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Foreword to the “ rst 
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, “ nd 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, 5…40 sections, fol-
lowed by bulleted points. Both signs and symptoms of illness, as well as 
speci“ c 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 “ gures, 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 bene“ t. 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 “ rst •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 . . .•.1 In 
1553, the •innumerable passions & diseases• came to 39 presenting clini-
cal problems. As clinicians, we “ rst 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 “ eld.

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 con“ dence to manage paediatric 
clinical problems effectively and safely.

RCT
RJM
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.
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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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Symbols and abbreviations

X  controversial topic
i  increased
d decreased
n  normal
l  leading to
p  primary
s  secondary
4  male
5 female
+/… with or without
+ve positive
…ve negative
AABR  Automatic auditory brainstem response
ABC airway, breathing, circulation
ABCD airway, breathing, circulation, disability
ABPM ambulatory blood pressure monitoring
ACE angiotensin converting enzyme
ACh acetylcholine
ACL anterior cruciate ligament
ACTH adrenocorticotrophin
AD autosomal dominant
ADEM acute disseminated encephalomyelitis
ADH antidiuretic hormone
ADHD attention de“ cit hyperactivity disorder
ADP adenosine 5-diphosphate
ADPKD Autosomal dominant polycystic kidney disease
ADR adverse drug reaction
A&E accident and emergency (department)
AFP alpha-foetoprotein
AG anion gap
AIDS acquired immune de“ ciency syndrome
AIS androgen insensitivity syndrome
AKI acute kidney injury
ALA aminolevulinic acid
ALCL anaplastic large cell lymphoma
ALD adrenoleucodystrophy
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ALL acute lymphoblastic leukaemia
ALP alkaline phosphatase
ALS advanced life support
ALT alanine transferase
AML acute myeloid leukaemia
AN anorexia nervosa
ANA anti-nuclear antigen
ANC antenatal care
ANCA anti-neutrophil cytoplasmic antibodies
ANLL acute non-lymphoblastic leukaemia
AP antero-posterior
APC activated protein C
APD automated peritoneal dialysis
APH antepartum haemorrhage
APRT adenine phosphoribosyltransferase
APTT activated partial thromboplastin time
AR autosomal recessive
ARA acute rheumatoid arthritis
ARDS acute respiratory distress syndrome
ARF acute renal failure
ARM arti“ cial rupture of membranes
ARPKD autosomal recessive polycystic kidney disease
ARR absolute risk reduction
AS Angelman syndrome
ASA 5-aminosalicylic acid
ASCA anti-Saccharomyces cerevisiae antibodies
ASD atrial septal defect
ASIS anterior superior iliac spine
ASOT anti-streptolysin O titre
AST aspartate transaminase
AT ataxia telangiectasia
ATP adenosine triphosphate
AV arteriovenous
AVP arginine vasopressin
AVSD atrioventricular septal defect
AXR abdominal X-ray
AZA azathioprine
BA bone age
BAL British anti-Lewisite
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BBS Bardet-Biedl syndrome
BCG Bacille Calmette…Guérin
bd twice a day
BiPD bipolar disorder
BLCL diffuse large B cell
BLS basic life support
BM bone marrow
BMD Becker muscular dystrophy
BMI body mass index
BMT bone marrow transplantation
BP blood pressure
BPD bronchopulmonary dysplasia
BSS Bernard…Soulier syndrome
BWS Beckwith…Wiedemann syndrome
BXO balanitis xerotica obliterans
CA choanal atresia
CACT carnitine…acylcarnitine translocase
CAD coronary artery disease
CaSR  calcium-sensing receptor
CAH congenital adrenal hyperplasia
CAM cystic adenomatoid malformation
CAMHS child and adolescent mental health services
CBT cognitive behaviour therapy
CCNU Lomustine
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
CER control event rate
CF cystic “ brosis
CFAM  cerebral function analysis monitoring
CFRD cystic “ brosis related diabetes
CFS chronic fatigue syndrome
CFTR cystic “ brosis transmembrane receptor
CGA  corrected gestational age
CGM continuous glucose monitoring
CGMS continuous glucose monitoring system
CH cystic hygroma
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CHARGE coloboma, heart defects, choanal atresia, retarded growth, 
genital anomalies, ear abnormalities

CHC choriocarcinoma
CHD congenital heart disease
CHEOPS Children•s Hospital of Eastern Ontario Pain Scale
CHO carbohydrate
CI con“ dence interval
CIE congenital ichthyosiform erythroderma
CJD Creutzfeldt…Jakob disease
CK creatine kinase
CLD chronic lung disease
CLE congenital lobar emphysema
CMG congenital Myasthenia gravis
CML chronic myeloid leukaemia
CMV cytomegalovirus
CNS central nervous system
CO carbon monoxide
CoA coarctation of aorta
CONS coagulase-negative staphylococci
CoRF corticotrophin-releasing factor
CP cerebral palsy
CPAP continuous positive airway pressure
CPR cardiopulmonary resuscitation
CPS carbamyl phosphate synthetase de“ ciency
CRF chronic renal failure
CRIES Crying, Requires oxygen for saturation >95%, Increased 

vital signs, Expression, Sleepless
CRMO chronic recurrent multifocal osteomyelitis
CRP C-reactive protein
CRT capillary re“ ll time
CS Caesarean section
CSF cerebrospinal ” uid
CSII continuous subcutaneous insulin infusion
CStE convulsive status epilepticus
CT computerized tomography
CTG cardiotocogram
CVP central venous pressure
CVS cardiovascular system
CXR chest X-ray
CYP cytochrome P450
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DALY disability-adjusted life year
DCD developmental coordination disorder
DCT direct Coombs• test
DDAVP deamino-8-d-arginine vasopressin (desmopressin)
DDH developmental dysplasia of the hip
DEND developmental delay, epilepsy, and neonatal diabetes
DEXA dual-energy X-ray absorptiometry
DHAP dihydroxyacetone phosphate
DHEAS dehydroepiandrosterone sulphate
DI diabetes insipidus
DIC disseminated intravascular coagulation
DIP distal interphalangeal (joint)
DJF duodenojejunal ” exure
DKA diabetic ketoacidosis
DMARD disease-modifying antirheumatic drug
DMD Duchenne muscular dystrophy
DMSA dimercaptosuccinic acid
DPG diphosphoglycerate
DPT diphtheria, pertussis, tetanus
DSM Diagnostic and statistical manual
DTPA diethylenetriamine pentaacetic acid
DVM delayed visual maturation
DVT deep vein thrombosis
EAR estimated average (nutritional) requirement
EBM expressed breast milk
EBV Epstein…Barr virus
EC embryonal carcinoma
ECG electrocardiogram
ECLS  Extracorporeal life support
ECMO extracorporeal membrane oxygenation
EDS Ehlers-Danlos syndrome
EEG electroencephalogram
EER experimental event rate
EHEC enterohaemorrhagic E. coli
ELBW extremely low birth weight
ELISA enzyme-linked immunosorbent assay
EM electron microscopy
EMDR eye movement desensitization and reprocessing
EMG electromyogram
EMU early morning urine
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EMV electromagentic valve
ENT ear, nose and throat
EPO emergency protection order
ERCP endoscopic retrograde cholangiopancreatography
ES Ewing•s sarcoma
ESR erythrocyte sedimentation rate
ESRF end-stage renal failure
ET essential thrombocytheaemia
ETT endotracheal tube
FA Fanconi•s anaemia
FB foreign body
FBC full blood count
FDG 18F-” udeoxyglucose
FDP “ brin/“ brinogen degradation products
FEL familial erythrophagocytic lymphohistiocytosis
FEV1 forced expiratory volume in 1 second
FFP fresh frozen plasma
FH familial hypercholesterolaemia
FHL familial haemophagocytic lymphohistiocytosis
FiO2 fractional inspired oxygen
FISH ” uorescence in situ hybridization
FIX factor IX
FLAG ” udarabine, ara-C, and G-CSF (regime)
FRAXA fragile X syndrome
FRC functional residual capacity
FSGS focal segmental glomerulosclerosis
FSH follicle-stimulating hormone
FTT failure to thrive
FVC forced vital capacity
FVL factor V Leiden
GA general anaesthetic
GAD generalized anxiety disorder
GBS group B streptococcus
G-BS Guillain…Barré syndrome
GCS Glasgow coma scale
G-CSF granulocyte colony-stimulating factor
GCT germ cell tumour
GDAP ganglioside-induced differentiation-associated protein
GFR glomerular “ ltration rate
GH growth hormone
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GHIS growth hormone insensitivity syndrome
GHRH growth hormone-releasing hormone
GI gastrointestinal
GluA glutaric aciduria
GluAD glutamic acid decarboxylase
GN glomerular nephritis
GnRH gonadotrophin-releasing hormone
GOR gastro-oesophageal re” ux
GORD gastro-oesophageal re” ux 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 immunode“ ciency virus
HL Hodgkin•s lymphoma
HLA human leukocyte antigen
HLH haemophagocytic lymphohistiocytosis
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HLHS hypoplastic left heart syndrome
HMG-CO 3-hydroxy-3-methyl-CoA
HOCM hypertrophic obstructive cardiomopathy
HPA human platelet antigen
HPLC haemoglobin electrophoresis
HPRT hypoxanthine…guanine phosphoribosyltransferase
HR heart rate
HRCT high resolution computerized tomography
HS hereditary spherocytosis
HSD Hirschsprung•s disease
HSP Henoch…Schönlein purpura
HSV herpes simplex virus
HUS haemolytic…uraemic syndrome
HVA homovanillic acid
IAA insulin auto-antibody
IAP  intrapartum antibiotic prophylaxis
IBD in” ammatory bowel disease
IBS irritable bowel syndrome
ICA islet cell antibody
ICD International Classi“ cation of Diseases
ICP intracranial pressure
IDM infant of diabetic mother
IDDM insulin-dependent diabetes mellitus
I:E ratio of inspiratory time to expiratory time
iem inborn error of metabolism
IEM inborn errors of metabolism
IGF insulin-like growth factor
Igs immunoglobulins
IGT impaired glucose tolerance
IHPS idiopathic hypertrophic pyloric stenosis
IIH idiopathic intracranial hypertension
ILAR International League of Associations for Rheumatology
IO intraosseous
IM intramuscular
IMD inherited metabolic disease
INR international normalized ratio
IPPV intermittent positive pressure ventilation
IRT immunoreactive trypsinogen
IT intrathecal
ITP idiopathic thrombocytopenic purpura
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ITT insulin tolerance test
ITU intensive therapy unit
IU international units
IUGR intrauterine growth restriction
IUT intrauterine blood transfusion
IV intravenous
IVC inferior vena cava
IVGT intravenous glucose tolerance test
IVH intraventricular haemorrhage
IVI 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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MA microalbuminuria
MAG-3 mercaptoacetyltriglycine
MAHA microangiopathic haemolytic anaemia
MAOI monoamine oxidase inhibitor
MAP mean airway pressure
MAS meconium aspiration syndrome
MCAD medium chain acyl-CoA dehydrogenase de“ ciency
McAS McCune…Albright syndrome
MCD minimal change disease
MCDK multicystic dysplastic kidneys
MCH mean cell haemoglobin
MCHC mean corpuscular haemoglobin concentration
MCP metacarpal phalangeal (joint)
M,C&S microscopy, culture, and sensitivity
MCTD mixed connective tissue disease
MCUG micturating cystourethrography
MCV mean cell volume
MD Meckel•s diverticulum
MDI metered dose inhaler
MDP myeloproliferative disorder
MDS myelodysplastic syndrome
MeA mesenteric adentitis
MELAS mitochondrial encephalopathy…lactic acidosis and stroke-

like episodes (syndrome)
MEN multiple endocrine neoplasia
MFS Marfan syndrome
MGN membranous glomerulonephritis
MIBG meta-iodo-benzylguanidine
MLD metachromatic leucodystrophy
MMA methylmalonic acidaemia
MMF mycophenolate mofetil
MMR measles, mumps, rubella (vaccination)
MODY maturity onset diabetes of young
MPGN membranoproliferative glomerulonephritis
MPH mid-parental height
MPS mucopolysaccharidosis
MRD minimal residual disease
MRI magnetic resonance imaging
MSbP Munchausen syndrome by proxy
MSH melanocyte-stimulating hormone
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MSU midstream urine
MTHFR methyltetrahydrofolate reductase
MTP metatarsal phalangeal (joint)
MTX methotrexate
NAGS N-acetylglutamate synthetase de“ ciency
NAHI non-accidental head injury
NAI non-accidental injury
NAIT neonatal alloimmune thrombocytopenia
NC nasal cannula
NCStE convulsive status epilepticus
NEC necrotizing enterocolitis
NF neuro“ bromatosis (NF1, NF2)
NFCS neonatal facial coding scale
NG nasogastric
NGT nasogastric tube
NHL non-Hodgkin•s lymphoma
NIMH-MTS National Institute of Mental Health-Multimodal Treatment 

