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 Background: Cardiovascular disease (CVD) is an important aggravating factor for orthotopic liver transplantation (OLT) out-
comes. CVD still seems to be one of the most common cause of death in the long-term post-transplant period. 
Nevertheless, there are some limited data regarding the optimal strategy of risk assessment during OLT can-
didate evaluation.

 Material/Methods: Routine pre-transplant cardiac workup in 360 patients with end stage liver disease (ESLD) included electrocar-
diogram, echocardiography, and exercise stress testing. The aim of this retrospective study was an analysis of 
the impact of cardiovascular risk profile on overall mortality in the 2-year follow-up of 160 patients who un-
derwent liver transplantation.

 Results: Cardiovascular risk factors or a history of CVD were found in 23.1% of patients who received transplants. The 
cardiovascular risk factors most common in our group of transplant recipients with ESLD were: diabetes (26.3%), 
hypertension (25.6%), and hepatopulmonary syndrome (23.1%). Only 3.8% of patients had a positive exercise 
test. Coronary angiography revealed at least 50% stenosis in some epicardial arteries in 1.9% of patients. The 
risk of death in long-term follow-up of liver transplant recipients was most strongly associated with 3 cardiac 
variables: history of coronary artery disease (CAD), angiographically confirmed coronary stenosis, and reduced 
ejection fraction (EF).

 Conclusions: Our study identified pre-transplant CAD with its consequences as a factor associated with increased risk of 
negative post-transplant outcomes.
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Background

The recent European Society of Cardiology (ESC) and European 
Society of Anesthesiology (ESA) guidelines on cardiovascular 
assessment and management before non-cardiac surgery list 
orthotopic liver transplantation (OLT) as a type of procedure 
with high risk of cardiovascular death and myocardial infarc-
tion within 30 days of surgery [1].

Cardiovascular disease (CVD) is an important aggravating factor 
for OLT outcomes. Patients with coronary artery disease (CAD) 
treated either medically or surgically before OLT were reported 
to have 3-year mortality of 50% and morbidity of 81% [2]. CVD 
was also found to be the third most common cause of death 
in the 5-year post-transplant period, accounting for 12–16% 
of deaths [3], and the calculated 10-year post-transplant CVD 
risk was estimated to be 7.9% in a Framingham study popu-
lation [4]. The risk of CAD in OLT candidates has not been ac-
curately defined. The routine screening tests for CAD should 
be further evaluated in this group of patients. Nevertheless, 
there are some limited data available regarding the optimal 
strategy of risk assessment during OLT candidate evaluation.

Material and Methods

This study was conducted in 360 consecutive patients with end 
stage liver disease (ESLD), who underwent consultations by a 
designated cardiologist at the First Department of Cardiology 
at the Medical University of Warsaw. All 360 patients were 
candidates for OLT and underwent a cardiac assessment be-
tween April 1, 2011 and April 30, 2013. All patients were hos-
pitalized, and liver transplantations were performed in the 
Department of General Transplant and Liver Surgery of the 
Medical University of Warsaw. There were designated consult-
ing cardiologists for all OLT candidates in our center. Routine 
pre-transplant cardiac workup included electrocardiogram, 
echocardiography, and exercise stress testing. In cases of ab-
normal findings, the consulting cardiologist would order fur-
ther diagnostic assessment, consisting of coronary angiogra-
phy (CAG) or right-heart catheterization (Figure 1). Out of the 
evaluated 360 patients, 160 underwent liver transplantation 
at our university hospital and were included in this analysis.

ESDL severity

The following data were retrospectively recorded: demograph-
ic characteristics, laboratory results, cardiovascular risk fac-
tors, ESLD etiology (alcoholic, viral, nonalcoholic steatohep-
atitis, cryptogenic, or other), severity of liver disease (the 
Child-Pugh classification and model for end stage liver disease 
(MELD score), ascites, gastroesophageal varices, and history of 
overt encephalopathy. The term “compensated disease” refers 
to Child-Pugh class A and “decompensated disease” includes 
Child-Pugh class B and C.

