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Coronary Interventions 
before Liver 
Transplantation
Might Not Avert Postoperative Cardiovascular Events

Percutaneous coronary intervention and coronary artery bypass grafting may be per-
formed before orthotopic liver transplantation (OLT) to try to improve the condition of 
patients who have severe ischemic heart disease. However, data supporting improved 
outcomes are lacking.

We reviewed the medical records of 2,010 patients who underwent OLT at our hospital 
from 2000 through 2010. The 51 patients who underwent coronary artery angiography 
within 6 months of transplantation were included in this study: 28 had mild coronary artery 
disease, 10 had moderate disease, and 13 had severe disease. We compared all-cause 
and cardiac-cause mortality rates.

We found a significant difference in cardiac deaths between the groups (P <0.001), 
but none in all-cause death (P=0.624). Of the 10 patients who had moderate coronary ar-
tery disease, one underwent pre-transplant coronary artery bypass grafting. Of 13 patients 
with severe disease, 3 underwent percutaneous coronary intervention, and 6 underwent 
coronary artery bypass grafting. Overall, 50% of patients who underwent either interven-
tion died of cardiac-related causes, whereas no patient died of a cardiac-related cause 
after undergoing neither intervention (P <0.0001).

We conclude that, despite coronary intervention, mortality rates remain high in OLT 
patients who have severe coronary artery disease. (Tex Heart Inst J 2015;42(5):438-42)

Patients scheduled for orthotopic liver transplantation (OLT) typically undergo 
an extensive preoperative cardiac evaluation.1-5 In cirrhotic patients, higher car-
diac outputs with reduced ventricular responses to stress and concomitant 

systemic vasodilation make the initial evaluation challenging.3,5,6 Variations in the 
accuracy of this evaluation have been noted, despite guidelines from the American 
College of Cardiology (ACC)2 and the American Association for the Study of Liver 
Disease (AASLD).1

 Patients with end-stage liver disease are at greater risk than the general population 
for coronary artery disease (CAD), and up to 25% of these patients might have sub-
clinical CAD.3,4 Investigators have questioned whether current practices are effective 
in diagnosing underlying CAD in OLT patients.7-13 The cardiac-cause mortality rate 
in patients with liver disease and CAD exceeds 40%.5,14 Therefore, it is important to 
understand appropriate preoperative evaluation and treatment of these patients.
 Existing guidelines help in preoperative evaluation of patients scheduled for OLT, 
but no study results guide practice in the presence of diagnosed CAD. We studied 
whether coronary interventions before OLT might yield a survival benefit after OLT.

Patients and Methods

We reviewed the electronic medical records of 2,010 patients who underwent OLT at 
our hospital from 2000 through 2010. The 51 patients who had undergone invasive 
coronary angiography were selected for the study and were classif ied to have mild 
CAD (<50% stenosis of a major coronary artery), moderate CAD (50%–70% ste-
nosis), or severe CAD (>70% stenosis).7-13

 We collected the patients’ demographic, clinical, and echocardiographic data, and 
determined whether coronary artery bypass grafting (CABG) or percutaneous coro-
nary intervention (PCI) with stent placement had been performed within 6 months 
before OLT. All preoperative data had been obtained within 30 days of the diagnos-
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tic coronary angiography. All the patients had under-
gone dobutamine stress echocardiography (DSE) before 
OLT.1,2 Patients had a positive tobacco history if there 
was documentation of prior use. Patients had renal dys-
function if their glomerular filtration rate was <60 mL/
min/1.73 m2. Our institutional review board approved 
the study.

Statistical Analysis
Comparisons were made on the basis of CAD signifi-
cance, and between patients who underwent PCI or 
CABG and those who did not. Survival and death data 
were collected from the medical records and Social Se-
curity Death Index. Cardiac death was defined as a pri-
mary acute coronary syndrome as the cause of death. 
Data were analyzed by means of analysis of variance, 
the c2 test, and the Student t test. A P value <0.05 was 

considered statistically significant. Statistical analyses 
were performed with use of JMP® 11 software (SAS 
Institute Inc.; Cary, NC).

