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A single-center study: Predictive accuracy of Positron 
Emission Tomography (PET) stress testing for ischemic 

cardiac complications in liver transplant patients

Okechukwu Mgbemena, Cornelius Njoku, Isaac Sears,  
Chidi Okoroafor, Joel Wedd

ABSTRACT

Aims: Posttransplant cardiac complications are 
well-known adverse events constituting a major 
cause of morbidity and mortality in patients 
undergoing liver transplantation regardless of 
etiology of chronic liver disease. To determine 
the predictive accuracy of Positron Emission 
Tomography (PET) stress testing for postoperative 
ischemic cardiac events in patients undergoing 
liver transplantation. Methods: We evaluated 
60-day postoperative cardiac complications for 
patients who had undergone PET stress testing for 
preoperative evaluation. Methods: Patients with 
end-stage liver disease (ESLD) who underwent 
liver transplantation between 2009 and 2015 
were reviewed. Patient demographics, risk 
factors, and short-term postoperative cardiac 
complications were collected and statistical 
analysis was performed. Results: A total of 31 
patients (25 [81%] men and 6 (19%) women) 
with a mean age at transplantation of 55.3 year 
(range 38–67) were identified. Cardiac risk 
factors included diabetes 15 (48%), hypertension 
16 (52%), and current/former tobacco use 
17 (55%). Contributing factors to ESLD were 
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chronic HCV infection 17 (55%), alcohol abuse 9 
(29%), NASH 9 (29%); PSC/cholangiocarcinoma 
1 (3%), sarcoidosis 1 (3%), and cryptogenic 1 
(3%). Calculated MELD score for patients with 
preoperative labs ranged from 10.1 to 29.2. All 31 
patients had a PET stress testing for preoperative 
assessment. 29 (93%) had a negative stress test. 
Post liver transplantation, only 1 (3%) patient 
had third degree atrioventricular (AV) blocks 
attributable to ischemia at 60-day follow-up. 
Other notable postoperative complications 
include hypotension 5 (16%), acute renal failure 
5 (16%), acute pulmonary edema 2 (6%) and 
congestive heart failure 4 (13%). Conclusion: PET 
stress testing has a high negative predictive value 
for postoperative acute coronary syndromes in 
liver transplant patients (Negative Predictive 
Value (NPV) = 96.5%, 95% confidence interval 
(CI) 96.22–96.88%).
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INTRODUCTION

Ischemic cardiac and neurologic complications remain 
a major concern for patients undergoing surgery with 
general anesthesia [1]. Few of ischemic complications 
include cerebrovascular accidents, myocardial infarction, 
heart blocks, and postoperative atrial fibrillation [2]. 
Risk factors that predispose to increased postoperative 
ischemic complications include: prior history of ischemic 
heart disease, prior history of stroke or vasculopathy, 
high-risk surgery – including vascular and intraperitoneal 
surgery; history of congestive heart failure, insulin-
dependent diabetes, and presence of chronic kidney 
disease (Creatinine > 2) [3]. Some guidelines and/or risk 
stratification calculators are available for preoperative 
screening for cardiovascular events including the 
Revised Cardiac Risk Index (RCRI) for preoperative 
risk assessment [4]. Other similar risk calculators 
include American College of Surgeons National Surgical 
Quality Improvement Program (NSQIP) risk prediction 
calculators and Bilimoria ACS surgical risk calculator.

In general, patient at low cardiovascular risk and/or 
undergoing low-risk, non-cardiac surgery may not need 
further preoperative screening or evaluation. Patients at 
high risk of complications, unknown or poor functional 
capacity (<4 METs) and/or undergoing high-risk surgery 
usually proceed to preoperative screening for Coronary 
Artery Disease (CAD) and subsequent revascularization 
and/or medical optimization prior to surgery if indicated 
[3, 5]. There are several modalities available to screening 
for CAD including exercise stress testing, Dobutamine 
stress testing, PET stress testing, Echo-stress testing, 
Nuclear Medicine stress testing, and Left Heart 
catheterization (LHC).

Of all the various modalities for CAD screening, 
exercise stress testing remains the preferred, firstline 
modality for CAD screening due to low cost and provision 
of additional information including patient’s exercise 
capacity [6]. Although exercise stress testing is firstline, 
patients may have contraindication to exercise stress 
testing e.g., presence of Left Bundle Branch Block (LBBB); 
baseline ST segment depression/elevation; recent 
myocardial infarction; severe aortic stenosis; uncontrolled 
arrhythmia and other baseline electrocardiogram 
(EKG) abnormalities that may interfere with accurate 
interpretation of stress EKG [7]. Other factors that limit 
use of exercise stress testing include patient’s inability 
to exercise on treadmill or chronotropic incompetence 
or heart block that may prevent patient from reaching 
acceptable heart rate – 85% of age-adjusted maximum 
heart rate [8]. 

