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a b s t r a c t

End stage liver disease (ESLD) is an irreversible condition that is a management challenge

to the paediatrician. The aetiology and natural history of ESLD in children is not only

distinct from adults but also variable depending upon the age of presentation. Children are

especially vulnerable to developmental delay, frailty and malnutrition. Nutritional support

is the cornerstone of management of these children as it has a significant impact on the

clinical course and survival, both before and after transplantation. Further, the complica-

tions of ESLD in children including but not limited to, ascites, portal hypertension, spon-

taneous bacterial peritonitis and encephalopathy raise unique management challenges. In

this review we provide a concise review of and highlight recent advances in the manage-

ment of paediatric ESLD.

© 2021 Director General, Armed Forces Medical Services. Published by Elsevier, a division of

RELX India Pvt. Ltd. All rights reserved.
Introduction

End stage liver disease (ESLD) is an advanced liver disease that

is characterised by significant hepatic dysfunction. Children

with ESLD are characteristically different in aetiology, and the

natural history of diseases, management strategies, response

to treatment, and nutritional needs are also different from

adults, depending upon the age of presentation.1,2 Children

with ESLD are at risk of malnutrition, and thus, clinical

recognition and aggressive treatment of nutritional failure is

the key element in management of these patients. These
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children also need close attention to the vaccination status

and need an accelerated schedule of vaccination before liver

transplantation. Thus, these children need an integrated

multidisciplinary approach to address these concerns and

optimise the management. In this review, we address the

recent advances in the management of these children.
Aetiology

The aetiology of ESLD in children varies with the age of pre-

sentation (Table 1).
ublished by Elsevier, a division of RELX India Pvt. Ltd. All rights



Table 1 e Aetiology of End stage liver disease in children.

Infants Older children/adolescents

Biliary atresia Auto immune hepatitis

Progressive familial

intrahepatic cholestasis

Biliary atresia post kasai

Alagille syndrome Wilson's disease

Congenital hepatic

fibrosis/Caroli disease

Primary sclerosing cholangitis

Neonatal hepatitis Autoimmune sclerosing

cholangitis

Choledochal cysts Vascular

- Budd chiari syndrome

- Veno occlusive disease

Bile acid synthetic defects Cryptogenic cirrhosis

Parenteral nutrition induced

cholestasis

Chronic hepatitis B/C

Genetic/Metabolic liver disease Non alcoholic fatty liver

diseaseGalactosaemia

Tyrosinemia

Hereditary fructose intolerance

Urea cycle disorders

Glycogen storage disorder

Alpha 1 antitrypsin deficiency

Cystic fibrosis

Mitochondrial hepatopathies

Wolman disease

Congenital disorders of

glycosylation
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Approach

The management of children with ESLD requires an inte-

grated multidisciplinary approach as outlined in Fig. 1. This

multi e disciplinary management strategy should be based on

the understanding of the progression of cirrhosis as deter-

mined by the increase in portal hypertension, hyperdynamic

circulation, bacterial translocation and activation of systemic

inflammation.3 The first step would be treatment of the pri-

mary etiological factor that has resulted in liver disease if at all

possible, however in this review we will focus our discussion

on the general management of factors involved in the path-

ogenesis of progression of cirrhosis.
Nutritional assessment

The aetiology of malnutrition in ESLD is varied and includes

numerous factors like poor oral intake, increased energy

expenditure, altered nutrient metabolism, malabsorption/

maldigestion and iatrogenic.8 Children with ESLD also have

disturbances in the growth hormone signalling which in-

cludes growth hormone resistance and limited insulin like

growth factor 1 release, which have a negative impact on the

growth.9,10

Thus, anthropometry, the measured length/height (z

score), weight for height/weight for length (z score) and BMI z

score are valuable in the assessment of the nutritional status

of a child with ESLD. These measures are an improvement on

just using weight alone which is affected by ascites, organo-

megaly and fluid overload.11 Other anthropometric
parameters that indicate the nutritional status of a child with