Results

Table I shows the 51 patients’ baseline characteristics. 
Twenty-eight patients had mild CAD, 10 had moderate 
CAD, and 13 had severe CAD. Among all the demo-
graphic, laboratory, and echocardiographic values, the 
only significant difference between the groups was the 
presence of diabetes mellitus (P=0.004).
 The patients with mild CAD had a somewhat higher 
overall Model for End-stage Liver Disease score than 
did the patients with moderate or severe CAD (Table 
I). The most prevalent causes of end-stage liver disease 
in the cohort were hepatitis C and nonalcoholic ste-

TABLE I. Baseline Patient Characteristics before Liver Transplantation

  Coronary Artery Disease

       Variable Mild (n=28) Moderate (n=10) Severe (n=13) P Value*

Average age at 57.4 60.1 61.2 0.337 
transplantation (yr)

Sex — — — 0.227
    Male 17 (60.7) 9 (90) 8 (61.5) — 
    Female 11 (39.3) 1 (10) 5 (38.5) —

Diabetes mellitus 8 (28.6) 2 (20) 10 (76.9) 0.004

Hypertension 13 (46.4) 5 (50) 9 (69.2) 0.403

Hyperlipidemia 5 (17.9) 4 (40) 3 (23.1) 0.381

Tobacco use 6 (21.4) 4 (40) 7 (53.8) 0.112

Body mass index (kg/m2) 30.6 28.2 29.6 0.603

Laboratory analysis — — — —
    Hemoglobin (g/dL) 10.8 11.6 11.1 0.497 
    Creatinine (mg/dL) 1.4 1.0 1.9 0.188 
    Total bilirubin (mg/dL) 6.1 3.5 2.4 0.189 
    INR 1.7 1.6 1.5 0.68

MELD score 18.3 15.9 16.8 0.647

Echocardiographic data — — — —
  LV ejection fraction 0.64 0.62 0.66 0.612
  RV mean pressure (mmHg) 28.7 30.9 34.2 0.055
  LV size — — — 0.734
    Normal 27 (96.4) 9 (90) 12 (92.3) —
    Mild enlargement 1 (3.6) 1 (10) 1 (7.7) —
  RV size — — — 0.203
    Normal 28 (100) 10  (100) 12 (92.3) —
    Mild enlargement 0  0  1 (7.7) —
  Intrapulmonary shunt 10 (35.7) 2 (20) 3 (23.1) 0.561
  Wall-motion abnormalities 8 (28.6) 1 (10) 1 (7.7) 0.213

Dobutamine stress test — — — 0.773
    Normal 11 (39.3) 4 (40) 7 (53.8) — 
    Abnormal 12 (42.9) 4 (40) 4 (30.8) — 
    Inconclusive 5 (17.9) 2 (20) 2 (15.4) —
 
INR = international normalized ratio, LV = left ventricular; MELD = Model for End-stage Liver Disease; RV = right ventricular 
 

*Determined by means of analysis of variance 
 

Data are presented as number or as number and percentage. P <0.05 was considered statistically significant.
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atohepatitis (Table II). The differences in disease cause 
were not statistically significant (P=0.188).
 Five patients (38.5%) who had severe CAD died of 
all causes. This compared with the all-cause deaths of 
2 who had moderate CAD (20%) and 10 (35.7%) who 
had mild CAD (P=0.624) (Table III). Four of those 
5 in the severe-CAD group died of a cardiac cause, in 
comparison with no cardiac deaths in either of the other 
groups (P=0.001). Of those 4 cardiac deaths, 2 were of 
non-ST-segment-elevation myocardial infarctions with 
refractory cardiogenic shock, and 1 of new-onset de-
compensated heart failure. Another patient died during 
the same hospitalization as the transplantation. The 5th  
death in the severe-CAD group was attributed to septic 
shock. The average time from OLT to cardiac death 
was 1.25 years. On average, the patients who died of 
noncardiac causes lived less than one year after OLT.

 No difference in cardiac mortality rates was observed 
between PCI and CABG patients (P=0.312) (Fig. 1). 
Of the 10 patients who underwent either intervention, 
5 (50%) died of any cause, in comparison with 12 of 41 
patients (29.3%) who died after no cardiac intervention 
(P=0.172) (Table IV). Four of the 5 deaths were of car-
diac cause in the intervention group, versus no cardiac 
deaths in the no-intervention group (P <0.0001). 
 Of the 13 patients who had severe CAD, the 4 who 
underwent no intervention were alive upon post-OLT 
follow-up evaluation. In contrast, 5 (55.5%) of the 9 
patients who underwent an intervention died (Fig. 2).