Study
NIPS Neonatal and Infant Pain Scale
NMJ neuromuscular junction
NNT number (of patients) needed to treat
NNU neonatal unit
NS Noonan syndrome
NSAID non-steroidal anti-in” ammatory drug
NSE neuron-speci“ c enolase
nvCJD new variant Creutzfeldt…Jakob disease
OA oesophageal atresia
OAE otoacoustic emission
OCD obsessive…compulsive disorder
od once daily
OD observed difference
ODD oppositional de“ ant disorder
OFC occipitofrontal circumference
OGTT oral glucose tolerance test
OI osteogenesis imperfecta
OMIN Online Mendelian Inheritance in Man (database)
OS osteosarcoma
OSA obstructive sleep apnoea
OSAS obstructive sleep apnoea syndrome
OTC ornithine transcarbamylase de“ ciency
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PaCO2 arterial carbon dioxide tension
p-ANCA perinuclear antineutrophil cytoplasmic antibody
PANDAS paediatric autoimmune neuropsychiatric disorder 

associated with Streptococcus
PaO2 arterial oxygen tension
PBSCT peripheral blood stem cell transplants
PCA patient-controlled analgesia
PCH paroxysmal cold haemoglobinuria
PCKD polycystic kidney disease
PCOS Polycystic ovarian syndrome
PCP pneumocystis pneumonia
PCR polymerase chain reaction
PCV packed cell volume
PD peritoneal dialysis
PDA patent ductus arteriosus
PDD pervasive developmental disorder
PDPE psychologically determined paroxysmal events
PE pulmonary embolism
PEEP positive end-expiratory pressure
PEFR peak expiratory ” ow rate
PEG polyethylene glycol
PET positron emission tomography
PFA platelet function assay
PGE1 prostaglandin E1
PHP pseudohypoparathyroidism
PHVD post-haemorrhagic ventricular dilatation
PICU paediatric intensive care unit
PIE pulmonary interstitial emphysema
PIP peak/positive/proximal inspiratory pressure
PIPP Premature Infant Pain Pro“ le
PK pyruvate kinase
PKU phenylketonuria
PMDI propellant metered dose inhaler
PML promyelocytic leukaemia
PN parenteral nutrition
PNDM Permanent neonatal diabetes mellitus
PNET primitive neuroectodermal tumour
PNH paroxysmal nocturnal haemoglobinuria
PO orally/by mouth
PP 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 re” ex 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
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RTA renal tubular acidosis
RV residual volume
SAA severe aplastic anaemia
SAD separation anxiety disorder
SaO2 arterial oxygen saturation
SBR serum bilirubin
SC subcutaneous
SCD sickle cell disease
SCID severe combined immunode“ ciency
SCII SC insulin infusion
SCL subcortical leucomalacia
SDH subdural haemorrhage
SE standard error
SENCO special educational needs co-ordinator
SGA small for gestational age
SHBG sex hormone-binding globulin
SIADH syndrome of inappropriate antidiuretic hormone
SIDS sudden infant death syndrome
SIMV synchronized intermittent mandatory ventilation
SIPPV synchronized intermittent positive pressure ventilation
SLE systemic lupus erythematosus
SM sternomastoid muscle
SMA spinal muscular atrophy or superior mesenteric artery
SMN survival motor neuron
SN sensorineural
SOB shortness of breath
SOS self-referral of symptoms
SPA suprapubic aspiration
SpO2 pulse oximetry measurement of oxyhaemoglobin 

saturation
SR steroid-resistant
SS steroid-sensitive
SSC systemic sclerosis
SSPE subacute sclerosing panencephalitis
SSRI selective serotonin reuptake inhibitors
StE status epilepticus
STI sexually transmitted infection
subE subependymal
SUDI sudden unexpected death in an infant
SUFE slipped upper femoral epiphysis
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SVC superior vena cava
SVT 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
TcCO2 transcutaneous carbon dioxide pressure
TcO2 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 deoxynucleotidyl 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 “ stula
TORCH toxoplasmosis, others, rubella, cytomegalovirus, herpes 

virus II
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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TSC tuberous sclerosis complex
TSH thyroid-stimulating hormone
TSS toxic shock syndrome
TT thrombin time
TTG tissue transglutaminase IgA antibody
TTN transient tachypnoea of newborn
TTP thrombotic thrombocytopenic purpura
UAC umbilical arterial catheter
UC ulcerative colitis
U&E urea and electrolytes
UNC urine net charge
UNHS universal newborn hearing screening
UP:UCr urinary protein to urinary creatinine (ratio)
URTI upper respiratory tract infection
US ultrasound
USS ultrasound scan
UTI urinary tract infection
UV umbilical vein
UVC umbilical venous catheter
VACTERL vertebral anomalies, anal atresia, cardiac malformations, 

tracheo-oesophageal “ stula, renal and limb anomalies
VEGF  vascular endothelial growth factor
VDDR vitamin D-dependent rickets
VDRL Venereal Disease Research Laboratory (test)
VF ventricular “ brillation
VHL von Hippel…Lindau (disease)
VIP vasoactive intestinal polypeptide
VLBW very low birth weight
VLDL very low density lipoprotein
VMA vanillylmandelic acid
VOD vaso-occlusive
VSAA very severe aplastic anaemia
VSD ventricular septal defect
VT ventricular tachycardia
V/Q ventilation…perfusion ratio
VUJ vesicoureteric junction
VUR vesicoureteric re” ux
vWD von Willebrand•s disease
vWF von Willebrand•s factor
VZV 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 paediatrics2

Reading and learning paediatrics
Welcome to paediatrics and child health! You will “ nd 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 “ eld, you will “ nd 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.

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.
Develop€  communication skills: this will help you to speak to children, 
adolescents, and their families.
Become€  competent in physical examination of babies, infants, toddlers, 
children, and adolescents.
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.
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PROFESSIONAL CONDUCT AND ATTITUDES3

Professional conduct and attitudes
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 con“ dentiality and privacy? (see b  
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 b  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 speci“ c to paediatrics and child health? (see b  
pp.1032, 1038).
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Professional skills
Interviewing ( b  Chapter 3)

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 (b  Chapter 3)
Can you complete a full physical examination of an infant, child, and € 
adolescent, including the observation and documentation of normal 
physical “ ndings? You should be able to do this •long case• examination 
in less than 10min.
Can you carry out a problem-orientated examination?€  For example, in the 
child with a limp: what are the important positive and negative clinical 
“ ndings?
Are you a good observer?€  Do you take time to look “ rst?
Can you assess behaviour, neurodevelopment, and pubertal staging?€ 

Communication
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?
Can you write a discharge letter for the family doctor?€ 
Can you write a full medical summary for the medical notes?€ 
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
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?
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 b Chapter 2, p.16) 
and decide on best evidence for treatment?

Practical procedures (b  Chapter 7)
Do€  you know when certain procedures are needed (e.g. lumbar puncture, 
intravenous (IV) line, nasogastric (NG) tube, etc.)?
Can you explain these procedures to parents and children?€ 
Specialist trainees in paediatrics should be able to perform the procedures € 
in the Boxes 1.1 and 1.2.

Box 1.1 Diagnostic procedures

Venepuncture and venous cannulation for blood sampling (€ b  p.203)
Collection of blood from central lines and umbilical arterial lines € 
(b  pp.204…209)
Capillary blood sampling (€ b  p.202)
Electrocardiogram (ECG)€ 
Lumbar puncture (LP, € b  p.220)
Suprapubic aspiration of urine (€ b  p.219)
Non-invasive blood pressure (BP) measurement€ 
Urethral catheterization (€ b  p.218)
Urine analysis using standard bedside tests€ 
Blood sugar measurement using standard point-of-care glucometers€ 

Diagnostic procedures with supervision
Peripheral arterial cannulation (€ b  p.205)
Needle thoracentesis of pleural effusion for microbiology and € 
cytology

Box 1.2 Therapeutic procedures

Bag, valve, and mask ventilation (€ b  p.211)
Placement of an oral airway (€ b  p.210)
External chest compression€ 
Tracheal intubation of term newborn babies (€ b  p.212)
Removal and replacement of a blocked tracheotomy tube€ 
Percutaneous long-line insertion (€ b  p.209)
Placement of NG tube€ 

Therapeutic procedures with supervision
Injections:€  intradermal, subcutaneous (SC), intramuscular (IM), and IV
Insertion of an intraosseous (IO) needle€ 
Administer surfactant€ 
Tracheal intubation of preterm and older child€ 
Chest drain insertion for pneumothorax€ 
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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 ( b Chapter 13)
What are the intrauterine factors that affect growth of the foetus?€ 
Can you explain how growth charts are used in the longitudinal evaluation € 
of height, weight, and head circumference?

In particular, consider the following.
Can you recognize abnormalities of growth that warrant further € 
evaluation?
What is the signi“ cance of crossing centiles on a growth chart?€ 
What is the signi“ cance of discrepancies between height, weight, and € 
head circumference?
What are: short stature; constitutional delay; failure to thrive; obesity; € 
microcephaly; and macrocephaly?

Development ( b Chapters 15, 24, and 27)
Why is following development important in clinical paediatrics?

What are the normal changes in re” exes, tone, and posture in the € 
infant?
What is the normal progression in motor milestones in the “ rst year?€ 
What are the signs of cerebral palsy?€ 

Behaviour (b Chapters 15, 16, and 21)
What are the typical presentations of common behavioural problems at 
various developmental levels and ages?

What are temper tantrums?€ 
How may somatic complaints represent psychosocial problems?€ 
In what types of situations does pathology in the family contribute to € 
childhood behaviour problems?

Nutrition ( b Chapter 10)
What factors contribute to the development of failure to thrive in € 
infancy?
What factors contribute to the development of child obesity?€ 
What are the special dietary needs of children with chronic illness?€ 
What caloric intake is needed for normal growth in infants and small € 
children?

Also consider the following.
What are the major differences between human milk and commonly € 
available formulas?
What are the advantages of breastfeeding?€ 
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Newborns (b Chapter 6)
What diseases are detected by neonatal blood screening?€ 
What important historical information, physical examination “ ndings, and € 
laboratory data are needed for the differential diagnosis of the following 
problems:

jitteriness or seizures;€ 
jaundice;€ 
lethargy or poor feeding;€ 
respiratory distress;€ 
cyanosis;€ 
bilious vomiting;€ 
non-bilious vomiting;€ 
hypoglycaemia;€ 
sepsis?€ 

Genetics and congenital malformations 
(b Chapters 23 and 25)

What are the effects of teratogenic agents such as alcohol and phenytoin?€ 
What are the “ ndings and implications of the common chromosomal € 
abnormalities:

trisomy 21;€ 
sex chromosome abnormalities (e.g. Turner•s syndrome, fragile X € 
syndrome);
other genetic disorders (cystic “ brosis, sickle cell disease)?€ 

Common paediatric illnesses
For each of the common •presentations• and •conditions• in this handbook 
can you review:

cause;€ 
pathophysiology;€ 
natural history;€ 
presenting signs and symptoms;€ 
initial laboratory test and/or imaging needed for diagnosis;€ 
plan for initial management?€ 
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CHAPTER 2 Epidemiology, evidence, and practice10

Introduction
The aim of this chapter is to provide the epidemiological information that 
we “ nd 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:

Those that de“ ne the burden of disease:€  i.e. what, who, where, and 
when questions.
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:

Quantifying€  disease in populations.
Research design€ , methodology, and implementation.
Basic statistical tests€  and their interpretation.
Clinical guidelines€ , systematic reviews and meta-analyses.
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

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

Mortality rates
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.
Perinatal mortality:€  still births plus deaths in “ rst week of life.
Infant mortality:€  deaths from birth to 1yr.
Post-neonatal mortality:€  deaths from 4wks of age to 1yr.
Under 5-yr-old mortality:€  deaths from birth to under 5yrs.
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Summary of study designs
Here are the common types of clinical study that you will read about.

Experimental study
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
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.

Case-series (retrospective) review:€  these studies are essentially reviews 
of practice or uncontrolled treatment in a de“ ned patient group.
Case-control (retrospective) study:€  these studies have cases that are 
de“ ned 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 de“ ne 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 de“ ne prevalence.
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CHAPTER 2 Epidemiology, evidence, and practice12

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 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

02_McClure_02.indd   12 11/14/2012   2:00:43 PM



LEVELS OF EVIDENCE13

02_McClure_02.indd   13 11/14/2012   2:00:44 PM



CHAPTER 2 Epidemiology, evidence, and practice14

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
Signi“ cance ( € �  ) level of a statistical test: often set at 5% (0.05), this is 
the probability of “ nding a statistical association by chance alone when 
there really is no association.
Power (1- € �  ) of a statistical test: often 80% (0.80), the probability of 
“ nding a statistical association when there is one.
Sample size:€  the number of subjects needed in a clinical study to 
achieve a suf“ ciently high power and low � , in order to obtain a result 
that is of value clinically.
P-value:€  this value quanti“ es the probability of a “ nding by chance 
alone. If the P-value is less than the preset � , then the “ nding is 
considered not due to chance.
Con“ dence interval (CI):€  often set at 95% probability: the interval where 
there is 95% chance of “ nding the true value.
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.
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

Absent C D C+D

Total patients A+C = n1 B+D = n2 A+B+C+D= n1 + n2

When a comparison is being made, you need:
An estimate of the 95% CI 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% CI, 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/n1 … B/n2.
The proportion (p) in both groups combined: p = (A + B)/(n€ 1 + n2).
The standard error (SE) of the difference€  between the two proportions 
is: SE = p( )p ( / / )n)p ( 11 2/n+n( /)p ( .
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Difference in sample proportions will be normally distributed with mean 0.€ 
To calculate the observed difference in SE units away from € 
hypothesized difference of zero: OD/SE.
Exact level of signi“ cance 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:

Relative risk reduction (RRR):€  RRR = (CER … EER)/CER, where CER is 
the control event rate, and EER is the experimental event rate.
Absolute risk reduction (ARR): ARR = CER … EER.€ 
Number needed to treat: NNT = 1/ARR€ 
The 95% CI on a NNT€  … 1/limits on the CI of its ARR: ± 1.96/CER × 
(1 … CER)/n1 + EER × (1 … EER)/n2 where n1 is the number of controls 
and n2 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)

Sensitivity:€  the proportion of all diseased who have positive (+ve) test 
(use Table 2.3) = A/(A + C).
Speci“ city:€  proportion of all non-diseased who have a negative (…ve) 
test = D/(B + D).
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 con“ rm 
disease status = Sensitivity/(1-speci“ city).
LR negative:€  ability of a …ve test result to con“ rm non-diseased status = 
Speci“ city/(1-sensitivity).
Pre-test probability€  or prevalence = (A + C)/(A + B + C + D).
Pre-test-odds€  = prevalence/(1-prevalence).
Post-test odds€  = Pre-test odds × LR.
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:

Identify the problem you want to address.€ 
De“ ne a structured question.€ 
Find the best evidence using original primary studies or evidence € 
summaries.
Ask yourself •how valid is the evidence?•€ 
Summarize the results.€ 
Then ask, •how should I 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 ( 7150 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 speci“ c 
knowledge which relates to managing patients. It will have four essential 
components:

A [patient] or [problem].€ 
An [intervention].€ 
A comparison [€ intervention] if relevant.
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:

Secondary sources.€ 
Systematic reviews (Cochrane Library see € b  p.18).
Primary research (PubMed query using MeSH •subject headings•).€ 
Search results:€  have you identi“ ed 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-
“ ed construct a table listing:

The citation.€ 
The type of study.€ 
The outcome or endpoint of the study.€ 
The key result.€ 
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 “ nal length of your written report should be 500…600 words. Some 
medical journals will accept these items for publication.

Practice point

You will “ nd 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

1 The clinical setting

2 Your structured question

3 The search strategy

4, 5, and 6 Your “ ndings and results

7 A summary

8 and 9 How this evidence applies to your 
patient or problem

10 The clinical bottom line
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Useful websites and resources
Useful synopses and syntheses of the medical literature:

Cochrane Database of Systematic Reviews:€  covers a broad range of 
disciplines examining therapy and prevention. Available at: M  http://
www.cochrane.org/index.htm
Database of Abstracts of Reviews of Effects (DARE):€  covers all disciplines 
and concentrates on therapy and prevention. Available at: M  http://
www.york.ac.uk/inst/crd/crddatabases.htm
Bandolier:€  useful for primary care. Available at: M  http://www.
medicine.ox.ac.uk/bandolier

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

MEDLINE has lots of primary studies across all disciplines and areas of € 
research which is free through PubMed. Available at: M  http://www.
ncbi.nlm.nih.gov/pubmed
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 “ nd high-
impact studies that have recently made the headlines. Available at: 
M  http://scholar.google.com
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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
Courtesy€  to families, colleagues, and members of the multidisciplinary 
team.
Patience€  and sensitivity in your communication with children and their 
families.
Empathy€  with children, young people, and their families experiencing 
dif“ culty and distress.
Insight€  into personal limitations and when help should be sought in 
managing sensitive and complex situations.

Professional
See also b  pp.575…576, 794, 1005, 1034…1035.

