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Background: The controversial effects promoted by cardiac resynchronization therapy (CRT) on the
ventricular repolarization (VR) have motivated VR evaluation by body surface potential mapping
(BSPM) in CRT patients.

Methods: Fifty-two CRT patients, mean age 58.8 ± 12.3 years, 31 male, LVEF 27.5 ± 9.2, NYHA
III-IV heart failure with QRS181.5 ± 14.2 ms, underwent 87-lead BSPM in sinus rhythm (BASELINE)
and biventricular pacing (BIV). Measurements of mean and corrected QT intervals and dispersion,
mean and corrected T peak end intervals and their dispersion, and JT intervals characterized global
and regional (RV, Intermediate, and LV regions) ventricular repolarization response.

Results: Global QTm (P < 0.001) and QTcm (P < 0.05) were decreased in BIV; QTm was similar
across regions in both modes (P = ns); QTcm values were lower in RV/LV than in Intermediate
region in BASELINE and BIV (P < 0.001); only RV/Septum showed a significant difference (P < 0.01)
in the BIV mode. QTD values both of BASELINE (P < 0.01) and BIV (P < 0.001) were greater in the
Intermediate than in the LV region. CRT effect significantly reduced global/regional QTm and QTcm
values. QTD was globally decreased in RV/LV (Intermediate: P = ns). BIV mode significantly reduced
global T peak end mean and corrected intervals and their dispersion. JT values were not significant.

Conclusions: Ventricular repolarization parameters QTm, QTcm, and QTD global/regional values,
as assessed by BSPM, were reduced in patients under CRT with severe HF and LBBB. Greater recovery
impairment in the Intermediate region was detected by the smaller variation of its dispersion.
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INTRODUCTION

The natural progression of congestive heart fail-
ure (CHF) may determine remarkable deterioration
in patients, with alterations of the cardiac electri-
cal activity, which promote conduction system dis-
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orders and abnormal repolarization,1 and reflect
on the different depolarization times which oc-
cur across different regions of the myocardium.
This results in cardiac interventricular and/or
intraventricular dyssynchrony. It can be specu-
lated that there may be dyssynchrony when the
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electrocardiogram (ECG) shows a widened QRS
(>120 ms), particularly with a left bundle-branch
block (LBBB) morphology. The finding of a
widened QRS in this setting clearly relates to a
worsening of the function, increased cavity diam-
eter, and higher mortality rates.2,3Bakker (1994)
has reported favorable results with biventricular
pacing in cases with remarkable dyssynchrony,
thereby giving birth to the method known as car-
diac resynchronization therapy (CRT).4 This ther-
apeutic modality has already been incorporated
worldwide into the guidelines for treatment of se-
vere HF, and is indicated for treating heart failure
in functional classes III and IV of the New York
Heart Association (NYHA), in sinus rhythm and
LBBB as shown by a QRS duration > 120 ms on
the ECG.5,6 The electromechanical reverse remod-
eling induced by CRT reduces HF symptoms and
hospitalizations, promotes enhanced tolerance to
exercise and improves quality of life, decreasing
mortality as well.7,8 However, around one-third of
the patients do not respond to this therapy. To elu-
cidate this fact investigators have been studying
factors such as baseline QRS duration,9 positioning
of LV epicardial lead,10 presence of areas of scar-
ring at the location of electrode implantation,11 and
influence of the right ventricular (RV) function.12

However, no consensus has yet to be reached.
Little is known about electrical heterogeneity of

ventricular repolarization (VR) during CRT. More-
over, overall VR behavior and its behavior in cer-
tain regions of the heart are more likely to be im-
portant for a deeper understanding of their action
upon the clinical evolution of these patients. How-
ever, this has not yet been clearly described. Thus,
the analysis of intervals QT, JT, and T peak end on
the electrocardiogram and respective dispersions,
may be of great value.13

