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Background: Coronary artery disease (CAD) is the predominant cause of sudden cardiac death in the general

population, and sudden cardiac death is the leading cause of mortality in end-stage renal disease (ESRD).

Hypothesis: QT-interval prolongation is an independent prognosticator in ESRD.

Methods: We reviewed clinical, electrocardiographic, stress test, and coronary angiography data on ESRD

patients evaluated for transplantation at our institution between 2000 and 2004 who underwent coronary

angiography. The QT interval was corrected for heart rate and QRS duration (QTc). All-cause mortality data

were prospectively collected and verified against the Social Security Death Index database.

Results: During 40 ± 28months of follow-up, 132 of the 280 (47%) patientsdiedprior to renal transplantation.

Patients with a prolonged QTc (39%) had 1-, 3-, and 5-year death-rates of 12%, 36%, and 47%, respectively,

vs 8%, 24%, and 36% for those with normal QTc (log-rank P = 0.03). In a multivariate Cox regression model

that adjusted for age, gender, diabetes mellitus, myocardial infarction, presence and severity of CAD on

angiography, left ventricular (LV) hypertrophy, LV ejection fraction (EF), and multiple other variables, QTc

remained to be an independent predictor of survival (hazard ratio [HR]: 1.008, 95% confidence interval [CI]:

1.001–1.014, P = 0.016). Female gender, decreasing LVEF, and decreasing severity of CAD on angiography

were independent predictors of prolonged QTc.

Conclusions: QTc prolongation is an independent predictor of mortality in ESRD patients being evaluated for

renal transplantation.The prognostic information gained from the QTc is additive to that provided by the LVEF

and the severity of CAD.

Introduction
Chronic kidney disease is a major risk factor for the
development of cardiovascular complications.1 Lindner
et al2 in 1974 observed that patients with end-stage renal
disease (ESRD) had a high cardiac mortality despite
undergoing dialysis. They proposed that atherosclerosis
is accelerated in patients with ESRD. In fact, although 45%
of mortality in ESRD is due to cardiovascular causes, only
9% is directly related to myocardial infarction (MI), whereas
more than one-fourth of the total mortality is attributed to
sudden cardiac death (SCD).3 The annual rate of SCD of
an ESRD patient on dialysis is thus about 7%,4 which is
much higher than the 0.1%–0.2% estimated annual rate in
the general population aged >35 years.5 Although coronary
artery disease (CAD) is the dominant cause of SCD in
the general population,5 it is not clear what role, if any,
CAD has in the development of SCD in ESRD.4 We have
previously shown that in ESRD patients being evaluated for
renal transplantation, the best predictor of mortality is the
left ventricular (LV) ejection fraction (EF).6,7 Furthermore,
we have demonstrated that the heart rate response to
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an infusion of adenosine, a marker of cardiac autonomic
function, is also a strong prognostic indicator in this
population.8 This, and other data, suggest that the SCD
witnessed in ESRD could be arrhythmic in nature. We
hypothesized that a prolonged QT interval will provide
prognostic information in ESRD patients independent of
the presence and severity of CAD.

Methods
Study Population
The study population consisted of ESRD patients who
were evaluated for renal transplantation at the University
of Alabama at Birmingham. At the time of evaluation,
informed consent was obtained from the patients for the
use of individual data for clinical, quality-improvement,
and research purposes. In this sense, this database
consists of all patients who have ESRD and were
considered for transplantation, and not only those who
were candidates for transplantation. The database has
been fully described previously.6 – 8 Briefly, information
collected from the patients is entered into the database at
the time of evaluation and outcome is followed prospectively
and entered in real time into the database. Survival was
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Clinical Investigations continued

verified using the US Social Security Death Master File
at the end of follow-up. For this study we included all
adult (age >18 years) ESRD patients who were evaluated
between January 2000 and December 2004 and underwent
coronary angiography within 6 months of being evaluated.
Patients with previous heart, combined heart-lung, lung, or
liver transplants were excluded. Variables extracted from
the database included patient demographics (age, gender,
socioeconomic status), comorbidities (diabetes mellitus,
peripheral vascular disease, history of cerebrovascular
accident, history of MI), habits (history of tobacco use),
body mass index (calculated as weight in kg divided
by height in m2), duration on dialysis, and laboratory
results (creatinine, blood urea nitrogen, albumin, glucose,
hematocrit). The socioeconomic status was categorized by
using educational level attained as a surrogate marker (ie,
≤12 years of formal schooling defined low socioeconomic
status).