Understand how to manage consultations with babies, young children, € 
adolescents, and their families effectively.
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.
Develop an effective way of communicating information about a € 
diagnosis, prognosis, or emotional issue to children, young people, 
families.
Know when and what assistance is required when communicating with € 
children and families who unable to speak or understand English.
Learn what information is appropriate to share with children based on € 
their physical and mental maturity.
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TAKING A PAEDIATRIC HISTORY: INTRODUCTION21

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 “ eld 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 “ ndings 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:
Date and time when you undertook the consultation€ 
Who was present€ 
Who gave the history€ 
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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 “ nding, 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

Abdominal mass and abdominal pain, € b  pp.310, 351, 668, 845
Anaemia, € b  pp.192, 610…629
Anaphylaxis, € b  p.64
Antisocial behaviour, € b  p.598
Apnoea, € b  p.48
Ataxia, € b  p.524
Attention de“ cit and hyperkinesis, € b  p.600
Bleeding, bruising, or purpura, € b  p.632
Breathlessness, € b  p.258
Coma and head injury, € b  pp.72…79
Constipation, € b  pp.304, 306
Cough (acute, chronic), € b  p.257
Cyanosis, € b  pp.60…63, 226
Dehydration, € b  p.90
Developmental delay, € b  p.564
Diarrhoea (acute, chronic), € b  pp.302…305
Ear pain or discharge, € b  p.900…901
Electrolyte disturbance, € b  p.89…93
Failure to thrive, € b  p.308
Fatigue (chronic), € b  p.990
Fever and febrile neutropenia, € b  pp.682…683, 696…702
Headache, € b  pp.516…518
Hypotonia, € b  pp.136, 538
Joint pain, limp, € b  pp.734…737
Lymphadenopathy, € b  p.654
Oedema, € b  pp.138, 226
Polyuria and urinary frequency, € b  p.350
Rash, € b  p.806
Red eye, € b  p.890
School performance (poor), € b  pp.986, 991
Seizures and status epilepticus, € b  pp.80, 134, 505
Shock, € b  pp.54…58, 65
Sleep disturbance, € b  p.279
Sore throat, € b  p.282
Stature (short, tall), € b  pp.466, 474
Stridor, € b  p.256
Vomiting, € b  p.300
Walking (delayed), € b  p.564
Wheeze, € b  p.255
White blood cell count (abnormal), € b  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:

When did the current problem start. What was it like?€ 
Has the problem changed at all? If so, when and in what way?€ 
Has the patient sought medical attention before now? If so, what € 
investigations have been done so far? What treatments have been 
tried?
Ask speci“ cally 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 “ ve 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
How many pregnancies has mother had; what were the outcomes?€ 
What was the length of the pregnancy with this child?€ 
Were there any complications during the pregnancy, such as abnormal € 
bleeding, illness, or infection?
Did the mother take any medication during pregnancy?€ 

Birth history
What was this child•s gestation at birth and what was the weight?€ 
How long was labour?€ 
Was there maternal fever or premature rupture of membranes?€ 
Was any intervention required at delivery?€ 

Neonatal period
Did the child have any neonatal problems, e.g. jaundice, cyanosis, or € 
respiratory distress?
Was vitamin K given?€ 
Was the baby treated on the special care baby unit?€ 
When did the baby and mother go home?€ 

Child development
When did the baby achieve key developmental milestones, e.g. smiling, € 
rolling over, sitting unaided, standing, speaking, and toileting skills?
How well has the child grown in weight and length/height?€ 
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 “ nd out about past visits to the 
doctor and any admissions to hospital that the child has had.

Childhood illness and infections:€  What infections and illnesses has the 
child had? Does the child have asthma, diabetes, epilepsy?
Is the child on any medication€ ? Why? Are there any allergies? Which?
Surgical procedures and investigations:€  What, if anything, has been done 
in the past?
Is the child seeing another clinician?€  What for?
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Symptom review
If you haven•t done so already, you need to “ nd 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
How good is visual acuity„are glasses needed?€ 
Is there a history of infection, injury, or surgery?€ 

Ear, nose, and throat
Is there a problem with hearing or balance?€ 
Is there a history of ear infection or discharge?€ 
Is there any dif“ culty with breathing?€ 
Is there a history of nasal discharge, snoring, or bleeding?€ 
Are there any enlarged lumps or glands?€ 
Is there a history of sore throat, dental problems, or mouth ulcers?€ 

Chest
Is there any limitation to exercise?€ 
Is there a history of cough, wheeze, chest pain, or haemoptysis?€ 
Has there been any exposure to tuberculosis?€ 
Has the child ever had a chest X-ray (CXR)?€ 
Are there any smokers in the family?€ 
Are there any smoke-free zones in the family accommodation?€ 

Heart
Is there a history of heart murmur or rheumatic fever in the patient or € 
family?
Is there a history of dyspnoea, orthopnoea, chest pain, or cyanosis?€ 

Gastrointestinal
How good is the child•s appetite?€ 
Have there been any recent changes in weight, food tolerance, or € 
bowel movements?
Has there been any rectal bleeding?€ 
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Genitourinary
Is there a history of infection?€ 
How frequent is urination?€ 
Is there any dysuria, or haematuria, or discharge?€ 
Is there a history of bedwetting?€ 
What was the age of menarche?€ 

Joints, limbs, and tissue
Is there any pain?€ 
Is there swelling or limitation in movement?€ 
Is there muscle weakness?€ 
Is there any dif“ culty walking or a limp?€ 

Nervous system
Is there a history of “ ts, 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?
Is there a history of hyperactivity?€ 

Skin
Is there a rash?€ 
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:

Ages€  of parents and siblings: you will need to be able to draw the family 
tree. Include the whole extended family with ages.
Illness€  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?
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?
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 identi“ cation 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 con“ dence 
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 con“ dence, 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 GI systems„just look at 
it once!
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General condition
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 re“ ll, mucous membranes, anterior fontanelle, 
sunken eyes, skin turgor, and pulse.

Practice point

In those under 2yrs old, obtain a length measurement using a table € 
stadiometer. In older children, height can be measured standing
Weigh the child unclothed€ 
Measure the head OFC at the maximum point of the occipital € 
protuberance posteriorly and at the mid-forehead anteriorly
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 b  p.37. See Tables 3.1 and 3.2 for normal values of respiratory 
rate, heart rate (HR), and BP at different ages.

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 € b  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 “ nd it easier to use brachial pulse.) Assess 
the rate, character, and rhythm at the radial pulse.
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 “ nd it is easier to see diaphragmatic, 
rather than chest wall movement.
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 3.2 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

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

6…12mths 20…40  95…120

1…5yrs 0…30  90…110

6…10yrs 18…25  80…100

>10yrs 12…25  60…100
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Respiratory system
See also b  p.254.

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 
” aring, intercostals, subcostal, and sternal recession, use of accessory 
muscles, forced expiration, grunting, or tracheal tug? Is there an 
audible noise during inspiration or expiration?
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 “ ne 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 “ rm 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:

Sputum pot contents€ 
Peak ” ow rate measurement and assessment in relation to height€ 
Inhaler technique in those using such devices€ 
Evidence of previous tracheotomy or use of current one€ 

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

Consolidation€ 
Collapse or removal of a lung€ 
Pleural effusion€ 
Pneumothorax€ 
Air” ow obstruction€ 
Bronchiectasis€ 
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Cardiovascular system
Colour€  and cyanosis (see b  respiratory system, pp.55, 60, 254): 
examine the colour of the sclerae and conjunctivae.
Teeth: € assess the number and condition of the teeth.
Clubbing:€  assess “ ngers and toes. Is there any peripheral oedema?
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.
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?
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 
muf” ed and suggestive of pericardial ” uid? 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 b  pp.228…231)

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

Loudness€ : grade I to VI
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

03_McClure_03.indd   32 11/14/2012   7:04:55 PM



GASTROINTESTINAL SYSTEM33

Gastrointestinal system
For hands, mouth, tongue, and eyes see respiratory and cardiovascular 
systems (b  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.

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?
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 “ ssures and rectal prolapse. However, if the child has 
abdominal symptoms, a digital examination may be required to check for 
sphincter tone, masses, and tenderness.

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.
Never perform a rectal examination as a senior house of“ cer.€ 

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 4cm span

At 10yrs 6cm span

In adults 10cm span
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Genitourinary system
See also b  p.484, 868. For hands, mouth, tongue, abdomen, and eyes 
see b  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.

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?
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 b  p.732.

Congenital€  anomalies: examine the “ ngers, toes, hands and feet, legs 
and arms. Look at the shape of the bones.
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 6mths 
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.
Gait:€  watch the child walk and describe it in light of your other “ ndings.

Practice point See also b  pp.496…499, 557

You should be able to recognize the gaits associated with:
Myopathy (waddling)€ 
Hemiplegia€ 
Spastic diplegia€ 
Cerebellar ataxia€ 
Painful limb (antalgic gait)€ 
Foot drop€ 
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 b  p.30 for normal values 
of vital signs).

Rapid cardiopulmonary assessment
The rapid cardiopulmonary assessment should take less than 1min.

Airway
Is it patent?

Breathing
What are the effort and work of breathing? Is there recession, nasal € 
” aring, grunting, use of accessory muscles, stridor, or wheeze?
What is the air entry like in the chest?€ 
What is the respiratory rate: is it fast or slow?€ 
What is the skin colour?€ 

Circulation
What is the heart rate?€ 
What is the systemic perfusion? Check pulse volume, capillary re“ ll, € 
skin temperature, level of consciousness, and urine output.
What is the BP?€ 

Disability
What is the level of consciousness?€ 
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  

4…12mths >50   

1…4yrs >40  

5…12yrs >30  

>12yrs >30  

Bradycardia or tachycardia

Age Bradycardia (beats/min)Tachycardia (beats/min)

Term to 3mths <100 >180

4…12mths <100 >180

1…4yrs <90 >160

5…12yrs <80 >140

>12yrs <60 >130

Hypotension

Age Action systolic pressure (mmHg)

Term to 3mths <60

4…12mths <65

1…4yrs <70

5…12yrs <80

>12yrs <90

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
Assess the safety of the situation.€ 
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
Child€ : 5 breaths mouth to mouth
Infant€ : 5 breaths mouth to mouth and nose

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

7 If HR <60/min and poor perfusion: chest compressions
Child€  >8yrs: use two-handed method for rate of 100/min and ratio of 
15 compressions to 2 breaths
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
Infant€ : use two “ ngers 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):

Unconscious 

Open airway 
5 breaths 
Start CPR 

Conscious 

5 back blows 

5 thrusts 
(chest for infant) 
(abdominal for 
  child >1 yr)  

Encourage cough 

Continue to check for 
deterioration to ineffective 
cough or until obstruction

relieved 

Effective cough Ineffective cough 

Assess severity 

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 de“ brillator and monitor

4 Assess cardiac rhythm and check pulse
If ventricular “ brillation (VF) or pulseless tachycardia (VT):€ 

de“ brillate as necessary: 4J/kg for initial and all subsequent shocks€ 
then€  give cardiopulmonary resuscitation (CPR) for 2min
then€  reassess rhythm and pulse and respond

If not VF or VT: € asystole or pulseless electrical activity:
give CPR for 4min€ 
then reassess rhythm and pulse, and respond€ 

5 During CPR
Attempt and verify:€ 

tracheal intubation€ 
IV or IO access€ 

Check: electrode or paddle placement: the position and contact.€ 
Give: e€ pinephrine every 3…5min (0.1mL/kg IV (1:10,000))
Consider:€ 

giving anti-arrhythmics and alkalizing agents€ 
potentially reversible causes„hypoxia; hypovolaemia; € 
hypokalaemia; hyperkalaemia; hypocalcaemia; tension 
pneumothorax; cardiac tamponade; toxins; thromboemboli

6 Are there dif“ culties in ventilation?
Rule out the following potential problems

Is the endotracheal tube € displaced?
Is there an € obstruction?
Does the child have a € pneumothorax?
Is there € equipment failure?
Is there air in the € stomach causing diaphragmatic splinting?

Useful formulae in children

Estimation of weight€ 
0…12 months„€ Weight (kg) = (0.5 x Age (mths)) + 4
1…5yrs„€ Weight (kg)           = (2 x Age (yrs)) + 8
6…12yrs„€ Weight (kg)         = (3 x Age (yrs)) + 7

Endotracheal tube€ 
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.

CPR  
(5 initial breaths then 15:2)

Attach defibrillator / monitor 
Minimise interruptions  

Shockable  
(VF / Pulseless VT)  

1 Shock  
4J / kg 

During CPR 

€ Ensure high-quality CPR: rate, depth, recoil 
€ Plan actions before interrupting CPR 
€ Give oxygen 
€ Vascular access (intravenous, intraosseous) 
€ Give adrenaline every 3-5 min 
€ Consider advanced airway and capnography 
€ Continuous chest compressions when advanced 
 airway  in place 
€ Correct reversible causes 

Reversible Causes  

€ Hypoxia 
€ Hypovolaemia 
€ Hypo-/hyperkalaemia/metabolic     
€ Hypothermia 
 
€ Tension pneumothorax 
€ Toxins 
€ Tamponade - cardiac 
€ Thromboembolism 

Non-Shockable  
(PEA / Asystole)  

Call  
resuscitation team

(1 min CPR first,  
if alone)  

Unresponsive? 
Not breathing or 

only occasional gasps 

Return of 
spontaneous 

circulation 

Immediately resume 
CPR for 2 min 

Minimise interruptions 

Immediately resume 
CPR for 2 min  

Minimise interruptions

Immediate post cardiac 
arrest treatment 

€ Use ABCDE approach 
€ Controlled oxygenation and
 ventilation 
€ Investigations 
€ Treat precipitating cause 
€ Temperature control 
€ Therapeutic hypothermia?

Assess 
rhythm 

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

Bradycardia
Bradycardia is often the “ nal response to hypoxia.€ 
A preterminal rhythm leading to asystole.€ 

Treatment
Oxygen, with attention to airway and in” ation.€ 
Epinephrine 10 micrograms/kg IV€ 
May require atropine 20 micrograms/kg IV (minimum 100 micrograms; € 
maximum 1mg) if triggered by vagal stimulation.

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

Treatment Treat the cause.

Supraventricular tachycardia
The most common primary arrhythmia in infancy and childhood.€ 
Onset sudden. Heart rate: >220/min in infants; >180/min in children € 
over 3yrs.
Rhythm is regular and P waves may not be visible.€ 
Infants may present with shock, sweatiness, and poor feeding.€ 

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

Ventricular tachycardia
Rare in children; caused by primary cardiac problem or overdose.€ 
Heart rate: between 120 and 250/min.€ 
Rhythm is almost regular, but QRS is wide (>2 small squares).€ 

Treatment
Pulse present:€  amiodarone 5mg/kg; synchronized shock.
Pulseless:€  treat as for VF.

Ventricular “  brillation
Mainly caused by hypothermia and drug overdose.€ 
Found in 27% of all paediatric in-hospital arrests.€ 

Treatment See algorithm on b  p.41.

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

Treatment See algorithm on b  p.41.