Cardiovascular risk factors

The cardiologist obtained medication history for CAD and heart 
failure, previous myocardial revascularization procedures, re-
nal failure, and previous stroke. The cardiovascular risk factors 
recorded were advanced age (men ³55 years old and women 
³65 years old), diabetes mellitus, hypertension, hyperlipidemia, 
smoking habit, and family history positive for premature CAD.

Echocardiographic examination

Transthoracic echocardiographic examinations were performed 
in all patients at the echocardiography laboratory by experi-
enced cardiologists using a Philips iE33 ultrasound system. The 
echocardiographic variables recorded were chamber sizes, val-
vular dysfunction, diastolic dysfunction, intracardiac and intra-
pulmonary shunting, contractility abnormalities, and ejection 
fraction (EF). Left ventricular EF was determined by Simpson’s 
method, with reduced EF diagnosed below 50%. Additionally, 
echocardiography studies with agitated saline contrast (“bub-
ble”) were performed in 96 patients (53.3%).

Exercise testing

According to the algorithm used in our hospital at that time, 
we performed exercise testing in routine cardiac assessment 
for OLT. Every exercise test was performed on a treadmill us-
ing Bruce protocol or modified Bruce protocol. What made an 
exercise test positive was the presence of a typical horizon-
tal or down-sloping ST-segment depression at least 0.1 mV in 
at least one lead.

History of cardiovascular risk
factors/cardiovascular diseases

More than 2 risk factors

Echocardiography
(with bubbles)

ECG

Exercise testing

Cardiologist
consultation

Interdisciplinary
decision

concerning
liver tranpslant

Cardiologist
consultation

Coronary
angiography
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Figure 1.  Protocol for cardiac evaluation before 
liver transplantation.
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CAG

The consulting cardiologist could order CAG based on a pre-
vious history of cardiovascular events, CVD, at least 2 cardio-
vascular factors, or abnormal exercise test results. Coronary 
angiographies were performed via a radial approach and at 
the time of qualification for liver transplantation.

Follow-up

This study was a single-center study, with a register-based fol-
low-up design. We used the Polish Civil Personal Registration 
Numbers, which are unique to each Polish citizen, to link the 
information from the national registry of deaths at the Ministry 
of the Interior and Administration to the clinical data obtained 
in this study.

The single endpoint of the study was all-cause mortality. 
Observations were censored at the date of last available fol-
low-up (July 18, 2014).

Statistical methods

The patients were categorized into 2 groups according to post-
OLT survival. Continuous variables were summarized as means 
± standard deviation, whereas frequencies and percentages 
were used for categorical variables. Unpaired t-tests were used 
for comparison of continuous normally distributed variables. 
Differences between dead and alive patients at the end of fol-
low-up were analyzed by the independent-samples t-test for 
normally distributed data and the Mann-Whitney U test for 
non-normally distributed data.

Multivariate analyses (by stepwise multivariate model build-
ing) were assessed with a Cox proportional hazards model. 
Hazard ratios were presented with 95% confidence intervals. 
The corresponding Kaplan-Meier curves for stroke occur-
rences were also plotted, and then compared using log-rank 
test. Statistical significance for all analyses was determined 
at P<0.05. All analyses were undertaken by using STATISTICA 
version 12 software.

Data integrity

The authors had full access to the data sets and vouch for data 
integrity. All authors have read and approved this form of the 
manuscript. The study was approved by the Ethics Committee 
at the Medical University of Warsaw.

Results

Baseline characteristics

Patient baseline characteristics and clinical aspects of ESLD 
are shown in Table 1. The most common indications for liver 
transplantation were viral cirrhosis (45%), alcoholic cirrhosis 
(18.1%), and autoimmune cirrhosis (20.6%). The average age 
was 49 years; 61.9% of the patients were male.

