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INTRODUCTION

Fulminant hepatitc failure（FHF） is a rare disease.  There is about 50 to 100 cases of children per year in US.  The mechanism of FHF remains unclear and liver transplantation is the best choice of treatment.

DEFINITION

1. Narrow definition: onset of hepatic encephalopathy in less than 8 wks after the beginning of acute hepatitis, which defines failure of vital function, and absence of preexisting liver disease of any form.

2. Subacute hepatic failure, subacute heptic necrosis or late-onset hepatic failure: encephalopathy develops 8 to 24 wks after the onset of liver disease.

3. Some important pediatric disorders that produce a syndrome similar to FHF do not adhere to the narrow definition, such as Reye’s syndrome, inborn error metabolism, and Wilson’s disease.

ETIOLOGY

Causes of FHF in Neonates

	
	Disease
	Incidence

	Infectious
	Herpes viruses, echovirus, adenoviruss, HBV
	Frequent

	Inborn errors of metabolism
	Hereditary fructose intolerance, galactosemia, tyrosinemia, neonatal hemochromatosis
	Moderate

	Ischemia and abnormal perfusion
	Congenital heart disease, cardiac surgery, myocarditis, severe asphyxia
	Rare


Causes of FHF in Infants

	
	Disease
	Incidence

	Infectious
	HAV, HBV, NonA-E hepatitis, herpes viruses, sepsis
	Frequent

	Drugs and Toxins
	Valproate, isoniazid, acetamenophen, Amanita
	Moderate

	Inborn errors of metabolism
	Hereditary fructose intolerance, others
	Rare

	Ischemia and abnormal perfusion
	Congenital heart disease, cardiac surgery, myocarditis, severe asphyxia
	Rare

	Other
	Malignancy
	Rare


Causes of FHF in 2- to 10-yr-olds

	
	Disease
	Incidence

	Infectious
	Same as infants
	Frequent

	Drugs and toxins
	Same as infants
	Moderate

	Ischemia and abnormal perfusion
	Budd-Chiari syndrome, other same as infants
	Rare

	Other
	Malignancy, hyperthermia
	Rare


Causes of FHF in 10- to 18-yr-olds

	
	Disease
	Incidence

	Infectious
	Same as 2-10 yr
	Frequent

	Drugs and toxins
	Same as 2-10 yr
	Moderate

	Ischemia and abnormal perfusion
	Same as 2-10 yr
	Rare

	Metabolic
	Wilson’s disease, Fatty liver of pregnancy
	Rare

	Other
	Same as 2-10 yr
	Rare


1. Infectious Disease

Viral hepatitis accounts for over 80% of FHF in children of all age group

1、 Hepatitis A:  

1). P’ts with anti-HAV IgM(+)
2). Risk for developing FHF after HAV infection: 0.1%-0.4%

3). Prevalence of HAV among FHF: 1.5%-31%

4). Prognosis: Better than HBV or NANB FHF, 43.3% survived in adults.

2、 Hepatitis B:

1). P’ts with anti-HBc IgM or HBsAg

2). Risk for developing FHF after HBV infection: <1%

3). Prevalence of HBV among FHF: 25%-75%(Most common) (11 in 16 cases in NTUH)

3). Prognosis: Survival rate <20%
4). Neonatal HBV FHF:

Babies of mothers with HBsAg(+), HBeAg(-), anti-HBeAb(+)

3、 Hepatitis C:

1). P’ts with anti-HCV Ab or HCV RNA
2). Little or no role in FHF in children

3). HCV RNA has been detected in 8 of 17 HBsAg(+) FHF p’ts.

