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Introduction

Survival of adult patients with congenital heart diseases 
(CHD) has increased profoundly over the past decades 
(1,2). This is not only related to improved surgical 
or interventional techniques but also to a stringent 
cardiological surveillance in the medical follow up. 
Despite the achievements in the treatment of patients 

with CHD new potentially underestimated non-cardiac 
health problems related to CHD have become apparent 
as management of cardiac problems has been optimized 
over the past decades (3-6). Liver dysfunction is one of the 
major non-cardiac complications and was observed in 6% 
of deceased patients suffering from CHD as assessed by 
an analysis of the German National Register for CHD (7).  
E.g., in patients younger than 25 years of age cirrhosis 
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occurs 11 to 15 years after Fontan operation (8). Therefore, 
surveillance of non-cardiac complications especially of liver 
dysfunction is recommended (1,9,10). 

From pathophysiological aspects, hemodynamic 
alterations can cause liver congestion as a result out of an 
increased venous pressure, a phenomenon that can lead to 
cardiac fibrosis or cirrhosis. However, venous congestion 
is not the only pathophysiological mechanism for the 
development of liver dysfunction in CHD. In this review 
we provide insights in the complex pathophysiology of 
liver diseases associated with CHD and advise on their 
management from a multidisciplinary perspective. We 
present the following article in accordance with the 
NARRATIVE REVIEW reporting checklist (available at 
http://dx.doi.org/cdt-20-595).

Methods

As sources for this review a structured MEDLINE 
search beginning with 1951 until September 2020 was 
performed. In the context of the little body of evidence, 
recommendations and perspectives described here also 
raised from discussions with experts in this field. Finally, 
personal experience with treatment of patients with CHD 
from cardiologist and hepatologist perspectives were 
implemented in this review. Figures 1-3 were created using 
Adobe Illustrator CC 2019 (CA, USA).

Pathophysiological aspects of liver dysfunction 
in patients with CHD

Here we focus on the pathophysiology of liver dysfunction 
directly related to hemodynamics in CHD. Syndromes that 
are not only accompanied by liver dysfunction but also with 
CHD, as it is the case with Alagille syndrome, are outside 
the scope of this overview. Pathophysiological alterations of 
liver physiology in CHD are often related to hemodynamic 
derangements, either resulting from backward failure of the 
subpulmonary ventricle (venous congestion), from forward 
failure of the systemic ventricle, or from hypoxemia in 
cyanotic CHD. 

Liver congestion from backward failure of the heart is a 
frequent phenomenon that can result in the development 
of cardiac fibrosis and cirrhosis. In order to illustrate 
the disease mechanism of venous congestion we want to 
highlight the unique physiological blood supply of the 
liver. The liver is supplied by the two vessel systems of 
the hepatic artery and of the portal vein, in which about 

70% of blood is supplied by the latter (1). Both the hepatic 
artery and the portal vein system enter the liver acinus from 
the portal triads (Figure 1). Thereby, the blood enters the 
capillary system of the liver sinusoids and flows towards 
the central vein, where the blood is collected and drained 
into the inferior caval vein. The knowledge of this certain 
kind of blood supply is essential for understanding the 
pathophysiology of hemodynamic alterations in CHD. 
Thus, hepatocytes that are located close to the portal 
triad are supplied by oxygen- and nutrient-rich blood. 
The content of oxygen and nutrients decreases by flowing 
towards the central vein. In respect of these differences 
there are defined metabolic zones of the liver acinus. 
Zone I covers the oxygen and nutrient rich periportal 
zone, while the pericentral zone III, that is connected by a 
transition zone II to the periportal zone I, has only access 
to less oxygenated and nutrient rich blood (Figure 1). This 
situation explains that hemodynamic alterations in CHD 
caused by venous congestion, by ischemia or by hypoxia 
affect initially the metabolic most vulnerable zone III (1,12). 
Therefore it is not unexpected that typical histopathological 
signs of venous congestion such as sinusoidal dilation, 
hemorrhagic necrosis and fibrosis occur predominantly 
in the pericentral zone III (13). This phenomenon causes 
the distinctive pattern of fibrosis found in liver congestion, 
which bridges the fibrosis between the central veins  
(Figure 2) (14,15).