When patients are unable to undergo exercise stress 
testing due to any of the above contraindications, other 
modalities including dobutamine stress testing, PET 
stress testing, echo-stress testing, nuclear medicine 
stress testing, or LHC can be used for CAD screening. Of 
all the available modalities, LHC is the most invasive but 
has benefit of al concomitant PerCutaneous Intervention 

(PCI) with balloon angioplasty, Bare Metal Stenting 
(BMS), or Drug-Eluting stenting (DES). Beyond the 
firstline, the exercise stress testing, the modality of 
choice varies across practices depending of availability at 
institution, expertise, cost, risk of contrast nephropathy 
or allergy, and patient preference.

The predictive accuracy of a screening modality refers 
to how accurate a screening tool is in determining if indeed 
there will be any ischemic postoperative complications. 
Two of the few ways to determine the predictive accuracy 
of a test include a Positive Predictive Value (PPV) and a 
Negative Predictive Value (NPV). A PPV is the probability 
that patients with a positive screening test truly have the 
disease while a NPV is the probability that patients with a 
negative screening test truly do not have the disease.

We evaluate, in this single-center study, the predictive 
accuracy of PET stress testing for ischemic cardiac 
complications in patients undergoing allogeneic liver 
transplantation due to end-stage liver disease (ESLD). 
Patients who had a negative PET stress testing for 
preoperative screening were monitored for up to 90 days 
postoperatively for any ischemic complications.

MATERIALS AND METHODS

A list of 94 patients who had allogeneic liver 
transplantation in a major tertiary center from 2009 to 
2015 was reviewed to evaluate the predictive accuracy 
of PET stress testing for postoperative ischemic 
complications. Patients had varying preoperative 
cardiac screening including left heart catheterization, 
non-invasive treadmill stress test, nuclear medicine 
stress testing, PET stress testing, and dobutamine stress 
testing. To evaluate postoperative accuracy of PET 
stress testing, patients who had PET stress for their 
preoperative evaluation were selected from the entire 
pool of patients. A comprehensive chart review was done 
and pertinent data, e.g., preoperative cardiovascular risk 
factors and lab values were documented. Patients were 
also followed postoperatively and any adverse events 
attributable to cardiac ischemia were documented. 
Ischemic events monitored postoperatively include 
ST-elevation Myocardial Infarction (STEMI); Non-ST-
elevation myocardial infarction (NSTEMI); new bundle 
branch block or similar ischemic complications. As shown 
in Figure 1, a total of 94 patients were evaluated for liver 
transplantation within the timeframe noted above. Out 
of 94 patients evaluated, only 43 patients went on to 
have liver transplantation during that time interval. Out 
of the 43 liver transplant patients, 31 patients had PET 
stress testing as their modality of choice for preoperative 
cardiac screening. Medical records of those 31 patients 
were reviewed and documented evidence of postoperative 
ischemic events including STEMI, NSTEMI, or heart 
block were recorded. Chart review was done at 30-day, 
60-day, and 90-day postoperatively. In addition, patient 
demographics including age at evaluation, sex, cardiac 
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risk factors such as tobacco use, hypertension, diabetes, 
etiology of end stage liver disease, preoperative lab values 
including creatinine, total bilirubin, INR, and other 
pertinent data were recorded. These data are then used 
to determine predictive accuracy of PET stress testing 
for postoperative cardiac complications in this patient 
population. Data obtained were analyzed statistically.

RESULTS

In this tertiary institution, 94 patients with end- 
stage liver disease (ESLD) were evaluated for liver 
transplantation between 2009 and 2015. 51 patients 
did not have liver transplantation for various reasons 
including but not limited to poor social support, lack of 
availability of matched donor liver, lack of insurance, 
and medication non-adherence. 43 patients had liver 
transplantation. Out of 43 patients who had a liver 
transplant, 31 patients had a PET stress test preoperatively 
for cardiac ischemic evaluation as shown in Figure 1.

Preoperative and postoperative data for all 31 
transplanted patients who had PET stress testing were 
analyzed. Table 1 shows baseline characteristics. A total 
of 31 patients: 25 (81%) men and 6 (19%) women with a 
mean age at transplantation of 55.3 y (range 38–67) were 
identified. Cardiac risk factors include diabetes 15 (48%), 
hypertension 16 (52%), and current/former tobacco use 
17 (55%). Contributing factors to ESLD are chronic HCV 
infection 17 (55%), alcohol abuse 9 (29%), Non-alcoholic 
Steato-Hepatitis (NASH) 9 (29%); Primary Sclerosing 
Cholangitis (PSC)/Cholangiocarcinoma 1 (3%), 
sarcoidosis 1 (3%), and cryptogenic 1 (3%). Calculated 
MELD score for patients with preoperative labs ranged 
from 10.1 to 29.2.