Cardiac Evaluation
All patients had a 12-lead electrocardiogram (ECG) done
at the time of evaluation for renal transplantation. The
ECGs were retrieved for all patients and parameters
of interest were entered into the database (PR, QRS,
QT, and RR intervals). LV hypertrophy (LVH) and left
atrial enlargement were determined based on accepted
guidelines.9 The QT interval was corrected for the heart
rate using the Bazett formula for patients with a QRS ≤120
milliseconds(QTc= QT/

√
RR [ms]). In patients with a QRS

>120 milliseconds, the QT was corrected for heart rate and
QRS duration as (QTc= QT − 155 × [60 / heart rate − 1]
− 0.93 × [QRS − 139] + k, with k= −22 ms for men and
−34 ms for women).10 Patients were considered to have
abnormal ECG parameters based on accepted cutpoints
(PR ≥200 ms, QRS >110 ms, QTc ≥460 ms in women and
≥450 ms in men).11,12

Screening for CAD using stress (almost entirely with
adenosine) single-photon emission computed tomography
myocardial perfusion imaging was generally performed in
patients age >50 years and in those with risk factors as
previously described.6 – 8 Perfusion was considered to be
abnormal when either reversible or fixed defects were
present and further labeled to denote ischemia (when
any reversibility was present) or scar (exclusively fixed
defects). The LVEF was measured using gated myocardial
perfusion imaging.13

The coronary angiography results were obtained from
clinical reports and expressed as 1-, 2, or 3-vessel disease
based on >50% lumen-diameter narrowing in any of the 3
coronary arteries or their major branches. For the purpose
of this analysis, >50% lumen-diameter narrowing of the
left main coronary artery was considered equivalent to
2-vessel disease. In the absence of any of the above, CAD
was considered to be angiographically absent.

Statistical Analysis
All statistical analyses were carried out using SPSS
version 11.5 for Windows (SPSS Inc., Chicago, IL).
Continuous variables are presented as mean ± SD and
discrete variables as frequencies and percentages. The χ2

test was used for the comparison of categorical variables.
Continuous variables were compared using the unpaired
Student t test or the Mann-Whitney test, as appropriate.
In order to determine the independent predictors of a
prolonged QTc, a multivariate binary logistic analysis was
performed using all variables in Table 1 with a P value <0.2.
Follow-up time was calculated from the time of evaluation
to mortality or to end of follow-up on July 1, 2009, or at
the time of renal transplantation. Event-free survival curves
were constructed using the product-limit method (Kaplan-
Meier method) and differences among survival curves were
estimated by the log-rank test. Cox proportional hazard
analysis was used to estimate adjusted (multivariate) risks
for overall mortality. Estimated risks were reported as
hazard ratios (HR) with correspondent 95% confidence
intervals (CI). All tests were 2-tailed, and a P value of
≤0.05 was considered statistically significant.

Results
The study population consisted of 280 ESRD patients
who were evaluated for possible renal transplantation and
underwent coronary angiography. The baseline character-
istics of the cohort are summarized in Table 1. Myocardial
perfusion imaging was not performed in 53 patients (19%),
was normal in 33 patients (12%), and was abnormal in
the remaining patients, which often was the reason to
undergo coronary angiography. As expected, a large pro-
portion (60%) had diabetes mellitus and evidence of LVH
by ECG (47%). One-quarter (26%) had a history of MI but
more than half (63%) had CAD on coronary angiography.

