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Predictive value of Tpeak
-Tend interval for
ventricular arrhythmia and mortality in heart
failure patients with an implantable
cardioverter-defibrillator
A cohort study
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Abstract
Background: Tpeak-Tend interval (TpTe), a measurement of transmural dispersion of repolarization (TDR), has been shown to
predict ventricular tachyarrhythmia in cardiac resynchronization therapy with defibrillator (CRT-D) patients. However, the ability of
TpTe to predict ventricular tachyarrhythmia andmortality for heart failure patients with a cardioverter-defibrillator (ICD) is not clear. The
purpose of this study was to assess the predictive ability of TpTe in heart failure patients with ICD.

Methodsand results:We enrolled 318 heart failure patients treated after ICD. Patients were divided into 3 groups according to
their post-implantation TpTe values and were evaluated every 6 months. The primary endpoint was appropriate ICD therapy. The
secondary endpoint was all-causemortality. During long-term follow-up, the TpTe>110ms group (n=111) experiencedmore VT/VF
episodes (45%) and all-cause mortality (25.2%) than the TpTe 90–110ms group (n=109) (26.4%, 14.5%) and TpTe<90ms group
(n=98) (11.3%, 11.3%) (overall P< .05, respectively). In Cox regression, longer post-implantation TpTe was associated with an
increased number of VT/VF episodes [HR: 1.017; 95% CI: 1.008-1.026; P< .001], all-cause mortality [HR: 1.015; 95% CI: 1.004-
1.027; P= .010] and the combined endpoint [HR: 1.018; 95%CI: 1.010-1.026; P< .001].

Conclusions: Post-implantation TpTe was an independent predictor of both ventricular arrhythmias and all-cause mortality in
heart failure patients with an implanted ICD.

Abbreviations: ATP = antitachycardia pacing, CIs = confidence intervals, CRT = cardiac resynchronization therapy, CRT-D =
cardiac resynchronization therapy with defibrillator, HRs = hazard ratios, ICD = implantable cardioverter-defibrillator, NYHA = New
York Heart Association, TDR= transmural dispersion of repolarization, TpTe= Tpeak-Tend interval, TpTec= baseline rate-corrected
TpTe, VF = ventricular fibrillation, VT = ventricular tachycardia.
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1. Introduction

Implantable cardioverter-defibrillator (ICD) has been proven to
be an effective treatment method to prevent sudden cardiac death
caused by malignant rapid ventricular arrhythmias in heart
failure patients. In addition, cardiac resynchronization therapy
(CRT) with ICD (CRT-D) can improve the cardiac functional
class as well as quality of life and reduce both HF hospitalizations
and overall mortality in patients with a prolonged QRS complex
duration.[1,2] However, the risk of ventricular arrhythmias and
sudden death after device implantation has not disappeared and
cannot be ignored.
The predictive value of the Tpeak-Tend interval (TpTe) in

malignant ventricular arrhythmias has been a popular area of
research for several years. A series of studies confirmed the
practicality of TpTe as a risk factor in long QT syndrome[3] and
Brugada syndrome.[4]Moreover, immediate postimplantTpTehas
proven to be useful in appropriate ICD therapy predictions among
CRT-D patients.[5] However, fewer studies have examined the
predictive ability of TpTe for appropriate ICD therapy and all-
causemortality in ICDpatients.Morin et al[6] andRosenthal et al[7]

suggested that instead of TpTe, baseline rate-corrected TpTe
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(TpTec) predicts both ventricular tachycardia (VT)/ventricular
fibrillation (VF) and overall mortality in patients with systolic
dysfunction and implanted ICDs. However, TpTec may be limited
by cumbersome calculations; thus, its viability and effectiveness
have yet to be established. Considering that TpTe may be
prolonged by biventricular pacing,[8] the present long-term follow-
up study investigated the relationship between immediate
postimplantation TpTe and ventricular arrhythmias as well as
death in heart failure patients with ICD/CRT-D implantation.
2. Methods

2.1. Subjects

This study consecutively enrolled patients who experienced ICD
implantation at Fuwai Hospital from January 2014 to January
2016, and all subjects met the following inclusion criteria:
1.
Fig
Severe LV systolic dysfunction (LVEF �30%) and