But not only venous congestion itself is responsible for 
hemodynamic related liver dysfunction in CHD, as oxygen 
supply can be affected by multiple factors in CHD such 
as low cardiac output, cyanosis or impaired oxygenation 
because of lung problems related to CHD. Impaired lung 
function is observed frequently as non-cardiac problem 
in CHD (1,16). The impaired oxygen supply becomes 
particularly relevant when sinusoidal pressure is already 
elevated due to venous congestion. This in turn reduces 
portal inflow and makes the liver more susceptible to 
ischemic alterations due to a reduced flow of the hepatic 
artery such as in ischemic hepatitis (17). Chronic hepatic 
ischemia is a known factor for the development of liver 
fibrosis (13). Thereby, hemodynamic pathophysiology of 
CHD related liver disease should be seen in the context of 
both forward and backward cardiac failure.

Portal hypertension is a typical feature of end stage 
liver disease leading to its various complications. It is 
a sequel of elevated liver stiffness due to pathological 
alterations of the liver tissue in chronic liver diseases (18). 
In addition to patients with primary liver diseases, who 
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suffer from intrahepatic portal hypertension, posthepatic 
portal hypertension is an important pathomechanism in 
CHD (18). Prehepatic portal hypertension, as it occurs in 
non-cirrhotic patients with portal vein thrombosis due to 
different causes of hypercoagulopathy or other non-hepatic 
reasons, is not a relevant issue in patients with CHD. The 
common approach to identify portal hypertension, is to 
look for its clinical signs such as ascites, Caput Medusae, 
an enlarged spleen in ultrasound, laboratory signs of 
hypersplenism such as thrombocytopenia or occurrence 
of varices in gastroscopy (18). Elastography of the liver, a 

well established technique in many liver diseases, may be a 
useful tool to identify patients with CHD at risk for portal  
hypertension (19). From our point of view, direct invasive 
determination of the portal pressure should be reserved for 
very selected cases and not be taken as a standard procedure. 

However, liver diseases in CHD do not only occur in 
the context of hemodynamic alterations. This is also related 
to the positive fact that survival of these patients increased 
profoundly over the past decades and fortunately there is 
a pleasant proportion of patients with CHD older than 
65 years of age (2,20,21). This implies several aspects. A 

Figure 1 Architecture of the liver acinus and its metabolic zones. The figure illustrates a liver acinus schematically. The unique blood supply 
of the liver is the essential basis for understanding pathophysiology of liver diseases in CHD. The blood supply enters the liver by the hepatic 
artery and the portal venous system. Thereby, the blood passes the capillary sinusoidal system of the liver lobules and enters the central vein, 
which in turn drains the blood to the inferior caval vein. There are three defined metabolic zones in respect to the mentioned blood supply. 
The pericentral zone III is thereby highly susceptible to hemodynamic alterations not only due to the fact that venous congestion distresses 
the central vein first but also because ischemic or hypoxic alterations predominantly affect this region as distance to oxygen and nutrient rich 
blood supply shows the longest distance in zone III. It is plausible when typical changes of cardiac hepatopathy such as sinusoidal dilatation, 
hemorrhagic necrosis and fibrosis occur predominantly in the pericentral zone III (Figure created by Florian P. Reiter). 
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relevant number of patients underwent surgery at a time 
when screening of blood-borne viruses such as hepatitis B 
and hepatitis C virus was not available with an increased risk 
of acquiring chronic viral hepatitis. In this context chronic 
hepatitis C was described in around 5% of patients who 
underwent surgery for CHB before 1992 (22,23).

Non-alcoholic fatty liver disease (NAFLD) is a rising 
problem with an estimated prevalence of 25% (24). These 
high numbers were validated in a study by Zhang et al. in 
patients with CHD with NAFLD in about 36% of patients 
with CHD (25). This study indicates that a relevant number 
of patients with CHD is affected by NAFLD, reflecting this 
entity as an important cause for liver dysfunction in these 
patients. Therefore, NAFLD should be considered in the 
clinical assessment of liver dysfunction in patients with CHD. 

