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Background: Dobutamine stress echocardiography (DSE) is an effective tool for periopera-
tive cardiac risk stratification in patients without end-stage liver disease (ESLD). However, 
DSE is frequently used in cardiac risk stratification in patients with ESLD despite its 
documented lower sensitivity. We investigated whether abnormal hemodynamic response 
to DSE could improve the sensitivity of the test in this patient population.
Methods: A retrospective chart review of all patients who underwent DSE prior to ortho-
topic liver transplantation (OLT) at the University of Wisconsin Hospital from 2009 to 2018 
was performed to determine if hypotension, hypertension, and/or inability to achieve 85% 
maximum predicted heart rate (MPHR) during the test were associated with major adverse 
cardiac events (MACE). Data were analyzed with conventional bivariate tests and logistic 
regression.
Results: A total of 412 patients were included in analysis with 68.5% male and 31.5% 
female with a median age at transplant of 57.4 (51.3–61.9). Etiologies for liver disease 
included 43% alcoholic, 18% non-alcoholic fatty liver disease, 14% autoimmune, 10% 
hepatitis C, and 7.5% for both malignancy and other causes. The incidence of MACE was 
27.3%. There was no correlation between a hypotensive response (p = 0.52) or an inability to 
obtain 85% MPHR (p = 0.28) and MACE. There was a trend toward significance with 
hypertensive response (p = 0.06) including a significant correlation between increasing 
systolic blood pressure and the incidence of MACE (p = 0.01).
Conclusion: Hypotensive response or inability to achieve 85% MPHR on DSE does not 
appear to predict MACE in this patient population, though hypertensive response may. 
Future prospective studies will be needed to further investigate these findings.
Keywords: post-operative, cardiac, hemodynamic, morbidity, allocation

Introduction
While associated with high morbidity and mortality, end-stage liver disease (ESLD) 
can be completely cured with orthotopic liver transplantation (OLT). OLT improves 
survival and reduces the burden of symptoms, but there is a significant risk of 
adverse cardiovascular events associated with the operation. Nationally, the inci-
dence of ESLD is steadily increasing and the number of patients on the liver 
transplant waiting list well exceeds the number of organs available.1 Given the 
scarcity of this resource, improving recipient outcomes and graft survival is crucial.

It was historically believed that coronary artery disease (CAD) incidence was 
lower in patients with ESLD than the general population. However, recent studies 
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have estimated a prevalence of 27% compared to 2.5% in 
the healthy population which may be in part due to the 
increasing frequency of non-alcoholic steatohepatitis as an 
indication for OLT.2,3 Also, patients with documented 
CAD who undergo OLT have worse outcomes than 
patients without CAD. One study estimated a 1-year mor-
tality at 50% in patients with CAD.4 Another study found 
22% of patients with preoperative CAD experienced death 
from cardiovascular causes within 5 years of 
transplantation.5 Thus, screening and detection of CAD 
before determining OLT candidacy is of utmost 
importance.

However, the physiological changes associated with 
ESLD lead to challenges when screening for CAD. The 
chronic vasodilatory state associated with ESLD dramati-
cally decreases the sensitivity of myocardial perfusion 
scintigraphy.6 Additionally, many patients are decondi-
tioned and frail – with muscle wasting and large volumes 
of ascites or symptoms of hepatic encephalopathy – pre-
venting exercise stress testing as an option for patients 
who may be physically unable to walk on a treadmill. 
Thus, dobutamine stress echocardiography (DSE) is often 
used as an initial screening test.7

Despite the frequent use of DSE, it is known to have 
a reduced predictive value and accuracy in the ESLD 
population. A meta-analysis found that DSE had 
a sensitivity of 0.20 and positive predictive value of 
0.33 for predicting perioperative major adverse cardiac 
events (MACE) in ESLD patients.8 In an attempt to 
increase the sensitivity and specificity of DSE, others 
have investigated the predictive value of abnormal 
hemodynamic response to DSE. One study in non- 
ESLD patients found that hypotension during DSE was 
predictive of perioperative cardiac mortality, myocardial 
infarction, and ischemia.9 Conversely, another study in 
non-ESLD patients found that a hypotensive response 
during DSE was not associated with increased risk but 
that a hypertensive response increased the likelihood of 
a positive DSE and CAD.10 Lastly, it is unknown if 
patients who do not obtain 85% maximum predicted 
heart rate (MPHR) on DSE, potentially indicating chron-
otropic incompetence, are at increased risk of MACE.

