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Introduction

Portal hypertension remains a major clinical issue for children with chronic liver
disease. This report updates progress in the understanding and management of por-
tal hypertension in children since Baveno V [1, 2]. Approaches to the management
of complications of portal hypertension in children are frequently driven by expert
opinion and not fully evidence based [3]. Practical issues in the conduct of rigorous
clinical trials of therapies in pediatric portal hypertension have impeded advances.
For instance, it is estimated that ~35,000,000 pediatric lives (~2 of the children in
the United States) would need to be accounted for in the catchment of a powered
study of primary prophylaxis of variceal hemorrhage in children [4]. Despite these
limitations, progress is being made in this very important field; highlights of that
progress are summarized here.

Portal hypertension is well described in a wide range of pediatric disorders,
many of which are fundamentally distinct from the diseases that afflict adults
(Table 29.1). Those differences have profound implications for diagnosis and man-
agement. Two common causes of portal hypertension, biliary atresia, and extrahe-
patic portal vein obstruction (EHPVO, also known as portal vein thrombosis) have
a myriad of critical differences from the common hepatocellular-based disorders
that lead to portal hypertension in adults. Most notable is the fact that portal hyper-
tension is an early manifestation of these disorders at a time when hepatic function
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Table 29.1 Pediatric
disorders commonly
associated with portal
hypertension

Table 29.2 Major clinical
sequelae of portal
hypertension in children

Primarily intrahepatic disorders
Primarily biliary or portal based
Alagille syndrome
Biliary atresia
Congenital hepatic fibrosis
Cystic fibrosis
Portal venopathy

B.L. Shneider

Progressive intrahepatic cholestasis (e.g., Byler disease)

Sclerosing cholangitis

Primarily hepatocellular or sinusoidal
Alpha-1 antitrypsin deficiency
Autoimmune hepatitis
Chronic viral hepatitis (B and C)
Fatty liver disease
Glycogen storage disease
Wilson disease

Other
Venoocclusive disease

Primarily extrahepatic disorders

Budd-Chiari syndrome

Choledochal cyst

Congestive heart failure (e.g., Fontan related)

Extrahepatic portal vein obstruction (EHPVO — also known

as portal vein thrombosis)
Splenic vein thrombosis

Variceal hemorrhage
Hepatopulmonary syndrome
Portopulmonary hypertension
Ascites and related complications
Hypersplenism — activity restrictions
Encephalopathy — learning disability

is relatively intact. Technical issues arise related to the small size of many children
with portal hypertension. The range of complicated diseases that lead to portal
hypertension in children continues to expand. Interesting recent case series of
Fontan-related liver disease and obliterative portal venopathy have been published

since Baveno V [5, 6].

A variety of very important clinical sequelae arise from the consequences of
portal hypertension (Table 29.2). Recent reports highlight the prevalence of some of
these issues in children. Variceal hemorrhage is clearly an issue for children and can
be a dramatic mode of presentation. A comprehensive literature review identified
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reports of bleeding from varices in a large number of children with congenital
hepatic fibrosis [7]. When surveilled, esophageal varices are commonly found in
congenital hepatic fibrosis in the setting of autosomal recessive polycystic kidney
disease [8]. More than 50 % of children with EHPVO presented with variceal hem-
orrhage [9]. A multicenter cross-sectional analysis of children and young adults
with biliary atresia identified a history of variceal hemorrhage in 20 % of those
children [10]. This number likely underestimates the prevalence of this problem in
biliary atresia as children who had undergone liver transplantation early in life were
not captured in the analysis. The overlapping manifestations of portal hypertension
in biliary atresia are nicely illustrated in a complicated Venn diagram from that
cross-sectional investigation (Fig. 29.1). A similar analysis of children with alpha-1
antitrypsin deficiency identified portal hypertension as a major clinical issue [11]. In
both of these studies, chronic ascites was not common. This complication is often a
harbinger of advancing liver disease in children leading to considerations for liver
transplantation. Hepatopulmonary syndrome may be relatively common in children
with portal hypertension. The prevalence identified may be very much dependent
upon the implementation of screening techniques. Transcutaneous oxygen satura-
tion measurement in an upright position is easily employed although there is contro-
versy about its sensitivity [12]. Arterial blood gas measurement is not straightforward
in children and is even more difficult to accomplish in an upright position. Despite
these limitations, Sari identified arterial hypoxemia in 9 of 40 children with portal
hypertension [13]. Formal documentation of hepatopulmonary syndrome was made
in four of these children. Portopulmonary hypertension has been described in chil-
dren, although difficulties in its identification may limit our understanding of the
scope of this issue in pediatrics [14, 15]. Quality of life in children with EHPVO is
reduced and related to the degree of hypersplenism and failure to thrive [16]. All
domains of quality of life including physical, emotional, social, and school function
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are affected. Variceal eradication and/or portosystemic shunt surgery does not nec-
essarily resolve these quality-of-life issues. Overt hepatic encephalopathy is uncom-
mon in children with chronic liver disease. In contrast, minimal hepatic
encephalopathy may be underappreciated, although it is not easy to identify in chil-
dren [17].

