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Effect of cardiac resynchronization therapy on ventricular
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ABSTRACT

Objective: Cardiac resynchronization therapy (CRT) was thought to have a proarrhythmic effect on ventricular repolarization. But the results of
previous studies were inconsistent. The aim of this study was to determine the effect of CRT on ventricular repolarization.

Methods: A meta-analysis of studies focused on the effect of CRT on ventricular repolarization in patients undergoing CRT was conducted.
Endpoints including QT interval (QT), JT interval (JT), QT dispersion(QTD) and interval between the peak to end of T wave (Tp-e).

Results: A total of 14 studies were included in our meta-analysis. After pooling the data, no significant difference was observed in QT, JT and Tp-e
between biventricular (BV) pacing and intrinsic ventricular rhythm. BV paced QTD was lower than intrinsic QTD, but the significance was ambigu-
ous [mean difference (MD): -17.33, 95% Cl -34.44 to -0.22, p=0.05]. Left ventricular (LV) paced Tp-e was significantly longer than intrinsic Tp-e (MD:
21.44, 95% Cl 2.37 to 40.51, p=0.03). No significant difference was observed in QT, JT and QTD between LV pacing and intrinsic ventricular rhythm.
Conclusion: In patients undergoing CRT, BV pacing has no deteriorating effect on ventricular repolarization, but LV pacing has a prolonging
effect on Tp-e. (Anatol J Cardiol 2015; 15: 188-95)
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Introduction

Cardiac resynchronization therapy (CRT) has been proved to
be a therapeutic tool for selected group of patients with heart
failure. In patients with heart failure and cardiac dysynchrony,
CRT can improve haemodynamics, exercise capacity, quality of
life and survival (1-3). Although CRT improves total survival of
patients with heart failure, the risk of sudden death, which is
mainly due to ventricular arrhythmia, is not decreased by CRT
(3, 4). Some studies suggest that left ventricular epicardial pacing
and biventricular pacing have deteriorating effect on ventricular
repolarization, which may be proarrhythmic (5, 6). However, other
studies have different results (7, 8). To determinate the effect of
CRT on ventricular repolarization, we conducted a meta-analysis.

Methods

Search strategy
We searched for all published articles indexed in PubMed
until June 30" 2013. The search terms were (CRT OR resynchro-

nization OR biventricular pacing OR left ventricular pacing) AND
(repolarization OR QT OR JT OR TDR).

Eligibility

For this meta-analysis, the following inclusion criteria were
adopted: 1) the study was self-control study; 2) the study sub-
jects were patients undergoing cardiac resynchronization; 3)
the study must focused both intrinsic ventricular rhythm and
biventricular (BV) pacing, the left ventricular (LV) pacing was not
compulsive; 4) means and standard deviations of at least one of
endpoints of QT interval (QT), JT interval (JT), QT dispertion
(QTD) and interval between the peak to end of T wave (Tp-e)
were provided or could be calculated; 5) all the measurements
were corrected for heart rate or the heart rate was constant in
the study.

Data extraction

Data extraction was performed by 2 investigators (Duan and
Gao) independently. A pre-tested data extraction form was
used. The data extraction form included: general information,
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study characteristics, information of participants, measuring meth-
od, data of endpoints and so on. In case of contradictory findings,
the two investigators would be contacted for clarification.

Records identified through
database searching (PubMed)
(n=510)

\ 4
Records screened by titles, Records excluded
abstracts and keywords ——» (n=481)

(n=510) -not r'elevant: 489 .
-duplicated publication: 1
Full-text articles assessed for Full-text articles excluded

eligibility | (n=15)
(n=29) -no required data: 15

y

Studies included in quantitative
synthesis (meta-analysis)
(n=14)

Figure 1. Flow chart showing the results of the search strategy
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Statistical analysis

For all the interested data were continuous data, they were
expressed as meanzstandard deviation and an overall mean
difference (MD) was calculated. Overall results were calculated
based on fixed effect model if no heterogeneity was found
among trials. Otherwise, random effects model was adopted.

Heterogeneity was tested by using the Z score and the chi-
square statistic with significance set at p<0.10. Publication bias
was accessed by visual inspection of funnel plot. Because of
the small amount of included studies, meta-regression was not
performed.

The analyses were done with the computer program RevMan
Analyses in Review Manager 5.0.2 (2009, The Cochrane
Collaboration).