The PR interval was prolonged in 43 (15%) patients
and could not be measured in 4 (1.4%) patients due to
the presence of atrial fibrillation or a junctional rhythm.
Patients with a prolonged PR were older, had a wider
QRS complex, and were more likely to have evidence of
LVH on their ECG. The QRS interval was prolonged in
51 (18%) patients and those with prolonged QRS were
older, had a longer PR interval, and demonstrated more
severe CAD on angiography. The QTc was prolonged in
108 (39%) patients. The group with a prolonged QTc was
younger and had a higher proportion of females. These
patients were on dialysis for a slightly longer duration,
were more obese, had a higher serum glucose level, and
had more prior cerebrovascular accidents. This group had
less MI and less-severe CAD on angiography. Although
a similar proportion of patients on hemodialysis (n= 196)
and peritoneal dialysis (n = 39) had prolonged QTc (43%
and 38%, respectively, P = 0.6), ESRD patients who have
not been started on dialysis (n = 45) had a lower prevalence
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Table 1. Baseline Characteristics

Characteristic

All
Patients
(n = 280)

PR <200 ms
(n = 233)

PR ≥200 ms
(n = 43)

P
Value

QRS ≤110 ms
(n = 229)

QRS >110 ms
(n = 51)

P
Value

QTc <450 ms in
women / <460 ms
in men (n = 172)

QTc ≥450 ms in
women / ≥460 ms
in men (n = 108)

P
Value

Age (y) 53 ± 9 52± 9 56 ± 9 0.02 52 ± 9 55 ± 10 0.04 54± 9 51 ± 10 0.005

Female gender 107 (38) 93 (40) 14 (33) 0.4 91 (40) 16 (31) 0.3 49 (29) 58 (54) <0.0001

DM 168 (60) 139 (60) 28 (65) 0.6 135 (59) 33 (65) 0.5 97 (56) 71 (66) 0.1

PVD 58 (21) 49 (21) 9 (21) 1.0 47 (21) 11 (22) 0.9 29 (17) 29 (27) 0.05

CVA 35 (13) 30 (13) 5 (12) 0.8 29 (13) 6 (12) 0.8 16 (9) 19 (18) 0.02

MI 73 (26) 63 (27) 10 (23) 0.6 61 (27) 12 (24) 0.6 50 (29) 23 (21) 0.04

History of tobacco use 101 (37) 85 (38) 14 (34) 0.7 87 (40) 14 (28) 0.1 65 (40) 36 (34) 0.4

Low SESa 172 (61) 148 (64) 21 (49) 0.09 141 (62) 31 (61) 1.0 102 (59) 70 (65) 0.4

Time on dialysis (mo) 19± 28 18± 24 30± 42 0.4 19± 27 23 ± 31 0.4 17± 26 23 ± 31 0.01

BUN (mg/dL) 55 ± 67 55 ± 73 55 ± 20 1.0 56± 74 51 ± 18 0.7 57± 84 51 ± 21 0.5

Creatinine (mg/dL) 8.5± 5.0 8.4± 5.3 9.0± 3.2 0.1 8.3± 3.1 9.5 ± 9.8 0.8 8.5 ± 6.1 8.5 ± 2.8 0.3

Albumin (g/dL) 3.4± 0.5 3.4± 0.5 3.4± 0.3 0.8 3.4± 0.5 3.4± 0.4 0.7 3.5 ± 0.5 3.4± 0.4 0.05

Glucose (mg/dL) 144 ± 82 144± 82 148± 87 1.0 145 ± 84 141 ± 76 0.7 138 ± 84 154± 79 0.04

Hct (%) 36 ± 5 36 ± 5 36 ± 5 0.7 36 ± 5 35 ± 5 0.4 36 ± 5 36 ± 5 1.0

BMI (kg/m2) 28 ± 5 28 ± 6 29 ± 4 0.2 28 ± 5 29 ± 5 0.4 28 ± 5 30± 6 0.003

PR (ms) 172 ± 30 163 ± 19 222 ± 26 <0.0001 168 ± 26 189± 40 <0.0001 173 ± 33 169 ± 24 0.5

QRS (ms) 99± 17 96 ± 16 111± 21 <0.0001 93 ± 9 127 ± 17 <0.0001 100 ± 19 97 ± 14 0.4

QTc (ms) 447 ± 35 448 ± 34 441 ± 27 0.3 448 ± 34 442 ± 36 0.2 427 ± 22 479 ± 24 <0.0001