Finally, the hepatological work up of patients with 
CHD should include a careful medication history as well as 
screening for autonomous liver diseases such as alcoholic, 
cholestatic or autoimmune liver diseases that may occur 
independently of hepatic problems related to CHD over a 
patient’s lifetime.

Types of CHD and liver diseases

Liver changes in the sense of liver congestion, liver fibrosis 
or liver cirrhosis often occur in the course of serious heart 
disease and can have a considerable negative impact on 
the quality of life, morbidity and prognosis of the affected 
patients. In acquired heart disease, this is usually caused by 
right heart failure or right heart strain in tricuspid valve 
disease, cor pulmonale, pulmonary hypertension of any 
cause or constrictive pericarditis.

Hepatic damage in the context of CHD has been 
recognized more recently as  a  relevant problem. 
Pathophysiologically, liver changes occur in a wide variety 
of CHDs, and the mechanisms are different:
	 Liver changes and hepatic vein congestion may 

occur if venous blood flow from the inferior vena 
cava or the hepatic veins to the subpulmonary 
ventricle or pulmonary circulation is obstructed. 
This would be typical for baffle stenoses after atrial 
switch operation (according to Mustard or Senning) 
in complete transposition of the great arteries or 
for univentricular hearts after (modified) Fontan-

Figure 2 Fibrosis pattern in liver congestion. The figure illustrates schematically the typical pattern of fibrosis between two central veins 
that can be observed in liver fibrosis related to liver congestion (Figure created by Florian P. Reiter).
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Operation.
	 Liver vein congestion is also found in CHD with all 

forms of inborn or secondarily acquired tricuspid 
valve abnormalities. This concerns in particular 
tricuspid valve insufficiency, tricuspid valve stenosis, 
(decompensated) pulmonary valve stenosis or 
insufficiency, atrial septal defects, Ebstein’s anomaly, 
Fallot’s tetralogy with pulmonary regurgitation or 
with restrictive physiology after reparative surgery 
as well as all forms of cor pulmonale in pulmonary 
hypertension of various etiologies. A right ventricular 
backward failure causes an increase in central venous 
pressure and thus a passive liver congestion.

	 In cyanotic forms of CHD, the resulting hypoxaemia 
and cyanosis is another important factor leading 
to liver damage. This concerns on the one hand 
the uncorrected, primarily cyanotic heart defects, 
which include above all Fallot’s tetralogy, complete 
transposition of the great arteries, tricuspid atresia, 
truncus arteriosus communis, total pulmonary 
venous return and pulmonary atresia with ventricular 
septal defect or with intact ventricular septum. In 
addition, there are secondary cyanotic CHD in 
which an acyanotic left-right shunt existed at first 
and in which a shunt inversion to a right-left shunt 
occurred in the course of a resulting pulmonary 
vascular  d i sease  (Eisenmenger  syndrome) . 
Depending on the extent of hypoxaemia, necrosis of 
hepatocytes results with consecutive decrease of liver 
performance and alteration of liver structure.

	 A reduced cardiac output in the sense of  a 
forward failure of the right or left ventricle can 
cause a decreased arterial blood supply of many 
organs, including the liver. In addition, severe left 
heart failure may progress into backward failure 
and consecutive right failure resulting in liver 
impairment. This is not uncommon in congenital 
anomalies of the left heart, which include in 
particular the congenital forms of mitral valve 
stenosis and insufficiency, aortic valve stenosis and 
insufficiency, subvalvular or supravalvular aortic 
stenosis, aortic coarctation, and hypoplastic left 
heart syndrome. Such a constellation can of course 
also occur in the long-term course of all other 
decompensated CHDs.

	 A comparable  constel lat ion may occur  i f  a 
morphologic right systemic ventricle fails.

	 Finally, also liver alterations from hepatitis or 

medical treatment has to be considered in adults 
with CHD.

In the following, three important CHDs, where the 
long-term course is often complicated by liver damage, will 
be discussed in more detail.

Liver changes after atrial switch operation in complete 
transposition of the great arteries

After atrial redirection in transposition of the great arteries, 
the morphologically right ventricle becomes the system 
ventricle (Figure 3) (11), which cannot withstand its load 
in the long term. In many cases a dysfunction develops 
with signs of forward failure, in some cases also a backward 
failure with congestion of the lungs. Only at a late stage a 
failure of the subpulmonary, morphologically left ventricle 
may occur consecutively. Clinically, the latter could cause 
the clinical picture of a “classical” right heart strain with 
congestion of the liver, which is, however, only rarely seen.

