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Among patients with end stage liver disease

(ESLD), liver transplantation (LT) is not only guided by

clinical need, but also by suitable candidacy to ensure

acceptable survival. LT is a high-risk surgical procedure,

and the presence of coronary artery disease (CAD) has

been associated with high mortality. As such, preoper-

ative cardiovascular evaluation and cardiovascular

testing is considered a clinical standard in most patients

awaiting LT. Due to a limited number of donors with an

increasing need for LT, there is an epidemiological shift

wherein transplant recipients are now ‘older’, which

translates into an increasing prevalence of CAD among

them. However, patients with ESLD may have an

overall lower burden of traditional CAD-risk factors.

These patients often do not have hypertension, and the

impaired production of lipids by the liver may reduce

serum cholesterol levels as well.1,2 In addition, as

opposed to renal transplant patients, the presence of

diabetes mellitus (DM) in ESLD patients is significantly

lower.3 Despite differences in cardiovascular risk factors

when compared to patients receiving other solid organ

transplants, small studies have reported a high preva-

lence of CAD, and as such, up to a 3rd of those awaiting

LT may have some evidence of CAD.1 In addition, those

with nonalcoholic steatohepatitis (NASH) have a higher

prevalence of CAD, when compared to those with

alcoholic liver disease.4 Although the American Asso-

ciation for the Study on Liver Diseases (AASLD) and

the American Society of Transplantation collectively

recommend routine cardiovascular risk stratification in

all patients prior to LT,2 the diagnostic and prognostic

yields of such an evaluation are not well established.

In this issue of the Journal, Duvall et al summarized

their 10-year experience of cardiovascular risk stratifi-

cation using SPECT MPI, in patients awaiting LT.5 The

authors evaluated clinical and SPECT MPI data from

34,551 patients who underwent stress MPI between

2004 and 2014. Of these, 2500 patients were evaluated

pre-LT. When compared to the rest of the population

undergoing SPECT MPI, pre-LT patients were younger,

had a lower burden of traditional of CAD-risk factors

and a lower prevalence of prior CAD. However, due to

their overall poor health associated with ESLD, over

90% of the pre-LT patients underwent pharmacologic

stress testing compared to 49% of patients who were

evaluated for other clinical indications. The authors

described several key findings that are highlighted as

follows:

1. Among pre-LT patients, an abnormal SPECT MPI

was only noted in 7.8%, and this was much lower

(5.9%) among those without prior CAD.

2. A greater burden of CAD-risk factors (C 3 vs.\ 2)

was associated with greater odds of an abnormal

SPECT MPI on univariable regression analysis;

however, increasing age was the only independent

predictor of an abnormal MPI.

3. Among pre-LT patients without known CAD, but

with an abnormal SPECT MPI (n = 142), 45%

(n = 64) underwent invasive coronary angiography
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(ICA) which showed obstructive CAD to be present

in only 25 (39% of 64 patients).

4. A minority of the pre-LT patients (n = 271) under-

went repeat testing, of which 92% were normal. The

mean interval between repeat tests was 27 months.

5. Of all the stress MPI studies performed in pre-LT

patients, approximately 84% were stress-first MPI

(80% were normal) with the need for repeat rest

imaging in only 4% of those undergoing stress-first

MPI.

The authors should be commended for providing a

detailed descriptive analysis of the use of SPECT MPI in

the largest cohort till date of pre-LT patients. Analysis of

clinical and imaging data from this large cohort of pre-

LT patients suggests a low yield of routine stress MPI

for pre-LT risk stratification, with a limited role of

repeat testing. Preselection of patients based on age and

multiple CAD-risk factors is likely to provide both

clinical and cost effectiveness, so is the use of stress-first

imaging. However, this report by Duvall et al does have

some limitations that restrict the generalizability of their

results. In their study, an abnormal SPECT MPI is

suboptimally defined as the presence of either of

myocardial infarction or ischemia. This definition clouds

the determination of the rationale of repeat testing

among patients in this cohort. Furthermore, a low left

ventricular ejection fraction (LVEF) and abnormal

regional wall motion were excluded from the criteria for

an abnormal SPECT MPI. This is particularly important,

as a reduced LVEF is a predictor of cardiac mortality,

which is the rationale for routine testing and repeat

testing in pre-LT patients. This exclusion of low LVEF

from their definition of an abnormal SPECT MPI could

be the reason for a high false-positive rate (‘abnormal’