Discussion

Our findings suggest that PCI or CABG before OLT 
does not necessarily impart a cardiovascular survival 

TABLE II. Comparison of Types of Liver Disease

  Coronary Artery Disease

     Primary Liver Disease* Mild (n=28) Moderate (n=10) Severe (n=13)

Alcohol-induced 3 (10.7) 4 (40) 4 (30.8)

Hepatitis B 2 (7.1) 1 (10) 0

Hepatitis C 5 (17.9) 2 (20) 4 (30.8)

Nonalcoholic steatohepatitis 5 (17.9) 0  2 (15.4)

Primary biliary cirrhosis 4 (14.3) 0  0

Unknown 5 (17.9) 1 (10) 2 (15.4)

Autoimmune 1 (3.6) 0  1 (7.7)

α1-antitrypsin deficiency 1 (3.6) 1 (10) 0

Primary sclerosing cholangitis 1 (3.6) 0  0

Schistosomiasis 1 (3.6) 0  0

Drug-induced 0  1 (10) 0
 
*Difference in cause between groups, P=0.188 
 

Data are presented as number and percentage. P <0.05 was considered statistically significant.

TABLE III. Patient Outcomes Based on Severity of Coronary Artery Disease

   Coronary Artery Disease

       Variable All Patients (N=51) Mild (n=28) Moderate (n=10) Severe (n=13) P Value

Outcome — — — — 0.624
  Alive 34 (66.7) 18 (64.3) 8 (80) 8 (61.5) — 
  Dead 17 (33.3) 10 (35.7) 2 (20) 5 (38.5) —

    Cardiac cause 4 (23.5) 0  0  4 (80) 0.001 
    Noncardiac cause 13 (76.5) 10 (100) 2 (100) 1 (20) — 
      Liver 2 (15.4) 1 (10) 1 (50) 0  — 
      Sepsis 5 (38.5) 4 (40) 1 (50) 1 (100) — 
      Other 6 (46.2) 5 (50) 0  0  —
 
Data are presented as number and percentage. P <0.05 was considered statistically significant.
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benef it. We found that the patients who underwent 
intervention before OLT were at high risk for cardiac-
cause death. All the patients who died of a cardiac cause 
had undergone PCI or CABG before OLT.
 As expected, the patients with severe CAD had a 
higher cardiac-related mortality rate than did the pa-
tients with mild or moderate CAD. Of note, 4 patients 
in the severe-CAD group who underwent intervention 
died of a cardiac cause, whereas all who did not undergo 
intervention survived. Although interventions help with 
cardiac perfusion and in avoiding myocardial ischemia, 
other adverse effects of CAD might not improve after 
intervention.
 We noted no differences in pre-OLT resting and 
stress echocardiographic results in the 3 CAD groups. 
The AASLD recommends that DSE be performed in 
patients who will undergo OLT, and the ACC recom-
mends against invasive testing; however, investigators 
in several cohort studies have noted that the sensitivity 
and specificity of DSE can be influenced by the hyper-
dynamic and vasodilatory states in such patients.1,2 In 
cirrhotic patients, DSE has poor sensitivity and specific-

ity.12,15 Additional studies will be crucial in determining 
the value and methodology of preoperative stress testing 
in this patient population.
 The overall survival rate in our study cohort of 66.7% 
is lower than our institution’s 3-year survival rate of 
87.5% and the national average of 81.5%.16 Our cohort 
probably had more severe comorbid conditions and 
more complications of the liver disease, so we conduct-
ed rigorous pre-OLT testing. Our institution does not 
mandate routine cardiac catheterization in all patients 
who undergo OLT; for consistency, we studied only 
the patients who had undergone this procedure, and 
we found that more than half had mild CAD. In addi-
tion, most had normal preoperative echocardiographic 
findings.
 Multiple study limitations were present. Relatively 
few of our institution’s patients routinely underwent 
pre-OLT coronary angiography, which limited the 
study’s population size and introduced possible selection 
bias. This cohort was probably more ill than is typical. 
The study was retrospective, and a randomized con-
trolled trial was not feasible. Patients with severe CAD 
might not have routinely undergone formal evaluation 
before OLT. In addition, patients undergoing revascu-
larization might not all undergo OLT, further limiting 
the population size.
 We conclude that, despite coronary interventions, 
mortality rates remain high in patients who have severe 
CAD before OLT. Multicenter studies are warranted to 
confirm our findings, and additional data comparing 
the extent of CAD and outcomes in this population 
would be relevant.
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Fig. 1  Graph compares mortality rate on the basis of coronary 
intervention. P <0.05 was considered statistically significant. 
 

CABG = coronary artery bypass grafting; PCI = percutaneous 
coronary intervention

Fig. 2  Graph compares the outcome of patients with severe 
coronary artery disease based on coronary intervention.

