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Introduction

Chronic cardiac hepatopathy is a common entity in

end-stage heart failure patients evaluated for heart

transplantation (HTX). Hepatic injury is caused by

severe heart failure resulting from recurrent congestion

and/or impaired arterial perfusion. Impairment of hep-

atic function is frequent when right atrial pressure rises

above 10 mmHg and cardiac index declines below 1.5 l/

min/m2.
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Summary

Chronic cardiac hepatopathy is a common entity in patients evaluated for heart

transplantation (HTX). Hepatic injury is caused by severe heart failure resulting

from prolonged recurrent congestion and/or impaired arterial perfusion. No

data are available on the reversibility of cardiac hepatopathy in patients under-

going HTX. Data of 56 consecutive adult patients undergoing HTX during

2000–02 at the University Hospital of Innsbruck were analysed retrospectively.

The following parameters were evaluated at the time of listing and 3, 6 and

12 months after HTX. Plasma levels of gamma-glutamyl transferase (c-GT),

alkaline phosphatase (AP), bilirubin, aspartate aminotransferase (AST), alanine

aminotransferase (ALT), lactate dehydrogenase (LDH) and total plasma pro-

tein. When listed for HTX, only 12% of all patients analysed had physiological

values throughout the seven laboratory parameters assessed. Elevated levels of

c-GT, AP, bilirubin, AST, ALT, LDH and total plasma protein were detected in

66.6%, 29%, 50%, 16.7%, 10%, 40% and 18% of all patients respectively.

Accordingly, median plasma levels of c-GT, bilirubin and LDH were elevated,

whereas the mean plasma level of AP was at the upper normal range. In con-

trast, median plasma level of AST and mean plasma levels of ALT and total

plasma protein were within the normal range: c-GT (median, 109.0; range,

634.0 U/l; n ¼ 36), AP (mean, 120.2 ± 78.9 U/l; n ¼ 29), bilirubin (med-

ian, 1.3; range, 16.1 mg/dl; n ¼ 32), LDH (median, 226.0; range, 2355.0 U/l;

n ¼ 33), AST (median, 29.0; range, 145.0 U/l; n ¼ 36), ALT (mean,

28.3 ± 20.8 U/l; n ¼ 36) and total plasma protein (mean, 7.2 ± 1.1 g/dl; n ¼
25). Within 3 months after HTX, elevated parameters except LDH significantly

ameliorated: c-GT (median, 59.0; range, 1160.0 U/l; P ¼ 0.011), AP

(92.2 ± 75.2 U/l; P ¼ 0.016), bilirubin (median, 0.9; range, 8.1 mg/dl; P ¼
0.004), LDH slightly increased (median, 281.0; range, 543.0 U/l; P ¼ 0.039),

but there was a delayed improvement of this parameter after 6 and 12 months

post-HTX. End-stage heart failure is characterized by a cholestatic liver enzyme

profile with elevated plasma levels of c-GT and bilirubin. These parameters sig-

nificantly improve within 3 months after HTX. Therefore, chronic cardiac

hepatopathy seems to be a benign, potentially reversible disease.
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The typical profile of liver function tests abnormalities

in heart failure is still under debate. Elevations of trans-

aminases as well as cholestatic enzymes or both have been

reported [1–6]. Acute ischaemic liver failure, also referred

to as ischaemic hepatitis or shock liver, usually manifests

after an episode of severe low output status and may

result in hepatocellular necrosis. Such episodes are associ-

ated with a typical increase in transaminases (up to 30

times of the upper limit of normal range) [5]. In contrast,

chronic cardiac hepatopathy is characterized by elevated

cholestatic parameters along with little or no changes in

transaminases. Chronic liver dysfunction in heart failure

is further associated with the severity of tricuspid regurgi-

tation [6].

Histopathological patterns of liver damage in heart

failure include hyperaemia (congestion of the centrolo-

bular zone of the hepatic lobule) and collagen depos-

ition (fibrosis) of the septa. Fibrosis severe enough to

distort the normal microscopic architecture occurs in

19% of patients with chronic cardiac hepatopathy, as

assessed by liver biopsy [5]. In contrast, cardiac cirrho-

sis continues to be a rare condition. As a result of

improved heart failure treatment, cardiac hepatopathy

rarely progresses to this severe stage, and/or patients

die of their cardiac condition before the development

of cirrhosis.

