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The effects of left ventricular (LV) lead placement for cardiac resynchronization
therapy (CRT) on LV remodeling and dyssynchrony are not well defined. Sixty-one
patients (age 60 = 11 years, 76% men) were evaluated by echocardiography before and
4 * 2 months after CRT and grouped by the LV lead placement (lateral, posterolateral, or
anterolateral). Echocardiographic measurements included LV volumes and LV ejection
fraction. Tissue Doppler imaging was used to assess for inter- and intraventricular systolic
and diastolic dyssynchrony. Analysis of variance was used to determine the effect of the LV
lead placement on echocardiographic variables after CRT. The LV lead was placed in a
lateral cardiac vein in 33 patients (54%), posterolateral in 15 (25%), and anterior in 13
(21%). Lateral LV lead placement was associated with significantly smaller LV volumes
compared with the posterolateral lead placement (p <0.01). Diastolic dyssynchrony im-
proved significantly with lateral lead placement compared with the anterior lead location
(p <0.05). Improvement in LV ejection fraction and inter- and intraventricular systolic
dyssynchrony was similar among the 3 groups. In conclusion, in patients undergoing CRT,
a lateral lead location resulted in greater reverse LV remodeling and improved diastolic

dyssynchrony compared with other lead placement locations.
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Cardiac resynchronization therapy (CRT) by transvenous
placement of the left ventricular (LV) pacing lead improves
LV systolic and diastolic function and clinical outcomes in
patients with heart failure refractory to medical therapy.!-#
The effects of LV lead placement on interventricular me-
chanical delay or tissue Doppler imaging measurements of
systolic and diastolic intraventricular dyssynchrony have
not been extensively evaluated. The hypothesis of this study
was that LV lead location would have different effects on
systolic and diastolic LV dyssynchrony at short-term fol-
low-up.

Methods and Results

This was a single-blinded longitudinal study of consecutive
patients who received a CRT device and were evaluated at
the Cardiovascular Imaging and Clinical Research Core
Laboratory, Washington University School of Medicine, St.
Louis, Missouri, before and 4 = 2 months after CRT. The
Human Research Protection Office of Washington Univer-
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sity approved the study, and all patients provided written
informed consent.

Patients received a CRT device only or a CRT/defibril-
lator device as determined by the implanting physician. The
right atrial and right ventricular leads were positioned in the
appendage and the apex or septum, respectively. The LV
lead position was targeted to the lateral coronary vein; if
unavailable, the posterolateral coronary vein or anterior
vein was used. Placement of the LV lead was confirmed by
fluoroscopy at the time of device implantation.

A commercial ultrasound system (Acuson Sequoia C256,
Siemens Medical Systems, Mountain View, California) was
used for the echocardiographic examination. Two-dimen-
sional measurements included LV volumes and LV ejection
fraction (LVEF).5 M-mode echocardiography was used to
measure the times from QRS onset to peak contraction of
the septum and to the posterior wall; the difference between
the 2 intervals was calculated to determine the intraventric-
ular dyssynchrony.® Continuous-wave Doppler was used to
determine interventricular dyssynchrony as the difference in
time from QRS onset to the onset of pulmonary artery flow
and QRS onset to the onset of aortic flow (QRS to pulmonic
flow—QRS to aortic flow difference).?

Assessment of LV diastolic function included pulse-
wave Doppler measurements of mitral inflow velocities
(E-wave and A-wave), E/A ratio, and deceleration time.”
Tissue Doppler imaging was performed in the apical 4- and
2-chamber views to determine the peak systolic and dia-
stolic velocities at the 4 sites (i.e., lateral, septal, anterior,
and inferior) of the mitral valve annulus. The intervals from
the QRS onset to peak systolic contraction and to the onset
of peak diastolic relaxation were measured at each site. The
maximal delays among the 4 sites (i.e., QRS onset to peak
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Table 1
Baseline characteristics of patients by left ventricular lead location
(n = 61)

Characteristic Lateral Anterior  Posterolateral
(n=233) (n=13) (n = 15)
Age (yrs) 6210 63*x11 55+ 13
Men (%) 24 (73%) 12 (92%) 11 (73%)
Coronary artery disease (%) 7 (21%) 6 (46%) 7 (47%)
Diabetes mellitus (%) 5 (15%) 2 (15%) 5(33%)
QRS duration (ms) 180 £23 179 =22 176 £ 37
Heart rate (beats/min) 7513 72+ 12 76 £ 12
Systolic blood pressure (mm Hg) 111 =17 116 = 13 110 £ 20

Echocardiographic data
Ejection fraction (%) 25*5 25+5 257

LV end-diastolic volume (ml) 253 =96 206 = 72 204 + 77

LV end-systolic volume (ml) 193 =83 158 =62 154 + 63

E/A ratio 1311 15x12 1.8 1.2

Deceleration time (ms) 186 =53 200 = 106 173 =49

Dyssynchrony data

Septal—posterior wall difference 113 =87 126 £ 57 117 = 42
(ms)

QRS-Sm difference (ms) 5024 69 =27 71 £27

QRS to pulmonic flow—QRS to 60 £37 45 £ 15 46 £ 24
aortic flow difference (ms)

QRS-Em difference (ms) 6032 64=*36 54 * 36

Em = peak diastolic velocity; Sm = peak systolic velocity.