Liver congestion after atrial switch operation is much 
more likely seen in the context of a stenosis of the inferior 
systemic venous baffle (Figure 3). Depending on the 
observer, the surgeon and the time period in which the 
surgical intervention was performed, the frequency of such 
obstruction is 5–10 (-40)% (19,26-28). Preferably, patients 
are affected who were operated in the early stages of atrial 
redirection surgery or in their first year of life. In such 
system venous obstructions are typically found at the veno-
atrial junction or within the corresponding atrium due 
to fibrosis, re-endothelialization and shrinking processes 
(26,28). Furthermore, associations with the localization of 
the sutures, the extent of the atrial septal excision as well 
as with patch size, shape and the baffle material used are 
suspected (29). Caval obstructions often develop within the 
first postoperative weeks and months; later less frequently, as 
the remaining muscular atrial tissue grows with the patient 
(27,30). Obstructions may be complete or incomplete, 
isolated or associated with a pulmonary venous obstruction. 
Clinically detectable obstructions of the inferior vena cava, 
sometimes associated with ascites, edema of the lower limbs, 
hepatomegaly or protein-losing enteropathy, have been 
seen in up to 30–50% of cases in previous years. Recently, 
Nagdyman et al. described in 71% of patients, who had 
undergone atrial switch operation, signs of liver fibrosis or 
even cirrhosis when measured with transient elastography 
(TE) and acoustic radiation force impulse imaging (ARFI) 
(19,31-34). It is not uncommon for such an obstruction to 
remain undetected unless it is specifically looked for using 
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appropriate imaging techniques.

Liver changes after Fontan-Operation for univentricular 
hearts

After Fontan surgery [Figure 4 accordingly to (35)], liver 
changes are among the typical long-term consequences  
(36-39). Systolic and diastolic dysfunction of the heart, 
which regularly occur after Fontan surgery, as well 
as narrowing of the venous pathway or an increased 
pulmonary vascular resistance in a failing Fontan cause 
an increased central venous pressure and a passive liver 
congestion with ectasia of the liver sinusoids. Clinically 
this can lead to hepatomegaly, histologically to liver 
fibrosis or liver cirrhosis (36-43). Retrospective reviews of 
liver histopathology in patients with Fontan circulation 
consistently show near-universal fibrosis both early and 
late after Fontan completion. The extent of liver changes 
in patients with Fontan circulation is frequent and marked. 
In patients with a failing Fontan, the venous pressure, 
which burdens the liver, is constantly and continuously 
present. This is in contrast to patients with tricuspid valve 
regurgitation, where the venous pressure is pulsatile (17). 
On noninvasive imaging, 57% to 67% of patients with 

Fontan physiology have ultrasound abnormalities of the 
liver, and 72% to 100% have abnormalities on CT or 
magnetic resonance (MR) imaging. This indicates Fontan 
physiology as a highly relevant risk factor for development 
of liver disease in the context of CHD (36,44,45). Such 
liver alterations are usually more pronounced in adults than 
in children. Therefore, after cavopulmonary shunts, liver 
congestion is a major problem and seems to be present in 
many children with Fontan circulation (46,47). In addition, 
hypoxemia of the liver parenchyma may occur in low 
cardiac output, which is typical for Fontan-hemodynamics, 
as well as by a right-left shunt (e.g., in fenestrated Fontan). 
If, as a consequence, the hepatocytes are damaged by this, 
liver dysfunction can also develop. It is important to note 
that after Fontan surgery, cases of hepatocellular carcinoma 
(HCC) at the bottom of liver cirrhosis have been described 
in the literature (8).

