra in a posterior manner until
urine is obtained, indicating that the bladder has been entered.

e Once in the bladder, inflate the catheter balloon with saline if the
catheter is intended to be indwelling.

o Use adhesive tape to secure the catheter to the thigh.

Connect catheter to the urine collection bag or aspirate urine for

analysis.
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Suprapubic aspiration of urine

Optimal method for obtaining urine for bacteriology in a child <2yr old.

Equipment

o 21-23G needle.

e 2-5mL syringe.

o An alcohol impregnated swab.

o Sterile urine sample container.

o Cotton wool or gauze swab and adhesive plaster.

Procedure

o Wait at least 30min from last urination.

o If in doubt as to whether the bladder contains adequate urine, perform
bladder US to confirm.

o Place child supine (with an assistant holding hips abducted) and then

identify site—midline anterior lower abdominal wall 1cm above the

pubic bone.

Clean site with an alcohol impregnated swab.

Insert needle connected to the syringe at 90° to the skin, aspirating

continuously until urine is obtained.

Insert to almost the depth of the needle. If no urine is obtained,

partially withdraw it before inserting again at different angle.

e Once required urine is aspirated, remove the needle, press on
puncture site with cotton wool or gauze swab, and then apply an
adhesive plaster.

o Place urine in sterile container.

If unsuccessful, repeat the procedure 30—-60min later.
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Lumbar puncture

Indications To obtain sample of CSF for microbiological, biochemi-
cal, or metabolic analysis; therapeutically drain CSF in communicating
hydrocephalus.

Contraindications Include thrombocytopenia or coagulation defect,
raised intracranial pressure, and significant cardiorespiratory compromise,
as positioning may risk cardiorespiratory arrest (see also L p.109).

Site L3-L4 intervertebral space (spinal cord may be as low as L2 in
neonates).

Equipment

® 24-22G 1.5 inch spinal needle.

o Antiseptic solution, e.g. 0.5% chlorhexidine.

o Sterile dressing pack (including gauze, gloves, drapes).

o Sterile sample containers; usually 3 are needed for M,C&S, protein, and
glucose, but sometimes also for virology, cytology, or immunology.

o Adhesive plaster or aerosol plastic dressing spray.

o Pressure manometer and 3-way tap if measuring CSF opening pressure.

Procedure

o Apply topical local anaesthetic cream to site under an occlusive
dressing for 45min before the procedure.

o Place child on their side with back along an edge of a firm surface.

o Ask an experienced assistant to firmly, but gently, hold child with the

spine maximally flexed. Beware compromising respiration!

Locate site. L4 spinous process lies on a line joining the iliac crests.

Using strict aseptic technique, clean the site with antiseptic solution

and then create a sterile field by surrounding it with sterile drapes.

Inject local anaesthetic into site if child is >6mths old.

Insert spinal needle into intervertebral space slowly at 90° to the skin

and aim in the direction of the umbilicus, i.e. slightly cephalad.

o Advance needle slowly until there is a sudden give, which occurs as
the dura is penetrated.

e Remove stylet; wait for CSF to drain. If no CSF drains, advance needle

very slowly and withdraw stylet every 1-2mm to check for drainage. If

bone is struck or needle is fully inserted and no CSF obtained, remove

the stylet and then withdraw cannula very slowly in case CSF appears.

Allow 10 drops of CSF to drain into each sample bottle.

If measuring CSF pressure, connect 3-way tap before collecting

samples and direct fluid up attached manometer. Once opening

pressure is measured, turn 3-way tap to allow CSF to drain.

If therapeutic CSF drainage is required, drain required amount.

Once drainage is complete, remove the needle and rub the puncture

site with a sterile gauze swab while applying pressure.

Cover site with an adhesive plaster or aerosol plastic dressing.

The child should lie flat for the next 6hr and have hourly neurological

observations and BP measurement.



CEREBRAL VENTRICULAR TAP 221

Cerebral ventricular tap

Indications

This procedure is done for drainage of CSF in non-communicating hy-
drocephalus, to obtain CSF for microbiological testing, e.g. to diagnose
ventriculitis, and to administer intraventricular antibiotics.

Equipment As for lumbar puncture (2 p.220).

Procedure

o Before the procedure is undertaken, cerebral lateral ventriculomegaly
must be confirmed by cranial US.

Place the baby supine, with an assistant firmly holding the baby’s head.
Measure the necessary depth required for needle insertion.

Palpate and locate the lateral corner of the anterior fontanelle on the
intended side to drain.

Shave a small area of the scalp at the needle insertion point if required.
Set out sample containers +/— CSF pressure manometer if needed.
Full aseptic technique should be used.

Wash hands and put on sterile gloves, gown, +/— surgical mask.

Clean area with antiseptic solution and create a sterile field with
sterile drapes.

Insert needle into the lateral corner of the fontanelle in a direction
slightly forward and inward, aiming toward the inner canthus of the
ipsilateral eye.

After the needle is inserted to the predetermined distance, remove
stylet and CSF should drip out.

o |f CSF pressure measurement is required, attach manometer and allow
it to fill until measurement is complete.

If CSF drainage or sample is required, then allow fluid to drip out
spontaneously into containers until required amount is drained.

Once required CSF has been drained, remove the needle and then
cover with adhesive plaster or spray with plastic dressing to seal.

The child should lie flat for the next 6hr and have hourly neurological
observations and BP measurement.
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Exchange transfusion

Indications

o Severe or rapidly rising hyperbilirubinaemia, e.g. due to severe rhesus
or other haemolytic disease (see [ p.194).

o Cardiac failure secondary to severe anaemia (with normal or increased
plasma volume), e.g. hydrops fetalis due to rhesus haemolytic disease.

o Disseminated intravascular coagulation.

o Polycythaemia with a venous haematocrit >70% and/or symptomatic.

e Acute poisoning, including that due to metabolic disease.

Exchange is achieved by sequentially removing 10-15mL of blood from
the child and then infusing warmed (37°), cross-matched, fresh (<72hr
old), rhesus —ve, cytomegalovirus (CMV) —ve, irradiated or leucocyte fil-
tered (to prevent graft vs. host disease), partially packed or whole blood.
Exchange transfusion can be performed by either both withdrawing and
then infusing blood via a single central venous catheter (e.g. umbilicus
venous catheter), or withdrawing blood via a central catheter (arterial or
venous) or peripheral arterial catheter and replacing it via a second central
or peripheral venous catheter.

Blood volume (mL) to remove and then replace (i.e. exchange) is:

e Severe anaemia with hydrops requires a single volume exchange, i.e.
80mL/kg body weight. Should be performed over a minimum of 1hr.

e Removal of toxins, e.g. bilirubin or ammonia, requires a double volume
exchange, i.e. 160mL/kg in newborns. This replaces ~90% of total blood
volume and should be performed over a minimum of 2hr.

o To treat polycythaemia, a dilutional exchange transfusion is performed.
The required exchange volume depends on the haematocrit (Hct) and
can be calculated using the formula:

Volume = [measured Hct — desired Hct] x blood volume measured
Hct

o In a dilutional exchange replace blood with 0.9% saline 0.45% albumin.

Equipment

e Venous and arterial catheters, either central or peripheral.

e Two 20mL syringes and 3-way taps.

o Blood administration set and warming coils.

e Calibrated waste blood container.

o +/— High flow rate infusion pump.

o Appropriately cross-matched blood (see Indications).

e ECG and BP monitor.

o Sterile dressing pack (including gown, gauze swabs, drapes, and gloves).
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Procedure

o |f not already present, insert central or peripheral venous/arterial

catheters.

Start continuous ECG and frequent BP monitoring.

As a baseline, measure serum FBC, U&E, Ca?*, glucose, and blood

gases.

Prime blood administration set and warm blood to 37°C.

Arrange for an assistant to keep a constant accurate log of volumes

removed and replaced throughout the procedure.

Use a full aseptic technique throughout the procedure.

e Wash hands and put on sterile gloves, gown, +/— surgical mask.

Connect 3-way taps into the system (exact arrangement depends on

choice of method; see the following bullet points).

If using a single central venous catheter, e.g. UVC, use two sequential

3-way taps to perform the following in order:

¢ Withdraw 5-20mL blood from the baby using a syringe over a few
minutes.

* Turn first 3-way tap to allow blood to be syringed into a waste bag.

e Turn second 3-way tap to allow 5-20mL, fresh, warmed blood to be
drawn from pack.

e Turn tap and syringe fresh blood slowly into baby (2-3min).

If using two catheters together, remove 5-20mL aliquots of blood

from the central or arterial catheter over 5-10min and then turn

a single 3-way tap to allow blood to be pushed into the waste bag.

Simultaneously, the same volume of fresh warmed blood is infused

into the patient via the other venous catheter using a high rate flow

infusion pump.

A safe volume to remove each turn varies depending on size of infant.

Remove 5mL aliquots for ELBWV infants, increasing up to 20mL for full

term infants.

o Apart from continuously monitoring pulse, ECG, BP, and temperature,

every 30—-60min during the procedure measure blood gases, FBC, U&E,

serum Ca?*, and glucose. Measure again at the end of the procedure,

as well as a coagulation profile. Correct any abnormality found.

Once procedure is completed, leave catheters in place in case repeat

exchange transfusion is required.

Complications of exchange transfusion

o Catheter-induced thrombotic or embolic phenomenon, e.g. portal vein
thrombosis or NEC.

Haemodynamic compromise, e.g. cardiac arrhythmia or hypotension.
Metabolic, e.g. hypoglycaemia (transfused plasma often has a low blood
glucose concentration due to red cell consumption), hypokalaemia,
hypocalcaemia, hypomagnesaemia, acidaemia.

Coagulopathy or thrombocytopenia.

Hypothermia.

Infection: bacteraemia, HIV, CMV, hepatitis B or C. Blood must be
screened prior to transfusion.

o Graft vs. host disease: risk reduced by irradiation or leucocyte filtration.
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Common presentations

The cardiovascular examination in children is described on L p.32. The
majority of children with cardiovascular disease will present with one or
more of the following three clinical problems:

® Cyanosis;

o heart failure (EJ p.226);

e heart murmur (EJ p.228).

Cyanosis

Distinguishing between respiratory and cardiac causes of cyanosis is
important (see L pp.55, 60-62).

Heart failure

Heart failure may be manifested by symptoms of poor tissue perfusion
alone (e.g. fatigue, poor exercise tolerance, confusion) and/or by symp-
toms of congestion of circulation (e.g. dyspnoea, pleural effusion, pul-
monary oedema, hepatomegaly, peripheral oedema), without evoking
compensatory mechanisms.

The underlying pathophysiology mechanisms that lead to compromise
of cardiac stroke volume, cardiac decompensation, and heart failure
include:

e increased afterload (pressure work);
e increased preload (volume work);

o myocardial abnormalities;

o tachyarrhythmias.

Causes of heart failure

In children the most common cause of heart failure is congenital structural

defects of the heart.

o Large left to right shunt: e.g. large VSD (not in first few days of life).

o Left-sided obstructive lesions: coarctation of aorta; hypoplastic left side
of heart (within first few days of life).

e Cardiomyopathy: hypertrophic; dilated; restrictive.

o Myocarditis: viral; rheumatic fever.

o Endocarditis.

o Myocardial ischaemia: anomalous left coronary artery; Kawasaki
disease.

o Tachyarrhythmias: supraventricular tachycardia.

o Acute hypertension.

o High-output: severe anaemia; thyrotoxicosis; AV malformations.
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Clinical features

The clinical features of heart failure depend on the degree of cardiac
reserve. The most common symptoms and signs are those in keeping with
increased compensatory sympathetic drive:

e sweating;

o breathlessness, tachypnoea, coughing, lung crepitations;

o poor feeding (infant), poor weight gain, and failure to thrive;

o hepatomegaly;

o cardiomegaly;

o tachycardia/’gallop’ heart rhythm.

There are usually few signs of systemic congestion as observed in adults.
Only children with chronic heart failure, or adolescents, may have ‘adult’
signs such as oedema, orthopnoea, paroxysmal nocturnal dyspnoea, ankle
oedema and elevated JVP.

Investigations
These are directed at finding a cause and quantifying function.
o Chest radiograph:
« cardiac enlargement;
* lungs—oligaemic/oedema.
o Echocardiography: congenital heart defects.
o Arterial blood gas: reduced PO,/metabolic acidosis.
o ECG: not diagnostic, but may assist in establishing aetiology.
o Serum electrolytes: hyponatraemia due to water retention.

Management
The underlying cause of heart failure must be treated.

General measures

o Bed rest and nurse in semi-upright position: infants in chair/seat.
o Supplemental oxygen (not in left to right shunt).

o Diet: sufficient calorie intake.

o Diuretics.

o Angiotensin converting enzyme inhibitors.
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Heart murmurs

Heart murmurs should be characterized in terms of type, location, radia-
tion, and quality of sound.
Murmurs are classified as follows:
o Systolic: pansystolic; ejection systolic.
o Diastolic: early diastolic; mid-diastolic.

The location where a murmur is best heard may give a clue to the underly-
ing aetiology.

o Lower sternal edge: VSD—often loud; innocent heart murmur—soft.

o Upper sternal edge: aortic stenosis; pulmonary stenosis.

o Base of neck: aortic valve lesion.

Pathological heart murmur
Characteristic features of pathological heart murmurs:
o All diastolic murmurs.
o All pansystolic murmurs.
e Late systolic murmurs.
o Loud murmurs >3/6.
e Continuous murmurs.
o [f there are associated cardiac abnormalities.
e Abnormal symptoms or signs:

* shortness of breath (SOB);

* tiredness/easy fatigue;

« failure to thrive (FTT);

* Cyanosis;

« finger clubbing;

¢ hepatomegaly.

Innocent heart murmurs

This is the commonest cause of a heart murmur in children. It arises due
to the rapid flow and turbulence of blood through the great vessels and
across normal heart valves. It does not signify the presence of any under-
lying cardiac abnormality or any other pathology.

Characteristics of innocent heart murmur

o Systolic in timing—always. Never diastolic.

o Short duration/low intensity sound.

o Intensifies with increased cardiac output (e.g. exercise/fever).
e May change in intensity with change in posture and head position.
e No associated cardiac thrill or heave.

o No radiation.

o Asymptomatic patient.

Types of innocent heart murmur

Venous hum (uncommon)

e ‘Machinery’ quality sound. Upper left sternal edge.

o Due to blood flow in great veins.

Flow murmur

o Short systolic murmur. Mid-left sternal edge.
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o Often heard during acute illness with fever, disappears when fever
resolves.

Musical murmur
Systolic murmur. Lower left sternal edge.
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Murmurs: clinical features

A likely diagnosis can be assessed using the clinical examination and fea-
tures from CXR and ECG. Tables 8.1 and 8.2 summarize likely diagnoses
given the characteristics of the murmur and the findings from your initial
investigations.

Table 8.1 Likely diagnoses based on clinical features of murmur

Location of murmur Diagnoses Features

Continuous murmur

Left clavicular PDA (@lr |73.72734) N VAcyanotic; bounding
(machinery) in child; pulse;
LSE in preterm infant

Long systolic murmur

Lower LSE VSD (@p234) N VAcyanotic
(pansystolic)
parasternal thrill

Apex Mitral regﬁféitation N VAcyanotic Rheumatic
fever
Mid-LSE Tetralogy of Fallot Cyanotic; single S2
(A p.235)
Ejection systolic murmur
Upper LSE ASD secundum Acyanotic; fixed
(2 p.233) split S2;
AVSD partial Acyanotic; fixed split
(3 p.233) S2; + Apical pan-
systolic murmur
Upper LSE +/- thrill PS (C) p.238) Acyanotic
Upper LSE CoA (Ed p.238) Acyanotic; weak

or absent femoral
pulses (if neonate);
hypertensive in right
arm (if older)

Upper RSE AS (3 p.237) Acyanotic; carotid
thrill; delayed soft S2;
small volume & slow
rising pulse

Key: AS, aortic stenosis; ASD, atrial septal defect; AVSD, atrioventricular septal defect; CoA,
coarctation of the aorta;; LSE left sternal edge; RSE right sternal edge, LV, left ventricle; PDA,
persistent ductus arteriosus; PS, pulmonary stenosis; PV, pulmonary valve; S1, first heart sound;
S2, second heart sound; VSD, ventricular septal defect.
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Investigation of suspected heart problem using

CXR and ECG

Table 8.2 Likely diagnoses based on CXR and ECG findings

CXR findings ECG findings Diagnosis

Normal Normal Normal or small VSD
(E3 p.234)

Mild cardiomegaly + RVH + LVH VSD (Ed p.234)

increased pulmonary +RAD RBBB ASD secundum

markings + LAD + RBBB (E3 p.233)

Cardiomegaly

Enlrged LV
Small boot-shaped

heart + oligaemic lung
fields

Narrow mediastinum,

heart ‘egg on side’, +
increased pulmonary

vascular markings

Rib-notching |

PA post-stenotic
dilatation

prolonged PR

Normal

LVH

Normal

RVH (neonate); LVH

Normal or RVH

AVSD partial (2 p.233)
PDA (LLJ p.234)

Normal or LVH

LVH

ToF (K1) p239)

“CoA
PS (L1 p.238)

* TGA () p238)

Key: HLHS; hypoplastic left heart syndrome, LAD; left axis deviation, LV left ventricle; LVH,
left ventricular hypertrophy; PA, pulmonary artery; RAD, right axis deviation; RBBB right

bundle branch block; RVH, right ventricular hypertrophy; ToF, tetralogy of Fallot. For key to
diagnoses see footnote to Table 8.1.

231



232

CHAPTER 8 Cardiovascular

Acyanotic: congenital heart disease

Definition Failure of normal cardiac development or persistence of the
foetal circulation after birth.

Incidence

® 8/1000 live births.
o 10-15% complex lesions with >1 abnormality.
e 10-15% of CHD also have a non-cardiac abnormality.

Causes

This is unknown in the majority of cases, but commonly associated with
following conditions:

o Chromosomal defects: e.g. Down, Turner syndromes.

o Gene defects: e.g. 22q deletion, Noonan syndrome

o Congenital infections: e.g. rubella.

o Teratogenic drugs: e.g. phenytoin, warfarin, alcohol.

Classification

CHD can be classified into acyanotic or cyanotic types depending on
whether predominant presentation is with or without central cyanosis.
The latter is caused by deoxygenated blood gaining abnormal access to
systemic side of the circulation via the left side of the heart or the aorta.

Acyanotic CHD

e VSD.

o ASD.

e PDA.

o Pulmonary valve stenosis.

o Coarctation of the aorta.

o Aortic stenosis.

o Hypoplastic left heart syndrome.

o Hypertrohpic obstructive cardiomyopathy.
o Dextrocardia.

Cyanotic CHD

e Tetralogy of Fallot.

o Transposition of the great arteries.

o Tricuspid atresia.

o Total anomalous pulmonary drainage.

The diagnosis of a specific lesion is made after clinical examination; CXR,
ECG, and echocardiography (see L pp.226-231).
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Left to right shunt: atrial septal defect

ASD may be subtyped as ostium secundum or partial atrioventricular sep-
tal defect (ostium primum).

Ostium secundum defect

This defect is in the region of the foramen ovale. The atrioventricular (AV)
valves are normal. The defect is usually isolated, found incidentally, and 3
times more common in girls.

o Clinical features: most children are asymptomatic. ASDs may rarely
result in heart failure.

Prognosis: ostium secundum defects are well tolerated and symptoms
and complications usually only present in 3rd decade or later.
Treatment: ASD closure is required and advised for all patients, even

if asymptomatic. This is achieved usually by insertion of an occlusion
device at cardiac catheterization or by open heart surgery. Intervention
should be performed in early childhood, before school entry.

Partial atrioventricular septal defect

This is the more serious ASD, affecting the endocardial cushion tissue that

gives rise to the mitral and tricuspid valves. It is located in the lower atrial

septum and is associated with a three leaflet mitral valve. These abnor-
malities result in a left to right shunt with valve incompetence. AVSD are
often seen in Down syndrome.

o Clinical features: most children with small defects are asymptomatic.
Those with larger defects are predisposed to recurrent chest
infections and to heart failure.

o Prognosis: depends on the degree of left to right shunt, pulmonary
hypertension, and severity of mitral regurgitation. Without surgical
repair congestive cardiac failure may develop in infancy/early
childhood.

o Management: definitive treatment with surgical closure of the defect is
indicated pre-school.
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Ventricular septal defect

VSDs account for 25% of all CHD (2/1000 live births). They may occur
in isolation or as part of complex malformations. The clinical features
depend on the size and location of the defect.

Subtypes

o Large/small VSD.

e Perimembranous.

e Muscular.

o Multiple/small defects (maladie de Roger).

Clinical features

Asymptomatic (typical/early).

Heart failure (breathlessness—after the first few days of life).
Recurrent chest infections.

Cyanosis (rare after 1st decade of life)—2° to Eisenmenger syndrome.
o Endocarditis (late).

Examination Pansystolic murmur—lower left sternal edge parasternal
thrill.

Prognosis The majority of defects will close spontaneously.

Management

o Medical: treat heart failure if present.

o Surgery: indicated if severe heart failure; pulmonary hypertension. This
is performed at 3mths of age, before the pulmonary hypertension
causes pulmonary vascular disease (Eisenmenger syndrome).

Persistent ductus arteriosus

PDA is common and seen in 1-2/1000 live births. Sometimes it follows
on from a preterm delivery. It is defined as a duct still being present 1mth
after the date that the child should have been born.

Clinical features
PDA results in a low diastolic pressure, due to blood flowing back into the
pulmonary artery. There may be heart failure (breathlessness).

Examination
o A wide pulse pressure or bounding peripheral pulses.
o A continuous or machinery murmur in the left infraclavicular area.

Prognosis The majority of defects will close spontaneously.

Management

o Medical: diuretics.

o Cardiac catheter: device closure usually at Tyr.
o Surgical: ligation (rarely).
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Right to left shunt: tetralogy of Fallot

This, the most common cyanotic CHD, is characterized by 4 cardinal ana-

tomical cardiac anomalies:

e Large VSD.

o Overriding aorta.

o Right ventricular outflow obstruction (infundibular and valvular
pulmonary stenosis).

o Right ventricular hypertrophy.

Systemic venous return to the right side of the heart is normal. In the pres-
ence of pulmonary stenosis, however, blood is shunted across the VSD
into the aorta and arterial desaturation and cyanosis result. The severity of
cyanosis is dependent on the degree of right ventricular outflow obstruc-
tion and, when this is moderate, a balanced shunt across the VSD occurs
and cyanosis may be mild or absent.

Clinical features

Tetralogy of Fallot presents in early infancy with the following.

o Cyanosis: usually not present at birth and leading to clubbing.

o Paroxysmal hypercyanotic spells (infancy): spontaneous/unpredictable
onset; tachypnoea; restlessness; and increasing cyanosis, then becoming
white and floppy. Potentially dangerous. Duration ranges from a few
minutes to hours; severe episodes result in syncope and occasionally
convulsions/hemiparesis.

Treatment

Severe tetralogy of Fallot with worsening cyanosis in early neonatal period
requires prostagladin E infusion; (see [ p.58) and surgery (e.g. modified
Blalock—Taussig shunt) in order to maintain pulmonary blood flow and
oxygenation. Definitive surgery to repair the underlying heart defects is
carried out from 4mths of age onwards.

Management of hypercyanotic spells See L1 p.63.

Prognosis

Untreated, the combination of right to left shunt, chronic cyanosis, and
polycythaemia predispose to:

o Cerebral thrombosis and ischaemia.

e Brain abscess.

o Bacterial endocarditis.

o Congestive cardiac failure.

Patients are often asymptomatic after surgical corrections. Long-term
follow-up (up to 30yrs) suggest that improved quality of life is maintained
and most are able to lead unrestricted lives. Some will require pulmonary
valve replacement in teenage years. Cardiac conduction defects, including
complete heart block, are seen post-operatively and require treatment.
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Transposition of the great arteries

The normal ‘figure of eight’ systemic/pulmonary blood flow circuit is
replaced by two separate parallel circuits, i.e. systemic venous blood pass-
ing through the right side of heart returns directly to the systemic circu-
lation via a connecting aorta. Pulmonary venous blood returning to the
left side of the heart is retuned directly to the pulmonary circulation via
a connecting pulmonary artery. This condition is not compatible with life
unless there is adequate mixing of the blood from both circulations via an
ASD or PDA.

Clinical features

Infants usually present in the first few hours or days with worsening duct-
dependent cyanosis. Hypoxia is usually severe, but heart failure is not a
feature. This is a medical emergency and early diagnosis and intervention
are required to avoid severe hypoxia.

Treatment

Once diagnosed care is needed to maintain body temperature as hypo-
thermia will worsen the metabolic acidosis of hypoxaemia. Prompt cor-
rection of acidosis and hypoglycaemia is essential. Before cardiac surgery,
systemic arterial oxygenation can be improved with prostaglandin E infu-
sion (see [ p.58) and balloon atrial septostomy. Definitive arterial switch
procedure is performed in the first 2wks of life.

Common mixing: complete
atrioventricular septal defect

Complete AVSD is often found in conjunction with Down syndrome.
There is a large defect often from the middle of the atrial septum down
to the middle of the ventricular septum. In addition there is not a separate
mitral and tricuspid valve, but there is a common atrioventricular valve of
5 leaflets guarding the atrioventricular junction.

Clinical features

Most patients with Down syndrome are screened for congenital heart
disease with an echocardiogram. An ECG will show a superior axis.

Treatment

o Medical: treat heart failure if present.

o Surgery: is performed at 3mths of age, before pulmonary hypertension
causes pulmonary vascular disease (Eisenmenger syndrome).



TRICUSPID ATRESIA

Tricuspid atresia

In tricuspid atresia (TA) there is no connection between the right atrium
and the right ventricle. Venous blood is diverted to left side via a patent
foramen ovale. Pulmonary blood flow is dependent on associated VSD
or PDA.

Clinical features

Most patients with TA present in the first few days to early months of life
with increasing cyanosis. The clinical features will vary depending on other
associated cardiac abnormalities. The ECG shows a superior axis.

Treatment

In an emergency, duct patency is achieved with prostaglandin E infusion
(see [ p.58). Surgical palliation and procedures include:

o Blalock—Taussig shunt (neonatal period).

o Pulmonary artery banding (neonatal period).

o Glenn shunt (émths of age).

e Fontan procedure (pre-school).

Aortic stenosis

Congenital aortic stenosis accounts for about 5% of all causes of CHD and
is the commonest cause of left ventricular outflow obstruction. It is due to
thickening of the aortic valves, although subvalvular (subaortic) stenosis is
also an important form of obstruction. Congenital aortic stenosis is more
common in boys (3:1). A supravalvular form of aortic stenosis is also rec-
ognized, which may be sporadic or familial. Supravalvular aortic stenosis is
also associated with Williams syndrome (£ pp.373, 941).

Clinical features

Are dependent on the severity of obstruction and age at presentation.
Mild stenosis is usually asymptomatic and found on routine examination.
Severe defects in the neonate may present with heart failure and collapse.
In the older child sudden unexpected syncope and chest pain on exertion
may occur.

Management

Surgical or balloon dilatation is indicated if symptomatic, or if a high rest-
ing pressure gradient of >64mmHg is present; avoidance of competitive
sports recommended if severe.

Prognosis

Good in the majority with mild or moderate stenosis. In severe stenosis
sudden death may occur. Eventually, aortic valve replacement will be re-
quired.
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Pulmonary stenosis

This is a common form of CHD due to the following:

e |solated thickened deformed pulmonary valves (usually).

o [solated infundibular stenosis; supravalvular pulmonary stenosis.
o Branch pulmonary artery stenosis.

Pulmonary valve stenosis is seen in Noonan syndrome (EJ p.941).

Clinical features

o Asymptomatic (mild to moderate stenosis).
o Poor exercise tolerance (severe stenosis).
o Right ventricular failure/cyanosis (critical stenosis).

Prognosis

Mild to moderate stenosis is compatible with normal activities, but
patients require monitoring because worsening obstruction and significant
pressure gradients may develop, which will predispose to heart failure
when very severe.

Treatment Severe pulmonary valve stenosis requires treating by trans-
venous catheter balloon dilatation.

Coarctation of the aorta

Constrictions of the aorta (CoA) may occur at any point. In the majority
(98%) of cases, it is usually distal to the origin of the left subclavian artery
at the level of the ductus arteriosus.

Most often, this occurs in the neonatal period and the infants present
at 48hr old when the duct closes. In older children, the BP is elevated
in blood vessels proximal to the obstruction and an extensive collateral
circulation develops. CoA is seen more often in boys than girls (2:1),
although it is common in Turner syndrome (E p.948). In @, 0% an abnor-
mal bicuspid aortic valve is present.

Clinical features

In severe defects a PDA is required to maintain the systemic circulation;
heart failure and collapse may occur in the neonatal period. CoA results
in a disparity in pulse volume with weak or absent femoral pulses. Mild
defects may present later with hypertension (right arm).

Prognosis

Outside the neonatal period, mortality from untreated hypertension is
high and usually occurs when aged 20-40yrs. Complications include pre-
mature coronary artery disease, congestive cardiac failure, hypertensive
encephalopathy, and intracranial haemorrhage.

Treatment Neonates require resuscitation and early surgery. Older
children or adolescents require stent insertion at cardiac catheter or sur-
gical resection.
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Hypoplastic left heart syndrome

This term is used to describe a group of disorders associated with under-
development of the left side heart structures. The left ventricle is small
and non-functional and the right ventricle maintains both pulmonary and
systemic circulations. The latter is achieved by pulmonary venous blood
passing through an ASD or patent foramen ovale, or via retrograde flow
through a PDA.

Clinical features

Hypoplastic left heart syndrome (HLHS) presents with early onset (days)
of cyanosis and heart failure leading to collapse and death within the first
few days of life. Most infants will appear sick (greyish-blue colour) with
poor peripheral perfusion and weak peripheral pulses. Central cyanosis
and evidence of heart failure will be present.

Treatment

Medical management aimed at maintaining patency of the ductus is nec-
essary to support systemic blood flow. Surgery is either palliative (2-3
stages, Norwood operation or Hybrid procedure) or definitive (heart
transplantation).

Total anomalous pulmonary venous
connection

All blood returning to the heart (systemic and pulmonary) returns to the
right atrium, and an obligatory patent foramen ovale or ASD is necessary
for survival. The pulmonary veins form a single channel and join the sys-
temic venous circulation through either a supracardiac superior vena cava
(SVQ), intra- or infracardiac IVC connection.

Clinical features

Infants usually present in the first few days of life with varying degrees
of obstruction, cyanosis, and congestive cardiac failure. Presentation will
depend on the degree of obstruction to the pulmonary venous return.

Treatment

This is often a surgical emergency and anastomosis of the common pulmo-
nary channel to the left atrium, with closure of ASD, and interruption of
connections to the systemic venous circuit are required.
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Hypertrophic obstructive
cardiomyopathy

This condition is characterized by massive ventricular hypertrophy princi-
pally involving the septum. All portions of the left ventricle are affected,
although the right ventricle may also be involved. There is myocardial
fibrosis resulting in a stiff muscle with decreased distensibility. Ventricular
filling is decreased, but systolic pumping is maintained until late in the
course of disease. Hypertrophic obstructive cardiomyopathy (HOCM) has
been recognized in all age groups and may occur in members of the same
family. A dominant pattern of inheritance sometimes is observed.

