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THE PAEDIATRIC LIVER EMERGENCY

A diagnostic emergency : the infant with 
liver disease

PALF: Paediatric Acute Liver Failure

Variceal bleeding

Metabolic Encephalopathy 
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THE PAEDIATRIC LIVER EMERGENCY

 A diagnostic emergency : the infant with liver disease

PALF: Paediatric Acute Liver Failure

 Variceal bleeding

 Metabolic Encephalopathy 

PALF

 Rapid onset, severe disease that progresses quickly 

 Accounts for 12.5 % of all transplants and an important cause of 
mortality

 Management challenges

I. Determining aetiology

II. Supportive Management 

III. Timely transfer 
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DEFINITION

DEFINITION
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FEATURES OF CLD 

DEFINITION
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DEFINITION OF ENCEPHALOPATHY IN 
CHILDREN 
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COAGULOPATHY   &     ENCEPHALOPATHY

 Balanced loss of pro and anti-
coagulants

 Represents a loss of hepatic 
synthestic function rather than a 
bleeding tendency

 Risk of thrombosis > risk of 
bleeding 

 Only 5% have a clinically 
significant bleed, < 1% intra-
cranial 

 Overtransfusion can increase the 
risk of both bleeding and 
thrombsosis

 Encephalopathy does not 
relate to coagulopathy 

 In PALSFG: 25% with Grade 3 
and 4 only had a MILD 
coagulopathy (INR < 2)

 HIGHEST rate of mortality 

PALF

 Accounts for 12.5 % of all transplants and an important cause of 
mortality

 Management challenges

I. Determining aetiology
II. Supportive Management 

III. Timely transfer 
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INDETERMINANT (I-PALF) 

 43-49% of PALF

 Hypotheses:

 Undiagnosed metabolic/ genetic

 Drug-induced

 Unknown or undetected viral 

 Disorders of immune dysregulation

 CD 8 intense infiltrate on biopsy

 Poor native liver survival 

COURSE
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34%

66%

PALF 

Transplanted Non-trnasplanted
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27

29

23

52

Transplanted Non-transplanted : demised Non-transplanted: recovered

52

5

27

32

Non-transplanted Transplanted : demised Transplanted: recovered
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OUTCOME AND COSTS OF HEPATITIS A IN 
CAPE TOWN

ADMISSION DAYS PER STAY
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TRANSFER OF THE PATIENT
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TRANSFER OF THE PATIENT
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WHEN TO TRANSFER 

 Should be admitted to a paediatric liver transplant centre as early in 
the disease course as possible 

 Rapidly progressive and unpredictable 

 Better outcomes in those transferred BEFORE hepatic encephalopathy 
evolved 

 Centres favour listing during work up and ongoing intensive care 
treatment within the first 24 – 48 hours 

 Time to listing on the PALFSG study after enrolment = 1 day 

20/4 20:35 21/4 04:26 21/4 18:00 22/4 02:43 22/4 18:29

ALT IU/L 688 509 289 232 111

ASTIU/L 1622 119 552 416 202

THE NEED FOR IMMINENT TRANSFER  

INR > 10 > 10 > 10 > 10 > 10

AMMONIA 123 226 166
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20/4 20:35 21/4 04:26 21/4 18:00 22/4 02:43 22/4 18:29

ALT IU/L 688 509 289 232 111

AST IU/L 1622 119 552 416 202

CLINICAL
EVENTS 
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TIMELINE

TIME TO TRANSPLANT = 48 HRS 

ARRIVAL 20/04 20:00
DECOMPENSATION 

20/04 – 22/02
TRANSPLANT 
22/04 22:30
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CONTACTING THE TRANSPLANT UNIT   

Wits Donald Gordon 

On call phone: 067 413 5449 (Dr Beretta / 
Dr Berkenfeld / Dr Mudau) 