With this in mind, we aimed to determine if abnormal 
hemodynamic response, specifically hypertension, hypo-
tension, or the inability to achieve MPHR during DSE 
was associated with perioperative or postoperative 
MACE in patients undergoing OLT to aid in decision- 

making and risk stratification when determining OLT 
candidacy.

Materials and Methods
Patient Population
All adult patients who underwent preoperative DSE prior 
to OLT at the University of Wisconsin Hospital from 
January 2009 to May 2018 were eligible for inclusion in 
this study. Patients younger than 18 years of age were 
excluded. The patient population information was identi-
fied from the University of Wisconsin Transplant Surgery 
Department’s Solid Organ Transplant Database.

Identification of Patients with 
Pre-Operative DSE
Per our institution’s pre-transplant screening protocol, 
patients deemed to be of intermediate risk for coronary 
artery disease undergo non-invasive stress testing, usually 
DSE, whereas low risk patients do not undergo ischemic 
evaluation and high-risk patients proceed directly with 
coronary angiography. The electronic medical record for 
each patient undergoing OLT during the specified time 
frame was reviewed in HealthLink, the Epic Systems 
electronic medical record used at our institution (Epic 
Systems Corporation, Verona, WI). Presence of a legible 
DSE report in HealthLink with a date of service prior to 
the patient’s OLT date of service was necessary for study 
inclusion. The DSE reports from outside institutions that 
were scanned into the medical record were included if they 
fit the above criteria.

Data Collection
Data were obtained from electronic medical records and 
the University of Wisconsin Transplant Surgery 
Department’s Solid Organ Transplant Database. Along 
with identifying patients with preoperative DSE, addi-
tional patient data were extracted including: institution 
that completed the DSE, etiology of ESLD, patient age, 
baseline heart rate, baseline blood pressure, and baseline 
ECG, peak heart rate, MPHR, calculated 85% 
MPHR, percent MPHR achieved, blood pressure at peak 
stress, presence of arrhythmias during stress, presence of 
ST-T wave changes during stress, and ischemic response to 
stress.

Presence of MACE was determined from diagnosis 
codes from the patient’s hospital discharge summary that 
had been previously uploaded into the University of 
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Wisconsin Transplant Surgery Department’s Solid Organ 
Transplant Database. MACE diagnosis codes were 
grouped into four categories: cardiac arrest, myocardial 
infarction, heart failure and arrhythmia.

Data Analysis
The data were analyzed based on the three categories of 
a hypertensive response, hypotensive response, and an 
inability to obtain 85% MPHR. The MPHR was deter-
mined based on the patient’s age at the time of the DSE 
and calculated using the predefined equation 
MPHR ¼ 220 � age. Previously published definitions of 
hypotensive and hypertensive responses to DSE were uti-
lized. A hypotensive response was defined as a decrease in 
systolic blood pressure of ≥20 mmHg from the peak pres-
sure during the infusion protocol or an absolute systolic 
blood pressure ≤80 mmHg.9 A hypertensive response was 
defined as a systolic blood pressure of ≥180 mmHg.10 All 
statistical analyses were completed in R (version 3.6.3). 
The number and percentage of patients with each DSE 
response were reported. An odd ratio (MACE/No 
MACE) was calculated for each DSE response category. 
A two-tailed Fisher Exact test was utilized to compare the 
groups of heart rate responses. Fisher Exact testing was 
also used to compare blood pressure changes during DSE 
as well, with the normotensive response serving as the 
reference to hypo/hypertensive response. Results were 
reported as p-values. Lastly, a two-tailed logistic regres-
sion was used to model the incidence of any MACE event. 
Regression inputs included those that failed to reach 85% 
of MPHR, hypotensive response, and hypertensive 
response following DSE. An additional logistic regression 
model was completed with MACE as a function of max-
imum systolic blood pressure (for all systolic blood pres-
sures above 120 mmHg). Results reported as odds ratio 
(MACE/No MACE), 95% confidence interval, and 
p-value. A priori significance level was set to p < 0.05.