Clinical features

Most children with HOCM are asymptomatic and are only detected fol-
lowing routine clinical examination and the discovery of an incidental heart
murmur. Symptoms when present include fatigue and dyspnoea and chest
pain and syncope on exertion. HOCM is an important cause of sudden
unexpected death.

Prognosis Unpredictable, especially in those without symptoms.

Treatment

Avoidance of competitive sports and strenuous activity is encouraged.
Therapy is aimed at reducing the outflow obstruction:

o Medical therapy: beta blocking agents; calcium antagonists, pacemaker.
o Surgical therapy: ventricular septal myotomy, transplantation.

Dextrocardia

Abnormal position of the heart, with location of left atrium on right side
and vice versa (i.e. situs inversus), is classified according to the position
of the left atrium, the main bronchi, and the abdominal organs. Inversion
of viscera (abdominal situs inversus) is always associated with atrial inver-
sion. Major malformations of heart structures are usually found in either
of the following:

e Dextrocardia + normal position of abdominal organs.

o Normal position of heart (laevocardia) + abdominal situs inversus.

Characteristic heart malformations include—pulmonary stenosis; tricuspid
atresia; transposition of the great arteries; anomalous pulmonary venous
drainage; atrioventricular septal defects; single ventricle.

No malformations of the heart structures are found when dextrocardia
and abdominal situs inversus (i.e. mirror-image dextrocardia) are present
in combination.
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Infection: infective bacterial
endocarditis

There are both acute and subacute forms of infection of the endocardium.
Children at risk are those with turbulent blood flow through the heart or
where prosthetic material has been inserted following surgery: e.g.

e PDA or VSD;

e coarctation of aorta;

e previous rheumatic fever.

The most common pathogens associated with infective bacterial endo-
carditis are:

o Streptococcus viridans (50% cases): often after dental procedures.

o Staphylococcus aureus: often related to central venous catheters.

o Group D streptococcus (enterococcus): often after lower Gl surgery.

An organism is not found in up to 10% of cases.

Clinical features

o In the early stage symptoms are mild.

o Prolonged fever persisting over several months may be the only
feature.

o Alternatively, rapid onset of high intermittent fever can occur.

o Non-specific symptoms include:
 myalgia and arthalgia;
 headache, weight loss, night sweats.

Examination

This may be variable, but classic signs include:
pallor/anaemia;

nail bed—splinter haemorrhages;

tender nodules—fingers/toes (Osler’s nodes);
erythematous palms/soles of feet (Janeway lesions);
finger clubbing (late);

necrotic skin lesions;

splenomegaly;

haematuria (microscopic)

retinal infarcts (Roth’s spots);

heart murmurs (change in character with time).

Diagnosis

A high index of suspicion is required. Blood tests include FBC (raised
WCC), ESR (raised), CRP (raised) and repeated blood cultures.
Echocardiography is needed to look for valve ‘vegetations’.

Prophylaxis This is no longer routinely advised.
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Treatment

o Antibiotic therapy: should be started as soon as possible. Delays may
result in progressive endocardial damage and deterioration in cardiac
function. High dose IV antibiotics (e.g. penicillin/vancomycin) are
required for a minimum of éwks.

o Bed rest is recommended and heart failure should be treated.

o Surgery will be necessary for removal of infected prosthetic material.

Prognosis

Even with antibiotic treatment mortality may be as high as 20% and com-
plications (50-60%) include heart failure. Systemic emboli from left-sided
vegetations may result in brain abscess and stroke.
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Rheumatic fever

This is an important cause of heart disease worldwide, but rarely seen in
developed countries. Acute rheumatic fever (ARF) develops in response
to infection with group A (-haemolytic streptococcus. It is seen in child-
ren aged 5—15yrs and incidence is highest in those from socially and eco-
nomically disadvantaged areas.

Clinical features

o There is a latent period of 2-6wks between onset of symptoms and
previous streptococcal infection (e.g. pharyngitis).

e Symptoms are non-specific.

o The grouping together of clinical features makes the diagnosis more
likely (Jones criteria).

o These are categorized into major or minor (see Box 8.1).

Box 8.1 Jones criteria

Major features
o Pancarditis (50%): endocarditis/myocarditis/pericarditis
e Polyarthritis (80%):
* flitting—<1wk
* migratory—to other joints over 1-2mths
¢ joints—knees/ankles/wrists
o Erythema marginatum (<5%):
* early/trunk and limbs
* pink border/fading centre
o Subcutaneous nodules (rare): pea size/hard/extensor surfaces
o Sydenham’s chorea (10%) (see EJ p.524):
* late feature—2-6mths post-infection
* involuntary movements—choreoathetoid
o Emotional lability

Minor features

o Fever

o Arthralgia

o Abnormal ECG: prolonged P-R interval

o Elevated ESR/CRP

e Evidence of streptococcal infection: e.g. raised ASO titres
e History of previous rheumatic fever

Diagnosis of ARF

e Two major features; or

e One major + two minor features; and

o Evidence of previous group A streptococcal infection.
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Management
o In the acute phase treatment will include:
* bed rest;
« anti-inflammatory drugs (e.g. aspirin);
« corticosteroids (2—3wks);
* diuretics/ACE inhibitors if in heart failure;
« antibiotics (e.g. penicillin V for 10 days).

o Long-term therapy is aimed at 2° prevention of further attacks of acute
rheumatic fever and the development of chronic rheumatic heart
disease. Antibiotic prophylaxis (daily oral penicillin, or monthly IM
penicillin G) is recommended.

Chronic rheumatic heart disease

Recurrent bouts of ARF with associated carditis result in scarring and
fibrosis of the heart valves (most commonly mitral valve) and may result
in incompetent valves requiring replacement.
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Pericarditis

Inflammation of the pericardium may be 1° or a manifestation of more
generalized illness. The principal causes of pericardial inflammation are:
e Infections:
* viral, e.g. coxsackie B, Epstein—Barr virus (EBV);
* bacterial, e.g. streptocococcus, mycoplasma;
* tuberculosis;
« fungal, e.g. histoplasmosis;
* parasitic, e.g. toxoplasmosis.
o Connective tissue:
* rheumatoid arthritis;
¢ rheumatic fever;
* systemic lupus erythematosus (SLE);
* sarcoidoisis.
o Metabolic:
* hyperuricaemia;
* hypothyroidism.
o Malignancy.
o Radiotherapy.

Clinical features

The features depend on the extent of involvement of the pericardium.
The predominant symptom is precordial pain that is typically sharp, exac-
erbated and exaggerated by lying down, and relieved by sitting or leaning
forward. The pain is often referred to the left shoulder. Other symptoms
include cough, dyspnoea, and fever.

The accumulation of sufficient fluid to cause cardiac tamponade and
heart failure is rare.

Examination

Specific diagnostic findings will relate to the amount of fluid within the
pericardial sac, including pulsus paradoxus, pericardial rub, quiet/distant
heart sounds.

Investigations

Investigations directed at confirming the diagnosis include:
o echocardiogram;

e ECG (typical low voltage QRS complexes).

Other investigations should be directed at identifying the underlying cause
of the pericarditis and will include: pericardiocentesis, bacterial/viral cul-
ture and biochemical analysis; blood serology for viral studies, ASOT, and
connective tissue disease.



PERICARDITIS

Management

Treatment is directed both at the underlying cause, e.g. antibiotics, and

symptoms, e.g. the following:

o Analgesia for pain relief.

o Anti-inflammatory drugs to reduce pericardial inflammation.

o Pericardiocentesis for pericardial effusion causing cardiac tamponade
and heart failure.

Constrictive pericarditis

Previous pericardial inflammation may predispose to this condition.
However, most cases of constrictive pericarditis occur in the absence of
any preceding illness or generalized systemic disease. The fibrosed restric-
tive pericardium impairs cardiac contractility.

Clinical features

Include evidence of heart failure, hepatomegaly, and neck vein distention.
On auscultation, heart sounds are distant and a characteristic pericardial
‘knock’ is often heard. CXR may reveal calcification of the pericardium.

Treatment Requires pericardiectomy.
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Myocarditis

Myocarditis may be due to:

o Infections: viral, e.g. coxsackie B, EBV.

o Kawasaki disease (see [ p.716).

o Drugs: adriamycin.

e Connective tissue disease: SLE (see [ p.780); rheumatoid arthritis (see
L p.774); rheumatic fever (see L p.244); sarcoidosis.

Clinical features

Variable and will depend on the age of the patient and on the time course
of underlying disease. Specific cardiovascular symptoms include progres-
sive worsening of dyspnoea and congestive cardiac failure. Sudden onset
of ventricular arrhythmia may occur.

Examination

Typical cardiovascular examination includes:
o weak pulses;

o tachycardia;

o gallop heart rhythm;

o distant heart sounds.

Diagnosis

Echocardiography shows poor ventricular function. Definitive histological
diagnosis is made after percutaneous endomyocardial biopsy. CXR shows
cardiomegaly; ECG shows reduced QRS complex size.

Treatment

This is directed at the underlying cause and at controlling symptoms of
congestive heart failure. Arrhythmias should be treated. Cardiac transplan-
tation is needed in patients with refractory heart failure.
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Cardiomyopathy

Cardiomyopathy may be primary, or secondary to systemic or metabolic
disease (see L p.962). Primary cardiomyopathy may be classified as:

e hypertrophic (obstructive; see £ p.240);

o dilated (congestive);

o restrictive (see L p.249).

Dilated (congestive) cardiomyopathy

This condition is rare and characterized by massive dilatation of the ven-
tricles and cardiomegaly. The cause is unknown in most cases, although it
is seen in association with other conditions:

o post-viral infection phenomenon;

e metabolic (e.g. mitochondrial disease, L p.971).

Clinical features
e Insidious onset of progressive congestive cardiac failure is common.
e The course is usually progressive and the prognosis poor.

Management
Mainly directed at treating heart failure and, where possible, any underly-
ing cause. Heart transplantation if severe heart failure.

Restrictive cardiomyopathy

This condition is rare and characterized by poor ventricular compliance
and inadequate ventricular filling. The clinical features are similar to con-
strictive pericarditis (Ed p.247). It is sometimes seen in the Léffler hypere-
osinophilic syndrome (multisystem disorder of skin, lungs, nervous system,
and liver) and results in endocardial fibrosis of the AV valves and the
ventricles. Prognosis is poor and cardiac transplantation often required.
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Cardiac arrhythmias

See LL pp.42—43, 55-57. Sinus arrhythmia is normal in children and ado-
lescents. Other arrhythmias are rare in childhood and may be transient or
permanent. Congenital arrhythmias may occur in structurally normal or
abnormal hearts. They may be secondary to myocardial disease (e.g. rheu-
matic fever, myocarditis) or follow exposure to toxins, drugs or surgery
to the heart. Children with suspected arrhythmia require a detailed history
and examination. The arrhythmia should be identified and characterized by
ECG. Intermittent arrhythmias may be detected by 24hr ECG. Underlying
congenital heart disease should be excluded by echocardiography.

Supraventricular tachycardia

The most common abnormal arrhythmia in childhood. Re-entry within the
A=V node is the most common mechanism of SVT.

Clinical features

Sudden onset (and cessation) lasting from seconds to hours; heart rate
250-300beats/min. SVT is well-tolerated in older children, but heart failure
may occur in the young infant. Often precipitated by febrile illness.

Wolff-Parkinson—White syndrome

Pre-excitation syndrome predisposing to SVT. This is due to an abnormal
re-entry circuit of the AV node and an accessory conduction pathway con-
necting atrium to ventricle on the right or left lateral cardiac border, or
within the ventricular septum. It may be associated with Ebstein anomaly,
post-surgical repair, and cardiomyopathy. ECG shows short PR interval
and delta wave (slow upstroke of QRS complex).

Treatment

o Medical: adenosine (emergency) B-blocking medication, flecainide,
amiodarone.

o Interventional: electrophysiological studies and intracardiac ablation
when a teenager.

Ventricular tachycardia

Long QT syndrome may be associated with sudden loss of conscious-
ness during exercise, stress or emotion, usually in late childhood. If un-
recognized, sudden death from VT may occur. Inheritance is autosomal
dominant; there are several phenotypes. Prolongation of the QT interval
on ECG is associated with many drugs, electrolyte disorders, and head
injury.

Long QT syndrome is a channelopathy caused by specific gene muta-
tions with gain or loss of function. There is a range of effect from Long
QT, Short QT, Brugada syndrome and cardiomyopathy. Anyone with a
family history of sudden unexplained death, or syncope on exertion must
be assessed for these.

Congenital complete heart block

Rare. Mothers of affected children are usually positive for serum anti-Ro
or anti-La antibodies and have underlying connective tissue disorder.
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Clinical features

o Foetal hydrops and intrauterine death.
o Neonate: heart failure.

o Childhood: asymptomatic; syncope.

Management Endocardial/epicardial pacemaker.
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Introduction

Disorders of the respiratory tract account for a major part of paediatric
medicine both in hospital and in general practice. There are 5 key common
presentations that the practitioner should be familiar with and we will
focus on these first. Next, we will discuss the investigations we use in the
care of children. Last, we provide a mini-catalogue of diseases and condi-
tions that you will need to know about, and be able to treat.

We have discussed in Chapters 3 (Ed p.31) and 5 (EJ pp.48-50) the
general approach to history and examination for patients with respiratory
illness. Here are some additional points that you will need to take note of
during your consultation.

History

o General information: neonatal period and any prior endotracheal
intubations; growth and general body proportions; weight loss;
immunizations.

o Age of onset of symptoms or problem.

e Have there been any triggers to this illness?

o What makes the problem worse? Exercise (e.g. asthma), sleep
(e.g. adenotonsillar hypertrophy and snoring)?

o What makes the problem better? (Bronchodilators in asthma.)

o Other symptoms: haemoptysis; cough; sputum production; choking;
gastro-oesophageal reflux; apnoea; coryza; chest/abdominal pain.

Examination

See also [ p.31.

o General information: growth parameters; clubbing; lymphadenopathy;
temperature; level of consciousness; colour; and arterial pulse
oximetry saturation; pulse rate.

o Rate, pattern of breathing (episodic, periodic, apnoea), duration of
expiration, and use of accessory muscles (+/— recession).

o Nose and speech: crease across the bridge of the nose and nasal
discharge (e.g. allergic rhinitis); hyponasal speech (e.g. palate and nasal
problems); nasal or mouth breather; nasal flaring.

e Facial appearance: size of midface, lower jaw, tongue (e.g. craniofacial

syndrome).

Tonsillar hypertrophy.

Cough (paroxysms, barking, high-pitched).

Neck retraction and external compressive mass.

Breathing cycle: inspiratory stridor indicates extrathoracic airway

obstruction; expiratory prolongation or wheeze indicates intrathoracic

airway obstruction.

o Breath sounds.

o Chest appearance (Harrison’s sulcus), and percussion.

e Sputum pot.
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Common presentation: wheeze

Wheeze is a breath sound that is heard during expiration. It is often
associated with prolongation of the expiratory phase of the breathing
cycle. Wheeze indicates obstruction to airflow within the thorax. It can be
high- or low-pitched; this differentiation indicates that the obstruction is
likely to be in the smaller and larger airways, respectively. Also, wheezes
can be monophonic or polyphonic; identifying these sounds will tell you
whether the obstruction is likely to be in one or multiple airways.

Differential diagnosis

Extrinsic lower airway compression

o Lung parenchyma: e.g. pneumonia, pulmonary oedema, bronchogenic
cyst.

o Vascular: e.g. enlarged left atrium compressing left mainstem bronchus,
pulmonary artery vascular ring.

e Lymphatic: e.g. enlarged hilar lymph nodes (EJ pp.290-291, 654).

o Chest deformity: e.g. scoliosis (LEI p.746).

Intrinsic change in lower airway dimension

o Asthma (L p.262).

e Bronchiolitis (EJ p.288).

e Bronchitis and bronchiectasis (EJ pp.257, 291).

o Cystic fibrosis (EX pp.270-273).

o Ciliary disease.

o Haemangioma.

e Polyps.

o Tracheobronchomalacia.

Intraluminal lower airway obstruction

e Aspiration of food or milk from gastro-oesophageal reflux (EJ pp.276,
295, 326).

o Foreign body inhalation (Ed p.51).

e Mucus, pus, and blood.

Each of the conditions in the list above will require specific investigation
and treatment. Wheeze due to asthma will require both acute and chronic
treatment (see [ pp.264-269).
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Common presentation: stridor

Stridor is a noise heard during the inspiratory phase of breathing. It
indicates either dynamic or fixed extrathoracic airway obstruction
(anywhere from the nose to the thoracic inlet). When it arises acutely
and is associated with respiratory distress, immediate attention is required
(EJ pp.48-50, 284-285). The differential diagnosis of stridor is as follows.

Nose and nasopharynx
e Congenital obstruction, e.g. choanal atresia (CJ p.846).
e Inflammation, e.g. rhinitis and sinusitis (£ p.280).

Mouth, oropharynx, and hypopharynx

o Congenital obstruction: e.g. macroglossia and glossoptosis.
o Inflammation: e.g. tonsillar hypertrophy (L p.279).

o Masses: e.g. cystic hygroma or other malformation.

e Foreign body (EJ p.51).

Larynx

o Congenital obstruction: e.g. laryngomalacia, laryngeal web or cleft, vocal
cord paralysis.

o Inflammation: e.g. gastro-oesophageal reflux.

e Infection: e.g. epiglottitis, laryngotracheobronchitis (C2 p.284).

o Masses: e.g. haemangiomas, abscess.

e Trauma: e.g. subglottic stenosis, foreign body inhalation (EJ p.51).

Trachea
o Congenital obstruction: e.g. tracheomalacia, tracheo-oesophageal fistula.
o Infection: e.g. bacterial tracheitis.

There are specific treatments for many of these conditions. In persist-
ent, non-medical causes of stridor, airway surgery may be required after
endoscopy.
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Common presentation: cough

Cough is a protective response for removing secretions and particulate
matter from the airway. Main feature sudden expulsion of air from lungs.

Differential diagnosis of acute cough

Upper airway disease

o Common cold: e.g., rhinovirus.

o Other infections: e.g. viral influenza and parainfluenza, sinusitis, tonsillitis,
laryngitis, croup.

o Allergy.

o Vocal cord dysfunction.

Lower airway disease

o Asthma (Ed p.262).

o Infection: e.g. respiratory syncytial virus bronchiolitis, bronchitis due to
adenovirus, influenza, and parainfluenza.

Lung parenchymal disease
o Infection: e.g. viral and bacterial pneumonia, empyema (Ed p.293).
o Atypical pneumonia: e.g. Mycoplasma pneumoniae infection.

Treatment In general, we do not treat cough, but focus on underlying
cause.

Differential diagnosis of chronic cough

A chronic cough is one that has persisted for more than 8wks (British

Thoracic Society 2008 guideline' for the assessment and management of

children with chronic cough). Its causes are as follows:

o Upper airway disease:

* infection—e.g. chronic sinusitis, tonsillitis, Bordetella pertussis
(3 p.286);

* inflammation—e.g. gastro-oesophageal reflux (CH p.276).

Lower airway disease:

« congenital abnormalities—e.g. tracheo-oesophageal fistula, cleft
larynx, pulmonary artery sling;

* asthma;

* infection: e.g. post-bronchiolitis symptoms, atypical infections;

* foreign body

« bronchiectasis: e.g. damage to the airway from chronic infection and
tuberculosis, or immunodeficiency;

* ¢ystic fibrosis (EH) p.270).

Lung parenchymal disease: infection, e.g. pneumonia and empyema.

Central causes:

« Psychogenic cough.

* Tourette disease: with a tic involving throat clearing or cough.

Treatment: in common with acute cough, when treating chronic cough,

try and identify the underlying cause and focus on its treatment.

Reference
1 Shields Bush A, Everard ML, et al. (2008). BTS guidelines: recommendation for the asssessment
and management of cough in children. Thorax 63(Suppl. 3): 1-15.
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Common presentation: breathlessness

Being short of breath can be due to heart or lung disease. In lung disease,
this sensation arises because of lack of oxygen, difficulty breathing due to
airway obstruction, or abnormal lung mechanics. Infants may not be able
to express their discomfort—in this instance you will need to be able to
identify signs of respiratory distress. The causes include the following.

Differential diagnosis

Airway obstruction

o Upper airway (see L pp.48, 282).
o Lower airway (see [ p.48).

Abnormal lung mechanics

o Restrictive lung disease: e.g. chest wall (obesity), chest deformity,
kyphoscoliosis (EJ pp.744-747).

o Parenchymal lung disease: e.g. pneumonia, pulmonary hypertension.

o Muscle weakness: e.g. Duchenne muscular dystrophy, diaphragmatic
paralysis (EJ pp.546-548).

Hypoxia

o Ventilation perfusion mismatch: e.g. lung disease, pneumonia,
pneumothorax, pulmonary embolism.

o Heart disease: e.g. cyanotic congenital heart disease, pericarditis and
myocarditis (L) pp.231, 246-248).

Emergency treatment and care Discussed in Chapter 5 (L p.50).



COMMON PRESENTATION: SNORING 259

Common presentation: snoring

We are concerned about snoring in children when it indicates that the
child has obstructive sleep apnoea (OSA), i.e. snoring in association with
periods of ineffective breathing lasting longer than 2 breaths (e.g. breath-
ing at a rate of 20/min, this would be 6s). This is as opposed to central
apneas, which are a pause >20s in an otherwise well child. The most com-
mon cause of OSA is adenotonsillar hypertrophy. The other causes are
as follows.

Differential diagnosis

Congenital anatomical

o Midface: e.g. hypoplasia in achondroplasia.

e Choanal atresia (K p.846).

e Tongue: e.g. macroglossia in Beckwith syndrome (LI p.949), trisomy 21
(C2 p.936).

o Lower jaw: e.g. retro- and micrognathia.

o Syndromes: e.g. Pierre—Robin sequence (L p.847), Treacher—Collins,
Goldenhar, Apert.

Inflammation

o Adenotonsillar hypertrophy.
o Allergic rhinosinusitis.

o Nasal polyposis.

o Gastro-oesophageal reflux.

Masses
o Encephalocele.
o Nasal gliomas.

Central causes of pharyngeal hypotonia during sleep
e Cerebral palsy (X p.550).

e Seizures (L p.505).

o Hydrocephalus (L p.535).

e Obesity (LX) p.400)

Treatment

When snoring is associated with OSA, the underlying cause needs to be
treated.
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Investigations

Chest X-ray
CXR is a key investigation in respiratory disease. It will give you informa-
tion about lung volume (e.g. hyperinflation in asthma), signs of chronic in-
flammation (e.g. peribronchial cuffing), and evidence of congenitial lesions
(e.g. lung cysts). However, it is an investigation that can be overused. It
should not replace a thorough clinical examination, and think hard before
requesting repeat studies.

A CXR is used to glean more clinical evidence about what the child’s
underlying problem is. So, in each presentation consider why you have
requested the test. Here are some examples.

Wheeze

A CXRis not needed every time a patient presents with ‘asthma’. However,

if that child has never had an X-ray, or there is something atypical about

the history, consider other possibilities:

o Suspected foreign body inhalation: i.e. inspiratory and expiratory film
(object often radiolucent).

o Suspected gastro-oesophageal reflux with aspiration, or aspiration from
abnormal swallowing: i.e. looking for different lobes affected at different
times.

o Monophonic wheeze: i.e. looking for hilar lymph nodes compressing on
the right main-stem bronchus, or a large left atrium compressing the
left main-stem bronchus, or mediastinal mass.

Stridor Suspected tracheal lesion around the thoracic inlet.

Cough
o Suspected typical and atypical pneumonia, or empyema.
o Suspected bronchiectasis.

Breathlessness

o Suspected pulmonary parenchymal disease.
e Pneumothorax.

o Suspected heart disease, e.g. heart failure.

Snoring with sleep apnoea Suspected cardiopulmonary disease or cor pul-
monale from chronic upper airway obstruction.



INVESTIGATIONS

Bedside tests in respiratory medicine
Four tests are frequently performed at the bedside or in the laboratory
are lung function testing, sweat test, and arterial blood sampling.

Lung function testing

Spirometry can be achieved in >5-yr-olds, but measurements are easier

in >7 year olds. Peak expiratory flow rate (PEFR) monitoring is useful in

asthma. Other measurements include:

o FEV,/FVC: the forced expired volume in 1s as a fraction of forced vital
capacity.

o Exercise testing.

e Bronchodilator responsiveness (i.e. reversibility).

Sweat test

This test is used in the diagnosis of cystic fibrosis. Sweating is induced in an
area of the forearm using pilocarpine, and a capillary tube is used to collect
the sweat. A minimum of 15uL (and preferably >30puL) of sweat should be
collected. In cystic fibrosis abnormal function of the sweat glands results
in higher concentrations of chloride in the sweat:

o Suspicious: >40mmol/L (>30mmol/L in newborn screened babies).

o Diagnostic: >60mmol/L.

Pulse oximetry Assessment of oxygen saturation (SpO,) using a pulse
oximeter is a non-invasive way of assessing a child’s oxygenation using a
probe attached to a finger or toe.

Arterial blood gas Assessment of blood O,, CO,, and acid-base are impor-
tant in critically ill children, or in those where you suspect significant lung
disease.

Further investigations

Sometimes more detailed investigations are needed before you can select

the best treatment for your patient. These include the following:

Imaging

o Chest computed tomography: useful for assessing abnormalities in
airways as well as abnormalities in parenchymal tissue density.

o Thoracic MRI: useful for looking at airway-blood interface, and vascular
and mediastinal anatomy.

o Nuclear imaging: useful for assessing regional ventilation (V) and
perfusion (Q), as well as V/Q matching.

Direct visualization of structure
o Flexible bronchoscopy: used to assess directly the airway from nose to
distal bronchus; used to lavage the lung for microscopy and culture
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Asthma

Asthma is a disease of chronic airway inflammation, bronchial hyper-reac-
tivity, and reversible airway obstruction. It affects 10% of the population
and can develop at any age, but typically half of the paediatric cases pre-
sent before the age of 10yrs. There is often a family history of asthma or
atopic disease.

Diagnosis

History

o Cough after exercise or sometimes in the early morning, disturbing
sleep.

o Shortness of breath.

o Limitation in exercise performance.

Examination

In the child with chronic problems consistent findings include:
o Barrel-shaped chest.

o Hyperinflation.

o Wheeze and prolonged expiration.

Chest X-ray

Not needed if there has been recent imaging. It may show:
o Hyperinflation.

o Flattened hemi-diaphragms.

o Peribronchial cuffing.

o Atelectasis.

Spirometry

o Peak expiratory flow rate (PEFR) <80% predicted for height.

o FEV,/FVC <80% predicted.

o Concave scooped shape in flow volume curve.

e Bronchodilator response to B-agonist therapy (i.e. 15% increase in
FEV, or PEFR).

Medication

The main medications used for maintenance are bronchodilators, which
give short-term relief of symptoms, and prophylactic therapy, which
reduces chronic inflammation and bronchial hyperreactivity. In the out-
patient clinic our aim is to titrate these treatments so that the child can
function normally, yet still avoid any detrimental effect on growth and
development. See LLJ p.267 for stepwise manner in which these drugs
may be used.

Bronchodilators

o Short-acting B2-agonists: salbutamol, terbutaline.
o Long-acting 32-agonists: salmeterol, formoterol.

o Short-acting anticholinergic: ipratropium bromide.
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Chronic treatment of inflammation and hyperreactivity

e Inhaled steroids: budesonide, beclometasone, fluticasone.

o Oral steroids: prednisolone.

o Sodium cromoglicate: rarely used.

o Methylxanthines: theophylline.

o Leukotriene inhibitors: montelukast and zafirlukast may reduce the
amount of steroid therapy that is needed to control symptoms.

e Combination inhalers containing inhaled steroids and long-acting
[3,-agonists.

Side-effects of chronic treatment

Steroids

When long-term oral steroids or high-dose inhaled steroids are used, spe-

cial attention will need to be given to unwanted effects including:

o Impaired growth: can affect growth in height, but also ask about
frequency of hair-cuts, or changing shoe size, as these are early
indicators of poor growth.

o Adrenal suppression.

o Oral candidiasis.

o Altered bone metabolism.

Theophylline

Now rarely used in children, but you should be aware that there are a
number of problems related to toxic blood levels, including:

o Vomiting

o Sleep disturbance or increased sleeping.

e Headaches.

e Poor concentration and deterioration of performance at school.

o Arrhythmias.
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Asthma: drug delivery devices

There are a number of drug delivery devices that are available for use in

children:

o Nebulizer: use in emergency treatment at all ages for delivery of
bronchodilator (although a spacer device is often used instead).

e Large or small volume spacer with metered dose inhaler (MDI): use in
infancy to any age (facemask for under 3yrs and mouthpiece for older
children). This device uses a plastic ‘bubble’ with a valve at one end
and a place where an MDI can be inserted at the other end. The
spacer allows the aerosol particles from the inhaler to be slowed
and inhaled on each breath. It stops the drug dose from the MDI
depositing in mouth or stomach, and allows it to go with inspired air
all the way down to the small airways.

o Dry powder device: terbutaline sulphate (Bricanyl Turbohaler®),
salbutamol (Ventolin Accuhaler®). These can be used in children >5yrs.

o Propellant metered dose inhaler (PMDI): these can be used in children
>12yrs, although are difficult to use and generally not advised. The
device uses a gas propellant to aerosolize the drug.

Inhalation technique

In the clinic you will need to make sure that your patient is getting and
taking the medication prescribed. In all children you will need to see that
they have the appropriate technique and device for their age.

Child >3yrs

Look for 5-breath tidal volume breathing technique.

o Stands to allow full use of the diaphragm.

o Shake MDI.

o Place MDl into spacer.

o Place device in mouth.

o Firm seal with mouth around mouthpiece.

o Breathe in and out tidally: when good rhythm, activate device (only
once).

o Continue breathing 5 times.

e [f second dose is needed: then shake MDI and repeat as above.

Infant

Note that, if the infant is crying, less drug will be inhaled. Make sure that

the person giving the medication:

o Tilt the spacer so that the valve is open (in small volume device you
do not need to tip as the valve is low resistance).

o Let the infant take at least five breaths from each dose actuated.
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Asthma: clinic management (1)

The aim of treatment is to allow the child to lead a normal life. In the
clinic you will come across children with seemingly distinct clinical pat-
terns of their chronic asthma. Patients with frequent or persistent asthma
should be seen in a specialist clinic. Nebulized treatment is used in severe
acute asthma. It is not recommended in mild to moderate severity asthma.
Instead, use multidosing (up to 10 puffs) bronchodilator.

Infrequent episodic asthma
Characteristics

o 75% of asthmatics.

e <4 episodes per year.

o Symptom-free between acute episodes.
o No regular treatment needed.

Management strategy

e Treat acute episodes with [3,-bronchodilators.

o Use nebulized bronchodilators and short-course prednisolone in
more severe episodes (i.e. prednisolone 3 days, given once daily in the
morning after breakfast with no need to taper treatment).

Frequent episodic asthma
Characteristics

® 20% of asthmatics.

o Episodes every 2—4 weeks.

o Regular treatment is needed.

Management strategy
o Use B,-bronchodilator as required.
o Use regular, low-dose inhaled steroid.