2.
 New York Heart Association (NYHA) class ≥II.

The exclusion criteria were ventricular tachyarrhythmia with a
transient, reversible cause (drugs, electrolyte abnormalities, acute
myocardial infarction); structurally normal heart or isolated right
ventricular heart disease without left ventricular involvement;
ure 1. Protocol for selection participants. ICD, cardioverter-defibrillator; CRT-D,

2

Long QT syndrome; and age<18 years. The secondary
prevention of sudden cardiac death was defined as patients
who had a history of sustained VT or VF or who had survived
cardiac arrest.
All of the patients signed informed consent forms. This study

complied with the Declaration of Helsinki and was approved by
the Research Ethics Board of Fuwai Hospital.
Before device operation, the following baseline demographic

data were collected: age, gender, NYHA functional class, LVEF
(assessed by the modified biplane Simpson’s method[9]), 12-lead
electrocardiogram (ECG), medical history and medical therapy.
Figure 1 was a flow diagram illustrating the method of this study.

2.2. Device implantation

Device implantation was performed according to the ICD and
CRT guidelines. The right ventricular lead was implanted in the
apex in all patients. For double chamber ICD, the right atrial lead
was implanted in the right atrial appendage. For CRT-D
implantation, the left ventricular lead was positioned in the
lateral or posterolateral vein, which was the preferable target. If
these veins were not accessible, the lead was implanted in the
other branch of the coronary sinus, close to the lateral LV wall.
Initial device programming was performed immediately after
cardiac resynchronization therapy with defibrillator; TpTe = peak-Tend interval.
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ICD implantation. The VT zone was set to at least 170 beats/min
or 10 beats/min below the slowest episode of VT in those who
had VT; antitachycardia pacing (ATP) was the first-line therapy
in all patients. The VF zone was set to at least 200 beats/min,
treated by shock(s).
2.3. Electrocardiography assessment

ECG recording was conducted both before and within 24hours
post implantation using a standard digital recorder with 12
simultaneous leads at a paper speed of 25mm/s. TpTe was
averaged for all 12 leads and was defined as the interval from the
peak of a positive T wave or the nadir of a negative T wave to the
end of the T wave. The first peak in the bimodal T-wave was
selected. All ECG measurements were performed independently
by two physicians in a blinded fashion.Whenmeasurements were
not identical, the mean values were calculated. If the values
differed by>10ms, the measurements were adjudicated by a
third reviewer. According to a large sample study (n=36,299),
the mean TpTe interval to be 85±11ms in normal and
recommended adoption of 110ms as the upper limit of
normal[10]. Therefore, patients were divided into TpTe (<90
ms) (T1), TpTe (90–110ms) (T2) and TpTe (>110ms)(T3)
groups according to their post-operation TpTe values.
2.4. Follow-up

Long-term follow-up after device implantation was performed
every 6 months via in-person, remote device interrogation or a
telephone interview. The primary endpoint was the occurrence of
the first appropriate ICD therapy (ATP or shock) for sustained
VT or VF. The secondary endpoint was all-cause mortality (due
to heart failure, sudden cardiac death, or a non-cardiac cause).
The occurrence of ICD shocks or antitachycardia pacing after
ICD implantation was confirmed in all patients by device
interrogation at the Pacemaker follow-up center. Two electro-
physiologists who were blinded to the patient follow-up data
reviewed all of the ICD therapy events and identified the
appropriate ICD therapy. Inappropriate therapy was excluded
from analysis. Data on patients’ survival and the causes of death
were surveyed for all patients. HF death was diagnosed when
patients died of terminal heart failure, progressive failure of
cardiac pump function, or cardiac asthma under maximum
inotropic drug support.
2.5. Statistical analyses

Continuous variables are expressed as the mean±SD, and
categorical variables are presented as numbers and/or percen-
tages. Comparison of continuous variables between 3 different
TpTe categories was performed with 1-way analysis of variance
(ANOVA) and Bonferroni post-hoc testing. Categorical variables
were analyzed using the Chi-square test or Fisher exact test.
Differences between the baseline and post-implantation values
were tested using the Wilcoxon signed rank test for continuous
variables. Cumulative event rates were evaluated with the
Kaplan-Meier method, and a log rank test was utilized to
compare between groups. The annual event rate was calculated as
the number of adverse clinical events divided by the average
number of follow-up years. Univariate and multivariate Cox
proportional hazards models were performed for appropriate
ICD therapy, all-cause mortality and the combined endpoint.
3