Ethical Considerations and IRB Approval
This study was approved by the University of Wisconsin 
institutional review board and the University of Wisconsin 
Hospital Transplant Surgery Department’s Publication and 
Clinical Research Services Committee (study number 
2014-1070). Patient consent was not required for record 
review in accordance with the University of Wisconsin 
institutional review board policy. After collection, all 
data was deidentified and stored in a password-protected, 
secure database in accordance with the Declaration of 

Helsinki. All organs were donated voluntarily with docu-
mented informed consent in accordance with the 
Declaration of Istanbul.

Results
There were 412 patients included in this study with base-
line characteristics described in Table 1. The etiology of 
liver disease in this population included 43% from alco-
holic liver disease, 18% from non-alcoholic fatty liver 
disease, 14% from autoimmune liver disease, 10% from 
hepatitis C, 7.5% from malignancy, and 7.5% from other 
causes not previously mentioned (Table 1). Of the 412 
total patients, 108 experienced at least one MACE during 
their post-transplant hospital admission with 29.6% 
experiencing a myocardial infarction, 59.3% arrhythmia, 
18.5% cardiac arrest, and 19.4% heart failure. Of the 
59.3% who experienced arrhythmia, 77.6% experienced 
atrial fibrillation alone, 7.5% experienced atrial fibrillation 
plus another arrhythmia, and 14.9% experienced an 
arrhythmia other than atrial fibrillation. The number of 

Table 1 Demographic Data

Demographic Factors N (%) or 
Median (IQR)

Male 282 (68.5%)

Female 130 (31.5%)

Median BMI at OLT, kg/m2; median (Q1–Q3) 28.7 (24.8–33.4)

Median age at DSE, years; median (Q1–Q3) 57.0 (51.0–62.0)

Median age at OLT, years; median (Q1–Q3) 57.4 (51.3–61.9)

Median time between DSE and OLT, days; 

median

138.7

Median clinical MELD score at transplant 29.0

Etiology of Liver Disease

Alcoholic Liver Disease 176 (43%)

Non-Alcoholic Fatty Liver Disease 76 (18%)

Autoimmune Liver Disease 58 (14%)

Hepatitis C Liver Disease 40 (10%)

Malignancy Liver Disease 31 (7.5%)

Other Liver Disease 31 (7.5%)

Note: Descriptive statistics of the demographic data of patients undergoing DSE 
prior to OLT. 
Abbreviations: IQR, interquartile range; BMI, body mass index; OLT, orthotopic 
liver transplantation; DSE, dobutamine stress echocardiogram; Q1-Q3, quartile 1 to 
quartile 3; MELD, model for end stage liver disease.
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MACE experienced by each patient varied, with 75.9% 
experiencing one event, 22.3% experiencing two events 
and 1.8% experiencing three events (Table 1).

Within this study, the responses to preoperative DSE in 
ESLD patients included 18.5% (n = 73) with a hypotensive 
response, 4.3% (n = 17) with a hypertensive response, and 
29.6% (n = 117) who failed to reach 85% MPHR 
(Figure 1). The odds ratio (MACE/No MACE) was <1 
for all three response categories. Additionally, Fisher 
Exact testing demonstrated non-significance for all three 
responses (<85% MPHR: p = 0.39; hypotensive: p = 0.46; 
hypertensive: p = 0.09; Table 2). A multivariable analysis 
predicting MACE from the three risk categories of hypo-
tension, hypertension, and 85% MPHR demonstrated 
insufficient evidence for direct correlation (p = 0.52, p = 
0.06, p = 0.28, respectively). On additional logistic 

modeling, when MACE was considered as a function of 
maximum systolic blood pressure, there was a statistically 
significant association between increasing blood pressure 
and the incidence of MACE (p = 0.01). With this model, 
the odds ratio for a 10 mmHg increase in systolic blood 
pressure was 1.19, 95% CI [1.04 to 1.37]. This relationship 
is equivalent to a doubled odds of MACE at 160mmHg 
systolic blood pressure relative to normal (4 × 10 mmHg 
above 120 mmHg, 1.194 = 2.0; Table 3).