ESLD are the mid upper arm circumference (MUAC) and the

triceps skin fold thickness.8 These are sensitive to detect acute

changes in the nutritional status and are less affected by the

complications of ESLD. Thus, these are predictors of growth in

children with cirrhosis.12 Serial anthropometric measure-

ments need to be done and the frequency ranges from once a

week to once in 3 months. The assessment of the nutritional

status can also be determined by imaging modalities that

assess body composition like Dual energy Xray Absorptiom-

etry (DXA), CT scan and MRI for assessment of fat, muscle

mass and laboratory monitoring for nutritional deficiencies.8

Focussed physical examination for ESLD includes thorough

examination to look for deficiencies of protein, essential fatty

acid and fat soluble vitamins (Table 3).8 Handgrip strength is

another tool that can easily bemeasured at bedside and it also

helps in assessment of the muscle function in older children.

It has increasingly been recognized that childrenwith ESLD

are prone to malnutrition, that together have a significant

impact on the overall morbidity and mortality.4 To predict

said impact the Paediatric End Stage Liver Disease (PELD)

scoring system has been used for risk stratification for chil-

dren awaiting liver transplant.5 PELD score is derived from

biological markers of liver function and includes growth fail-

ure as shown in Table 2. For children with a PELD score >30,
the risk of dying within 90 days ranges from 20 to 40%.6 Thus,

malnutrition is a common indication for prioritizing liver

transplantation in children with ESLD.7

PELD has its own limitations and is incapable of accurately

assessing the extent ofmorbidity of childrenwith ESLD. Frailty

is a novel concept that has now emerged as a robust predictor of

the functional nutritional status in children. It is measured by

assessment of five parameters which include weakness,

slowness, shrinkage, exhaustion and diminished physical

activity.3,4 This was recently assessed in a multicentre study

and found useful in distinguishing children with ESLD from

those with chronic liver disease.4 However, an important

limitation of this functional assessment is that it is practically

difficult and not possible in infants and young children. Thus,

frailty is an additional tool that may help determine the

comprehensive health status, and help in appropriate listing

of children for LT.
Nutritional management

The nutritional needs of a child with ESLD are critical and

depend on the aetiology are of course much higher in infants

and younger children with cholestatic liver disease as against

other disorders. Thus, the aim is to prevent malnutrition by

increasing caloric intake of 120e150% of recommended daily

caloric intake for age,13 if this goal is not achieved by oral

feeding, tube feeding should be started. These children should

receive 30e50% of their calories in the form of fat and 40e60%

of the calories from the carbohydrates. In children with

cholestasis, the diet should be enrichedwith supplementation

of medium chain triglycerides as they do not require bile salts

for digestion and can be directly absorbed in the portal cir-

culation.8 Adequate protein intake should be ensured and

include branched chain amino acids, adequate fat soluble
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Fig. 1 e Pathophysiology of progression of cirrhosis and development of complications.

Table 2 e Factors contributing to the PELD score.

1. Age

2. Serum albumin level

3. Serum total bilirubin

4. International normalised ratio

5. Growth failure (z score)

PELD score ¼ 0.436 Age (<1 yr) e 0.687 Loge Albumin þ 0.48 Loge
Bilirubin þ 1.857 Loge INR þ 0.667 Growth failure

PELD exceptions:

/ Acute liver failure

/ Urea cycle disorder

/ Tyrosinemia

/ Organic acidemias

/ Maple syrup urine disease

/ Crigler Najjar syndrome

/ Hepatic tumour like hepatoblastoma

/ Chronic liver disease with

- Recurrent variceal bleed

- Recurrent cholangitis

- Recurrent spontaneous bacterial peritonitis

- Poor growth despite optimal nutritional intake

- Renal failure requiring dialysis

- Hepato pulmonary syndrome

Table 3e Focussed physical examination of childrenwith
ESLD.

