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ABSTRACT
Individuals waiting for a renal transplant experience excessive cardiovascular mortality, which is not fully
explained by the prevalence of ischemic heart disease in this population. Overt heart failure is known to
increase the mortality of patients with ESRD, but the impact of lesser degrees of ventricular systolic
dysfunction is unknown. For examination of the association between left ventricular ejection fraction
(LVEF) and mortality of renal transplant candidates, the records of 2718 patients evaluated for trans-
plantation at one institution were reviewed. During 6355 patient-years (median 27 mo) of follow-up, 681
deaths occurred. Patients with systolic dysfunction (LVEF �0.40) had significantly lower survival than
those with higher systolic function (median 49 � 3.1 versus 72 � 4.0 mo; P � 0.001) but had similar
survival to patients with ischemia (48 � 2.5 mo). Multivariate modeling showed that those with systolic
dysfunction were nearly twice as likely to die as those with normal systolic function, adjusted for risk
factors including diabetes, left ventricular hypertrophy, and ischemia (adjusted hazard ratio 1.7; 95%
confidence interval 1.43 to 2.07). In addition, a graded, reverse association between LVEF and mortality
was identified. In conclusion, systolic dysfunction is strongly associated with mortality, in a graded
manner, in renal transplant candidates.
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Cardiovascular mortality is increased in chronic
kidney disease (CKD).1 CKD has been proposed as
an independent risk factor for cardiac mortality,2 a
phenomenon particularly evident among dialysis
patients.3 Reports on the mechanisms of cardiac
death thus far have drawn associations between
CKD and outcomes of atherosclerotic heart disease.
Notwithstanding the high prevalence of coronary
artery disease in the dialysis population,4 ischemic
events would not account for most of the cardiac
deaths reported.5 An alternative explanation for the
high mortality on the renal transplant waiting list is
needed. Overt heart failure (HF) is associated with
high mortality rates in dialysis6 and posttransplan-
tation populations.7 HF is commonly described as
either diastolic or systolic ventricular dysfunction
(SD), the latter been gauged by the left ventricular
ejection fraction (LVEF). In the general population,

all-cause and cardiac mortality risk increases with
declining LVEF.8 Whether lesser degrees of SD,
which are often asymptomatic, exert similar impact
on mortality in patients who have CKD and are
awaiting transplantation is unknown. Further-
more, despite the association between ischemia and
SD, previous reports have not differentiated their
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specific roles to the premature cardiac mortality in the CKD
population.

Renal transplant candidates constitute an ideal population to
study cardiac disease and mortality because (1) they are most often at
stage 4 or 5 CKD at the time of evaluation, (2) the prevalence of
cardiovascular disease is markedly increased, (3) follow-up is near
completewhilepatientsareonthewaitinglist,and(4)mortalitywhile
on the waiting list is increased. Furthermore, the transplant evalua-
tionprocess is fairly standardizedacrosscentersandfocusedoniden-
tifying cardiovascular disease. Most common, noninvasive tech-
niquesareused, includingcardiacsingle-photonemissioncomputed
tomography (SPECT), which identifies coronary artery disease by
describing myocardial perfusion defects,9 a procedure widely used
andvalidated intheCKDpopulation.10 Morerecently,gated-SPECT
imaginghasallowedsimultaneousmeasurementofLVEFandperfu-
sion. This study describes the role of LVEF as an independent risk
factor for all-cause and cardiac-related mortality in a population
awaiting renal transplantation.

RESULTS

Between January 1, 1997, and June 30, 2004, 5305 individuals
were evaluated for kidney transplantation at our institution.
We excluded 76 recipients of previous nonrenal allografts and
557 individuals with previous diagnosis of HF. In addition, 458
patients were not considered transplant candidates and never
listed. Of the remaining 4214 patients, 2718 (64.5%) fulfilled
the American Society of Transplantation guidelines criteria for
cardiac imaging and had stress-SPECT imaging completed and

comprise the final study cohort. Of these, 446 patients had also
undergone two-dimensional echocardiogram (2DE). Demo-
graphic data are depicted in Table 1. When compared with
those with normal LVEF, the SD group included more men,
smokers, left ventricular hypertrophy (LVH), perfusion ab-
normalities, and longer exposure to dialysis. In contrast, pa-
tients with normal LVEF were older, had lower serum albumin
and creatinine levels, and had higher body mass index (BMI).

