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ABSTRACT

Introduction: Patients with end stage liver disease (ESLD) have a hyperdynamic state due to decreased systemic
vascular resistance and increased cardiac output. Preoperative evaluation with dobutamine stress echocardi-
ography (DSE) is used to risk-stratify patients prior to liver transplant. We sought to identify the impact of
inducible left ventricular outflow tract obstruction (LVOTO) on DSE on post-operative liver transplant outcomes.
Methods: Patients with ESLD who underwent liver transplant at Cleveland Clinic between January 2007 and
August 2016 were identified. Pre-operative DSE data, and post-operative intensive care unit (ICU) data were
extracted. Patients with inducible LVOTO were compared to those without LVOTO.

Resuits: Of the 515 patients identified who underwent DSE prior to liver transplant, 165 (30%) were female, and
95 (18%) had LVOTO. There were no major differences in baseline characteristics between the two groups. In the
LVOTO group, rest gradients were 10.8 + 3 mm Hg while peak gradients were 90 + 48.2 mm Hg. No significant
differences in ICU length of stay or duration of mechanical ventilation between both groups were noted. There
were 21 deaths at 30 days. There were 2 (2.1%) deaths in the LVOTO group, versus 19 (4.5%) deaths in the non
LVOTO group (p = 0.28). Higher Model for End Stage Liver Disease (MELD) scores predicted longer duration of
mechanical ventilation and ICU length of stay.

Conclusion: Inducible LVOTO on DSE does not adversely affect the short-term outcomes post liver transplant.
Presence of inducible LVOTO should not be the mere reason to deny liver transplant among patients with ESLD.

1. Introduction

not consistent with previous publications [9]. The clinical significance
of dobutamine induced LVOTO on perioperative outcomes and man-

More than 7000 orthotopic liver transplants (OLT) are performed
each year in the United States [1], and coronary artery disease (CAD) is a
significant cause of morbidity and mortality among patients undergoing
transplantation [2,3]. Preoperative cardiac evaluation is routinely per-
formed, and dobutamine stress echocardiography (DSE) is commonly
used to risk stratify patients [4].

Patients with advanced liver disease have unique hemodynamics,
characterized by reduced systemic vascular resistance and associated
increase in cardiac output [5-7]. This hyperdynamic state causes dy-
namic left ventricular outflow tract obstruction (LVOTO), particularly
with dobutamine infusion. Inducible LVOTO has been suggested as a
predictor of future cardiac symptoms [8]. However, those results were
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agement remains unclear.

In this study, we sought to evaluate the impact of dynamic LVOTO
among patients undergoing DSE as part of pre-operative evaluation for
OLT. We hypothesized that dynamic LVOTO would have little impact on
post-operative outcome given that it is mainly driven by vasodilation
related to advanced liver failure.

2. Materials and methods
2.1. Patient selection

We identified all patients at our institution, a quaternary-care
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referral center, with end stage liver disease who underwent DSE as part
of liver transplantation work up between January 2007 and August
2016. Exclusion criteria included liver transplant combined with any
other organ transplant (N = 41), baseline mean aortic gradient of 15
mm Hg or more (N = 6), complete cavity obliteration on stress (N = 25),
imaging not available for review, and patients with incomplete data
(Fig. 1). For our final analytical cohort (N = 515), baseline character-
istics including age, sex, height, weight, race, and comorbidities were
recorded. This study has been approved by the Institutional Review
Board (IRB) at Cleveland Clinic, OH. IRB approval number is: 16-631.
No informed consent was required.