Clinical signs Deficiency

Oedema, hair discolouration, poor wound

healing

Proteins

Dry eyes, decreased tears, perifollicular

keratosis, poor wound healing

Vitamin A

Widened wrists, rachitic rosary, fractures Vitamin D

Loss of deep tendon jerks, truncal and limb

ataxia, ophthalmoplegia, peripheral

neuropathy

Vitamin E

Petechiae, purpura, bleeding tendencies Vitamin K

Dry/rough skin, numbness, paresthesia Essential fatty acid
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vitamins and minerals. The recommended nutritional sup-

port is detailed in Table 4. Further, when despite these stan-

dard measures if growth failure is persistent early access to8

Parenteral nutrition should be used to overcome these chal-

lenges of energy delivery (Fig. 2).

New drugs under development for cholestatic disorders in

the pharmaceutical pipeline include apical sodium dependent



Table 4 e Nutritional support in children with ESLD.

Energy/nutrient Requirement

Energy 120e150% of requirement for age

Fat 30e50% of total calories, start with

MCT/LCT ¼ 30%/70%, 3% of

essential fatty acids

Protein 150e200% of requirement for age

Carbohydrates 40e60% of total calories

Vitamin A <10 Kg: 5000 IU/day

>10 Kg: 10,000 IU/day

Vitamin D 5000e10,000 IU/day

Vitamin E 50e100 IU/day

Vitamin K 2e5 mg/day

Iron and calcium Dietary reference intake for age

Infants

Insert nasogastric /nasojejunal feeds for :

Fig. 2 e Approach to nutritional su
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bile acid transporter (ASBT) inhibitors (Maralixibat, Odevix-

ibat) targeting ileal basolateral bile acid export, mediated by

organic solute transporter (OST), farnesoid X receptor (FXR)

agonists (like chenodeoxycholic acids, fibrates, statins) and

sodium taurocholate co transporting polypeptide (NTCP)

blockers like Myrcludex.14e16 In fact, ASBT inhibitors have

been shown in clinical trials to reduce circulating bile acid

levels and are now close to garnering FDA approval for use in

pruritis linked to cholestatic disorders such as Alagille's syn-

drome and already available under the FDA's expanded use

program for Progressive Intrahepatic Cholestatic Syndrome

(PFIC) disorders. These novel drugs can reduce bile acid re-

uptake in the ileum, decrease intractable pruritis and thus

provide an improved quality of life to children with ESLD.
Older children

pport in children with ESLD.
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Accelerated vaccination schedule

Children with ESLD are immunocompromised and thus, may

be more susceptible to opportunistic infections. Thus, careful

attention must be given to complete all childhood vaccina-

tions as per the immunization schedule, with special

emphasis to immunization against hepatitis A. Pneumococcal

and meningococcal vaccines must be given for children with

portal hypertension as they have functional asplenia.2 For

those children listed for LT, an accelerated vaccination

schedule is recommended to maximise immune protection

before immunosuppression that follows LT.17
Gastrointestinal bleeding

Variceal bleeding is the most dreaded complication of

cirrhosis and it needs emergency management. It is associ-

ated with a higher mortality rate in children with underlying

chronic liver disease like biliary atresia, than children with

portal vein thrombosis.18 Strategies include nonselective

beta blockers (NSBB) however, given that children respond to

hypotension with tachycardia, we discourage use in children

younger than 12 years of age. Another established treatment

modality to be used within 24e36 h of the bleed, is endo-

scopic sclerotherapy (EST) or endoscopic variceal band liga-

tion (EVL). Both EST and EVL are effective in eradication of

varices in up to 90% cases.19,20 EVL is the preferred technique

except for infants and children less than 10 kg.21 The gastric

varices are managed with endoscopic injection of cyanoac-

rylate.25 Following a variceal bleed, there is high rate of

recurrence and thus, secondary prophylaxis is

recommended.
Advanced management of variceal bleed

The clinical presentation of variceal bleed is usually acute in

form of haematemesis or melaena. These children should be

managed with standard haemodynamic stabilization and

prophylactic antibiotics and avoiding over transfusion to

maintain haemoglobin up to 7e9 gm/dl.21,22

Additionally, newer modalities of pharmacotherapy that

restrict splanchnic blood flow have gained wide acceptance.