Variables with P< .1 in univariate analysis were retained in the
multivariate model. Cox model findings are shown as hazard
ratios (HRs), 95% confidence intervals (CIs), and tests of
significance. All statistical analyses were two-tailed, and a
P value< .05 was considered significant. All data were
analyzed using SPSS statistical software (version 19.0; SPSS
Inc., Chicago, IL).
3. Results

3.1. Baseline characteristics

A total of 318 consecutive patients were included, and their
baseline characteristics are described in Table 1. The mean age
was 57.59±11.36 years; there were 239 men (75.2%), and the
mean LVEF was 27.93±6.65%. The main underlying cardiac
condition was idiopathic dilated cardiomyopathy (n=272,
85.5%), while the other underlying cardiomyopathies were
ischemic cardiomyopathy (n=41, 12.9%) and hypertrophic
cardiomyopathy (n=5, 1.6%). Forty-nine patients (15.4%) had
a history of atrial fibrillation. Forty-six patients (14.5%) received
an implanted defibrillator for secondary prevention of sudden
cardiac death. Twenty-one patients had a history of VF, and 25
patients had VT. The average baseline TpTe was 104±23ms;
post-operation, TpTe increased to 106±21ms (P< .05).
All patients were divided into 3 groups according to TpTe post-

operation. There were no significant differences in drug therapy
between the 3 groups, with the exception of statins. All groups
had a high usage of ACEI/ARB, b-blockers, diuretics and
spirolactones.

3.2. Appropriate device therapies

The clinical outcome of patients were described in Table 2.
During the follow-up of 25.14±22.83 months, 90 patients
(28.3%) experienced their first appropriate device therapy (ATP
and/or shocks) for ventricular arrhythmias, with 64% appearing
in the first year. The three groups had similar follow-up times
(29.24±22.12, 23.16±22.56, and 23.51±23.44, respectively;
all P= .104). The annual rate of VT/VF episodes was highest in
T3 (23.0%), intermediate in T2 (13.7%), and lowest in T1
(4.7%) (P= .00). Kaplan-Meier event-free survival analysis
demonstrated that T1 had a better arrhythmia-free survival
than the other two groups ((Log rank P= .002 and P= .000,
respectively) (Fig. 2). In Cox regression modeling (Table 3), when
treated as a continuous covariate, prolonged TpTe was
associated with an increased number of VT/VF episodes (hazard
ratio [HR]=1.019 for every 1ms increase in TpTe; 95% CI:
1.010-1.028; P= .000) in an unadjusted model but also in a
multivariate model (HR=1.017; 95%CI: 1.008-1.026; P= .000)
(adjusted for age, gender, comorbidities, primary prevention,
baseline electrocardiograph parameters, medications, and device
type). When assessed as a category variable, in univariate
analysis, both T2 (HR=2.782; 95% CI: 1.389-5.573; P= .004)
and T3 (HR: 4.733; 95% CI: 2.463-9.095; P= .000) were
associated with VT/VF episodes, but this was also the case in a
multivariate model (HR: 2.588; 95% CI: 1.279-5.237; P= .008;
and HR: 4.289; 95% CI: 2.200-8.365; P=0).

3.3. Mortality

After a mean mortality follow-up of 32.12±25.07 months, 55
patients (17.3%) died: 14 cases were sudden death, 26 were heart
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Table 1

Baseline characteristics of all patients.

Total (n=318) TpTe (<90 ms) (n=97) TpTe (90-110 ms)(n=110) TpTe (>110 m) (n=111) F/x2 P