Persistent asthma

Characteristics

o Less than 5% of asthmatics.

e >3 episodes/wk, with cough at night/morning.
o Regular treatment is needed.

Management strategy

o Use prophylactic inhaled steroids.

o Long-acting B,-bronchodilator may be helpful.

o Oral steroids may be needed.

o Oral leukotriene inhibitors may enable reduction in steroid usage.

Exercise-induced asthma

Management strategy
o Mild: use 3,-bronchodilator before exercise.
e Severe: low-dose inhaled steroid.
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Escalating therapy
Having reviewed the history and categorized your patient in terms of clin-
ical pattern and severity, use a logical, stepwise approach to escalating
therapy (see Box 9.1).

Box 9.1 The stepwise approach to drugs

Before altering a treatment, ensure that treatment is being taken in an
effective manner

Step 1: occasional use of relief bronchodilators
Short-acting ,-bronchodilator for relief of symptoms

Step 2: regular inhaled preventer therapy
Short-acting B,-bronchodilator as required + low-dose inhaled steroid
(200-400micrograms/day)

Step 3: add-on therapy

e Short-acting 3,-bronchodilator as required + high-dose inhaled
steroid or

o Low-dose inhaled steroid +/— long-acting bronchodilator

If control is still inadequate use a trial of other therapies, e.g. leukotriene
receptor antagonist or slow release theophylline

Step 4: persistent poor control

e Short-acting 3,-bronchodilator as required + high-dose inhaled
steroid (up to 800micrograms/day) + long-acting bronchodilator or

o Theophyllines or ipratropium +/— alternate day steroid

Step 5: continuous or frequent use of oral steroid

o Use daily steroid tablet in lowest dose

e Maintain high-dose inhaled steroid at 800micrograms/day
o Refer to respiratory specialist
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Asthma: clinic management (2)

0-2yrs

In this age group, a spacer device with an appropriate face mask is used,
e.g. a small volume Aerochamber® or Ablespacer® which can take any
inhaler; or a large volume Volumatic® or Nebuhaler®, which only fit cer-
tain inhalers. Prophylactic therapy with inhaled steroids is more effective
than cromoglicate.

Acute treatment

e Salbutamol via Volumatic® <2400micrograms/day (in 6 doses).
e Terbutaline via Nebuhaler®: <6000micrograms/day (in 6 doses).
e Ipratropium via Volumatic® <480micrograms/day (in 4 doses).

Prophylactic treatment
e Budesonide via Nebuhaler®: 100-400micrograms/day.
e Beclometasone via Volumatic®: 100-400micrograms/day.

3-5yrs
Acute treatment

e Salbutamol via Volumatic®: <3600micrograms/day (in 6 doses).
e Terbutaline via Nebuhaler®: <6000micrograms/day (in 6 doses).

Prophylactic treatment

e Budesonide via Nebuhaler®: 100-800micrograms/day.

e Beclomethasone via Volumatic® 100-800micrograms/day.

e Fluticasone via Volumatic®: (>4yrs) 100-200micrograms/day..

e Salmeterol via Volumatic®: (>4yrs) 50micrograms/day. Must never be
given alone and only when the child is also taking an inhaled steroid.

e Combination inhaler: Seretide® (contains fixed doses of fluticasone and
salmeterol).

5-12yrs

Acute treatment

o Salbutamol Accuhaler® <7200micrograms/day (in 6 doses).

o Salbutamol inhaler: (>12 years) <7200micrograms/day (in 6 doses).
o Terbutaline inhaler: (>12 years) <7200micrograms/day (in 6 doses).

Prophylactic treatment

e Budesonide Turbohaler®: 100-800micrograms/day.

e Beclometasone via Accuhaler®: 100-800micrograms/day.

e Fluticasone via Volumatic® 100—400micrograms/day.

e Combination inhaler — Seretide® (contains fixed doses of fluticasone
and salmeterol); or Symbicort turbohaler® (fixed doses of budesonide
and formoterol).
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Useful clinic guides

Steroids

o Fluticasone and budesonide are preferable since they have fewer
side-effects than beclometasone

o Patients on doses of steroids greater than fluticasone
500micrograms/day, budesonide 800micrograms/day, beclometasone
800micrograms/day should be under the supervision of a specialist
clinic

Long-acting (3,-agonists

o Salmeterol may be of value for night-time symptoms or daytime
activity

e Should be used as a prophylactic agent

o Consider in patients on inhaled beclometasone or budesonide
400micrograms/day, or fluticasone 200micrograms/day

Allergen avoidance

e Removal of feather or woollen bedding

e Wrapping of mattress in plastic

o Cleaning of carpets and furniture

o No pets in the house if the child is allergic to them

Passive smoking

e No smoking in the house or car.

o Parents/carers must be strongly encouraged to stop smoking
completely.

Education

Older patients will need to learn more about their condition and how it
is best treated. For example:

o Which medication to use and when

o Best inhaler technique

e What to do if asthma is getting worse

o Not to smoke

o Gargle after steroid inhaler use so as to avoid oral thrush

269



270

CHAPTER 9 Respiratory medicine

Cystic fibrosis

Cystic fibrosis (CF) is an autosomal recessive genetic disorder leading to
a defect in the CF transmembrane receptor (CFTR) protein, which results
in defective ion transport in exocrine glands. In the lung abnormal sodium
and chloride ion transport causes thickening of respiratory mucus. The
lung is therefore prone to inadequate mucociliary clearance, chronic bac-
terial infection, and lung injury. There are also similar effects—although
not with superadded infection—in other organs that lead to pancreatic
insufficiency, liver disease, and, in the male, infertility. There are over 1500
mutations in the CFTR gene; the most common is the AF508 deletion. CF
is the most common genetic disease in Caucasions (1/2500).

Diagnosis

Screening

Since 2007 in the UK all newborn babies are screened for cystic fibrosis
looking for an abnormally raised immunoreactive trypsinogen (IRT) and 29
CFTR gene mutations from blood-spot analysis on the Guthrie card.

History

Give particular attention to:

o Cough and wheeze.

o Shortness of breath.

e Sputum production.

o Haemoptysis.

o Stool type (e.g. fatty, oily, pale) and frequency.
o Weight loss or poor weight gain.

About 10-20% of CF patients present in the neonatal period with meco-
nium ileus. However, most children with CF present with:

o malabsorption;

o failure to thrive;

e recurrent chest infection.

Examination

Full assessment of:

e respiratory system;

o liver and Gl system;

e growth and development.

Investigations

o Sweat test showing increased chloride levels (>60mmol/L).

o CXR: hyperinflation, increased antero-posterior diameter, bronchial
dilatation, cysts, linear shadows, and infiltrates.

o Lung function: obstructive pattern with decreased FVC and increased
lung volumes.
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Cystic fibrosis: problems

Lifelong therapy and supervision are required in CF. There is a variety of
problems that can be expected at different ages.

Infancy

e Meconium ileus (Ed p.862).

o Neonatal jaundice (prolonged).
e Hypoproteinaemia and oedema.

Childhood

o Recurrent lower respiratory tract infections.
o Bronchiectasis (occasionally)

o Poor appetite.

o Rectal prolapse (EJ p.871).

o Nasal polyps.

o Sinusitis (rare to have symptoms).

Adolescence

Bronchiectasis.

Diabetes mellitus (LI p.406).

Cirrhosis and portal hypertension.
Distal intestinal obstruction (B p.274).
Pneumothorax.

Haemoptysis.

o Allergic bronchopulmonary aspergillosis.
o Male infertility.

o Arthropathy.

o Psychological problems.
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Cystic fibrosis: management (1)

The management of the child with CF requires close co-operation be-
tween local hospitals and regional centres. Patients and their families
gain much from expert clinics, and from other patients and their families.
Effective management requires a multidisciplinary team approach, which
should include:

o paediatric pulmonologist;

o physiotherapist;

o dietician;

e nurse liaison or practitioner in CF;

® primary care team;

e teacher;

o psychologist.

All patients with CF should have a thorough annual multisystem review.
Table 9.1 summarizes the range of information that is needed. You will find
following these parameters helpful when assessing progression, deteriora-
tion, and need for supraregional referral for heart-lung transplantation.
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Table 9.1 Information needed for the annual multisystem review of a

CF patient

Blood tests
Haematology

Biochemistry
Liver function
Glucose control
Immunélégy

Radiology
X-rays
us

Dual-eﬁéfgy X-rayr o

absorptiometry
(DEXA) scan

Lung function
Measurements

Oximetry

Bacteriology

Sputum/cough swab

Morbidity
Hospital
Chest

Reviews

Medicatic;ﬁs
Physiotherapy
Nutrition

Social

Psychorkr)rg);

Cr, U, Na, K, Cl, HCO3 (Mg, Caif on IV colistin),
iron studies, vitamin A, D & E levels

ALP, alanine transferase (ALT), bilirubin, albumin,
protein

R;aﬁdrorrﬁrgrlucose, HbA1c, oral glucose tolerance
test (>10yrs)

IgE, 1gG, RAST to aspergillus, pseudomonas
precipitins

Consider in children >10yrs, or those on
increasing doses of steroids, or those who have
increasing fractures

Cultures irncluding Burkholderia cepacia, acid-fast
bacilli

Family support, genetics, housing, school,
statement of special needs

Is an assessment needed?
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Cystic fibrosis: management (2)

Pulmonary care

Physiotherapy

All children with CF should have physiotherapy at least twice a day. Parents
and older children are taught how to do some of the following:

o chest percussion;

o postural drainage;

o self-percussion;

o deep breathing exercises;

o use of flutter or acapello device.

Antimicrobial therapy

Most experts recommend antibiotic therapy.

o Oral during periods when well: against Staphylococcus aureus and
Haemophilus influenzae.

o |V for acute exacerbations: initially courses of antibiotics can be
administered via an indwelling long-line that should last a number of
weeks if needed. However, as infections become more frequent, a
permanent form of [V access (such as an indwelling Portacath) will
help.

o Nebulized for those chronically infected with Pseudomonas aeruginosa.

Other therapies

o Annual influenza immunization.

o Bronchodilators for those with reversible airway obstruction.

o Mucolytics: recombinant DNAase 2hr before physiotherapy; or inhaled
hypertonic (7%) saline used before physiotherapy.

e Oral azithromycin (long-term anti-inflammatory).

Gastrointestinal management

Distal intestinal obstruction (meconium ileus equivalent)

o Lactulose: 1mL/kg/day.

o Oral acetylcysteine solution: prophylaxis 15mL of 10%/day in <7-yr-olds
and 30mL in >7-yr-olds. Treatment doses are double to three times
this amount.

e Gastrografin®: oral dose can be used as a single treatment dose (50mL
for children 15-25kg, and 100mL for those >25kg). Fluid intake should
be encouraged for 3hr after administering the Gastrografin®.

Nutrition

o Pancreatic insufficiency: treated with oral enteric-coated pancreatic
supplements (Creon®) taken with all meals and snacks. Ranitidine or
omeprazole may be useful if the response to enzymes is unsatisfactory.

o High-calorie diet: children with CF require 120-150% of normal energy
intake.

o Salt supplements: salt depletion is a risk in CF patients during the
first year of life, and in the summer months in older patients. In
exceptionally hot weather supplements include 500mg/day during the
first year, 1g/day in <7-yr-olds, and 2—4g/day in >7-yr-olds.
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Fat-soluble vitamin supplements

o Multivitamins: Dalivit® drops 1mL/day or multivitamin tablets.

o Vitamin E: 50mg/day if <1yr; 100mg/day 1-16yrs.

o Vitamin K: if there is evidence of liver disease (hepatosplenomegaly or
abnormal clotting).
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Chronic lung disease of prematurity

See also L pp.166—167.

As the quality and outcome of neonatal intensive care for premature
babies has improved, more and more infants with chronic lung disease
(CLD) are being seen. There are a variety of lung conditions that affect
premature babies and necessitate mechanical ventilation; these are dis-
cussed in Chapter 6, £ p.107.

e Respiratory distress syndrome (EX p.150).
o Neonatal pneumonia (L2 p.152).

The following can affect newborn of any gestational age:
e Meconium aspiration (L p.152).

e Diaphragmatic hernia (EJ p.852).

o Pulmonary hypoplasia.

o Alveolar capillary membrane dysplasia.

o Interstitial lung disease.

o Surfactant protein deficiency.

On follow-up in the paediatric clinic you may see oxygen-dependency due
to any of these conditions. CLD in this context is defined as abnormal
CXR and use of supplementary oxygen beyond 28 days.

Management

In many respects the approach to managing oxygen-dependent infants
with compromised lung function is very similar to caring for infants with
CF. A multisystem and muiltidisciplinary team approach is needed. This
should include home and community liaison—the neonatal unit nurse spe-
cialist and health visitor are particularly helpful.

Nutritional support and therapy

o Weight gain and growth: these should be monitored and, if there is a
problem with inadequate intake, consult a dietician for advice.

o Gastrostomy: procedure sometimes required to enable full feeding.

o Gastro-oesophageal reflux (GOR): the ‘flat’ position of the diaphragm,
lung hyperinflation, and tachypnoea promote the development of
vomiting and GOR. The lungs need to be protected and adequate
feeding needs to be ensured. Initially try medical therapy (see Chapter
10, [ p.326). If these measures fail, fundoplication and gastrostomy
feeds are required.

o Vitamins: appropriate vitamin supplements are used until the child is
thriving well (i.e. vitamin compound drops, folic acid, iron).

Antimicrobial therapy

o Vaccination: all immunizations should be up-to-date. Children on
steroids may be at risk if given live or attenuated immunization (e.g.
BCG, mumps, measles, and rubella (MMR)).

o Antibiotics: viral illness may result in significant deterioration in CLD.
Take sputum, throat swab, and nasopharyngeal aspirate for viral and
bacterial cultures. Have a low threshold for using antibiotics.
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e Antivirals: aerosolized ribavirin may be required for severe respiratory
syncytial virus bronchiolitis although its benefit is controversial.
Patients should have had prophylaxis (see LI p.288).

Obstructive airway disease

Wheeze is a common symptom in infants with CLD. Asthma treatments
are often used in these children.

Oxygen therapy

The ultimate aim of supervision of these patients is to withdraw oxygen in
a safe and timely manner. The target oxygen saturation (SpO,) in patients
on supplemental oxygen via nasal cannulae is 292%. Withdrawal is appro-
priate when the infant is clinically well, gaining weight, and has an SpO,
consistently above 92% with an oxygen requirement <0.1L/min. Children
can be weaned from continuous low flow oxygen to night-time and naps
only, or remain in continuous oxygen throughout the 24hr until the child
has no requirement at all. Oxygen equipment should be left in the home
for at least 3mths after the child has stopped using it. If this is in a winter
period, it is usually left until the end of winter.
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Congenital respiratory tract disorders

The following congenital abnormalities of the upper and lower airway are
discussed in Chapter 23, 1 p.843.

Congenital abnormalities of the upper airway
e Choanal atresia (EH p.846).

o Laryngeal atresia (L p.846).

o Cleft lip and palate (EJ p.846).

e Pierre—Robin sequence (£ p.847).

e Tracheo-oesophageal fistula (LJ pp.848-849).

Congenital abnormalities of the lower airways

e Congenital cystic adenomatoid malformation (EJ p.851).
Sequestration (L p.851).

o Congenital lobar emphysema (L p.851).

e Congenital diaphragmatic hernia (X p.852).

o Hiatus hernia (E p.852).
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Sleep apnoea

Apnoea is defined as a lack of breathing. Obstructive apnoea refers to a
lack of airflow in the face of respiratory effort. It is most often associated
with sleep. The obstructive sleep apnoea syndrome (OSAS) may be due
to tonsillar/adenoidal hypetrophy, macroglossia, or micrognathia.

Diagnosis

History

o Snoring and sleep disturbance.

o Daytime sleepiness or inattention.

e Eneuresis.

o Only about 15% of snoring children have significant airway obstruction.

Examination (see also 1 p.31)

A thorough examination is needed:

o Symptoms of upper airway obstruction and OSAS are more likely
to be due to adenoidal hypertrophy, rather than just tonsillar
hypertrophy.

o Middle ear infection and chronic effusion: these are features associated
with adenoidal hypertrophy.

o Mouth breathing leading to dry mouth and cracked lips.

Investigation

A thorough history and examination should identify children who need

further treatment. However, there is a place for the following as part of

an assessment.

o Sleep study: this could include just overnight pulse oximetry, but to
diagnose impaired gas exchange transcutaneous CO, measurement is
necessary as well. Sometimes more extensive polysomnography may
be needed, mainly to differentiate obstructive from central causes of
sleep apnoea..

o Chest X-ray and ECG: to examine for 2° right heart cardiac
consequences of airway obstruction.

Treatment Surgery is indicated when the following criteria are met.

Tonsillectomy

Any of:

o Airway obstruction (usually performed with adenoidectomy).

o History of recurrent tonsillitis (>7 episodes in 1yr, or >10 episodes in
2yrs).

o History of two episodes of peritonsillar abscess.

Adenoidectomy

Any of:

o Airway obstruction.

o Recurrent or chronic middle ear infection.
e Recurrent or chronic nasopharyngitis.

e Chronic mouth breathing.
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Allergic rhinitis
Up to 20% of the population have symptoms of allergic rhinitis, which
include nasal congestion, itching, sneezing, and discharge.

Diagnosis

History

o |dentify seasonality of the symptoms and history of atopy.

o Take a history of environmental exposures such as parental smoking,
pets, dust mite, stuffed toys, carpet, bedding, etc.

Examination

Check for:

e mouth breathing;

postnasal drip;

cough;

nose rubbing;

suborbital venous congestion;
watery-red eyes.

Investigation
o Skin tests for specific antigens.
o Specific serum IgE measurements.

Treatment
Allergen avoidance

o Dust covers on bedding.
o Avoid stuffed toys.

Symptom relief

e Antihistamines.

e Montelukast.

e Intranasal steroids.
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Upper airway infections

Ear, sinus, nose, and throat infections account for 80% of respiratory infec-

tions. The diagnosis URTI may mean any of the following.

o Common cold (coryza): commonly due to rhinoviruses, coronaviruses,
and respiratory syncytial virus (although latter more often causes acute
bronchiolitis).

o Sore throat (pharyngitis and tonsillitis): pharyngitis is usually due to
viral infection with adenovirus, enterovirus, and rhinovirus. Bacterial
infection with group A B-haemolytic streptococcus may be present in
the older child. Tonsillitis associated with purulent exudates may be
due to group A B-haemolytic streptococcus or the Epstein—Barr virus
(EBV) (see also L pp.707, 711).

o Ear infection (acute otitis media): common pathogens include viruses,
pneumococcus, group A 3-haemolytic streptococcus, Haemophilus
influenzae, and Moraxella catarrhalis (see also £ p.900).

o Sinusitis may occur with viral or bacterial infection.

Diagnosis

History

Children often present with a combination of:

e Painful throat.

o Fever (which may even induce febrile convulsions).

o Blocked nose (which may lead to feeding difficulty in infants).

o Nasal discharge.

o Earache.

o Wheeze (in children with asthma there may be an exacerbation).

Examination

A thorough examination is needed. In infants you will need to make sure

that there is not a serious infection and, in those with difficulty feeding

because of blocked nose, that feeding will be adequate. In older children
you will need to check for possible bacterial infection and give antibiotics
when the following are identified.

e Ears: think of otitis media if there is discharge, if the tympanic
membrane is not intact, if the eardrums are bright red and bulging with
loss of normal light reflection.

o Neck: think of bacterial throat infection if there is tender cervical
lymphadenopathy.

o Pharynx: think of tonsillitis if there are purulent exudates on inflamed
tonsils.

Treatment
Symptom relief

o fever: use paracetamol or ibuprofen.
o Earache: use paracetamol or ibuprofen.
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Antibiotics

Virus infection causes the majority of URTIs and antibiotics should not be

prescribed. However, if bacterial tonsillitis, or pharyngitis due to group A

{3-haemolytic streptococcus, or acute otitis media is suspected, then they

should be given after a throat swab has been taken for bacterial culture. A

positive culture will mean that a 10-day course of antibiotics is required.

o Tonsillitis and pharyngitis: avoid amoxicillin because it may cause
maculopapular rash in cases of EBV infection. Use penicillin V, or
erythromycin in allergic patients, for 10 days.

o Acute otitis media: co-amoxiclav will cover the common causes of otitis
media and be effective against 3-lactamase-producing H. influenzae and
M. catarrhalis.
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Laryngeal and tracheal inflammation

There are a number of laryngeal and tracheal causes of inflammation and
airway obstruction. In the acute setting you will be concerned with three
common conditions.

o Viral laryngotracheobronchitis (croup): mucosal inflammation affecting
anywhere from the nose to the lower airway that is commonly due to
parainfluenza, influenza, and respiratory syncytial virus in children aged
émths to 6éyrs.

o Spasmodic or recurrent croup: barking cough and hyperreactive upper
airways with no apparent respiratory tract symptoms.

o Acute epiglottitis: life-threatening swelling of the epiglottis and
septicaemia due to Haemophilus influenzae type b infection—most
commonly in children aged 1-6yrs. This is now rare since routine HiB
immunization.

Diagnosis

History In practice the two main conditions that require differentiating
are viral croup and acute epiglottitis. The history may help in this process
(see Table 9.2).

Examination

Do not examine the throat. Take a careful assessment of severity including:
o Degree of stridor and subcostal recession.

o Respiratory rate.

e HR.

o LOC (drowsiness), tiredness, and exhaustion.
o Pulse oximetry.

Table 9.2 Differentiating between viral croup and acute epiglottitis

Croup Epiglottitis

Time course Days Hours

Prodrome Coryza None
Cough Barking Slght ifany
Feedng Candrink No
Mouth Closed Drooling sali;/é 77777
Toxic No Yes
Fever 3sc >85°C
Stridor Rasping Soft

Voice Hoarse Weak or silent
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Treatment

Priority

The main priority in the emergency setting is to differentiate between

acute epiglottitis and viral croup (see Table 9.2). If you are unsure, stabilize

the child and ensure that nothing precipitates distress and possible airway
obstruction. Try and keep the child, family, and staff calm. Alert emergency
otolaryngologist and anaesthetist to the possibility of a need for emergen-

Cy airway support.

Viral croup

Children with mild illness can be managed at home, but advise parents that

if there is recession and stridor at rest then they will need to return to

hospital. Infants <12mths may need closer attention. Treatments include
the following.

o Moist or humidified air: although widely used to ease breathing the
benefit of these physical measures is unproven.

o Steroids: oral prednisolone (2mg/kg for 3 days) or oral dexamethasone
(0.15mg/kg stat dose) or nebulized budesonide (2mg stat dose)
reduces the severity and duration of croup. They are also likely to
reduce the need for endotracheal intubation.

o Nebulized adrenaline (epinephrine): can provide transient relief of
symptoms.

In cases that require endotracheal intubation steroids should be given and,
if there is evidence of secondary bacterial infection or bacterial tracheitis,
antibiotics should be added.

Acute epiglottitis

The child with acute epiglottitis will need to be managed in the intensive

care unit after endotracheal intubation. Once this procedure has been

completed take blood cultures and start IV antibiotics.

e 2nd or 3rd generation cephalosporin (e.g. cefuroxime, ceftriaxome, or
cefotaxime) IV for 7-10 days.

o Rifampicin prophylaxis to close contacts.
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Bronchial disease

The main symptoms of acute bronchitis in children are cough and fever.
Two infections—Bordetella pertussis and Mycoplasma pneumoniae—may
produce symptoms that persist for a number of weeks. Another condition
often diagnosed in infants without fever or distress is ‘wheezy bronchitis’,
or ‘recurrent bronchitis’. This condition has been the topic of much de-
bate over the years as to whether these infants have asthma or not, and
whether they should be treated as such.

Whooping cough

Bordetella pertussis infection typically induces three stages of illness:

o Catarrhal (1-2wks): mild symptoms with fever, cough, and coryza.

o Paroxysmal (2—6wks): severe paroxysmal cough, followed by inspiratory
whoop and vomiting.

o Convalescent (2—4wks): lessening symptoms that may take a whole
month to resolve.

A whooping cough-like syndrome may be caused by Bordetella parapertus-
sis, Mycoplasma pneumoniae, Chlamydia, or adenovirus.

History

There may be a typical history. In young infants, however, whoop is often
absent, and apnoea is a more common finding. In older children, and par-
ents, there may be a history of persistent and irritating cough.

Examination and investigation

A thorough examination is needed. In infants you will need to make sure
that the problem is not pneumonia. Also, check the following:

o Eyes: subconjunctival haemorrhages are common.

o CXR

o Blood count: leucocytosis and lymphocytosis.

o Pernasal swab: culture of Bordetella pertussis.

Treatment

Hospital care

o Infants: admission is required for those with a history of apnoea,
cyanosis, or significant paroxysms. Close monitoring is required
particularly in infants since there is a risk of seizures, encephalopathy,
and death.

e [solation: patients should be isolated for 5 days after starting treatment
with antibiotics.

Contacts

o Immunization: recommended for children <7yrs who have been in
close contact if they are not protected. Immunization reduces the risk
of an individual developing infection by 90%, but the level of protection
declines steadily through childhood.

o Prophylactic antibiotics: should be given to close contacts.

Antibiotics Erythromycin for 14 days (or clarithromycin for 7 days) to
reduce infectivity but this may have minimal effect on the cough.
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Bronchiolitis

Bronchiolitis, most commonly due to respiratory syncytial virus (RSV),
affects everyone by the age of 2yrs. Whether you meet this infection in
your first winter, or your second, determines how ill you will be. RSV
invades the nasopharyngeal epithelium and spreads to the lower airways
where it causes increased mucus production, desquamation, and then
bronchiolar obstruction. The net effect is pulmonary hyperinflation and
atelectasis. The other causes of bronchiolitis include infection with para-
influenza, influenza, adenovirus, rhinovirus, metapneumovirus, chlamydia,
and Mycoplasma pneumoniae.

There is an increased risk of severe infection in infants with CHD, CLD
of prematurity, immunodeficiency, and other lung disease.

Diagnosis

History

In winter months infants with a typical history will have had coryza, fol-
lowed by a dry cough, followed by worsening breathlessness. Other fea-
tures in the history include:

o wheeze;

o feeding difficulty;

o episodes of apnoea.

Rarely, other presenting histories in babies include:
o encephalopathy with seizures due to hyponatraemia;
e apnoea and near miss sudden infant death.

Examination and investigation

A thorough examination is needed in order to assess the degree of res-
piratory distress:

® cyanosis or pallor;

dry cough;

tachypnoea;

subcostal and intercostal recession;
chest hyperinflation;

prolonged expiration;

pauses in breathing or apnoea;
wheeze and crackles.

Key investigations include:

o Pulse oximetry: to assess oxygenation.

o CXR: to assess hyperinflation, atelectasis, and consolidation.

o Nasopharyngeal swab: immunofluorescent antibody testing for RSV
binding.
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Hospital treatment

The treatment of RSV bronchiolitis is mainly supportive and includes:

o Oxygen to achieve pulse oximetry saturation >92%.

o If tachypnoea, limit oral feeds and use a NGT.

® Bronchodilators for wheeze: nebulized salbutamol, ipratropium, and
adrenaline have all been used in studies. The best evidence is for
nebulized adrenaline.

e Mechanical ventilation for severe respiratory distress or apnoea.

Antiviral therapy with ribavirin should be reserved for immunodeficient
patients and those with underlying heart or lung disease, although its ben-
efit is uncertain.

Prophylaxis

Palivizumab is a monoclonal antibody to RSV and can be used as prophy-
laxis. Preterm babies and oxygen-dependent infants at risk of RSV infec-
tion can receive a monthly IM injection (for 5mths starting in October) to
reduce risk of hospitalization and the need for mechanical ventilation.

Follow-up

Recurrent cough, wheeze, and tachypnoea may occur after RSV infection.
These may require treatment and are best assessed in outpatients. Daily
oral montelukast granules can sometimes help reduce the symptoms. A
proportion of patients may develop asthma—they may have been predis-
posed to develop this problem irrespective of RSV in early infancy.
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Pneumonia

Pneumonia is an infection of the lower respiratory tract and lung paren-

chyma that leads to consolidation. Viruses alone account for 14-35% of

all community acquired pneumonia in childhood. In 20-60% of children a

pathogen is not found. Common infecting bacterial agents by age are:

o Neonates: group B streptococcus, Escherichia coli, Klebsiella,
Staphylococcus aureus.

o Infants: Streptoccus pneumoniae, Chlamydia.

o School age: Streptococcus pneumoniae, Staphylococcus aureus, group A
streptococcus, Bordetella pertussis, Mycoplasma pneumoniae.

Certain groups of children are at risk of pneumonia, e.g. those with:
e congenital lung cysts;

e chronic lung disease (L p.276);

e immunodeficiency (EJ pp.295, 724);

e cystic fibrosis (EJ p.270);

o sickle cell disease (E p.620);

e tracheostomy in situ.

Diagnosis

History

The patient may have had a recent URTI and may also be complaining of
pleuritic chest pain or abdominal pain. The typical history will have:

o temperature >38.5°C;

o shortness of breath;

e cough; with sputum production in older children (>7yrs).

Examination

Check for the following:

o Signs of respiratory distress: tachypnoea; grunting; intercostal recession;
use of accessory muscles for breathing. A resting respiratory rate
of 70breaths/min in infants or >50breaths/min in children indicates
severe illness.

e Desaturation and cyanosis: pulse oximetry should be performed in
every child admitted to hospital with pneumonia. SpO, =92% in room
air indicates severe illness.

o General health and lethargy.

o Auscultation signs of lobar pneumonia: dullness to percussion; crackles;
decreased breath sounds; tactile vocal fremitus; bronchial breathing.

Investigations

The investigations that help in diagnosis include:

o Sputum: culture may be of limited value.

o Nasopharyngeal aspirate: viral immunofluorescence in infants.

o Blood: culture should be done in all children with severe bacterial
pneumonia (not necessary in community-acquired pneumonia).

e CXR: not as routine (see £ p.291).

o Pleural fluid: when there is a significant pleural effusion, an aspirated
sample should be sent for culture and antigen testing once a drain is
inserted.
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o Viral titres: save a sample of blood for acute titre testing, which can be
assayed the same time as the convalescent sample if a microbiological
diagnosis is not made.

See Box 9.2 for summary of investigations.

Chest X-ray

There are a variety of changes ranging from lobar consolidation to the
mere presence of patchy bilateral infiltrates. In general, routine CXR is not
needed in children with mild uncomplicated LRTI. In other cases, look for
pleural effusions, fluid levels, apparent round pneumonia, cavitation, hilar
adenopathy, and any calcification. At follow-up, patients with history of
significant acute X-ray change (e.g. lobar collapse, apparent round pneu-
monia, empyema) or continuing symptoms will require repeat X-ray.