2.2. Dobutamine stress echocardiography

DSE was performed according to universal protocol. After patient's
weight and height are obtained, the test began with infusion of dobut-
amine at 5 pg/kg/min, if there was resting wall motion abnormalities
and/or severe left ventricular dysfunction, otherwise the infusion was
initiated at 10 pg/kg/min. The dose was increased every 3 min until 40
pg/kg/min dose was achieved or 85% of maximum predicted heart rate
(MPHR) was reached. Test was terminated if the protocol was
completed, there was severe ischemia (severe angina, new wall motion
abnormality or >2 mm ST segment depression), intolerable side effects,
systolic blood pressure <100, or symptomatic hypotension, severe hy-
pertension, atrial fibrillation, or ventricular tachycardia/ventricular
fibrillation. If target heart rate was not achieved, handgrip maneuver
was done especially if patient was within 10 beats/min from target.
Atropine at a dose of 0.25 mg to 0.5 mg was added especially if patient
used beta blockers. Recovery images were obtained when heart rate is
<100-110 beats/min. If insufficient heart rate recovery occurred in 3-5
min, then esmolol or metoprolol was administered. For patients with
VVI pacing and normal left ventricular ejection fraction (LVEF), resting
images were obtained then the device was programmed to 85% MPHR
for 3 min. If no symptoms developed and wall motion remained normal,
then the device was reprogrammed to 100% MPHR. However, in pa-
tients with abnormal LVEF (EF < 35% at baseline), dobutamine was
initially infused at 10 pg/kg/min for 3 min, and then continued as for
VVI and normal EF. For patients with DDD pacing, if pacemaker
placement implantation indication was for complete heart block, then
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regular DSE protocol was obtained, if for SSS then same as VVI protocol.
All images were read by experienced cardiologist. Outflow tract velocity
was measured at peak DSE by continuous wave Doppler, and intra-
cavitary and outflow tract gradients were calculated using modified
Bernoulli equation.

2.3. Data and statistical analysis

Patients were divided into two groups, LVOTO (which included
outflow tract obstruction and increased intracavitary gradients, N = 95)
and non LVOTO group (N = 420). Baseline demographics, clinical
characteristics between both groups, post-operative data on intensive
care unit length of stay, duration of mechanical ventilation, duration of
pressor/inotrope support (norepinephrine, epinephrine, vasopressin,
dobutamine, dopamine, phenylephrine) were collected.

Continuous variables are summarized as mean = standard deviation,
or as equivalent 15th, 50th (median), and 85th percentiles; comparisons
were made using the Wilcoxon rank-sum test. Categorical data are
summarized using frequencies and percentages; comparisons were made
using the 2 test or Fisher's exact test when frequency was less than 5.

Variables with missing values of 30% or greater were not utilized in
multivariable analyses. For the remaining, we employed 5-fold multiple
imputation using a Markov Chain Monte Carlo technique (SAS PROC MI
and PROC MIANALYZE) [10].

To identify factors associated with LVOTO, a multivariable logistic
regression analysis was performed. Variable selection, with a p value
criterion for retention of variables in the model of 0.05, utilized boot-
strap bagging (bootstrap aggregation) with automated analysis of 1000
resampled datasets, followed by tabulating the frequency of occurrence
of both single factors and closely related clusters of factors [11]. A
parsimonious model was then constructed retaining factors that
occurred in 50% or more of the bootstrap models.

Having established a parsimonious model, we added other patient
variables, which might be related to unrecorded selection factors
(saturated model) regardless of their significance in the multivariable
model. A propensity score was calculated for each patient by solving the
saturated model for the probability of having LVOTO. This propensity
score was used in multivariable model adjustment.

For multivariable analyses of ICU length of stay and ventilation time,

Identification

Eligibility Assessment

Inclusion

All Cleveland Clinic liver transplant
database, including more than 1 organ
transplant, through database search
(N=2303)

|

Patients identified to have undergone
stress testing prior to transplant

N=610)

Excluded transplant patients without
preoperative stress testing (N= 1693)

[

[

Patients with only liver transplant,
including more than 1 liver
(N=569)

Excluded patients with more than 1
organ transplant (N=41)

Patients included in the final analysis

(N=515)

Excluded patients with:

= Baseline mean aortic gradient
of 15 mmHg or more.

= Complete cavity obliteration
on stress.

= Patients who underwent DSE
at another institution with
imaging not immediately
available for review.

= Patients with inconsistent or
incomplete data.

Fig. 1. Patient selection diagram with exclusion criteria.
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a linear regression (PROC REG) was used. Due to skewness, ICU was
transformed into an inverse scale while ventilation to a logarithmic
scale. LVOTO and its propensity score were forced into each model
regardless of being significant or not.