LVHb 132 (47) 104 (45) 27 (63) 0.03 102 (45) 30 (59) 0.09 81 (47) 51 (47) 1.0

LAEb 72 (26) 60 (26) 12 (28) 0.8 56 (25) 16 (31) 0.4 38 (22) 34 (32) 0.09

Abnormal MPI 194 (85) 158 (85) 34 (87) 1.0 155 (85) 39 (87) 1.0 125 (85) 69 (86) 0.8

Ischemiac 167 (74) 135 (73) 30 (77) 0.7 132 (73) 35 (78) 1.0 112 (76) 55 (69) 0.3

LVEF (%)c 47 ± 12 48 ± 12 45 ± 11 0.2 48 ± 12 44 ± 12 0.06 49 ± 12 45 ± 12 0.06

CADd 173 (63) 142 (62) 29 (69) 0.4 137 (61) 36 (71) 0.3 120 (70) 53 (51) 0.002

No. of diseased 1.4± 1.3 1.4± 1.3 1.7± 1.3 0.1 1.3± 1.3 1.8 ± 1.3 0.03 1.7± 1.3 1.0± 1.2 <0.0001

coronary arteriesd

Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; CAD, coronary artery disease; CVA, cerebrovascular accident; DM, diabetes mellitus;

Hct, hematocrit; LAE, left atrial enlargement; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; MI, myocardial infarction; mo,

months; MPI, myocardial perfusion imaging; n, number of patients; PVD, peripheral vascular disease; PR, PR interval; QRS, QRS interval; QTc, corrected

QT interval; SES, socioeconomic status; y, years.

Continuous variables are presented as mean± SD and discrete variables as n (%).
a Low SES was defined as ≤12 years of formal education.
b LAE and LVH were diagnosed by electrocardiography.
c LVEF wasmeasured by gated MPI and ischemia was considered present when a perfusion defect on MPI exhibited partial or complete reversibility.
d CAD was diagnosed by coronary angiography.

of prolonged QTc (18% vs 43% for those on dialysis,
P = 0.001). In a multivariate binary logistic model, female
gender, decreasing LVEF, and decreasing severity of
CAD on angiography were independent predictors of a
prolonged QTc (Table 2).

The cohort was followed up for period of 40 ±
28 months, during which time 132 (47%) patients died
and 84 (30%) patients underwent renal transplantation. The

deaths occurred at a mean follow-up of 33 ± 23 months
and the renal transplantation occurred after a mean of
25 ± 21 months from evaluation. We therefore accrued
929 person-years of follow-up. PR and QRS prolongation
were not associated with worse survival on follow-up
(log-rank P values of 0.8 and 0.4, respectively). Patients
with a prolonged QTc had significantly worse survival
(Figure, log-rank P = 0.03). The 1-, 3-, and 5-year death
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Clinical Investigations continued

Table 2. Multivariate Predictors of Prolonged QTc in Patients With End-

Stage Renal Disease Being Evaluated for Renal Transplantation

Variable Adjusted HR 95% CI P Value

Age (y)a 0.968 0.931–1.006 0.101

Female gender 2.272 1.102–4.683 0.026

DM 1.209 0.529–2.764 0.653

PVD 1.715 0.730–4.032 0.216

CVA 0.391 0.145–1.054 0.064

MI 1.105 0.495–2.467 0.808

Time on dialysis (mo)a 1.006 0.993–1.018 0.366

Albumin (g/dL)a 0.956 0.429–2.130 0.912

Glucose (mg/dL)a 1.004 1.000–1.009 0.068

BMI (kg/m2)a 1.060 0.991–1.135 0.091

LAEb 1.601 0.749–3.422 0.224

LVEF (%)c 0.961 0.932–0.991 0.01

CADd 1.685 0.418–6.789 0.463

No. of diseased

coronary arteriesd 0.564 0.334–0.953 0.032

Abbreviations: BMI, body mass index; CAD, coronary artery disease;

CI, confidence interval; CVA, cerebrovascular accident; DM, diabetes

mellitus; HR, hazard ratio; LAE, left atrial enlargement; LVEF; left

ventricular ejection fraction; MI, myocardial infarction; mo, months;