However, while successful medical treatment of heart

failure may ameliorate hepatic function [7], critical evalua-

tion of secondary organ damage is crucial when HTX is

considered. No data are reported so far on the effects of

HTX on cardiac hepatopathy. Hence, preoperative assess-

ment and prediction of disease progression postoperatively

is unclear. Therefore, we retrospectively analysed the char-

acteristics and prognosis of cardiac hepatopathy in patients

who underwent HTX during 2000–02 at the Medical Uni-

versity of Innsbruck.

Methods

Patient population

We collected data from 54 (47 male, 7 female) of 64

patients undergoing HTX in the University Hospital of

Innsbruck, Austria, between 2000 and 2002. Eight

patients below the age of 18 years and two adult

patients with acute heart failure supported with

mechanical assistance devices were excluded. Three

patients receiving a re-transplantation and two patients

receiving combined heart–kidney transplantation were

included in the study. None of the patients had signs

of chronic HBV or HCV infection. Chronic alcohol

abuse was denied by all subjects. Data for appropriate

analysis were available in 25–42 patients depending on

the parameter assessed.

Laboratory parameters

Cut-off values for liver function tests were used according

to international guidlines, taking into account the sex and

age of each patient.

Statistics

Normal distribution was tested with the Kolmogorov–

Smirnov test. Accordingly, nonparametric variables are

expressed as median and range, normally distributed vari-

ables as mean and standard deviation. For parametric

comparisons, Student’s t-test was used. For nonparamet-

ric comparisons, Wilcoxon signed ranks test was used.

Correlations were calculated by chi-squared test. A

P-value of <0.05 was considered statistically significant.

Analyses were performed using statistical software (SPSS

for Windows, version 10.1, Cary, NC, USA).

Results

Cardiac hepatopathy is common in patients at listing

time for HTX and is characterized by a cholestatic liver

enzyme profile

As shown in Fig. 1 (left bars in each panel), cholestatic

parameters are elevated in end-stage heart failure patients.

When listed (Table 1) for HTX, plasma levels of c-GT

(median, 109.0; range, 634.0 U/l; n ¼ 36), AP (mean,

120.2 ± 78.9 U/l; n ¼ 29) and bilirubin (median, 1.3;

range, 16.1 mg/dl; n ¼ 32) were markedly elevated.

Another increased parameter was LDH (median, 226.0;

range, 2355.0 U/l; n ¼ 33), as shown in Fig. 3 (left

panel). In contrast, as shown in Figs 2 and 3 (right

panel), plasma levels of AST (median, 29.0; range,

145.0 U/l; n ¼ 36) and ALT (28.3 ± 20.8 U/l; n ¼ 36)

were only slightly elevated, whereas plasma levels of total

protein (7.2 ± 1.1 g/dl; n ¼ 25) were within normal

ranges.

Elevated levels of c-GT (cut-off limit >66 U/l in men

and >39 U/l in women), AP (cut-off limit >129 U/l in

men and >104 U/l in women), bilirubin (cut-off limit

>1.28 mg/dl in both sexes), AST (cut-off limit >50 U/l in

men and >35 U/l in women), ALT (cut-off limit >50 U/l

in men and >35 U/l in women) and LDH (cut-off limit

>232 U/l in men and >223 U/l in women) were noted in

66.7%, 29%, 50%, 16.7%, 9.5% and 40% of patients

respectively. Decreased levels of total protein in plasma

were noted in 17.9% of patients (cut-off limit <6.3 g/dl

in both sexes) (Fig. 4).

Liver function tests were entirely normal in only 12%

of patients (n ¼ 42) (Fig. 5). One of the seven tests was

pathological in one-third of patients, two tests were

pathological in 19%, three in 14.3%, four in 14.3%, five
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in 4.8% and six in 2.4%. None of the patients had patho-

logical values in all seven laboratory tests included in the

study.