Herein, a somatostatin analogue, octreotide is given as an

intravenous bolus of 1 mcg/kg followed by a continuous

infusion in dose of 1e3 mcg/kg/hr. This reduces the portal

pressure by decreasing the splanchnic vascular tone.23,24 The

infusion can be weaned off slowly (25% of the maximum dose

every 12e24 h) so long as the haemoglobin remains stable.

More recently, patients with failure of the pharmacological

and endoscopic therapy, radiological procedures like use of

Trans jugular intrahepatic porto systemic shunt (TIPSS) or

shunt surgeries like distal splenorenal shunt or the Rex

mesenteric-left portal vein bypass for patients with Extra-

hepatic portal vein obstruction (EHPVO) should be consid-

ered, though this may only be practical for children with

weight more than 10 kg and this decision should be made in

collaboration with a liver transplant surgeon as the placed
TIPSS hardware can potential make a future liver transplant

more technically challenging.

Novel endoscopic modalities for control of variceal bleed

include use of haemostatic sprays, placement of self-

expandable metallic stents, TIPSS, balloon occluded retro-

grade transvenous obliteration and endoscopic ultrasonogra-

phy (EUS) guided angiotherapy but there is limited data

available for these modalities in children.26,27
Ascites

Children with ESLD are more prone to develop the complica-

tions of ascites causing significant extra hepatic organ

dysfunction and is usually associated with a poor prognosis.28

Standard management of ascites includes salt restriction, di-

uretics, large volume paracentesis and concomitant intrave-

nous albumin infusions paired with diuresis. The therapeutic

goal is reduction in the body weight by approximately 0.5e1%

each day with a tolerance for serum sodium down to 130

mEq//L.29 Various adult studies have assessed the role of

vaptans, selective antagonists of V2 receptors of arginine-vaso-

pressin in solute free water excretion, and beneficial role in

hyponatremia and ascites in cirrhotic patients,3 but there is

limited paediatric literature available. In fact, the drug tol-

vaptan was afforded an FDA warning label that precludes its

use in individuals with underlying liver disease.

Patients with refractory ascites should be treated with

large volume paracentesis of upto 100 ml/kg/day along with

intravenous albumin infusion (20% albumin in dose of 1 kg/kg/

day) to avoid post paracentesis circulatory dysfunction.1,29 In

severe refractory ascites, TIPSS may be chosen as a modality

that serves as a bridge to LT for older children.1
Spontaneous bacterial peritonitis

Spontaneous bacterial peritonitis (SBP) is a well understood

complication of ascites, where in children are susceptible to

transient intestinal bacterial translocation.30 Streptococcus

pneumonia, Escherichia coli, Klebsiella and other gram negative

flora are the common organisms causing SBP1,31 and therefore

broad spectrum antibiotics can be started empirically and

then modified later as per the culture sensitivity reports.32 A

study demonstrated that in patients treated for SBP, co-

administration of intravenous albumin (1.5 gm/kg at diagnosis,

followed by 1 gm/kg on Day 3) alongwith cefotaxime, caused a

significant reduction in the incidence of type 1 hepato renal

syndrome (HRS) and mortality.33 Thus, the administration of

intravenous albumin may also be recommended in patients

with SBP.3 Finally, we should consider prophylactic antibiotics

(oral norfloxacin 5e7.5 mg/kg once a day) in children with

ESLD that have had a prior episode of SBP.32
Hepatic encephalopathy

Hepatic encephalopathy (HE) is defined as an alteration in

brain function caused by hepatic insufficiency and/or porto-

systemic shunts. HE can develop in children with ESLD, and is
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usually precipitated by infection, variceal bleed, constipation,