These modifications which occur during ventric-
ular repolarization of hearts undergoing CRT re-
main a controversial matter. According to some au-
thors, cardiac repolarization deteriorates after CRT,
leading to severe ventricular arrhythmias.14,15 On
the other hand, other authors have reported ev-
idence of improved QT interval and QT disper-
sion values, in addition to a decrease in the inci-
dence of arrhythmias.16–18 Failure to characterize
the ventricular repolarization process during CRT
still causes much uncertainty. In this setting, the
aim of our study was to evaluate the global and re-
gional ventricular repolarization process in patients
undergoing CRT, using a noninvasive method: the

87-lead body surface potential mapping, in patients
with severe heart failure in NYHA classes III/IV,
sinus rhythm, and LBBB.

METHODS

Fifty-two patients from the Clinic of Artificial
Pacing of InCor-HCFMUSP, mean age 58.8±12.3
years, 31 male (59.6%), with severe heart failure
(functional classes III–88.5%, and IV–11.5%), all
undergoing CRT with implantation of the left ven-
tricle (LV) lead through the coronary sinus, partici-
pated in the study. Patients who had right bundle-
branch block, atrial fibrillation, NYHA functional
classes I/II, previously implanted pacemakers or
ICD, with hypertrophic cardiomyopathy, in use of
amiodarone or with the LV lead implanted by tho-
racotomy were excluded. Etiologies of cardiomy-
opathy were: 25 dilated (48%), 11 ischemic (21.1%),
8 chagasic (15.4%), other (15.4%). ECG study was
performed using an 87-lead body surface potential
mapping model 7100 Fukuda Denshi equipment
(Fukuda Denshi Inc., Tokyo, Japan), with multiple-
electrode adhesive strips attached to the anterior
chest (9 strips, 59 electrodes), and on the back
(4 strips, 28 electrodes) (see Fig. 1). Electrode strips
were placed on the thoracic surface longitudinally
and in parallel, starting at the right mid-axillary
line (strip A), and proceeding in a sequence until
the left midaxillary line (strip I); strips J to M were
placed in a sequence on the back. All patients pro-
vided a written informed consent to take part in
the study, which was approved by an Institutional
Review Board.

The study patients underwent BSPM examina-
tion in sinus rhythm with LBBB (BASELINE mode),
and in biventricular pacing (BIV mode). Mean time
from implantation of the resynchronization device
and BSPM examination was 79 days (17–161) (this
time span may have allowed for a reverse remod-
eling of the heart in some of the study patients).
Recordings from the 87 BSPM electrodes were ob-
tained both in BASELINE and BIV, with semiau-
tomatic measurement of QRS duration, mean QT
interval, measured from the onset of the QRS com-
plex to the end of the T wave, QT correction for
the heart rate using Bazett’s formula (QTcm), and
QT dispersion (QTD = QT max–QT min), as well
as mean T peak–T end (Tp-em) interval, measured
from the peak of the T wave to its end, that is to the
point where the T wave returned to the isoelectric
line, and its correction by the heart rate (Tp-ec),
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Figure 1. Distribution of the 87 BSPM leads on the an-
terior and posterior thoracic surface.

Figure 2. Measurement of QRS. QT. Tpf and JT intervals
on the BSPM.

Tp-e dispersion (Tp-eD), and JT interval–this inter-
val derived by subtracting the QRS duration from
the QT interval. (see Fig. 2).19 The latter two pa-
rameters, which are less dependent on ventricular
depolarization, have been suggested to be useful in
that they may better reflect the electrical hetero-
geneities of ventricular repolarization in this type
of patient.

It was possible to discriminate three different
subsets of electrodes among the 87 BSPM leads,
which corresponded to three specific regions.20

Strips A to D related predominantly to the right
ventricle (RV) region; strips E to H referred to the
Intermediate region; and strips I to L, to the left
ventricle (LV) region. Accordingly, the repolariza-
tion process was compared globally, and among the
three delimited regions as well.