There were no correlations between transaminases and

cholestatic parameters with mean right atrial pressure

(9.7 ± 6.8 mmHg) and pulmonary artery pressure

(33.4 ± 9.2 mmHg) at listing time. However, mean pul-

monary pressure showed a positive correlation with severe

cardiac hepatopathy as defined by the presence of two or

more pathological liver function tests (r ¼ 0.4; P ¼
0.041).

Reversibility of cardiac hepatopathy in patients after

HTX within 3–12 months

As shown in Fig. 1 (right bars in each panel), cholestatic

parameters significantly improved within 3 months after

HTX: c-GT (median, 59.0; range, 1160.0 U/l; P ¼ 0.011),

AP (92.2 ± 75.2 U/l; P ¼ 0.016) and bilirubin (median,

0.9; range, 8.1 mg/dl; P ¼ 0.004). As shown in Fig. 2 (left

panel), LDH plasma levels did not ameliorate but

increased within 3 months (median, 281.0; range,

543.0 U/l; P ¼ 0.039). However, there was a trend to nor-

malization of LDH plasma levels after 6 and 12 months

(Fig. 4, and data not shown). There were no changes in

plasma levels of AST (median, 28.1; range, 65.0; P ¼
0.771), ALT (26.7 ± 21.9 U/l; P ¼ 0.313) and total pro-

tein (7.1 ± 0.7 g/dl; P ¼ 0.882) levels 3 months after

HTX when compared with baseline (Figs 2 and 3, right

panel).

The percentages of patients with elevated levels of

c-GT decreased to 50%, 45% and 36% within 3, 6 and

12 months after HTX respectively. The percentages of

patients with elevated levels of AP decreased to 18%, 7%

and 12% within 3, 6 and 12 months after HTX respect-

ively. The percentages of patients with elevated levels of

bilirubin decreased to 18%, 17% and 17% within 3, 6

and 12 months after HTX respectively. The percentages of

Table 1. Liver function tests the patients at listing and 3 months after HTX.

At listing 3 months Post-transplantation

n Mean SD Median Range Mean SD Median Range P-value

c-GT (n.p.) 36 164.72 150.29 109.00 634.00 146.13 216.08 59.00 1160.00 0.011

AP (n.d.) 29 120.24 78.92 88.00 390.00 92.24 75.24 68.00 382.00 0.016

Bilirubin (n.p.) 32 1.95 2.78 1.28 16.09 1.18 1.40 0.86 8.06 0.004

AST (n.p.) 36 38.72 28.99 29.00 145.00 33.11 15.04 28.05 65.00 0.280

ALT (n.d.) 36 28.25 20.77 22.00 97.00 26.69 21.94 20.50 102.00 0.750

LDH (n.p.) 33 386.58 494.87 226.00 2355.00 319.36 126.80 281.00 543.00 0.039

Protein (n.d.) 25 7.24 1.05 7.00 3.00 7.10 0.68 7.20 2.56 0.740

c-GT, gamma-glutamyl transferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehy-

drogenase; n.d., normally distributed; n.p., nonparametric.
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Figure 1 Bar graph illustration comparing

cholestatic parameters in end-stage heart

failure patients at the time of listing and

3 months after heart transplantation.
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patients with elevated levels of AST decreased to 9%, 5%

and 5% within 3, 6 and 12 months after HTX respect-

ively. The percentages of patients with elevated levels of

ALT decreased to 7%, 5% and 3% within 3, 6 and

12 months after HTX respectively. The percentages of

patients with elevated levels of LDH increased to 75%

within 3 months postoperatively, whereas they decreased

to 55% and 28% within 6 and 12 months after HTX

respectively. The percentages of patients with decreased

levels of total protein in plasma decreased to 11%, 0%

and 0% within 3, 6 and 12 months after HTX respectively

(Fig. 4).