MPI, myocardial perfusion imaging; PVD, peripheral vascular disease;

y, years.
a Continuous variable.
b LAE was diagnosed by electrocardiography.
c LVEF wasmeasured by gated MPI.
d CAD was diagnosed by coronary angiography.

rates for patients with a normal QTc were 8%, 24%, and
36%, respectively, vs 12%, 36%, and 47% for those with
a prolonged QTc. In an initial Cox proportional hazard
analysis model adjusted for age and gender, increasing
QTc was associated with increased mortality (HR: 1.005,
95% CI: 1.000–1.010, P = 0.03). After further adjustments
for the multiple variables listed in Table 3, QTc remained
to be an independent predictor of survival. In the
multivariate model, female gender, QTc, LVEF, a history of
MI, and the severity of CAD were independently associated
with survival. With full adjustment, each 10-millisecond
increase in the QTc was associated with 8% increased
mortality over the follow-up period of the study (HR: 1.008,
95% CI: 1.001–1.014, P = 0.016).

Discussion
The major finding of this study is that QTc prolongation
on a 12-lead ECG is a common and independent predictor
of mortality in ESRD patients being evaluated for renal
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Figure 1. Kaplan-Meier analysis for survival. End-stage renal disease

patients with a prolonged QTc had higher cumulativemortality than those

with a normal QTc. The number of patients available at each time point is

indicated below the graph. Abbreviations: CUM, cumulative.

transplantation. The survival curves for patients with
prolonged and normal QTc separated within 1 year of
evaluationand continuedto divergeduring long-termfollow-
up. Importantly, the prognostic informationgained from the
QTc duration is additive to the LVEF and to the severity
of CAD, thus supplementing currently used prognostic
parameters in this population.

Although SCD is the most common cause of death in
patients with ESRD and is much more common than in the
general population,4,5 there is a very limited understanding
of the risk factors that place these patients at high risk of
SCD. In particular, there is a need for identification of novel
prognostic markers that are able to predict the occurrence
of SCD in patients with ESRD.4 Since a depressed LVEF
is a strong predictor of SCD in the general population,
current guidelines endorse the placement of implantable
cardiac defibrillators in individuals with a depressed LVEF,
irrespective of a prior history of SCD or arrhythmias.14

Our prior investigations have revealed that the strongest
predictor of survival in ESRD patients is a preserved
LVEF.6,15 In a cohort of 3698 ESRD patients followed
for 30 ± 15 months, a depressed LVEF was associated
with higher mortality even after adjustments for LVH,
myocardial ischemia, diabetes mellitus, and advanced age.6

Nevertheless, patients with ESRD and a preserved LVEF
still have a high mortality rate, suggesting that multiple
other factors affect the outcome in these patients.6

ECG parameters, such as PR, QTc, and QRS durations,
have been shown to predict mortality and cardiovascular
events in the general population, especially in patients at
high risk.16 – 20 Although studies have suggested that ESRD
patients have prolonged QTc duration and that this may
be linked to the occurrence of ventricular arrhythmias,21 – 23

the relationship of ECG parameters to survival has not
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Table 3. Multivariate Predictors of Mortality in Patients With End-Stage

Renal Disease Being Evaluated for Renal Transplantation

Variable Adjusted HR 95% CI P Value

Age (y)a 1.019 0.997–1.041 0.098

Female gender 1.545 1.022–2.338 0.039

DM 0.679 0.424–1.088 0.108

Low SESb 0.917 0.593–1.416 0.695

BMI (kg/m2)a 0.997 0.952–1.044 0.888

CADc 0.528 0.217–1.285 0.159

No. of diseased

coronary arteriesc 1.399 1.021–1.917 0.037

MI 1.698 1.024–2.815 0.040

LVHd 1.035 0.670–1.599 0.878

LVEF (%)a,e 0.973 0.955–0.992 0.006

Hct (%)a 1.008 0.969–1.048 0.708

QTc (ms)a 1.008 1.001–1.014 0.016

Abbreviations: BMI, body mass index; CAD, coronary artery disease;