Box 9.2 Investigations to consider in children with chronic
or recurrent pneumonia

Step 1: initial blood tests

o Haematology: FBC, complement screen, ESR

o Immunology: IgA, IgE (and aspergillus RAST), IgG, IgM, antibody
response to immunizations (tetanus and pneumococcus), rheumatoid
factor

o Antibodies: aspergillus precipitins, antinuclear antibodies

o Genetics: CF genotype

Step 2: other tests

o Sweat test

o Microbiology: sputum culture

o Lung function: spirometry, lung volumes, and reversibility

e Radiology: CXR, barium swallow for vascular ring, sinus radiography

Step 3: further investigations

o Haematology: neutrophil and monocyte function, lymphocyte
subsets, and cellular immune function

o Imaging: high resolution CT scan of the chest

o pH study: for gastro-oesophageal reflux

e Video fluoroscopy: for silent aspiration

o Nasal ciliary biopsy: microscopy and function (may be unnecessary if
there is a normal nasal nitric oxide)

o Bronchoscopy: visualization of dynamic airway function, as well as
microbiological sample collection
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Pneumonia: treatment

Oral antibiotics are safe and effective in the treatment of community-
acquired pneumonia. IV antibiotics are used in children who cannot absorb
oral antibiotics or in those with severe symptoms. The specific choice of
antibiotic is based on the following:

o Age of the child.

o Host factors.

o Severity of illness.

o Information about cultures if known.

o CXR findings if known.

Antibiotic therapy for pneumonia

Under 5yrs

Streptococcus pneumoniae is the most likely pathogen. The causes of

atypical pneumonia are Mycoplasma pneumoniae and Chlamydia tracho-

matis

o First-line treatment: amoxicillin

o Alternatives: co-amoxiclav or cefaclor for typical pneumonia;
erythromycin, clarithromycin, or azithromycin for atypical pneumonia

Over Syrs

Mycoplasma pneumoniae is more common in this age group

o first-line treatment: amoxicillin is effective against the majority of
pathogens, but consider macrolide antibiotics if mycoplasma or
chlamydia is suspected

o Alternatives: if Staphylococcus aureus is suspected consider using a
macrolide, or a combination of flucloxacillin with amoxicillin

Severe pneumonia
Co-amoxiclav, cefotaxime, or cefuroxime IV

Supportive therapies

Consider whether any of the following are needed:

o Antipyretics for fever.

o |V fluids: consider if dehydrated or not drinking.

o Supplemental oxygen: administer oxygen via headbox or nasal cannulae
so that SpO, is maintained >92% (L p.46).

o Chest drain: for fluid or pus collections in the chest, as in empyema.

Physiotherapy

Chest physiotherapy is generally not beneficial in children with pneumonia
and should not be performed.



PNEUMONIA: EFFUSION, EMPYEMA

Pneumonia: effusion, empyema

The presence, in association with pneumonia, of a small effusion that does
not cause any respiratory distress can be managed conservatively without
the need for aspirating a sample. A fluid sample, however, is needed if
there is:

o a large effusion;

no clear underlying diagnosis;

respiratory distress;

persistent fever despite antibiotic treatment;

long history (>14 days).

Fluid sample

After US of the chest and checking blood-clotting studies, a small chest

drain (or pigtail drain) should be inserted into the pleural fluid unless effu-

sion is small. Samples should be sent for the following:

o Microbiology: bacterial culture and sensitivity, acidfast bacilli.

o Cytology: presence of pus cells and microscopic assessment of aberrant
cell types. Cytology for lymphoma may give false —ve result in up to
10% of cases.

Diagnosis of empyema

The diagnosis of empyema can be based on the presence of:

o Fluid: pH < 7.2, glucose <3.3mmol/L, protein >3g/L, pus cells.
o US scan: loculation or fibrin strands seen.

Fluid drainage

After inserting the small-bore drain or pigtail catheter, fluid should be
allowed to drain into standard commercially available systems (e.g. water-
seal two-bottle system). The drain can be removed if draining <50mL in
24hrs.

Urokinase for empyema

In empyema, as opposed to simple pleural effusion, instillation of uroki-

nase via the chest drain is recommended.

o Dose: 40,000U urokinase in 40mL (10,000U in 10mL if <1yr) given
12-hourly for 3 days.

o Method: instil via the chest drain and then clamp the drain and
encourage the patient to move and roll around over the next 4hr.

o Suction: use a low pressure suction device (e.g. Robert’s pump) to
maintain suction of 20cmH,O between doses.

o Local anaesthetic: bupivacaine around the drain site may control pleural
pain. Consult the pain control team.

Surgical referral

If the effusion or empyema fails to resolve over a period of 7 days then a
surgical opinion may be sought. Sometimes a chest CT scan is needed . A
definitive surgical procedure or large bore drain and manual disruption of
loculation may be needed.
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Pulmonary tuberculosis

Worldwide, tuberculosis of the lung is a major health problem. TB should
always be considered in children from endemic areas, as well as those
at risk of immunodeficiency or taking immunosuppressive agents. Once
diagnosed, TB is a notifiable disease and contact tracing is required so that
those exposed to the patient undergo tuberculin testing and CXR screen-
ing. BCG vaccination appears to be protective against miliary spread, but
is no longer routinely given.

Mycobacterium tuberculosis is spread from person to person by droplet
infection. Once inhaled, some bacilli remain at the site of entry and the
rest are carried to regional lymph nodes. The bacilli multiply at both sites;
the primary focus along with the regional lymph nodes are collectively
described as the primary focus. Organisms can then spread via the blood
and lymphatics. The pathological sequence after infection is as follows.

o 4-8wks:

« febrile illness;

* erythema nodosum;

« phlyctenular conjunctivitis.

o 6—9mths:

* in most cases progressive healing of primary complex;
effusion: focus may rupture into pleural space;
cavitation: focus may rupture into bronchus;
coin lesion on CXR: focus may enlarge;
regional lymph nodes may obstruct bronchi;
regional lymph nodes may erode into bronchus or pericardial sac;

* miliary spread.

Drug management See also [1J p.722

Pulmonary

e 2mths: isoniazid, rifampicin, and pyrazinamide. Often ethambutol added
as a 4th drug.

o Then 4mths: isoniazid and rifampicin.

Miliary spread

® 3mths: isoniazid, rifampicin, ethambutol and pyrazinamide.

o Then 12—18mths: isoniazid and rifampicin.
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Other disorders

Aspiration syndromes

o Acute aspiration of fluid or particulate matter into the lungs may occur
at any age and the typical presentation is choking and coughing. In
infants, some aspiration episodes may go unrecognized in the acute
phase. These babies may present later with consolidation that fails to
improve.

Chronic aspiration may present with recurrent pneumonia—different
lobes at different times. Airway anomalies should be sought as an
underlying cause (see L pp.846-849). Also swallowing abnormalities
need to be excluded with a video fluoroscopy done by an experienced
speech and language therapist.

Interstitial lung disease

A rare group of disorders in childhood and children (usually infants) pre-
sent with progressive tachypnoea and hypoxia. The CXR shows wide-
spread reticular shadowing but a high resolution CT scan is needed for
diagnosis. Treatment should be undertaken in specialist centres as these
children will require lung biopsy and may need treatment with steroids or
chloroquine. A requirement for supplemental oxygen is common.

Lymphoid interstitial pneumonitis (LIP)
See also [ p.726. LIP has the appearance of fibrosing alveolitis, but it is a
pulmonary feature of HIV infection that responds to steroids.

Immunodeficiency

See also L pp.724-727. Recurrent infection of the lower airway is com-
mon in patients with immunodeficiency such as:

o |gA deficiency.

o |gG subclass deficiency.

o Defective cell-mediated immunity: viral or fungal infection.
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Healthy eating for children

Infants

o See also [ p.142.

o Breast milk is the ideal feed for almost all infants.

e Solids are not recommended until age émths (4 food allergies).

o Initial solids should be based on baby rice, fruit, and vegetables.

o Gluten is acceptable from age 6mths.

o Following introduction of solids, infants should experience and

progress through a wide variety of tastes and appropriate textures.

Finger foods should be introduced from age 7mths.

e Continue complementary breast or formula feeds until age 1yr.
Normal full fat cow’s milk can then be introduced as the main drink.

o Avoid addition of salt and sugar to food.

o Low fat products are not suitable for infants.

o Supplemental vitamins A, C, and D are recommended until age 5yrs.

Age 1-5yrs

A well balanced diet in early childhood is important to establish a lifetime

pattern of healthy eating. The key recommendations for healthy eating to

be achieved by age 5yrs are the following:

o Decrease fat to 35% energy intake by avoiding excess high fat foods
and changing milk to semi-skimmed at age 2yrs, and skimmed at age
Syrs.

o Include whole grain cereals and 5 portions per day of fruits and

vegetables to increase fibre intake.

Monitor for (accelerating weight velocity) and avoid obesity.

o Moderate salt intake, e.g. not adding salt to cooking or at the table.

Avoid iron deficiency anaemia by restricting milk intake to 1 pint per

day and including foods rich in iron (red meat, cereals, beans, pulses,

egg yolk, dark green vegetables, and dried fruit). Add vitamin C as fruit
juice at a meal to increase iron absorption. Drinking tea with meals
decreases iron absorption.

Excessive consumption of fruit juices or squashes can contribute to

chronic non-specific diarrhoea of childhood (toddler diarrhoea) and

contribute to feeding problems.

Older children

Schoolchildren should eat a diet based on a wide variety of foods.

Nutritional guidelines relating to school meals have been set out by many

UK local authorities and healthy eating forms part of the UK national cur-

riculum. A healthy diet should include:

o At least one starchy food at each meal time, e.g. whole meal bread,
potatoes, pasta, and rice.

o Five portions per day of fruit and vegetables.

e Two servings of meat or alternatives each day.

e Two to three portions a day of skimmed milk, low-fat yoghurt,
fromage frais, or cheese (a portion = 1 yoghurt, 1/3 pint milk, 30g
cheese).

o Only small and occasional amounts of sugar and fats.
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Vomiting

A common symptom in childhood.
Three clinical scenarios are recognized (see Box 10.1):

o Acute: discrete episode of moderate to high intensity. Most common
and usually associated with an acute illness.

o Chronic: low-grade daily pattern, frequently with mild illness.

o Cyclic: severe, discrete episodes associated with pallor, lethargy +/—
abdominal pain. The child is well in between episodes. Often there is a
family history of migraine or vomiting.

Causes

o Acute: Gl infection; non-Gl infection (e.g. urinary tract infection); Gl
obstruction (congenital or acquired e.g. pyloric stenosis); adverse food
reaction; poisoning; raised intracranial pressure; endocrine/metabolic
disease (e.g. diabetic ketoacidosis).

o Chronic (usually Gl): peptic ulcer disease; gastro-oesophageal reflux;

chronic infection; gastritis; gastroparesis; food allergy; psychogenic

(see Psychogenic vomiting); bulimia; pregnancy.

Cyclic (usually non-Gl cause): idiopathic; CNS disease; abdominal

migraine; endocrine (e.g. Addison’s disease); metabolic (e.g. acute

intermittent porphyria); intermittent Gl obstruction; fabricated illness.

Management

o Full history: e.g. early morning vomiting with CNS tumour, or family
members with similar illness.

o Full examination: including ear, nose, and throat (ENT) and growth.
Assess for dehydration.

Treatment

e Supportive treatment as needed: e.g. oral or IV fluids.

e Treat cause: e.g. pyloromyotomy for hypertrophic pyloric stenosis.

o Pharmacological: antihistamines; phenothiazines (side-effects:
extrapyramidal reactions); prokinetic drugs, e.g. domperidone. 5-HT,
antagonists, e.g. ondansetron, are increasingly being used for treating
post-operative or chemotherapy induced vomiting. 5-HT,, agonists,
e.g. pizotifen, are useful as prophylaxis and treatment for cyclic
vomiting syndrome.

Complications

Dehydration, plasma electrolyte disturbance (e.g. + K*, ¥ CI, alkalosis
with pyloric stenosis), acute or chronic Gl bleeding (e.g. Mallory—Weiss
tear), oesophageal stricture, Barrett's metaplasia, broncho-pulmonary as-
piration, faltering growth, iron deficiency anaemia.

Psychogenic vomiting

o Causes: anxiety; manipulative behaviour; disordered family dynamics. A
family history of vomiting is common.

o Management: exclude organic disease. Refer to child psychologist.
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Box 10.1 Investigations for vomiting

Acute (if severe)

e FBC

o U&E

o Creatinine

e Stool for culture and virology

o AXR

o Surgical opinion if obstruction or acute abdomen possible
e Exclude systemic disease

Chronic

e FBC

e ESR/CRP

o U&GE

o LFT

o Helicobacter pylori serology

o Urinalysis

o Abdominal US

e Small bowel enema

e Sinus X-rays

o Test feed or abdominal ultrasound for pyloric stenosis
e Brain imaging (CNS tumour)

o Consider urine pregnancy testing in teenage girls
o Upper Gl endoscopy

Cyclic

As for chronic vomiting, plus the following:
e Serum amylase

o Serum lipase

e Blood glucose

e Serum ammonia
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Acute diarrhoea

Normal stool frequency and consistency vary, e.g. breastfed infants may
pass 10-12 stools per day, primary school children may pass stool from
three times a day to once every three days. Diarrhoea is a change in con-
sistency and frequency of stools with enough loss of fluid and electrolytes
to cause illness. It kills 3 million children per year worldwide.

Acute diarrhoea

Causes

o Infective gastroenteritis. Most common cause (L p.338).
o Non-enteric infections, e.g. respiratory tract.
o Food hypersensitivity reactions (L p.316).
o NEC (EH p.178).

o Drugs, e.g. antibiotics.
e Henoch—Schénlein purpura (HSP) (EJ p.788).
e Intussusception (<4yrs) (EJ p.860).

e Haemolytic—uraemic syndrome (L p.376).

e Pseudomembranous enterocolitis.

Presentation

o Fever +/- vomiting (infectious gastroenteritis).

e Diarrhoea +/- bloody stools (colitis—infectious or non-infectious).
o Dehydration and ¢ consciousness.

Management

e Assess hydration and vital signs, pallor (blood loss), abdominal
tenderness, signs of associated illness (e.g. petechial rash in HSP).

o Mild/moderate dehydration:

* no tests necessary;

« replace fluid and electrolyte losses with oral glucose—electrolyte
based rehydration fluid, e.g. Dioralyte® (UK).

Severe/shock dehydration:

» U&E, creatinine, FBC, blood gas, stool M,C&S/virology, tests for
specific disease (e.g. US in suspected intussuseption);

« IV fluid and electrolyte replacement (see [ pp.65, 89-93).

o Anti-motility drug treatment is not recommended; it can be harmful,
particularly in acute infection/inflammation.

o Antibiotics are not indicated unless cause is proven, e.g. Yersinia
or Campylobacter infection, parasitic infection, NEC, or proven
bacteraemia/systemic infection.

o Other treatment is disease specific. Some diarrhoeal processes require

removal of the offending agent, such as in lactose intolerance or

coeliac disease or allergic gastroenteritis. Others may require bowel

rest or surgery, e.g. NEC or intussusception.

Once rehydrated, resume normal diet. Replace on going losses.

Continue breast feeding. There is no evidence that prolonged

starvation is beneficial in infective gastroenteritis.
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o Prevent cross-infection with strict hand washing and barrier nursing. In
the less developed world, breastfeeding, provision of clean water, and
adequate sanitation are also important to reduce risk of infection.

Investigations See 1) p.301.

Prognosis

The majority of cases, particularly if caused by infective gastroenteritis,
make a complete recovery with appropriate treatment.
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Chronic diarrhoea

Chronic diarrhoea

Defined as diarrhoea persisting for >14 days. Many of the diseases that

cause acute diarrhoea can lead on to chronic diarrhoea.
The pathophysiology may involve:

o Reduced Gl absorptive capacity, e.g. coeliac disease.

o Osmotic diarrhoea, e.g. lactase deficiency.

o Inflammatory, e.g. ulcerative colitis.

e Secretory diarrhoea (rare), e.g. vasoactive intestinal peptide producing
tumour.

Causes

Age 0—24mths

e Malabsorption (see L p.334), e.g. post-infective gastroenteritis
syndrome, lactose intolerance, cystic fibrosis, coeliac disease.

o Food hypersensitivity, e.g. to cow’s milk protein.

e Chronic non-specific diarrhoea (toddler diarrhoea); child is usually

thriving (E2 p.305).

Excessive fluid intake.

Protracted infectious gastroenteritis.

Immuno-deficiencies, including HIV.

Hirschsprung’s disease (KX p.870).

Rarer causes (intractable diarrhoea) include congenital mucosal

transport defects and autoimmune enteropathy.

e Tumours (secretory diarrhoea).

o Fabricated induced illness.

Older children

o Inflammatory bowel disease (IBD).
o Constipation (spurious diarrhoea).
o Malabsorption—see Causes.
L]
[ )

Irritable bowel syndrome (IBS).
Chronic infections, including giardiasis, bacterial overgrowth, and
pseudomembranous colitis.

o Laxative abuse.

o Excessive fluid intake.

o Fabricated induced illness.

History

Nature and frequency of stool, presence of undigested food, relationship
to diet changes (e.g. weaning) or travel, stool blood, or mucus, weight
loss.

Examination
Features of malnutrition or other illness, e.g. peri-anal disease in inflamma-
tory bowel disease, or finger clubbing in cystic fibrosis.
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Investigations

o Stool: inspection; microscopy for bacteria or parasites, leucocytes,

fat globules (pancreatic diseases), fatty acid crystals (diffuse mucosal
defects); culture; pH (<5.5 = carbohydrate malabsorption); reducing
substances (>0.5% = carbohydrate malabsorption); faecal occult blood
(colitis); electrolytes (* Na* and K* = secretory diarrhoea; * Cl- =
congenital chloridorrhoea).

Blood: U&E; FBC (¥ Hb = haematinic deficiency or blood loss;

t eosinophil = food hypersensitivity or parasites); + CRP/ESR
(inflammatory); blood gas; radioallergosorbent test (RAST) (food
allergy); hormone level (vanillylmandelic acid (VMA), catecholamines,
vasoactive intestinal polypeptide (VIP)) for secretory tumours.
Radiology: AXR, ultrasound, barium meal and follow through.

Other: breath hydrogen test (lactose malabsorption or bacterial
overgrowth); Gl endoscopy biopsy (e.g. upper for coeliac disease,
upper and lower for suspected IBD); sweat test/genetic testing (CF);
rectal biopsy (Hirschsprung’s disease).

Treatment

o Treat underlying cause.

o Nutritional intervention if deficiencies are present.

o Antibiotics are only useful if systemic illness or prolonged infection is
present, e.g. Salmonella, Campylobacter, giardiasis, or amoebiasis.

o Rarely, other drug treatment may be useful, e.g. loperamide or
cholestyramine.

Chronic non-specific diarrhoea (toddler diarrhoea)

e Occurs from émths to Syrs.

o Presents with colicky intestinal pain, * flatus, abdominal distension,
loose stools with undigested food (‘peas and carrots’ stools).

o Child is otherwise well and thriving.

o Examination and investigations are normal.

Treatment Reassurance; dietary (* fat intake; normalize fibre intake;
4 milk, fruit juice, and sugary drink intake); loperamide occasionally may
be necessary.

Encopresis

o Voluntary defaecation in unacceptable places, including the child’s
pants in older children.

o No organic abnormality is present; it is a symptom of an emotional
disorder.

e [tis three times more common in boys.

e Once organic disease or spurious diarrhoea secondary to constipation
with loading are excluded (see I pp.306-307), consider behavioural
problems and referral to a child and adolescent psychiatrist.
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Constipation

Defined as infrequent passage of stool associated with pain and difficulty,

or delay in defaecation.

o 95% of infants pass 21 stool/day.

® 95% of school children pass =3 stools/wk.

o Constipation is common in childhood.

o Approximately 5% of school children suffer significant constipation,
usually functional.

o Organic cause more likely if: delayed passage of meconium beyond
24hr of age; onset in infancy; severe; associated with faltering growth
or abnormal physical signs (include per anal examination).

Causes

Idiopathic

Commonest due to a combination of:

o Low fibre diet.

o Lack of mobility and exercise.

e Poor colonic motility (55% have a positive family history).

Gastrointestinal

o Hirschsprung’s disease.

o Anal disease (infection, stenosis, ectopic, fissure, hypertonic sphincter).
o Partial intestinal obstruction.

o Food hypersensitivity.

o Coeliac disease.

Non-gastrointestinal

o Hypothyroidism.

o Hypercalcaemia.

o Neurological disease, e.g. spinal disease.

o Chronic dehydration, e.g. diabetes insipidus.
o Drugs, e.g. opiates and anticholinergics.

o Sexual abuse.

Presentation

o Straining and/or infrequent stools.

o Anal pain on defaecation.

o Fresh rectal bleeding (anal fissure).

o Abdominal pain.

o Anorexia.

o Involuntary soiling or spurious diarrhoea (liquid faeces passes around
solid impaction).

o Flatulence.

o | Growth.

o Abdominal distension.

o Palpable abdominal or rectal faecal masses, usually indentible.

o Anal fissure.

o Abnormal anal tone. A rectal examination is normally unnecessary
unless child fails to responds to initiation of simple treatment, except
in infancy when anal stenosis should be considered.
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Management (See Box 10.2)

Investigations are usually not necessary. If an organic cause is suspected
consider: FBC; coeliac antibody screen; thyroid function tests; serum Ca?*;
RAST testing; AXR; bowel transit studies (older child); rectal biopsy (for
Hirschsprung’s disease); anal manometry; spinal imaging (neurological
cause).

Box 10.2 Treat in a stepwise manner

e Treat any underlying organic cause

e Dietary: t oral fluid and fibre intake, natural laxatives, e.g. fruit juice

o Behavioural measures: toilet footrests; regular 5min toilet time after
meals; star charts and rewards for child passing stool; reassure
parents and encourage them not to show concern to the child

The aim of medication is to achieve disimpaction and then

maintainance.

o Emphasize the need for consistency and adherence

e Poor adherence and failure to evacuate faecal masses preclude
improvement

o Treat for at least 3mths. It is important not to wean therapy too
soon

o Regular oral faecal softeners, e.g. Movicol®, lactulose, or sodium
docusate, will aid disimpaction

o Oral stimulant laxatives, e.g. senna, sodium picosulphate, may be
required

o Consider treatment of any anal fissure with topical anaesthetic (2%
lidocaine ointment) to reduce pain and remove voluntary inhibition
to defaecate

o Oral magnesium citrate, magnesium phosphate or large volume
polyethylene glycol (PEG) electrolyte solution bowel clean out (may
require nasogastric administration for rapid infusion)

e Enemas, e.g. Micralax® or phosphate enemas, only if no response to

intensive treatment with above

Hospital admission may be required for the most severe for either

manual evacuation under sedation or general anaesthesia, or oral

PEG

Prognosis

The vast majority of children can be ‘cured’ by an enthusiastic and sympa-
thetic paediatrician with complete evacuation of any stool masses, main-
taining soft stools, and defaecation training. Many children need long term
therapy. Do not underestimate the misery that this condition can inflict on
both the child and family.
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Faltering growth (failure to thrive)

Faltering growth, also known as failure to thrive (FTT), is when there is
a failure to grow at the expected rate (i.e. growth ‘falls away’ from stan-
dardized weight or height centile). Weight is the most sensitive indicator
in infants and young children, whilst height is a better in the older child.
Under stress, head circumference growth is more preserved than linear
growth, which in turn, is more than weight gain.

In infancy, birth weight reflects the intrauterine environment. It is a poor
guide to the child’s correct ‘genetic potential’ and weight may naturally fall
until the correct ‘level’ is attained. In a well, happy child consider constitu-
tional small stature (characterized by normal growth velocity in a healthy
child of small stature parents).

Causes

95% of true FTT is due to not enough food being offered or taken. In

developing countries poverty is the main cause. In the UK, causes include

socioeconomic difficulties, emotional deprivation, unskilled feeding, or a

particular belief system regarding appropriate nutrition.
Organic causes include:

o Decreased appetite, e.g. psychological or secondary to chronic illness.

o |nability to ingest, e.g. Gl structural or neurological problems.

o Excessive food loss, e.g. severe vomiting (gastro-oesophageal reflux
disease (GORD), pyloric stenosis, dysmotility), diabetes mellitus
(urine).

e Malabsorption (see L p.334).

o Increased energy requirements, e.g. congenital heart disease, cystic
fibrosis, malignancy, sepsis.

o Impaired utilization, e.g. various syndromes, |[EM, endocrinopathies.

Causes may overlap, e.g. in cystic fibrosis there is simultaneous malabsorp-
tion, increased energy requirements, anorexia, and chronic infection.

Management

o Detailed history: including age of onset of FTT, and timing of weaning.
Consider asking paediatric dietitian to perform detailed dietary history.

o full examination: including accurate measurement of growth.

o If organic disease possible: basic investigations should include:
* FBC, ESR/CRP, U&E, creatinine, total protein and albumin, Ca?',

PO3-, LFT;

¢ immunoglobulins;
« coeliac antibody screen;
* urinalysis, including M, C&S.

o further investigations: are indicated if there are suggestive symptoms
or the faltering growth is severe, and include: |EM screen; karyotype;
serum lead (pica); sweat test; upper endoscopy and small intestinal
biopsy; CXR; bone age, skeletal survey (NAI); abdominal US; head CT/
MRI; oesophageal pH monitoring; ECG; faecal occult blood.

o If non-organic disease: is likely, seek dietary advice, preferably by a
paediatric dietitian:
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If FTT resolves in the next few weeks, give positive reinforcement
and supervise subsequent growth as an outpatient.

If FTT persists, admit to hospital for basic investigations and observe
the response to supervised adequate dietary input. Adequate
growth in hospital suggests a non-organic cause; explore and
support family dynamics.

Should FTT occur again at home after improvement in hospital, and
then refer to social services for family assessment and appropriate
intervention.

If FTT continues in hospital despite adequate dietary input, occult
organic disease is most likely and requires extensive investigation as
above.

Provide dietetic input, whatever the cause, to support nutritional
correction and education.

Identify and correct associated comorbidities, e.g. developmental delay
or early presentation of neurological disorder such as cerebral palsy;
fall off in head growth is suggestive.

Prognosis

The prognosis depends on the severity of FTT. It is good if mild. Severe
FTT, whatever the cause, may be associated with later developmental and
behavioural impairment.
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Recurrent abdominal pain

o Defined as more than two discrete episodes in a 3mth period
interfering with school and/or usual activities.
o Incidence: 10-15% in school age children.

Causes

No organic cause is found in 90%. Organic causes include: constipation;
dietary indiscretion; food intolerance (lactose or fructose); irritable bow-
el syndrome; psychogenic pain; peptic ulcer (H. pylori); coeliac disease;
abdominal migraine (cyclic vomiting syndrome); gallbladder disease; renal
colic; dysmenorrhoea; UTI; mittleschmerz; and physical or sexual abuse.

Presentation

Non-organic disease

This form occurs in a thriving, generally well child; with short episodes of
peri-umbilical pain, good appetite, no other Gl symptoms, no family his-
tory of migraine or coeliac disease, and normal examination. Co-existent
symptoms such as headache and fatigue are common and this is often
referred to as recurrent abdominal pain syndrome.

Organic cause

Likely if presentation is different to above or child <2yrs. ‘Red flag’ symp-
toms include weight loss, diarrhoea, blood per rectum, joint symptoms,
skin rashes, family history of inflammatory bowel disease, or coeliac di-
sease.

Management

History

Ethnic origin (lactase deficiency occurs in dark skinned races), atopy, rela-

tionship to eating, precipitating events (e.g. cow’s milk introduction in milk

protein enteropathy), social history (e.g. start of school, parental separa-

tion), and family history.

Full examination

Investigation

o If non-organic disease is likely: no or very little investigation is needed,
e.g. FBC, ESR/CRP, U&E, LFT, coeliac antibody screen, urine M, C&S,
faecal M, C&S (if there is a recent history of foreign travel).

o If organic disease is likely: investigate as above, plus consider hydrogen
breath test (lactose intolerance); C'* breath test (Helicobactor pylori);
US; barium radiology; upper and lower Gl endoscopy.

Treatment

Non-organic disease

Confident reassurance; education that condition is common and pain is
genuine (just like headaches); personal support; avoidance of associated
stressful events (e.g. bullying); acknowledgement of symptom, whilst at
same time down playing pain; minimize secondary gains from abdominal
pain, e.g. school avoidance; increased dietary fibre intake may be beneficial;
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formal psychotherapy in complex and resistant cases. Multidisciplinary
support and engagement of the family is essential.

Organic disease: Treat the underlying cause.

Prognosis

Approximately 25% of children with functional recurrent abdominal pain
continue to have pain or headaches in adulthood. Functional sequelae are
common.

Abdominal migraine

Abdominal pain is associated with pallor, headaches, anorexia, nausea, +/—
vomiting. The condition overlaps with periodic syndrome and cyclic vom-
iting syndrome. There is usually a strong family history of migraine.

Treatment

o Dietary: avoid citrus fruits, chocolate, caffeine-containing drinks (e.g.
cola), solid cheeses.

o Pharmacological: pizotifen, sumatriptan, gabapentin, or amitriptyline
may be helpful.
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Gastrointestinal haemorrhage

This condition is relatively rare in childhood. Upper Gl tract bleeding may
present as haematemesis (vomiting of frank blood or ‘coffee grounds’) or
melaena (black, tarry, foul-smelling stools). Haematochezia (bright or dark
red blood PR) indicates lower Gl tract bleeding.

Beware of spurious haemorrhage, e.g. black stools after bismuth/iron
ingestion, red vomit after beetroot, urate crystals in nappies, or normal
pseudomenstruation in newborns. Use Dipstix test or laboratory testing
to confirm blood you are if unsure.

Causes

Neonates

o Swallowed maternal blood, i.e. not Gl haemorrhage.
o NEC.

o Dietary protein intolerance.

o Coagulopathy.

e Stress ulcers.

o Gastritis, vascular.

o Malformations.

o Duplication cyst.

o Infectious colitis, including pseudomembranous colitis.
o Inflammatory colitis.

Infants

Most of the above plus:

o Oesophagitis.

o Swallowed blood from upper airway, e.g. epistaxis.

o Anal fissure.

e Intussusception (K p.860).

o Meckel’s diverticulum (often presents as a massive painless rectal
bleed; L p.865).

Older children

Most of the above plus:
o Peptic ulcer disease.
o Mallory—Weiss tear.

o Oesophageal varices.

o Nonsteroidal anti-inflammatory drugs (NSAIDs).
o Intestinal polyps.

o IBD (1 p.332).

o Gl infection, e.g. dysentery.

o HSP (L p.788).

o HUS (E1 p.376).
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Management See Box 10.3

o Detailed history: e.g. is there associated abdominal pain?

o Examination: specifically, vital signs; skin (pallor, abnormal blood
vessels); hepatic stigmata; ENT examination (e.g. epistaxis);
organomegaly; abdominal tenderness; anal inspection (e.g. fissure or
fistula); rectal examination. Examine vomit or stool to confirm nature
of bleed.

Supportive treatment: fluids; blood product transfusion; airway
protection with NGT or ETT as necessary.

Drug treatment: somatostatin or vasopressin reduces splanchnic blood
flow and, thereby, upper Gl bleeding.

Therapeutic endoscopy: in severe bleeds, e.g. balloon tamponade,
electrocautery, bleeding vessel ligation, paravariceal injection.

Treat underlying cause: e.g. surgical removal of Meckel’s diverticulum.