Simple descriptive statistics are used to summarize the patient
baseline characteristics, stress test and echocardiographic results. Cat-
egorical data are described using frequencies and percentages; com-
parisons are made using chi-squared test or Fisher's exact test when
frequency was less than 5. Continuous variables are presented as mean
+ standard deviation. Comparisons are made using Wilcoxon rank-sum
test. Multivariable logistic regression analysis was performed to identify
patient characteristics mostly associated with LVOTO. Variables
considered for this analysis included the following: age, sex, height,
weight, body mass index, race, anemia, arrhythmias, coronary artery
bypass surgery, coronary artery disease, myocardial infraction, chronic
kidney disease, congenital heart disease, diabetes, hyperlipidemia, hy-
pertension, obstructive sleep apnea, tobacco use, valvular disease,
alcoholic cirrhosis, alcoholic cirrhosis with hepatitis C, chronic hepatitis
B, chronic hepatitis C, non-alcoholic steatohepatitis, cryptogenic
cirrhosis, hepatocellular carcinoma, primary biliary cirrhosis, primary
sclerosing cholangitis, hemoglobin prior to stress test, Model for End
Stage Liver Disease (MELD) score, systolic and diastolic peak pressures,
resting pressures, peak heart rate, resting heart rate, ejection fraction,
left ventricular inner diameter during diastole & systole, posterior wall
thickness, right ventricular systolic pressure, cavity dilation, mitral
valve regurgitation, and tricuspid valve regurgitation. Linear regression
analysis was used to determine whether LVOTO has an impact on ICU
length of stay, and duration of mechanical ventilation. All analyses were
performed using SAS statistical software (SAS v9.2; SAS, Inc., Cary, NC).

3. Results
3.1. Patient demographics and baseline characteristics

A total of 2303 patients who underwent liver transplant between
January 2007, and August 2016 were identified. 1693 patients were
excluded because they did not undergo preoperative dobutamine stress
echo. 41 patients were excluded because they underwent more than 1
organ transplant. And finally, 54 patients were excluded because they
met 1 or more of the exclusion criteria (Fig. 1).

The study population consisted of 515 patients who underwent
preoperative dobutamine stress echo, prior to liver transplant. Mean age
of patients was 59 + 6.7 years, of which 32% (165) were females and
87% were Caucasian. Of all patients, 95 (18%) developed dynamic
LVOTO gradient during DSE. We did not observe any sex-based or race/
ethnicity-based. Baseline characteristics are shown in Table 1.

Logistic regression model showed that patients who developed
LVOTO were more frequently males (p = 0.005), had a diagnosis of
chronic hepatitis C (p = 0.003), had higher baseline ejection fraction (p
= 0.019), and smaller LV inner diameter-systole (p = 0.007). In LVOTO
group, chronic hepatitis C was the most common cause of transplant (N
= 25) (26%), followed by hepatocellular carcinoma (N = 24) (25%).
Details about the etiology of the End stage liver disease (ESLD) are
presented in Table 2.

Mean hemoglobin of patients with LVOTO was 11.5 + 2.5 g/dL,
versus 11.4 + 2.3 g/dL in non LVOTO group (p = 0.85). The percentage
of patients who achieved maximum predicted heart rate in the LVOTO
group was 85.5 + 6.5%, versus 84.8 + 10% in the non LVOTO group (p
= 0.57) Interventricular septum was significantly thicker in the LVOTO
group than in the non LVOTO (1.2 + 0.2 cm versus 1.14 + 0.2 cm p =
0.03). Baseline ejection fraction was significantly higher in patients with
LVOTO versus non LVOTO group (64.7 + 5.6 versus 61.8 + 5.8, p <
0.0001). No significant differences were found between the two groups
with regard to baseline systolic and diastolic blood pressures, peak
systolic and diastolic blood pressures, and peak heart rate (Table 3).
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Table 1
Baseline characteristics.
Characteristic Patients without Patients with )
LVOTO (%) LVOTO (%) value
Number 420 (82) 95 (18)
Age (years)” 59.5 + 6.9 58.8 + 6 0.39
Gender
Male 277 (66) 73 (77) 0.04
Female 143 (34) 22 (23)
Race
Caucasian 88% 81% 0.11
African-American 6.6% 11% 0.19
Other (Hispanic/Asian) 5.1% 7.5% 0.39
Coronary artery disease 57 (14) 10 (11) 0.40
History of myocardial 8 (2) 1) 0.57
infarction
History of CABG 5(1) 0 0.29
History of arrhythmias 25 (6) 2(2) 0.13
Hypertension 215 (51) 49 (52) 0.94
Obstructive sleep apnea 32(8) 7 (7) 0.94
Hyperlipidemia 120 (28) 25 (26) 0.68
Diabetes mellitus 135 (32) 33 (35) 0.61
Anemia 95 (23) 16 (17) 0.22
Chronic kidney disease 67 (16) 15 (16) 0.94
Tobacco abuse 258 (61) 64 (67) 0.29
MELD score” 23.7 £ 6.8 23.6 + 6.6 0.81

CABG: coronary artery bypass graft; MELD: Model for End Stage Liver Disease.
# Mean =+ standard deviation.