Liver changes in CHD with severe pulmonary vascular 
disease (Eisenmenger-Syndrome)

In the course of patients with severe pulmonary vascular 
disease and Eisenmenger’s syndrome, hypoxic liver damage 
and/or reduced arterial liver perfusion may occur as well as 

Figure 3 Anatomy after atrial switch operation (according to Mustard or Senning). The figure illustrates schematically the arterial 
and venous blood flow after arterial switch operation (Schema modified from (11) (https://www.sciencedirect.com/science/article/pii/
S1361841515001383?via%3Dihub https://creativecommons.org/licenses/by/4.0/ and modified by Florian P. Reiter).
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right heart failure with liver congestion due to progressive 
right heart failure. Right heart failure in combination with 
pulmonary hypertension causes a high risk for chronic liver 
congestion and can result in fibrosis or cirrhosis of the liver 
(48,49). With decreasing cardiac output, reduced perfusion of 
the liver can cause ischemic hepatitis and hepatic coma (50).

Management

Assessment of liver dysfunction in patients with CHD

Biochemical liver tests should be assessed on a regular basis 
(every one to two years) in patients with CHD, who are 
at risk for the development of liver diseases (1). Abnormal 
biochemical liver tests are common in patients with CHD 
especially in patients’ with Fontan circulation and with 
TGA after atrial switch (1,51). Thoughtful interpretation 
may help to guide the differentiation of the underlying 
problem such as liver congestion, hepatic ischemia or 
ischemic cholangiopathy (17). Patients suffering from liver 
congestion typically present with mild to moderate altered 
liver values often showing isolated hyperbilirubinemia 
and elevated prothrombin time, while distinctive elevated 
transaminases typically occur in hepatic ischemia (17). 
A cholestatic profile with increased gamma-glutamyl 
transferase and alkaline phosphatase, may indicate ischemic 
cholangiopathy (17). However, we do not advise drawing 
conclusions only from assessing liver biochemistry, as 
abnormalities in liver biochemistry in patients with CHD 

can result out of a wide spectrum of causes, including side 
effects from concomitant medication. In case of abnormal 
liver biochemistry, a further hepatological assessment is 
strongly recommended. Thereby, an abdominal sonography 
(US) can provide important first aspects to differentiate 
causes of liver dysfunction in CHD. Typical signs of liver 
congestion are dilatation of the inferior caval vein and of 
the hepatic veins (52). Extrahepatic cholestasis as a cause of 
pathological liver biochemistry becomes obvious in case of 
bile duct dilatation in US. The evidence of splenomegaly 
should trigger an assessment of portal hypertension (53). 

The use of elastography as non-invasive method to assess 
liver stiffness has greatly expanded the routine assessment 
of liver fibrosis. Thereby, a broad body of evidence validates 
its accuracy to identify liver cirrhosis in patients suffering 
from hepatitis C (54,55). However, results in patients with 
CHD should be interpreted with caution as most evidence 
is available for its use in patients with chronic hepatitis 
and not in the context of hepatic congestion. Here liver 
stiffness may be overestimated due to hepatic afterload (56). 
Nevertheless, this may not lower its negative predictive 
value and its employment could help to rule out significant 
fibrosis. Contrast enhanced imaging should be employed in 
the assessment of adults with CHD and liver involvement. 
Invasive diagnostic procedures such as liver biopsy (of 
non-tumor tissue) or invasive measurement of hepatic 
venous pressure gradient should be restricted to individual 
situations and should be determined only after consultation 

Figure 4 Schematic illustration of Fontan procedures. The figure illustrates schematically different Fontan procedures. (A) Atriopulmonary 
Fontan, (B) extracardiac Fontan and (C) lateral tunnel Fontan accordingly to (35) (illustration© Beth Croce).
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between experienced hepatologists and congenital 
cardiologists, especially in the situation of anticoagulation 
or compromised hemostasis or hemodynamics.