During 6355 patient-years of follow-up, 681 (25%) patients
died and 813 (30%) patients received a transplant. The median
follow-up for the entire cohort was 27 mo (range 0.3 to 95.8 mo).
Death was due to a cardiac event in 43% of the known causes of
death. Patients with normal LVEF survived substantially longer
on the waiting list than did those in the SD group (73 � 4.3 versus
44 � 3.1 mo; P � 0.001). Further categorization of the SD group
by LVEF disclosed a stepwise relationship between degrees of SD
and mortality (Figure 1A), which was also shown when cardiovas-
cular death was the end point (Figure 2). The proportion of pa-
tients removed from the waiting list within the first 2 yr as a result
of transplantation was similar between the SD (17%) and control
subjects with normal LVEF (23%).

Univariate analysis of the stratified cohort disclosed a differ-
ence in longevity, with median waiting list survival for SD patients
of 49 � 3.1 mo, significantly lower than 72 � 4.0 mo for control
subjects (P � 0.001). Four-year mortality was 54.8% in the SD
group. Patients with SD but no evidence of coronary artery disease
fared no better than patients in the ischemia group, whose median
survival was 48 � 2.5 mo (P � 0.8; Figure 1B). By excluding the
613 patients with ischemia, a stepwise increase in all-cause mor-
tality was documented with reduced LVEF (reference LVEF 51 to
60%; n � 800): Crude hazard ratio (HR) 2.9 (95% confidence

Table 1. Demographic data according to left ventricular systolic function

Parameter
SDa

(n � 442)
Normal ejection fraction

(n � 2276)
Overall

(n � 2718)

Diabetes (%) 67 65 66
Hypertension (%) 78 76 76
Black race (%) 56 51 52
Male gender (%) 75b 57 59
Age (yr; mean � SD) 50.0 � 9.8c 51.0 � 10.9 51.0 � 10.7
Low socioeconomic status (%) 24 23 24
Body mass index (kg/m2; mean � SD) 28.0 � 5.1c 29.0 � 5.4 28.0 � 5.3
Tobacco smoking (%) 49b 39 41
Dialysis exposure (%) 87b 79 80
Dialysis (mo; mean � SD) 20.0 � 25.7b 15.0 � 22.9 16.0 � 23.5
Previous renal transplant (%) 8 7 7
Anemia (%) 35 35 35
Left ventricular hypertrophy (%) 54c 40 44
Perfusion abnormalities on SPECT (%) 39b 17 22
Serum Albumin (mg/dl; mean � SD) 3.5 � 0.4c,d 3.4 � 0.5 3.4 � 0.5
Serum Creatinine (mg/dl; mean � SD) 9.1 � 7.3b 8.1 � 4.3 3.4 � 0.5
LVEF by SPECT 32.0 � 6.4b 57.0 � 8.9 53.0 � 12.5
aLVEF �40%.
bP � 0.001 between SD and normal EF.
cP � 0.05 between SD and normal EF.
dSerum creatinine conversion factor (from mg/dl to � mol/L): 88.4.
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interval [CI] 1.96 to 4.27) for LVEF �30% (n � 60), 1.5 (1.09 to
2.09) for LVEF 31 to 40% (n�153), 1.3 (1.05 to 1.69) for LVEF 41
to 50% (n � 436), and 0.9 (0.68 to 1.12) for LVEF �60% (n �
656). The same pattern was seen with cardiac mortality: Crude
HR 6.4 (4.15 to 10.01) for LVEF �30%, 3.5 (2.26 to 5.33) for
LVEF 31 to 40%, 1.8 (1.16 to 2.67) for LVEF 41 to 50%, and 0.8
(0.51 to 1.37) for LVEF �60%.