Results

Search results

A total of 510 potentially eligible references were identified
by electronic search. After screening by titles, abstracts and
keywords, 480 references were excluded as irrelevant and 1
reference was excluded as duplicated publication. The rest 29
references were reviewed by full-text. 15 references were
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Figure 2. (A) Forest plot comparing BV pacing with intrinsic ventricular rhythm on QT (ms). (B) Forest plot comparing LV pacing with intrinsic

ventricular rhythm on QT (ms)
BV - biventricular; LV - left ventricular; QT - QT interval



Anatol ) Cardiol 2015; 15: 188-95

Cardiac resynchronization therapy

Duan et al.

190

aneM | Jo pua 0} ead ay} uaamyaq [eAIB)ul - 8-d] ‘uoisiadsip 10 - (LD ‘B8l |D - 10 ‘SelwAyLIeyE) JBNDLIUSA paulelsns
- LAS ‘UONBIYYISSE|D [BUONIUN) LUORBIIOSSY HEaH YI0A M3 - YHAN ‘UORIE} U0RIala JenaLjuaA Ya| - 43/ ‘UCISUBWIP J1|0)SeIP-PUa JBNILIUSA Ja| - QQIAT BINIHIUSA Y8] - AT ‘[BAISIUI | [ - | [ UORBZIUOIYDUASSI JRIPIRI - | Y] “IeNaLIusA] - AG

B|nuLIo} Buioed Ag uonejue|duw Jaye %LFECAANTAI-III €00¢
s 1azeg 10 VN | ‘Buioed A7 :oisuuiu| S)8aM g-| ‘uonejue|dwi Jaye sinoy g | YHAN Yum ‘149 Bulobiapun swuaned 6¢ | ||aney-euipa|y
wdgq ool apow Buioed JejnaLyuan 1e exep 1o}
jo ajel uonejue|dwi Jaye sypuow g ‘wiytAyl Sw 0ZL< SHO Pue Al 600z
ayy 1r swq | Buioed Ag ‘oisuLu| | JeinoLIUBA disulul Jo elep Joj uonejueidwily | WHAN Yum ‘149 Buiobiapun suaneq 0z luenog
[nw.oy Buioed Ag Buoed Jejnalyuan aanae o0} Joud pue SWQELZ SHO Pue %51z 43N 1111 600
sazeg alo VN | ‘Buioed A7 :oisutiu| uonejue|dwi Jayewssed Jaye shkepz o | | WHAN Unm ‘149 Buiobiapun suaned (74 Jablag
e|Nwo} Buioed Ag ainjie} 600z
spazeg | 9-d1'D VN | ‘Buioed A7 :oisuliu| uonejueldwi Jaye shepz | Heay yum ‘149 Buiobiapun sjusined 8z | usuAnpsAny
wuw 66< @3N
g|nuuo4 a-d| Buioed Ag pue %Ge> 43NT 'sW OEL<SHOAI-III 900¢
snazeg ‘alo VN | ‘Buroed A7 ‘aisutiu) uonejue(dwi Jaye sypuow g | WAHN Ysm ‘149 BuioBiapun sjuaned 0§ ojabuejueg
a-d] SW (7L< SYD Pue %0LFL¢
gjnuiio} ‘awo Buioed Ag uonejue|du 43N ‘Ww /€9 Q3N Al 900¢
snazeg ™10 swp | ‘Buioed A7 ‘aisutiu) Joyewaoed juauewlad a108g | YHAN Yum ‘147 Buiobiapun suaned vl epeley
apouw Buioed Jejnaiuan je elep Joj uonejue|duw
e[nwJoy sws+ Jaye sAep gy ueaw ‘WyAyd JeinaLusn | %GeS 43N] pue swozLs SHO Al
snazeg 10 AN140 swp+ A7 | Buioed Ag ‘aisuiiu aIsuLiul Jo ejep Joj uonejuejdw a1ojag | YHAN Yum ‘147 BuioBiapun sjusied GL
apouw Buioed AuoiyauAssAp sejnaryuan-enul $£:SYD |ewou
Je|naluan je ejep Joj uonejuejdwnsod 13| YUM Sw g1 SHD 10 jo dnoJigng
e[nuwuoy $IN0Y g UIYNM ‘WipAy JenoLauaA | sW OgL< SHO Pue %GeS 43NT* Al-III 8y:d44d1 £002
snazeg 10 VN | Buioed pg ‘aisuinu) 9ISuLAUl JO elep Joj uonejue(dwi a1o8g | WYHAN UbMm ‘147 BuioBiapun suaned jo dnoibgng ayanoj|a]
wdq gL 1 jo Buroed Ng SW 01 SHO Pue %SES 43N 8002
alelaylly | 9-d1D VN | ‘Buioed A7 :oisuuu| uonejue|dwi Jayy yum ‘149 Bulobaapun swaned 6l yuy
g'si1apuodsaluou
apow Buioed JejnaLjuaA e elep Joy 149 Jo dnoibgng
e[nw.oy alo uonejue|dwi Jaye yuow ¢ ‘WwylAyl JejnaLjuan %GE> 43N\ PUe Al ‘g|:sJapuodsal 8002
snazeg 010 VN | Buioed pg ‘oisuLiu) 9IsuLul Jo elep Joj uonejuejdwi aio@g | YHAN Udm ‘147 Buiobiapun sjuaned | 147 jo dnosbgng BUIH
(AydesBoipieaoyaa Buroed Jejnoluan jo Jaye elep 1oy 906> 43N1
e[nw.oy Jo siseq ayy uoneyue|dwi sAep gg ‘WpAyJ JejnaLiuan pue sw gz < uonenp SHO Al-lll 6002
S,B191apLY 1D | uo)swQg~0z +A1 | Buioed g ‘oisuuu) 9IsuLjul Jo elep Joj uonejuejdwi aio@g | YHAN Udm ‘147 BuioBiapun suaned oL suane|iq
a-d| Buioed pAg 147301 010¢
VN ™10 swp | ‘Buioed A7 :oisuuu| VN | Buipuodsai pue Buiobiapun swuaned 6 njfoyny
Buroed Jejnainuan ybu 6VLNS
jueuawJad Jo swelBoipiesosioaja | Inoyum dnolbgng
g|nwi.oy UO SWQEL SHO Pue %GE> 43N0 GEVLNS L10C
sazeg 10 VN | Buioed pAg ‘oisuuu| VN yum ‘149 Bulobiapun swaned yum dnoisbgng neuyooid
e|nw.oy uonejue|duwi ainjiey yeay rAIA
sypezeg | 8-d1 1D VN | Buioed pAg ‘oisuu| Jaye (191-£1) shep g/ | 818nas yum ‘149 Buiobiapun sjusned At se|bnog
e|nuLoj ejep
uond3LoY) |3|qejieny Ad Jo Aejap A-A apow Apmg awn Apmg sonsuajoeleyd syuedionied N Apmg