Box 10.3 Investigations for Gl haemorrhage

Guided by findings from examination and history, these may include:
e FBC

o U&E

Coagulation studies

LFT

Albumin

Protein

ESR/CRP

Apt’s test in newborns (confirms swallowed maternal blood by
distinguishing adult from foetal Hb)

e Stool M,C&S

o Stool Clostridia difficile toxin assay (pseudomembranous colitis)
o Formal ENT examination

e Abdominal US (e.g. intussusception or portal hypertension)

o Upper Gl barium meal
[ ]
L ]
[ ]
[ ]

Nuclear medicine scan (Meckel’s diverticulum)

Labelled RBC scan (occult bleeding)

CXR (in case haemoptysis is true cause)

Endoscopy (oesophago-gastro-duodenoscopy if melaena
or haematemesis; flexible sigmoidoscopy or colonoscopy if
haematochezia)
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Jaundice

See also [ pp.130-131. Jaundice occurs when serum bilirubin
>25-30mmol/L. It is rare outside neonatal period. First determine the SBR
and conjugated (direct) fraction. Unconjugated jaundice is rarely due to
liver disease. Conjugated jaundice (>20mmol/L) is due to liver disease and
requires investigation.

Unconjugated jaundice
Due to excess bilirubin production, impaired liver uptake, or conjugation.

Causes

e Haemolysis (spherocytosis, G6PD deficiency, sickle cell anaemia,
thalassaemia, HUS).

o Defective bilirubin conjugation (Gilbert syndrome, Crigler—Najjar
syndrome).

Intrahepatic cholestasis
Here, jaundice is due to hepatocyte damage +/— cholestasis. There is un-
conjugated +/— conjugated hyperbilirubinaemia.

Causes

Infectious

o Viral hepatitis, including chronic hepatitis.

o Bacterial hepatitis (leptospirosis [Weil's disease], septicaemia,
Mycoplasma, liver abscess).

o Toxoplasma gondii.

Toxic

o Drugs or poisons, e.g. paracetamol overdose, sodium valproate,
anti-TB drugs, cytotoxic drugs.

o Fungi (Amanita phalloides).

Metabolic

o Galactosaemia, hereditary fructose intolerance.
o Tyrosinaemia type 1.

e Wilson’s disease.

o o -antitrypsin deficiency.

o Hypothyroidism.

o Peroxisomal disorders, e.g. Zellweger syndrome.
o Dubin—Johnson syndrome, Rotor syndrome.
Biliary hypoplasia

o Non-syndromic.

e Syndromic, e.g. Alagille syndrome.

Cardiovascular
e Budd—Chiari syndrome.
o Right heart failure.

Autoimmune hepatitis Autoimmune hepatitis.
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Cholestatic (obstructive) jaundice
Conjugated hyperbilirubinaemia is due to bile tract obstruction.

Causes

o Biliary atresia.

o Choledochal cyst.

o Caroli’s disease.

o Primary sclerosing cholangitis (commonly associated with IBD).
o Cholelithiasis (may be secondary to chronic haemolysis).

o Cholecystitis.

o Cystic fibrosis.

o Obstructive tumours or cysts.

Management of jaundice
Full history e.g. medications, family history, overseas travel, past blood
transfusions, jaundice contacts, pale stools, or dark urine (cholestasis).

Examination Vital signs; conscious level (hepatic coma); hepatic stigmata
(= chronic liver disease); pallor (haemolysis); hepatomegaly; splenomegaly;
ascites; peripheral oedema.

Investigations

Depending on which of the above pattern presents these may include:

e FBC, blood film, reticulocyte count.

Coagulation studies.

U&E, SBR (total and conjugated), LFT, albumin, total protein, TFT.

Viral serology (hepatitis A, B, C, EBV, CMV), blood culture, leptospira

and toxoplasma antibody titres.

o |[EM screen, ammonia, copper studies (serum copper *, ¥, or
+», serum caeruloplasmin ¥ in Wilson’s disease), blood glucose,
oy-antitrypsin level, galactose-1-uridyl-phosphatase level.

o Immunoglobulins, anti-nuclear antibody, smooth muscle and liver/
kidney antibodies (autoimmune hepatitis);

o Abdominal US, abdominal CT/MRI, biliary scintigraphy, e.g.
hepatoiminodiacetic acid [HIDA] scan).

o Liver biopsy.

Treatment

e Remove or treat underlying cause.

o Correct blood glucose if it is low.

o Correct any clotting abnormalities.

o Phototherapy may be helpful only if jaundice has a significant
unconjugated component, e.g. Crigler—Najjar syndrome.

e Treat any associated anaemia if due to haemolysis.

o Treat liver failure as appropriate.
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Adverse reactions to food

Food allergy

Defined as an abnormal immunological response to food (incidence is

6-8% in children aged <3yrs).

o Immediate allergic reactions involve production of food-specific IgE
antibodies.

o 70% of cases have a family history of atopy.

o Allergy becomes less common as age increases.

e The commonest food allergens are cow’s milk proteins, eggs, peanuts,
wheat, soya, fish, shellfish, and tree nuts.

Presentation

o Diarrhoea +/- blood/mucus.

o Vomiting.

o Dysphagia, gastro-oesophageal reflux symptoms.
o Abdominal pain.

o Faltering growth (FTT).

e Eczema.

o Urticaria.

o Erythematous rash, particularly peri-oral.
o Asthma symptoms.

e Food induced anaphylaxis.

Food intolerance

Intolerance involves adverse reactions to food that are mediated by non-

immunological responses. This condition is more common than food aller-

gy. Its presentation is similar to that of food allergy. Fructose intolerance is

very common due to usage of high-fructose corn syrup in prepared foods

and beverages. Other food intolerances may be due to:

o Gl enzyme deficiency, e.g. lactose intolerance (E p.317), congenital
sucrase-isomaltase deficiency.

e Pharmacological reactions to agents contained in food, e.g. caffeine,
histamine, tyramine, tartrazine, acetylsalicylic acid.

e Reactions to food toxins or microbes, e.g. haemagglutinins in soy or
mycotoxin present in mould-contaminated cereals.

Management of suspected food allergy or intolerance
See Box 10.4 for clinical approach.

Treatment

o Dietary treatment: exclusion of offending food(s) from diet, e.g. milk
free, soya free, egg-free diet.
* Involve a paediatric dietitian in the diagnosis and management.
« Extensively hydrolysed or amino acid based milks can be used.
* Dietary exclusion in the mother should be considered if breast

feeding.

o Drug treatment: regular therapy may have a role, e.g. oral sodium

cromoglicate, corticosteroids, and antihistamines.
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IM adrenaline is used by the child or parents for emergency treatment
of anaphylactic reactions, particularly if IgE mediated and there are
respiratory or systemic symptoms and signs.

After at least 6—12mths of being symptom-free on exclusion diet,
consider food challenge if there is a food allergy. If the previous
reaction was severe, this should only be done in hospital with full
resuscitation facilities available in the event of a serious adverse
reaction.

Prophylaxis

Data are not clear. In newborns with a first degree relative with confirmed
food allergy, exclusive breastfeeding to at least age 1yr reduces risk of
allergy. If this is not possible then a hydrolysed milk formula can be used.
After weaning temporary avoidance of at risk foods may also reduce risk.

Box 10.4 Approach to adverse food reaction

History
Including diet history and examination. A food diary may be helpful.

Investigations

These may include: RAST or enzyme-linked immunosorbent assay
(ELISA) test to detect specific food IgE antibodies; serum * total IgE
or eosinophils; favourable response to dietary elimination of specific
suspected food protein and then recurrence after challenge; allergen
prick or patch skin testing. If the diagnosis is still in doubt, a double-blind,
controlled food antigen challenge, or upper and lower gastrointestinal
endoscopy (non-specific inflammatory infiltrate) may be helpful in chil-
dren with predominantly gut symptoms.

In severe cases when allergen(s) cannot be identified, start a full elimination
diet in which only a few hypoallergenic foods are given for 1-2wks, e.g.
lamb, rice, water, pears, followed by a gradual reintroduction of increas-
ingly allergenic foods until a food reaction(s) is detected.

Prognosis of food allergy or intolerance

The prognosis depends on the cause. The majority of infantile food allergic
reactions resolve by 2yrs. The exception is peanut allergy that tends to
persist. Allergies that develop in older children may become chronic.

Lactose intolerance

o This is most commonly due to post-viral gastroenteritis lactase deficiency,
e.g. rotavirus. Most cases are transient and short lasting (<4-6wks).

e In older healthy children and adults, lactase levels commonly decline

with subsequent variable severity intolerance (especially in certain

populations, e.g. South-east Asian and Afro-Caribbean).

Rarely due to genetic congenital lactase deficiency (primary). Infants

present with severe diarrhoea after lactose exposure (present in high

quantities in breast milk).

Presentation: diarrhoea; excessive flatus; colic; peri-anal excoriation;

stool pH <5.



318

CHAPTER 10 Gastroenterology and nutrition

Treatment: lactose-free formula milk (soya milk not recommended in
children under 6/12).

Cow’s milk protein allergy

Commonest food allergy in infancy.

Symptoms depend on where the allergic inflammation is.

» Upper Gl tract—vomiting, feeding aversion, pain.

 Small intestine—diarrhoea, abdominal pain, protein-losing

* enteropathy, FTT.

« Large intestine—diarrhoea, acute colitis with blood and mucus in

stools, rarely, chronic constipation.

Limited use for RAST or skin testing in infants.

May occur in breast-fed infants, the reaction is to cow’s milk protein

secreted into breast milk following maternal ingestion. Usually presents

as allergic colitis in an otherwise healthy happy infant.

In infants, first treat by limiting cow’s milk protein intake (and

commonly soy protein):

* In exclusively breast-fed infants, this is achieved by a maternal
exclusion diet to these proteins.

« In formula fed infants feed with a hydrolysed formula (short
peptides).

If symptoms severe, or unresponsive to hydrolysed formula, then an

elemental (amino acid) formula may be required.

Anti-inflammatory medications are very rarely needed.

Avoid using goat’s or sheep’s milk as a cow’s milk substitute, as 25%

will also develop allergy to these milks (cross-reactivity). Similar cross-

reactivity also often occurs with soya milk. Use of soya milk is not

recommended under age émths.

After weaning, introduce a cow’s milk protein free diet (supplement

with oral calcium if required).

Consider a cow’s milk protein challenge after 6—12mths (see 1

p.317).
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Nutritional disorders

Malnutrition is a common cause of child mortality and morbidity. There
is a wide spectrum of nutritional disorders, varying from protein-energy
malnutrition to micronutrient nutritional deficiencies to morbid obesity
(see Table 10.1). In non-industrialized nations malnutrition and associated
infection are leading causes of child death.

Causes

o Diets low in protein, energy, or specific nutrients.

o Strict fad or vegetarian diets.

o Diseases causing malabsorption (e.g. coeliac disease, cystic fibrosis,
Crohn’s disease), severe GORD, immunodeficiency, chronic infection.

e Eating disorders, e.g. anorexia nervosa (see L Chapter 16).

Assessment of nutritional status

Refer to a paediatric dietician and review the following:

o Recent weight loss (210% over 3mths is suggestive of impaired
nutritional status).

o Accurately plot serial height and weight (falling across 2 centile lines or
below 3rd centile may indicate nutritional impairment).

o Percentage weight for height (= [actual weight/expected weight for

height centile] x 100); a value of <90% may indicate impairment.

Body mass index (BMI) = weight (kg)/height (m)2

Mid-arm circumference divided by head circumference (malnutrition

if <0.31).

o Detailed dietary assessment of 5-7-day food diary.

o Serum albumin.

Protein-energy malnutrition

Kwashiorkor and marasmus usually occur together. Because of oedema,

mid-upper arm circumference is a better guide to malnutrition than weight.

Kwashiorkor is due to severe deficiency of protein/essential amino acids.

o Clinical features: growth retardation; diarrhoea; apathy; anorexia;

o oedema; skin/hair depigmentation; abdominal distension with fatty

o liver.

o Investigations: hypoalbuniaemia, normo- and microcytic anaemia,
{ Ca?t, ¥ Mg, ¥ POI, and ¢ glucose.

e Marasmus: is due to severe energy (calories) deficiency.

o Clinical features: height is relatively preserved compared to weight;
wasted appearance; muscle atrophy; listless; diarrhoea; constipation.

o Investigations: ¥ Serum albumin, Hb, U&E, Ca**, Mg**, PO; ", and
glucose; stool M,C&S for intestinal ova, cysts, and parasites.

Treatment

o Correct dehydration and electrolyte imbalance (IV if required).

o Treat underlying infection and/or parasitic infections.

o Treat concurrent/causative disease.

o Treat specific nutritional deficiencies.

e Orally refeed slowly- watch out for refeeding syndrome (EX p.322).



Table 10.1 Specific nutritional deficiencies

Name Causes Presentation Treatment
Vitamin A Fat malabsorption states, e.g. cystic fibrosis; t Morbidity and mortality from infections, follicular hyperkeratosis, Oral vitamin A supplementation.
deficient indigenous diet. xerophthalmia, night blindness. Plasma retinol <0.7mmol/l.
Vitamin D Dietary deficiency; low UV light; fat Rickets (limb x-rays: distal bony cupping and fraying), ¥ serum Ca** Oral 40-125 micrograms/day
malabsorption, hepatic or renal failure. and PO;-, t alkaline phosphatase, plasma 25-hydroxy cholecalciferol vitamin D,
<25nmol/l. Ca*" and PO, *~ supplements.
Vitamin K Congenital, fat malabsorption states, small Bleeding, including haemorrhagic disease of the newborn. IV 1mg vitamin K.
bowel bacterial overgrowth.
Vitamin B1 Dietary deficiency (particularly when polished Beri-beri (muscle weakne'ss','o'e'dérrﬁa', 'hre'alrrt'failure), Wernicke’s Orét'_’;rﬁg vitamin B, daily.

rice staple diet).

Vitamin B12 Vegan diets, distal small bowel disease (e.g.

Vitamin C-
Vitamin E
Folic acid
Iron

Zinc

lodine

Crohn’s disease), pernicious anaemia.

Lack of fresh fruit and vegetables.

Prematurity, fat malabsorption.

Small bowel disease, malignancy, drugs
(anticonvulsants, cytotoxics).

Low dietary intake, chronic blood loss (e.g.
intestinal parasites or malaria), prematurity.

Prematurity, dietary insufficiency, intestinal
disease or chronic diarrhoea, acrodermatitis

enteropathica (inborn error of zinc absorption).

Dietary deficiency. Endemic in some regions.

encephalopathy. Red cell thiamine pyrophosphate <150nmol/l.

Macrocytic megaloblastic anaemia, peripheral neuropathy, motor
weakness. Vitamin B, level <75pmol/l, Schilling test of B,, absorption.

Scurvy: petechiae, ecchymosis, bleeding gums, painful sub-periosteal
bleeding of legs, motor weakness. Plasma vitamin C level <6~11umol/l.

Macrocytic megaloblastic anaemia, irritability, failure to thrive,
thrombocytopenia. Red cell folate <160ng/ml.

Common (~10% in UK children). Microcytic hypochromic anaemia,
developmental delay, angular stomatitis, koilonychia, serum ferritin
<7mg/l, serum iron <5nmol/|, total iron binding capacity >90mmol/l.

Peri-orifacial and anal dermatitis, diarrhoea, alopecia, failure to thrive, o
neurological dysfunction. Serum zinc <11umol/l.

ratio.

* Oral vitamin C 25mg QDS for 4 days

then BD.

Infants oral 1mg/kg/day zinc, children
1-5yrs 5mg/day, >10yrs 10mg/day.

Oral 100-300 micrograms/day iodine
and oral levothyroxine replacement.

SY3IAYOSIA TYNOILINLNN
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Nutritional support

Nutritional support can be either enteral or parenteral. Enteral nutrition,

when possible, is preferred as it is cheaper, technically less demanding,

more physiological, and associated with fewer complications.

e Involve a paediatric dietitian to assess nutritional status, requirements,
and support.

o Beware of ‘refeeding syndrome’ (potentially fatal respiratory
and cardiac failure induced by electrolyte disturbance following
overzealous nutritional therapy in severe malnutrition) and be
prepared to use PN in severe cases.

Indications

o Severely ill patients, e.g. ill preterm infants.

o Nutritional supplementation is required, e.g. FTT, cystic fibrosis.

o Swallowing difficulty, e.g. severe cerebral palsy.

o Metabolic diseases, e.g. phenylketonuria.

o Gastrointestinal failure, e.g. malabsorption, short bowel syndrome.
o Other primary disease state, e.g. chronic renal failure.

Oral supplementation Includes high energy milks, mineral/vitamin
supplementation.

Specialized foods Huge range of specialized milk and feeds exist for
many different conditions, (modular elemental diets for IBD, hypoaller-
genic milk for milk protein allergy).

Enteral tube feeding

e Can be orogastric, NG, nasojejunal, and gastrostomy.

o Liquid feeds are given as boluses or continuously, e.g. overnight.

o Indications: swallowing problems (e.g. severe cerebral palsy,
prematurity), cardiorespiratory compromise, GORD, anorexia,
generalized debilitation, e.g. trauma.

o feeds: standard polymeric diets (e.g. ready to feed nutritionally
complete whole protein products); elemental diets and semi-elemental
diets requiring little or no digestion; or disease-specific formulations.

o Gastrostomy reduces orofacial complications/discomfort, but
complications include: Gastric leakage; localized skin infection or

o inflammation; Gl perforation/trauma/haemorrhage.

Trophic feeding

o Synonyms: minimal enteral feeding, gut priming.

e Indications: during PN in newborn infants, particularly if preterm.

o Rationale: prolongation of enteral starvation leads to loss of normal Gl
structure and function despite PN-induced anabolic body state. Small
milk volumes appear to prevent this. Also promotes Gl development
in newborn infants.

o Typically 0.5-1mL/kg/h milk is fed within 2-3 days of birth.

o Evidence of beneficial effects (in newborns) includes: fewer episodes of
sepsis; fewer days of PN; improved growth; improved gut function.
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Parenteral nutrition

IV parenteral nutrition may be supplemental or provide TPN. Parents can
be trained to give prolonged PN at home to children.

Indications

o Post-operative, e.g. abdominal or cardiothoracic.

e Treatment of IBD.

o After severe trauma or burns.

o Acute pancreatitis.

o Oral feeds are contraindicated, e.g. NEC.

o Intestinal failure, e.g. short bowel syndrome, congential enteropathy.
o Protracted vomiting or diarrhoea.

o Gl obstruction, e.g. chronic intestinal pseudo-obstruction.

o Very preterm infants.

o Oncology patients, e.g. severe mucositis, graft versus host disease.

Administration
o A multidisciplinary team of clinician, pharmacist, and paediatric dietitian
should be involved in supervising PN.

o Follow unit/hospital dietetic/pharmacy guidelines for individual needs.
o Allowance should be made of body weight (you may need to estimate
a working weight, e.g. if oedematous or gross ascites), recent weight
trends, clinical condition, fluid and nutritional requirements, additional

infused fluids.

Method

Once requirements are calculated, sterile pharmacy-prepared solutions

are given via central (preferable) or peripheral venous lines. Rapid com-

mencement of PN may risk ‘refeeding syndrome’ in chronically under-
nourished patients (see L p.320). When significant malnutrition exists,
measure and correct electrolyte abnormalities before commencing PN
and introduce slowly.

PN is usually supplied and administered as two components.

o Lipid component: contains fat (triglyceride emulsion, e.g. Intralipid 20%)
and fat soluble vitamins. Usually infused over 20hr.

e Aqueous component: contains carbohydrate (glucose solution), protein
(crystalline L-amino acid solution), electrolytes, water soluble vitamins,
minerals, trace elements (zinc, copper, manganese, selenium, +/— iron).
Usually infused over 24hr.

Monitoring
Serious, unexpected biochemical disturbances occur rarely as a result of
PN. An appropriate monitoring regimen is suggested in Table 10.2.

Weaning

PN should be weaned slowly so that hypoglycaemia is avoided. This also
allows Gl mucosal recovery as enteral feeding is increased. When wean-
ing is protracted parenteral nutrition can be administered over shortened
periods. A paediatric dietitian should assess the contribution of both
enteral and parenteral feeds to ensure nutritional adequacy.
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Complications/problems

o Sepsis: usually S. epidermidis, S. aureus, Candida, Pseudomonas, E. coli.

e Demanding: in expertise, cost, etc.

o Central-line: occlusion, breakage, displacement.

o Electrolyte/metabolic disturbances: e.g. glucose t or 4.

o Vascular: thrombophlebitis, thromboembolism, extravasation injuries.

o Cardiac tamponade: avoid by placing IV line tip proximal to right
atrium.

e from amino acids: PN-associated liver disease, including, steatosis,

cholestasis, or, rarely cirrhosis or portal hypertension.

From lipids: platelet dysfunction, hyperlipidaemia, fatty liver, pulmonary

hypertension.

e Metabolic bone disease: due to insufficient Ca?* and PO;~.

Table 10.2 Guidelines for monitoring stable patients during short-
term PN

During
Measurements Pre-PN  1st week 2nd week 3rd and
subsequent weeks
Creatinine, urea, v x 2 x 2 x2
Na, K
Calcium 4 x 1 x 1 x2
Magnesium v

albumin
Glucose v Daily blood  Urine dipstick Urine dipstick
glucose daily daily
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Oesophageal disorders
See also L pp.276, 295.

Gastro-oesophageal reflux (GORD)

Gastro-oesophageal reflux occurs when there is inappropriate effort-
less passage of gastric contents into the oesophagus. GORD exists when
reflux is repeated and severe enough to cause harm. Reflux is very com-
mon in infancy and is associated with slow gastric emptying, liquid diet
(milk), horizontal posture, and low resting lower oesophageal sphincter
(LOS) pressure.

Other causes in infancy and in older children include: LOS dysfunc-
tion (e.g. hiatus hernia); t gastric pressure (e.g. delayed gastric emptying);
external gastric pressure; gastric hypersecretion (e.g. acid); food allergy;
and CNS disorders (e.g. cerebral palsy).

Presentation of GORD

o Gastrointestinal: regurgitation, non-specific irritability, rumination,
oesophagitis (heartburn, difficult feeding with crying, painful
swallowing, haematemesis), faltering growth (calorie deficiency due to
profuse reflux of ingested calories).

o Respiratory: apnoea, hoarseness, cough, stridor, lower respiratory
disease (aspiration pneumonia, asthma, BPD).

o Neurobehavioural symptoms: e.g. Sandifer’s syndrome (bizarre extension
and lateral turning of head, dystonic postures).

o Complications:
 oesophageal stricture (dysphagia);
* barrett’s oesophagus (premalignant intestinal metaplasia);
« faltering growth;
* anaemia (chronic blood loss);
« lower respiratory disease.

Management of GORD

o History: e.g. effortless regurgitation, relationship to feeds.

o Examination: including growth, possible anaemia, respiratory.

o Investigations (appropriate when diagnosis is uncertain, there is a poor
response to treatment, or complications occur) may include: upper
Gl endoscopy; oesophageal biopsy; 24hr oesophageal pH probe;
barium swallow with fluoroscopy; radioisotope ‘milk’ scan (aspiration);
oesophageal manometry (oesophageal dysmotility); and CXR
(associated respiratory disease).

Treatment

Treatment is carried out in a stepwise fashion.

o Positioning: nurse infants on head-up slope of 30° + prone.

o Dietary: thickened milk feeds (infants); small frequent meals; avoid
food before sleep; avoid fatty foods, citrus juices, caffeine, carbonated
drinks, ‘alcohol and smoking’.

o Drugs: gastric acid reducing drugs, e.g. ranitidine or omeprazole (if
oesophagitis); Gaviscon® (contains antacids and an alginate that forms
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viscous surface layer to reduce reflux); prokinetic drugs, e.g.
domperidone; mucosal protectors, e.g. sucralfate; corticosteroids
(allergic oesophagitis).

o Surgery: usually Nissen’s fundoplication is performed when medical
treatment has failed:

* Indications for surgery are failed intense medical treatment;
oesophageal stricture; Barrett’s oesophagus; severe oesophagitis;
recurrent apnoea; lower respiratory disease; faltering growth (FTT).

» Complications of surgery include: ‘gas bloating’ syndrome; dysphagia;
profuse retching; ‘dumping’ syndrome.

Prognosis
Vast majority of infants outgrow symptoms by 1yr. In older children, 50%
develop a chronic, relapsing course.

Oesophageal foreign body

See also L1 pp.856-857. This usually occurs in toddlers or older children
with neurological or psychiatric conditions. If the object reaches the sto-
mach 90% will pass spontaneously. Confirm position with AP and lateral
CXR. Remove endoscopically if:

o Dysphagia or drooling persists.

o Object is still in the oesophagus for >12hr.

e Object is sharp (risk of perforation).

o Object is hazardous, e.g. mercuric oxide disc batteries.

Upper oesophageal dysfunction

This disorder is usually due to diffuse CNS dysfunction.

o Presentation: choking, cough, drooling, dysphagia, nasal regurgitation.

o Diagnosis: barium swallow with video-fluoroscopy or oesophageal
manometry.

o Treatment: treat primary underlying disorder. Rarely, cricopharyngeal
myotomy is helpful.

Achalasia

This rare, idiopathic, condition of obstruction is due to failure of lower

oesophageal sphincter relaxation.

o Presentation: vomiting, dysphagia with solids or liquids; FTT; aspiration.

o Diagnosis: barium swallow (dilated tapering lower oesophagus) or
oesophageal manometry.

o Treatment: nifedipine (short-term); endoscopic balloon dilatation;
Heller’s cardiomyotomy.

Benign oesophageal stricture
Causes include severe GORD; caustic ingestion; and radiotherapy.
Treatment

Treat the underlying cause, e.g. reduce gastric acid production in GORD;
perform balloon endoscopic dilatation.



328 CHAPTER 10 Gastroenterology and nutrition

Pancreatitis

Acute pancreatitis
This rare disorder consists of acute pancreatic inflammation with variable
involvement of local tissues and remote organ systems.

Causes

o Blunt abdominal trauma: e.g. road traffic accident.

o Viral infection: e.g. mumps, hepatitis A, coxsackie B.

o Multisystem disease: e.g. SLE, Kawasaki disease, haemolytic—uraemic
syndrome, IBD, hyperlipidaemia.

o Drugs and toxins: e.g. thiopurines, metronidazole, cytotoxic drugs.

e Pancreatic duct obstruction: e.g. cystic fibrosis, choledochal cyst,

e tumours.

Presentation

Abdominal pain involving the upper central abdomen, radiating to back,

chest, or lower abdomen, vomiting, fever, abdominal tenderness.
Severe cases also exhibit:

o hypotension;

e abdominal distension;

e Cullen’s or grey—Turner’s sign (bruising of peri-umbilical area and
flanks, respectively);

® ascites;

o pleural effusion;

o jaundice;

o multi-organ failure.

Investigations

o Blood: amylase (11); lipase (1); Ca?* (¥); ESR/CRP (1); deranged LFT.

o Radiology: abdominal US or CT; endoscopic retrograde
cholangiopancreatography (ERCP) if structural or obstructive cause.

Treatment

Mild

o Supportive only, e.g. NGT, analgesia.

o Start short period of nil by mouth to ‘rest’ pancreas.

Severe

Treat as for the mild form, plus:

o Admit to intensive care unit.

o Correct hypotension.

o Treat multi-organ failure.

o Surgery if significant pancreatic necrosis, major ductal rupture
(trauma), gallstones (cholecystectomy), presence of pseudocyst.

o Endoscopy (ERCP) may be therapeutic if structural obstructive cause.
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Prognosis

o Complete recovery is likely if there is minimal organ dysfunction.

o 20% mortality if there is severe disease or organ failure present, or if
local complications develop (e.g. pancreatic pseudocyst).

® Most children have only a single acute episode.

Chronic pancreatitis

This very rare condition follows acute pancreatitis with continuing inflam-
mation, destruction of pancreatic tissue, and fibrosis, leading to perma-
nent exocrine or endocrine pancreatic failure. It is usually caused by cystic
fibrosis, congenital ductal anomalies, sclerosing cholangitis (IBD), hyper-
lipidaemia, or hypercalcaemia.

Presentation

o Repeated episodes of acute pancreatitis are separated by good health.

o Eventually, features of pancreatic exocrine failure or diabetes mellitus
become apparent.

Investigations

o Abdominal US or CT scan confirms chronic pancreatitis.

o Pancreatic function tests may be useful, e.g. stool chymotrypsin (1),
pancreozymin-secretin test, 72hr faecal fat measurement (*1).

Treatment

o Treat acute exacerbations as for acute pancreatitis.

o Give pancreatic enzyme replacement and nutritional supplementation
(well-balanced diet with moderated fat intake and fat soluble
vitamins—involve a paediatric dietician).

o Relieve any ductal obstruction by endoscopy or surgery.

Prognosis

Recovery or risk of developing long-term pancreatic exocrine and/or
endocrine failure is dependent on cause and severity.
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Intestinal disorders

Gastritis and peptic ulcer disease
This disease is rare in children. It most commonly affects the duodenum.

Causes

o Helicobactor pylori infection (strong familial link, associated with
increased risk of adult gastric cancer).

o Stress ulcers, e.g. post-trauma, HIE.

o Drug-related, e.g. NSAIDs.

Increased acid secretion (Zollinger—Ellison syndrome, multiple

endocrine neoplasia type |, hyperparathyroidism).

Crohn’s disease.

Eosinophilic gastroenteritis.

Hypertrophic gastritis.

Autoimmune gastritis.

Presentation
o Often asymptomatic.

o Chronic abdominal and epigastric pain.
o Nausea +/— vomiting.

o Gl haemorrhage.

e FTT +/-anorexia.

o |ron deficiency anaemia.

o Perforation (very rare).

Investigation
o C' urea breath test (H. pylori).
e Upper Gl endoscopy and biopsy (H. pylori histology and culture).

Treatment

o Treat underlying cause, e.g. eradicate H. pylori with 7-10 days oral
amoxycillin (clarithromycin), bismuth, metronidazole +/— omeprazole
(quadruple therapy).

o { gastric acid production, e.g. proton pump inhibitors (PPI), H,
antagonists; sucralfate (cytoprotective).

o Antacids, e.g. aluminium hydroxide.

Protein-losing enteropathy
This disorder is characterized by chronic intestinal protein loss.

Causes

o Gl infection, e.g. giardiasis.

o Severe food hypersensitivity.

o Coeliac disease or IBD.

o Severe cardiac failure.

o SLE; graft vs. host disease.

o Polyposis or lymphatic obstruction.

Presentation There is hypoalbuminaemia +/— diarrhoea or abdominal pain.
Increased faecal a;-antitrypsin confirms the condition.
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Treatment Treat the underlying disease; give nutritonal support and albu-
min infusions as required.

Short bowel syndrome

Is due to severe intestinal disease or the surgical removal of a large por-
tion of the small intestine. The condition manifests as malabsorption, fluid
and electrolyte loss, and malnutrition.

Presentation

o Diarrhoea, steatorrhoea.

o FTT.

o Dehydration, electrolyte loss (Na, K, Mg, Ca).

o Cholestasis (bile salt loss).

o Peptic ulcer disease (due to increased gastrin).

o Specific (e.g. vitamin B,,) +/— generalized malnutritional disorders.
e Renal stones (oxalate).

Treatment

o Correct fluid and electrolyte disturbance.

o Specific nutritional supplements; hydrolysed protein/elemental diets.
PN.

Gastric acid reducing drugs, e.g. PPl or H, antagonists.
Anti-diarrhoeal drugs, e.g. loperamide.

