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Clinical
Investigation QTc Interval 

Prolongation Predicts
Postoperative Mortality 
in Heart Failure Patients Undergoing 
Surgical Revascularization

QTc interval prolongation is associated with increased mortality rates in patients with
advanced heart failure. We investigated the predictive value of prolonged QTc interval
in 567 patients with heart failure who were undergoing coronary artery bypass graft
surgery. The patients were in New York Heart Association class III or IV, with left ven-
tricular ejection fractions of 0.40 or less. Before surgery, the QT interval duration was
measured in leads II and V4 of the standard electrocardiogram and corrected by use of
the Bazett formula. The QTc interval was prolonged (>440 msec) in 243 patients (43%)
and normal in 324 (57%). The 2 study groups—prolonged QTc versus normal QTc—did
not differ in terms of age (62 ± 11 years vs 64 ± 10 years, P=0.65), sex (80% male vs
76% male, P=0.31), ejection fraction (0.29 ± 0.08 vs 0.29 ± 0.09, P=0.72), hypertension
(82% vs 78%, P=0.34), or diabetes (11% vs 7%, P=0.10).

Within 1 month after coronary artery bypass grafting, 22 of 243 patients (9.1%) in
the prolonged QTc group died, compared with 5 of 324 in the normal QTc group (1.5%)
(P=0.0001). QTc interval prolongation was the only independent predictor of postoper-
ative mortality on multivariate analysis (P=0.002). We conclude that patients with heart
failure and preoperative QTc interval prolongation have increased mortality rates after
coronary artery bypass grafting. (Tex Heart Inst J 2006;33:3-8)

he prevalence of patients with advanced heart failure due to ischemic heart
disease is steadily increasing.1 Recently, a number of medical and invasive
strategies have been proposed to improve survival in this group of patients.

The use of β-blockers, defibrillators, and biventricular pacing has been shown to
be of considerable benefit in such patients.2 Yet, in many, the disease still progress-
es to advanced stages that are associated with profound hemodynamic distress and
high mortality rates. For these patients, the only widely available definitive treat-
ment is cardiac transplantation. However, the survival benefit of transplantation is
evident only in patients who are in the most severe stages of heart failure, and the
shortage of available donor organs further limits the use of this treatment.3 Al-
though the use of left ventricular assist devices is an alternative for selected patients
with advanced ischemic heart failure, coronary artery bypass grafting (CABG) re-
mains the most frequently performed surgical procedure in this group of patients.4

Surgical revascularization in patients with severe left ventricular dysfunction has
historically carried high perioperative mortality and morbidity rates; however, ad-
vances in surgical technique and myocardial protection have improved the safety of
CABG in selected patients with ischemic cardiomyopathy.5 Because many patients
with advanced ischemic heart failure could potentially benefit from CABG and
because a number of alternative treatments are available, it is important to careful-
ly select the patients in whom CABG would be most beneficial. Despite the risk-
stratification parameters proposed so far,6 the selection criteria for CABG in
patients with advanced ischemic heart failure remain poorly defined.

QTc interval prolongation has been shown to predict mortality in medically
treated patients with advanced heart failure7 and in patients with coronary artery
disease.8 We therefore sought to evaluate the predictive value of preoperative QTc
interval duration in patients with ischemic heart failure who were undergoing
CABG.
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Patients and Methods

Patients. We retrospectively reviewed data on all pa-
tients referred to our institution for CABG from 1
January 2001 to 1 June 2002. From this group, we 
selected patients who had a reduced left ventricular
ejection fraction (LVEF) on preoperative heart cath-
eterization and who had been in New York Heart As-
sociation (NYHA) class III or IV for at least 2 months
before referral and evaluation at our institution. Pa-
tients with pacemakers or implantable cardioverter-
defibrillators and patients taking type-III antiarrhyth-
mic medications were excluded.