Table 2
Indications for transplant.

Causes of cirrhosis Patients without LVOTO  Patients with LVOTO
(%) (%)
Chronic hepatitis C 59 (14 25 (26)
Hepatocellular carcinoma 108 (26) 24 (25)
Alcoholic cirrhosis 50 (12) 12 (13)
Non-alcoholic steatohepatitis 76 (18) 1011
Alcoholic cirrhosis with 36 (9) 7(7)
hepatitis C
Primary sclerosing cholangitis 14 (3) 6 (7)
Chronic hepatitis B 3 (1) 33
Primary biliary cirrhosis 20 (4 2(2)
Cryptogenic cirrhosis 22 (5) 303
Other causes 32(8) 33
Table 3

Cardiac and dobutamine stress echocardiography parameters.

Cardiac and dobutamine stress Patients Patients with p

echocardiography results without LVOTO  LVOTO value

Hemoglobin at time of stress test 11.4 +£ 2.3 11.5+ 25 0.85
(mg/dL)

Baseline ejection fraction (%) 61.8 +5.8 64.7 £ 5.6 0.01

Interventricular septum (cm) 1.14 + 0.2 1.2+ 0.2 0.03

Achieved 85% of maximum 85.5 + 6.5 84.8 + 10 0.57
predicted heart rate (%)

Baseline systolic blood pressure 128 +21.3 131 +25.8 0.86
(mm Hg)

Peak systolic blood pressure (mm 125 + 26 119 + 26.7 0.08
Hg)

Baseline diastolic blood pressure 66.4 + 10.2 70.7 £ 9 0.10
(mm Hg)

Peak diastolic blood pressure (mm 61.1 £11.6 58.7 +£12.3 0.21
Hg)

Baseline heart rate (Beats/Min) 73.3 +12.5 72.1 +11.6 0.85

Peak heart rate (Beats/Min) 136 + 16 138 +12 0.10

Baseline outflow tract gradient (mm 10.8 £3
Hg)

Peak outflow tract gradient (mm 0 90 + 48.2
Hg)

Mean + standard deviation, LVOTO = left ventricular outflow tract obstruction.
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3.2. Length of ICU stay and mechanical ventilation

The median length of ICU stay was 2 days for both groups (15th and
85th percentile for LVOTO 1 and 7, for non LVOTO 1 and 6.6). Mean ICU
length of stay was 3.8 + 4.4 days in the LVOTO group, and 4.6 + 7.6
days in the non LVOTO group (p = 0.7).

The median duration of mechanical ventilation in the LVOTO group
was 22 h, compared to 18 h in the non LVOTO group (15th and 85th
percentile of 7.2 and 54; 6 and 60, respectively). Mean duration of
mechanical ventilation was 47.1 + 103 h for patients without LVOTO,
versus 32.1 + 46.3 h in patients with LVOTO (p = 0.8). One patient from
the LVOTO was on dobutamine for approximately 7 h following trans-
plant. The mean duration of norepinephrine use in LVOTO group was
16.8 + 15.3 h, versus 27.6 + 33.7 h in the non LVOTO group (p = 0.03).

In multivariable analysis, higher MELD score (p < 0.0001) was
associated with a longer ICU stay, and there was no significant associ-
ation between ICU length of stay and LVOTO (p < 0.8). Factors associ-
ated with longer duration on mechanical ventilation were higher MELD
score (p = 0.0005), and chronic kidney disease (p = 0.014), with no
statistically significant association between mechanical ventilation and
LVOTO (p = 0.6).

3.3. 30-day mortality

The total 30-day mortality for both groups was 21 patients. There
were 2 deaths (2.1%) in the LVOTO group, compared to 19 deaths
(4.5%) in the non-LVOTO group (p = 0.28) (Table 4).

4. Discussion

Our study suggests that in patients with end-stage liver disease un-
dergoing orthotopic liver transplant, left ventricular outflow tract
obstruction seen on pre-transplant dobutamine stress echo, does not
have a significant impact on operative outcomes, namely duration on
vasopressors, duration on mechanical ventilation, 30-day mortality, and
ICU length of stay. Interestingly, patients with LVOTO required signifi-
cantly less post-operative norepinephrine compared to patients without
LVOTO.