Since Baveno V, progress has been made in deriving quality evidence to serve as
the basis for clinical decision-making in Pediatric Hepatology. The scope of
advancement has been quite variable with respect to fundamental aspects of the
management of varices in children. It is interesting that the relative security in
decision-making appears to increase as one moves from screen and primary prophy-
laxis to secondary prophylaxis of variceal hemorrhage. As is the case in the care of
adults, endoscopic band ligation is clearly preferable to sclerotherapy for secondary
prophylaxis of variceal hemorrhage [18]. In most recently reported case series, gen-
eral anesthesia is required for the conduct of endoscopic management of varices in
children. The ramifications of repeated general anesthesia in young children with
chronic liver disease may not be fully realized [19, 20]. Anesthesia exposure in
children less than 3 years of age may be associated with subsequent language and
abstract reasoning deficits [21]. Unfortunately, size limitations may require injec-
tion sclerotherapy in children who are less than 10 or 15 kg. In a broad-ranging
pediatric experience, 16 of 55 children required sclerotherapy for secondary pro-
phylaxis for variceal hemorrhage [22]. In this cohort, there was ~90 % success in
obliterating varices, although rebleeding occurred at a mean of 13 months from the
initial hemorrhage. Focused efforts in biliary atresia, where bleeding can occur
fairly early in life, necessitate a greater reliance on sclerotherapy (25 out of 30 chil-
dren [23]). Four to five sessions of sclerotherapy were required for attempted vari-
ceal obliteration in these children with biliary atresia. Eradication was reported in
73 %, with relapse of varices in 45 % and rebleeding in 2 of 22 children. Nearly
50 % of these children went on to liver transplantation with 12 months of the initial
bleeding episode. Treatment and secondary prophylaxis of gastric varices in chil-
dren are not well described. Balloon-occluded retrograde transvenous obliteration
and endoscopic cyanoacrylate injection have been successfully employed in a lim-
ited number of children [24-27]. Twenty-one children with gastric varices were
successfully treated with endoscopic injections of ~0.3 ml of a 1:1 mixture of
n-butyl-2-cyanoacrylate and lipiodol. Initial rates of hemostasis were high, 96 %,
although rebleeding events occurred in nearly half of the children often within one
year of treatment [27].

The use of nonselective B-blockers (NSBB) in the management of portal hyper-
tension in children remains quite controversial and poorly informed by solid evi-
dence of optimal approaches and efficacy. Propranolol is the most widely used agent
in pediatrics, even though it is not approved for use in children by the US Food and
Drug Administration for any indication, let alone for portal hypertension. Variable
basal heart rate during normal development and difficulties in accurate measurement
of heart rate in younger children have hampered the use of a standard reduction in
heart rate as a guide to pediatric NSBB dosing. Hepatic venous pressure gradient has
been measured in a limited number of children with some technical issues and not in



29 Portal Hypertension in Pediatrics: Controversies and Challenges 2015 Report 293

support of assessing the potential efficacy of NSBB [28, 29]. Propranolol was used
in combination with endoscopic secondary prophylaxis of variceal bleeding in 25 of
43 children [30]. In this nonrandomized retrospective analysis of clinical practice,
there did not appear to be a major benefit of adding NSBB to endoscopic therapy in
terms of recurrence of either varices or variceal hemorrhage.