Pulseless electrical activity
See algorithm on b  p.41.

04_McClure_04.indd   42 11/14/2012   7:06:57 PM



TREATING SUPRAVENTRICULAR TACHYCARDIA43

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
50…100microgram/kg given as a rapid IV push into the most central € 
IV access available followed by fast IV ” ush
If no response, then 100…200microgram/kg€ 
If no response, then increase at increments of 50…100microgram/kg € 
to a maximum single dose of 500microgram/kg

3 Consider
Synchronous DC shock€ 
Amiodarone (IV bolus over 10min) 5mg/kg€ 
Procainamide (IV loading dose of 15mg/kg over 30…60min). Stop € 
infusion if QRS widens or hypotension occurs
Flecainide (IV 2mg/kg bolus over 20min)€ 
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
1J/kg€ 
If no response, then 2J/kg€ 
If no response, then 2J/kg€ 

3 Consider using anti-arrhythmics (amiodarone)

4 Synchronous DC shock
Return to step 2 in the algorithm at 2J/kg€ 
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CHAPTER 4 Resuscitation44

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)
Unexpected deaths (see € b  Sudden unexpected death in an infant 
(SUDI)).
Infants brought in dead to the emergency department or who die soon € 
after arrival.
Deaths where there has been recent surgery or an accident.€ 
Deaths where there are suspicious circumstances.€ 

Sudden unexpected death in an infant (SUDI)
Parents or carers

Take and record a detailed clinical history.€ 
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:

Nasopharyngeal€  aspirate: virology and bacteriology.
Urine€ : biochemistry and freeze immediately.
Blood€ : toxicology, cultures, metabolic and coagulation screen.
Lumbar€  puncture (cerebrospinal ” uid (CSF) for virology and culture): if 
indicated.

Other professionals
Inform the following:

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.
Family general practitioner.€ 
Health visitor (or community midwife).€ 
Neonatologist (if a neonate).€ 

Follow-up
Arrangements should be made for the family to discuss the results of € 
the coroner•s post-mortem.
Genetic counselling may be needed.€ 
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 dif“ cult. 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 (FiO2) 100%; use the optimum method for 
patient size and monitor.

Neonates, infants:€  head-box oxygen with in situ FiO2 monitor.
Infants, toddlers:€  nasal cannulae (NC). The ideal estimate of FiO2 from 
tidal volume (7mL/kg) and NC ” ow rate is shown in the following 
example.

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

FiO2 value is: 4mL × 1.0 = 4mL oxygen, plus 38mL × 0.21 = 8mL oxygen. 
FiO2 = (4 + 8)/42 = 0.29.

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

Maintain airway and air movement
Support€  airway when needed with jaw lift: suction nasopharynx and 
mouth as needed. Provide oral or nasopharyngeal airway.
Maintain€  patient in upright position: do not force a distressed patient to 
lie down. Minimize discomfort.

B„use respiratory support for breathing
Identify€  the level of respiratory involvement: treat speci“ c problems 
appropriately (e.g. bronchodilators).
Assist€  work of breathing with non-invasive support: this can be 
achieved with nasopharyngeal continuous +ve airway pressure (see 
bronchiolitis, b  p.288), or …ve pressure ventilation.
Intubation€  and mechanical ventilation.

C„assess circulation; establish IV access
Start € pulse oximetry and cardiac monitoring.
Provide€  IV ” uids: when the circulation is good it is advisable to limit 
” uid intake to an amount ranging from restricted to just below 
maintenance.
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CHAPTER 5 Emergency and high dependency care48

Respiratory distress
Respiratory distress is de“ ned 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 (O2 
absorption, or CO2 elimination), respiratory drive, neuromuscular disease, 
and infection (see Box 5.1).

Box 5.1 Differential diagnosis of respiratory distress

Nasopharynx
Nose:€  choanal atresia, stenosis
Oropharynx:€  tonsillar hypertrophy
Tongue:€  glossomegaly
Pharynx:€  peritonsillar abscess, retropharyngeal abscess, diphtheria

Upper airway obstruction
Larynx:€  vocal cord dysfunction, laryngomalacia, papilloma, 
haemangioma, croup
Epiglottis:€  epiglottitis, foreign body

Lower airway disorder
Trachea:€  tracheitis, tracheobronchomalacia, foreign body, pulmonary 
artery sling
Bronchi:€  bronchitis, bronchomalacia
Bronchioles:€  asthma, bronchiolitis, pertussis

Disordered gas exchange
Haemoglobin:€  carbon monoxide poisoning, methaemoglobinaemia, 
acidosis
Shunt:€  pulmonary oedema, haemorrhage, atelectasis, or embolism
Dead€  space ventilation: asthma, bronchiolitis, pulmonary hypertension
Other:€  sickle chest syndrome, pneumonia, pneumothorax

Respiratory drive
Hyperventilation:€  psychogenic, brainstem tumour
Hypoventilation:€  apnoea, drugs

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

Other
Pleural:€  pneumothorax, chylothorax, haemothorax, pleural effusion, 
empyema
Chest€  wall: ” ail chest, rib fractures
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De“ nitions
Broadly, we can de“ ne the two major causes of respiratory distress as 
follows.

Respiratory failure
Hypoxaemia€  despite high FiO2: arterial oxygen tension (PaO2) <8kPa in 
previously well child.
Acidosis:€  pH <7.25; no speci“ c arterial carbon dioxide tension (PaCO2) 
since the child may have a chronic •compensated• problem.
Increasing€  fatigue, or absence of improvement with therapy: based on 
your observations on child•s breathing and mental state.

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

Colour:€  pallor or cyanosis.
Respiratory€  drive: pattern and timing of breathing may re” ect a central 
or brainstem cause.
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.
Chest€  wall movement: chest and abdominal wall dynamics may indicate 
” ail-chest, diaphragmatic palsy, pneumothorax, or foreign body 
inhalation.
Position€  and level of agitation.
Mental€  state.
Heart€  rate and perfusion: these may re” ect impending arrest.

Investigations
Non-invasive:€  pulse oximetry measurement of oxyhaemoglobin 
saturation, pulse oximetry measurement of oxyhaemoglobin saturation 
(SpO2).
Arterial€  blood gas: assessment of acid…base, PaO2, PaCO2. A capillary 
blood sample is a good alternative (for pH, PCO2) if the extremity is 
warm and the blood ” ows freely.
Blood€  tests: full blood count (FBC), electrolytes, glucose, and cultures.
CXR€ : for diagnosis (e.g. severe pneumonia); for assessment of 
complications (e.g. pulmonary oedema, pneumothorax).

Monitoring
Pulse oximetry.€ 
Continuous ECG.€ 
BP.€ 
Temperature.€ 
Fluid balance.€ 
Conscious level.€ 

Therapy
There are speci“ c therapies for each condition listed in the •Differential 
diagnoses• on b  p.48 (see individual sections). With regard to ” uid ther-
apy, we generally restrict total volume to 80% maintenance for the fol-
lowing reasons.

Distress€  with retraction: high …ve intrathoracic pressure will pull ” uid 
out of capillaries into the interstitial space and will aggravate breathing 
with pulmonary oedema.
Syndrome€  of inappropriate antidiuretic hormone (SIADH): this is a 
common problem in moderate to severe respiratory distress.
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.

Larynx:€  usually causes hoarseness, cough, dysphonia, haemoptysis, 
stridor, wheezing, dyspnoea, cyanosis, or apnoea due to complete 
obstruction.
Trachea€  and bronchus: can cause chest pain. After initial symptoms, 
there may be an asymptomatic period followed by features of 
pneumonia (see b  p.290).
Oesophagus:€  will produce drooling, dysphagia, or vomiting and, if the 
trachea is compressed, may produce dyspnoea, stridor, respiratory 
failure, or apnoea (see b  pp.256, 258).

Aetiology
Inhaled FB should be considered in all patients with a history of choking 
or gagging.

Diagnosis
A monophonic € wheeze or absent breath sounds on one side of the 
chest may be noted on examination.
Chest and neck € radiographs, with lateral views, may be helpful in 
identifying the location of an object. Inspiratory and expiratory “ lms 
may show an area of hyperin” ation.
Arterial blood gas€  analysis is indicated when the patient is in severe 
distress.

Initial treatment
Follow a standard protocol.

ABC€ .
FB€  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).
An unconscious child with poor air entry should be given oxygen (FiO€ 2 
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 classi“ ed 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.

If there has been a hypoxic…ischaemic insult, brain swelling, and raised € 
intracranial pressure (ICP) may develop.
Hypoxaemia and inadequate perfusion will cause acidosis, arrhythmia, € 
and shock.

Aetiology
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:

head and neck injuries from diving;€ 
pre-existing cardiac arrhythmia;€ 
pre-existing seizure disorder;€ 
drug and alcohol abuse.€ 

Initial treatment
Follow a standard protocol.

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.
C:€  poor perfusion occurs in children with severe hypoxic…ischaemic 
injury or pulmonary oedema.
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
Assess€ : vital signs, chest, heart, and the central nervous system.
Start€ : pulse oximetry and cardiac monitoring.
ECG.€ 
Look closely for signs of lower respiratory tract involvement:€  use of 
accessory respiratory muscles, nasal ” aring, tachypnoea, cough, 
wheeze, and crackles.
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Circulation: cardiovascular dif“ culty
Shock
The failure to deliver adequate oxygen to the tissues:

Heart€  rate disturbance: bradycardia, dysrhythmias.
Decreased€  stroke volume: hypovolaemia; vasodilatation; poor 
contractility.

Congestive heart failure
Cardiac fatigue due to:

Excess€  volume load: from left-to-right cardiac lesions (ventricular septal 
defect (VSD), patent ductus arteriosus (PDA), atreriovenous (AV) 
canal), AV “ stula, severe anaemia, hypervolaemia.
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).
Myocardial€  problems: including cardiomyopathy, myocarditis, 
myocardial ischaemia (anomalous coronary artery, cardiac thrombosis 
in Kawasaki), metabolic disorders (b  p.962).
Excess€  myocardial demand: due to fever, thyrotoxicosis.

Dysrhythmia
See also b  pp.42…43, 55…57, 250; uncommon, but consider:

Supraventricular€  tachycardia.
Congenital€  heart block.

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

Renal:€  glomerulonephritis; haemolytic…uraemic syndrome; 
pyelonephritis; obstructive nephropathy; vascular disease.
Cardiac:€  coartation of the aorta.
Neurological: € infection; drugs; tumour; cerebral oedema.
Endocrine:€  phaeochromocytoma; Cushing•s syndrome; corticosteroids; 
hyperthyroidism.
Toxins€  and poisons.
Primary essential hypertension.€ 

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

Respiratory:€  airway narrowing of upper and lower airway.
CVS:€  shock, vasodilatation, and increased vascular permeability.

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

Congenital heart disease See b  pp.232…241
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Cardiovascular system dif“ culty: 
assessment
See also b  pp.226…231.

Shock
In early shock, “ ndings 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
Pulse:€  tachycardia
BP:€  normal but postural drop
Breathing:€  tachypnoea
Limbs:€  cool and mottled
CNS:€  agitated
Laboratory:€  mild metabolic acidosis

Classic shock
Pulse:€  tachycardia and weak pulses
BP:€  hypotension
Breathing:€  tachypnoea and grunting
Limbs:€  cool, clammy, and pale or blue
CNS:€  depressed level of consciousness
Laboratory:€  metabolic acidosis

Late shock
Pulse: € tachycardia and thready pulses; bradycardia is pre-arrest
BP:€  profound hypotension
Breathing: € tachypnoea; bradypnoea signi“ es 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 “ ndings include:

Tachycardia:€  ± gallop rhythm on auscultation.
Tachypnoea:€  ± wheeze and crackles on auscultation.
Raised€  jugular venous pressure: ± hepatosplenomegaly and oedema.
Pale€  or mottled and cool extremities.
Hypotension€ .
Features€  of the underlying cause: e.g. murmur in VSD or pallor in 
anaemia.
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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), 
signi“ cant bradycardia is present if the HR is:

<80/min in neonates.€ 
<50/min in infants.€ 
<40/min in older children.€ 

Tachydysrhythmia
These may be:

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

Congestive heart failure.€ 
Friction rub.€ 
Pulsus paradoxus (>10mmHg).€ 

When cardiac tamponade is present there are classic signs:
Shock.€ 
Distended jugular veins.€ 
Heart sounds appear distant.€ 
ECG:€  decreased voltage, elevated ST segments, T-wave inversion.
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 PaO2 in FiO2 100%).

PaO€ 2 <  13.3kPa (100mmHg): possible cyanotic heart disease.
PaO€ 2 13.3…26.7kPa (100…200mmHg): possible heart disease with 
complete mixing and increased pulmonary blood ” ow.
PaO€ 2 >  33.3 kPa (> 250mmHg): cyanotic heart disease unlikely.

05_McClure_05.indd   55 11/15/2012   12:18:57 AM



CHAPTER 5 Emergency and high dependency care56

Cardiovascular system dif“ culty: 
therapy„1
Shock
Initial therapy includes the following.

Oxygen:€  provide supplemental oxygen, FiO2 100%. Intubate if required.
Position:€  in shock, elevate the legs to improve venous return. In 
congestive heart failure elevate the head.
IV€  access: central access may be required, particularly when using 
inotropes.
Temperature:€  control fever with antipyretics (paracetamol 15mg/kg).
Metabolic€  state: correct hypoglycaemia and hypocalcaemia. Acidosis of 
respiratory cause should be controlled with ventilation.

Fluid volumes for shock
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.
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, JVP € 
distension, gallop rhythm, wheeze and crackles.

Inotropes for shock
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.

Hypotension with tachycardia:€ 
dopamine€ „1…20microgram/kg/min (start at 5microgram/kg/min).
dobutamine€ „2…20microgram/kg/min (start at 5microgram/kg/min). 
Can use peripheral IV.

Dysrhythmias
See also b  pp.42…43, 250…251.

Sinus bradycardia and heart block
Do not treat if haemodynamically stable (i.e. BP and perfusion).€ 
Consider other treatable causes of bradycardia, such as raised ICP, € 
acidosis, or hypercapnia.
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
Adrenaline: € 0.05…1microgram/kg/min (start at 0.05…0.10 microgram/
kg/min)
Noradrenaline:€  0.05…1microgram/kg/min (start at 0.05…0.10 
microgram/kg/min)
Amrinone:€  load 0.75mg/kg IV over 3min, then give 5…10microgram/
kg/min

Hypotension refractory to volume and single inotrope
Seek intensive care advice as these patients will usually need € 
intubation and ventilation, and steroids (see b  p.714)
Combinations of inotropes are used in this instance€ 
Afterload reduction may be required with sodium nitroprusside: € 
0.5…7micrograms/kg/min (start 0.5microgram/kg/min)

Diuresis for volume overload
Start diuretics:€  after circulation is restored expected urine volume is 
1mL/kg/hr
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:

Vagal€  manoeuvres: ice bag to face for 15…20s or unilateral carotid 
massage or Valsalva manoeuvre. Do not compress orbits.
Adenosine€ : 50…100micrograms/kg initially, as rapid IV push.
DC€  shock: synchronized countershock 1J/kg should be reserved for the 
haemodynamically unstable. Intubation and appropriate analgesia and 
sedation are required.
Other drugs:€  amiodarone, procainamide, ” ecainide.