After accounting for the presence of ischemia and all
other risk factors, the adjusted HR for SD was 1.7 (95% CI
1.43 to 2.07), an independent association from diabetes,
LVH, and abnormal perfusion (Table 2). A stepwise rela-
tionship is suggested by the presence of a graded-reverse
association between LVEF and mortality (Figure 3). This
finding was further confirmed by entering LVEF into the
models as a continuous variable (adjusted HR 0.975; 95% CI
0.968 to 0.981; P � 0.001; in other words, for each percent
increment in LVEF, the adjusted mortality risk decreased by
2.5%). Further analysis using cardiac death as the outcome
of interest showed similar results: adjusted HR for SD 2.9
(95% CI 2.12 to 4.03). The models including the interaction
term “ischemia � SD” resulted in adjusted HR not different
from the main-effect models. The models built across strata
of risk factors showed internal consistency because adjusted
HR were similar across strata (dialysis and nondialysis, gen-
der, race, age categories, and ischemia).

2DE was performed for 446 (16.4%)
of the 2718 patients with SPECT data.
There was a significant correlation be-
tween the LVEF measurements by
SPECT and 2DE (r � 0.74, P � 0.001).
The multivariable analysis confirmed the
association between SD (LVEF �40%; n �
91) by 2DE and mortality (adjusted HR
1.8; 95% CI 1.23 to 2.60) and cardiac mor-
tality (adjusted HR 2.2; 95% CI 1.29 to
3.91).

DISCUSSION

Although the prevalence of cardiovascu-
lar disease is markedly increased in the
CKD population, a closer analysis of the
mortality data suggests that ischemic
events are not the predominant cause of
death in this population, and other
mechanisms may be operative.5 Overt
HF in the setting of ESRD portends a dis-
mal outlook with a 3-yr mortality of 50%
after diagnosis6 and 80% after hospital-
ization for HF.11 In a population-based
study, the reported all-cause mortality at
4 yr was 9.8% for individuals with LVEF
�40%.12 Little is known about mortality
of patients with advanced-stage CKD
and milder degrees of SD or regarding

the relative importance of ischemic and nonischemic causes.
Unlike previous reports, this analysis focused on asymptom-
atic individuals without previous diagnoses of HF: The sole
reason for testing was to establish transplantation candidacy.
This approach allowed us to examine the importance of lesser
degrees of SD, adding a “dose-response” dimension that best
described the continuum of exposure and avoiding arbitrary
and potentially biased cutoff points for LVEF. This is the first
work attempting to dissect the role of an ischemic substrate in
SD, by using stratified analysis, adjustments via multivariable
modeling, and the analysis of two-way interactions. Finally, we
used a single standardized technique widely used clinically
(SPECT) with validation by another method (2DE), which al-
lows for easy reproducibility of our protocol.

The presence of a relationship between LVEF and mor-
tality in our population was not unexpected; however, the
magnitude of such association was not anticipated, because
we described an almost six-fold increase in mortality for
transplant candidates (54.8% 4-yr all-cause mortality for
individuals with LVEF �40%) when compared with the
general population with similar degree of SD.12 These find-
ings offer clinically important observations for the care of
patients with advanced-stages CKD. First, it provides an
alternative explanation to the ischemic model as the leading
mechanism resulting in the premature death of these indi-

Figure 1. (A) Overall survival after evaluation according to categories of LVEF. (B)
Overall survival according to presence of ischemia or systolic dysfunction (Systolic DF: left
ventricular ejection fraction �40%) at the time of transplant evaluation.
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viduals. Uremia has been associated with decrease in cardiac
contractility function in a rodent model.13 We hope that our
report stimulates further research into the mechanisms and
therapeutic strategies focusing on myocardial contractility.
Second, it identifies a subset of the CKD population (those
with SD, with or without ischemia) at significantly higher
mortality risk while awaiting transplantation, where the role
of medical interventions and devices such as implantable
cardiac defibrillators and pacemakers should be studied.
Transplantation is considered the therapy of choice for ad-
vanced stages of CKD, and improvements or even normal-
ization of LV function within the first year of engraftment
have been described14,15; however, because of disparities in
the supply of organs and number of listed patients, trans-
plantation is often delayed for months or years, which re-
sults in unacceptably high mortality rates in individuals
waiting for a kidney. Because the Centers for Medicare and
Medicaid Services and the United Network for Organ Shar-
ing are currently evaluating kidney allocation policies in the
light of “net benefit,”16 the significance of LV function in
influencing outcomes should be studied prospectively.