Management of portal hypertension and ascites in CHD

Portal hypertension can lead to potentially life threating 
complications of liver cirrhosis such as variceal bleeding (57).  
Definitive diagnosis of portal hypertension requires an 
invasive measurement of the hepatic venous pressure 
gradient (HVPG) (18). Thereby portal hypertension is 
present with an HVPG >5 mmHg (18). As the invasive 
measurement of portal hypertension is a complex procedure, 
it is mostly diagnosed indirectly with presence of an 
enlarged spleen, ascites or portosystemic collaterals such 
as esophageal or gastric varices or occurrence of a Caput 
Medusae (18). Screening for esophageal and gastric varices is 
essential, as prophylactic medical and endoscopic approaches 
exist, that can reduce the risk of variceal bleeding. Varices 
are frequently found in patients with liver cirrhosis (about 
43% in Child-Pugh class A and about 73% in Child-Pugh 
class B/C) (58). This resulted in the recommendation in the 
German guidelines that any patient with the first diagnosis 
of liver cirrhosis should undergo an esophagogastroscopy 
(EGD) for screening of varices (59). Depending on liver 
function these guidelines recommend an annual endoscopic 
surveillance in patients with Child-Pugh class B/C and 
every two years in patients with Child-Pugh class A (59). 
The more recent European guidelines recommend an EGD 
upon decompensation, while an annual endoscopic screening 
should be repeated if the etiological factor persists and/or 
the state of decompensation continues (60). Both guidelines 
strongly argue for a liberal EGD in case of liver cirrhosis as 
only thereby a management of varices can be initiated.

Here, the use of non-selective beta blockers (NSBB) can 
reduce the progression of varices before bleeding occurs (61).  
Endoscopic procedures such as variceal ligation (EVL) for 
varices of the esophagus (62) or prophylactic cyanoacrylate 
injection for gastric varices (63) were demonstrated 
having effects in bleeding prophylaxis. Thereby, either an 
endoscopic or medical (NSBB) treatment is recommended 
for primary prophylaxis in patients with varices (59). The 
exact management of varices would go beyond the scope 
of this review. However, we want to state here special 
aspects that need consideration in the management of 
portal hypertension in patients with liver disease due 
to CHD. First, some patients with CHD will receive 
an oral anticoagulation for embolic prophylaxis due to 

arrhythmias or suffer from coagulation disorders from 
their underlying CHD, e.g., patients with Eisenmenger 
syndrome. The periprocedural management of coagulation 
or anticoagulation before endoscopic procedures may 
be challenging in these patients and may favor the use 
of NSBB for prophylaxis of variceal bleeding, as both 
NSBB therapy and endoscopic prophylaxis do not differ 
in their effects on mortality in primary prophylaxis (64).  
However, from our perspective this should not avoid the 
routine employment of endoscopic surveillance as EGD 
is feasible under diagnostic intention without pausing 
anticoagulation. If a prophylactic medical or endoscopic 
approach will be taken, the choice will depend on individual 
aspects such as tolerability of NSBB and the development of 
varices under NSBB that may make an endoscopic approach 
necessary in case of treatment failure under NSBB. 
Furthermore, therapy with beta blockers may be indicated 
in CHD apart of varices due to cardiac indications. In our 
opinion, it might be of value in these situations that the use 
of NSBB would be weighed against the use of beta blockers 
as NSBB may have therapeutic effects apart from the 
cardiac indication on prophylaxis of variceal bleeding.

All these aspects may necessitate individual approaches 
that require interdisciplinary discussion between 
gastroenterologist and cardiologists. 

The occurrence of ascites in patients suffering from 
CHD can result out of multiple reasons such as cardiac 
decompensation, protein losing enteropathy (1), or due to 
cardiac cirrhosis. An exact differentiation between cardiac 
or hepatic ascites can be difficult and may require the 
invasive measurement of hepatic venous pressure gradient 
to provide an exact differentiation (17). However, the 
management of ascites in patients with CHD may follow 
a more pragmatic approach. According to the German 
guidelines every new onset of ascites or any deterioration of 
ascites or any new complications from liver cirrhosis should 
result in a diagnostic paracentesis to rule out the evidence 
of spontaneous bacterial peritonitis (SBP) (65). From a 
pragmatic point of view this can also be recommended in 
patients who develop ascites in the context of CHD, as 
the beginning of liver dysfunction is difficult to define by 
non-invasive measurements in patients with CHD and 
liver dysfunction should always be suspected in the case 
of new onset or deterioration of ascites in patients with 
CHD. Furthermore, the determination of the serum-
ascitic-albumin-gradient (SAAG) and of the total protein 
in ascitic fluid can be helpful to differentiate hepatic from 
cardiac ascites (17). Here a SAAG >1.1 g/dL indicates that 



585Cardiovascular Diagnosis and Therapy, Vol 11, No 2 April 2021

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2021;11(2):577-590 | http://dx.doi.org/10.21037/cdt-20-595

portal hypertension is the cause for ascites development, 
while values <1.1 g/dL suggest different causes for ascites 
such as malignancy, tuberculosis or pancreatitis (66). 
However, both ascites related to cardiac as well as to hepatic 
decompensation show a SAAG >1.1 g/dL (66). Here the 
ascitic protein concentration can help to differentiate 
between cardiac or hepatic origin. While ascites related 
to cardiac decompensation usually shows a protein 
concentration >2.5 g/dL, ascites related to cirrhosis shows 
protein levels <2.5 g/dL.