QTc Interval Measurement. Within the 24-hour peri-
od before surgery, resting, 12-lead electrocardiograms
(ECGs) were recorded at a paper speed of 25 mm/sec
on a Marquette Resting ECG recorder (Marquette
Electronics Inc.; Milwaukee, Wis). Two independent
observers who were blinded to the clinical and survival
data determined QT interval duration. In accordance
with the latest recommendations for clinical QT inter-
val measurement,9 QT interval duration was recorded
for 3 consecutive beats through leads II and V4. Using
calipers on printed ECGs, each QT interval was mea-
sured from the beginning of the QRS complex to the
visual return of the T wave to the isoelectric line. When
the T wave was interrupted by the U wave, the end of
the T wave was defined as the nadir between the T and
the U wave. Patients with ECG evidence of arrhyth-
mias or pacemaker rhythms were excluded. Heart rate
was corrected using the Bazett formula, and QTc inter-
val duration was defined as the mean duration of all
QTc intervals measured. Prolonged QTc was defined
as a QTc interval greater than 440 msec.

Cardiac Catheterization and CABG Techniques. In all
patients, cardiac catheterization was performed within
the 48 hours before surgery. Coronary angiography
was performed using standard techniques. Stenotic le-
sions were graded subjectively by visual consensus of at
least 2 experienced observers on an ordinal scale of 0,
25%, 50%, 75%, 95%, or 100%. The extent of coro-
nary artery disease was characterized by the traditional
1-, 2-, or 3-vessel disease classification. Biplane views
were obtained during all ventriculography procedures.
Angiographic LVEF and regional wall motion were de-
termined by centerline regional wall motion analysis.10

In the presence of excessive ventricular ectopy or cath-
eter-induced mitral regurgitation, ventriculography was
repeated until technically adequate. All ventriculogra-
phy data were interpreted by at least 2 experienced ob-
servers.

All patients underwent isolated CABG surgery in
accordance with the standard guidelines for surgical
myocardial revascularization.11

Follow-Up and Endpoints. Patients were followed up
for 1 month after CABG. The primary endpoint was

death due to these cardiac causes: sudden cardiac death
and pump failure. Sudden cardiac death was defined
as either a witnessed cardiac arrest or death within 1
hour after the onset of acute symptoms, or an unex-
pected death in a patient known to have been well
within the previous 24 hours.12 Pump-failure death
was defined as death resulting from multiorgan failure
due to the progression of heart failure.

Statistical Analysis. Continuous variables are ex-
pressed as mean ± SD. Differences between survivors
and patients who died during the postoperative peri-
od were analyzed using 1-way analysis of variance
(ANOVA). Comparisons of categorical variables were
made using a χ2 test. Univariate and multivariate step-
wise Cox proportional hazard regression analyses were
performed to identify independent predictors of post-
operative mortality. The P value for entering and stay-
ing in the model was set at 0.05. The Kaplan-Meier
method was used to analyze and compare survival
rates in the prolonged and normal QTc groups. A P
value less than 0.05 was considered significant.

Results

Patient Characteristics. Of 1,112 patients eligible for
the study, 201 were excluded because their LVEFs
were more than 0.40, and 250 were excluded because
they were not in NYHA functional class III or IV. Of
the remaining 661 patients, 57 (9%) were excluded
because they were being treated with type-III antiar-
rhythmic drugs, and 37 (6%) were excluded because
they exhibited ECG abnormalities such as atrial fib-
rillation (n=25) and pacemaker rhythm (n=12).

QTc Interval and Outcome. Of the remaining 567
patients, 27 (5%) died during the 1-month postoper-
ative period. Death was sudden in 3 cases (11%) and
due to pump failure in 24 (89%). The preoperative
QTc interval duration was significantly longer in pa-
tients who died during the early postoperative period
than it was in survivors (476 ± 45 msec vs 434 ± 50
msec, respectively; P <0.001).

In our study, the intraobserver relative error of QTc
measurements was 2.4%. Using 440 msec as the cut-
off value, the QTc interval was prolonged in 243 pa-
tients (43%) and normal in 324 (57%). The 2 study
groups did not differ in any other clinical or laborato-
ry preoperative characteristics (Table I).

At 1 month after CABG, the cardiac mortality rate
was significantly higher in the prolonged QTc group
(22/243 [9.1%]) than in the normal QTc group
(5/324 [1.5%]) (P=0.0001). The same was true for
the pump-failure mortality rate (20/243 [8.2%] vs
4/324 [1.2%], respectively; P=0.0001). The sudden-
death mortality rate, however, was not significantly
different between the 2 study groups (2/243 [0.8%]
vs 1/324 [0.3%], respectively; P=0.40) (Fig. 1).