In light of the relatively intact hepatic function and lack of significant comorbidi-
ties in many children who bleed from varices, portosystemic shunt surgery may be
an interesting and underutilized approach. Distal splenorenal shunts were performed
in 20 children, ten of whom had intrinsic liver disease [31]. Children selected for
this approach had compensated liver disease manifest by an absence of significant
ascites, an average INR of 1.3, and direct bilirubin of 0.5. The average age at shunt
procedure was 11 years and with a mean follow-up of 3.5 years shunt patency was
100 %. No overt hepatic encephalopathy was noted although specific testing for
minimal hepatic encephalopathy was not performed. A long-term risk of pulmonary
complications of portosystemic shunting may exist in these patients, and ongoing
monitoring after a successful procedure is probably warranted. Portosystemic shunt
surgery for EHPVO was associated with a nonstatistically significant increase in the
prevalence of minimal hepatic encephalopathy [32]. Long-term patency of these
shunts has been demonstrated in children with EHPVO [33]. With the advent of
polytetrafluoroethylene-coated endografts, one also wonders about the utility of
transjugular intrahepatic portosystemic shunting as a method of secondary prophy-
laxis [34-36]. In a cohort, primarily consisting of teenagers with chronic liver dis-
ease, there was 100 % success in shunt placement [34]. Pressure gradients fell as
would be expected from ~16 to ~6 mmHg. Varices were coil embolized in five
children. In midterm follow-up, patency was high at mean follow-up of 20 months.
One child developed encephalopathy. No revisions of shunts were required and
there was a small increase in platelet counts after the procedure.

Clinical decision-making related to secondary prophylaxis of variceal hemor-
rhage in children with EHPVO is unique due to the availability and success of the
mesoRex bypass procedure [37]. In this interesting procedure, the extrahepatic por-
tal vein thrombosis is typically bypassed using a jugular vein graft connecting the
superior mesenteric vein to the intrahepatic left portal vein within the Rex recessus
(Fig. 29.2). This is distinct from a shunting procedure as it restores normal blood
flow to the liver and is not associated with portosystemic shunting. When success-
ful, this procedure reverses many of the abnormalities associated with EHPVO. In a
retrospective comparison of mesoRex bypass to distal splenorenal shunting, signifi-
cantly better improvement in thrombocytopenia, coagulopathy, and hyperammone-
mia were observed in children who underwent the mesoRex procedure. In some
cases, anastomotic stenosis requires endovascular dilatation [38]. Neurocognitive
testing has been previously shown to be better after mesoRex compared to distal
splenorenal shunting [39].