Age (yr) 57.59±11.36 57.17±10.34 57.41±12.20 58.14±11.42 0.21 .811
Male (n, [%]) 239 (75.2) 70 (72.2) 88 (80) 81 (72.9) 2.13 .358
QRS duration (ms) 143.53±25.43 144.96±29.19 143.02±22.50 143.18±24.43 0.181 .834
LBBB (n, [%]) 125 (39.3) 38 (39.2) 48 (43.6) 39 (35.1) 1.675 .443
Dilated cardiomyopathy (n, [%]) 272 (85.5) 86 (88.7) 92 (83.6) 94 (84.7) 1.151 .536
Ischemic cardiomyopathy (n, [%]) 41 (12.9) 10 (10.3) 16 (14.5) 15 (13.5) 0.882 .663
Hypertrophic cardiomyopathy (n, [%]) 5 (1.6) 1 (1.0) 2 (1.8) 2 (1.8) 0.264 .876
Hypertension (n, [%]) 103 (32.4) 38 (39.2) 32 (29.1) 33 (29.7) 2.945 .233
Diabetes (n, [%]) 60 (18.9) 21 (21.6) 21 (19.1) 18 (16.2) 1.004 .613
Dyslipidemia (n, [%]) 110 (34.6) 36 (37.1) 39 (35.5) 35 (31.5) 0.768 .701
Primary prevention (n, [%]) 272 (85.5) 85 (87.6) 98 (89.1) 89 (80.2) 4.04 .139
Atrial fibrillation (n, [%]) 49 (15.4) 21 (21.6) 12 (10.9) 16 (14.4) 4.691 .092
NYHA class 2.69±0.679 2.73±0.69 2.64±0.71 2.70±0.64 0.49 .613
LVEF (%) 27.93±6.65 27.39±6.24 28.35±7.47 27.98±6.16 0.542 .582
ACEI/ARB (n, [%]) 286 (89.9) 88 (90.7) 98 (89.1) 100 (90.1) 0.156 .945
Beta-blocker (n, [%]) 315 (99.1) 97 (100) 109 (99.1) 109 (98.2) 1.583 .777
Diuretic (n, [%]) 303 (95.3) 93 (95.9) 105 (95.5) 105 (94.6) 0.256 .946
Spirolactone (n, [%]) 314 (98.7) 96 (99) 107 (97.3) 111 (100) 2.867 .164
Digoxin (n, [%]) 192 (60.4) 55 (56.7) 67 (60.9) 70 (63.1) 0.896 .641
Statin (n, [%]) 178 (56.0) 59 (60.8) 68 (61.8) 51 (45.9) 6.98 .031
Amiodarone (n, [%]) 50 (15.7) 12 (12.3) 13 (11.8) 25 (22.5) 5.606 .06
CRT-D (n, [%]) 152 (47.8) 45 (46.4) 54 (49.1) 53 (47.7) 0.151 .93
VT detection zone (b.p.m) 167.65±10.88 168.57±11.81 165.64±11.15 168.84±9.46 2.928 .055
VF detection zone (b.p.m) 203.96±8.33 202.77±7.81 203.79±7.98 205.16±8.99 2.181 .115

ACEI = angiotensin-converting enzyme inhibitor, ARB = angiotensin receptor blocker, CRT-D = cardiac resynchronization therapy with defibrillator, LBBB = left bundle branch block, LVEF = left ventricular
ejection fraction, NYHA = New York Heart Association, TpTe = Tpeak-Tend interval, VF = ventricular fibrillation, VT = ventricular tachycardia.
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failure-related and 15 were due to a non-cardiac cause. The
annual all-cause mortality in T3 was approximately 8.9% and
declined stepwise to 5.8% and 4.2% in T2 and T1, respectively
(overall P= .021). In univariate analysis, for all-cause mortality,
T1 had the highest event-free survival compared with those in T3
(Log rank P= .032), with intermediate survival among patients in
T2 (Log rank P= .420) (Fig. 3). However, there were no
significant differences in the causes of death among the three
groups (Fig. 4).
According to Cox regression modeling (Table 3), TpTe post-

operation was also associated with all-cause mortality upon both
unadjusted (HR: 1.015; 95% CI: 1.006-1.025; P= .001) and
adjusted analyses (HR: 1.015; 95% CI: 1.004-1.027; P= .010).
TpTewas also able to stratify the risk of death; when examined as
Table 2

Clinical outcome of patients.