excessive dose of diuretics and electrolyte imbalance.34 Some

children present with early grades of hepatic encephalopathy,

such as irritability, inconsolable crying, inattentiveness which

is difficult to determine, whereas children with ESLDmay also

develop minimal HE leading to subtle impairment in cognitive

function which can only be picked up by electroencephalog-

raphy and neuro psychometric testing.1,2 West Haven criteria

was used for clinical staging of HE in children, and Interna-

tional society for hepatic encephalopathy and nitrogen

metabolism (ISHEN) now classifies HE into overt HE (>/¼Grade

2) and covert HE (minimal HE and grade 1HE).35 Thus, diag-

nosis of HE in these children requires a high index of suspicion

and minimal HE can be diagnosed on basis of psychometric

tests like Wechsler Intelligence scale, Dutch intelligence scale

and critical flicker frequency tests.1 However, neuro-

psychometric tests have limitations, especially in younger

children. Therefore, advanced imaging modalities like Magnetic

resonance spectroscopy, diffusion tensor imaging, magneti-

zation transfer ratio and voxel based imaging are now rec-

ommended for diagnosis of minimal HE.36e38 A recent study

revealed that the prevalence of minimal HE in children with

chronic liver disease was around 50%.39

The underlying precipitating cause of HE needs to be

identified for effective management of these patients. In

children, low protein diet is generally not required but

excessive protein intake should be avoided, in order to mini-

mize the excessive ammonia production.40 Non absorbable

disaccharides are the treatment of choice in patients with

HE41 and lactulose is usually given in a dose of 0.3e0.4 ml kg,

2e3 times per day.1 Lactulose is a synthetic disaccharide that

is metabolised by the colonic bacteria resulting in production

of small molecular organic acids, and lowering of the stool pH,

and thus trapping diffusible ammonia as ammonium ion in

the stools.42 It also creates a hyperosmolar environment and

acts as a laxative, thus resulting in decreased absorption of

ammonia from the colon.41 Oral antibiotics like rifaximin,

metronidazole and neomycin, suppress the ammonia pro-

ducing bacteria in the GI tract, and thus are beneficial in HE.1,41

Recently, Rifaximin was shown in combination with lactulose

to result in a significant reduction in overt HE and duration of

hospital stay, as compared to lactulose alone.43,44 Newer

modalities of treatment of HE include amino acids like L-

ornithineeL apartate, ammonia scavengers like ornithine

phenylacetate, albumin dialysis, branched chain amino acids,

carnitine, minocycline and fecalmicrobiota transplantation.41

Unfortunately, there is limited data on use of thesemodalities

in children.
Hepatorenal syndrome

Hepato renal syndrome (HRS) is a form of functional renal

failure which is caused by intra renal vasoconstriction that

happens in children with ESLD. It is classified into HRS type 1

and HRS type 2. HRS type 1 is characterised by acute renal

failure whereas HRS type 2 is associated with slowly pro-

gressive kidney failure and is associated with a better prog-

nosis as compared to HRS type 1.45
Diagnosis of HRS is based on clinical criteria as given by

International Ascites club,46 and use of new urinary biomarkers

like neutrophil gelatinase associated lipocalin (NGAL), kidney

injury molecule-1(KIM-1), interleukin-18 (IL-18) and liver fatty

acid binding protein (L-FABP).47 Thus, incorporating these

urinary biomarkers especially the newermodality, NGAL, into

the clinical decision algorithm helps in ruling out structural

kidney disease.

For children with ESLD, it is important to take standard

measures (treat hypovolaemia, prophylactic antibiotics,

renally adjusting drugs, treatment of ascites)47 to preventHRS.