Continual variables are presented as mean±SD
and 95% Confidence Interval (CI). Comparison of
global values between the two pacing modes was
made by paired Student t-test; ANOVA compared
values among the three regions. Values of P<0.05
were considered significant.

RESULTS

Table 1 summarizes the values obtained in the
study. There was a global QRS reduction of 11%
under BIV mode. Global QTm (P < 0.001), QTcm

(P < 0.05), and QTD (P < 0.05) values were signif-
icantly reduced under BIV pacing as compared
with BASELINE. The same occurred with re-
gional values found in the three study regions:
the RV region showing decreased values of QTm
(P = 0.0014), QTcm (P = 0.016), and QTD (P = 0.04);
there was also a significant decrease in values of
QTm (P = 0.0001) and QTcm (P = 0.004) at the In-
termediate region, while the QTm (P = 0.0018) and
QTD (P = 0.023) values were significantly reduced
at the LV region. Interestingly, these study regions
display a characteristic ventricular repolarization
behavior, with the Intermediate region showing
a significantly delayed recovery time in BASE-
LINE (QTcm: P < 0.0001 and QTD: P = 0.012),
and in BIV mode as well (QTcm: P < 0.011 and
QTD: P < 0.0009). Figure 3 shows the compar-
isons between BASELINE and BIV modes of global
and regional mean QT intervals (QTm) and cor-
rected QT values (QTcm), while Figure 4 compares
the respective global and regional QT dispersion
results.

Table 2 presents results of T peak end mean
(Tp-em), corrected (Tp-ec m) and dispersion (Tp-e
D) values. BIV pacing significantly reduced all the
values (Tp-e m: P<0.001; Tp-ec m: P<0.001, and
Tp-e D, P<0.01). JT intervals are also shown in Ta-
ble 2 (JTm), with very modest and non-significant
reductions.
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Table 1. Comparison of CRT Effect in Relation to BASELINE Mode (mean ± SD) on Global and Regional
QTm, QTc m, and QTD

BASELINE versus BIV �ms P �%

HR(b/min) 69.1 ± 10.8 71.2 ± 9.0 ns 2.9
QRS 181.5 ± 24.2 161.7 ± 20.3 19.8 <0.001 −10.9
QTm global 455.8 ± 46.5 424.4 ± 38.7 31.4 <0.001 −6.9
QTD global 74.9 ± 28.7 61.2 ± 26.2 13.7 <0.05 −18.3
QTc m global 483.8 ± 41.4 460.7 ± 42.3 23.1 <0.05 −4.8
QTm–RV 451.2 ± 47.3 412.2 ± 70.4 39.0 0.0014 −8.60
QTc m–RV 480.4 ± 42.1 441.1 ± 98.7 39.3 0.016 −8.20
QTD–RV 48.6 ± 25.4 38.6 ± 24.8 10.0 0.04 −20.60
QT m– lnterm. 466.7 ± 48.4 431.2 ± 38.5 35.5 0.0001 −7.60
QTc m–lnterm. 497.2 ± 44.8 468.9 ± 42.8 28.3 0.004 −5.70
QTD–Interm. 55.7 ± 28.7 47.1 ± 20.2 8.6 ns −15.50
QTm–LV 449.3 ± 48.0 422.9 ± 34.4 26.4 0.0018 −5.80
QTc m–LV 478.5 ± 43.0 460.7 ± 41.7 17.8 ns −3.80
QTD–LV 40.5 ± 23.0 30.6 ± 20.4 9.9 0.023 −24.30

�ms = variation in milliseconds; �% = percent variation of BIV effect; ns= not significant

Figure 3. Global and regional QT interval – BASELINE versus BIV.