Discussion

In this study, we show that HTX significantly improves

and restores liver function within 3 months in end-stage

heart failure patients suffering from chronic cardiac

hepatopathy preoperatively. We also confirm recently

published data suggesting that elevated cholestatic param-

eters (c-GT, AP and bilirubin) rather than enzymes indic-

ative of hepatocellular injury (AST and ALT) are the

hallmark of chronic cardiac hepatopathy [4]. The

improvement in cholestasis after HTX occurs despite ini-

tiation of medical immunosuppression, which may

increase the risk of biliary complications [7].

The pathogenesis of cholestasis caused by chronic heart

failure is poorly defined. Both local damages to the bile

canaliculi because of mechanical obstruction or ischaemia

as well as proinflammatory cytokine release may be

involved. The cholestatic enzymes AP and c-GT are

localized to the biliary epithelium and are elevated in

conditions where the bile canaliculus is damaged. Hepatic

congestion may result in mechanical obstruction of bile

ducts and in biliary ischaemia. This may be associated

with the formation of thrombi in sinusoids, occasionally

propagating to hepatic veins [8]. Increased pressure

within the hepatic sinusoid because of congestion may

also result in the disruption of sinusoidal endothelial cells

and formation of sinusoidal to biliary fistulae, resulting

from separation of the zonula occludens by increased sinu-

soidal pressure [6]. Inflammatory cytokines, including

tumour necrosis factor-a, interleukin-1b and interleu-

kin-6, play an important role in the pathogenesis of

myocardial failure. These cytokines may also contribute

to cholestasis as they inhibit expression and function of

hepatobiliary transporters for bile acids and bilirubin.

Impaired liver function may be associated with an

adverse prognosis after HTX. Hyperbilirubinaemia predicts

clinical outcome in patients with pulmonary hypertension

undergoing heart–lung transplantation [9]. Early postoper-

ative mortality in such patients with bilirubin levels

>2.1 mg/dl, between 2.0 and 1.0 mg/dl and <1 mg/dl was

58%, 27% and 16% respectively. However, although car-

diac cirrhosis was found at autopsy in 75% of early deaths

in patients with high bilirubin, haemolysis because of poly-

cythemia probably adds to hyperbilirubinaemia in these

patients. Hence, the results of this study cannot be trans-

mitted to isolated heart transplant recipients without lim-

itations. In our study, mortality was strikingly low within

2–4 years after HTX and not affected by hepatopathy
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Figure 3 Graphical depiction of plasma levels of lactate dehydroge-

nase (LDH) and total protein compared between the time of listing

and 3 months post heart transplantation.
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Figure 2 Comparison of hepatocellular injury-indicating enzymes

aspartate aminotransferase (AST) and alanine aminotransferase (ALT)

prior and 3 months after heart transplantation.
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before transplantation. Among the 54 patients included in

our investigation, there was no perioperative mortality.

One patient died during mid-term follow-up because of

post-transplant lymphoproliferative disease.

In patients with long-standing cardiac cirrhosis, albu-

min synthesis may be impaired, with resultant hypoalbu-

minia, intensifying the accumulation of fluid. Although

no information about albumin plasma levels was available

in our patient population, total plasma protein levels were

within normal ranges before and after HTX. These

findings suggest that hepatic functional reserve was not

affected. In addition, plasmatic coagulation was preserved.

In patients receiving no anticoagulation with oral vitamin

K antagonists, no changes in plasmatic coagulation

parameters such as INR were detected (data not shown).

In our study we could not find a correlation between liver

function tests and pulmonary pressures. Hence postsinu-

soidal obstruction by elevated central venous pressures

may only be part of the underlying mechanism in cardiac

hepatopathy. Low cardiac output, hypoxemia and/or acti-

vation of inflammatory pathways might also be involved

in this process.

One limitation of the study must be addressed. The

data were collected in a retrospective manner. Therefore,

results from only 25 to 36 of 54 patients depending on

the different parameters were available. Only total biliru-

bin not separated into direct or indirect subforms as well

as total plasma protein levels with no specific measure-

ments of albumin were available.

In conclusion, chronic cardiac hepatopathy as charac-

terized by elevated cholestatic parameters seems to be a

benign, reversible disease and represents no contraindica-
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tion to HTX. Invasive diagnostic investigations before

HTX such as liver biopsy may be indicated only in

patients with severely compromised hepatic function.
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