Total TpTe (<90 ms

n 318 97
VT/VF (n,%) 90 (28.3) 11 (11.3)
VT (n) 47 (14.8) 6 (6.2)
VF (n) 43 (13.5) 5 (5.1)
All-cause mortality (n,%) 55 (17.3) 11 (11.3)
SCD (n) 14 (4.4) 3 (3.1)
HF-related death (n) 26 (8.2) 4 (4.1)
Non-cardiac cause (n) 15 (4.7) 4 (4.1)
Combined endpoint (n, %) 123 (38.7) 18 (18.6)
Death of follow-up = months 32.12±25.07 32.61±24.09
VT/VF of follow-up = months 25.14±22.83 29.24±22.12
Combined endpoint of follow-up = months 25.14±22.83 29.24±22.12

HF = heart failure, SCD = sudden cardiac death, TpTe = Tpeak-Tend interval, VF = ventricular fibrilla

4

categorical variables, T3 showed significantly worse event-free
survival compared with T1 not only in univariate Cox models
(HR: 2.126; 95% CI: 1.058-4.272; P= .034) but also after
adjustment (HR: 2.261; 95% CI: 1.084-4.716; P= .03).
3.4. Combined endpoint

Of the study population, a total of 123 patients (38.7%)
experienced the combined endpoint of VT/VF episodes or death
during follow-up. The annual combined endpoint events of death
or VT/VF episodes was also highest in T3 (29.9%) and was
lowest in T1 (7.6%); T2 (18.8%) was intermediate. Kaplan-
Meier analysis showed a decreased probability of death or
ventricular arrhythmias with shorter TpTe post-operation, and
) TpTe (90–110 ms) TpTe (>110 ms) F P

110 111
29 (26.4) 50 (45.0) 29.291 .000
16 (14.5) 25 (22.5) 10.976 .004
13 (11.8) 25 (22.5) 13.770 .001
16 (14.5) 28 (25.2) 7.866 .021
3 (2.7) 8 (7.2) 2.818 .220
7 (6.4) 15 (13.3) 6.815 .034
6 (5.5) 5 (4.5) 0.275 .895
40 (36.4) 65 (58.6) 35.303 .000

29.94±25.86 33.87±25.17 0.703 .496
23.16±22.56 23.51±23.44 2.278 .104
23.16±22.56 23.51±23.44 2.278 .104

tion, VT = ventricular tachycardia.



Figure 2. Kaplan-Meier estimates of cumulative incidence of VT/VF episodes in the groups TpTe (<90ms), TpTe (90-110ms), and TpTe (>110ms). TpTe= Tpeak-
Tend interval, VT = ventricular tachycardia, VF = ventricular fibrillation.
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event-free survival was highest among T1 compared with T2 and
T3 (Fig. 5).
In Cox regression modeling (Table 3), TpTe was also

associated with the combined endpoint of death or VT/VF
episodes in both unadjusted (HR: 1.020; 95% CI: 1.012-1.027;
P=0) and adjusted analyses (HR: 1.018; 95% CI: 1.010-1.026;
P=0). When assessed as a category variable, after multivariate
adjustment, T2 and T3were associated with a higher risk of death
or ventricular arrhythmias (HR=2.366; 95% CI: 1.356-4.129;
Table 3

Cox proportional hazards analyses of VT/VF events = mortality = an

Univariate HR (95% Cl)

VT/VF events
TpTe Category
TpTe<90 ms 1.00 (reference)
TpTe 90–110 ms 2.782 (1.389-5.573)
TpTe>110 ms 4.733 (2.463-9.095)
TpTe (continuous = per 1-ms increase) 1.019 (1.010-1.028)
All-cause mortality
TpTe Category
TpTe<90 ms 1.00 (reference)
TpTe 90–110 ms 1.361 (0.631-2.935)
TpTe>110 ms 2.126 (1.058-4.272)
TpTe (continuous = per 1-ms increase) 1.015 (1.006-1.025)
VT/VF events or all-cause mortality
TpTe Category
TpTe<90 ms 1.00 (reference)
TpTe 90–110 ms 2.366 (1.356-4.129)
TpTe>110 ms 3.821 (2.266-6.444)
TpTe (continuous = per 1-ms increase) 1.020 (1.012-1.027)

TpTe = Tpeak-Tend interval, VF = ventricular fibrillation, VT = ventricular tachycardia.
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P= .002 and HR: 3.821; 95% CI: 2.266-6.444; P= .000,
respectively) compared to the T1 category.
4. Discussion

4.1. Major finding

The most important finding of this study was the correlation
between TpTe and the outcome of heart failure patients with an
d combined endpoints according to admission TpTe.