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

If pulse present:€  amiodarone 5mg/kg; synchronized shock.
Pulseless (see € b  Chapter 41, p.41).

05_McClure_05.indd   57 11/15/2012   12:18:58 AM



CHAPTER 5 Emergency and high dependency care58

Cardiovascular system dif“ culty: 
therapy„2
Congestive heart failure
Use ” uid 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.

Neonate€ : 30micrograms/kg PO or 20micrograms/kg IV.
<2yrs€ : 40…50micrograms/kg PO or 30…40micrograms/kg IV.
2…10yrs€ : 25…35micrograms/kg PO or 20…30micrograms/kg IV.
10yrs€ : 0.75…1.25mg PO or 0.5…1mg IV.

Digoxin administration
Split the TDD at the following times:

Initial€ : give 50% of TDD.
8hr€ : give 25% of TDD.
16hr€ : give 25% of TDD.

Hypertension
See b  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:

Diazoxide:€  1…3mg/kg IV by rapid infusion; repeat after 5…15min.
Hydralazine:€  100…500micrograms/kg IV over several minutes (max dose 
20mg). May repeat dose in 20…30min.
Sodium€  nitroprusside.

Congenital heart disease: alprostadil
See also b  p.232. In neonates, consider alprostadil (prostaglandin E1 
(PGE1) infusion if:

PaO€ 2 <4…5.3kPa (30…40mm/kg).
Oxygen saturation <70% in FiO€ 2 100%.
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.

Lung pump:€ 
alveolar hypoventilation;€ 
ventilation…perfusion inequality;€ 
impairment of oxygen diffusion.€ 

Cardiovascular pump: € right-to-left shunting.
Haematological: € decreased af“ nity of haemoglobin for oxygen.

Differential diagnosis for cyanosis

Alveolar hypoventilation
CNS:€  seizures; cerebral oedema; haemorrhage; infection; hypoxia…
ischaemia; drugs
Hypothermia€ 

Ventilation…perfusion inequality
Lung:€  bronchiolitis; pneumonia, pneumothorax; pleural effusion; 
respiratory muscle dysfunction (muscular dystrophy, myasthenia 
gravis, Guillain…Barré); tracheal compression
Cardiac:€  decreased pulmonary blood ” ow (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
Lung:€  bronchopulmonary dysplasia; hypoplasia; diaphragmatic hernia

Right-to-left shunting
Cardiac:€  congenital heart defect; Eisenmenger syndrome; AV “ stula„
pulmonary or systemic
Decreased € oxygen af“ nity for haemoglobin
Methaemoglobinaemia:€  hereditary; aniline dyes; nitrobenzene; azo 
compounds and nitrites
Carboxyhaemoglobinaemia€ 
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Clinical assessment
Also see b  pp.31…32. The key part of the assessment is respiratory and 
cardiovascular.

Vital and general signs
Record the temperature.€ 
Record HR.€ 
Record BP in all four limbs.€ 
Is 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 “ ngers and toes. The causes can be:

hereditary;€ 
idiopathic;€ 
congenital heart disease (CHD);€ 
infective endocarditis;€ 
pulmonary conditions (e.g. cystic “ brosis);€ 
GI 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

FBC with differential.€ 
Blood cultures.€ 
Glucose.€ 
Bedside diagnosis of methaemoglobinaemia:€  place a drop of blood on 
a piece of “ lter paper. After 30s exposure to air, normal blood turns 
red, while blood taken from a patient with methaemoglobinaemia 
remains chocolate brown.

Infection
Lumbar puncture as indicated.€ 
Urinary culture.€ 

Arterial blood gas
In the older child a single measurement is needed. In the neonate, assess 
the change in PaO2 in response to FiO2 100% for 5…10min (see hyperoxia 
test, b  p.55).

Chest X-ray
See also b  p.231. In the neonate the lung “ elds should be assessed 
for signs of increased vascularity, pulmonary congestion, or oligaemia. 
Characteristic radiographic “ ndings are:

Egg on a string: € transposition of the great arteries.
Boot-shaped heart: € tetralogy of Fallot (Box 5.2), pulmonary atresia, 
ventriculoseptal defect.
Snowman sign: € supracardiac total anomalous pulmonary venous 
drainage.
Wall-to-wall heart: € Ebstein•s anomaly.

Electrocardiogram
See also b  p.231. Characteristic “ ndings include:

Superior left axis:€  tricuspid atresia; endocardial cushion defect; primum 
atrial septal defect.
Left axis deviation:€  pulmonary atresia ± atrial atresia.
Marked right atrial hypertrophy:€  Ebstein•s anomaly.

Echocardiography
Assessment for speci“ c cardiac lesions.

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

Therapy
Therapies for speci“ c cardiac, respiratory, and poisoning conditions are 
discussed elsewhere.
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Box 5.2 Tetralogy of Fallot (•tet spell•) See also b  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
Place the patient in the knee-to-chest position€ 
Administer oxygen€ 
Insert IV line and administer phenylephrine, morphine sulphate, and € 
propranolol
Prolonged attacks require sodium bicarbonate€ 
Refer to cardiac centre€ 

05_McClure_05.indd   63 11/15/2012   12:18:58 AM



CHAPTER 5 Emergency and high dependency care64

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:

Skin€ : urticaria and angioedema.
Respiratory€ : acute airway obstruction with laryngeal oedema and 
bronchospasm.
Gastrointestinal€ : severe abdominal cramping and diarrhea.
Systemic€ : hypotension and shock.

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

Drugs€ : penicillin, aspirin.
Injections€ : radiographic contrast dyes.
Stings€ : bites and envenomations.
Foods€ : shell“ sh, 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

ABC€ .
Epinephrine€  (adrenaline): give SC 0.01mL/kg (1:1000, maximum dose 
0.5mL). Repeat every 15min if required.
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.
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.
Antihistamine€ .
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 b  p54.

Aetiology
The causes of hypovolaemia are:

Trauma.€ 
GI bleeding (€ b  pp.312…313).
Burns (€ b  pp.66…68).
Peritonitis.€ 
Diarrhoea (€ b  pp.302…303).
Diabetic ketoacidosis. (€ b  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

Airway, Breathing, Circulation, Disability (ABCD)€ .
Blood:€  in patients with signi“ cant 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 de“ cit needs 
to be replaced (see, b  pp.90…93).
Refractory€  hypotension: intubation and intensive care monitoring and 
therapy are required (see b  p.714).
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Burns
There are different forms of thermal injury to the body:

Contact with “ re.€ 
Scalding ” uids.€ 
Chemicals.€ 
Electricity.€ 
Inhalation of ” ame, heated vapour, and toxic fumes.€ 
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:

First€  degree: limited to epidermis; painful and erythematous.
Second€  degree: epidermis and dermis. Super“ cial is blistered and 
painful, and deep is white and painless.
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 <1yr 1…11yrs >11yrs

Head 18 13  9

Trunk (front) 18 18 18

Trunk (back) 18 18 18

Arm  9  9  9

Leg 14 16 18

Genitalia  1  1  1

Symptoms
Features of hypovolaemia, pain, and signs of inhalation injury may be 
 present.

05_McClure_05.indd   66 11/15/2012   12:18:58 AM



BURNS 67

Symptoms of inhalation in the lung
Tachypnoea.€ 
Stridor.€ 
Crackles.€ 
Wheeze.€ 
Cough.€ 
Respiratory distress.€ 
Black sputum.€ 

Other burn symptoms
Brain

Confusion.€ 
Dizziness.€ 
Headache.€ 
Restlessness.€ 
Coma.€ 
Seizures.€ 

Skin
Facial burns.€ 
Nasal burn.€ 
Cherry-red colour.€ 

Aetiology
You should “ nd out the following about the injury:

Its mechanism.€ 
The duration of exposure.€ 
Environmental factors (closed or open space).€ 
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:

partial thickness and <5% body surface; € or
full thickness and <2cm€ 2 (unless hands, face, genitals, joints involved).

Major burns
Arterial blood gas.€ 
Carboxyhaemoglobin level.€ 
Blood count and cross-match.€ 
Blood urea, creatinine, and electrolytes may be tested.€ 

Consider child protection issues!
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Burns: treatment
Initial treatment
Follow a standard protocol

ABC:€  if there is evidence of inhalation then pulmonary toilet with 
endotracheal intubation may be needed.
Assume that there is € carbon monoxide poisoning and measure 
carboxyhaemoglobin level and PaO2. Give humidi“ ed 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 “ re-related, or if there is metabolic 
acidosis with raised anion-gap.
In infants with burns >10% of body surface area, or children with >15% € 
burns, consider an IV bolus of normal saline (10…20mL/kg). Further 
” uid 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 ” uid therapy Box 5.3.

Box 5.3 Parkland•s formula

0…24hr after burn
Crystalloid

4mL/kg per 1% burn€ 
Use 50% of this volume in the “ rst 8hr€ 

24…48hr after burn
Crystalloid + colloid

Use 50…75% of ” uid requirements on day 1€ 
Add albumin (1g/kg/day) to maintain serum level above 2g/dL€ 

Analgesia:€  pain must be treated. First ensure that ventilation, 
oxygenation, and perfusion are adequate. Use IV analgesics if required.
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.
Eyes:€  examine the eyes for burn or abrasion, and treat with topical 
antibiotics if required.
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-
ci“ c treatment for sepsis. Shock and respiratory failure are covered else-
where in the chapter (see b  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
FBC with differential.€ 
Coagulation state.€ 
Serum electrolytes with urea and creatinine.€ 
Liver function tests.€ 
Arterial or capillary blood gas.€ 
In” ammatory markers (e.g. CRP and erythrocyte sedimentation rate € 
(ESR)).

Urine
Urinalysis.

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

Sepsis screen
Blood culture: € bacteria (aerobic and anaerobic), virus, fungi. (Remember 
that blood cultures may not be positive, so repeat when there is 
fever).
Urine culture.€ 
Stool swab.€ 
CSF.€ 
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:

Continuous pulse oximetry.€ 
ECG monitoring.€ 
Intermittent BP monitoring.€ 
Hourly urine output.€ 
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Therapy
Antibiotics

When:€  do not delay the “ rst dose because of tests, but it is worthwhile 
trying to get a blood culture “ rst.
Should€  I 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.
What:€  the choice of antibiotics you should use will depend on the 
patient, as well as your local microbial ” ora. In general, you can start 
with a third generation cephalosporin and use the following antibiotics 
for speci“ c 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
Pseudomonas€ : ceftazidime, gentamicin.
Fungi:€  amphotericin B.
Herpes, Varicella:€  aciclovir.

Cellulitis or fasciitis
Consider group A streptococcus„penicillin.
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Altered level of consciousness
See also b  p.552.

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

Altered level of consciousness (LOC).€ 
Seizures or dystonia.€ 
Impaired respiratory function.€ 
Loss of cardiovascular autoregulation.€ 
Cerebral swelling.€ 
SIADH.€ 
Weakness.€ 

Take a note of:
When symptoms started, and their progression (gradual versus € 
sudden).
Possible ingestion or exposure to medication or toxins.€ 
Possible recent trauma, illness, or exposure to infection.€ 
History:€  seizures; diabetes; allergies; chronic illness.
Family history/consanguinity.€ 
Previous altered LOC.€ 

Aetiology
Infectious causes

Meningitis, encephalitis (€ b  pp.78…79, 720…721).
Toxic shock (€ b  p.719).
Subdural empyema, cerebral abscess.€ 

Autoimmune

Acute disseminated encephalomyelitis (ADEM) b  p.520.

Toxins See poisoning (b  pp.82…88).

Neoplastic causes Brain tumours (b  pp.662…665).

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

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

Metabolic causes
Hypoglycaemia (€ b  p.96).
Diabetic ketoacidosis (€ b  pp.98…101).
Electrolyte abnormalities.€ 
Inborn errors of metabolism (€ b  p.102).
Hepatic encephalopathy.€ 
Hormonal abnormalities:€  thyroid; adrenal; pituitary (b  pp.424, 449).
Uraemic encephalopathy.€ 
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Other
Hypothermia.€ 
Hyperthermia.€ 
Seizures and post-ictal state (€ b  pp.506…507).
Hypertension (€ b  p.396).
Hydrocephalus (€ b  p.535).
Hypoxia…ischaemia.€ 
Sepsis (€ b  p.714).
Intussusception (€ b  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
Vital€  signs: make a note of the adequacy and rate and depth of 
respiration, the pulse rate and rhythm, BP, and body temperature.
Medic-Alert€  bracelet: search for a bracelet or tag, or other information 
that may indicate a longstanding medical problem.
Skin:€  examine for evidence of trauma, rash, petechiae, jaundice, and 
needle tracks.
Breath:€  check for odours of alcohol, ketones, hydrocarbons, or toxins.

Head and neck
Head:€  if the anterior fontanelle is patent, a tense fontanelle indicates 
raised ICP, whereas a sunken fontanelle suggests dehydration.
Nose€  and ears: leakage of blood or CSF; •raccoon eyes• or Battle sign 
suggests basal skull fracture.

Pupils
Small€  (2…3mm) reactive pupils: suggest metabolic cause of coma.
Midsize€  (4…5mm) unreactive, midposition pupils: suggest midbrain lesion.
Pinpoint€  (1…2mm) pupils: indicate a pontine disorder, but are also 
commonly associated with opiates.
Unequal€  pupils with one “ xed and dilated: suggest a brain disorder on 
the side of the dilated pupil.
Bilateral€  “ xed 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:

Abnormal respiratory pattern.€ 
Unequal or unreactive pupils.€ 
Impaired or absent oculocephalic or oculovestibular responses.€ 
Systemic hypertension, bradycardia.€ 
Tense fontanelle.€ 
Abnormal body posture or muscle ” accidity.€ 
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Box 5.4 Detailed neurological examination

Pattern of respiration
Cheyne…Stokes€  (alternating apnoea and hyperpnoea) can be 
seen with metabolic disturbance, bilateral cerebral hemisphere 
dysfunction, and insipient temporal lobe herniation
Central€  neurogenic hyperventilation (deep rapid respiration) can occur 
with hypoxia…ischaemia, hypoglycaemia, or lesion between low 
midbrain and midpons
Ataxic€  respiration (irregular depth and rate) can be caused by 
abnormality of the medulla and impending respiratory arrest
Apneustic€  breathing (gasping, respiratory arrest in inspiration) 
indicates pontine involvement

Eye movements
Roving€  eye movements are seen in light coma without structural brain 
disease
Extra-ocular€  movements with coma suggests a metabolic disorder or 
a supratentorial disorder
Absence of€  movements suggests infratentorial disorder or drug 
intoxication
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
Skew€  deviation is seen with posterior fossa lesions
Ocular€  bobbing is seen in pontine lesions

Lateral eye movement re” exes
Lateral eye movements are mediated by brainstem structures and re-
quire an intact midbrain and pons. These are assessed clinically by:

Oculocephalic€  re” ex (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
Oculovestibular€  re” ex (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
Decorticate€  rigidity: the arms are held in ” exion and adduction, the 
legs in extension. This signi“ es a lesion in the cerebral white matter, 
internal capsule, or thalamus
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)

Spontaneous 4

To verbal stimuli 3

To pain 2

None 1

Best verbal (V)

Orientated 5

Confused speech 4

Inappropriate words 3

Non-speci“ c sounds 2

None 1

Best motor (M)  

Follows commands 6

Localizes pain 5

Withdraws to pain 4

Flexes to pain 3

Extends to pain 2

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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Table 5.3 Glasgow coma scale: scores for infants

Response Score

Eye opening (E)

Spontaneous 4

To speech 3

To pain 2

None 1

Best verbal (V)  

Coos and babbles 5

Irritable cries 4

Cries to pain 3

Moans to pain 2

None 1

Best motor (M)  

Normal 6

Withdraws to touch 5

Withdraws to pain 4

Abnormal ” exion 3

Abnormal extension 2

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
FBC, clotting, and bleeding time.€ 
Glucose, electrolytes, urea, liver function tests, ammonia, and lactate.€ 
Save two extra tubes of clotted blood for storage in the laboratory.€ 

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

Acid…base Arterial blood gas.