sansuajaeieya Apnjs jenpiaipuj ' ajqel




Anatol ) Cardiol 2015; 15: 188-95

Duan et al.
Cardiac resynchronization therapy

191

Test for overall effect: Z = 1.32 (P = 0.19)

BV paced JT Intrinsic JT Mean Difference Mean Difference
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Turkoglu 2010 303.33 20.31 9 32411 51.86 9 10.5% -20.78[-57.17, 15.61] 2
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Heterogeneity: Chiz = 4.63, df = 4 (P = 0.33); I = 14% 100 50 0 50 100

Favours Intrinsic Favours BV paced

Figure 3. Forest plot comparing BV pacing with intrinsic ventricular rhythm on JT (ms)

BV - biventricular; JT - JT interval

A

Test for overall effect: Z=1.99 (P = 0.05)

LV paced QTD Intrinsic QTD

Test for overall effect: Z = 0.81 (P =0.42)
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Total (95% CI) 89 89 100.0% 13.59 [-19.48, 46.66]

Heterogeneity: Tau? = 765.16; Chi* = 21.04, df = 2 (P < 0.0001); I* = 90%
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Mean Difference Mean Difference

| Il Il |
-200  -100 0 100 200
Favours Intrinsic  Favours LV paced

Figure 4. (A) Forest plot comparing BV pacing with intrinsic ventricular rhythm on QTD (ms). (B) Forest plot comparing LV pacing with intrinsic

ventricular rhythm on QTD (ms)

BV - biventricular; LV - left ventricular; QTD - QT dispersion

excluded because no required data was available. Finally, 14
references (5-18) were accorded with the inclusion criteria of
this meta-analysis (Fig. 1 and Table 1). In 3 of the 14 references,
the data of endpoints were provided by subgroups (6, 14, 17). In
2 of the 14 references, the data was expressed as mean and
standard error, the standard deviation was calculated (11, 15). In
1 of the 14 references, the data of endpoints were provided by
every patient, the means and standard deviations of endpoints
were calculated (16).