Cholestyramine (chelates bile salts).

Parenteral somatostatin.

Oral antibiotics to reduce bacterial overgrowth.

Surgery to reduce Gl motility or small bowel transplant.

Prognosis is improving, with 90% 5yr survival. Retention of ileo-caecal valve
significantly improves prognosis.

Intestinal polyps

Most juvenile polyps are hamartomas, single, and located in the distal
colon. Polyposis (multiple polyps) syndromes include:

o Peutz—Jegher’s syndrome (mucocutaneous pigmentation).

o Familial polyposis coli.

o Gardner’s syndrome (Gl polyps, osteomas and soft tissue tumours).

Presentation

o Often asymptomatic.

e Haematochezia.

o Rectal polyp prolapse.

o Protein-losing enteropathy.
o Intussusception.
e Mucoid diarrhoea.

Investigation Gastroscopy and ileo-colonoscopy, barium radiology.

Treatment

o Endoscopic or surgical removal.

e Periodic colonoscopy surveillance is required in polyposis syndromes
because of significant risk of neoplasia.
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Inflammatory bowel disease

Includes Crohn’s disease (CD) and ulcerative colitis (UC). UK incidence
is ~5.2/100,000/yr. CD is twice as common as UC. The cause is unknown,
although there is a recognized genetic disposition.

Ulcerative colitis

o Involves colon only.

o Rectal (proctitis) is most common or may extend continuously up to
involving the entire colon (pancolitis).

o Terminal ileum may be affected by ‘backwash ileitis’.

Crohn’s disease

o May affect any part of Gl tract, but terminal ileum and proximal colon
are commonest sites of involvement.

o Unlike UC, bowel involvement is non-continuous (‘skip’ lesions).

Presentation

Symptoms

o Anorexia, weight loss, lethargy.

e Abdominal cramps.

o Diarrhoea +/- blood/mucus, urgency and tenesmus (proctitis).
e Fever.

Gl signs

o Aphthous oral ulcers.

o Abdominal tenderness.

o Abdominal distension (UC > CD), right iliac fossa (RIF) mass (CD).

o Peri-anal disease (CD), i.e. abscess, sinus, fistula, skin tags, fissure,
stricture.

Non-Gl signs and associations

o Fever.

o Finger clubbing.

o Anaemia.

o Skin: erythema nodosum; pyoderma gangrenosum.
e Joints: arthritis; ankylosing spondylitis.

o Eyes: iritis; conjunctivitis; episcleritis.

e Poor growth.

o Delayed puberty.

o Sclerosing cholangitis.

o Renal stones.

o Nutritional deficiencies, e.g. vitamin B,.

Complications

e ‘Toxic’ colon dilatation (UC > CD).

o Gl perforation or strictures.

o Pseudopolyps (apparent “polyps” resulting from inflammation).

o Massive Gl haemorrhage.

e Colon carcinoma (UC: 50% risk after 10-20yrs disease).

e Fistula involving bowel only or bowel and skin, vagina, or bladder (CD).
o Abscesses (CD).
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Investigations

o Blood: FBC; ESR/CRP (*1); U&E; LFT; albumin (+); blood culture; serum
iron (¥); vitamin By, and folate (¥).

Serum serological markers: ASCA (anti-Saccharomyces cerevisiae
antibodies, better for CD); p-ANCA (perinuclear antineutrophil
cytoplasmic antibody, better for UC).

Stool M,C&S: (infectious colitis can mimic CD/UC).

Endoscopy: colonoscopy to determine extent and pattern of abnormal
mucosa and intestinal biopsy (UC histology: crypt abscesses, mucosal
inflammation only, goblet cell depletion; CD: crypt abscesses
granulomas, transmural inflammation); upper Gl endoscopy (CD).
Radiology: barium radiology/ultrasound (CD: mucosal ‘cobblestone’
appearance, ulceration, dilatation, narrowed segments, fistula, ‘skip’
lesions; UC: mucosal ulceration, haustration loss, colonic narrowing
+/— shortening).

Treatment
Supportive treatment If severe, e.g. bowel rest, IV hydration, PN.

Drug treatment

o Mild to moderate disease: oral 5-aminosalicylic acid (ASA) dimers,
e.g. mesalazine, may be useful to induce and maintain colonic disease
remission in UC. ASA or corticosteroid enemas are effective for
treating rectal disease. Dietary treatment may be useful to induce
remission (see Dietary treatment).

Moderate to severe disease: induce remission with oral prednisolone
or IV methylprednisolone, 1-2mg/kg/day until condition improved
(<2wks) then wean over 6—-8wks.

Antibiotics: e.g. ciprofloxacin or metronidazole, may also be useful.
Maintenance treatment, or to treat resistant active disease:
immunomodifiers, e.g. azathioprine, ciclosporin, tacrolimus,
methotrexate, or infliximab (anti-TNF antibody).

Dietary treatment

Polymeric/elemental diets are useful to induce remission (CD>UC), but
the relapse rate is high. Dietary supplementation often required to mini-
mize poor growth and correct specific nutritional deficiencies, e.g. vitamin

and mineral supplements. Involve a paediatric dietitian.

Surgery

e UC: total colectomy and ileostomy, and later pouch creation and
anal anastomosis, cures UC. There is 10-20% complication rate, e.g.
pouchitis.

o CD: local surgical resection for severe localized disease, e.g. strictures,
fistula, may be indicated, but there is a high re-operation rate as
inflammation recurrence is universal.

Prognosis

UC and CD are marked by relapse and remission. Patients can have very
good quality of life with current therapy. Poor prognostic factors include

extensive disease, frequent remissions, and young age at diagnosis.
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Malabsorption

Defined as subnormal intestinal absorption of dietary constituents with
excessive faecal nutrient loss. The prognosis depends on the cause.
Reduced adult height, teeth enamel defects, and osteoporosis may result
from long-term malabsorption. Causes are listed in Box 10.5.

Presentation

e Diarrhoea.

o Steatorrhoea.

o Flatulence.

o FTT/weight loss.

o Muscle wasting.

o Abdominal distension.

o Peri-anal excoriation.

o Delayed puberty.

o Features of underlying illness, e.g. abdominal pain in Crohn’s disease.

o Signs of nutritional deficiency states, e.g. ascites due to
hypoalbuminaemia.

Investigations

Initial screening tests should include: FBC; U&E; creatinine; albumin; total

protein; Ca?*; POZ~; LFT; iron status, coeliac antibody screen; coagulation

screen, stool M,C&S.

If diagnosis still unclear, consider:

o Upper Gl endoscopy with biopsy to look for an enteropathy, ileo-
colonoscopy if features suggest colitis (ensure clotting screen normal
before procedure).

o Sweat test.

e Immune function tests.

o Faecal fat measurement.

o Faecal elastase.

o Faecal a;-antitrypsin.

e Exocrine pancreatic function tests.

Treatment

o Treat underlying disease, e.g. metronidazole for giardiasis, gluten-free
diet for coeliac disease.

o Supplemental digestive enzymes, e.g. pancreatic enzymes in cystic
fibrosis.

o Nutritional supplements to correct deficiencies.

o PN if malabsorption severe or slow to recover.
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Box 10.5 Causes of malabsorption

Intraluminal digestive defect

o Carbohydrate intolerance (most commonly lactose intolerance)
o Protein—energy malnutrition

o Cystic fibrosis

e Shwachman-Diamond syndrome (EJ p.627)

o Chronic pancreatitis

e Cholestasis

e Pernicious anaemia

o Specific digestive enzyme deficiency, e.g. lipase

Mucosal abnormality

o Coeliac disease

e Short bowel syndrome

o Dietary protein intolerance, e.g. milk protein allergy

o Intestinal infection or parasites, e.g. giardiasis

e IBD

o Abetalipoproteinaemia (disorder of lipid metabolism—FTT,
steatorrhoea, progressive ataxia, retinitis pigmentosa, acanthocytes
on FBC)

o Protein—energy malnutrition; intestinal venous or lymphatic
obstruction, e.g. congestive cardiac failure, intestinal lymphangiectasia

Miscellaneous

e Immunodeficiency syndromes, e.g. HIV

o Drug reaction, e.g. cytotoxics, post-radiation
o Bacterial overgrowth, e.g. pseudo-obstruction
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Coeliac disease

Coeliac disease is an enteropathy due to lifelong intolerance to gluten pro-
tein (present in wheat, barley, rye, and oats by cross contamination).

Prevalence is approximately 1% when populations are screened. It is asso-
ciated with:

o A positive family history.

o Type 1 diabetes.

e Down syndrome.

o |gA deficiency.

Presentation
The condition may present at any age after starting solids containing glu-
ten.

The ‘classic’ initial features include:
o Pallor.
e Diarrhoea.
o Pale, bulky floating stools.
e Anorexia.
e FTT.
o |rritability.

Later, there is:

o Apathy.

o Gross motor developmental delay.
o Ascites.

o Peripheral oedema.

o Anaemia.

o Delayed puberty.

o Arthralgia.

o Hypotonia, muscle wasting.

o Specific nutritional disorders.

Increased recognition, and the widespread practice of antibody screening
of children at high risk, has changed considerably the clinical spectrum of
cases seen, with less classical and severe symptoms now more common
at time of initial diagnosis.

There are three settings in which the diagnosis of coeliac disease should

be considered and screened for:

o Children with frank gut symptoms.

o Children with the non-gastrointestinal manifestations described here.

o Asymptomatic individuals with conditions that are associated with
coeliac disease.

Coeliac crisis
Life-threatening dehydration due to diarrhoea accompanying malabsorp-
tion. This condition is now very rare except in the less-developed world.
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Investigations

o Measurement of serum tissue transglutaminase IgA antibody (TTG) is
recommended for initial testing for coeliac disease. IgA sensitivity and
specificity approach 100%, although false positives are occasionally
seen. Anti-endomysium IgA antibody is observer-dependent and
expensive. Anti-gliadin antibody tests are less accurate and are now
not advised. It is important to exclude IgA deficiency as a cause of
falsely negative serology.

Endoscopic small bowel biopsy of the third part of the duodenum
shows diffuse, subtotal villus atrophy, increased intraepithelial
lymphocytes, and crypt hyperplasia. The villi return to normal on a
gluten-free diet.

Most clinicians consider positive mucosal histology and full clinical recov-
ery on gluten-free diet +/— positive IgA antibodies sufficient to make a
diagnosis. Antibody levels should return to normal on treatment and nega-
tive serology is a marker of compliance. Avoid gluten challenge (>10g oral
gluten per day for 3—4mths and re-biopsy) unless diagnosis is in doubt,
e.g. initial biopsy is inadequate or not typical, or alternative diagnosis is
possible, e.g. transient gluten intolerance may occur after gastroenteritis,
giardiasis, or cow’s milk protein intolerance.

Treatment

o Gluten-free diet under the supervision of a paediatric dietitian.

o Gluten-free foods are prescribable in UK.

o Gluten avoidance should be life-long if coeliac disease is confirmed.
o Nutritional supplements may be required.

Prognosis

Excellent if patient is compliant with strict, life-long gluten-free diet. There
is a possible increased risk of intestinal lymphoma if gluten is ingested,
even in asymptomatic coeliac disease.
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Gastrointestinal infections

Gl infections are the second commonest cause of primary care consultation
after the common cold. These infections also cause over 3 million children
deaths per year (mostly in developing world) (see also L pp.1022-1023).

Viral gastroenteritis

Transmission is by the faecal-oral route, including contaminated water.
Epidemics are frequent and usually occur during winter. Breastfeeding is
protective. Severity is increased in malnourished children.

Causes

e Rotavirus (most common).

o Small round structural virus, e.g. winter vomiting disease caused by
‘Norwalk agent’.

o Enteric adenovirus.

o Astrovirus.

e CMV (in immune-comprised patients).

Presentation

o Watery diarrhoea (rarely bloody).

o Vomiting.

o Cramping abdominal pain.

e Fever.

o Dehydration.

o Electrolyte disturbance.

o Upper respiratory tract signs common with rotavirus.
o Vomiting predominates with Norwalk virus.

Investigation Is rarely necessary (see L p.302). Stool electron micros-
copy or immunoassay can sometimes be useful.

Treatment

Give supportive rehydration orally or with a nasogastric tube, or IV glu-
cose and electrolyte solution. Hospitalization is rarely needed (e.g. 210%
dehydration, or unable to tolerate oral fluids).

Prognosis

Symptoms generally last <7 days, except in enteric adenovirus, when diar-
rhoea frequently goes on beyond 14 days. The child may develop tempo-
rary secondary lactose intolerance.

Prevention Rotavirus immunization is now available and effective.
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Bacterial gastroenteritis

Causes secretory and inflammatory diarrhoea. It is most common under
2yrs of age. Commonest causative organisms include:

o Salmonella spp.;

o Campylobacter jejuni;
o Shigella spp.;

e Yersinia enterocolitica;
o Escherichia coli;

e Clostridium difficile;

e Bacillus cereus;

o Vibrio cholerae.

Sources of infection include contaminated water, poor food hygiene (meat,
fresh produce, chicken, eggs, previously cooked rice), faecal-oral route.

Presentation

As for viral gastroenteritis plus:

e malaise;

o dysentery (bloody and mucous diarrhoea);

o abdominal pain may mimic appendicitis or IBD;
® tenesmus.

Complications

o Bacteraemia.

e Secondary infections (particularly Salmonella, Campylobacter), e.g.
pneumonia, osteomyelitis, meningitis.

o Reiter’s syndrome (Shigella, Campylobacter).

e Haemolytic—uraemic syndrome (E. coli 0157, Shigella).

o Guillain—Barré syndrome (Campylobacter).

o Reactive arthropathy (Yersinia).

o Haemorrhagic colitis.

Investigation

e Stool +/- blood culture (some organisms need specific culture
medium).

e Stool Clostridium difficile toxin.

o Sigmoidoscopy if inflammatory bowel disease or colitis.

Treatment

e Rehydration as for viral gastroenteritis.

o Antibiotics are not indicated, as the duration of symptoms is not
altered and may increase chronic carrier status, unless there is high
risk of disseminated disease, presence of artificial implants (e.g. V-P
shunt), severe colitis, severe systemic illness, age <émths, enteric fever,
cholera or E. coli 0157. Most organisms are sensitive to ampicillin,
co-trimoxazole, or third generation cephalosporins.

o Consider:

« erythromycin if Campylobacter;
« oral vancomycin or metronidazole if Clostridium difficile (causes
pseudomembranous colitis).



340

CHAPTER 10 Gastroenterology and nutrition

Intestinal parasites

Infection is usually via the faecal-oral route. Pets and livestock can be hosts.
Parasitic infection can mimic IBD (Ed p.332), hepatitis (EJ p.342), sclero-
sing cholangitis, peptic ulcer disease, and coeliac disease (LI p.336).

Presentation

o Abdominal pain.

o Diarrhoea; dysentery; flatulence.
o Malabsorption and FTT.

e Abdominal distension.

e Intestinal obstruction.

o Biliary obstruction; liver disease.
e Pancreatitis.

e Fever.

Investigations

o Stool M,C&S for ova, cysts, parasites, and leukocytes.
o Specific stool staining for cryptosporidiosis.

o Stool ELISA for giardiasis and cryptosporidiosis.

o Blood specific serology, e.g. Entamoeba histolytica.

e Duodenal fluid aspiration for M,C&S.

o Duodenal villus biopsy, e.g. giardiasis.

Protozoa

Giardia lamblia

e Very common.

o Swallowed cysts develop into trophozoites that attach to the small
intestinal villi, causing mucosal damage.

Presentation
e Diarrhoea, flatulence, abdominal discomfort.
e Sometimes FTT.

Treatment Metronidazole.

Entamoeba histolytica

Symptoms are usually mild, but may cause:

o Fulminating colitis (amoebic dystentery can mimic ulcerative colitis).

o Intestinal obstruction due to chronic localized lesion (an ‘amoeboma’).
o Amoebic hepatitis.

o Liver abscess (right upper quadrant pain, fever, hepatomegaly).

Treatment Metronidazole.

Cryptosporidium

This organism causes a mild self-limiting illness except in immune-compro-
mised patients, where it can cause:

o Severe chronic watery diarrhoea, flatulence.

o Malaise.

o Abdominal pain.

o Weight loss.
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Treatment Erythromycin, metronidazole, or spiramycin.

Nematodes

Ascaris lumbricoides

The most common parasitic worm infection in humans, with up to 25%
of the world’s population infected (rare in industrialized countries). They
look like earthworms and can cause Loeffler’s syndrome (an eosino-
philic pneumonia, that can mimic asthma, also caused by the parasites
Strongyloides stercoralis, and the hookworms Ancylostoma duodenale and
Necator americanus. Heavy infestation can cause specific nutritional
deficiencies or bowel obstruction. Infection occurs by faecal-oral trans-
mission of eggs.

Treatment Mebendazole, albendazole, pyrantel pamoate.

Trichuris trichiura (whip worm) Lives in the colon and causes diarrhoea,
abdominal pain, and weight loss.

Treatment Mebendazole or albendazole.

Hookworms (Necator americanus, Ancylostoma duodenale)

Infection is by larvae penetrating the skin, e.g. bare feet. The adult worms
live in the intestine voraciously sucking blood leading to anaemia and hy-
poproteinaemia.

Treatment Mebendazole.

Strongyloides stercoralis

o Penetrates the skin and migrates to the lungs. Then coughed up and
ingested into the gut.

o Causes bloating, heartburn, and malabsorption.

Treatment Mebendazole, albendazole, or thiabendazole.

Enterobius vermicularis (thread or pinworm)

o Very common and causes anal pruritis as females emerge and lay eggs
in peri-anal region.

o Infection: occurs by faecal-oral transmission of eggs.

o Diagnosis: is confirmed by direct visualization of worms on peri-anal
area or in stool, or microscopy of sellotape previously applied to the
anus.

Treatment Mebendazole.

Cestodes (tapeworms)

o Infection: results from ingesting undercooked contaminated pork
(Taenia solium), beef (Taenia saginata), or fish (Diphyllobothrium latum).
o Diagnosis: is by microscopy of eggs or proglottides in stool.

Treatment Praziquantel.
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Acute hepatitis

Viral causes
Hepatitis A (HAV) incubation 2—-6wks, faecal-oral transmission.

Hepatitis B (HBV) incubation éwks to 6mths. Endemic in the Far East and
Africa. Infection may be transmitted from:

o Blood products.

o |V drug abuse, contaminated needles, or syringes.

o Sexual intercourse.

o Close direct contact (e.g. intrafamilial, health workers).

e Vertical (may cause fulminant hepatitis).

Hepatitis C (HCV) incubation 2wks to émths. Transmission is as for HBV.
Usually causes a mild severity acute illness or is asymptomatic. HCV rarely
causes acute hepatitis.

Hepatitis E faecal-oral transmission, endemic in India.
Hepatitis D requires previous HBV infection.
Hepatitis G parenteral transmission.

Other organisms can cause hepatitis as part of systemic infection: Epstein—
Barr virus (EBV, common in adolescents, only 40% have hepatitis); TORCH
organisms (neonatal hepatitis); HIV; CMV  (immune-compromised);
Listeria.

Other causes
o Poisons and drugs: e.g. paracetamol, isoniazid, halothane.
o Metabolic disease: e.g. Wilson’s disease, tyrosinaemia type |.
o Autoimmune hepatitis: May present with acute hepatitis.
® Reye’s syndrome: a rare, acute encephalopathic illness associated with
aspirin therapy and microvesicular fatty infiltration of the liver.
* Prodrome: (nausea, vomiting, hypoglycaemia, abdominal pain) occurs
2-3 days before onset of jaundice or abnormal LFT (see also [
pp.343, 960, 970).

Presentation

Acute fulminant hepatic failure (encephalopathy and coagulopathy) may
rarely occur. Many infections are asymptomatic, particularly HAV and
HCV. There are many presentations which include:

o fever;

fatigue;

e malaise;

e anorexia;

® nausea;

o arthralgia;

o right upper quadrant abdominal pain;

L]

°

L]

o

jaundice +/— hepatomegaly;
splenomegaly;

adenopathy;

urticaria.



ACUTE HEPATITIS

Investigations

o LFT: 1 bilirubin >20mg/L; t AST/ALT (x 2-100).

o | Blood glucose (especially in Reye’s syndrome).

o Viral serology (IgM antibodies), viral PCR (HCV), EBV heterophil
antibodies (Monospot or Paul-Bunnell). Blood culture if appropriate.

o Paracetamol level or halothane antibodies, if relevant.

e Serum immunoglobulin, complement (C3, C4), positive autoimmune
antibodies (anti-smooth muscle, anti-mitochondrial, and/or anti-liver
and kidney microsomal) in autoimmune hepatitis.

e Serum copper/caeruloplasmin, 24hr urinary copper (Wilson’s disease).

e Urinary succinylacetone (tyrosinaemia type |).

Management

Usually none is required, except support and rest.

o Alcohol avoidance in teenagers.

e There is no place for antivirals unless the child is immune-
compromised.

e Fulminant hepatitis requires referral to a specialist unit for intensive
care management and possible liver transplantation.

o Reye’s syndrome: maintain blood glucose >4mmol/L; prevent sepsis;
provide intensive care support.

Prognosis

o Acute hepatitis is usually self-limiting.

o Mortality after fulminant hepatitis is ~30% if both cerebral oedema
and renal failure are absent, ~70% if both are present without liver
transplant.

There is a long-term risk of:

« chronic hepatitis (HAV 0%; HBV 5-10%; HCV ~85%);

« cirrhosis;

« hepatocellular carcinoma (HBV and HCV);

« glomerulonephritis (circulating immune-complexes).

Prevention
Active immunization exists for both HAV and HBV. Within 24hr after an
infectious contact, infection may be prevented by giving pooled serum
immunoglobulin for HAV and CMV, or specific HBV serum immunoglob-
ulin for HBV.
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Chronic liver failure

Causes

o Chronic hepatitis (after viral hepatitis B or C).
o Biliary tree disease, e.g. biliary atresia.

o Toxin-induced, e.g. paracetamol, alcohol.

e o -antitrypsin deficiency.

o Autoimmune hepatitis.

o Wilson’s disease (age >3yrs).

o Cystic fibrosis.

o Alagille syndrome or non-syndromic paucity of bile ducts.
o Tyrosinaemia.

o Primary sclerosing cholangitis.

o PN-induced.

o Budd-Chiari syndrome.

Presentation

o Jaundice (not always).

o Gl haemorrhage (portal hypertension and variceal bleeding).
o Pruritis.

o FTT.

o Anaemia.

o Enlarged hard liver (though liver often small in cirrhosis).

o Non-tender splenomegaly.

o Hepatic stigmata, e.g. spider naevi.

o Peripheral oedema and/or ascites.

o Nutritional disorders, e.g. rickets.

o Developmental delay or deterioration in school performance.
e Chronic encephalopathy.

Investigations

Blood tests

o LFT (* or «» bilirubin, * AST/ALT (x 2-10), albumin <35g/L).

e FBC (¥ Hb if Gl bleeding); + WCC and platelets (hypersplenism).

e Coagulation (prothrombin time 1 if vitamin K deficiency).

e | or +» blood glucose.

o U&E (¥ Na*, § Ca2*, t PO;-, * alkaline phosphatase if biochemical
rickets).

o Viral serology or PCR for hepatitis B and C.

o t1gG, ¥ complement (C3, C4), autoimmune antibodies (see [ p.343).

Metabolic studies

o Sweat test (cystic fibrosis); a;-antitrypsin level and phenotype.
o { Serum copper and caeruloplasmin (Wilson’s disease).

o 1 24hr urinary copper (Wilson’s disease).

Abdominal US

o Hepatomegaly.
o Echogenic liver.
o Splenomegaly.

o Ascites.
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Upper Gl endoscopy
o Oesophageal or gastric varices.
o Portal hypertension related gastritis.

EEG To confirm chronic encephalopathy if suspected.

Liver biopsy Histology; enzymes; electron microscopy.

Management

o Treat the underlying cause and give nutritional support.

e Lower protein, increased energy, higher carbohydrate diet.

o Vitamin supplementation, particularly fat soluble vitamins A, D, E, K.
Involve a paediatric dietitian.

Drug therapy

o Prednisolone +/— azathioprine for autoimmune hepatitis.

o Interferon-a +/— ribavirin for chronic viral hepatitis.

o Penicillamine for Wilson’s disease.

o Colestyramine may be useful to control severe pruritis.

o Vitamin K, and FFP (10mL/kg) if significant coagulopathy or bleeding.

Oesophageal varices Endoscopy, i.e. sclerotherapy or surgery.

Ascites

o Fluid and Na* restriction (2/3 maintenance and Tmmol/kg/day,
respectively).

o Spironolactone (1-2mg/kg 12-hourly).

o Consider IV 20% albumin if ascites is resistant to above treatment.

Encephalopathy Reduce Gl ammonia absorption using oral or rectal lactu-
lose, neomycin, or soluble fibre pectin.

Liver transplantation See [L] p.347.

Prognosis

There is up to 50% 5yr mortality without liver transplant. Poor prognostic
factors are:

e bilirubin >50pmol/L;

o albumin <30g/L;
o PT >6s;

® ascites;

o encephalopathy;
e malnutrition.

345



346

CHAPTER 10 Gastroenterology and nutrition

Alpha,-antitrypsin deficiency

Alpha,-antitrypsin is a serum protease inhibitor responsible for control-

ling inflammatory cascades.

o |tis the commonest genetic cause of liver disease in children, with
autosomal dominant inheritance. Prevalence is 1:2000 to 1:7000.

o Genetic variants are identified by enzyme electrophoretic mobility
as medium (M), slow (S), or very slow (Z). S is associated with ~60%
Alpha,-antitrypsin level of normal; Z ~15%. Normal genotype is
designated PiMM. Only PiZZ individuals are at risk of liver disease.

Presentation

o Cholestasis in infancy, may progress to liver failure.

o Cirrhosis can occur in late childhood to adult. Chronic liver disease
affects 25% of patients in late adulthood.

o Pulmonary emphysema is the commonest presentation in adulthood.

Diagnosis
e Serum a-antitrypsin level ¥.

o Phenotyping by enzyme isoelectric focusing (see Alpha,-antitrypsin
deficiency).

Treatment

o Supportive treatment of liver complications.
o Strongly advise against smoking.

e Liver transplant for end-stage liver failure.

Wilson’s disease

A rare autosomal recessive disorder leading to toxic accumulation of cop-
per in the liver and, subsequently, other tissues especially the brain and
eye. See also [ p.976.

Presentation

o Kayser—Fleischer rings (copper deposition in Descemet’s membrane
of the eye) often present (45% with hepatic presentation and 90%
with neurological) and are pathognomonic. May require slit-lamp
examination to visualize.

o Hepatic problems usually present in childhood (hepatitis, cirrhosis,
fulminant hepatic failure).

o Adolescents/young adults usually present with neurological disease.

Investigations

e Serum copper and caeruloplasmin .

® 24hr urinary copper excretion >100microgram (normal
<40microgram).

e Molecular genetic testing—Wilson’s disease gene (ATP7B) mutation.

Treatment

o Lifelong chelation therapy with penicillamine (reverses pre-cirrhotic
liver disease, but not neurological damage).
o Liver transplantation if end-stage hepatic failure.
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Liver transplantation

Indications for liver transplantation

The commonest underlying conditions leading to irreversible liver failure

and transplant are:

o fulminant hepatic failure: e.g. viral, toxic, Wilson’s disease.

o Biliary atresia.

o Chronic end-stage liver disease: e.g. post-viral hepatitis with cirrhosis.

o Liver based metabolic conditions: e.g. Wilson’s disease, a,-antitrypsin
deficiency, Crigler—Najjar syndrome, tyrosinaemia.

o Acute liver failure following a liver transplant: e.g. primary non-function
of transplant or hepatic artery thrombosis.

o Neonatal hepatitis.

e Autoimmune hepatitis.

o Unresectable tumour confined to the liver: e.g. hepatoblastoma.

Clinical features requiring consideration for transplantation

o Bleeding varices due to portal hypertension.

o Failure of growth or development.

o Resistant ascites.

o Hepatic encephalopathy.

e Poor quality of life: e.g. pruritis, lethargy.

o Coagulopathy (PTT >2 x normal).

o Multi-organ failure: e.g. hepatorenal syndrome, hepatopulmonary
syndrome.

Preparation for transplant

Requires multidisciplinary evaluation to include the following:
o Nutritional support.

o Development and psychological assessment of child and family.

o Education and counseling.

e Ensure vaccinations are current: e.g. MMR, varicella, hepatitis A and B.
o Cardiac evaluation (ECG, echocardiogram).

o Abdominal US (patency of major hepatic blood vessels).

Post-transplant complications

e Primary non-function of the liver (<5%).
o Hepatic artery thrombosis (10-15%).

o Biliary leaks and strictures (20%).

o Acute rejection (50%).

o Chronic rejection (5-10%).

o Sepsis (main cause of death).

Prognosis

Long-term studies indicate normal psychosocial development and quality
of life in survivors. Patients require lifelong immunosuppression drug ther-
apy, e.g. ciclosporin or tacrolimus.

o 1yr survival is 90%.

o Syr survival is 80%.
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Polyuria and frequency

This is often subjective and difficult to assess, particularly in small children.
Frequency can be considered to be the inappropriate and frequent pas-
sage of small amounts of urine. Polyuria can be quantitatively defined as
the passage of greater than 2000mL/1.73m? per 24hr period.

Assessment of polyuria and frequency requires a detailed history of uri-
nary frequency habit.

Causes of polyuria
® Renal disorders:
« chronic kidney disease (see L1 p.366);
* post-obstructive uropathy;
« nephrogenic diabetes insipidus (see [l p.450);
« Fanconi syndrome (see [ pp.372, 384).
o Metabolic/endocrine disorders:
« diabetes mellitus;
« cranial diabetes inspidus (see L p.450);
* hypoadrenalism.
o Excess and inappropriate water intake: psychogenic polydipsia
(see [ p.450).

Causes of urinary frequency

e Urinary tract infection (see £ p.356).
o Bladder irritability and instability.

o All causes of polyuria.

o Small bladder capacity.

Investigations
Baseline screening investigations should include the following.

Urine

o Urinalysis by urine dipstick testing.
o Urine culture.

o Urine osmolality.

Blood

o Urea and electrolytes.

o Plasma osmolality.
o Blood glucose (random or fasting).
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Abdominal/renal mass

A rare presentation of urinary tract problems, which needs to be differen-
tiated from other causes of abdominal mass and swelling.

Causes

Intrarenal

Wilms' tumour (young child with rapidly growing mass). See L1 p.668.
Renal venous thrombosis (newborn with haematuria).

Benign nephroma (rare neonatal problem).

Horseshoe kidney.

o Pyelonephritis (renal abscess).

Other renal

Hydronephrosis associated with the following.

e Pelviureteric junction (PUJ) obstruction.

e Vescioureteric junction (VUJ) obstruction.

o large bladder and bladder outlet obstruction: e.g.

* posterior urethral valves (PUV);
« prune belly syndrome;
¢ neurogenic bladder.

e Urinoma: i.e. an encapsulated extrapelvicalyceal collection of urine that
forms from urine leakage through a tear in the collecting system or the
proximal ureter.

o Single cyst (benign renal cyst).

o Multicystic dysplastic kidney—usually newborn.

o Polycystic disease:

* autosomal recessive;
« autosomal dominant—rare in children.

e Haematoma (trauma).