The newer pharmacological treatment modalities of HRS

include, vasoconstrictors like vasopressin analogues (terli-

pressin), midodrine & octreotide and norepinephrine.47 If

there is no response to the pharmacological treatment, early

renal replacement therapy (RRT) needs to be started. Contin-

uous RRT is the preferred mode of dialysis in these hemody-

namically sick patients, and it serves as a bridge to liver

transplantation.48 Other extra corporeal therapies include

liver assist devices like single pass albumin dialysis, plasma

exchange combined with haemodialysis, and the molecular

adsorbent re circulating system (MARS), though the overall

benefit of MARS over traditional RRT has not been clearly

established. The surgical options include TIPSS, and liver

transplant or liver-kidney transplant, which is the ultimate

definitive treatment for children with end stage renal

disease.47
Hepato pulmonary syndrome

Hepato pulmonary syndrome (HPS) is a disorder in pulmonary

oxygenation caused by intrapulmonary vasodilatation that

may occur in childrenwith ESLD and it is associated with poor

prognosis. As the clinical manifestations in form of hypoex-

emia, orthodeoxia and cyanosis may be subtle; it requires a

high index of suspicion to diagnose HPS. In adults, pulse ox-

imetry with oxygen saturation <96% is being used as sensitive

screening tool for detecting HPS, but the utility of pulse ox-

imetry for screening HPS in children is not confirmed.49 In

children, HPS is diagnosed based on increased alveolar arterial

oxygen difference (>15 mmHg) on arterial blood gas and

demonstration of intrapulmonary vascular dilatation (IPVD)

by agitated saline contrast enhanced transthoracic echocar-

diography.50 Long term oxygen therapy is recommended in

patients with HPS and severe hypoxaemia. To date, liver

transplantation is the only successful treatment for HPS.3
Porto pulmonary hypertension

Portopulmonary hypertension (PPHT) is a rare but extremely

severe complication of ESLD.51 It is defined as pulmonary

arterial hypertension that is associated with cirrhosis and

portal hypertension, and if left untreated, is associated with

high mortality. Therefore, early diagnosis of PPHT is impera-

tive and thus, all children with ESLD merit an echocardio-

graphic and cardiology evaluation. Early liver transplantation

is crucial for these children as severe PPHT may be a relative

contra indication for liver transplant.2,3
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Acute on chronic liver failure

Acute on chronic liver failure (ACLF) is an acute deterioration

of liver function in children with ESLD, that occurs because of

an acute hepatic insult and presents with ascites or enceph-

alopathy within 4 weeks of developing coagulopathy and

elevated serum bilirubin (>5 mg/dl).52 It is crucial to identify

ACLF as it is associated with a very highmortality rate ranging

from >30% by 28 days to 40e60% by 3 months.53,54 Worldwide,

bacterial infections are observed as the commonest cause of

an acute insult but, in our country acute viral hepatitis has

been found as the precipitating event in most of the cases of

ACLF.53,54

There is no specific treatment for ACLF patients, and the

management involves a multidisciplinary approach & timely

referral for liver transplant. While awaiting liver transplant

additional options should target the bacterial translocation

include antibiotics like rifaximin. There are current studies

ongoing to understand the potential role for immunomodu-

latory therapeutic modalities include administration of gran-

ulocyte colony stimulating factor (G CSF) and stem cell

transplantation.55,56
Hepatocellular carcinoma and fibrosis
progression

Hepatocellular carcinoma is occasionally seen in children

with ESLD, especially in those with progressive liver injury

caused by metabolic (like tyrosinemia type 1), cholestatic (like

progressive familial intrahepatic cholestasis), and viral dis-

eases (like chronic hepatitis B and C).57 The diagnosis can be

made based on abdominal imaging and following the alpha

fetoprotein levels. Children with ESLD should be evaluated

with abdominal ultrasound or cross sectional imaging every

6e12 monthly.57 Newer modalities such as sheer wave based

transient elastography (TSE), or magnetic resonance elastog-

raphy (MRE) can be used to monitor liver stiffness progression

over time in children with ESLD. The MRE technology though

more expensive has increased accuracy.
Conclusion

ESLD in children have varied aetiologies and many unique

characteristics that mandate its management to be different

from that of ESLD in adults. These children need optimised

nutritional care and a multidisciplinary team approach that

understands the pathogenesis and management protocols for

these patients, both pre and through the ultimate treatment

option of liver transplantation. Newer and advanced modal-

ities are now available that should be used appropriately to

improve the care and outcomes of children with ESLD.
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