Characteristic/Variable Value

Demographics

 Age (years), mean ±SD 49±12.3

 Gender (male), n (%)  99 (61.9%)

Etiology of end-stage liver disease

 Alcoholic, n (%)  29 (18.1%)

 Viral hepatitis (Hepatitis B or C), n (%)  72 (45%)

 Autoimmunogenic (AIH, PSC, PBC)  33 (20.6%)

 Cryptogenic  8 (5%)

 Other  18 (11.3%)

Severity of ESLD at the time of cardiac consultation

 Child-Pugh score (units), mean ± SD 7.8±2.1

 Child-Pugh class A, n (%)  52 (32.5%)

 Child-Pugh class B, n (%)  78 (48.8%)

 Child-Pugh class C, n (%)  30 (18.8%)

 MELD score (units), mean ± SD 11.8±4.6

Complications of end-stage liver disease

 Hepatocellular carcinoma (HCC), n (%)  32 (20%)

 Ascites, n (%)  43 (26.9%)

 Gastroesophageal varices grade III-IV, n (%) 50 (31.1%)

  History of bleeding from 
gastroesophageal varices

 29 (18.1%)

 History of overt encephalopathy, n (%)  31 (19.6%)

Laboratory parameters

 INR, mean ±SD 1.3±0.3

 Creatinine (mg/dL), mean ± SD 0.8±0.3

 Bilirubin (mg/dL), mean ± SD 2.9±3.3

Table 1. Baseline characteristics of patients.

MELD – model for end-stage liver disease.
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History of cardiovascular disorders

The prevalence of pre-transplant cardiovascular risk factors in 
patients with ESLD in our study population are shown in Table 2.

History of cardiovascular disorders or cardiovascular risk fac-
tors were present in 37 patients (23.1%). The cardiovascular 
risk factors most common in our group of patients with ESLD 
were hypertension (41 patients; 25.6%), diabetes (42; 26.3%), 
and hepatopulmonary syndrome (37; 23.1%). Forty-one patients 
had a history of hypertension, but no patient had elevated 
blood pressure at the time of cardiac consultation. No patient 
had previous myocardial infarction, but 4 patients (2.5%) had 
had a revascularization procedure (3 percutaneous coronary 
angioplasties and 1 coronary artery bypass grafting). Eight pa-
tients (5%) had a known history of CAD.

Echocardiography

Systolic dysfunction with a reduced EF (below 50%) was found 
only in 1 patient in the whole population of transplantation pa-
tients with ESLD. In a subgroup of 96 patients (53.3%) whom 
had agitated saline contrast (“bubble”) studies performed, 

intrapulmonary shunts were reported in 37 patients (38.5%) 
and intracardiac shunts in 2 patients.

Exercise test

Only 6 patients (3.8%) had positive exercise tests with elec-
trocardiographic abnormalities. Those patients had a consult 
by a cardiologist and then referred for CAG.

CAG

CAG was done in 12 patients (7.5%), and 3 of whom it re-
vealed at least 50% stenosis in some epicardial arteries. All 
CAG patients had single-vessel coronary disease, and none 
had indication for further coronary revascularization prior to 
liver transplantation.

Follow-up

Overall, there were 18 post-liver-transplantation deaths (11.3%) 
in the study population, with no observed cases of sudden car-
diac death during the hospital stay. The mean follow-up peri-
od was over 2 years (736.5±260.6 days). The mean time spent 

Cardiovascular risk factors 
All Survivors Non survivors

p
n % n % n %

History of coronary artery disease 8 31.25 5 62.50 3 37.50 0.0171

Previous MI 0 0.00 0 0.00 0 0.00 NS

Previous PCI 3 18.75 1 33.33 2 66.67 0.0025

Previous CABG 1 6.25 1 100.00 0 0.00 NS

Previous stroke 1 6.25 1 100.00 0 0.00 NS

Family history of cardiovascular 
disorder

3 18.75 3 100.00 0 0.00 NS

History of hypertension 41 25.63 34 82.93 7 17.07 NS

History of hyperlipidemia 20 12.50 19 95.00 1 5.00 NS

History of diabetes mellitus 42 26.35 36 85.71 6 14.29 NS

Table 2. Cardiovascular risk factors.

