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According to recent data from the United Network

for Organ Sharing (UNOS), there are 12,719 patients

with end stage liver disease (ESLD) awaiting orthotopic

liver transplant (OLT) in the US.
1

The number of ESLD

patients who await liver transplant has been rising in

recent years. Given the limited number of donors,

optimal selection of candidates with acceptable cardio-

vascular risk is a crucial step to ensure the most

favorable results. The ideal screening method to predict

cardiovascular outcomes in patients who are considered

for OLT continues to be a subject of debate.
2

Thus far,

data evaluating the utility of non-invasive pre-transplant

testing to detect coronary artery disease in terms of

diagnostic yield and improved outcomes is conflicting.

In the past, ESLD patients were believed to have a lower

CAD risk than the general population due to lower

cholesterol levels, blood pressure and peripheral vascu-

lar resistance.
3

However, recent data have shown an

increasing prevalence of CAD in this population which

has been attributed to chronic inflammatory state,

increased prevalence of diabetes mellitus, improving

survival and higher smoking prevalence associated with

some etiologies of ESLD.
4

, 5 Despite the paucity of

conclusive data supporting pre-transplant ischemic

evaluation in asymptomatic patients, most societal

guidelines currently recommend some type of physio-

logic testing such as stress echocardiography or

myocardial perfusion imaging (MPI) in these

population.
6

, 7

In this issue of the Journal, Moody et al. evaluated

the incremental prognostic value of traditional cardio-

vascular risk factors, functional capacity and SPECT-

MPI on major cardiovascular adverse events in ESLD

patients who were candidates for OLT.
8

The authors

evaluated 404 patients who were considered for OLT

and had any of the following risk factors: inability to

perform[ 4 METS by history, insulin-dependent dia-

betes mellitus, serum creatinine[ 1.72 mg/dL, history

of CAD (defined as prior MI, PCI or CABG),

stable angina, cerebrovascular disease or peripheral

vascular disease. All patients underwent SPECT-MPI

and those without known history of CAD underwent

coronary artery calcium score (CACS). 244 patients

were excluded from the primary analysis as they did not

proceed with OLT and 2 patients were excluded due to

early revascularization. The 158 remaining subjects

were followed for a mean duration of 5.4 years for the

outcomes of cardiac death, all-cause death and MACE

(composite of cardiac death, non-fatal MI, malignant

arrhythmia, ischemic stroke or hospitalization for con-

gestive heart failure). The authors determined that

abnormal perfusion as defined by SSS C 4 was preva-

lent in this high-risk population (20%) and was

associated with an increased risk of CV death with a

hazard ratio of 4.2 (95% CI 1.4-12.27 p = 0.019). Fur-

thermore, subjects with abnormal SPECT-MPI and who

were unable to exercise C 4 METS experienced the

highest rate of CV and all cause death. The authors

concluded that SPECT-MPI provides independent and

incremental prognostic value over traditional cardio-

vascular risk factors and functional capacity in OLT

candidates. The study findings suggest that it is rea-

sonable to continue risk stratifying symptomatic and

high risk asymptomatic OLT candidates with a non-in-

vasive assessment that combines exercise capacity when

feasible and SPECT-MPI. The authors should be com-

mended for addressing a complex issue using a large
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cohort with long-term follow up. Some important points

require further analysis.

A recent report by Duvall et al. summarized the 10-

year experience of a large teaching hospital and a

transplant referral center in relation to the use of

SPECT-MPI as part of the cardiovascular risk assess-

ment of pre liver transplant patients.
9

The study reported

a low prevalence of abnormal SPECT-MPI (7.3%) and

even lower rate of obstructive CAD on invasive coro-

nary angiography. These finding contrast those by

Moody et al. in which the prevalence of abnormal MPI

is significantly higher (20%). The authors attribute this

finding to a higher proportion or males, smokers and

patients with diabetes mellitus in the cohort. Another

contributing factor may be the impact of the stressing

modality. Although exercise is generally the preferred

stressing method to identify underlying myocardial

ischemia, ESLD patients are frequently unable to

achieve an adequate workload via exercise due to

advanced illness. The underlying state of maximal

vasodilation associated with ESLD has been considered,

at least theoretically, a potential limitation to the ability

of vasodilator stress to generate a significant vasodila-

tory response beyond the baseline state, raising concerns

about its diagnostic and prognostic value. Moody et al.

reported that approximately half of the patients (49%)

were able to complete the exercise stress protocol as

compared to only 8.6% in the report by Duvall et al. No

specific analysis evaluating the prognostic value of an

abnormal SPECT-MPI after vasodilator stress is repor-

ted. Hence, it remains unclear whether vasodilator stress

SPECT-MPI may account for the differences in preva-

lence of abnormal perfusion and whether it provides the

same prognostic value as exercise stress SPECT-MPI for

OLT candidates.

The parameters used by the authors to define high

risk differ somewhat from the parameters used by the

AHA/ACC consensus statement on evaluation and

management among kidney and liver transplant candi-

dates which defines high risk as the presence of C 3 of

the following: diabetes mellitus, prior cardiovascular

disease, left ventricular hypertrophy, age[ 60, smok-

ing, hypertension and dyslipidemia.
6

, 10 Although the

parameters used by the authors have been established as

cardiovascular risk factors, this difference in definitions

limits the general applicability of the study results.

Coronary artery calcium score and cardiac CT

angiography have emerged in the last decades as feasi-

ble and effective modalities to identify coronary artery

disease in different subgroups. Previous reports have

indicated that only CACS C 400 are associated with

obstructive CAD as defined by C 50% stenosis in C 1

coronary artery.
11

Furthermore, OLT candidates with a

CACS of zero have a very low probability of adverse

CV events.
12

In the study cohort, most patients without

known history of CAD had a CACS between zero and

mild (70%) and among those, the majority (90%) had

normal perfusion on SPECT-MPI. Moreover, although 4

subjects (10%) with minimal CACS (1-10 Agatston

units) were reported to have abnormal SPECT, only one

patient had an adverse event over the 5 year follow up

period. These findings suggest that CACS ± CCTA,

when feasible, may be a useful tool to exclude CAD in a

large proportion of OLT candidates and more impor-

tantly, it may obviate the need for additional

surveillance ischemic evaluation.

In conclusion, CAD appears to be more prevalent in

OLT candidates than previously believed and pre-oper-

ative cardiac assessment has an important role in

predicting long term outcomes. Symptomatic patients

and high-risk asymptomatic patients stand to obtain the

greatest benefit from this approach. Most reports on this

topic are limited by small sample sizes, retrospective,

single center design. It remains unclear whether revas-

cularization in this patient population translates into

improved outcomes. Future research focusing on mul-

ticenter, prospective data collection, perhaps creating a

collaborative database between multiple large transplant

centers focusing on the impact of the use of vasodilators

as stress agents, outcomes after revascularization and the

complementary value of emerging modalities such as

CACS and CCTA, is needed to better guide future

diagnostic and therapeutic interventions in this complex

population.
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