SPECT MPI and nonobstructive CAD) among patients

who underwent ICA. In this study, among patients with

no known CAD and an abnormal MPI, 64 patients were

referred for ICA, while only 25 (39%) had evidence of

obstructive CAD. It is possible that this could be due to

artifacts secondary to splenomegaly and ascites in these

patients, and referral based on incorporation of LVEF

and regional wall motion assessment could have

improved the specificity. The authors reported per-

forming stress-first SPECT MPI in the majority of their

patients and this is truly remarkable. However, they do

not elaborate on their criteria for selection of patients for

stress-first imaging. It is conceivable that in a laboratory

with access to high-resolution cadmium-zinc-telluride

(CZT) SPECT cameras, stress-first imaging can be

employed in almost everyone without a prior history of

CAD. However, this may not be true for imaging with

standard Anger cameras, where a careful preselection of

patients would be required to ensure that rest imaging

could be avoided in the majority. Overall, this study by

Duvall et al compliments the results of prior smaller

studies that have suggested a relative low risk of CAD in

ESLD patients. Still questions remain as to whom to

test, how to test, and how often.

Currently, there is no consensus regarding cardio-

vascular testing in pre-LT patients, which is likely due to

the heterogeneity of the published data and how CAD is

defined. Contrary to the perfusion data presented by

Duvall et al,5 small studies of anatomical imaging have

reported a higher prevalence of CAD. In a study of 85

low-CAD-risk patients with ESLD, Kemmer et al

reported a prevalence of prognostically significant

coronary artery calcium score (CAC) of[ 400 to be

present in 19 (22%) with a prevalence of obstructive

CAD on ICA to be 26%.6 In another study of 50 inter-

mediate-to-high CAD-risk patients, severe obstructive

CAD (C 70% luminal stenosis) was noted on coronary

computed tomography angiography (CCTA) in 20%.7

Given the disparage data, and the scarce and extremely

valuable commodity—the donor liver, routine testing for

CAD in pre-LT patients is likely to continue. In addi-

tion, consensus is lacking regarding the methodology of

testing for CAD in pre-LT patients. While AASLD

practice guideline recommends dobutamine stress

echocardiography (DSE) in all adult patients undergoing

LT evaluation,2 a consensus statement from cardiovas-

cular societies recommends a more measured approach,

with testing only among those with multiple CAD-risk

factors, although no preferred modality is specified.3 A

pragmatic approach could be to rule out CAD by CCTA

(with or without CAC) among low-risk patients and

avoid repeat testing in these patients based on an

established long warranty period in the setting of a

negative test.8 Performance of CCTA may be limited by

the presence of concomitant renal failure in some

patients. A minority of these low-risk patients who may

have anatomical CAD, or those with contraindications to

CCTA or those with intermediate-to-high CAD risk may

undergo functional testing, with the consideration of

stress-first or stress-only imaging when MPI is being

performed, especially with CZT systems. Repeat testing

should be reserved for those with an initial abnormal test

(to follow medical therapy or revascularization) or those

who develop new symptoms while awaiting LT. Lastly,

while DSE has been reported to be an effective

screening test in pre-LT patients, many may not achieve

target heart rate due to active beta-blocker therapy for

portal hypertension. The high frequency of chronotropic

incompetence noted in these patients likely results in a

poor positive predictive value of DSE.9,10 Vasodilator

stress MPI can be readily performed in these patients, as

reported by Duvall et al, although it could be limited by

resting hypotension. In addition, patients with ESLD
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have circulatory dysfunction characterized by arterial

vasodilatation and the effectiveness of a vasodilator

stress in them is uncertain.11,12 Among non-ESLD

patients undergoing dipyridamole stress Rubidium-82

PET, a splenic switch-off phenomenon has been repor-

ted, wherein a visually reduced splenic tracer uptake has

been identified to be a physiologic response to

vasodilator stress.13 This finding has been complimented

by a cardiac MRI-based perfusion study, that reported a

lack of splenic switch-off with adenosine stress to be

associated with a greater number of false-negative stress

studies.14 These reports suggest that a failure of splenic

switch-off could be an indicator of inadequate pharma-

cologic stress. While this phenomenon has not been

specifically studied in ESLD patients, it may be of value

to further evaluate splenic switch-off in ESLD patients

to determine the adequacy of vasodilator stress among

these patients who inherently have a physiological state

of resting systemic vasodilatation.
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