4、 Non-A non-B hepatitis

1). Most important cause of FHF in Western developed countries
2). Prevalence: In King’s College - 26 in 31 children

In U. of Chicago - 18 in 30 children

3). Prognosis: 5%(1of 18) - 9.3% survived without OLTx

4). Togavirus-like particles in 7 of 18 patients’ livers 

5). 9 of 32 with NANB FHF developed aplastic anemia after OLTx

5、 Nonviral hepatitis

1). Neisseria meningitidis in young adult

2). Shigella  dysenteriae in 2 m/o baby with hemorrhagic necrosis

3). Pseudomonas aeruginosa in 11 m/o baby with random zones 

necrosis with gram-negative bacteria in liver 

4). Spiroches, syphilis, Q fever, Plasmodium falciparum & Entamoeba histolytica.
2. Drug and Toxin Related Hepatic Injury:

1). The second most common causes after viral hepatitis.
2). Incidence: 5 in 31; 4 in 26

3). Patterns of liver injury: 

Hepatocellular necrosis - most common in FHF

Steatosis - common in FHF

Cholestasis - rare in FHF

Mixed cholestasis/hepatitis - rare in FHF   


Isoniazid and PTU in children, Halothane in adults
3. Autoimmune Hepatitis

1). Rare
2). Severe lobular hepatitis with chronic active hepatitis (portal fibrosis and piecemeal necrosis)

3). High titers of anti-LKM Ab

4). Response to corticosteroid therapy

4. Inherited and Metabolic Disease

甲、Galactosemia, hereditary fructose intolerance & tyrosinemia type 1 
In neonate – 

1). Sick infant, FTT, hepatomegaly, prolonged coagulation & hypoglycemia

2). Diagnosis: characteristic metabolites in urine and evidence of renal 

tubular injury, appropriate enzyme study or tolerance tests.

3). Rapid reversal of hepatic dysfunction with diet elimination.

乙、Neonatal hemochromatosis
Iron metabolism disorder(high serum ferritin), iron accumulation in hepatic and non-hepatic tissues.  

Tx: OLTx.

丙、Wilson’s disease
1). Disorder of copper metabolism

2). Presentations: hepatic failure, acute hemolysis, hyperuricemia and low alk-P, high serum Cu++, low ceruloplasmin.

3). Dx.: Liver copper measurement

4). Tx: OLTx

5. Ischemia and Abnormal Perfusion

1). The liver is extremely resistant to hypoxic injury.

2). Severe centrilobular necrosis is characteristic.
3). Budd-Chiari syndrome
4). Congenital heart disease with severe congestive heart failure - congestive liver disease & hepatic failure.

6. Malignancy and Infiltrative Disorders

1). Primary hepatic malignancy: Hepatoblastoma

2). Metastatic malignancy

3). Neuroblastoma, breast carcinoma

4). Infiltrative disorders

Leukemia & non-Hodgkin’s lymphoma, X-linked lymphoproliferative synd., IAHS (Infection associated hemophagocytosis synd.)

PATHOLOGY

Type I
Massive confluent or multilobular necrosis with moderate inflammatory infiltrate and collapsed reticulin framework.  Regeneration with duct-like structures might be found.

Type II
Diffuse hepatic steatosis in microvesicular pattern without cell necrosis - hepatic organelle failure.

Type III

Diffuse swelling, condensation of orgenelles and cytoplasmic elements, spotty necrosis, macrovesicular fat.

BIOCHEMISTRY

Type I  -- Massive confluent or multilobular necrosis
AST, ALT: >1,000 IU/L

Bilirubin: >10 mg/dl to 60 mg/dl, Conju. --> Unconju.

Type II  -- Diffuse hepatic steatosis
AST & ALT: Mild to moderate elevation(<400)

Bilirubin: Mild elevation(<10)

Type III  -- Diffuse swelling
AST, ALT and bilirubin: moderate elevation

PATHOGENESIS

The understanding of the pathogenesis of FHF is limited.
Theory: Five stages: Exposure – Hepatocyte injury – Potentiation – Regeneration - Termination.