Extrarenal
Adrenal mass (e.g. neuroblastoma). See L p.666.

Investigation

o US will distinguish between most of the above.

o Further investigation, depending on likely causes and discussion with
radiology and urology colleagues, e.g. CT, MRI.
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Haematuria

Blood in the urine (haematuria) may be visible to the naked eye or it may
be microscopic and detected only by dipstick testing or by microscopy.
The presence on microscopy of 10 or more RBCs per high-power field
is abnormal. Urinary dipsticks are very sensitive and can be positive at <5
RBCs per high-power field. Asymptomatic haematuria is found in about
0.5-2% of children.

Presentation

o Episode of macroscopic haematuria (causes alarm to child/family).
o Incidental finding of microscopic haematuria.

o Family screening and routine urinalysis.

Other causes of ‘red urine’

The following can usually be distinguished from haematuria by taking a
careful history, and with urine dipstick testing and microscopy:

o Haemoglobinuria/myoglobinuria.

o Foods—colouring (e.g. beetroot).

o Drugs (e.g. rifampicin).

o Urate crystals (in young infants, usually ‘pink’ nappies).

o External source (e.g. menstrual blood losses).

o Fictitious—consider if no cause found.

Causes of haematuria
o Urinary tract infections:
e bacterial;
« viral (e.g. adenovirus in outbreaks);
* schistosomiasis (history of foreign travel);
« tuberculosis.
o Glomerular:
* post-infectious glomerulonephritis;
* Henoch-Schénlein purpura IgA nephropathy, SLE;
* hereditary—thin basement membrane, Alport’s syndrome.
o Urinary tract stones: e.g. due to hypercalciuria.
e Trauma.
o Other renal tract pathology:
« renal tract tumour;
« polycystic kidney disease.
o Vascular:
* renal vein thrombosis;
e arteritis.
o Haematological: coagulopathy/sickle cell disease.
o Drugs: cyclophosphamide.
o Exercise-induced.

History
o UTI: fever/frequency/dysuria.
o Renal stones: colicky abdominal pain.
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o Glomerular: sore throat/rashes.

o Coagulopathy: easy bruising.

e Trauma.

o Family history: haematuria, deafness (Alport’s), sickle cell disease.

Examination

e BP.

o Abdomen: palpable masses.
® Skin: rashes.

o Joints: pain/swelling.

Investigations
It is important to identify serious, treatable, and progressive conditions.
During an acute illness, exclude UTI by urine culture. Asymptomatic or
‘benign haematuria’ in children without growth failure, hypertension,
oedema, proteinuria, urinary casts, or renal impairment is a frequent find-
ing. Many such children require no immediate investigation but need to be
checked in the outpatient clinic to see if the problem persists.
o Urine:

* microscopy (look for casts—suggestive of nephritis) and culture;

* protein:creatinine ratio (normal, <20mg/mmol);

* calcium:creatinine ratio (normal, <0.7mmol/mmol).
o Bloods:

» U&E/creatinine/albumin;

« FBC/clotting;

* complement—C3/C4, ASOT titres;

* ANA/anti-dsDNA.
o US urinary tract.
o Urinalysis of parents (hereditary causes).
o Cystoscopy: rarely indicated in children.

Treatment

If obvious cause (e.g. UTI), treat.

If complex diagnosis (impaired renal function, proteinuria, or family
history) refer to paediatric nephrology unit.

If no cause found and normal renal function, BP, and no proteinuria,
monitor until resolves.

If no resolution after 6mths or change in any of above parameters
refer to paediatric nephrology unit.
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Proteinuria

This is defined as excessive urinary protein excretion. Protein may be
found in the urine of healthy children, and does not exceed 0.15g/24hr.

Detection of proteinuria
Urinalysis
Performed by dipstick testing (Table 11.1), this is a cheap, practicable, sen-

sitive method that primarily detects albumin in the urine. It is less sensitive
for other forms of proteinuria.

Table 11.1 Urinalysis by dipstick testing

Test result Equivalent protein estimate (g/L)
+ 02

++ 1.0

+++ 3.0

++++ =20

Urinary protein:creatinine ratio (UP:UCr)
Collection of an early morning urine (EMU) specimen for measurement of
the urinary protein to creatinine ratio. Normal <20mg/mmol

24hr urinary protein excretion

This is the gold standard test and requires a 24hr collection of urine to
estimate urinary protein excretion.

o Normal: <30mg/24hr.

o Microalbuminuria: 30-300mg/24hr.

o Proteinuria: >300mg/24hr.

Causes
Proteinuria may be due to benign or pathological causes.

Non-pathological proteinuria

e Transient.

o Fever.

o Exercise.

o Urinary tract infection (UTI).

o Orthostatic proteinuria (postural proteinuria). This is a common cause
of referral in older children. There is usually no history of significance
and a normal examination. Investigations reveal a normal UP:UCr ratio
in early morning urine with elevated level in afternoon specimen (may
require two 12hr collections). This is regarded as a benign finding and
requires no treatment.
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Pathological (persistent) proteinuria

This may be seen in a number of renal disorders including:
e Nephrotic syndrome (see L p.378);

o Glomerulonephritis (see L p.374);

e Chronic kidney disease (see L p.366);

o Tubular interstitial nephritis.

Investigations

Proteinuria detected on dipstick testing should be confirmed using EMU

UP:Ucr ratio. If the proteinuria is combined with haematuria, investigations

should be directed at causes of haematuria and nephritis.

o A renal US scan should also be performed.

o Patients with persistent proteinuria detected over a period of
6—12mths should be referred to a paediatric nephrology centre for
consideration for biopsy.
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Urinary tract infection

Up to 3% of girls and 1% of boys suffer from UTI during childhood. A

UTI may be defined in terms of the presence of symptoms (dysuria, fre-

quency, loin pain) plus the detection of a significant culture of organisms

in the urine:

e Any growth on culture of suprapubic aspirate.

e >10° Organisms/mL in pure growth from a carefully collected urine
sample (midstream urine, clean catch urine, or bag urine). Ideally 2
consecutive growths of the same organism with identical sensitivities,
but this is not always practical.

Note: Bacteriuria in the absence of symptoms does not necessarily need
treatment, but needs to be considered in the clinical context (e.g. previous
UT], predisposing urinary tract abnormalities).

Guidance on the investigation, treatment and management of UTIs have
been published.!

Clinical features

Presentation varies; symptoms in infants may be non-specific:
o vomiting/diarrhoea;

o poor feeding/failure to thrive;

e prolonged neonatal jaundice.

Examination

Height and weight: plot on growth chart.

BP.

Examination for abdominal masses.

Examine genitalia and spine for congenital abnormalities.
Examine lower limbs for evidence of neuropathic bladder.

Diagnosis

Try to distinguish between upper (fever, vomiting, loin pain) vs. lower uri-

nary tract symptoms (dysuria, frequency, mild abdominal pain, enuresis).

Differentiation is often not possible in the younger child.

e UTl is a major cause of sepsis in a young infant.

o Ask about urinary stream in boys and family history of vesicoureteric
reflux (VUR) or other urinary tract abnormality.

o Dipstick test in the urine. ‘Leucocytes’ and ‘nitrites’ strongly suggests
UTI. Urine should be sent for microscopy, culture, and sensitivity.

Acute treatment
Antibiotics should be started after urine collection (see Table 11.2).
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Table 11.2 Antibiotic regimes

If child is younger than 3mths Treat with parenteral antibiotics
of age
If child 3mths or older with Treat with oral antibiotics for 7-10 days

acute pyelonephritis/upper UTI or |V antibiotics for 2—4 days followed
by oral antibiotics for a total duration

of 10 days
If child 3mths or older with Treat with oral antibiotics for 3 days.
cystitis/lower UTI If the child is still unwell after 24-48hr,
reassess

Chose antibiotic from:

Trimethoprim 4mg/kg twice daily.

Cefradine 25mg/kg twice daily.

Cefalexin 25mg/kg twice daily.

Co-amoxiclav 125/31 (1-6yrs), 5mL 3 times a day.
Co-amoxiclav 250/62 (7-12yrs) 5mL 3 times a day.
IV cefuroxime 25mg/kg 8-hourly; or

o |V gentamicin 2.5mg/kg/dose 8-hourly.

A repeat urine culture should be obtained on completion of antibiotics.

Follow-up and investigations

All children presenting with UTI should be investigated for any renal scar-
ring and predisposing urinary tract abnormalities. Pyelonephritis or recur-
rent pyrexial UTls need more comprehensive investigation than those at
low risk (single, uncomplicated UTI with lower tract symptoms). Oral an-
tibiotic prophylaxis (see EJ p.358) may need to be started and continued
until investigations are complete.

Recommended imaging tests (Tables 11.3-11.5)

Table 11.3 Infants aged <émths

Test Responds well to Atypical UTI
treatment with 48hr or recurrent UTI

US during the acute NO YES

infection

US within éwks =S NO

DMSA 4—6mths after NO YES

acute infection
Micturating cystoure- NO YES
thrography (MCUG)
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Table 11.4 Children aged >6mths, but <3yrs

Test Responds well to Atypical  Recurrent
treatment with 48hr UTI UTI

US during the acute NO YES NO

infection

US within éwks NO NO YES

DMSA 4-6mths after ~ NO YES YES

acute infection

MCUG NO NO YES

Table 11.5 Children aged >3yrs

Test Responds well to Atypical  Recurrent
treatment with 48hr UTI UTI

US during the acute NO YES NO

infection

US within éwks NO NO YES

DMSA 4-6mths after ~ NO NO YES

acute infection

MCUG NO NO YES

UTI prevention

Predisposing factors to recurrent UTls should be avoided:

o Treat and prevent constipation.

o Hygiene: clean perineum front to back.

o Avoid nylon underwear and bubble baths.

o Encourage fluid intake and regular toileting with double micturition.

Do not routinely use antibiotic prophylaxis after first-time UTI, but con-
sider it after recurrent UTI.

Oral antibiotic prophylaxis (trimethoprim 2mg/kg at night or nitrofuran-
toin 1mg/kg) is required if:
e VUR.
o Recurrent UTls (more than 2-3 episodes).

Reference
1 NICE (2007). Urinary tract infection in children: diagnosis, treatment and long-term infection,
Clinical Guideline CG54. Available at: & www.nice.org.uk/nicemedia/pdf/CG54fullguideline.pdf
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Vesicoureteric reflux

This is the retrograde flow of urine from the bladder into the upper uri-
nary tract. VUR is usually congenital in origin, but may be acquired (e.g.
post-surgery). VUR combined with UTI leads to progressive renal scar-
ring. Such reflux nephropathy may progress to end-stage renal failure if
untreated. Incidence of VUR is ~1% in newborn infants. It is observed in
30-45% of young children (<5yrs) presenting with UTI. There is often a
strong family history with a 35% incidence rate among siblings of affected
children. So called ‘congenital reflux’ is also now recognized as result of
routine antenatal scanning. This can result in small, smooth underdevel-
oped kidneys in otherwise asymptomatic children.

Grade of VUR

The extent of retrograde reflux from the bladder can be graded according

to the International Reflux Study grading system:

e [:into ureter only.

o [I:into ureter, pelvis, and calyces with no dilatation.

o [lI: with mild/moderate dilatation, slight or no blunting of fornices.

o |V: with moderate dilatation of ureter and/or renal pelvis and/or
tortuosity of ureter, obliteration of sharp angle of fornices.

o V: gross dilatation, tortuosity, no papillary impression visible in calyces.

Diagnosis
The diagnosis of VUR is established by radiological techniques.

Micturating cystourethrogram

This technique involves urinary catheterization and the administration of
radiocontrast medium into the bladder. Reflux is detected on voiding.

o Advantages: grade of reflux seen.

o Disadvantages: requires bladder catheterization, radiation dose.

Indirect cystogram

A radionucleotide method. Includes mercaptoacetyltriglycine (MAG-3)

and diethylenetriamine pentaacetic acid (DTPA) scans.

o Advantages: no catheterization required; lower radiation dose.

o Disadvantages: false negatives found; co-operation of child to void is
needed.

Follow-up and treatment

The aims are to prevent progressive renal scarring. Prophylactic antibiotics
may be used to prevent this and imaging by indirect cystogram (e.g. MAG-3)
and DMSA are sometimes used for follow-up. Randomized controlled trials
of medical versus surgical treatment show surgery can reduce the incidence
of pyelonephritis, but there is no difference in scarring compared with med-
ical treatment.

Medical therapy
Antibiotic prophylaxis therapy (as for UTI — see L previous section).



VESICOURETERIC REFLUX 341

Surgery

Not routinely recommended. Indications for surgery include failed medical

therapy, or poor compliance.

o ‘STING’ procedure (subureteric Teflon injection): commonly used.

o Endoscopic injection of materials behind ureter to provide a valve
mechanism during bladder filling and emptying. Longevity and need for
repeat treatments not fully known.

e Open surgery: re-implantation of ureters.

Prognosis

e Spontaneous resolution of VUR often occurs, especially with lower
grades of reflux.

o Bilateral reflux (grades IV and V) and reflux into duplex systems is
associated with lower probability of resolution.
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Acute kidney injury
Acute kidney injury (AKI) is a sudden reduction in glomerular filtration

rate resulting in an increase in blood concentration of urea and creatinine
and disturbed fluid and electrolyte homeostasis (see also L p.94).

Classification

The causes of AKI (Box 11.1) can be divided into pre-renal, renal, and
post-renal. A patient may have more than one cause for their AKI.

Box 11.1 Causes of AKI

Pre-renal

Hypovolaemia, e.g. s to gastroenteritis, haemorrhage, DKA,
nephrotic syndrome

Peripheral vasodilatation, e.g. sepsis

Impaired cardiac output, e.g. congestive cardiac failure
Drugs, e.g. ACE inhibitors

Renal

Acute tubular necrosis (usually following pre-renal)
Interstitial nephritis (usually drug-induced)
Glomerulonephritis

Haemolytic—uraemic syndrome (HUS; see LH p.376)
Cortical necrosis

Bilateral pyelonephritis

Nephrotoxic drugs, e.g. aminoglycoside, |V contrast, NSAIDs
Myoglobinuria, haemoglobinuria

Tumour lysis syndrome (see LL p.684)

Renal artery/vein thrombosis

Post-renal

e Obstruction

e Post-urethral valves (PUV)
e Neurogenic bladder

e Calculi

e Tumours (rhabdomyosarcoma in infancy)

History
It is important to include the following points:
o History of sore throat/rash (e.g. streptococcal glomerulonephritis).
o Urinary symptoms of:
« haematuria, frequency, dysuria (e.g. pyelonephritis);
 poor stream (e.g. PUV).
o Significant antenatal history.
o Drugs.



ACUTE KIDNEY INJURY 343

Examination

It is important to assess and document the following.

o Height and weight (compare with any recent/past measurements).
o Fever.

o Hydration status: any evidence of oedema/dehydration?

e Haemodynamic status including BP.

o Presence of any rashes/arthropathy.

o Abdomen: tenderness or masses.

o Neurology: exclude possible neuropathic bladder.

Investigations

Urine

o Urinalysis with microscopy of fresh urine, e.g. evidence of casts.

o Culture, e.g. pyelonephritis.

o Osmolality, Na, creatinine, fractional excretion of sodium (EJ p.364).

o Protein:creatinine ratio to document proteinuria if dipstick +ve.

o Myoglobin if evidence of rhabdomyolysis.

o Urine calcium/oxalate to creatinine ratios if renal calculi suspected.

Blood investigations

o Urea, electrolytes, creatinine, Ca?*, PO}, albumin, glucose,

bicarbonate.

Plasma osmolality.

FBC and film.

Blood cultures, if clinically septic.

In suspected nephritis:

» complement levels;

« anti-streptolysin O titre (ASOT), antiDNAaseB;

« antinuclear antigen (ANA), anti-dsDNA, anti-neutrophil cytoplasmic
antibodies (ANCA).

o Uric acid if tumour lysis suspected.

o Creatinine kinase if possible myoglobinuria.

o Clotting if septic or potential need for biopsy or dialysis access.

o Drug levels if relevant (e.g. gentamicin).

o Escherichia coli 0157 serology.

Cultures

e Stool culture: E. coli 0157 (HUS).
e Throat swab.

Radiology

o US(+/— Doppler): kidneys and bladder.
e CXR if evidence of fluid overload.
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Acute kidney injury: diagnosis and
treatment
Diagnosis

The following urinary indices may be helpful providing no diuretics have
been given (Table 11.6).

Table 11.6 Urinary indices indicating AKI

Test Pre-renal Renal Post-renal
>400-500 <350 Variable

>40 <20 <20

<0 >0 Variable

FENa <% 5% Variable

To accurately interpret fractional excretion of sodium (FENa), patients
should not have recently received diuretics. FENa is greater than 1% (and
usually greater than 3%) with acute tubular necrosis and severe obstruc-
tion of the urinary drainage.

FENa = [(Uy, % Pe)/(Pus x Ug)] x 100

where Uy, and U, are urinary Na and creatinine, respectively, and Py, and
Pc. are plasma Na and creatinine, respectively.

Treatment

Liaise with a paediatric nephrology centre early and treat the following.
o Hyperkalaemia (K* >6.5mmol/L; see [ p.93).

o Metabolic acidosis (see EL p.104).

e Hypertension (see [l pp.58, 396).

e Shock (see LU p.56).

e Fluid overload (see [LJ p.375).

e Hypocalcaemia (see [ p.93).

o Hypo/hypernatraemia (see L p.92).

Specific treatment depends on the underlying cause. However, the follow-
ing general management principles apply:
o Observations: daily weight, BP, strict fluid input and output monitoring.
o Fluids management: Pre-renal—fluid bolus (10mL/kg of 0.9% saline)
and furosemide. Otherwise, restrict to insensible losses (400mL/m?) +
urine output. Consider adding diuretic therapy.
o Electrolytes: monitor at least 12-hourly until stable. K* and PO,
restricted diet. Consider adding PO, binder.
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o BP: treat hypertension (see [ p.396).
o Medications: adjust drug doses according to level of renal impairment.

The patient may require transfer to a paediatric nephrology centre if dialy-
sis looks likely or there is uncertainty about the diagnosis.

Indications for dialysis

The following are indications for urgent dialysis in ARF.

o Severe hyperkalaemia.

e Symptomatic uraemia with vomiting/encephalopathy (usually urea

o >40mmol/L).

o Rapidly rising urea and creatinine.

o Symptomatic fluid overload, especially cardiac failure or pericardial

o effusion.

e Uncontrollable hypertension.

e Symptomatic electrolyte problems or acidosis.

o Encephalopathy or seizures.

o Prolonged oliguria: conservative regimen controls ARF, but causes
nutritional failure.

o Removal exogenous toxins or metabolite (inborn error).

Note: Patients with haemolytic—uraemic syndrome should be referred as
soon as the child becomes oliguric or if urea is raised as current prac-
tice is to dialyse early to reduce neurological complications and to allow
transfusion.

Acute dialysis—methods

o Peritoneal dialysis (abdominal catheter).

o Haemodialysis (femoral or jugular access).

o Haemofiltration (usually continuous veno-venous haemofiltration).

365
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Chronic kidney disease

Most children with CKD are asymptomatic until approaching chronic renal
disease stage 4 (see Table 11.7). CKD should be suspected if:

o failure to thrive;

e polyuria and polydipsia;

o lethargy, lack of energy, poor school concentration;

o other abnormalities such as rickets.

See Box 11.2 for summary of causes.

Table 11.7 Stages of chronic kidney disease

Stage Description GFR* (mL/min/1.73m2)

1 Kidney damage with/without increased ~ >90

i o “Kidney dama‘g‘e‘V\}i'tH mild decreasé """"" 60—89 ...............
in GFR

3 Moderate decrease in GFR %

4 - “evere decrea‘sé‘iﬁ éFR """""" 5 —29 ................

5 Kidneyfalure <15 (or dalysis)

* GFR, Glomerular filtration rate.

CKD: correcting common misconceptions

o Plasma creatinine can remain normal until GFR reduced to <50%.

o Urine flow rate may not mean a good GFR as many children with renal
dysplasia have polyuria and nocturia.

o Other urinary abnormalities such as proteinuria, glycosuria can be an
indicator of tubular dysfunction.

The focus is on GFR and not plasma creatinine

o GFR can be formally measured by the lohexol method or alternatively
by *'Cr EDTA or inulin methods clearance,

o |n ordinary clinical practice GFR (mL/min/1.73m?) may be estimated
(note: less accurate in children <2yrs or >14yrs):

GFR (estimated) = 40 x height (cm)/creatinine (umol/L).
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Box 11.2 Causes of CKD

Congenital (55%)

o Renal dysplasia

e Obstructive uropathies

o Vesicoureteric reflux nephropathy

Hereditary (17%)

o Polycystic kidney disease
o Nephronophthisis

o Hereditary nephritis

o Cystinosis

e Oxalosis

Glomerulopathies (10%)
Focal segmental glomerulosclerosis

Multisystem disorders (9%)

o Systemic lupus erythematosus
o Henoch—Schénlein purpura

o Haemolytic—uraemic syndrome

Others

o Wilms’ tumour

e Renal vascular disease
e Unknown

Investigations

o Urinalysis.

o Blood:
* FBC + iron studies if anaemic;
« electrolytes/Ca/PO,/ALP/albumin;
 pH/bicarbonate;
* parathyroid hormone (PTH).

o Renal tract US.

o Left hand and wrist X-ray for bone age and renal osteodystrophy
score.

o ECG/echocardiography for signs of left ventricular hypertrophy if
hypertensive.
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Chronic kidney disease: treatment

There should be early liaison with and referral to a regional paediatric
nephrology centre.

Urgent life-threatening abnormalities

o High/low plasma K*.

o Low plasma Na*/acidosis/low Ca**/high. PO;-.
o High/low BP.

Nutrition

Early involvement of the paediatric dietician is needed.

o Estimated average requirement (EAR) should be worked out.
« often require supplements to achieve this;
¢ NG/gastrostomy feeds.

o Minimum protein intake of EAR for age.

o Vitamin supplements (but not vitamin A).

Fluid and electrolyte balance

e Avoid high K*-containing foods (e.g. banana, chocolate).

e Many causes of chronic renal failure (CRF) cause polyuria and Na
wasting; therefore, Na* supplements are needed.

o [f clinical fluid overload, Na* restriction and diuretics.

+

Acid-base balance sodium bicarbonate supplements.

Renal osteodystrophy

o Control of plasma PO,. Restrict dietary intake/PO, binders.
o Calcitriol (vitamin D) 15ng/kg/day.

e Monitor PTH.

Anaemia

o Assess iron status: oral iron supplements.
e Subcutaneous erythropoietin.

e Hypertension, see [l p.396.

Preservation of renal function

e Control hypertension.

o Reduce proteinuria: e.g. angiotensin-converting enzyme (ACE) inhibitor/
angiotensin receptor blocker therapy.

o ‘Statin’ therapy: evidence of benefit from adult CRF trials.
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Growth

o Optimize nutrition, acid-base balance, electrolyte balance.

o [f failing height velocity (HV =2 SD or below) or short stature
(Ht =2 SD or below) despite correction of above, treatment with
recombinant human growth hormone is indicated.

Education and preparation for dialysis/transplantation
o Information provision.

o Meet team.

o Meet other families.

Dialysis

Peritoneal dialysis (PD)

o Preferred choice is automated peritoneal dialysis (APD) performed in
o patient’s home (with mobile machines); therefore minimal disruption.
o Main risks: peritonitis and catheter blockage.

o Needs family and social support.

Haemodialysis (HD)

e Extracorporeal circuit.

o Vascular access by jugular venous catheter.

o Increasingly, long-term vascular access is by AV fistula (wrist or
elbow). Therefore, avoid non-dominant arm for venepuncture and IV.

o Usually 4hr session, 3 times/wk in hospital.

e Home HD possible if there is a family member to support this.

Renal transplantation

This is the ultimate goal in CRF.
o Minimum 10kg (or when immunizations complete).

o Deceased donor vs. living-related donor (LRD) source.

o Pre-emptive transplantation before dialysis required is ideal.

o LRD by laparoscopic donor nephrectomy is now standard.

o Graft survival 85% after 2yrs.

o Lifelong immunosuppression is required.

Psychosocial support

o For patient and family this is crucial as CRF is lifelong treatment.

e Focus on prevention of cardiovascular disease, which is a major cause
o of mortality and morbidity in adult life.
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Congenital urinary tract anomalies

o Increasingly, urinary tract anomalies are being detected earlier by the
use of routine antenatal ultrasound scans.

o Renal anomalies account for about 20% of all significant abnormalities
found on detailed scans at 18—20wks gestation.

o Close liaison between obstetricians, paediatrician, and surgeon with
regard to counselling the parents and follow-up is vital.

o Centres should have a postnatal investigation protocol as the majority
of infants will be asymptomatic.

Amniotic fluid volume

o Oligohydramnios: low urine production or obstruction of urine
excretion that may lead to pulmonary hypoplasia.

o Polyhydramnios: polyuria.

Renal size
o Enlarged: cystic kidneys (any cause); hydronephrosis.
o Small: dysplasia.

Hydronephrosis

o Unilateral: pelviureteric junction (PUJ) or vescioureteric junction (VUJ)
obstruction; vescioureteric reflux (VUR).

o Bilateral: bladder outlet obstruction, e.g. PUV, VUR, prune belly
syndrome.

Renal cysts

o Multicystic dysplastic kidneys (MCDK).
o Polycystic kidney disease (PCKD).

o Cystic dysplasia.

Abnormal renal parenchyma

Echogenic:

o cystic kidneys (any cause);

e congenital nephrotic syndrome (may have polyhydramnios, large
o placenta).

Investigations

If a major problem is suspected (e.g. PUV, bilateral severe hydronephro-
sis, palpable kidneys), a renal US should be performed after 24hr of age.
Otherwise routine postnatal investigation with U/S (at 2—4wks), MCUG
(at 4-8wks), and radionuclide scan (at 8—12wks of age).
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Clinical management

In the postnatal period, ensure male infants have voided and that a good

urinary stream is observed. The initial postnatal US finding guides further

management.

o MCUG only routine if strong suspicion of VUR (e.g. dilated ureters/
intermittent dilatation of pelvis). Will need cover with antibiotics (e.g.
oral trimethoprim) for the procedure.

o Give antibiotic prophylaxis (e.g. oral trimethoprim) to all babies with
suspicion of VUR.

o Radionuclide scan depends upon lesion:

* DMSA if function of kidney required (e.g. MCDK, VUR);
¢ MAG-3 renogram if ‘obstruction’ being evaluated (e.g. PUJ, VU]).

Most infants with hydronephrosis can be conservatively managed if they
are asymptomatic.
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Inherited renal disease

Many renal abnormalities are inherited. Recognition of these is important,
not only in terms of diagnosis and treatment of the patient, but also for
screening and genetic counselling for the whole family.

New therapies may become available as gene therapy is researched.
Ethical considerations are very important in this group in terms of
family screening and counselling.

Databases such as Online Mendelian Inheritance in Man (OMIN)
provide comprehensive lists. Below are a few of the more common
conditions.

Autosomal dominant inheritance

Polycystic kidney disease (ADPKD). Commonest inherited renal disease
(17400 to 1/1000), which usually only manifests in adult life, but cysts can
be seen on US scan in children. Multi-organ involvement (intracranial
aneurysms, liver and pancreatic cysts, mitral valve prolapse), abdominal
mass, haematuria, pain (rare presentation in neonatal period with abdom-
inal masses and/or high or low BP, renal impairment).

Tuberous sclerosis (see L pp.530, 947)

Skin: ‘ash-leaf macule; adenoma sebaceum; shagreen patch.
Neurological: seizures.

Cardiac: rhabdomyoma.

Renal: cysts; angiomyolipomas; high or low BP; renal impairment.
Neurofibromatosis: neurofibroma, renal artery stenosis; therefore, BP
should be monitored (see [ pp.561, 986).

Branchio-oto-renal syndrome Hearing loss, branchial arch defects,
renal anomalies.

Autosomal recessive inheritance
Polycystic kidney disease (ARPKD)

Incidence 1:20 000 to 1:40,000.

Oligohydramnios and large echogenic kidneys.

Fusiform dilatation of collecting tubules.

Prognosis depends on degree of pulmonary involvement.

This usually presents at an earlier age than ADPKD and progresses to
renal failure in a shorter time.

Liver involvement leads to portal hypertension in later life
Bardet—Bied| syndrome: obesity, polydactyly, mental retardation,
retinitis pigmentosa, hypogenitalism, renal anomalies commonly found
(E p.949).

Cystinosis (Fanconi’s syndrome): excess storage of cystine due to defect
in transport system of cystine out of cell. Accumulates in various
organs (cornea, thyroid, brain, leading to growth failure)—eventual
renal failure.

Nephronophthisis: polyuria, polydipsia, tubulopathy and childhood onset
renal failure.

Primary hyperoxaluria: see £ p.389 (renal calculi).

Cystinuria: recurrent calculi.
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X-linked

o Alport’s syndrome: sensorineural deafness with progressive nephritis.
o Nephrogenic diabetes insipidus.

o Fabry’s disease: deficiency of alpha-galactosidase A; now treatable

(C1 p.968).

Sporadic

o VATER association: vertebral, anal, tracheo-oesophageal, radial/renal
(see L) pp.948, 951); renal problems include agenesis, ectopy, or
obstruction.

o CHARGE association (L pp.846, 950): Coloboma, heart defects,
choanal atresia, retarded growth, genital anomalies, ear abnormalities
(renal anomalies include dysplasia, agenesis, and ectopy).

e Turner’s (XO): horseshoe or duplex kidneys (see L pp.469, 948).

o William’s syndrome: hypertensive, hypercalcaemia (see L pp.237, 941).

o Bartter’s: metabolic alkalosis, low K*, high aldosterone with normal BP

(L p.386).
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Glomerulonephritis

A combination of haematuria, oliguria, oedema, and hypertension with
variable proteinuria.

o Majority of cases post-infectious.

o Usually presents 1-2wks after a URTI and sore throat.

Causes of acute glomerulonephritis

Post-infectious

e Bacterial: streptococcal commonest, Staphylococcus aureus,
o Mycoplasma pneumoniae, Salmonella

o Virus: herpesviruses (EBV, varicella, CMV)

o fungi: candida, aspergillus

o Parasites: toxoplasma, malaria, schistosomiasis

Others (less common)

e MPGN

o |gA nephropathy

e Systemic lupus erythematosis
o Subacute bacterial endocarditis
o Shunt nephritis

Investigations

o Urine:

« urinalysis by dipstick: haematuria +/— proteinuria;
* microscopy—casts (mostly red cell casts).
Throat swab: culture.

o Bloods:

* FBC;

* U&E, including creatinine, bicarbonate, calcium, phosphate, and
o albumin;

* ASOT/antiDNAase B;

e complement (expect low C3, normal C4);

* autoantibody screen (include ANA).

Renal US (urgent).

CXR (if fluid overload suspected).
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Management

Most require admission because of fluid balance, worsening renal function,
or hypertension. Treat life-threatening complications first:

e hyperkalaemia (see LJ p.93);

o hypertension (see EL pp.58, 396);

e acidosis (see [ p.104);

o seizures (see L p.80);

e hypocalcaemia (see [ p.93).