Discussion
Major adverse cardiac events occurred frequently in our 
study population with approximately 1 in 4 patients 
experiencing MACE during their hospital stay for OLT. 
This rate is in line with previously published rates11–13 

despite the patients in our study having what was inter-
preted to be a normal or low-risk DSE preoperatively. This 
is in part explained by the highly morbid nature of the 
surgical procedure itself with its associated hemodynamic 
instability and often large volume blood loss and thus, 
inherent cardiac risk. Additionally, this can be explained 
by previously published data indicating DSE has lower 
sensitivity in the ESLD population compared to the non- 
ESLD population.8

In one such study, 633 patients underwent coronary 
angiography within six months of DSE. The authors con-
cluded the sensitivity of a positive DSE for determining 
CAD was 24% and specificity was 90%.14 A second study 
found the positive predictive value of a positive DSE for 
predicting MACE post-operatively in ESLD patients 
undergoing OLT was 6.7% and with a negative predictive 
value of 83.5%. When considering the later study, only 
13% of patients had a positive DSE which is not an 

Figure 1 Hemodynamic responses to DSE. 
Notes: Hemodynamic responses to dobutamine stress echo (DSE) represented via 
pie graph to include hypotensive response, hypertensive response, normotensive 
response, and inability to achieve 85% maximum predictive heart rate (MPHR).

Table 2 Univariate Analysis

No MACE MACE Odds Ratio p-value
N = 287 N = 108

≥ 85% MPHR, N (%) 198 (71.2) 80 (28.8) 0.40 p = 0.39

< 85% MPHR, N (%) 89 (76.1) 28 (23.9) 0.31

Normotensive response to DSE, N (%) 227 (74.4) 78 (25.6) 0.34 REF

Hypotensive response to DSE, N (%) 51 (69.9) 22 (30.1) 0.43 p = 0.46

Hypertensive response to DSE, N (%) 9 (52.9) 8 (47.1) 0.89 p = 0.09

Notes: For each category of DSE response, the number and percentage of MACE events were reported. The odds ratio (MACE/No MACE) was calculated. A Fisher Exact 
test was utilized to compare the two heart rate response categories as well as the three blood pressure responses (normotensive response used as the reference). Results 
were reported as p-values. 
Abbreviations: MACE, major adverse cardiac events; MPHR, maximum predicted heart rate; DSE, dobutamine stress echocardiogram.
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isolated occurrence.15 Additionally, this information high-
lights the high-risk nature of liver transplantation which 
can sometimes be overlooked by practitioners not inti-
mately involved in liver transplantation. Despite patients 
undergoing cardiac evaluation preoperatively, there is an 
inherent cardiac risk with the procedure itself. While pre-
operative cardiac testing can improve identification of 
those at risk, it will not completely eliminate the risk.

Interestingly, in our study, there was no correlation 
between hypotension or the inability to achieve 85% 
MPHR on DSE and MACE rates in our patient population. 
While it has been shown in non-ESLD populations that 
a DSE indicating chronotropic incompetence or, more 
broadly, the inability of the heart to respond and augment 
appropriately in the face of major stress, increased MACE 
rates.9 It is unclear why there was no such association 
found in our study. It is plausible that the low systemic 
vascular resistance and high cardiac output state associated 
with ESLD increases the rates of hypotension and inability 
to achieve MPHR on DSE but does not, in fact, increase 
the rate of MACE. Additionally, this may also be 
explained by beta-blocker therapy. As evidence mounts 
showing improved outcomes in patients with ESLD with 
initiation of beta-blocker therapy16,17 more patients are 
likely taking oral beta-blockers prior to undergoing their 
pre-listing cardiac testing. It would seem plausible that 
a patient taking a beta-blocker would be more likely to 
have a hypotensive response or inability to achieve 85% 
MPHR. However, given the retrospective nature of our 
study, it is not possible to determine if patients that were 
on beta-blockers had them held prior to DSE, posing 
a significant limitation to this study. Beta-blocker therapy 
may explain hypotension or inability to achieve MPHR on 
DSE but no increased risk of MACE compared to patients 
who were not hypotensive and who achieved 85% MPHR.