P Multivariate HR (95% Cl) P

1.00 (reference)
.004 2.588 (1.279-5.237) .008
.000 4.289 (2.200-8.365) .000
.000 1.017 (1.008-1.026) .000

1.00 (reference)
.432 1.402 (0.635-3.097) .403
.034 2.261 (1.084-4.716) .030
.001 1.015 (1.004-1.027) .010

1.00 (reference)
.002 2.238 (1.272-3.937) .005
.000 3.451 (2.015-5.908) .000
.000 1.018 (1.010-1.026) .000

http://www.md-journal.com


Figure 3. Kaplan-Meier estimates of all-death mortality in the groups of TpTe (<90ms), TpTe (90-110ms), and TpTe (>110ms). TpTe = Tpeak-Tend interval.
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ICD implanted for primary or secondary prevention. After
multivariate Cox regression model analysis, prolonged TpTe was
a strong independent predictor of appropriate ICD therapy,
death and the combined endpoint in heart failure patients after
ICD implantation.
It is known that TpTe represents the difference between the

epimyocardial repolarization time and midmyocardial repolari-
zation time and is traditionally accepted as a measurement of the
transmural dispersion of repolarization. The T peak reflects the
epimyocardial repolarization endpoint, and the T end corre-
sponds to the midmyocardial repolarization endpoint. Yama-
guchi et al[11] showed that the TpTe interval was more accurate
than QT dispersion at reflecting repolarization dispersion.
Several studies have proposed that TpTe is responsible for
mortality and life-threatening arrhythmias in congenital and
acquired long-QT syndrome [3], Brugarda Syndrome [4], and
patients undergoing primary percutaneous coronary intervention
for myocardial infarction.[12] Golcuk et al,[13] found that TpTe is
also useful to discriminate malignant RV/VAs and idiopathic
RVOT tachycardia. For patients with a cardiovascular implant-
able electronic device, Lellouche et al[5] found that prolonged
post-operation TpTe was associated with an increased incidence
of ventricular arrhythmias after CRT-D. Morin et al[6] and
Rosenthal et al[7] subsequently reported that the baseline TpTec
independently predicts both VT/VF and overall mortality in
patients with systolic dysfunction and implanted ICDs.
The results of our study support the important predictive value

of TpTe for ventricular arrhythmia and mortality. Furthermore,
there are some significant differences between the aforemen-
tioned studies and our own: first, the study population was heart
failure patients with ICD implantation for either primary or
secondary prevention. Second, we investigated TpTe post-
6

operation instead of at baseline because of the potential impact
of the eft ventricular epicardial pacing and biventricular pacing
on repolarization dispersion in CRT-D patients. Furthermore,
this study only evaluated TpTe based on previous studies
showing that TpTe and TpTec share predictive value in
ventricular arrhythmias.[14] Lastly, we explored the relationship
between TpTe and causes of death.

4.2. TpTe and ventricular arrhythmia

This study verified that post implant TpTe was a strong
independent predictor of appropriate ICD therapy in heart
failure patients with ICD implantation. TpTe>110ms, in
particular, had a high risk of ventricular arrhythmia.
Althoughmany studies have confirmed TpTe to be an indicator

of increased risk of arrhythmia, the details of the underlying
mechanism of the TpTe interval are still unclear. Possible reasons
include the following:
1.
 TDR is a major predictor of malignant rapid ventricular
arrhythmias, and an abnormal increase in TDR enables
arrhythmic substrate for VT, ventricular fibrillation and
flutter, and sudden cardiac death.[14] As mentioned earlier, it is
generally recognized that TpTe, an index of TDR in ECG,
reflects the gap of action potential duration between the endo-
epicardium and M (mid-layer) cell.[15] Prolonged TpTe
represents increased TDR, which means more vulnerability
to reentrant arrhythmias.
2.
 On the other hand, others argue that TpTe may be more
representative of the global dispersion of repolarization than
TDR, which has been confirmed by experimental investiga-
tion.[16] Therefore, TpTe could still be used in heart failure and
cardiomyopathy conditions, which would create a large-scale



Figure 4. Kaplan-Meier estimates of different causes of death (A. Sudden death, B. Heart failure death, and C. Non-cardiac death) in the groups TpTe (<90ms),
TpTe (90-110ms), and TpTe (>110ms). TpTe = Tpeak-Tend interval.
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Figure 5. Kaplan-Meier estimates of cumulative incidence of VT/VF episodes or death in the groups TpTe (<90ms), TpTe (90-110ms), and TpTe (>110ms). TpTe
= Tpeak-Tend interval, VT = ventricular tachycardia, VF = ventricular fibrillation.
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repolarization dispersion change. The increase in transmural
dispersion of repolarization due to augmentation of the global
dispersion of repolarization would be expressed in TpTe.[16]