Factor HR 95% CI p Value

History of coronary artery disease 4.70 1.36–16.30 0.015

Presence of coronary stenosis on coronary angiography 7.78 1.78–33.97 0.006

Reduced ejection fraction < 50% on echocardiography 10.71 1.41–81.20 0.02

Table 3. Multivariate analysis of variables associated death events after OLT.
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on the transplant waiting list was approximately 3 months 
(110.2±101.3 days). This contributed to the 21-month follow-up 
in patients with a successful liver transplantation (626.4±250.7 
days). In a multivariate analysis of patient characteristics, the 
risk of death in long-term post-liver-transplantation follow-up 
was most strongly associated with 3 variables: history of CAD, 
angiographically confirmed coronary stenosis, and left ventric-
ular EF below 50% (Table 3).

Figure 2 shows the cumulative incidence of death during an 
over 2-year follow-up period in patients with coronary artery 
lesions on CAG versus patients without CAD.

Kaplan-Meier curves of survival in patients with history of CAD 
versus patients without history of CAD are presented in Figure 3.

Discussion

In a frequently cited article by Plotkin et al., 1-year mortality of 
patients with CAD undergoing OLT was estimated at the level 
of 50% [2]. The optimal strategy for cardiovascular risk assess-
ment in candidates for OLT remains, however, to be defined.

A scientific statement from the American Heart Association 
(AHA) and the American College of Cardiology (ACC) recom-
mend screening for CAD in individuals with more than 3 CVD 
risk factors such as male sex, age >60 years, smoking, hyper-
cholesterolemia, diabetes mellitus, and prior CVD, as those 
patients are more likely to have concomitant significant CAD. 
In such patients, stress testing is recommended as an initial 
screening tool, and it is to be followed by cardiac catheteriza-
tion when the findings are positive [5].

Because non-invasive imaging test results tend to be incon-
sistent, some authors do not recommend their routine use in 
OLT candidates, recommending instead CAG in high-risk pa-
tients (individuals with known CAD, diabetes, or 2 or more 
CVD risk factors), as CAG has a recognized safety profile in 
patients with ESLD [6].

Unfortunately, preoperative noninvasive cardiac studies may 
have poor predictive value for detecting CAD in liver trans-
plantation candidates. The usefulness of dobutamine stress 
echocardiography (DSE), which is one of the most widely used 
preoperative tests, has been put into question in different 
studies [7,8]. DSE was shown to be a poor tool for detecting 
pre-existing CAD as a significant factor associated with post-
transplant cardiac mortality. Single-photon emission computed 
tomography has poor sensitivity in candidates for OLT [8–10].

Until April 30, 2013, we performed exercise testing as part of 
CAD screening at our center. Since then, we have decided to 
perform cardiopulmonary exercise testing instead, as a more 
comprehensive diagnostic tool, which is nowadays suggested 
as a method of choice for patients with ESLD [11].

AHA/ACC guidelines recommend that each program attempt to 
designate a primary cardiology consultant for questions relat-
ed to potential (liver) transplantation candidates. In our center, 
there is a cardiology consultant designated for the OLT program.

In a retrospective review by Lee et al. [12], moderate stenosis 
was present in 23.5% of patients and 5.3% had severe stenosis. 
A study by Tiukinhoy-Laing et al. [13] showed the prevalence of 
moderate-to-severe CAD to be 24%. As in the previous study, 
CVD risk factors were common, with 55% of patients having 
2 or more. Patients’ risk of developing CAD was significantly 

Figure 2.  Kaplan-Meier curves of survival in patients with 
coronary artery lesions on coronary angiography vs. 
patients without coronary artery disease.
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Figure 3.  Kaplan-Meier curves of survival in patients with history 
of coronary artery disease vs. patients without history 
of coronary artery disease.
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higher if 2 or more risk factors were present. The patients with 
moderate-to-severe CAD (>50% stenosis) tended to be older 
males with history of hypertension and diabetes. Our study 
demonstrated a lower prevalence of pre-transplant hyperten-
sion and pre-transplant diabetes. Poor exercise capacity and 
chronotropic incompetence that are frequently experienced in 
ESLD could, indeed, mask some CVD symptoms.