The fact that liver disease associated coagulopathy is not 
a contraindication against paracentesis unless platelet counts 
fall below 20,000/μL or Quick values fall below <20% 
makes paracentesis practicable in a liberal fashion also in 
patients with CHD associated liver disease (65). To our best 
knowledge, no clear recommendations on the management 
of anticoagulation before paracentesis exist, a situation that 
may be of importance in patients with CHD, as permanent 
prophylaxis of thromboembolic events from arrhythmias 
using oral anticoagulants is a common scenario in these 
patients. One study in patients with Budd-Chiari syndrome, 
who are generally treated with oral anticoagulants, 
and might resemble patients with CHD, did not show 
evidence of hemoperitoneum or bleeding in 51 performed 
paracenteses without pausing anticoagulation (67). This 
may indicate that paracentesis could be of relatively low 
bleeding risk even under oral anticoagulation.

Symptomatic diuretic management of ascites typically 
comprises an anti-mineralocorticoid drug (spironolactone) 
with an escalation on an combination with a loop 
diuretic as far as ascites is not manageable with only anti-
mineralocorticoid therapy (60). Both substance categories are 
frequently used in the treatment of cardiac decompensation 
potentially justifying their use for both cardiac and hepatic 
ascites from pragmatic perspectives. For refractory cases the 
use of a thiazide diuretic can be considered (66). 

Polymorphonuclear (PMN) cells should be assessed in 
ascites after paracentesis and SBP should be considered 
when more than 250 PMN cells per mm3 ascites are 
evident. For the diagnostic and therapeutic work-up in the 
case of SBP we refer on the current American, European 
and German guidelines (60,65,68).

The use of a Transjugular portosystemic shunt for the 
treatment of portal hypertension and ascites is limited in 
patients with CHD as an increase of right-sided pressure 
may be present more frequently in patients with CHD and 
could interfere with shunt function (17). Furthermore, the 
increase of preload may harm cardiac function (17).

Surveillance of HCC in CHD

HCC is a major cause for cancer related mortality (69). 
The majority of HCCs arise in the context of chronic 
liver diseases and liver cirrhosis. HCC is the leading 
cause of death in patients with liver cirrhosis (70-72). 
Unfortunately, occurrence of HCC is also prevalent in 
patients suffering from CHD, particularly in patients with 
Fontan circulation (8,73) with an annual incidence of 1.5% 
to 5% in cirrhosis (8). In the general population HCC is 
typically diagnosed at advanced stages (74), when local 
curative therapies are not feasible anymore. Despite great 
advances in the treatment of advanced HCC with several 
new treatment options that became available over the last 
few years in first as well as in second line treatment, such 
as regorafenib (75), lenvatinib (76), cabozantinib (77), 
ramucirumab (78) or the combination of atezolizumab 
and bevacizumab (79), prognosis remains poor. Thereby, a 
strict surveillance of potential treatable patients susceptible 
for development of HCCs is essential. A situation that is 
generally the case in patients with CHD associated liver 
disease. Several international guidelines recommend HCC 
surveillance every six month by US in patients with liver 
cirrhosis (80,81). The European guidelines recommend 
US as surveillance modality for HCC with an acceptable 
diagnostic accuracy (80,82,83). If the surveillance should 
be performed together with a measurement of alpha-
fetoprotein or not is controversial (80,81). The screening 
of HCC in patients suffering from liver congestion due to 
Budd Chiari Syndrome or CHD can be challenging due 
to the development of hypervascular nodules under liver 
congestion (17,84,85). These nodules, that are typically 
defined as intense vascular blushes observed during arterial 
phase imaging (17), may correspond to focal nodular 
hyperplasia (42). These nodules may hamper surveillance 
and the application of other contrast enhanced imaging 
modalities may become necessary. However, magnetic 
resonance imagining is often restricted due to the high 
frequency of non-MRI-compatible pace-makers in 
patients with CHD. Computed tomography imaging on 
a regular basis could result in a significant exposure to 
ionizing radiation over the course of a patient’s lifetime, 
especially when some authors recommend the start of HCC 
surveillance, e.g., at 5 years after Fontan completion (1).  
Contrast enhanced US may be a suitable, no-radiation 
technique to augment diagnostic accuracy in the assessment 
of nodules in patients suffering from cardiac cirrhosis and 
CHD (86). In summary, the surveillance of HCC can be 
challenging in patients with CHD and the described aspects 
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should find consideration.