While hypotension or inability to achieve 85% MPHR 
were not associated with increased risk of MACE, there 

was a trend toward significance in patients with a truly 
hypertensive response on DSE (SBP > 180 mmHg) being 
more likely to experience MACE. More specifically, for 
systolic blood pressures starting at 120mmHg, there is 
a two-fold increase in incidence of MACE for every addi-
tional 40mmHg increase during stress. This finding mir-
rors previously published findings in non-ESLD patients.10 

Average MELD score was lower in the hypertensive group 
compared to the average MELD score of patients who did 
not have a hypertensive response (25.1, 26.2, respectively) 
though not statistically significant due to small sample 
size. This group’s lower MELD scores may explain why 
this patient population behaves more similarly to non- 
ESLD patients. These results should be interpreted with 
caution due to the small sample size, and therefore, the 
clinical significance of a hypertensive response to DSE can 
be further explored.

This study certainly has limitations with one such 
being the retrospective study design. Additionally, diag-
nosis codes from discharge summaries may be missing 
or incomplete, particularly in patients with post- 
operative complications leading to long hospitalizations. 
To ensure this was not a significant bias, 20 charts with 
no MACE-related diagnosis codes were randomly 
selected and thoroughly evaluated. In these 20 charts, 
there was no evidence of myocardial infarction, heart 
failure, arrhythmia, or cardiac arrest during surgery or at 
any point during their post-operative stay. Additionally, 
our calculated MACE rates were similar to previously 
published studies adding to validity of our data. Of 
these MACE incidents, all arrhythmia events occurred 
during the hospitalization. Unfortunately, it is unknown 
how many of these events required hospital discharge 
follow-up or persisted in the long-term, post-transplant 
course. It should also be noted that atrial fibrillation was 
the most common arrhythmia reported and made up 
77.6% of arrhythmia diagnosis codes. As atrial fibrilla-
tion is not classically a marker for ischemia this may 
have limited our findings. Lastly, the DSEs included in 
the study came from multiple institutions with variable 
reliability in data reporting. For example, not all reports 
included whether or not atropine was administered dur-
ing the test or if beta-blockers were held prior to exam-
ination. However, this does add generalizability to our 
study since in our regular evaluation of liver transplant 
candidates, we are frequently asked to utilize and inter-
pret DSEs from institutions outside of our own.

Table 3 Multivariable Analysis

Response to DSE Odds Ratio [95% CI] p-value

<85% MPHR 0.78 [0.47, 1.3] p = 0.33

Hypotensive 1.3 [0.71, 2.2] p = 0.41

Hypertensive 2.6 [0.93, 6.9] p = 0.07

Note: Logistic regression modeling incidence of any MACE event in relation to 
three DSE responses: failed to reach 85% of MPHR, hypotensive, and hypertensive. 
Abbreviations: DSE, dobutamine stress echocardiogram; MPHR, maximum pre-
dicted heart rate.
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Conclusion
Candidacy for liver transplantation is determined by evalua-
tion of the entirety of the patient which includes cardiovas-
cular risk stratification—oftentimes determined by the results 
of a pre-listing DSE. Despite the well-published lower sensi-
tivity of DSE in this patient population, it is oftentimes the 
solitary testing modality used to evaluate the patient for 
perioperative risk of ischemia. Our study emphasizes that 
what is read as a normal or low-risk DSE does not insulate 
the patient from perioperative cardiac complications. Patients 
with a hypertensive response may benefit from additional, 
more invasive, risk stratification as they may be more likely 
to experience MACE peri- or post-operatively. Further inves-
tigation including prospective studies with larger cohorts 
would be needed confirm or refute these findings.

Abbreviations
BMI, body mass index; CAD, coronary artery disease; 
DSE, dobutamine stress echocardiogram/echocardiogra-
phy; ESLD, end-stage liver disease; MACE, major adverse 
cardiac event; MELD, model for end-stage liver disease; 
MET, measure of exercise tolerance; MPHR, maximum 
predicted heart rate; OLT, orthotopic liver transplant.
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