DISCUSSION

Cardiac resynchronization therapy has been used
as an effective alternative approach to control
symptoms of advanced heart failure, while at the
same time decreasing mortality rates. When prop-
erly indicated, CRT would be expected to obtain
good clinical responses for most patients. However,
about 30% do not respond to the therapy. Ventricu-
lar repolarization, under this therapeutic modality,
has shown controversial behavior, and no reports
could be found in the literature showing its effect

on mortality rates. In our methodology, acquisition
of recordings was obtained using the body surface
potential mapping (BSPM), given that its 87 elec-
trodes capture the data comprising a broader tho-
racic surface, thus providing a richer data body for
analysis. The system also enables the performance
of global and regional evaluations, by defining re-
gions of the heart and thereby characterizing the
specific electrical activation and repolarization be-
havior in those regions. Local heterogeneities of
the ventricular recovery process, related to a mul-
tipolar pattern, can better reflect a cardiac state
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Figure 4. Global and regional QTD–BASELINE versus
BIV.

vulnerable to arrhythmias. This type of pattern can
only be detected on maps, not on standard ECG 21.

From a global viewpoint, QTm fell within the
range of normal values. On the other hand,
QTc m values were abnormally high, which could
be the result of these patient’s hearts presenting
severe cardiomyopathy associated with intraven-
tricular conduction disorder (LBBB). Analysis of
the regional QT intervals showed that the RV and
LV regions had similar values (451.1 ± 47.3 ms and
449.3 ± 48.0 ms, respectively), while the Interme-
diate region had a value 3.7% greater (466.7 ± 48.4
ms) than the other regions. Statistically, this differ-
ence was not significant; however, analysis of the
corrected values (QTc m) resulted in quite signifi-
cant differences (480.4 ± 42.1 ms; 497.2 ± 44.8 ms,
and 478.5 ± 43.0 ms–RV, Intermediate and LV re-
gions, respectively, P < 0.0001), particularly at the
Intermediate region. This could suggest that this re-
gion had an anomalous recovery in relation to that
of the RV and LV. In the presence of LBBB, there
is an impaired conduction of two-thirds of the in-
terventricular septum that correspond to the LV,
so this portion of the Intermediate region suffers
the greatest changes in its electrical activation.22

In this electrical state, activation of the left ventri-
cle is delayed due to the impaired transmission of
impulses from one cell to another. However, it is
at the Intermediate region that the greatest delays
occur, as our results showed.

Global BASELINE DQT values were Somewhat
low (74.9 ± 28.7 ms). Regionally, a significant dif-
ference was detected in the comparison of QTD
values among the three regions (P = 0.012), with
a greater difference between the Intermediate and
LV regions, and practically normal values in the
LV region (40.5 ± 23 ms). The highest QTD value
was shown in the Intermediate region (55.7 ± 28.7

ms), which may indicate that this region exhibits
the greatest repolarization heterogeneity.

Hina et al.23 showed that when we find the
highest QTDc values before implantation of the
resynchronization device (mean 102 ± 26 ms), pa-
tients are more likely to have a good response to
CRT compared to nonresponders (mean 40 ± 12
ms), over a 3-month follow-up period. This type
of analysis was not done in our study; however,
we believe that this is a very elegant approach,
considering that with simple data such as QTD val-
ues obtained by a reliable recording method, Hina
et al. were able to amass valuable information
which can be used for prognosis and for further
refining the indication for CRT.

Regional analysis showed that in this pacing
mode QTc m values stayed within the normal range
in all three regions, with the highest values found
in the Intermediate and LV regions, suggesting that
these regions may have more difficulty in recovery
in relation to the RV region. Further, it must also
be taken into account that the pacing of the Inter-
mediate region by the ventricular electrodes is less
pronounced. Additionally, QTD values approached
the normal range, both globally and regionally, par-
ticularly in the LV region.