Otherwise supportive treatment.
o Fluid balance:
 weigh daily;
* no added/restricted salt diet;
« if oliguric, fluid restrict to insensible losses (400mL/m?) + urine
* output;
« consider furosemide 1-2mg/kg bd if fluid overloaded.
o Hypertension:
* treat fluid overload;
¢ a-blockers and calcium channel blocker usual first choice;
* Note: Do not use ACE inhibitor (may worsen renal function).
o Infection: 10-day course of penicillin (does not affect natural history,
but limits spread of nephritogenic bacterial strains).

When to refer to paediatric nephrology unit
o Patients with life-threatening complications (see Management).
e Those with atypical features, including:
« worsening renal function;
nephrotic state;
evidence of systemic vasculitis (e.g. rash);
normal C3 complement levels;
increased C4 complement levels;
+ve ANA;
persisting proteinuria at 6wks;
persisting low C3 at 3mths.

Prognosis

e 95% with post-streptococcal glomerular nephritis (GN) show
complete recovery.

o Microscopic haematuria may persist for 1-2yrs.

o Discharge from follow-up once urinalysis, BP, and creatinine are
normal.
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Haemolytic—uraemic syndrome

This is the commonest cause of AKl in children in Europe and the USA.
It typically has a seasonal variation with peaks in the summer and autumn
months. It presents with a triad of:

e microangiopathic haemolytic anaemia;

o thrombocytopenia;

o acute renal failure.

Two forms of HUS are recognized.
o Atypicallsporadic:
* not diarrhoea-associated (D~ HUS);
« often familial.
o Epidemic form:
e diarrhoea-associated (D* HUS);
* commonly associated with verocytotoxic producing E. coli 0157.
H7 type, although other pathogens have also been implicated (e.g.
Shigella, Streptococcus pneumoniae).

E. coli are common bacteria, normally found in the gut of warm-blooded
animals. There are many types of E. coli, most of which are harmless.
However, the enterohaemorrhagic E. coli (EHEC) produce toxins (poi-
sons) that can cause gastroenteritis with blood in the stool. The toxins
are called shiga toxins or verotoxins; hence, EHEC is also called STEC
or VTEC. VTEC is found in the gut of cattle, and can also be found in the
gut of humans without causing illness. The bacteria can be passed on to
humans by:

o Eating improperly cooked beef, in particular, ground or mince beef.

o Drinking raw (unpasteurized) milk.

o Close contact with a person who has the bacteria in their faeces.
o Drinking contaminated water.

o Swimming or playing in contaminated water.

o Contact with farm animals.

Clinical features

Acute renal failure

Gut

o Prodrome of bloody diarrhoea.

o Rectal prolapse.

o Haemorrhagic colitis.

o Bowel wall necrosis and perforation.

Pancreas (occurs in <10%)

o Glucose intolerance/insulin-dependent diabetes mellitus.
o Pancreatitis.

o Liver jaundice.

o Neurological Irritability to frank encephalopathy.
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Cardiac myocarditis (rare)

Investigations
o FBC + film.

o Blood cultures.

o USE.

o LFTs.

o E. coli polymerase chain reaction (PCR).

o Stools: microscopy and culture.

Treatment

Early liaison with a paediatric nephrology unit is required, as early dialysis
may be needed. Management is mainly supportive and directed at treating
the clinical features of HUS. Antibiotics for underlying E. coli infection are
not indicated.

o Monitor electrolyte balance.

o Monitor fluid balance.

o Nutrition.

o Blood transfusion (note risks/concerns regarding fluid overload and
o hyperkalaemia).

o Treat hypertension.

Outcome

o Generally good.

o Mortality <5%.

o Long-term: up to 30% may develop mild impairment of GFR.
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Nephrotic syndrome

This is defined as a combination of:

e Heavy proteinuria (urinary protein to creatinine ratio >200mg/mmol).
o Hypoalbuminaemia (albumin <25g/L).

o Oedema.

o Hyperlipidaemia.

The incidence is approximately 2/100,000 children with a peak age of onset
in children aged <6yrs. Boys are more commonly affected than girls (2:1)
and there is an increased frequency in certain ethnic groups, e.g. Indian
subcontinent. Nephrotic syndrome can be either primary or secondary

Primary

o Congenital.
o Infantile.

Secondary

o Minimal change disease (MCD): commonest (85%).

o Focal segmental glomerulosclerosis (FSGS; 10%).

e Membranoproliferative glomerulonephritis (MPGN; 5%).
e Membranous glomerulonephritis (MGN).

Classification

Nephrotic syndrome can be clinically classified as being either steroid-
sensitive (SS), steroid dependent or steroid-resistant (SR). The majority
of MCD is SS.

e MCD (SS), >95%.

o FSGS (SS), 20%.

o MPGN (SS), 55%.

Clinical features

Most children present with insidious onset of oedema, which is initially
perorbital, but becoming generalized with pitting oedema. Perorbital oe-
dema is often most noticeable in morning on rising. Ascites and pleural
effusions may subsequently develop.

Examination

This should establish the extent of dependent oedema, e.g. facial, ankle,
scrotal, etc. Assessment should also include:

o Height and weight (compare with previous/recent measurements).

e BP.

o Peripheral perfusion.
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Investigations

Urine

o Urinalysis: protein +++.

o Microscopy: haematuria/casts (suggest causes other than MCD).

o Na': If <10mmol/L suggests hypovolaemia. (Note: If patient has
received diuretics this is not accurate.)

o Culture.

o Protein:creatinine ratio (early morning urine specimen).

Bloods

o Serum albumin (reduced, <25g/L).

o U&E/creatinine (decreased sodium and total calcium—uwith normal

ionized calcium).

C3/C4 (if decreased suggests not MCD).

Consider ANF, ASOT, ANCA, immunoglobulins if mixed nephritic/

nephrotic picture.

Lipids: total cholesterol/low density lipoprotein (LDL)/very low density

lipoprotein (VLDL).

o Haemoglobin may be increased or decreased depending on plasma
volume.

o Varicella zoster immunity status.

Management

Patients should be admitted, particularly if this is their first episode or if
there are concerns regarding complications. Management is initially aimed
at fluid restriction and prevention of hypovolaemia. A trial of oral steroid
therapy to induce remission is also started. Prophylaxis against bacterial
infection (particularly pneumococcal) is also required.

Treatment
o Treat hypovolaemia if present but albumin infusion is not routine.
o Fluid restriction to 800—1000mL/24hr.
o Diuretics if very oedematous and no evidence of hypovolaemia.
Furosemide/spironolactone.
o Steroid therapy:
« oral prednisolone 60mg/m?/day for 4wks;
* followed by 40mg/m? alternate days for 4wks; then
« stop—slow wean over next 4mths with slow taper, but need to
consider side-effects of steroids.

Other measures

o Diet (no added salt and healthy eating—not high protein).
e Prophylactic antibiotics (oral penicillin V) until oedema-free.
o Immunize with pneumococcal vaccine.
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Nephrotic syndrome: complications
and follow-up

Complications

Complications are 2° to the relative hypovolaemic state and to impaired
immunity.

Infection

Predisposition to infection is s to decreased IgG levels, and to impaired
opsonization due to steroid immunosuppression. Bacterial peritonitis
(especially Streptococcus pneumoniae) is an important complication and
should be considered in any child with nephrotic syndrome who com-
plains of abdominal pain. Urgent assessment, cultures, and [V antibiotic
therapy are required.

Thrombosis
Nephrotic syndrome produces a hypercoagulable state and predisposition
to both arterial and venous thrombosis is recognized.

Hypovolaemia

Suggested by development of oliguria and or presence of low BP. Patients
may also complain of abdominal pain. If present, administration of an in-
fusion of 20% human albumin solution 1g/kg over 2hr with furosemide
(2mg/kg IV) should be given.

Acute renal failure This is pre-renal and 2° to hypovolaemia.

Indications for renal biopsy

The majority of patients will have MCD and will respond to steroids.
Biopsy is therefore reserved for those with atypical features:

o Age <12mths or >12yrs.

e Increased BP.

e Macroscopic haematuria.

o |mpaired renal function.

o Decreased C3/C4.

o Failure to respond after 1mth of daily steroid therapy.

Follow-up

Prognosis

® 30% single relapse.

® 30% occasional relapses.
® 30% steroid dependence.

Relapse

e Many patients with steroid-sensitive nephrotic syndrome will relapse.
A relapse is defined as detection of urine dipstick ++ proteinuria for
>3 days.

o Frequent relapse is defined as >2 relapses within 6émths of initial
response or 4 or more relapses in any 12mths.
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Management of relapses

Each relapse is treated with oral steroids in a similar manner to above.

Alternative strategies for frequent relapsers include a trial of therapy with

other agents such as:

o Cyclophosphamide.

o Levamisole.

o Ciclosporin A.

e Other agents including the immunosuppressants tacrolimus,
mycophenolate mofetil and anti-CD20 monoclonal antibody
(rituximab) may be considered.



382

CHAPTER 11 Nephrology

Renal tubular disorders

The renal tubules are responsible for the regulation of fluid, acid-base,

and electrolyte balance. Abnormalities of renal function may occur at any

point along the length of the renal tubule system and may lead to a distur-

bance in the equilibrium of any of the substances handled by it. It is essen-

tial to consider these disorders when there are any of the following:

o Glycosuria, amino-aciduria, or impaired ability to concentrate or acidify
urine shown on urinalysis.

o Stones or nephrocalcinosis: distal tubular acidosis and oxalosis are major
causes.

o Polyhydramnios and failure to thrive in a newborn: e.g. Bartter syndrome
associated with hypokalaemic alkalosis.

o Failure to thrive with rickets: cystinosis is commonest cause of Fanconi
syndrome.

o Major rickets with low plasma phosphate levels: familial
hypophosphataemic rickets.

o Failure to thrive with low urine osmolality: nephrogenic diabetes insipidus.

Renal tubular acidosis

Renal tubular acidosis (RTA) is a state of systemic hyperchloraemia result-
ing from impaired urinary acidification. Three types of RTA exist:

e Proximal type.

o Distal type.

e Mineralocorticoid deficiency-associated (see - pp.430-432, 439).
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Proximal renal tubular acidosis

See also LI pp.104, 385. This type of RTA results from reduced proximal

tubular reabsorption of bicarbonate.

® 25% of urinary bicarbonate is lost.

o Plasma bicarbonate level falls until it reaches a threshold when urinary
bicarbonate wasting ceases (approximately 15-18mmol/L).

o Urinary acidification to pH values <5.5 is not possible.

Proximal RTA may occur as an isolated disorder with no other abnor-
malities of tubular function. This form may be transient and is occasion-
ally inherited. Proximal RTA also occurs as a more generalized defect of
proximal tubular transport characterized by:

o RTA.

o Excessive urinary loss of glucose, phosphate, amino acids, sodium,
potassium, calcium, and uric acid. This generalized form is known as
Fanconi syndrome, which may be 1° or 2° to several inherited and
acquired disease states (see Box 11.3).

Distal RTA See also L p.385. This is due to deficiency in hydrogen ion
secretion by the distal renal tubules and collecting ducts. Urine pH cannot
be reduced 5.8. Hyperchloraemia and hypokalaemia are characteristic, but
less severe than that found in proximal RTA. Nephrocalcinosis may be
present. Distal RTA may be isolated or secondary (see Box 11.3).

Clinical features of RTA Children with isolated forms of proximal and
distal RTA usually present with failure to thrive in infancy. Those with the
2° forms of RTA may present in a similar way.

Diagnosis
Other causes of systemic acidosis (e.g. chronic diarrhoea, lactic acido-
sis, diabetic ketoacidosis) should be excluded. Investigation to establish a
diagnosis of RTA should include:
o Blood: pH; bicarbonate (low); potassium (low); chloride (high).
o Urine—early morning sample:

» pH < 5.5 suggests proximal RTA;

e pH = 5.8 suggests distal RTA.

If proximal RTA is detected, blood and urinalysis to establish other tubular
defects should be undertaken.

Treatment

The main aims are correction of acidosis and maintenance of normal bicar-
bonate and potassium. This can be achieved by alkali (citrate or bicarbon-
ate)/potassium-containing solutions.
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Box 11.3 Causes of renal tubular acidosis

Proximal
e [solated: sporadic or inherited
e Primary Fanconi syndrome
e Secondary Fanconi syndrome, inherited:
e cystinosis;
* galactosaemia;
* Wilson’s disease;
* Lowes syndrome.
o Secondary Fanconi system, acquired: vitamin D deficient rickets.
o Secondary Fanconi system: hypothyroidism

Distal
e [solated: sporadic or inherited.
e Secondary to nephritis:
* obstructive nephropathy
* pyelonephritis
o Secondary to toxins: amphotericin B
o Lithium
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Bartter’s syndrome

This is a relatively rare form of renal tubular dysfunction. The condition is
best described as a defect in chloride reabsorption in the ascending loop
of Henlé, resulting in:

® excessive potassium excretion;

o increased prostaglandin synthesis;

o stimulation of the renin-angiotensin—aldosterone system.

Clinical features

Young children present with:
o failure to thrive;

e poor growth;

e muscle weakness;

® constipation.

Polyuria and polydipsia due to excessive salt and water loss may be
evident.

Diagnosis

Characteristic findings include:

o hypokalaemia;

o hypochloraemia;

o raised plasma renin and aldosterone levels;
e normal BP.

Urine potassium and chloride levels are high.

Treatment

Goals are to maintain serum potassium levels >3.5mmol/L and to ensure
adequate nutrition. Therapy includes a combination of oral potassium sup-
plement together with a potassium-sparing diuretic (e.g. spironolactone)
and indomethacin (prostaglandin inhibitor).
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Renal calculi

The incidence of renal calculi varies according to geography and socio-
economic conditions around the world. In the UK it affects approximately
1.5/million child population.

Actiology

Infective

o Commonest cause in children in UK.

o Associated with chronic UTI with Proteus—'staghorn’ calculi.
o Also UTI with Pseudomonas, Klebsiella, E. coli.

Associated with urinary stasis
Congenital malformations, e.g.:

o pelviureteric junction obstruction;
® megaureter.

Metabolic
o Hypercalciuria: i.e. 24hr urinary Ca >0.1mmol/kg/day or urinary
o Ca:creatinine ratio >0.74mmol/mmol:
e primary hyperparathyrodism;
« idiopathic infantile hypercalcaemia;
* hypervitaminosis D;
« prolonged immobilization.
o Cystinuria (autosomal recessive condition): typically radiolucent
stones.
e Oxalosis: primary hyperoxaluria type | (PH1).
o Uric acid stones:
» myeloproliferative disorders following medication/chemotherapy
« for patients with leukaemia, lymphoma;
* Lesch-Nyhan syndrome.

Clinical features

Most children will present with either gross or microscopic haematuria.
They may be otherwise asymptomatic. The classic symptoms of renal colic
are uncommon, e.g. intense pain located in the abdomen or in the loins
and back. Symptoms and signs of a UTI may also be present. Some child-
ren may describe a sensation of ‘having passed gravel’ on micturition.

Investigations

Urine

o Dipstick analysis.

o Microscopy (pH, cells, crystals).

o Culture (exclude infection).

e Calcium:creatinine ratio; oxalate:creatinine ratio.
e Amino acid screen.
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Blood

e U&E, bicarbonate, creatinine.
o Calcium, phosphate, PTH.

e Liver function tests.

e Uric acid.

Renal tract ultrasound

Other investigations

o AXR:
« radio-opaque stones: calcium/cysteine/infective;
« radiolucent stones: uric acid/xanthine.

o |V pyleogram or CT scan.

o Renal stone analysis: composition.

Treatment

The acute treatment of renal colic secondary to renal stones is based
on the provision of adequate analgesia and hydration. Treat any under-
lying UTI with antibiotics. If severe renal impairment and urinary tract
obstruction is evident refer to the paediatric urology team for considera-
tion for extracorporeal shock-wave lithotripsy. Surgery (e.g. percutaneous
nephrolithotomy or open surgery) is now seldom indicated. Long-term
management is aimed at preventing further obstruction and bouts of
renal colic. The simplest and most effective measures to achieve this are
to ensure adequate hydration and diuresis to maintain a good urinary flow
and dilute urine. Treatment of any underlying urinary tract infection and
metabolic disorder is also required.

Primary hyperoxaluria type 1

This is an autosomal recessive condition. Three forms are recognized.

o Infantile form: early nephrocalcinosis and progression to CKD and end-
stage renal failure (ESRF/Stage 5 CKD).

e Child/adolescent form: recurrent urolithiasis and progression to ESRF.

o Adult form: urolithiasis only.



390

CHAPTER 11 Nephrology

Hypertension: definition

Defined by reference to sex, height centile charts (see Fig. 11.1).
o Normal: systolic and diastolic <90th centile.

o High normal: systolic or diastolic between 90th and 95th centile.
o Hypertension: systolic or diastolic >95th centile.

o Severe hypertension: systolic or diastolic >99th centile.

BP measurement should be part of routine examination.

Measurement technique
o Cuff size.
« bladder width—70% of acromion olecranon distance or 40%
* mid-arm circumference;
« bladder length—should completely encircle arm.
* Note: small cuff area is a common cause of false positive high BP!
o After 5min rest (ideally!).
o Sitting position with arm at level of heart (children).
e Supine position in infants.
o On auscultation: 1st and 5th (disappearance) Korotkoff sounds used for
systolic and diastolic values, respectively.

Measurement devices
e Manual oscillometric sphygmomanometer (mercury now withdrawn).
o Doppler: infants (for systolic pressure).
o Automatic oscillometry: not all devices suitable.
e Ambulatory blood pressure monitoring (ABPM) for 24-hr profiles:
« little normative data in paediatrics;
« significant hypertension =30% readings above 95th centile.
o Intra-arterial (in intensive therapy unit (ITU) setting).
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Hypertension: causes and features

Causes of hypertension

Primary (essential) hypertension

This is a diagnosis of exclusion. High body mass index, excessive salt
intake, lack of exercise, and family history may be underlying predispos-
ing factors

Secondary hypertension

e Renal (commonest cause in hospital referral practice):
chronic renal parenchymal disease (reflux/scarring)
polycystic kidney disease

obstructive uropathy

acute nephritis

chronic renal failure

Vascular:

umbilical arterial/venous catheters

renal artery stenosis

renal vein thrombosis

coarctation of aorta

vasculitis

Endocrine:

* congenital adrenal hyperplasia

* hyperthyroidism

* increased steroids (iatrogenic or endogenous)

* phaeochromocytoma (BP intermittently raised)

* hyperaldosteronism

e Trauma
o Neurological:
* 2° to pain
* raised intracranial hypertension
e Tumours:
* neuroblastoma
* Wilms
o Medication:
* steroids
* aminophylline/caffeine
* oral contraceptive pill
* erythropoietin
* calcineurin inhibitors; decongestants
* amphetamines; cocaine
e Others:
* bronchopulmonary dysplasia
* ECMO

* ‘white-coat’ hypertension
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Clinical features
Most are asymptomatic.

Infants

o Vomiting.

o Failure to thrive (rare).

o Congestive cardiac failure/respiratory distress (in newborns).

Children
o Headache/nausea and vomiting.
o Visual symptoms.

e |rritable/tired.

o Bell’s palsy.

o Epistaxis.

e Growth failure.

e Fits.

e Altered consciousness.

Examination

e Check fundi.

e Feel abdomen for abdominal masses.

e Listen for renal bruits.

o Feel femoral pulses and compare to radial/brachial pulses (to exclude
e coarctation) and check BP in all 4 limbs.
e Examination of the heart.

Investigations
A 2° cause is more likely with severe hypertension. Treatment and inves-
tigations may need to proceed together.
o Urine:
« urinalysis, microscopy, and culture;
« vanillylmandelic acid (VMA):creatinine ratio;
« steroid profile and toxicology.
o Blood tests:
* FBGC;
e U&E and creatinine;
* bicarbonate, calcium, phosphate, albumin;
* plasma renin and aldosterone.
CXR and ECG.
ECG.
US of urinary tract + Doppler if renal artery stenosis suspected.
Further imaging will depend upon suspected cause and ultrasound
findings, e.g. DMSA, CT scan, arteriogram.
Specialized tests, e.g. for phaeochromocytoma (see LL p.675).
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Hypertension: management

Hypertensive crises
Acute, severe hypertension will require careful monitoring in a paediatric
ICU and treatment with drugs shown in Table 11.8.

Maintenance antihypertensive therapy

Dosing schedules of many hypertensive drugs have not been evaluated in
children. The favoured combination is a beta-adrenergic blocker with a
vasodilator. A diuretic can be used if BP is still not controlled. ACE inhibi-
tors should be avoided if renal artery stenosis is suspected but are useful
for renin-mediated hypertension. Phentolamine is used if catecholamine-
induced hypertension is suspected, e.g. phaeochromocytoma.

Table 11.9 gives dosing schedules for various hypertensive drugs.

Table 11.8 Emergency treatment of hypertensive crisis (see also
pp.58, 397)*

Drug Administration Onset of effect  Side-effects
Nifedipine Sublingual hourly prn Minutes Headaches,
200-500micrograms/kg tachycardia
Sodium 0.5-10micrograms/kg/  Seconds to Very rapid
nitroprusside  min as infusion minutes effect; titrate

dose; cyanide
accumulates after

48hr of use
Labetalol 1-3mg/kg/hr 10-30min Postural
hypotension
Hydralazine ~ Slow IV 100-500- 10-30min Tachycardia,
micrograms/kg flushes,
headache
Phentolamine  10-100micrograms/kg ~ Minutes Use in

catecholamine
excess states

* The aim is to reduce systolic and diastolic BP to <95th centile for age and sex but, if severely
hypertensive, only one-third of desired BP reduction should occur in the first 6hr. Aim for
controlled reduction in BP over 72hr.
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Table 11.9 Maintenance oral therapy for treatment of hypertension

Drug Administration Dose

Vasodilators

Nifedipine : WOJ.S—ng/kg/Mhr i d oses
I:|.ydt‘“;lazine : .1—7.5mg/kg/24hr 2-3 t.:livided”cl.c;"s.é;m .
Prazosin 50-500micrograms/kg/24hr  2-3 divided doses
Minoxidil 200-1000microgramsfkg/24hr  Single dose
Beta-blockers

1 —6mg/kg/24hr i oses

Atenolol : 1—4mg/kg/24hr Once a daynif. o
adequate renal

etics
Furosemide 1-5mg/kg/24hr 1-2 divided doses
Spironolactone 1-3mg/kg/24hr 1-2 divided doses

ACE inhibitors

" 0. 3-6mglkg/24hr
0.1-1mg/kg/24hr
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Obesity

This has become an important public health problem, which has achieved
epidemic levels in the developed world. In the UK approximately 20%
of children and adolescents are either overweight or obese. Obesity in
childhood strongly predicts obesity in adulthood. Obesity is an impor-
tant risk factor for the development of life-threatening disease in later life,
including type 2 diabetes mellitus (T2DM), hypertension, cardiovascular
disease, and cancer.

Definition and diagnosis

Obesity implies increased central (abdominal) fat mass, and can be quanti-
fied using a number of clinical surrogate markers. BMI is the most conven-
ient indicator of body fat mass (see Fig. 12.1).

BMI = weight (kg)/[height (m)]*
o Overweight: BMI >91st centile, wt <98th centile
o Obese: BMI >98th centile

Other measures of obesity include:
e waist circumference;
o waist:hip ratio.

Epidemiology

The worldwide increase in incidence in obesity has been mainly observed

in Western countries and in other developed societies. Risk factors for the

development of obesity include the following:

o Parental/family history of obesity.

o Afro-Caribbean/Indian—Asian ethnic origins.

e Catch-up growth (weight) in early childhood (0—2yrs): infants born small
for gestational age who demonstrate significant weight catch up
(>2SDs) in first 2yrs of life.

Causes

So-called idiopathic (or ‘simple’) obesity is by far the commonest cause
of obesity accounting for up to 95% of cases. It is multifactorial in origin
and represents an imbalance in normal nutritional-environmental-gene
interaction, whereby daily calorie (energy) intake exceeds the amount of
calories (energy) expended:

e genetic predisposition (energy conservation);

e increasingly sedentary lifestyle (energy expenditure);

e increasing consumption and availability of high energy foods.

Obesity may be associated with other identifiable underlying pathological
conditions.
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Endocrine (rare)

Hypothyroidism (see L p.424).

Cushing’s syndrome/disease (see L p.434).

Growth hormone deficiency (see LH pp.470—473).
Pseudohypoparathyroidism (see £ p.443).

Polycystic ovarian syndrome.

Acquired hypothalamic injury (see L p.430), i.e. CNS tumours and/
or surgery resulting in disruption to the neuroendocrine pathways
regulating appetite and satiety.

Genetic

Obesity is a recognized feature characterizing the phenotype of a number

of genetic syndromes.

o Prader-Willi syndrome (see [ p.949).

o Bardet-Bied| syndrome (see LLJ p.949).

e Monogenic causes: leptin deficiency (rare); melanocortin 4 receptor
gene (5-6% of all causes).
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BOYS BMI CHART

(BIRTH - 20 YEARS): United Kingdom cross-sectional reference: 20021
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GIRLS BMI CHART
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CHAPTER 12 Endocrinology and diabetes

Obesity: management

Evaluation and investigations

This includes taking a detailed clinical and family history.

o Birth weight (note: small for gestational age).

o Feeding habits and behaviour: particularly infancy/early childhood.
Hyperphagia: may suggest genetic cause.

o Weight gain/growth pattern (check previous health records).

o Physical activity.

o Neurodevelopment and school performance.

o Screen for comorbid factors (see Complications and comorbid
conditions).

o Family history: obesity; T2DM; cardiovascular disease.

Laboratory investigations are directed at excluding secondary causes of

obesity:

o Blood biochemistry: thyroid function test; serum cortisol; liver function
test; fasting lipid profile.

o Genetic studies (e.g. Prader-Willi syndrome).

o Oral glucose tolerance test (OGTT; see Box 12.1).

Complications and comorbid conditions

Severe obesity is associated with the following comorbid conditions,

which should be screened for at the time of assessment.

o Pyschological: low self-esteem; depression.

o ENT/respiratory: obstructive sleep apnoea; obesity—hypoventilation
syndrome; pulmonary hypertension.

o Orthopaedic: bowing of legs; slipped femoral epiphysis; osteoarthritis.

o Metabolic: impaired glucose tolerance/type 2 diabetes; hypertension;
dyslipidaemia; polycystic ovarian syndrome.

o Hepatic: non-alcoholic steatohepatitis.

Obesity and oral glucose tolerance testing
In children and adolescents with obesity the prevalences of impaired glu-
cose tolerance (IGT) and T2DM have been estimated to be in the region
of 20-25% and 4%, respectively.
An oral glucose tolerance test should be considered when one or more
of the following risk factors are present.
o Severe obesity: BMI >98th centile
Acanthosis nigricans.
o Positive family history of T2DM.
o Ethnic origin: Asian/Afro-Caribbean/African-American.
L]
[ )

Polycystic ovarian syndrome.
Hypertension.
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Box 12.1 Oral glucose tolerance testing
Conditions Performed in the morning after 8—10hr fast
Dose Glucose 1.75g/kg to a maximum of 75g, drunk within 5—10min

Sampling Blood glucose at 0 min and at 30min intervals thereafter for
120min

Interpretation See table below

Blood glucose (mmol/L)
At 0 min At 120 min
<6.0 <7.8

Normal

e e
DM >7.0 >11.1
Management

There is currently no consensus on the best approach to treating child-
hood obesity. Treatment requires a multidisciplinary approach.

o Nutrition and lifestyle education/counselling: important.

o Decreasing calorie intake/increasing exercise.

o Behaviour modification and family therapy strategies.

o Drug therapies (currently limited, not licensed for children).

o Obesity (bariatric) surgery (rarely).

Population-based intervention and prevention strategies may be more
effective than approaches targeted at the obese individual.
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CHAPTER 12 Endocrinology and diabetes

Type 1 diabetes mellitus

This is the most common form of diabetes mellitus in children and adoles-
cents (90% of cases). It is an autoimmune disorder characterized by T-cell
mediated destruction and progressive loss of pancreatic 3-cells leading to
eventual insulin deficiency and hyperglycaemia.

Epidemiology The incidence of Type 1 diabetes mellitus (T1DM) has
been increasing, but shows marked geographical variation. In Europe the
highest incidence rates are seen in the Nordic countries (Finland, Sweden).
During childhood there are two peaks in presentation, one between ages 5
and 7yrs and the other, larger peak, just before or at the onset of puberty.
Seasonal variation in presentation of T1IDM is also observed with a peak
seen in the winter months.

Actiology
The cause of T1DM involves both genetic and environmental factors.
Over 20 different T1IDM susceptibility genes have been identified. The
insulin-dependent diabetes mellitus (IDDM1) gene locus, which represents
the human leukocyte antigen (HLA) DR/DQ locus on the major histocom-
patibility complex, accounts for the greatest susceptibility.

The role of various environmental interactions and triggers is
controversial.

Pathophysiology

T1DM is a chronic autoimmune condition.

o Immune tolerance is broken and antibodies against specific 3-cell
autoantigens are generated (e.g. anti-islet cell; anti-insulin; anti-GluAD;
anti-IA2 antibodies).

o T-cell activation leads to B-cell inflammation (‘insulitis’) and to
subsequent cell loss through apotosis.

o The rate of B-cell loss varies (months—years) and the timing and
presentation of symptomatic diabetes may depend on factors that
increase insulin requirements (e.g. puberty).

Clinical presentation

The onset of symptoms evolves over a period of weeks. Symptoms are a
reflection of insulin deficiency resulting in increased catabolism and hyper-
glycaemia. In the majority, first presentation is usually made in the early
symptomatic phase with:

o weight loss;

o polyuria/polydipsia;

® nocturia/nocturnal enuresis.

Other less common symptoms include:

o candida infection (e.g. oral thrush, balanitis, vulovaginitis);
e skin infections.
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Failure to recognize these symptoms will result in delayed or late diagnosis
of T1DM and possible presentation with DKA (see [ pp.98-101, 413).
The risk of first presentation of TIDM with DKA is increased when non-
specific symptoms of diabetes may go unrecognized:

e intercurrent/febrile illness;

e infants and preschool age child.

Assessment of new patient

Emphasis should be put on:

e History: duration of symptoms.

o Family history: of diabetes/other autoimmune disease.

e Examination: weight/BMI; signs of DKA (see [l pp.98-101, 413).

Diagnosis and investigations

The diagnosis is readily established in a symptomatic child with a random

blood glucose level >11.1mmol/L. Other investigations:

o U&E.

o Blood pH (to exclude DKA).

o Diabetes-related autoantibodies: islet cell antibody (ICA)/anti-insulin
antibody (IAA)/anti-GluAD antibody (GluAD)/anti-IA-2.

o Other autoimmune disease screen: thyroid function test/thyroid
antibodies; coeliac disease antibody screen.
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Type 1 diabetes mellitus: management

The initial care and subsequent long-term management of patients with
T1DM should be delivered by a specialist paediatric diabetes team. All
newly diagnosed patients must start insulin therapy as soon as possible.
An intensive programme of education and support is needed for the child
and parents. The aims of management of T1DM are:

o education of child and family about diabetes;

o insulin therapy;

o nutritional management;

e monitoring of glycaemic control;

o avoidance and management of hypoglycaemia;

o management of ac