The response to mesoRex bypass procedures suggests a remarkable plasticity of
the intrahepatic portal system. This plasticity is no more evident than in recent and
fascinating clinical experiences with congenital portosystemic shunts. Congenital
portosystemic shunts, also known as Abernethy malformation, are rare vascular
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malformations where there is direct shunt from the portal to the systemic circulation
[40]. These malformations are likely the result of lack of appropriate developmental
changes in fetal mesenteric vasculature. The clinical sequelae of these rare malfor-
mations are related to portosystemic shunting directly and not from intrinsic liver
disease or portal hypertension per se. Hepatopulmonary and pulmonary hypertension
are relatively frequent clinical manifestations of this disorder [41-44]. The develop-
ment of liver tumors with potential for malignant transformation is an important
complication of abnormal portal blood flow in these children. In many cases, there is
no apparent extrahepatic portal vein — even when the congenital shunt is temporarily
balloon occluded. Liver transplantation has been performed in some cases, and
review of explanted liver may reveal an absence of intrahepatic portal vein structures
[45]. It would be reasonable to presume that closure of these shunts would lead to
intractable and severe portal hypertension. Surprisingly, this is not the case [41].
Staged closure of congenital portosystemic shunts is associated with development of
intrahepatic portal blood flow [41, 46]. The staging typically includes interventional
or operative shunt narrowing that is associated with a temporary increase in portal
pressure. It is unclear if this increase in portal pressure is the key factor leading to
remodeling of the portal vasculature. After a few months, with development of the
intrahepatic portal venous system, complete occlusion can be undertaken. This
approach can lead to resolution of sequelae of portosystemic shunting including
decrease of liver tumor size, resolution of hepatopulmonary syndrome, and stabiliza-
tion of pulmonary hypertension. This unique pediatric experience indicates a hereto-
fore unappreciated plasticity of the portal vasculature in children.

There is a remarkable paucity of high-quality reported literature on the event of
acute variceal hemorrhage in children. Endoscopic information has been presented,
but details of clinical course and related morbidity are almost nonexistent in the
pediatric literature. Mortality after variceal hemorrhage can be extracted from a
number of published experiences, although strict application of Baveno definitions
related to timing is not generally employed. This information is absolutely critical
for informed decision-making related to primary prophylaxis, yet the data is
primarily unavailable.
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The utility of primary prophylaxis of variceal hemorrhage in children is contro-
versial [23, 47, 48]. Surveys of clinical experts demonstrate this controversy [49].
There have been several recent reports of primary prophylaxis in pediatrics. A
Finnish study focused on 47 children with biliary atresia [47]. The plan was to begin
surveillance and intervention at 12 months of age. Six children had bled before
primary prophylaxis could be initiated. In 16 children, endoscopic sclerotherapy
was initiated — four subsequently had variceal hemorrhage. The risk of developing
varices and bleeding from those varices was highly related to the response to the
Kasai procedure performed for the underlying diagnosis of biliary atresia. In those
whose jaundice did not clear, defined by a cutoff total bilirubin of 40 pM, the odds
ratio of bleeding was 17. In a similar experience, 36 children with biliary atresia
underwent primary endoscopic prophylaxis at a mean age of 22 month and weight
of 11 kg [23]. Sclerotherapy was required in 21 of the children. Interestingly, the
mean platelet count in these infants and young children with varices was 167,000.
Four endoscopic treatments were required, with early rebleeding occurring in only
two patients and rebleeding in only four. Varices relapsed in 13. Of great interest in
this cohort was the finding that survival with native liver was nearly identical in
those who underwent primary or secondary prophylaxis. For biliary atresia, one of
the competing therapies is liver transplantation. Some suggest that liver transplanta-
tion is indicated for children with biliary atresia who have poor bile flow after the
Kasai hepatoportoenterostomy [50]. This recognizes the relatively poor short-term
prognosis for these children [51]. Many of the children who have required early
primary prophylaxis for varices are those with biliary atresia and poor bile flow after
Kasai hepatoportoenterostomy. One wonders if liver transplantation may be a better
approach for these children [48]. A single-center experience from Kolkata has
reported the use of NSBB for primary prophylaxis of variceal hemorrhage [52].
Sixty-two children with varices, 41 of whom had sinusoidal disease, were random-
ized to either propranolol or carvedilol. In a 2-year follow-up, only three children
had variceal hemorrhage. No major difference in response to one therapy over
another could be determined, although there may be theoretical and technical
advantages to the use of carvedilol.