Microbiology Blood and urine cultures.

Imaging
Cranial CT scan.€ 
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 b  pp.720…721).

Meningitis
20…20,000 white blood cells (WBC)/mm€ 3 with a polymorphonuclear 
neutrophil leucocyte predominance.
An elevated protein level >100mg/dL.€ 
Low glucose <2mmol/L (or <50% of plasma level).€ 

Encephalitis
20…1000cells/mm€ 3 with lymphocyte predominance.
The presence of red blood cells (RBC) up to 500 cells/mm€ 3 suggests 
herpes simplex virus (HSV) infection.
CSF protein can be normal or mildly elevated.€ 
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:

Vital signs, pupil reaction, ” uid balance.€ 
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

ABC:€  the initial priority.
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.
Speci“ c€  therapies should be considered (see Box 5.5).

Box 5.5 Speci“ c therapies See also b  p.720

Meningitis
Immediately begin the appropriate antibiotics (see Antibiotics, p.79)€ 
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
GCS € � 8: rapid sequence endotracheal intubation
Ventilate to achieve normocapnia and normoxia€ 
Elevate the head of the bed to 30°€ 
Keep the head in the midline€ 
Mannitol (IV 0.25…1g/kg) and/or furosemide (IV 1mg/kg)€ 

SIADH secretion
Limit the ” uids 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.

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

Cefotaxime (IV 50mg/kg qds; maximum 12g/day).€ 
Erythromycin (IV 10mg/kg qds).€ 
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 
“ tting 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 b  p.505).

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

Aetiology
The common causes of childhood StE include:

A regular occurrence in a child with a known/dif“ cult epilepsy.€ 
Fever.€ 
Subtherapeutic anticonvulsant levels.€ 
Central nervous system (CNS) infections.€ 
Trauma.€ 
Poisoning.€ 
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 de“ nitely a genuine epileptic seizure.

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

Brain imaging: computerized tomography (CT), magnetic resonance € 
imaging (MRI).
EEG.€ 
Lumbar puncture* caution, see € b  pp.720…721;
Blood:€  magnesium, electrolytes, calcium, glucose, and creatinine levels.
Arterial blood gas.€ 
Toxicology:€  blood and urine.
Anticonvulsant levels in those on anticonvulsants.€ 
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
Note time€ 
Call for help€ 
Consider whether it is a genuine epileptic seizure€ 
Check glucose€ 
Establish IV access€ 
Monitor vital signs, especially pulse oximetry saturation€ 
Give 100% oxygen via mask€ 

5…15min: start anticonvulsants
Use IV lorazepam (50…100micrograms/kg, up to 4mg) € or
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
Load with IV phenytoin (18mg/kg, at rate <1mg/kg/min) € or
IV phenobarbital (18mg/kg, at rate <1mg/kg/min)€ 

45min: refractory seizure
If seizures persist intensive care should be initiated€ 
Intubate the trachea and support breathing€ 
Intensive care medications include midazolam and thiopentone€ 
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 SpO2, 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.

Aetiology
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.

Exact€  name of the drug or chemical exposure.
Preparation€  and concentration of the drug exposure.
Probable€  dose (by history) of drug ingested in mg/kg, as well as 
maximum possible dose.
Time€  since ingestion or exposure.
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 speci“ c odours that may lead 
to diagnosis.

Odours
Acetone.€ 
Alcohol.€ 
Bitter almonds (cyanide).€ 
Garlic (heavy metals).€ 
Oil of wintergreen (methyl salicylates).€ 
Pears (chloral hydrate).€ 
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.

Urinary dip-tests and toxicology.€ 
Arterial blood gas.€ 
Blood glucose.€ 
Co-oximetry (carboxyhaemoglobin level).€ 
Serum urea and electrolyte.€ 
Osmolar gap: [osmolality … (2 € × Na) + urea + glucose].
Drug levels.€ 
ECG:€  12-lead for assessment of rhythm and QT interval.
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, � -adrenergic antagonists, calcium-
channel blockers, clonidine, cyclic antidepressants, digoxin
Ventricular€  tachycardia: amphetamines, anti-arrhythmics (encainamide, 
” ecanide, 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 + HCO3]) 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

Oral€  or nasogastric: 1g/kg is used for substances that can be adsorbed.
Do not use when there is € risk of aspiration (e.g. bowel obstruction, 
ileus, absent gag re” ex).
Do not use after ingestion of alcohol, iron, boric acid, caustics, lithium, € 
or electrolyte solutions.

Gastric lavage
May be useful if the patient arrives within 1hr of ingestion (longer if € 
salicylates or iron).
Do not use if there has been caustic or hydrocarbon ingestion.€ 
Do not use if co-ingestion of sharp objects.€ 
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
Useful within 30min of ingestion.€ 
Use 10mL for infants € � 6mths.
Use 15mL for children 1…2yrs.€ 
Use 30mL for child € � 12yrs.
Do not use when there has been caustic ingestion.€ 
Do not use if the child has altered LOC or is at risk of seizures.€ 
After taking ipecacuanha the child should be placed in the prone or € 
lateral position.

Bowel irrigation
Nasogastric polyethylene glycol solution (GoLYTELY€ ® 25…40mL/kg/h 
for 4…6hr or until clear ef” uent) is useful after toxic iron, lithium, or 
lead ingestion.
GoLYTELY€ ® may be useful some hours after ingestion of enteric-
coated tablets (salicylates, calcium channel blockers, � -blockers).
Do not use in cases of coma when the airway is not protected.€ 
Do not use in cases of GI haemorrhage, obstruction, and ileus.€ 
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Enhanced elimination
Urinary alkalinization (pH 7…8) aids elimination of weak acids € 
(salicylates, barbiturates).
Use IV NaHCO€ 3 (1…2mmol/kg) followed by increased maintenance 
” uids (1.5…2 times) with added NaHCO3.
Beware of further electrolyte disturbance.€ 
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)
Children taking >150mg/kg need assessment€ 
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)
N-acetylcysteine: € PO or NG loading 140mg/kg, then 70mg/kg/
dose qds for 17 doses. IV used if GI 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)
Physostigmine:€  useful for anticholinergic syndrome. It reverses 
central effects of agitation and seizures. Not for tricyclic 
antidepressant overdose, asthmatics, GI 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

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

� -adrenergic antagonists: atenolol, esmolol, labetalol, propranolol
Glucagon€  is useful for reversing bradycardia and hypotension. Give 
0.05…0.1mg/kg bolus, followed by 0.1mg/kg/h infusion
Atropine€ , isoprenaline, and amiodarone can be used if bradycardia or 
hypotension persist after glucagon
Cardiac pacing may be needed. If cardiac arrest occurs, massive € 
doses of adrenaline (epinephrine) may be required

Calcium channel blockers: diltiazem, nifedipine, nimodipine, 
verapamil

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

Carbon monoxide (CO) “ re; exhaust from fuel engines, furnaces, or 
burners; paint remover with methylene chloride

Ensure ABCs and give 100% oxygen€ 
Check COHb level€ 
Consider hyperbaric oxygen if COHb >40%, or if symptoms persist € 
after 4h despite 100% oxygen
Also consider cyanide toxicity if smoke inhalation€ 

Cyanide
There are special kits for rescue that will be in Pharmacy€ 
Sodium€  nitrate 3%: dose depends on Hb level, but do not give if CO 
poisoning as well
Sodium€  thiosulphate 25%: dose depends on Hb level

Digoxin
Measure serum drug level. Toxicity occurs with level >2ng/mL€ 
Check electrolytes, magnesium, thyroxine, and calcium€ 
Correct hypokalaemia (IV 0.5…1mmol/kg/dose as infusion 0.5mmol/kg/h € 
over 2hr)
If hyperkalaemic (>5mmol/L) give insulin, dextrose, sodium € 
bicarbonate, and Kayexalate®. Do not give calcium chloride or 
calcium gluconate because these potentiate ventricular arrhythmias
Digoxin-speci“ c€  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
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 � 20mg/dL, or high anion gap 
metabolic acidosis
If not available, use € ethanol (loading dose 0.6g/kg; load over 1hr 
followed by infusion 100mg/kg/hr)
Other agent: € pyridoxine 2mg/kg and thiamine 500micrograms/kg. In 
the case of methanol, also give folate (50…100mg over 6hr)

Iron
Measure serum concentration 2…6hr after ingestion. A level € 
>350micrograms/dL is frequently associated with systemic toxicity. If 
ingestion <20mg/kg no treatment needed
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 B6) 3…5g

Lead
Immediate intervention for blood level € � 70micrograms/dL
Oral chelation with dimercaptosuccinic acid (DMSA):€  “ rst 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/
m2 deep IM; then 4hr later start CaNa2EDTA (1500mg/m2/day via 
continuous IV infusion for 48hr). If there is risk of cerebral oedema, 
then give IM. BAL is continued simultaneously at 75mg/m2/dose IM 
4-hourly for 48hr
BAL is suspended in peanut oil, and may cause haemolysis in patients € 
with G6PD de“ ciency

Methaemoglobinaemia: sulphonamides, quinines, phenacetin, nitrates, 
aniline dyes, naphthalene

Measure level and if >30% start treatment€ 
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
Beware of methylene blue in G6PD de“ ciency€ 
Consider hyperbaric oxygen or exchange transfusion if no response€ 

Narcotics: codeine, dextromethorphan, propoxyphene, pentazocine, 
butorphanol, methadone

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
Atropine: € initial dose 20micrograms/kg (max 2mg) IV; then additional 
doses if bronchorrhoea
Pralidoxime: € 25…50mg/kg/dose (up to 1g) IV; consider 10…15mg/kg/hr 
infusion for severe cases

Phenothiazine
For extrapyramidal syndrome, € diphenhydramine: 1mg/kg/dose slow 
IV over 5min.
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 ”  uid requirements
All children with serious acute illness in hospital are given ” uid 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 ” uid and electrolyte requirements

24-hr ” uid requirements
100mL/kg:€  for the “ rst 10kg of weight
+50mL/kg:€  for the second 10kg of weight
+20mL/kg:€  for the remaining weight above 20kg

24-hr electrolyte requirements
Sodium:€  2…4mmol/kg
Potassium:€  1…2mmol/kg

Normal ” uid therapy is based on the above calculations. In the fasting pa-
tient, the type of ” uid 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 ” uid admin-
istered should be increased in dehydration (see b  p.91), and restricted to 
50…75% of the usual maintenance volume in cases of:

SIADH (€ b  pp.92, 448).
Fluid overload (€ b  p.53).
Congestive heart failure (€ b  p.226).
Renal failure with oliguria or anuria (€ b  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%)
Weight€  loss: 5% in infants and 3% in children.
Skin€  turgor: may be decreased.
Mucous€  membranes: dry.
Urine:€  may be low.
Heart€  rate: increased.
Blood€  pressure: normal.
Perfusion:€  normal.
Skin€  colour: pale.
Consciousness:€  irritable.

Moderate dehydration (5…10%)
Weight€  loss: 10% in infants and 6% in children.
Skin€  turgor: decreased.
Mucous€  membranes: very dry.
Urine:€  oliguric.
Heart€  rate: increased.
BP:€  may be normal.
Perfusion:€  prolonged capillary re“ ll (capillary re“ ll time (CRT) > 2s).
Skin€  colour: grey.
Consciousness:€  lethargic.

Severe dehydration (10…15%)
Weight€  loss: 15% in infants and 9% in children.
Skin€  turgor: poor with tenting.
Mucous€  membranes: parched.
Urine:€  anuric.
Heart€  rate: increased.
Blood€  pressure: decreased.
Perfusion:€  prolonged CRT.
Skin€  colour: mottled; blue or white.
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

H2O (mL/kg) Na (mmol/kg) K (mmol/kg) Cl (mmol/kg)

Isotonic dehydration (Na, 130…150mmol/L)

100…120 8…10 8…10 8…10

Hyponatraemic dehydration (Na < 130mmol/L)

100…120 10…12 8…1 10…12

Hypernatraemic dehydration (Na > 150mmol/L)

100…120 2…4 0…4 2…6

Isotonic and hyponatraemic dehydration
First assess the degree of dehydration (use weight change and signs).€ 
Calculate the ” uid de“ cit.€ 
FBC with differential.€ 
Serum electrolytes (Na, K, Ca) with urea, creatinine, and glucose.€ 

Emergency treatment is directed toward restoring any compromise in the 
circulation. (See shock, b  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, ” uid administration should 
be calculated to correct de“ cits over 48hr. Overall, take into account the 
de“ cit, maintenance requirements, and any ongoing losses:

Hourly rate = (24hr maintenance + de“ cit … resuscitation ” uids)/24

Hypernatraemic dehydration
Water losses exceed sodium loss.€ 
Cerebral oedema is a risk during rehydration, so correction of the € 
de“ cit should be achieved slowly and evenly, over 48hr.
Emergency treatment of shock is treated with 10…20mL/kg IV saline. € 
Thereafter, calculate the de“ cit and restore patient•s needs.
Monitor as above, with at least 8-hourly electrolyte studies.€ 
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. Is the patient hypovolaemic or overloaded?

Sodium depletion
Associations:€  hypovolaemia and low urine Na (<10mmol/L).
Causes:€  inadequate Na intake, excessive Na losses.
Treatment:€  restore circulation, replace water and salt de“ cits.
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
Associations:€  normovolaemia (occasionally overload), paradoxically high 
urine Na (usually >300mmol/L), and sometimes cerebral oedema.
Causes:€  impaired water excretion; excess water given.
Treatment:€  correct the volume overloaded circulation with diuretics 
(furosemide 0.5…1.0mg/kg IV). Provide oxygen and inotropes if 
required. Restrict ” uids 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 b  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 b  p.91).