All 31 patients had a PET stress testing for preoperative 
assessment. 29 (93%) had a negative stress test. Post liver 
transplantation, only 1 (3%) patient had third degree AV 
blocks attributable to ischemia at 60-day follow-up. Other 
notable postoperative complications include hypotension 
5 (16%), acute renal failure 5 (16%), acute pulmonary 
edema 2 (6%), and congestive heart failure 4 (13%). 

Using the data above, the NPV of PET stress testing 
was calculated. PET stress testing has a high NPV for 
postoperative acute coronary syndromes in this patient 
cohort, NPV of 96.5% (95% CI 96.22–96.88%).

DISCUSSION

Perioperative ischemic cardiovascular and 
cerebrovascular accidents remain major contributor to 
morbidity and mortality following both cardiac and non-
cardiac surgery. Patient at low cardiovascular risk and/
or undergoing low-risk, non-cardiac surgery may not 
need further preoperative screening. Patients at high-risk 
of complications, unknown or poor functional capacity 
(<4 METs) and/or undergoing high-risk surgery usually 
proceed to preoperative screening for CAD and subsequent 
revascularization and/or medical optimization prior to 
surgery if indicated. For patients needing preoperative 
ischemic screening, there are several exercise, imaging, 
and invasive modalities available for CAD screening. 
These modalities include but not limited to Dobutamine 
stress testing, PET stress testing, echo-stress testing, 
Nuclear Medicine stress testing, and LHC. The test 
of choice often depends on availability at institution, 
expertise, cost, risk of contrast nephropathy or allergy, 
and patient preference.

We evaluate the predictive accuracy of PET stress 
testing in liver transplant patients at a major tertiary 
institution. We focus on monitoring patients for any 
cardiac postoperative complications that is attributable 
to ischemia in a cohort who had a negative PET stress 
testing preoperatively. Our endpoints include occurence 
of STEMI, NSTEMI, infrahisian bundle block attributable 
to ischemia; and other manifestation of perioperative 
cardiac ischemia.

Of the 31 patients who had preoperative PET stress 
testing, 29 (93%) had a negative stress test while 2 (7%) 
had a positive test and went on to have pre-operative 
LHC. All 31 patients went on to have allogeneic liver 
transplantation. Post liver transplantation, only 1 (3%) out 
of 29 patients with preoperative negative PET stress test 
had ischemic complications within 90 days after surgery. 
The patient had third degree AV blocks attributable Figure 1: Selection of patient population for analysis.

Table 1: Baseline characteristics of liver transplant patients 

Demographics

Mean Age 55.3 y (range 38–67)

% Male 25 (81%)

Cardiac risk factors

Hypertension 16 (52%)

Diabetes 15 (48%)

Tobacco use 17 (55%)

ESLD etiology/contributing factor

HCV infection 17 (55%)

Alcohol abuse 9 (29%)

NASH 9 (19%)

PSC/cholangiocarcinoma 1 (3%)

Sarcoidosis 1 (3%)

Cryptogenic 1 (3%)
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to ischemia at 60-day follow-up. Other notable, 
non-ischemic postoperative complications include 
hypotension 5 (16%), acute renal failure 5 (16%), acute 
pulmonary edema 2 (6%), and congestive heart failure 4 
(13%). Within this cohort, we found that PET stress testing 
has a high negative predictive value for postoperative 
acute coronary syndromes in liver transplant patients 
(NPV = 96.5%, 95% CI 96.22–96.88%), so therefore 
is an acceptable screening modality when there is a 
contraindication to or patient is unable to tolerate exercise 
stress testing. In review of literature [3–5], we found that 
non-invasive stress testing has a high negative predictive 
value and are very sensitive for screening of coronary 
artery disease in preoperative patients but we did not find 
literature specifically evaluating the negative predictive 
value, sensitivity and/or specificity of PET stress testing 
in preoperative patients. It is very noteworthy that our 
analysis is focused on limited patient population and is 
also limited by relatively small number of patients.

CONCLUSION

For patients at high-risk of complications, unknown or 
poor functional capacity (<4 METs) and/or undergoing 
high-risk surgery, exercise stress testing remains firstline 
for screening but when patients are unable to undergo 
exercise stress testing or have contraindications to 
exercise stress testing, PET stress testing is an acceptable 
alternative. PET stress testing has a high negative 
predictive value for postoperative acute coronary 
syndromes in liver transplant patients (NPV = 96.5%, 
95% CI 96.22–96.88%).
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