Dr Beretta: 082 565 3216 

Paediatric transplant ward: 011 356 6494 
 Leave name and contact details and state contact reason is for a patient in acute liver 

failure 

Charlotte Maxeke

 Dr Wallabh: 073 233 3155

SPECIFIC THERAPIES 

 Wilsons: Single pass albumin dialysis and plasmaphoresis to remove 
copper

 AIH: Steroids (41.4% response) ; role in I-PALF not established

 Role of plasma exchange : not established

 Role of N acetyl-cysteine in non-acetaminophen liver failure: 
controversial; no survival advantage demonstrated

 High volume haemofiltration: HE > 2 +/- haemodynamic instability ; 
improved MAP, serum creatinine and HE grade but survival outcomes 
unknown

 CVVHD + plasma exchange: decrease in catacholamine index

 Extracorporeal liver support: not recommended on available evidence 
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PALF

 Rapid onset, severe disease that progresses quickly 

 Accounts for 12.5 % of all transplants and an important cause of 
mortality

 Management challenges

I. Determining aetiology

II. Supportive Management 
III. Timely transfer 

Supportive management 

 Treat extrahepatic dysfunction

 Supporting life until liver 
regeneration or transplantation

 Promotes liver regeneration

 Systemic support of:

 Airway and respiratory system

 Fluid, electrolyte and metabolic 
status

 Renal system

 Cardiovascular system

 Neurological function

 Coagulation

 Secondary infection prevention

 Nutrition

 Cause specific treatment
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Airway and
respiratory 
support

 At risk of ARDS and TRALI

 Monitoring:

 SpO2, pO2, pCO2 and pH  

 Mechanical ventilation with airway protection

 Grade III/IV encephalopathy 

 Agitation with lower encephalopathy grades

 Lung protective ventilation

 TV 6-8 ml/kg

 Low PEEP

 If paralysis required:

 Atracurium preferred:  not dependent on hepatic 
elimination

 Prevent aspiration: nurse head up

 Avoid dyssynchrony on the ventilator: keep sedated

Fluid, 
electrolyte 
and metabolic 
management
Common 
derangements

Sodium derangementsSodium derangements

Hypokalemia, hypophosphatemia, hypocalcemiaHypokalemia, hypophosphatemia, hypocalcemia

HypoglycemiaHypoglycemia

Metabolic acidosisMetabolic acidosis

Acute kidney injury:Acute kidney injury:

• Intrarenal vasoconstriction, decreased renal perfusion 

• Drug toxicity, hypovolemia, sepsis

• Typically recovers as hepatic function improve
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Fluid, electrolyte and metabolic goals and 
management

Euvolemia:

Over-hydration> pulmonary and 
peripheral oedema, ascites, 

cerebral oedema

Under-hydration>HRS, ATN, 
worsening encephalopathy, 

hypotension

Protect cerebral perfusion

80% maintenance 

Beware rapid fluid boluses 

Normoglycemia:

Dextrose infusion via central access

Electrolyte replacement:

Phospate

Sodium: maintenace at 2–3 
mEq/kg/day. Avoid sustained 
hypernatremia in attempt to 

reduce ICP

Renal support

 Acute kidney injury very common

 CVVHD:

 Controls metabolic acidosis and 
fluid overload

 Decreases inotrope requirements

 Decreases ammonia levels in 
children, less evidence for it in 
adult population

 Beware hypocalcemia and acidosis 
on regional citrate CRRT

 Initiate CRRT early if:

 Oliguric

 Fluid overload

 Hyponatremia (<130 mEq/L)

 Hyperkalemia

 Metabolic acidosis

 Hyperammonemia >150 umol/L
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Cardiovascular
support

 Hyperdynamic circulation common: peripheral 
vasodilation, decreased SVR, low MAP

 Monitoring:

 PR, BP, IAP, UO, CRT, temperature

 Mixed venous oxygen saturation, SVV, PVV  in patients on 
inotropes

 Support:

 Once fluid replete: Noradrenalin inotrope of choice, low 
dose vasopressin (1–2 units/h) considered if NE 
requirements escalate

 Escalating inotrope requirements may indicate need for 
hepatectomy: toxic liver 

 Pitfalls:

 Relative adrenal insufficiency if inotrope unresponsive.