Univariate and Multivariate Predictors of Outcome.
The results of the univariate analysis of potential pre-
dictors of outcome are presented in Table II. Parame-
ters reaching or approaching statistical significance in
the univariate analysis were included in a multivariate
Cox proportional-hazards regression model of cardiac
mortality at 1 month (Table III). Both QTc interval
prolongation (>440 msec) and severely depressed
LVEF (≤0.25) were found to be univariate predictors
of outcome after CABG surgery. However, QTc 
interval prolongation was the only independent pre-
dictor of 1-month postoperative mortality on multi-
variate analysis.

Kaplan-Meier Survival Estimation. Survival as evalu-
ated by Kaplan-Meier analysis was 6 times higher in
the normal QTc group than in the prolonged QTc
group (P=0.0001) (Fig. 2).

Discussion

The results of our study indicate that a prolonged QTc
interval (>440 msec) is an adverse prognostic sign in
patients with ischemic heart failure undergoing isolat-
ed CABG. Preoperative QTc interval prolongation

correlates with increased cardiac and pump-failure
mortality rates within 1 month after the operation.

QTc Interval Prolongation in Ischemic Heart Failure.
QTc interval on the surface ECG reflects the time be-
tween the initial fast depolarization of the left ventri-
cle and its subsequent repolarization. Duration of the
QTc interval is highly dependent on T wave mor-
phology, which is determined by the differences in the
time course of repolarization of 3 predominant ven-
tricular myocardial cell types (endocardial, epicardial,
and M cells).13 In the presence of cardiac disease, ven-
tricular repolarization heterogeneity is increased, lead-
ing to QTc interval prolongation.14 It appears that
QTc interval duration in heart failure is independent
of left ventricular loading conditions;15 however, the
duration is affected by various noncardiac stimuli and
especially by inflammation and changes in autonomic
nervous tone, both of which are present in advanced
heart failure.16 Although this may limit the value of
QTc interval in the analysis of the electrophysiologi-
cal properties of ventricular myocardium,17 it offers
the possibility of evaluating the combined impact of
different disease processes on heart failure. Therefore,
QTc prolongation in patients with heart failure ap-
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Table I. Preoperative Characteristics of Patients with Prolonged (>440 msec) and Normal QTc Intervals*

Prolonged Normal QTc
All QTc Interval Interval

(n=567) (n=243) (n=324) P Value**

Age (yr) 63 ± 10 62 ± 11 64 ± 10 0.65

Sex
Male 440 (78) 194 (80) 246 (76) 0.31
Female 127 (22) 49 (20) 78  (24)

Hypertension 452 (80) 199 (82) 253 (78) 0.34

Diabetes 50   (9) 27 (11) 23   (7) 0.10

Hyperlipidemia 342 (60) 147 (60) 175 (54) 0.12

Smoking 272 (48) 119 (49) 153 (47) 0.68

Heart rate (beats/min) 82 ± 12 81 ± 12 83 ± 10 0.67

Left ventricular ejection fraction 0.29 ± 0.09 0.29 ± 0.08 0.29 ± 0.09 0.72

Coronary angiography
3-vessel disease 328 (58) 139 (57) 189 (58) 0.78
1- or 2-vessel disease 239 (42) 104 (43) 135 (42)

Therapy
Diuretics 431 (76) 187 (77) 244 (75) 0.64
ACE inhibitors 510 (90) 216 (89) 294 (91) 0.47
β-blockers 292 (51) 129 (53) 163 (50) 0.51
Nitrates 384 (68) 158 (65) 226 (70) 0.23
Aspirin 225 (40) 104 (43) 121 (37) 0.19

**Values are mean ± SD or number of patients (%).
**P <0.05

ACE = angiotensin-converting enzyme



pears to be more than merely a manifestation of ven-
tricular repolarization instability; it also appears to be
a marker of disease severity.

In our study, QTc interval prolongation was pres-
ent in 43% of patients, in agreement with the preva-
lence of prolonged QTc interval in other studies of
patients with heart failure.7,18 The preoperative QTc
interval prolongation observed in our study should be
viewed as a parameter affected by the severity of heart
failure.