CI, confidence interval; DM, diabetes mellitus; Hct, hematocrit; HR,

hazard ratio; LVEF; left ventricular ejection fraction; LVH, left ventricular

hypertrophy; MI, myocardial infarction; MPI, myocardial perfusion

imaging; QTc, corrected QT interval; SES, socioeconomic status; y,

years.
a Continuous variable.
b Low SES was defined as ≤12 years of formal education.
c CAD was diagnosed by coronary angiography.
d LVH was diagnosed by electrocardiography.
e LVEF wasmeasured by gated MPI.

been well studied. Case reports have described SCD
associated with QTc prolongation in ESRD patients.24,25

A study by Beaubien et al showed that QT dispersion
was an independent predictor of adverse events, including
total and cardiovascular mortality, in ESRD patients.26 Our
findingsconfirmed the high prevalenceof QTc prolongation
in ESRD, with 39% of our population having prolonged QTc.
A smaller, but still significant, proportion of patients had
PR and QRS prolongation. It is unclear why these patients
have ECG abnormalities, but it has been demonstrated that
the QTc duration (although not QRS) decreases shortly
after renal transplantation.27 Prior reports have attributed
these abnormalities to the high prevalence of LVH and
electrolyte imbalance,21 while others have suggested that
they could be related to dialysis, because the QTc has
been shown to prolong after dialysis.28,29 None of these
reports have accounted for the presence and/or severity
of CAD.

Chronic kidney disease, and especially ESRD, is an
important risk factor for the development and progression
of CAD, not only due to the high prevalence of conventional

and nonconventional risk factors, but also due to conditions
that are peculiar to these patients, such as extensive
vascular calcifications and inflammation.1 It is therefore
tempting to attribute the increased cardiovascular risk in this
population exclusively to CAD. In this study, independent
predictors of a prolonged QTc in ESRD included female
gender, LVEF, and severity of CAD. The prevalence of
LVH by ECG was remarkably similar between patients
with and without QTc prolongation. This finding could be
related to the low sensitivity of ECG for the diagnosis
of LVH, and unfortunately we do not have data on the
prevalence of LVH by echocardiography in this cohort.
Certainly, LVH and dysfunction have been linked to QTc
prolongation and SCD.30 In our study, decreasing LVEF,
a more precise measurement of LV dysfunction, was
strongly associated with QTc prolongation in accordance
with prior reports.21 More significantly, patients with a
prolonged QTc were less likely to have a history of MI
or have CAD by angiography, and increasing severity
of CAD by angiography was inversely related to QTc
prolongation even after adjustment for multiple factors
(Table 2), which further stresses the dissociation of SCD
risk from CAD. Although QTc prolongation is a known
predictor of cardiovascular events, and QTc prolongation is
known to be associated with preexisting CAD,31 myocardial
ischemia is known to shorten QTc.32 The prevalence of
QTc prolongation in patients with and without CAD and
the association of CAD severity with the prevalence of
QTc prolongation have not been previously studied in the
ESRD population. The etiology of QTc prolongation in this
specific population may be different from that in the general
population and is possibly related to autonomic function.

Study Limitations
There are several limitations to this study. Our sample
population is derived from a single tertiary care academic
institution, and therefore we need to be wary of extrapolating
the findings to all ESRD patients undergoing renal transplant
evaluation, let alone ESRD patients not evaluated for
transplantation. Also, all patients in this cohort underwent
coronary angiography, which introduces a selection bias
by design in this population. However, this allowed us to
examinefor the presenceof CAD using a definitiveapproach
that does not depend exclusively on history or noninvasive
imaging. Another important limitation is that our study does
not define the cause of death but uses all-cause mortality as
the outcome. Although we are interested in the occurrence
of SCD, we believe that using all-cause mortality avoids any
bias in defining and diagnosing SCD even if these data were
available.33 We also did not have data on electrolyte status
in these patients, which could have contributed further to
our understanding of the reasons for QTc prolongation in
this population. Despite these limitations, our data were
obtained from a prospectively collected database and this
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is the first study that has evaluated the prognostic utility
of ECG parameters in ESRD patients who have defined
coronary anatomy.
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