Neurological monitoring

 Hepatic encephalopathy and raised ICP 
common

 Hyperammonaemia increases intracellular 
osmolarity in astrocytes and cerebral oedema

 Monitoring:

 GCS/AVPU/HE staging

 Features of raised ICP – bradycardia, dystonia 
and hypertension, pupillary abnormalities, 
focal neurological deficits, seizures

 Glucose levels

 Ammonia levels: Free flowing blood sample, 
quickly placed on ice to avoid falsely elevated 
results
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Neurological monitoring

 Invasive ICP monitoring:

 Limited evidence of overall benefit: 7% 
bleeding complications

 Reverse jugular venous oxygen saturation:

 Intermittent, indirect measure, prone to 
jugular venous thrombosis

 Transcranial doppler

 Operator dependent

 Measures pulsatility index, mean blood flow 
velocity and arterial pressure

 Cross-sectional imaging for intracranial bleed:

 Any sign of neurological deterioration and in 
grade 3 or 4 HE

Neurological support: prevention and 
management of raised ICP

 Head end elevation to 30 degrees

 Sedation, minimise stimulation 

 Avoid benzodiazepines

 Morphine/Fentanyl preferred

 Avoid fluid overload

 Sodium between 145-150 mEq/L 

 Early CRRT

 Evidence for prophylactic 
anticonvulsants poor

 Urea cycle disorders: ammonia 
scavengers

 Lactulose and Rifaximine use: little 
supporting evidence in acute setting

   Spurt ICP: 

 3% saline

 0.5-1 g/kg (20%) mannitol 
(contraindicated in AKI, beware 
serum osmolality>320 mEq

 Transient hyperventilation 

 Moderate hypothermia: best avoid 
fever

 Indomethacin: causes bleeding and 
renal dysfunction

 Hepatectomy?
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Coagulopathy 
management

 NB: DO NOT CORRECT INR UNLESS ACTIVELY BLEEDING

 Balanced coagulopathy: procoagulant proteins (factors V, 
VII, X, fibrinogen) and anticoagulant proteins 
(antithrombin, protein C, S) are reduced 

 Often pro-coagulant, may bleed with concomitant sepsis

 Factor V levels and INR used as prognostic indicators and 
signs of liver recovery

 Vit K given

 Only transfuse platelets if <10 or <50 if an invasive 
procedure is planned

 Stress ulcer prevention – proton pump inhibitor

 At risk of TRALI

Secondary 
infection

 Increased risk of sepsis: immunosuppressed, bacterial 
translocation

 Monitor:

 Fever

 SIRS : non-specific 

 CRP: unreliable as a marker of sepsis

 Daily surveillance cultures

 Prophylactic broad-spectrum antibiotics and antifungals

 Selective gut decontamination not recommended
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Nutritional support

 High metabolic 
demand

 Enteral feed whenever 
possible

 Protein at 1g/kg/day

 TPN may provide 
maximal calories with 
minimal volume

Cause specific therapies
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Listing for liver 
transplantation

 Each patient is assessed for mortality risk without transplantation

 Modern management has decreased mortality of PALF from 72% to 14% 

 Multi-point assessment over time critical

 Validated prognostic markers: 

 Degree of liver dysfunction (INR, Factor V levels, Bilirubin levels)

 Extrahepatic dysfunction (Creatinine)

 SIRS

 Age (<10 years, over 40 years)

 Aetiology (non-Paracetemol, no- Hep A. Acute Wilsons, GALD, HSV 
do particularly poorly)

 Factors which may preclude patient from LT:

 Pre-existing advanced or progressive neurological impairment

 Mitochondrial disorders

 Active extrahepatic malignancy

 HLH

ALF: Role of liver transplantation
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ROLE OF TRANSPLANT

 Before transplant, mortality was 70 – 95%

 After introduction of LT: 11% @ 21 day outcome 

 Patient survival and waitlist mortality > at centres performing > 50 
technical variant graft transplants 