Table 2

Absolute improvement in echocardiographic and dyssynchrony
measurements at four months’ follow-up by left ventricular lead
location (n = 61)

Variable Lateral Anterior  Posterolateral
n=33) (n=13) (n = 15)

Heart rate (beats/min) == 4*+4 4+3

LV end-diastolic volume (ml) 47 +26 20 * 36 4 £ 12%

LV end-systolic volume (ml) 49+22 32x28 15 + 307

Ejection fraction (%) 9+8 10£6 77

Septal—posterior wall motion 63 18 55*27 54 £ 25
difference (ms)

QRS-Sm difference (ms) 157

QRS to pulmonic flow—QRS to 17 =
aortic flow difference (ms)

QRS-Em difference (ms) 19+7
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*p <0.001 versus lateral; © p <0.01 versus lateral; * p <0.05 versus
lateral.
Abbreviations as in Table 1.

systolic contraction difference and the onset of peak dia-
stolic relaxation difference) were calculated to determine
the intraventricular LV systolic and diastolic dyssynchrony,
respectively (Figure 1).

Variables are expressed as means = SDs. Student’s 7 test
was used to analyze the differences between the pre- and
post-CRT groups. The Mann-Whitney U and chi-square
tests were used to compare nonparametric and categorical
variables. Analysis of variance with Tukey-Kramer adjust-
ment for multiple comparisons determined the effect of the
LV lead position on the echocardiographic variables. A
p value <0.05 was determined as statistically significant.
All statistical analyses were performed using Statistical
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Figure 1. Measurements of tissue Doppler intervals. Solid line, time from
QRS to peak systolic myocardial velocity (Sm); dashed line, time to onset
of early diastolic myocardial velocity (Em).

Package for Social Sciences, version 12.0 (SPSS, Chi-
cago, Illinois).

The 61 patients were grouped by LV lead position at
CRT device implantation as lateral (n = 33), posterolateral
(n = 15), and anterior (n = 13). No differences were found
among the groups in demographic, 2-dimensional and
Doppler echocardiographic, or tissue Doppler imaging-de-
rived measurements at baseline (Table 1). A trend of a
greater prevalence (p = 0.07) of an ischemic etiology of
heart failure was noted in the anterior and posterolateral
groups.

The absolute values of improvement in echocardio-
graphic measurements are shown in Table 2. LV volumes
decreased significantly after CRT in the lateral group com-
pared with the posterolateral group, and also compared with
the anterior group, although these were not statistically
significant. There were no differences in the LVEF response
by lead location.

Inter- and intraventricular systolic dyssynchrony also
improved in the 3 groups, regardless of the LV lead loca-
tion. Diastolic dyssynchrony improved significantly only in
the lateral lead group compared with the anterior lead group
(p <0.05). LV diastolic filling indexes (i.e., E/A ratio and
deceleration time) improved to a similar extent regardless of
the LV lead location.

Discussion

The results of this study have demonstrated that a lateral LV
lead location resulted in significant decreases in LV vol-
umes compared with posterolateral lead placement. Further-
more, diastolic dyssynchrony significantly improved with a
lateral LV lead position compared with anterior lead place-
ment. Systolic LV dyssynchrony improved to a similar
extent regardless of the LV pacing site.

Previous investigations have reported conflicting results
in the effects of LV lead location on hemodynamic and
clinical outcomes after CRT.!8-1! When the LV lead place-
ment was targeted to the site with the longest electrome-
chanical delay, significant reductions in LV volumes and
improvement in LVEEF resulted at short-term follow-up after
CRT.'>13 The results of the present study are in general
agreement with those of previous investigations. Decreases
in LV volumes in patients with a LV lead located in a lateral
coronary vein were greater compared with those with pos-
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terolateral lead locations. However, the improvement in
LVEF was similar regardless of the LV lead location.

The LV lead position and the effects on ventricular
dyssynchrony have not been extensively studied and may be
of importance to provide additional insights regarding the
response in LVEF and LV remodeling after CRT.!* In
addition, the effects of LV lead position on diastolic func-
tion after CRT have not been previously reported. Studies
from this laboratory have demonstrated that LV diastolic
function after CRT improves in patients and is coupled to
the response in systolic function and the etiology of heart
failure.#!>-1¢ The results of the present study have demon-
strated that diastolic dyssynchrony (i.e., QRS onset to the
onset of diastolic relaxation difference among mitral annu-
lar sites) improves with a lateral LV lead location compared
with an anterior lead location with a trend also evident
compared with a posterolateral lead location. This may be a
result of the higher prevalence of ischemic heart failure
etiology in the anterior and posterolateral lead groups. Thus,
the LV lead placement location may potentially have an
effect on diastolic resynchronization after CRT, indepen-
dent of the effects on LV systolic performance.

The number of patients in this study was small and the
position of the LV lead and heart failure etiology were not
equally distributed in the study groups, which could poten-
tially influence the widespread applicability of the findings.
The results of this study, however, are consistent with pre-
vious reports regarding the effects of LV lead position on
LV systolic function and clinical outcomes.
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