1. Exposure
Host immunity, individual biochemical polymorphisms to the drugs, infecting agents, drugs or toxins

2. Hepatocyte injury
Directly cytopathic or immune response, influx of Ca++, cell necrosis.

3. Potentiation
Endotoxin, TNF, interleukin-2
4. Regeneration
Epidermal growth factor(EGf), Transforming growth factor-a(TGf-a), Human hepatocyte growth factor (hHGF).  Inhibiting factor(s) & offending agents.

5. Termination
1). Terminal hepatic failure

2). Spontaneous recovery

3). Slow-down of disease process - chronicity

CLINICAL MANIFESTATIONS AND COMPLICATIONS

1. Typical clinical presentations
Prodromal illness, jaundice, increasing letharge, fetor hepaticus, somnolent, confused, combative, incontinent,  non- or poor responsive, bleeding tendency, 

2. Complications
1、 Encephalopathy
Occurred in 100% of p’ts have FHF.
Resulted from an effect of hepatocyte failure to eliminate neurotoxins(ammonia) or depressants (1,4-benzodiazepines).

May progress rapidly from personality changes to coma within hours.

EEG: Generalized slowing with suppression of a rhythm -- High-voltage a rhythm  with paroxysmal  waves of 5 to 7 cycles per second -- Generalized slowing, synchronous low amplitude 2- to 3-cycle-per-second waves. 

1). Ammonia:
Clearly neurotoxic.

Mainly of gut origin.

Not solely responsible.

The blood level does not correlate with thedegree of hepatic

encephalopathy.

Dr. PF Whitington: No children had normal NH3 developed hepatic encephalopathy.

P’ts with urea cycle defects - different from FHF.

2). GABA receptor
Acts as ligand-gated Cl channel - Cl influx into cells - hyperpolarization - depression of function.

Benzodiazepines - increasing opening of Cl channel

Circulating GABA levels - increased but not correlated.

Flumazenil(Anexate) - antagonist, reverse EEG and 

encephalopathy temporally for 2 or more hours.

2、 Cerebral Edema:

1). Brain death associated with cerebral edema is the most common 

cause of death in FHF.
2). In p’ts with deep coma(stage IV).

3). Abnormal pupils reflex, muscular rigidity, decerebate posturing, clonus or seizure, loss of brain stem reflexes.

4). ICP > 30 mmHg.

5). CT - flattening of gyri, reduction of ventricles, loss of the gray-white matter definition.

6). Histology- Generalized cellular and interstitial edema.

7). Pathophysiology:
a). Change in the vascular integrity of the cerebral circulation - result from endotoxin or toxic metabolites.

b). Failure of homeostasis mechanism within the brain cells – 

Na+-K+ ATPase inhibitors.

c). Imbibement of water by the extracellular matrix.

d). Iatrogenic - fluid overloading, low blood sugar, 

e). low systemic blood pressure.

3、 Coagulopathy and Hemorrhage:

1). Failure of hepatic synthesis of clotting factors(I, II, V, VII, IX, X) and fibrinolytic factors. 
2). PT - Factor VII(T1/2 =2 hrs).

	Mean PT(sec)
	Mean Factor VII activity

% of normal

	13
	100

	14
	80

	16
	60

	17
	50

	18
	40

	19
	20

	20
	10


3). Disturbance of platelet number and function -    50% of p’ts Plt < 80,000, but not profound(AA).

4). Intravascular coagulation : in most p’ts, majorly in the liver, endotoxins (activate factor XII); DIC is not frequent.

5). Coagulopathy : mild - PT <18 sec; mod. - PT 18-25 sec; marked - PT >25 sec.

4、 Hepato-renal syndrome:

1). Renal insufficiency occurs in most p’ts.
2). Over 50% of p’ts in UC required HD or HF.

3). Hepatorenal syndrome(functional renal failure): avid Na retention, normal urinary sediment and reduced urinary output(less than 1 ml/kg/hr).

4). Acute tubular necrosis is seen in the minority of p’ts.

5). Endotoxemia may contribute to renal injury.