Anti-diuretic hormone (ADH) de“ ciency
Causes:€  severe asphyxia, and CNS trauma, surgery, or infection.
Treatment:€  use two IV 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.
Hormone€  replacement: DI is sometimes transient and so initial ” uid 
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 1hr.
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Hypokalaemia (<3mmol/L)
ECG€  changes: ” attened, prolonged, or inverted T waves; prominent U 
waves; ST segment depression; atrioventricular block.
Dysrhythmias€ , hypotension.
Neuromuscular:€  weakness; hypotonia; hypore” exia; paraesthesiae.
GI:€  ileus; constipation.

Correction
Urgent:€  ECG changes, children on digoxin, or serum <2.5mmol/L.
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 KCl/L. Monitor with continuous ECG and repeat 
serum K level after 1…2hr.

Hyperkalaemia (>5.5mmol/L)
ECG€  changes: peaked T waves; widened QRS; depressed ST segments 
progressing to increasingly aberrant ECG complexes;
Dysrhythmias:€  bradycardia; VT; VF; cardiac arrest.

Approach
Treatment guided by the level, but “ rst 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)
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: NaHCO3 (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 5mL 
20% sorbitol).

Hypocalcaemia (<1.1mmol/L)
See also b  p.442. Low ionized values of Ca can result in:

ECG€  changes: prolonged QT, AV block;
Shock€ .
CNS€  effects: seizures, tetany, and weakness.

Symptomatic therapy
Calcium gluconate 10% for seizures, tetany, hypotension, arrhythmias.€ 
Monitor HR and BP during treatment.€ 

Refractory hypocalcaemia
Check€  magnesium level and serum albumin: if low, correct (25…50mg/kg. 
IV magnesium sulphate over 30min, 6-hourly for 3 doses).
If these are normal, with € raised phosphate, decrease phosphate intake 
and use phosphate binders. Check renal function.
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Renal insuf“ ciency
Acute renal failure is the sudden reduction or cessation of renal function 
to the point where body ” uid 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 insuf“ ciency 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 insuf“ ciency are discussed on b  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:

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?
Is there a rash, and is it petechial or purpuric?€ 
Is there hypertension or signs of heart failure?€ 
Is there tachynoea, cough, or haemoptysis?€ 
Is there any nausea, vomiting, bleeding, ” ank mass, or ascites?€ 
Is there any evidence of altered consciousness?€ 

Investigations
The following tests are required in acute care:

Blood:€  FBC with differential.
Serum€  biochemistry: electrolytes with urea and creatinine, and arterial 
or capillary blood gas.
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)).
Imaging:€  organize a CXR, AXR, and abdominal and renal ultrasound 
(US) examination with Doppler studies of renal vessel blood ” ow.
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:

Continuous pulse oximetry.€ 
ECG monitoring.€ 
Intermittent BP monitoring.€ 
Insert a urinary catheter and follow hourly output.€ 
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Acute therapy
In the acute setting “ rst assess the ABCs. Then, to assess intravascular 
volume, come to a decision about whether the patient is hypovolaemic 
or hypervolaemic.

Hypovolaemia
Administer 20mL/kg 0.9% normal saline as an IV bolus, and repeat if € 
necessary.
If the cause of anuria is ” uid depletion, ” uid resuscitation should € 
restore urine ” ow within 6hr.
Give blood if necessary and continue to monitor.€ 
Acute tubular necrosis is likely if there is no response to the above. € 
Repeat the ” uid bolus with furosemide (1…5mg/kg IV), but do not use 
if obstructive uropathy is suspected„refer to a urologist.
If the patient produces urine, expect large amounts (which will need to € 
be replaced) as polyuric renal failure may be present.

Hypervolaemia
Consider a single dose of furosemide (1…5mg/kg IV).€ 
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
Hypertension is present if BP >95th centile (see € b  pp.391…392).
Restrict salt intake.€ 
Consider antihypertensive drugs.€ 

Fluids
Continue to correct and replace volume loss with normal saline.€ 
Thereafter, restrict ” uids to urine replacement and insensible losses € 
(300…400mL/m2/day).

Electrolytes
Correct hyponatraemia if causing seizures.€ 
Correct hypocalcaemia if symptomatic„do this before correcting any € 
acidosis.
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.

05_McClure_05.indd   95 11/15/2012   12:19:02 AM



CHAPTER 5 Emergency and high dependency care96

Glucose: hypoglycaemia
In infants and children this emergency is de“ ned as a blood value 
<2.2…2.6mmol/L (see also b  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 b  p.967). 
Outside the neonatal period, in the acute setting, the causes of hypogly-
caemia can be grouped as follows.

Endocrine
Hyperinsulinism.€ 
Hypopituitarism.€ 
Growth hormone de“ ciency.€ 
Hypothyroidism.€ 
Congenital adrenal hyperplasia.€ 

Metabolic
Glycogen storage disease.€ 
Galactosaemia.€ 
Organic acidaemia.€ 
Ketotic hypoglycaemia.€ 
Carnitine de“ ciency.€ 
Acyl CoA dehydrogenase de“ ciency.€ 

Toxic
Salicylates.€ 
Alcohol.€ 
Insulin.€ 
Valproate.€ 

Hepatic
Hepatitis.€ 
Cirrhosis.€ 
Reye syndrome.€ 

Systemic
Starvation.€ 
Malnutrition.€ 
Sepsis.€ 
Malabsorption.€ 

Clinical assessment
Take a thorough history and identify the timing of hypoglycaemia in rela-
tion to feeding and medication. On examination assess for:

Short stature (€ b  p.466).
Failure to thrive (€ b  p.308).
Hepatomegaly (€ b  p.960).
Features of any generalized metabolic disorder (€ b  p.954).
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Investigation
If possible, during an acute episode you should try to:

Save blood and urine for metabolic and endocrine testing.€ 
Check blood glucose in the laboratory.€ 
Blood electrolytes, urea, liver function, and osmolality.€ 
Blood gas.€ 
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
Glucose:€  10% 5…10mL/kg IV, or 25% 2…4mL/kg IV.
Followed€  by: continuous infusion of salt solution with 5…10% glucose 
(6…8mg/kg/min), e.g. 0.45% saline and 5% glucose.
If € hypoglycaemia persists increase the glucose to 10…12mg/kg/min.
If 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 b  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 de“ ned as:

Hyperglycaemia (>11mmol/L).€ 
pH < 7.3.€ 
Bicarbonate <15mmol/L.€ 
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
Degree of dehydration (€ b  p.90).
Level of consciousness (€ b  pp.74…77).
Full examination for evidence of cerebral oedema, infection, and ileus.€ 
Weight.€ 

Investigations
The key tests are as follows.

Blood
FBC with differential.€ 
Serum electrolytes with urea and creatinine.€ 
Glucose.€ 
LFTs (transaminases).€ 
Arterial or capillary blood gas.€ 
Lactate level.€ 
Ketone level.€ 

Urine
Urinalysis.€ 
Ketones.€ 
Reducing substances.€ 
Organic and amino acids.€ 
Drug screen.€ 

Monitoring
Ensure€  the ABCs: after that the form and type of monitoring will be 
dictated by the patient•s condition.
CNS:€  follow the neurological state. If there is headache or altered 
consciousness, treat as though raised ICP has developed.
Continuous€  pulse oximetry and ECG monitoring: T-wave changes should 
alert you to hypokalaemia or hyperkalaemia.
Intermittent BP monitoring.€ 
Hourly€  urine output: test for ketones.
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Diabetic ketoacidosis: treatment
Fluid therapy
We have already discussed the management of dehydration (b  pp.90…
93). Our therapy is similar in DKA, with the following caveats.

Resuscitation ” uid
Use 0.9% saline for resuscitation of the circulation.€ 
This alone will bring down the glucose level.€ 
Remember to include the initial resuscitation volume in your € 
calculation of total ” uid replacement to be given in the 48hr.

Calculation of de“ cit
Never use more than 10% dehydration in the calculations.€ 
Restore de“ cit over 48hr.€ 

Type of ” uid
Use normal saline initially.€ 
When glucose has fallen to 14mmol/L add glucose to the ” uid. 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 ” uid type to 0.45% saline with 5% 
glucose.
Potassium should be started with the rehydration ” uids after the “ rst € 
500mL provided the patient is passing urine. Add 40mmol KCl/L (i.e. 
20mmol KCl to each 500mL bag).

Bicarbonate and phosphate
There is no evidence for using bicarbonate/phosphate in DKA.€ 1

However, under extreme conditions and in critical illness these are € 
sometimes considered.

Electrolytes
Check these 2-hourly after resuscitation, and then 4-hourly.

Oral ” uids
Initially nil by mouth ± NGT.€ 
Juices and rehydration solutions should only be given after substantial € 
clinical improvement.
These ” uids should be added to the overall calculation of ” uid intake.€ 

Insulin therapy
Once the rehydration ” uids 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
Make up a solution of 1U/mL of human soluble insulin (50U in 50mL € 
of 0.9% saline)
Attach this to a second IV line or •piggy-back• to one line with the € 
replacement ” uids
Give 0.1U/kg/h (i.e. 0.1mL/kg/hr)€ 

Glucose fall
If 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 ” uids
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
Once the pH is >7.3, the blood glucose <14mmol/L, and a glucose-€ 
containing ” uid has been started, consider reducing the insulin 
infusion rate, but to no less than 0.05U/kg/hr
Once the child is drinking well and able to tolerate food, IV ” uids € 
and insulin can be discontinued
Start SC insulin in the newly-diagnosed diabetic, according to local € 
protocol. Resume usual insulin regimen in known diabetics
Discontinue the insulin infusion 60min after the “ rst 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:

Headache, behavioural change with restlessness, drowsiness.€ 
Body posturing, cranial nerve palsy, seizures.€ 
Slowing of HR, haemodynamic instability.€ 
Respiratory arrest.€ 

Once identi“ ed:
Start ABCs.€ 
Emergency mannitol (1.0g/kg) IV.€ 
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 speci“ c course of action that 
should be followed (see b  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:

Infection:€  generalized sepsis; CNS infection.
Gastrointestinal:€  pyloric stenosis; gastroenteritis.
Cardiac:€  duct-dependent CHD.

Clinical assessment
History

A thorough history is important.€ 
Assess whether there is any consanguinity, or death of siblings from € 
unknown or metabolic diseases.
Identify speci“ cally developmental progress.€ 
Has there been intermittent vomiting, sleepiness, or seizures.€ 

Examination
A full examination is needed here.€ 
Think about abnormal odours.€ 
Check on growth, failure to thrive.€ 
Skin:€  dermatitis or alopecia.
Eyes:€  cataracts.
Breathing pattern: € Kussmaul or central hyperventilation.

Investigations
Until you know the diagnosis, the key tests are as follows.

Blood
FBC with differential.€ 
Serum electrolytes with urea and creatinine.€ 
Glucose, LFTs (transaminases).€ 
Arterial or capillary blood gas.€ 
Lactate, pyruvate, ketones.€ 
Plasma amino acids.€ 
Ammonia.€ 
Carnitine.€ 
Drug screen.€ 

Urine
Urinalysis.€ 
Ketones.€ 
Reducing substances.€ 
Organic acids.€ 
Amino acids.€ 
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 con“ rmed. In order to avoid catabolism give continuous 
glucose infusion (10…15%) during illness or periods of fasting.

Supportive care
The underlying or precipitating illness needs to be treated.€ 
Later on, as a means of prevention against infection, ensure that € 
immunizations are up to date.

Acidosis
Correct and optimize ventilation and circulation.€ 
After this, bicarbonate replacement may be needed.€ 
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 b  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] … ([HCO3] + [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•

Alcohol or aspirin€ 
Methanol€ 
Uraemia€ 
DKA€ 
Paraldehyde€ 
Ingestion or inborn error€ 
Lactate€ 
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

Diarrhoea€ 
Type€  I (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) II 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, ” ank pain, and vomiting (pyelonephritis), lethargy, or altered 
mental state (metabolic disease or poisoning). Then ask speci“ c questions 
about the gastrointestinal and renal tracts, and growth. Last there may be 
a signi“ cant family history of renal disease, kidney stones, or early infant 
death.

Examination
A full examination is needed. Assess:

Hydration.€ 
Growth.€ 
Respiratory state (compensation for metabolic acidosis).€ 
Abdomen.€ 
CNS.€ 

Investigations
Until you know the diagnosis, the key tests are as follows.

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.
Urine:€  urinalysis, ketones, reducing substances, organic and amino acids, 
and drug screen.
Imaging:€  renal US scan looking for nephrocalcinosis (type I 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 speci“ c metabolic disorders:

Increased€  AG: identify cause and treat;
Distal€  or proximal RTA: bicarbonate supplementation (see also b  
pp.382…385);
Hyperkalaemic€  RTA: correct serum bicarbonate and increase ” uids 
to improve sodium delivery to the distal tubule (this will enhance 
potassium secretion).

Bicarbonate treatment
If you are using bicarbonate then:

Estimate the de“ cit = (20 … [HCO€ 3]) x weight (kg) x 0.5mmol;
Replace over 24…48hr with oral supplements.€ 
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Further reading
BSPED-recommended DKA Management Guidelines (2009). Available at: M  www.bsped.org.uk/

professional/guidelines/docs/DKAGuideline.pdf
Wolfsdorf J, 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: M  http://www.ispad.org/FileCenter/10-Wolfsdorf_
Ped_Diab_2007,8.28…43.pdf 
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Newborn life support
All who attend deliveries should be pro“ cient in newborn resuscitation, 
ideally taught on a recognized course (newborn life support (NLS) or 
equivalent). The algorithm on b p.109 demonstrates a general approach 
to resuscitation (see Fig. 6.1). Preterm infants require special consideration 
(b p.114).

Before birth
Check equipment.€ 
Ask about: Gestation? Foetal distress? Meconium?€ 

At birth
For uncompromised babies, a delay in cord clamping of at least one € 
minute is recommended.
There is insuf“ cient evidence to recommend a delay in babies who € 
require resuscitation.

Meconium
Vigorous infants born through meconium stained liquor do NOT € 
require airway suctioning either on the perineum or the resuscitaire.
Pale, ” oppy, poor respiration, or bradycardia? Inspect oropharynx and € 
perform suction if required.
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 in” ation
In” ation breaths are given initially, use air (21% O€ 2).
3s each breath, 7 30cmH€ 20 (term infants)„give in sets of 5.
Once the chest is moving, ventilation breaths (shorter and gentler) are € 
given at a rate of 30…40/min if required.