The high rates of CAD found on CAG in ESLD patients evaluat-
ed for OLT may be due to many reasons. The mean age of OLT 
recipients has increased over time. Age is an established risk 
factor for CAD in both males and females [14] and it is associ-
ated with higher prevalence of other CVD risk factors such as 
BMI [15], hypertension [16], metabolic syndrome [17], and dia-
betes [16]. Studies of patients with ESLD showed high rates of 
CVD risk factors and a linear association between the number 
of CVD factors and the risk of CAD [14], with the presence of 2 
or more risk factors significantly increasing the risk of CAD [15]. 
Nevertheless, some recent studies reported the prevalence of 
CAD at lower levels (4% to 8%) [7,18,19].

The etiology of liver disease also plays a role in CVD risk factor 
profile. Non-alcoholic steatohepatitis is an independent risk 
factor for CAD [20], and hepatitis C virus is associated with an 
elevated risk of diabetes [21], which was the only independent 
risk factor of CAD found in CAG studies [15]. The lack of a sig-
nificant association of other CVD risk factors with CAD in this 
group of patients might be due to the small number of partic-
ipants in these studies. In our study, the most common etiol-
ogy of ESLD was viral hepatitis C or B.

A recent study by Albeldawi et al. demonstrated metabolic syn-
drome in post-transplantation follow-up to be more prevalent 
in patients with cardiovascular events than in patients with no 
cardiovascular events [22]. The study found a few independent 
predictors of a post-OLT cardiovascular event, such as older age, 
male sex, post-transplantation diabetes, post-transplantation hy-
pertension, and treatment with mycophenolate. Patients with 
post-transplantation diabetes and post-transplantation hyperten-
sion had a 2-fold higher risk of cardiovascular events within the 
5-year follow-up period. In our study, we did not diagnose met-
abolic syndrome because, in our opinion, it is difficult to deter-
mine whether the waist circumference criterion is due to ascites.

Contrary to previous studies, Wray C et al. found that patients 
with angiographically proven obstructive and non-obstructive 
CAD had similar survival rates. The study concluded that cur-
rent CAD treatment strategies for patients with obstructive 
CAD reduced the post-transplantation CVD risk so that it be-
came comparable to that in patients without obstructive CAD. 
In our study, we identified pre-existing (i.e., pre-transplant) 
CAD as a factor associated with increased risk of a negative 
post-transplantation outcome [23].

Recent data suggested that early diagnostic protocols in pa-
tients with at least one CVD risk factor (including CAG in pa-
tients with at least 2 risk factors) reduce overall mortality af-
ter OLT [24].

Earlier reports of a high mortality in OLT recipients with CAD, 
including the commonly cited paper by Plotkin JS et al., were 
most likely a result of different management protocols, par-
ticularly including cardiac surgery (CABG) in OLT candidates 
with CAD [2].

No patients from our study group had indications for percu-
taneous coronary intervention. In our center, every patient di-
agnosed with CAD received medical treatment. Nevertheless, 
there are limited data on optimal management for CAD in pa-
tients with ESLD before OLT.

Study limitations

There were several limitations of our study. First, it was a the 
single-center study conducted in a retrospective manner. We did 
not correlate long-term mortality with the potential occurrence 
of perioperative cardiovascular events. We could not identify 
the cause of death because the exact information on the death 
and the time of death was not available. Based on this data 
we have planned other prospective studies including biomark-
er analysis, cardiopulmonary exercise testing, and follow-up.

Conclusions

According to our knowledge, this is the first European study 
concerning a prognostic impact of the pre-transplant CVD 
risk factor profile on long-term mortality after OLT, which in-
dicates that the risk of death in long-term follow-up of liv-
er transplant recipients was most strongly associated with 3 
cardiac variables: history of CAD, angiographically confirmed 
coronary stenosis, and reduced left ventricular EF. However, 
the number of death was quite low but still had the prognos-
tic impact. There is one point-based prediction model (risk 
score) for major 1-year CVD complications after OLT recent-
ly published, but the Cardiovascular Risk in Orthotopic Liver 
Transplantation risk score was not yet validated in European 
population [25] at the time of our study.
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