Liver transplantation in patients with CHD

Liver transplantation (LiTx) is the therapy of choice for the 
treatment of advanced liver cirrhosis. However, there are 
studies indicating that CHD related liver disease or even liver 
cirrhosis can improve after restoration of liver congestion 
achieved by successful heart transplantation (HTx) (87,88). 
These encouraging results are overshaded by the fact 
that liver dysfunction reflects a relevant risk factor for 
morbidity and mortality in cardiac surgery or HTx (89-91).  
Combined HTx/LiTx has been reported as a successful 
treatment option in children with univentricular hearts (92) 
and may be an option in selected cases of CHD-associated 
liver disease. The consideration of these aspects results in a 
conflicting situation where the hope of an improvement of 
liver dysfunction after HTx is counterbalanced by relevant 
morbidity and mortality related to liver dysfunction if only 
HTx is performed. Unfortunately, large trials that guide 
the decision making for isolated HTx or LiTx or combined 
HTx/LiTx are lacking and current decisions have to be 
made for individual situations by a multidisciplinary board 
of experts. Whether or not the MELD score can help to 
guide decision making for or against LiTx is debated (17) 
and further studies are warranted to clarify the value of the 
MELD score in these certain situations. However, from 
our point LiTx, potentially in combination with HTx, in 
the context of CHD should  be discussed in the presence 
of HCC lesions inside the “Milan criteria” (93) or inside 
the “up to seven criteria” (94) or if a relevant hepatic 
dysfunction reflected by a MELD score of ≥15 points is 
present (95). It has to be emphasized that sole LiTx is only 
possible, when a sufficient cardiac function is preserved.

Although indications for heart transplantation shall 
not be part of this review, we want to highlight here that 
the prognosis of CHD without HTx has to be considered 
before initiating an evaluation for isolated LiTx as 
perioperative cardiac decompensation may occur, heart 
disease may progress and persistent liver congestion could 
result in recurrence of liver dysfunction after LiTx.

Conclusions

Here we summarize pathophysiological aspects of liver 
dysfunction related to CHD such as backward/forward 
failure, hypoxemia, and ischemia and try to provide an 
understanding of hemodynamic alterations in patients with 

CHD in the context of the unique blood supply of the 
liver. Furthermore, this overview lists perspectives in the 
context of particular CHDs that are frequently associated 
with development of liver dysfunction. We also draw 
attention to frequent causes of liver dysfunction that occur 
independently of hemodynamic alterations in patients with 
CHD such as NAFLD and viral hepatitis. Important aspects 
in medical care are listed to guide pediatric cardiologist and 
hepatologists in the treatment of patients with CHD.

Fortunately, great achievement in therapy of patients 
with CHD has been reached over the time and survival 
accounts for several decades nowadays. Modern care of 
patients with CHD should also comprise non-cardiac 
problems such as liver diseases associated with CHD that 
have become more apparent in the context of improved 
survival of this population. The optimal therapy necessitates 
a close multidisciplinary care and certain aspects related 
to CHD should be considered in the treatment of these 
patients. Currently we face low evidence for decision 
making in these vulnerable population and most therapeutic 
decisions are based on expert opinion, that should be made 
in a multidisciplinary setting. We strongly encourage the 
scientific community to perform further prospective studies 
to gain evidence to optimize the treatment of hepatic 
dysfunction in this patient population.
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