Airway manoeuvres
Jaw thrust (2 person technique very useful).€ 
Direct inspection of oropharynx and airway suction.€ 
Guedel airway.€ 
Intubation (if competent).€ 

Chest compressions
Rate € 7100/min, using two thumbs technique.
3 chest compressions per lung in” ation (3:1 ratio).€ 
Re-assess infant after each 30secs (15 cycles).€ 

Drugs
Give through umbilical venous catheter (UVC) or IO (high dose € 
endotracheal tube (ETT) adrenaline can be considered).
Remember, drugs are B.A.D. (€ Bicarbonate/Adrenaline/Dextrose 10%).
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Remove any wet towels and cover
Start the clock or note the time

Open the airway
Give 5 inflation breaths
Consider SpO2 monitoring

Assess (tone), breathing and heart rate

Re-assess
If no increase in heart rate
look for chest movement

If no increase in heart rate
look for chest movement

2 min  60%
3 min  70%
4 min  80%
5 min  85%

10 min  90%

Reassess heart rate every 30s
If heart rate is not detectable

or slow (<60/min)
consider venous access and drugs

If heart rate is not detectable
or slow (<60/min)

Start chest compressions
3 compressions to each breath

Recheck head position
Consider 2-person airway control

and other airway manoeuvres
Repeat inflation breaths

consider SpO2 monitoring

Look for a response

Dry the baby AT

ALL

STAGES

ASK:

DO

YOU

NEED

HELP?

Birth

30 s

60 s

If gasping or not breathing:

Acceptable*
pre-ductal SpO2

If chest not moving:

When the chest is moving:

Fig. 6.1 Newborn life support. SpO2 values are 25th centile for term  infants. 
Reproduced with kind permission of Resuscitation Council (UK) 2010.
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Perinatal de“ nitions
See also b p.10.

Gestational age (post-menstrual age) Age measured from the “ rst 
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 
“ rst week. UK rate 77…8 per thousand total births.

Neonatal mortality  Death amongst live births before 28 days of age 
(whatever the gestation at birth). UK rate 73 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. 78% 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.

Symmetric (proportional) SGA: € all growth parameters symmetrically 
small; suggests foetus affected from early pregnancy, e.g. chromosomal 
disorder or constitutional.
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
Constitutional, i.e. small parents (commonest).€ 
Restricted foetal O€ 2 or glucose supply, e.g. placental dysfunction, 
maternal hypertension, multiple pregnancy, maternal illness.
Foetal abnormality, e.g. chromosomal disorders, congenital anomalies € 
and syndromes, congenital infection.
Maternal substance exposure, e.g. alcohol, smoking, therapeutic or € 
other drugs.

Complications
i€  Risk of foetal death and asphyxia (SGA indicates foetal compromise).
May have congenital infection, toxoplasmosis, others, rubella, € 
cytomegalovirus, herpes virus II (TORCH) or malformation (b p.182).
Hypoglycaemia (due to decreased glycogen stores;€  b p.187).
Hypothermia.€ 
Polycythaemia (secondary to chronic intrauterine hypoxia;€  b p.192).
Necrotizing enterocolitis and/or intolerance of feeds (chronic foetal € 
bowel hypoxia; b p.178).
Thrombocytopenia/neutropenia/coagulopathy (bone marrow/hepatic € 
compromise; b p.193).
Meconium aspiration syndrome (€ s  to foetal hypoxia; b p.152).

Management
Ideally manage on a postnatal ward with increased ratio of midwives.

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 “ rst 48hr.€ 
Admit to neonatal unit if birth weight <1800g.€ 
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 b 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
De“ ned as birth weight >90th centile for gestational age.

Causes
Most frequently constitutional, i.e. large parents.€ 
Infant of a mother with diabetes mellitus.€ 
Foetal hyperinsulinism, pancreatic islet cell hyperplasia.€ 
Hydrops foetalis (€ b p.138).
Beckwith…Wiedemann syndrome (BWS;€  b p.949).

Complications
Perinatal asphyxia, nerve palsies, shoulder dystocia, fractures.€ 
Hypoglycaemia, especially if due to maternal diabetes or in BWS.€ 
Problems associated with the underlying cause LGA.€ 

Management
Careful obstetric management to prevent obstetric complications.€ 
Examine for associated features, e.g. BWS or signs of birth injury.€ 
Prevent hypoglycaemia (€ b p.132).

Prognosis Generally excellent (unless hydrops foetalis) if managed well.

Infant of a mother with diabetes mellitus
Pathophysiology
Maternal hyperglycaemia l  i  foetal glucose l  i  foetal insulin secretion 
(antenatally has growth hormone function) l  macrosomia, organomega-
ly, and polycythaemia. Rarely, maternal vascular disease results in foetal 
IUGR.

Associated complications
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.
Obstetric€  complications (see b  Complications): increased risk of 
spontaneous miscarriage, intrauterine foetal death, and prematurity.
Hypoglycaemia€ : generally resolves as serum insulin level falls.
Respiratory€  disease: respiratory distress.
Polycythaemia€ . Risk of secondary thrombosis (e.g. renal vein).
Exaggerated physiological jaundice.€ 
Hypocalcaemia and hypomagnesaemia.€ 

Management
Optimize maternal glycaemic control during pregnancy (d risk of compli-
cations except for congenital abnormalities; see b p.120).

Prognosis
Normoglycaemia occurs within 48hr in vast majority.€ 
7 € x increased risk of diabetes mellitus in later life.
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 (72% of all births).

Predisposing factors
Idiopathic (40%).€ 
Previous preterm birth.€ 
Multiple pregnancy.€ 
Maternal illness, e.g. chorioamnionitis, polyhydramnios, pre-eclampsia, € 
diabetes mellitus.
Premature rupture of membranes.€ 
Uterine malformation or cervical incompetence.€ 
Placental disease, e.g. dysfunction, antepartum haemorrhage.€ 
Poor maternal health or socio-economic status.€ 

Associated problems
Respiratory: surfactant de“ ciency causing respiratory distress € 
syndrome (RDS; b p.150), apnoea of prematurity (b p.154), chronic 
lung disease/bronchopulmonary dysplasia (CLD/BPD) (b p.166).
CNS:€  intraventricular haemorrhage, periventricular leucomalacia; 
retinopathy of prematurity (b p.188).
GI:€  necrotizing enterocolitis (b p.178); inability to suck; and poor milk 
tolerance.
Hypothermia.€ 
Immuno-compromise resulting in € i  risk and severity of infection.
Impaired ” uid/electrolyte homeostasis (€ i  transepidermal skin water 
loss, poor renal function).
Patent ductus arteriosus (€ b p.169).
Anaemia of prematurity (€ b p.192).
Jaundice (liver enzyme immaturity;€  b p.130).
Birth trauma (€ b p.126).
Perinatal hypoxia (€ b 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
Delivery should be planned in a centre capable of caring for preterm € 
infants.
If 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 “ bronectin screening to aid diagnosis and 
tocolysis to delay birth to allow for transfer.
Give mother IM corticosteroids, 2 doses, 12…24hr apart, of either € 
beta- or dexamethasone, if <34wks gestation. Steroids d mortality 
by up to 40% (d severity of RDS, periventricular haemorrhage, and 
necrotizing enterocolitis) provided they are given >24hr before birth. 
Bene“ t 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
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€ 2O);
start with lower peak inspiratory pressure or proximal (PIP) € 
(20cmH2O);
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€ 2 <70% at 5min;
 € �  •correct• starting dose of O2 unclear, therefore, can start in air;
easy to hyperoxygenate if start in high FiO€ 2.

Once stable, well infants >1800g, and >35/40 may be transferred to a € 
suitable postnatal ward if midwifery staf“ ng 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 “ rst 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 speci“ c treatment for associated diseases and complications of € 
prematurity, e.g. surfactant for RDS.
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 de“ nes 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
<22wks€  gestation: rarely suitable for resuscitation, but it may still be 
bene“ cial for a senior paediatrician to attend birth to reassure parents 
and support staff in provision of comfort care.
22…2€ 5wks 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 b 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 “ rst 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).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 signi“ cant increase? No Yes+ Yes++

Overall survival of live births free of 
disability at age 6yrs (%)EPICure 1

<0.5 9 20

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;
Cerebral palsy, most commonly spastic (diplegia > quadriplegia > € 
hemiplegia).
Squint (strabismus).€ 
Blindness.€ 
Hearing loss.€ 
Epilepsy.€ 
Cognitive impairment and behavioural disorders, e.g. attention de“ cit € 
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 “ gures (where available) should be 
used. Note that many things in” uence 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 26wks 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 J Med 352: 71…2.
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Paediatrics, ethics, and 
the law

Ethics 1030
Common law 1031
Recognition of ethical issues in everyday clinical practice 1032
Clinical case study 1033
The doctor…child relationship 1034
Parental responsibility 1035
The doctor…parent relationship 1035
Assent and consent 1036
Con“ dentiality and disclosure 1038
Withholding or withdrawing treatment in children 1040
Good ethical and legal practice in suspected child abuse 1042
Serious case reviews 1043
Legal aspects of international adoption 1044

Chapter 31
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Index

A
ABC of high dependency 46
abdomen, acute 685
abdominal examination 33

neonates 145
abdominal mass 351, 653
abdominal migraine 311
abdominal pain, 

recurrent 310…11, 593
abdominal paracentesis 217
abdominal wall 

defects 866…7
Ablespacer® 268
abortion, spontaneous 110
absence from school 991
absence seizures/

epilepsies 505, 512, 
513

daydreaming confused 
with 502…3

absolute risk reduction 15
absorption, drug 1016
abstinence syndrome, 

neonatal 186
abuse see child abuse
acanthocytes 608
accessory auricles 146
Accuhaler® 268
acetaminophen see 

paracetamol
acetazolamide 517
acetylcysteine 86, 274
achalasia 327
achondroplasia 469, 950

molecular genetic 
analysis 934

aciclovir
altered level of 

consciousness 79
Bell•s palsy 519
chickenpox 710, 827
encephalitis 79
encephalopathy, 

acute 553
erythema multiforme 

816
fever 701
ginigivostomatitis 904
herpes simplex 185, 826
herpes zoster 185, 710
neonates 185
oncology 683
sepsis 71
shingles 827

acid…base problems 104…5

diabetic 
ketoacidosis 98…101, 
413

metabolic acidosis 103, 
104…5

acitretin 810
acne vulgaris 822
acquired aplastic 

anaemia 626…7
acquired immune de“ ciency 

syndrome 726
acrodermatitis, papular 814
actinic prurigo 834
actinomycin 672, 678, 681
activated charcoal 84
activated partial 

thromboplastin 
time 634

activated protein C 
resistance 644

acute disseminated 
encephalomyelitis 520…1

adalimimab 775
Adam•s disease 761
adapalene 822
adenoidectomy 279
adenosine 57, 250
Adolescent Paediatric Pain 

Tool 1018
adolescents 793…803

chronic illness 802…3
communication with 575, 

794
con“ dentiality 1038
consent 1037

adoption, 
international 1044…5

Adoption and Children Act 
(2002) 1044

Adoption Team for 
Placement, Permanence 
and Child Protection 
Division 1044

adrenal carcinoma 675
adrenal crises 432
adrenal excess 434…5
adrenaline (epinephrine)

� -adrenergic antagonist 
poisoning 86

anaphylaxis 64
angioedema 813
bronchiolitis 289
croup 285
food allergy/

intolerance 317
palliative care 691

shock 57
adrenal insuf“ ciency 530…2
adrenal stimulation test 431
adrenarche, premature 482, 

485
� -adrenergic antagonist 

poisoning 86
adrenocorticotrophin 

stimulation test 431
adrenoleukodystrophy 536
adriamycin 248
adult health services, 

transition to 803
•adult• seborrhoeic 

eczema 841
advanced life support 40…1
adverse drug 

reactions 1014…15
Aerochamber® 268
a“ brinogenaemia, 

congenital 639
agoraphobia 584
Aicardi syndrome 501
airway

assessment 36
high dependency 46
management 210
newborn life support 108

albendazole 341
Albers…Schönberg 

disease 764
albumin 646
alcohol misuse 800
allergic conjunctivitis 914
allergic contact 

dermatitis 811
allergic rhinitis 280
allergies, food 316…17, 318
allopurinol 684, 818
alopecia 830
alopecia areata 830
alopecial totalis 830
alopecia universalis 830
Alport•s syndrome 373, 899
alprostadil 58
altered level of 

consciousness 72…9
clinical assessment 74…5
Glasgow coma scale 76…7
management 78…9

aluminium hydroxide 330
amblyopia 911
American Academy of 

Pediatrics 1036, 1045
American Psychiatric 

Association 569
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vincristine 678, 685
lymphoblastic leukaemia, 

acute 656
primitive neuroectodermal 

tumours 663
rhabdomyosarcomas 672
syndrome of inappropriate 

antidiuretic hormone 
secretion 448

Wilms• tumours 668
vinorelbine 678
viral gastroenteritis 338
viral haemorrhagic 

fevers 723
viral 

laryngotracheobronchitis 
(croup) 284…5

viral skin infections 826…7
virilization, Prader staging 

of 487
virilized females 486, 489
virtue ethics 1030
vision

assessment 906
development 905, 906

“ ne motor 559
examination 905
impaired 905, 912
screening 906, 908…9
see also eyes

vital signs 30
vitamin D-dependent 

rickets 445
vitamin de“ ciencies 321

vitamin B12 321, 615
vitamin D 321, 444
vitamin K 321, 639

vitamin D-resistant 
rickets 445

vitamin K 140, 193, 639
vitello-intestinal “ stula 874, 

875
vitiligo 837
vocalization, early signs of 

normal 560
Volumatic® 268
volume of distribution 1016
voluntary organizations, 

community child 
health 980

volvulus, midgut 858…9
vomiting 300…1

chemotherapy 685
von Hippel…Lindau 

syndrome 440…1
von Willebrand 

disease 638…9
von Willebrand factor 

638
voriconazole 683

W
Waardenburg 

syndrome 899
Walker…Warburg 

syndrome 500
walking, delayed 564
Walsh test, 

bronchopulmonary 
dysplasia 166

warfarin 627, 634, 645
warts 826
water deprivation test 451
Wegener•s 

granulomatosis 790
weight

at birth see birth weight
estimation formulae 40
faltering growth 308
loss, postnatal loss 140, 

148
measurements 29

neonates 140
Werdnig…Hoffman spinal 

muscular atrophy 540
West•s syndrome 510
wheeze 255

chest X-ray 260
white matter, chronic 

encephalopathy 956
whooping cough 286
Williams syndrome 941

chromosome tests 933
renal disease 373

Wilms• tumours 668…9
Wilson•s disease 344, 345, 

346, 976
Wiskott…Aldrich 

syndrome 724

withholding/withdrawing 
treatment 1040…1

neonates 198…9
Wolff…Parkinson…White 

syndrome 250
Wong…Baker Faces Pain 

Scale 1018
woolly hair syndrome 831
•Working Together 

to Safeguard 
Children• 1043

world health 1022…3
World Health Organization 

(WHO)
adolescence de“ ned 

798
analgesic ladder 691
International Classi“ cation 

of Diseases 569
Worster…Drought 

syndrome 501
wound care, post-

operative 891

X
xeroderma 

pigmentosum 834
X-linked agammaglo-

bulinaemia 724
X-linked hypohidrotic 

ectodermal 
dysplasia 946

X-linked inheritance, renal 
disease 373

Y
yellow card scheme 1015
yellow nail syndrome 833

Z
za“ rlukast 263
Zellweger syndrome 950, 

972
zinc de“ ciency 321, 841
zoster 710

immunoglobulin 185, 
683
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