QT interval

Intrinsic QT and BV paced QT were reported in 11 studies.
After pooling the data, no apparent difference was observed
between intrinsic QT and BV paced QT (MD: 3.26, 95% CI-13.00
to 19.51, p=0.69). The heterogeneity among studies in QT was
significant (1=87%, p<0.00001). LV paced QT was reported in 5 of
the 11 studies. No apparent difference was observed between

intrinsic QT and LV paced QT (MD: 60.40, 95% CI -4.93 to 125.74,
p=0.07). The heterogeneity among studies in QT was significant
(1:=97%, p<0.00001) (Fig. 2).

JT interval

Intrinsic JT and BV paced JT were reported in 4 studies.
After pooling the data, no apparent difference was observed
between intrinsic JT and BV paced JT(MD: -7.95, 95% Cl -19.74
to 3.84, p=0.19) and no significant heterogeneity was found
(I==14%, p=0.33) (Fig. 3). Because LV paced JT was reported in
only 2 of the 4 studies, pooled analysis was not referred for it.

QT dispersion

Intrinsic QTD and BV paced QTD were reported in 4 studies.
After pooling the data, BV paced QTD was lower than intrinsic
QTD, but the significance was ambiguous (MD:-17.33, 95%
Cl-34.44 to -0.22, p=0.05). The heterogeneity among studies in
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A

BV paced Tp-e Intrinsic Tp-e Mean Difference Mean Difference
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Total (95% CI) 172 172 100.0%  -4.56 [-11.36, 2.24]
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Test for overall effect: Z=1.32 (P =0.19)
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B LV paced Tp-e Intrinsic Tp-e Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% CI IV, Random, 95% CI
Anh 2008 120 20 19 106 26 19 23.0% 14.00 [-0.75, 28.75] -
Harada 2006 189 37 14 122 23 14 193% 67.00[44.18, 89.82] -
Huysduynen 2005 106 21 28 108 27 28 23.9% -2.00[-14.67, 10.67] n
Santangelo 2006 11471 261 50 101.55 19.08 50 25.2%  13.16[4.20, 22.12] -
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Figure 5. (A) Forest plot comparing BV pacing with intrinsic ventricular rhythm on Tp-e(ms). (B) Forest plot comparing LV pacing with intrinsic

ventricular rhythm on Tp-e(ms)
BV - biventricular; LV - left ventricular; Tp-e - interval between the peak to end of T wave
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Figure 6. Funnel plot to assess systematic bias using BV paced QT
BV - biventricular; QT - QT interval

QTD was significant (12=90%, p<0.00001). LV paced QTD was
reported in 3 of the 4 studies. No apparent difference was
observed between intrinsic QTD and LV paced QTD (MD: 13.59,
95% CI-19.48 to 46.66, p=0.42). The heterogeneity among studies
in QTD was significant (12=90%, p<0.0001) (Fig. 4).

Tp-e

Intrinsic Tp-e and BV paced Tp-e were reported in 6 studies.
After pooling the data, no apparent difference was observed
between intrinsic Tp-e and BV paced Tp-e (MD: -4.56, 95% ClI
-11.36 to 2.24, p=0.19). The heterogeneity among studies in Tp-e

was significant (I=51%, p=0.07). LV paced Tp-e was reported in
5 of the 6 studies. After pooling the data, LV paced Tp-e was
significantly longer than intrinsic Tp-e (MD: 21.44, 95% Cl 2.37 to
40.51, p=0.03). The heterogeneity among studies in Tp-e was
significant (12=85%, p<0.0001) (Fig. 5).

Publication bias

Visual inspection of the funnel plot for QT did not show
asymmetry, which indicated that significant publication bias was
not likely (Fig. 6).

Discussion

In this meta-analysis, we found that BV pacing had no sig-
nificant effect on QT, JT and Tp-e. A slightly decreased QTD was
associated with BV pacing, but the significance was ambiguous.
LV pacing had a prolonging effect on Tp-e but didn’t signifi-
cantly affect other parameters.

As a cornerstone of CRT, CARE-HF study proved that CRT
could reduce the risk of all-caused death in patients with heart
failure and cardiac dyssynchrony (3). But the risk of sudden
death was not decreased by CRT in this study (3). A meta-anal-
ysis which included 2371 patients of 5 studies suggested that
CRT alone reduced all-caused death predominantly by reducing
worsening heart failure mortality but not affecting sudden death
(4). Proarrhythmic effect of CRT was considered and was sup-
ported by some case reports of ventricular arrhythmia following
the implantation of CRT (5, 19, 20). But other studies suggested
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that CRT could decrease the incidence and inducibility of ven-
tricular tachyarrhythmias (21, 22).