 Living donor liver transplantation confers additional advantages

 Decreased cold ischaemia time and therefore graft function 

 Improved graft quality

 Higher long term survival (72% vs 40% in deceased donor) 

 Reduced waitlist mortality 

Outcomes of liver transplantation for 
acute liver failure

 70% one year survival 
(vs. 85% for other 
causes)

 After one year survival 
is as for any other 
cause

 Refer early for Status 1 
listing

 South Africa has access 
to a living donor liver 
transplant unit! Call 
Wits Donald Gordon 
Medical Center
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Liver grafts in the paediatric patient

Auxiliary liver transplantation 
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The patient qualifies for liver 
transplantation: what now?

 Median waiting times for LT vary among centres:

 Cadaveric donor pool dismally small in South Africa, paediatric donor pool even 
more so

 Most children rely on reduction of an adult graft, mortality and morbidity risk

 Living donation lifeline

 Once listed: monitor for exclusion criteria and futility:

 Progressive sepsis despite treatment

 Invasive fungal infections

 Escalating inotrope requirements

 Evidence of brain death

 ARDS

Liver support 
therapies: 
alternatives to 
liver 
transplantation

Extracorporeal liver support systems: Extracorporeal liver support systems: 

• Detoxification: filtering of lipid bound toxins

• Albumin dialysis

• Plasma exchange

• Detoxification and synthetic function

• Bioartificial liver support systems (BAL; human 
hepatoblastoma cells)

• Extracorporeal liver assist device (ELAD; human-
based cells)

• HepatAssist (porcine cell-based)

• Molecular absorbent recirculating system (MARS)

Little evidence for benefit above CRRTLittle evidence for benefit above CRRT
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Extracorporeal Blood Purification Therapies

 MARS: MARS (Molecular adsorption 
and Recirculation System)

 CPFA (Coupled Plasma Filtration 
and Adsorption)

Liver cell transplantation

 Under investigation

 Hepatocytes infused into portal system, peritoneal cavity, spleen

 Source of cells:

 Hepatoblastoma: malignancy risk

 Porcine cells: xenotrophic viruses

 Large cell volume required:

 Most lost on initial infusion

 Does not address any portal hypertension in chronic setting

 Hepatocytes embolisation risk
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THE PAEDIATRIC LIVER EMERGENCY

A diagnostic emergency : the infant 
with liver disease

 PALF: Paediatric Acute Liver Failure

 Variceal bleeding

 Metabolic Encephalopathy 
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LIVER DISEASE IN THE INFANT 

 THIS IS AN EMERGENCY!

 Largest population attended to by paediatric hepatologists

 May not look acutely ill, may even be thriving

 Diagnosis can prevent life-threatening complications and can be time-
sensitive

 Haemophagocytic lymphohistiocytosis

 Metabolic disorders

 Herpes Simplex

 Gestational alloimmune disease

 Biliary Atresia 

I FEEL I MUST BRING 
TO YOU ATTENTION, 
MY DEAR FELLOW  …

THAT YOU PATIENT IS 
MOST TERRIFYINGLY 

YELLOW
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DEFINTION OF THE JAUNDICED INFANT

 60% of term and 80% of pre-term infants present with jaundice = 
physiological + unconjugated

 Prolonged jaundice = jaundice for > 2 weeks in a term and > 3 weeks 
in a pre-term infant

 TRIGGER INVESTIGATION

 Pale stools and yellow diaper staining are other signs BUT

 37% OF DOCTORS AND NURSES AND 66% OF PARENTS CANNOT 
PROPERLY IDENTIFY PALE STOOLS 

 MUST USE A STOOL CARD FOR COMPARISON
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BILIARY ATRESIA
 Progressive fibrosing cholangiopathy resulting in 

the ongoing destruction of the bile ducts 

 Accounts for about 25% of neonatal cholestasis

 Diagnosed via on-table cholangiogram or liver 
biopsy NOT on abdominal US or HIDA scan