0

10

20

30

40

50

60

70

No Intervention

P <0.001

P=0.312

PCI CABG

D
ea

th
s 

(%
)

0

1

2

3

4

5

6

7

8

9

10

No Intervention

Pa
tie

nt
s 

(n
)

Intervention

Dead

Alive

n=4

n=5

n=4

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-01-05



Volume 42, Number 5, 2015442      Coronary Interventions before Liver Transplantation

  2. Fleisher LA, Beckman JA, Brown KA, Calkins H, Chaikof 
EL, Fleischmann KE, et al. 2009 ACCF/AHA focused up-
date on perioperative beta blockade incorporated into the 
ACC/AHA 2007 guidelines on perioperative cardiovascu-
lar evaluation and care for noncardiac surgery: a report of 
the American College of Cardiology Foundation/American 
Heart Association task force on practice guidelines. Circula-
tion 2009;120(21):e169-276.

  3. Mandell MS, Lindenfield J, Tsou MY, Zimmerman M. Car-
diac evaluation of liver transplant candidates. World J Gastro-
enterol 2008;14(22):3445-51.

  4. Raval Z, Harinstein ME, Skaro AI, Erdogan A, DeWolf AM, 
Shah SJ, et al. Cardiovascular risk assessment of the liver 
transplant candidate. J Am Coll Cardiol 2011;58(3):223-31.

  5. Snipelisky D, Donovan S, Levy M, Satyanarayana R, Shapiro 
B. Cardiac troponin elevation predicts mortality in patients 
undergoing orthotopic liver transplantation. J Transplant 
2013;2013:252838.

  6. Tiukinhoy-Laing S, Rossi JS, Bayram M, De Luca L, Gafoor 
S, Blei A, et al. Cardiac hemodynamic and coronary angio-
graphic characteristics of patients being evaluated for liver 
transplantation. Am J Cardiol 2006;98(2):178-81.

  7. Harinstein ME, Flaherty JD, Ansari AH, Robin J, David-
son CJ, Rossi JS, et al. Predictive value of dobutamine stress 
echocardiography for coronary artery disease detection in liver 
transplant candidates. Am J Transplant 2008;8(7):1523-8.

  8. Williams K, Lewis JF, Davis G, Geiser EA. Dobutamine 
stress echocardiography in patients undergoing liver trans-
plantation evaluation. Transplantation 2000;69(11):2354-6.

  9. Keeffe BG, Valantine H, Keeffe EB. Detection and treatment 
of coronary artery disease in liver transplant candidates. Liver 
Transpl 2001;7(9):755-61.

10. Sawada SG, Segar DS, Ryan T, Brown SE, Dohan AM, Wil-
liams R, et al. Echocardiographic detection of coronary artery 
disease during dobutamine infusion. Circulation 1991;83(5): 
1605-14.

11. Umphrey LG, Hurst RT, Eleid MF, Lee KS, Reuss CS, Hentz 
JG, et al. Preoperative dobutamine stress echocardiographic 
findings and subsequent short-term adverse cardiac events 
after orthotopic liver transplantation. Liver Transpl 2008;14 
(6):886-92.

12. Findlay JY, Keegan MT, Pellikka PP, Rosen CB, Plevak DJ. 
Preoperative dobutamine stress echocardiography, intraopera-
tive events, and intraoperative myocardial injury in liver trans-
plantation. Transplant Proc 2005;37(5):2209-13.

13. Donovan CL, Marcovitz PA, Punch JD, Bach DS, Brown KA, 
Lucey MR, Armstrong WF. Two-dimensional and dobuta-
mine stress echocardiography in the preoperative assessment 
of patients with end-stage liver disease prior to orthotopic liver 
transplantation. Transplantation 1996;61(8):1180-8.

14. Watt KD, Pedersen RA, Kremers WK, Heimbach JK, Charl-
ton MR. Evolution of causes and risk factors for mortality 
post-liver transplant: results of the NIDDK long-term follow-
up study. Am J Transplant 2010;10(6):1420-7.

15. Snipelisky D, Levy M, Shapiro B. Utility of dobutamine stress 
echocardiography as part of the pre-liver transplant evalua-
tion: an evaluation of its efficacy. Clin Cardiol 2014;37(8): 
468-72.

16. Mayo Foundation for Medical Education and Research. Liver 
Transplant, 2012 [Internet]. Available from: http://www.
mayoclinic.org/liver-transplant/liver-fl-survival-graph.html 
[revised 2015 Jun].

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-01-05