Significant efforts have led to advances in determining methods to predict the
presence of and risk of bleeding from varices in children with portal hypertension.
All of these investigations require surveillance endoscopy for the gold standard
assessment of the presence or absence of esophageal varices. Interestingly, the num-
ber of these studies is much greater than reports of primary prophylaxis. Simple
assessments like spleen size and platelet counts can be informative as a predictor of
varices [53, 54]. Platelet count may not be informative in younger children for rea-
sons that are not clear. Spleen size may be difficult to standardize as a measure and
must be normalized to age-specific criteria. Clinical prediction rules have been
developed to predict the presence of varices [55-57]. Parameters that are typically
assessed include AST, platelet count, albumin, and spleen maximal linear dimen-
sion by sonography. In general, platelet count and spleen size measurements are
fairly good predictors of varices. More complex predictor rules do not add a great
deal to the predictive power. AUROCS for most of these parameters range between
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Table 29.3 Clinical decision-making in biliary atresia and extrahepatic portal vein obstruction

Diagnosis Biliary atresia Extrahepatic portal vein
obstruction
Status Drainage after Kasai Favorable anatomy of intrahepatic
hepatoportoenterostomy portal vein
No Yes No Yes
Surveillance No ? ? Yes
1° prophylaxis | OLT ? ? MRB
2° prophylaxis | EVS/EVL EVL EVS/EVL EVS/EVL
OLT DSRS MRB/DSRS MRB
OLT

Abbreviations: DSRS distal splenorenal shunt, EVL endoscopic band ligation, EVS endoscopic
sclerotherapy, MRB mesoRex bypass, OLT orthotopic liver transplant

0.70 and 0.84. Liver stiffness as measured by transient elastography has also been
investigated for its utility to predict varices in children with biliary atresia [S8—60].
Children with varices typically have liver stiffness in the range of 17-38 kPa, while
those without were in the range of 8—12 kPa. Spleen stiffness is being investigated
as an alternative assessment [61]. Endoscopic findings that predict risk of bleeding
in children are not well described overall. Red markings, gastric varices along the
cardia, and varix size are predictive of subsequent variceal hemorrhage in children
with biliary atresia [62, 63]. In one study, large varices were defined by their
response to insufflation, with large varices (grade II and III) being those that did not
flatten in response to insufflation [62].

Despite significant progress since Baveno V, clinicians caring for children with
portal hypertension face difficult clinical decision-making. Strict evidence-based
decisions are difficult to derive. Numerous summaries have been written, and con-
certed efforts to provide expert pediatric-oriented opinion on Baveno IV and V have
been published [3, 64, 65]. In light of the current available information, a personal
biased set of recommendations for the approach to biliary atresia and extrahepatic
portal vein obstruction is presented in Table 29.3. For each disease, there are critical
clinical parameters that influence decisions. For biliary atresia, the early response to
the Kasai hepatoportoenterostomy is critical. In children where the surgery has not
worked, as manifest by poor bile drainage, near-term prognosis is poor and liver
transplantation should be actively considered. In this case, there may not be a role for
surveillance, and if possible, liver transplantation would serve as primary prophy-
laxis. Secondary prophylaxis would typically include endoscopic therapy with sub-
sequent liver transplantation. In children with good bile flow after surgery, the
decision-making is more complicated. My own personal bias is against surveillance
and primary prophylaxis, although expert clinicians do both along the lines of recom-
mendations for adults. Secondary prophylaxis would be predominantly endoscopic
with consideration for the use of distal splenorenal shunting for those with intracta-
ble problems and good hepatic reserve. For EHPVO, a key issue is whether the intra-
hepatic portal vasculature is patent, i.e., favorable for mesoRex bypass. When there
is favorable anatomy, strong consideration for early mesoRex bypass should be
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given. Surveillance in this case that reveals varices may be an indication for the sur-
gery as primary prophylaxis. In the case of secondary prophylaxis when bleeding is
the initial presenting problem, endoscopic therapy is typically a primary approach
with mesoRex bypass as a definitive and favorable therapy. Decision-making in those
with an unfavorable anatomy is more complicated. One of the amazing complexities
of pediatrics is what to do with the myriad of other pediatric diseases that have their
own special clinical issues. A complete understanding of the natural history of the
particular disease along with understanding the pros and cons of potential interven-
tions in children is critical for relatively informed decision-making.
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