 Poor native liver survival if diagnosed beyond the 
age of 2/12

 For the best results, Kasai portoenterostomy should 
be performed in under 30 days (70% native liver 
survival vs 0% in >120 days)

PALE STOOL + JAUNDICED INFANT = 
REFERRAL TO PEADATRIC 
GASTROENTEROLOGIST

INVESTIGATIONS

 HIDA scan only if stools are ambiguous and liver biopsy is trying to be 
avoided

 LIVER BIOPSY IS CENTRAL: RAPID AND ACCURATE

 88-96.8% accuracy rates 

 Ultrasound is useful in the diagnosis of choledocal cysts which may be 
further investigated with MRCP
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 Ultrasound – Cyst at the 
porta, triangular cord sign, 
small irregular gallbladder,
polysplenia/asplenia, situs 
inversus

 Liver biopsy – Expanded 
portal tract with fibrosis and 
inflammation, bile ductular
reaction, bile plugs

 Operative cholangiogram to 
confirm the diagnosis
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EXAMINATION    &         INVESTIGATION  

 Clinically ill / well

 Dysmorphic features

 Cardiac lesions on 
cardiac examination

 Ascites; liver and 
spleen size + 
consistency and 
abdominal masses on 
abdominal examination

 Tone and vigour on 
neurological 
examination 

 FBC and diff, INR, LFT and 
glucose

 a-1-antitrypsin phenotype (Pi 
typing) and level, TSH, T4

 Urine —urinalysis, culture, 
reducing substances

 Consider bacterial cultures 
of blood, urine and other 
fluids especially if
infant is clinically ill

 Fasting ultrasound

1
st

T
IE

R
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2nd TIER

2
n
d

T
IE

R
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CALL 
YOUR    

HEPATOLOGIST   

Tier 2 =  Targeted evaluation in concert 
with a paediatric gastroenterologist / 

hepatologist

GOOD NEWS …. TIER 2
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Pruritus

• Ursodeoxycholic acid 15-20mg/kg/day

• Bile acid binding resins 250-500mg/kg/day

• Phenobarbitol 3-10mg/kg/da

• Rifampicin 10mg/kg/day

• Antihistamines 

• Naltrexone 1-2mg/kg/day

Ascites

• Furosemide 1-2mg/kg/day

• Spironolactone 2-6mg/kg/day

• Albumin 1g/kg 20%

Variceal bleeding

• Octreotide 1-5ug/kg/hr

Cholangitis prophylaxis

• TMP/sulfamethoxazole  2-5mg/kg/day

5000 – 25 000U/day

500 – 1000iu/kg/day

25-200iu/kg/day

2.5mg x 2 per week up to 10mg daily
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Of note …. 

 ALL children with cholestatic jaundice should be managed 
with a paediatric hepatologist

 Ascites is a complication of chronic liver disease 
representing decompensation and warrants expedited 
referral

 Suspected upper gastrointestinal bleeding should be 
referred to a facility with a paediatric gastroenterologist 
or paediatric surgeon with access to endoscopy 

CONTACTING THE TRANSPLANT UNIT   

Wits Donald Gordon 

 On call phone: 067 413 5449 (Dr Beretta / Dr 
Berkenfeld / Dr Mudau) 

 Dr Beretta: 082 565 3216 / 
rees.beretta@gmail.com

 Paediatric transplant ward: 011 356 6494 
 Leave name and contact details and state contact reason is for a patient in acute liver failure 

Charlotte Maxeke

 Dr Wallabh: 073 233 3155
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CONTACTING THE TRANSPLANT UNIT   

Wits Donald Gordon 

 On call phone: 067 413 5449 (Dr Beretta / Dr 
Berkenfeld / Dr Mudau) 

 Dr Beretta: 082 565 3216 / 
rees.beretta@gmail.com

 Paediatric transplant ward: 011 356 6494 
 Leave name and contact details and state contact reason is for a patient in acute liver failure 

Charlotte Maxeke

 Dr Wallabh: 073 233 3155