This observational study has limitations. Whereas ascer-
tainment of outcome was possible, specific causes of death
were described as “unknown” in one third of cases, which
might have limited some of the analyses. Measurements of
LVEF by two modalities were limited to the 446 patients who
had undergone 2DE. Nonetheless, it is reassuring to find some
correlation between the two techniques. LVEF measurements
were not systematically repeated in a large proportion of pa-
tients, and no adjustments for interim therapies have been
made. For full ascertainment of the presence of coronary artery
disease, angiograms should have been performed for all pa-

tients with decreased LVEF; however, because of expenses and
risks associated with the procedure, this approach seems un-
feasible. No assessment of diastolic dysfunction was obtained,
thereby preventing the analysis of this contributing factor in
mortality. Finally, our data were limited to the period spent on
the waiting list; therefore, the impact of transplantation on
survival of patients with CKD and SD should be the focus of
future research.

In conclusion, we reported a significant association be-
tween SD and mortality in patients awaiting renal transplanta-
tion. This association was independent of ischemia and other
cardiovascular risk factors. The cumulative mortality for pa-
tients who had SD and were awaiting transplantation was al-
most six-fold higher than the reported mortality for similar

Figure 2. Cardiovascular death survival after evaluation, according to categories of LVEF. All other causes of death were considered
censoring events.

Table 2. Multivariable analysis: Mortality after evaluation

Parameter Adjusted HR 95% CI P

LVEF �30% 2.3 1.79 to 3.06 �0.001
LVEF 31 to 40% 1.6 1.21 to 1.99 �0.001
LVEF 41 to 50% 1.3 1.03 to 1.57 0.020
LVEF 51 to 60% 1.0 Reference
LVEF �60% 0.8 0.65 to 1.05 0.100
Diabetes 1.6 1.33 to 1.91 �0.001
Ischemia 1.2 1.04 to 1.48 0.017
Months on dialysis 1.0 1.01 to 1.02 0.020
Male gender 0.8 0.70 to 0.98 0.025
Hypertension 0.8 0.62 to 0.98 0.030
Obesity status 0.7 0.59 to 0.99 0.050
Age �50 yr 1.1 0.94 to 1.29 0.200
Black race 0.6 0.30 to 1.16 0.100
Anemia 1.1 0.94 to 1.29 0.200
Low socioeconomic status 1.1 0.93 to 1.31 0.300
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LVEF in the general population. Widely available and mini-
mally invasive testing could identify this high mortality risk
subset of the CKD population.

CONCISE METHODS
This is a single-center observational study using data collected pro-

spectively in a large transplant center. The University of Alabama at

Birmingham (UAB) Renal Transplant Database contains detailed in-

formation pertaining to all individuals seeking renal transplantation

at UAB since 1993. Three research nurses and one supervising data

analyst continuously update the patients’ files. Several sources of in-

formation, including contact with patients and patients’ families, re-

ferring physicians, UAB and other medical facilities records, death

certificates, and the US Social Security Death Master File are used to

ascertain mortality correctly.

We excluded all patients with previous heart, lung, or liver transplants

and those not considered transplant candidates and thus never placed on

the waiting list. Because we focused on patients without clinically mani-

fested HF, we excluded patients with previous diagnosis of congestive HF,

cardiomyopathy, or significant cardiac valvulopathy. For the purpose of

this study, the evaluation date was the date of measurement of LVEF by

SPECT. Survival time was estimated from the date of evaluation to the

date of death; date of transplantation; or until December 31, 2005. Mor-

tality as a result of cardiac event was defined by death certificates (primary

or contributing cause) or medical records and often confirmed with

health care provider or family members.

Pharmacologic stress-SPECT perfusion imaging detects and

quantifies ischemic and scar burden. From pooled data of 11 studies,

the sensitivity and specificity were 85 and 91%, respectively, in detect-

ing ischemia.9 Furthermore, at UAB since 1997, the SPECT images

were acquired in the gated mode, which allows measurement of LVEF.