QTc Interval Duration and Outcome after CABG. In
this study population, a prolonged QTc interval was
an independent predictor of 1-month mortality after

CABG. The most common cause of death was multi-
organ failure caused by progressive worsening of heart
failure; sudden cardiac death was rare. The relatively
low rate of sudden cardiac death may be due, in part,
to the study design, which excluded patients with
ECG abnormalities and implantable cardioverter-
defibrillators. Previously, in a cohort of heart failure
patients awaiting cardiac transplantation, QTc inter-
val prolongation was inversely correlated with peak
exercise oxygen consumption and directly associated
with increased mortality.15 Furthermore, in patients
with heart failure who have brain natriuretic peptide
levels greater than 400 pg/mL, QTc interval prolon-
gation appears to be an adverse prognostic sign that
predicts both pump failure and sudden cardiac death.7

Worsening of heart failure is one of the most com-
mon causes of death and readmission to the hospital
after CABG.19 This suggests that CABG may not be
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Fig. 1 Early postoperative mortality in heart failure patients
with normal versus prolonged QTc intervals.

Fig. 2  Kaplan-Meier survival curves in patients classified
according to QTc interval duration (prolonged vs normal)
(P=0.0001).

Table II. Univariate Analysis of Potential Predictors of
Early Postoperative Mortality

P Value

Age ≥65 yr 0.19

Sex: male 0.36

Hypertension 0.09

Diabetes 0.79

Hyperlipidemia 0.36

Smoking 0.24

3-Vessel coronary disease 0.93

LVEF ≤0.25 0.03*

QTc interval >440 msec 0.0001*

LVEF = left ventricular ejection fraction

*P <0.05

Table III. Multivariate Analysis of Potential Predictors of
Early Postoperative Mortality

95%
Hazard Confidence
Ratio Interval P Value

QTc interval >440 msec 4.97 1.75–14.10 0.002*

LVEF ≤0.25 1.60 0.69–3.72 0.27

Hypertension 3.18 0.32–0.75 0.12

Age ≥65 yr 1.81 0.84–3.90 0.13

LVEF = left ventricular ejection fraction

*P <0.05
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an appropriate treatment option for certain heart fail-
ure patients, particularly those with advanced disease.
Accordingly, we and others20 have found severely de-
pressed preoperative LVEF to be an indicator of ad-
verse outcomes after CABG. No studies have addressed
the predictive value of QTc interval in this setting.

In the present study, heart failure patients who ex-
hibited QTc interval prolongation had a 6-fold high-
er mortality rate after CABG than did patients who
exhibited a normal QTc interval. Because QTc inter-
val has been shown to be prolonged after CABG,21

this procedure may not be of benefit to patients with
ischemic heart failure and preoperative QTc interval
prolongation. On the other hand, QTc duration has
been shown to decrease significantly after implanta-
tion of a left ventricular assist device, which suggests a
beneficial effect of left ventricular mechanical sup-
port.22 Therefore, in selected patients with advanced
heart failure and QTc interval prolongation, earlier
left ventricular assist device implantation may be war-
ranted instead of a high-risk CABG procedure.

Study Limitations. Our study and its results have
several limitations. First, the study excluded 2 large
subgroups of heart failure patients: patients in whom
heart failure progression was associated with atrial ar-
rhythmias or with the need for permanent pacing, and
those who were taking type-III antiarrhythmic med-
ications or had implantable cardioverter-defibrillators.
Therefore, our results cannot be directly applied to all
patients with advanced heart failure. Second, we did
not attempt to analyze QT interval dispersion in our
study. Even though QT dispersion has been proposed
as a risk marker in patients with advanced heart fail-
ure, the reproducibility of QT dispersion measure-
ments has been poor.23 We did, however, minimize
intraobserver variability in our study by using only
leads II and V4 to determine QT interval length. Fi-
nally, the postoperative follow-up of our patients was
relatively short, which could account for the low mor-
tality rates observed in our study.

Conclusions

QTc intervals greater than 440 msec are associated
with adverse outcomes in ischemic heart failure pa-
tients undergoing CABG. Although the mechanism
underlying QTc prolongation is not fully understood,
it appears that QTc prolongation may be a good ad-
junct in risk stratification of patients with advanced
heart failure who are being considered for surgical
revascularization. Further studies are needed to deter-
mine its pathophysiologic significance and to deter-
mine whether it can be used with other markers as
part of a multivariate risk stratification protocol for
therapeutic decision-making in patients with ad-
vanced heart failure.
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