Medina-Ravell et al. (5) reported the potential proarrhythmic
effect of CRT at the first time. In humans study and animal
experiment, BV pacing and LV epicardial pacing was found to be
associated with ventricular arrhythmia, including R-on-T extra-
systoles and TdP They attributed the potential proarrhythmic
effect of CRT to the ventricular repolarization alteration caused
by BV pacing and LV epicardial pacing, including prolongation of
QT, JT and transmural dispersion of repolarization (TDR), which
was defined as the Tp-e. These findings were verified by anoth-
er experimental study reported by Fish et al. (23), which sug-
gested that epicardial activation of left ventricular wall prolongs
QT and TDR. However, results of following studies were incon-
sistent or even contradictory (7, 8, 14). Santangelo et al. (7)
reported that LV pacing enhanced QTD and TDR, whereas BV
pacing significantly reduced QTD and TDR. Anh et al. (8) report-
ed that compared with RA pacing, BV pacing produced shorter
QT. Hina et al.(14) reported that QTD and JT dispersion were
significantly decreased after CRT in subgroup of CRT respond-
ers but no significant change in subgroup of CRT nonresponders.
Another study of patients without structural heart disease sug-
gested that RV pacing, LV pacing and BV pacing increased QT
and Tp-e, but the effect of BV pacing was less than RV pacing
and LV pacing (24).

QT is a traditional measurement of ventricular repolarization,
prolonged QT has been proved to be a powerful predictor of all
caused death and sudden cardiac death in patients with
advanced heart failure (25). In patients with CRT, prolongation of
QT induced by BV pacing has be proved to be related to sus-
tained ventricular tachyarrhythmias (17). Some researchers
considered JT to be a better measurement of ventricular repo-
larization than QT because it is independent of QRS duration (26,
27). In previous study, prolonged JT was suggested to be an
independent risk factor of sudden cardiac death in patients with
coronary artery disease (28). QTD, which is defined as the differ-
ence in QT interval between the different leads, is considered to
be an indirect measurement of the inhomogeneity of myocardial
repolarization (29, 30). Study of Chalil et al. (11) suggested that
major arrhythmic events in patients undergoing CRT were
related to pacing induced QTD increase. Our meta-analysis sug-
gested that BV pacing and LV pacing had no deteriorating effect
on QT, JT and QTD. On the contrary, a slightly decreased QTD
was associated with BV pacing, although the significance was
ambiguous.

Tp-e, which is considered as a measurement of TDR, was
proved to be a predictor of ventricular arrhythmia superior to QT
and QTD (31-33). In the study of Tiirkoglu et al. (16) 2 patients
with biventricular pacing-induced ventricular fibrillation were
successfully treated by reprogramming of V-V delay resulting in
shorter Tp-e. Our meta-analysis suggested that BV pacing didn't
affect Tp-e, but LV pacing had a prolonging effect on Tp-e.
Recent studies suggested that LV pacing alone may be noninfe-
rior or even superior to BV pacing with regard to echocardio-
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graphic responses (34-36). But the unfavourable effect of LV
pacing on Tp-e should be taken in account when LV pacing
alone is adopted in clinic.

Study limitations

There are limitations to this meta-analysis. Firstly, although
the effect of CRT on the ventricular repolarization was reported
to be time-dependent (37), the duration of BV pacing before or
during study was different among studies. The results of differ-
ent studies may be affected by the duration of CRT in various
degrees. Secondly, although previous study suggested that pro-
grammed V-V delay had impact on QT, JT and Tp-e (16), it was
different or not provided in our included studies. Thirdly, the
intensity of pacing during our included studies was not available,
although LV pacing intensity was proved to have a positive cor-
relation with QT interval (38). Fourthly, although 14 studies were
included in this meta-analysis, only 1 study provided all the four
endpoints, more than half of the studies provided only 1 end-
point. Therefore, we did not perform meta-regression or sub-
group analysis, although heterogeneity was found in QT, QTD,
Tp-e. The heterogeneity may be attributed to the varied popula-
tions, methods and so on.

Conclusion

In patients undergoing CRT, BV pacing has no deteriorating
effect on ventricular repolarization. The result suggests that CRT
with BV pacing may be safe against ventricular arrhythmia,
which needs to be verified by further study. LV pacing has a
prolonging effect on Tp-e, which should be taken in account
when LV pacing alone is adopted in clinic.
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