The EF, by gated SPECT, has in multiple studies correlated well with

EF measured by other methods such as contrast angiography, 2DE,

and magnetic resonance imaging. It has the major advantage of being

automated and reproducible.17 Cardiac ischemia and SD in combina-

tion portend a worse outcome. Presence of ischemia or scar limits the

capacity to recover LV function.18,19 Previous work found that recip-

ients with myocardial perfusion defects had a higher cardiac event rate

within 42 mo of transplantation.20 Our institution follows the renal

transplant candidates evaluation guidelines put forth by the American

Society of Transplantation21; perfusion scans (stress-SPECT) are per-

formed routinely in candidates who are older than 50, in individuals

with diabetes for longer than 10 yr, in patients with previous cardio-

vascular events (CVE), and in patients with at least two of the follow-

ing risk factors: LVH, family history of ischemic heart disease, dyslip-

idemia, or significant smoking history. Perfusion scans were

performed according to the Guidelines for Nuclear Cardiology Pro-

cedures22 and were routinely scheduled at midweek to reduce the

influence of volume overload and uremia. All echocardiograms per-

formed during the evaluation period were retrieved.

Following the Guidelines for Nuclear Medicine Procedures,23 LVEF

�40% defined SD; for the purpose of this study, ischemia was defined by

either a stress-SPECT showing a perfusion abnormality (ischemia, scar,

or both) or a history of previous CVE including revascularization. Ane-

mia was defined by a hematocrit �33%; socioeconomic status (SES) was

categorized by using educational level attained as a surrogate marker

(�12 yr of schooling defined low SES); hypertension was defined by a

systolic BP �140 mmHg, a diastolic BP �90 mmHg, or the use of anti-

hypertensive drugs. LVH was diagnosed by 12-lead electrocardiogram24

or 2DE.25 BMI was calculated by weight (kg)/square of height (m). Du-

ration of dialysis, age, gender, race, diabetes, serum albumin and creati-

nine levels, and tobacco smoking history were extracted from the data-

base. The study protocol was reviewed and approved by the institutional

review board for human use at UAB.

Statistical Analyses
Distribution of patients’ characteristics at evaluation was tested by �2

analysis or t test as appropriate. Results were described as means �

SD. Event-free survival curves were constructed using the product-

limit method (Kaplan-Meier), and differences among survival curves

were estimated by the log-rank test. Cox regression modeling was

used to estimate crude (univariate) and adjusted (multivariate) risks.

Variables entered in the models were the ones described as being

associated with cardiovascular mortality: Age, gender, SES, obesity,

race, presence of diabetes, hypertension, LVH, preexisting ischemia,

anemia, low albumin level, tobacco smoking, and duration of dialysis.

Direct visualization of Log [�log (survival time)] versus log (survival

time) plots and examination of Martingale residuals26 were used to

validate the proportionality of hazard increments assumption. LVEF

by SPECT, age, BMI, and duration of dialysis were tested in the mod-

els both as a continuous and as categorical variables (LVEF �30, 31 to

40, 41 to 50, 51 to 60, or �60%; age �50 or �50; BMI �30, 30 to 35,

or �35 kg/m2; dialysis �2, 1 to 2, or �1 yr or no dialysis). The

decision to describe a variable either as continuous or categorical was

based on the best fit of the multivariable models. We attempted to

distinguish the impact of ischemia and SD on mortality by perform-

ing a stratified analysis in which the study cohort was divided into

three groups: (1) SD (LVEF �40%) without perfusion abnormality

(ischemia or scar) or previous CVE, (2) ischemia (previous CVE or

perfusion abnormalities), and (3) normal control subjects (LVEF

�40%, no previous CVE, and normal perfusion pattern). We then

performed multivariable analysis in which the attributed risk for SD

was adjusted by the presence of ischemia and other cardiovascular risk

factors. In addition, models including the interaction term “isch-

emia � LVEF” were built and their HR compared with main-effect

Figure 3. Adjusted HR for all-cause mortality, according to cat-
egories of LVEF. Adjustments were made for age, gender, SES,
obesity, race, presence of diabetes, hypertension, LVH, preexist-
ing ischemia, anemia, low albumin level, tobacco smoking, and
duration of dialysis. **P � 0.001; *P � 0.02; #P � 0.1.
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models. Subsequent analyses were conducted using cardiac death as

the outcome of interest. Internal consistency was assessed by building

several models across strata of risk factor categories: Dialysis and non-

dialysis, male and female, older and younger than 50 yr, black and

nonblack, with and without ischemia. Estimated risks were reported

as HR with corresponding 95% CI. All P values reported were two-

sided. SPSS 11.5 for Windows (SPSS, Chicago, IL) software was used

in the analyses.
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