6). Functional renal failure recovers quickly after OLTx, but acute tubular necrosis not.

5、 Hepato-pulmonary syndrome:

1). Hyperventilation: Stage II-III
2). Hypoventilation: Stage IV

3). Decreased oxygenation: Intra-pul. shunting - result of microvascular dilatation.

4). Pul. edema: 1/3 of adults but less in children; mild. 

5). Pul. infection: Often but prophylactic antibiotics not recommended; 

6). S. aureus, gram-neg. enterics, Pseudomonas species and Candida.

6、 Secondary bacterial and fungal infection:

1). Most adult and 50% of pediatric p’ts have infections.
2). Significant impairment of cellular and humoral immune systems.

3). Gram(+): S. aureus, S. epidermidis & Strep.
4). Gram(-): UTI, pul. infections.

5). Fungal infections.

7、 Aplastic anemia, Hypoglycemia, Electrolytes and acid-base disturbance, Ascites, Pancreatitis, 
MANAGEMENT

1. General Management

甲、Electrolyte imbalance:
1). Hyponatremia: No NaCl unless obvious loss; restrict fluids and NaCl; Aldosterone antagonist.

2). Hypokalemia: IV KCl or KPO4; stop K+ losing diuretics.

3). Hyperkalemia, azotemia: PD or HD.

乙、Metabolic disorder:

1). Hypoglycemia: 10% G/W IV and monitor.

2). Acidosis: Adequate volume; Albumin as needed; HD or PD if no response to volume expansion.

3). Alkalosis(hypokalemia): IV KCl.

4). Hypoxemia, pul. edema: 100% O2; Ventilation;

          Lasix if needed for pul. edema.

丙、Coagulopathy:

1). BT with Plt if Plt < 50,000; 

2). FFP only for active bleeding; 

3). H2 receptor antagonist(keep gastric pH >5.0); 

4). Vit. K(0.2mg/Kg up to 10 mg) IM or IV daily for 3 days.  

丁、Encephalopathy: 
1). Avoid sedatives; 

2). Withdraw dietary protein; 

3). Intubate to protect airway for stage III, IV coma; 

4). NG intubation; 

5). Cleansing enema; 

Lactulose via NG tube(30 c.c. q6h; 2-4 loose stools/day); 

6). 50% branch-chain aminoacids(BCAA) IV for nutrition support; 

7). Benzodiazepine antagonist(?)

戊、Raised intracranial pressure(IICP):
1). Fluid restriction(60-80 c.c. /Kg/day);  Hyperventilation (PaCO2 25-30 mmHg);  

2). Avoid frequent movement or head flexion;  

3). Darkened room, decreased noise;  

4). CT scans; 

5). ICP pressure monitor;

6). Mannitol(0.25-0.5 up to 1 g/Kg, q2-6h) for ICP > 30 mmHg for > 5 minutes.

己、Fever:
1). Antipyretics, cooling blanket;

2). Cultures of blood, urine, ascites, fluids, etc..

3). Chest radiography;

4). Broad-spectrum antibiotics.

庚、Hepatorenal syndrome:

1). Adequate intravascular volume;

2). Loop diuretics (1-3 mg/Kg, q6h);

3). Dopamine with renal dose;

4). PD, HD or hemofiltration if urine < 1 ml/Kg/hr. 

2. Specific treatment:

Prostaglandin E
Insulin and glucagon

Benzodiazepine receptor antagonist

Temporary(artificial) liver support

BET or plasmapheresis

Hepatocyte transplantation

Liver transplantation


Suggestive criteria for liver transplantation

Nonreversible diseases.
Stage IV coma

Factor VII < 10% of control persistently.

Factor V < 20% of control persistently.

Prothrombin time > 50 seconds.

Duration of jaundice before encephalopathy exceeds 7 days (subacute).

Metabolic acidosis, hypoglycemia.

ICP responsive to mannitol.

Patent portal venous system by Doppler flow. 