The variation promoted by CRT effect in BIV
pacing mode, in relation to BASELINE (�%), deter-
mined a global reduction of QTm by 7% (P < 0.001),
QTcm by 4.8% (P < 0.05), and DQT by 18.3%
(P < 0.05). Yet, our findings of global Tp-e m de-
tected a similar behavior to that of the QT interval,
i.e., CRT effect reduced all the values, whilst at
the same time showing that the JT interval did not
show any strong expression in this type of analy-
sis. These findings are in agreement with those re-
ported by Berger et al., who performed their anal-
yses by similar methodology.24 Regionally, QTm
had significant reduction in the three regions (8.6%,
P = 0.0014; 7.6%, P = 0.0001; and 5.8%, P = 0.0018,
in the RV, Intermediate, and LV regions, respec-
tively). QTcm was also reduced in the three re-
gions (8.2%, P = 0.016; 5.7%, P = 0.004; and 3.8%,
P = 0.07, in the RV, Intermediate, and LV regions,
respectively). Such decreases were not significant
in the LV region, although it showed the same
trend. CRT promoted significant global, as well as
RV and LV regional percent reductions of the car-
diac ventricular repolarization dispersion. The In-
termediate region again showed greater resistance
to becoming more electrically homogeneous. Thus,
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Table 2. Comparison of CRT Effect in Relation to the BASELINE Mode (m ± SD) on Global Tp-e m , Tp-ec m, and
Tp-e D, and on Global and Regional JT m

ms BASAL × BIV P ↓� % ↓� ms

Tp-em 107.4 ± 14.8 × 96.9 ± 139 <0.001 9.8 10.5
Tp-ec m 114.2 ± 15.9 × 105.6 ± 17.3 <0.001 7.6 8.6
Tp-eD 51.9 ± 16.6 × 45.2 ± 14.0 <0.01 13.0 6.7
Global JTm 274.3 ± 46.9 × 262.7 ± 35.7 ns 4.3 11.6
JTm RV 269.6 ± 48.4 × 258.4 ± 36.2 ns 4.2 11.2
JTm lnterm. 285.2 ± 48.1 × 269.5 ± 35.7 ns 5.5 15.7
JTm LV 267.7 ± 47.2 × 261.2 ± 32.2 ns 2.5 6.7

↓�ms= variation in millisseconds; ↓�%= percent variation of BIV effect; ns = not significant

we may infer that CRT promoted a more homo-
geneous ventricular repolarization from a global
viewpoint, which was also higher in the ventri-
cles than in the Intermediate region. In our study,
CRT promoted greater uniformity of ventricular re-
covery in this selected study population, and these
mechanisms are likely to act by attenuating any
possible arrhythmias. Chalil et al.26 clearly showed
that greater QTcm reductions (median 5.0 ms) in
patients after 48 days from CRT were not associ-
ated with major arrhythmic events. In the present
study the mean reduction of this interval was even
greater (23.1 ms), thus corroborating the findings
of that study. There was also greater DQT values
found in sinus rhythm (median 40 ms) not asso-
ciated with arrhythmias either in the Chalil et al.
study. Our study detected DQT values of 75 ms in
sinus rhythm, with a 13.7 ms reduction (�DQT)
under BIV effect. This strengthens our hypothe-
sis that CRT is capable of reducing the arrhythmic
risk.

In conclusion, during CRT, the ventricular repo-
larization parameters, which were evaluated herein
using the body surface potential mapping method,
showed significant global reduction of QTm and
QTcm intervals, in addition to a QT dispersion de-
crease. Our results strongly suggest that region-
ally, under CRT, this population clearly had greater
recovery impairment at the Intermediate region,
which can be noted by a smaller variation of its
dispersion.

CLINICAL IMPLICATIONS

This study aimed to analyze the particular aspect
of ventricular repolarization behavior during CRT
in a selected study population, and to thus create
a more specific evaluation parameter which could
refine the indication for a resynchronization device

implantation. However, despite the employment of
the BSPM, a specific, computerized tool, analysis of
the ventricular repolarization is always subject to
criticism, as well as many possible biases, given
that no gold standard has yet to be established for
such analysis.

The characteristics of our study results describe
the cardiac electrical activity behavior, for which
reason they should not be applied to clinical
correlations. Nevertheless, based on the present
data, it may be possible to extend them clinically,
where they could be useful for a better selec-
tion of candidates for CRT, and even to establish
better prognostic criteria associated with therapy
response.
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