To our knowledge, this is the largest study to date to evaluate the
significance of inducible outflow tract obstruction in this subgroup of
patients. These findings are important given that significant LVOTO has
been a basis for denial of OLT at some centers [12], with only few
existing reports showing successful transplant in patients with signifi-
cant gradients [13].

The 2014 American College of Cardiology/American Heart Associ-
ation guidelines on preoperative cardiovascular evaluation and man-
agement of patients undergoing non cardiac surgery, suggests that
patients who are at elevated risk and have poor functional capacity
should undergo noninvasive pharmacologic stress testing [14]. This is
further supported by newer retrospective study evaluating the useful-
ness of dobutamine stress testing in OLT patients, which showed that a
DSE negative for ischemia reliably predicted a low cardiac event rate
post-transplant [15].

The prevalence of dynamic LVOTO during dobutamine stress test
was reported to be between 17% and 43% [16-18]. These dynamic
changes did not predict the presence of coronary artery disease
[9,18,19], nor were they dependent on the presence of hypertrophic
cardiomyopathy [18].

Patients with decompensated cirrhosis have decreased systemic
vascular resistance, with arterial vasodilation owing to increased levels
of Nitric Oxide, Carbon Monoxide and other mediators, as well as blood
volume expansion [7]. These patients also demonstrate increased level
of catecholamines triggered by baroreceptor response to low arterial
blood pressure [6]. These changes contribute to increased cardiac
output, and hyperdynamic circulation, which in turn may explain the
prevalence of dynamic outflow tract obstruction in this population.
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Table 4
Post-transplant outcomes.
Characteristic Patients without Patients with p
LVOTO LVOTO value
ICU length of stay (days) 4.6 +7.6 3.8+ 4.4 0.70
Duration of mechanical 47.1 £103 32.1 +£46.3 0.80
ventilation (h)
Norepinephrine use post- 27.6 + 33.7 16.8 +£15.3 0.03
transplant (h)
Vasopressin use post- 28.9 £ 32.5 21.1 £ 23.4 0.30
transplant (h)
Phenylephrine use post- 25.3 + 39.4
transplant (h)
30-day mortality 19 (4.5%) 2 (2.1%) 0.28

Mean + standard deviation.

Following successful liver transplant, liver function normalizes, leading
to a decrease in cardiac output, and increase in systemic vascular
resistance and arterial blood pressure [6].

Maraj et al. [17], investigated the prevalence and clinical signifi-
cance of LVOTO, and found that 46 patients out of 106 (43%) under-
going DSE before OLT developed an outflow tract gradient, which was
significantly associated with intraoperative hypotension, but did not
affect mortality. Our study demonstrated that only 18% of patients
developed LVOTO, which is closer to the prevalence seen in the general
population, and was less than previously reported by Maraj et al.

The major limitation of the present study relates to its retrospective
design, and to the number of patients who were not able to achieve
maximum predicted heart rate. One explanation for the high number of
patients not achieving maximum predicted heart rate in both groups
might be related to chronotropic incompetence seen in advanced
cirrhosis “cirrhotic cardiomyopathy” [20], as well as the potential high
number of patients receiving non selective beta blockers for variceal
bleeding prophylaxis, despite patients being instructed to hold beta
blockers prior to stress testing. Another limitation is the inclusion of all
patients with LVOTO irrespective of the degree of obstruction, with the
concern that patients with less obstruction may be at lower risk for
adverse outcomes. That said however, only few patients in the LVOTO
had a peak gradient A <36 mm Hg, which is the value used in previous
studies to describe significant LVOTO.

Finally, our study showed that LVOTO is not associated with
increased short-term adverse outcomes, however, it is unknown whether
LVOTO impacts long term survival and other cardiac and non-cardiac
outcomes following liver transplant. Also, what is unknown, is
whether the results of this study could be generalizable to other pop-
ulations, given that all patients included were undergoing transplant
evaluation and were deemed appropriate candidates to receive ortho-
topic liver transplant.

5. Conclusion

Left ventricular outflow tract obstruction induced by dobutamine
stress testing in patients with ESLD is common, but is not associated with
adverse perioperative events, including prolonged mechanical ventila-

tion, ICU length of stay, and 30-day mortality. And therefore, LVOT
obstruction should not be the basis for denial of liver transplantation.
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