In the present study, the risk of appropriate ICD therapies was
not equally distributed over time. The highest risk of VT/VF was
noted at the beginning of follow-up, with 56% of appropriate
therapies occurring during the first year after ICD implantation.
It is of particular interest that ventricular arrhythmias are a
constant risk, and even the rate of first appropriate therapy
decreases over time. In the study by Boule et al,[17] one patient
received a first appropriate therapy nearly 10 years after ICD
implantation. Therefore, generator replacement is still necessary
for patients who never experienced ventricular tachyarrhythmia
after ICD implantation.
It should be noted that a VT detection zone was associatedwith

appropriate ICD therapies according to multivariate Cox
regression analyses. Although ICD programming was standard-
ized at the time of operation, doctors may change the detection
rates for different conditions (e.g., eliminate distractions by
supraventricular tachycardia) to avoid inappropriate therapies.
However, a higher threshold for the VT detection rate would
result in a lower incidence of appropriate ICD therapies. The
tachycardia detection programming strategies still require further
research.

4.3. TpTe and mortality

Accordingtopreviousclinical trials, thebenefitsof ICDareembodied
in the28%reduction in totalmortality,which ismainlydue toa50%
reduction in arrhythmic death.[18] In the study by Thijssen et al[19],
2,859patientswith ICDorCRT-D implantationwere followed fora
median of 3.4 years, and heart failure and non-cardiac death were
8

found to be the most common type of death. Sudden death was low
(7%–8%) and was comparable between primary and secondary
prevention ICD and CRT-D patients.
In the present study, heart failure was the major cause of death

for all patients. The predictive factors of morbidity are a popular
topic of study in the field of ICD. Poole et al[20] demonstrated that
appropriate ICD shock was associated with a substantially higher
risk of death in heart failure patients who received an ICD for
primary prevention. In the study by Zhang et al[21], changes in
LVEF were inversely associated with all-cause mortality among
primary prevention ICD patients. TpTe has been studied as well,
but the results vary. In the Porthan et al[22] study, TpTe was not a
significant mortality predictor in the general population.
However, Panikkath et al[23] suggested that prolongation of
TpTe was independently associated with SCD for patients
without ICD. Recently, Rosenthal et al[7] found that baseline
TpTec could independently predict overall mortality in patients
with implanted ICD for primary prevention. The variable results
of these studies may be due to the different measurement methods
of TpTe as well as the study population. In our study, TpTe post-
operation was measured on 12 leads in ECG. The average was
calculated, and we found that prolonged TpTe post-operation
was associated with all-cause mortality and the combined
endpoint of death or VT/VF episodes in both unadjusted and
adjusted Cox regression analysis. Patients with TpTe greater than
110ms had the highest heart failure death rates; however, there
was no significant difference between the groups according to
Kaplan-Meier event-free survival analysis. In addition, there was
no intergroup difference in sudden cardiac death. It should be
noted that TpTe is liable to be affected by cardiac morphology,
electrocardiogram leads and medication. Therefore, the clinical
and practical value of TpTe requires further discussion and study.
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5. Limitations

This was a single-center study with a relatively small patient
cohort. Therefore, further large-scale studies are needed to
confirm the findings and to discover the possible mechanisms
behind the association. Moreover, the mechanism of T wave
formation is still unclear, and the measurement and calculation
methods of TpTe remain in conflict. The reliability of this
indicator as a predictor of risk merits further investigation.
Another limitation is that ventricular arrhythmias were evaluated
by appropriate ICD therapies that had occurred, which were
restricted by tachycardia detection programming and might have
omitted arrhythmias that fell short of the mark.
6. Conclusion

Heart failure patients with ICD/CRT-D implanted for primary
and secondary prevention of SCD have a high risk of appropriate
ICD therapy and death over prolonged follow-up. The first
appropriate ICD therapy attributable to ventricular arrhythmias
tends to occur in the early stage after device implantation. Post
implantation TpTe was an independent predictor of both
ventricular arrhythmias and all-cause mortality in patients with
heart failure and an implanted ICD.
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