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Relation of Left Ventricular Lead Placement in Cardiac Resynchronization
Therapy to Left Ventricular Reverse Remodeling and to Diastolic Dyssynchrony

Aleksandr Rovner, MDa,b, Lisa de las Fuentes, MDa,b, Mitchell N. Faddis, MD, PhDb,
Marye J. Gleva, MDb, Victor G. Dávila-Román, MDa,b, and Alan D. Waggoner, MHSa,b,*

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. © 2007 Elsevier Inc. All

rights reserved. (Am J Cardiol 2007;99:239–241)
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ardiac resynchronization therapy (CRT) by transvenous
lacement of the left ventricular (LV) pacing lead improves
V systolic and diastolic function and clinical outcomes in
atients with heart failure refractory to medical therapy.1–4

he effects of LV lead placement on interventricular me-
hanical delay or tissue Doppler imaging measurements of
ystolic and diastolic intraventricular dyssynchrony have
ot been extensively evaluated. The hypothesis of this study
as that LV lead location would have different effects on

ystolic and diastolic LV dyssynchrony at short-term fol-
ow-up.

ethods and Results

his was a single-blinded longitudinal study of consecutive
atients who received a CRT device and were evaluated at
he Cardiovascular Imaging and Clinical Research Core
aboratory, Washington University School of Medicine, St.
ouis, Missouri, before and 4 � 2 months after CRT. The
uman Research Protection Office of Washington Univer-
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ity approved the study, and all patients provided written
nformed consent.

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

A commercial ultrasound system (Acuson Sequoia C256,
iemens Medical Systems, Mountain View, California) was
sed for the echocardiographic examination. Two-dimen-
ional measurements included LV volumes and LV ejection
raction (LVEF).5 M-mode echocardiography was used to
easure the times from QRS onset to peak contraction of

he septum and to the posterior wall; the difference between
he 2 intervals was calculated to determine the intraventric-
lar dyssynchrony.6 Continuous-wave Doppler was used to
etermine interventricular dyssynchrony as the difference in
ime from QRS onset to the onset of pulmonary artery flow
nd QRS onset to the onset of aortic flow (QRS to pulmonic
ow–QRS to aortic flow difference).3

Assessment of LV diastolic function included pulse-
ave Doppler measurements of mitral inflow velocities

E-wave and A-wave), E/A ratio, and deceleration time.7
issue Doppler imaging was performed in the apical 4- and
-chamber views to determine the peak systolic and dia-
tolic velocities at the 4 sites (i.e., lateral, septal, anterior,
nd inferior) of the mitral valve annulus. The intervals from
he QRS onset to peak systolic contraction and to the onset
f peak diastolic relaxation were measured at each site. The

aximal delays among the 4 sites (i.e., QRS onset to peak

www.AJConline.org
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ystolic contraction difference and the onset of peak dia-
tolic relaxation difference) were calculated to determine
he intraventricular LV systolic and diastolic dyssynchrony,
espectively (Figure 1).

Variables are expressed as means � SDs. Student’s t test
as used to analyze the differences between the pre- and
ost-CRT groups. The Mann-Whitney U and chi-square
ests were used to compare nonparametric and categorical
ariables. Analysis of variance with Tukey-Kramer adjust-
ent for multiple comparisons determined the effect of the
V lead position on the echocardiographic variables. A
value �0.05 was determined as statistically significant.

able 1
aseline characteristics of patients by left ventricular lead location

n � 61)

haracteristic Lateral
(n � 33)

Anterior
(n � 13)

Posterolateral
(n � 15)

ge (yrs) 62 � 10 63 � 11 55 � 13
en (%) 24 (73%) 12 (92%) 11 (73%)
oronary artery disease (%) 7 (21%) 6 (46%) 7 (47%)
iabetes mellitus (%) 5 (15%) 2 (15%) 5 (33%)
RS duration (ms) 180 � 23 179 � 22 176 � 37
eart rate (beats/min) 75 � 13 72 � 12 76 � 12
ystolic blood pressure (mm Hg) 111 � 17 116 � 13 110 � 20
chocardiographic data
Ejection fraction (%) 25 � 5 25 � 5 25 � 7
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 1.3 � 1.1 1.5 � 1.2 1.8 � 1.2
Deceleration time (ms) 186 � 53 200 � 106 173 � 49
yssynchrony data
Septal–posterior wall difference

(ms)
113 � 87 126 � 57 117 � 42

QRS–Sm difference (ms) 59 � 24 69 � 27 71 � 27
QRS to pulmonic flow–QRS to

aortic flow difference (ms)
60 � 37 45 � 15 46 � 24

QRS–Em difference (ms) 60 � 32 64 � 36 54 � 36

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

able 2
bsolute improvement in echocardiographic and dyssynchrony
easurements at four months’ follow-up by left ventricular lead

ocation (n � 61)

ariable Lateral
(n � 33)

Anterior
(n � 13)

Posterolateral
(n � 15)

eart rate (beats/min) 7 � 2 4 � 4 4 � 3
V end-diastolic volume (ml) 47 � 26 20 � 36 4 � 12*
V end-systolic volume (ml) 49 � 22 32 � 28 15 � 30†

jection fraction (%) 9 � 8 10 � 6 7 � 7
eptal–posterior wall motion

difference (ms)
63 � 18 55 � 27 54 � 25

RS–Sm difference (ms) 15 � 7 20 � 10 14 � 9
RS to pulmonic flow–QRS to
aortic flow difference (ms)

17 � 5 17 � 7 19 � 7

RS–Em difference (ms) 19 � 7 5 � 12‡ 9 � 10

* p �0.001 versus lateral; † p �0.01 versus lateral; ‡ p �0.05 versus
ateral.

Abbreviations as in Table 1.
ll statistical analyses were performed using Statistical c
ackage for Social Sciences, version 12.0 (SPSS, Chi-
ago, Illinois).

The 61 patients were grouped by LV lead position at
RT device implantation as lateral (n � 33), posterolateral

n � 15), and anterior (n � 13). No differences were found
mong the groups in demographic, 2-dimensional and
oppler echocardiographic, or tissue Doppler imaging-de-

ived measurements at baseline (Table 1). A trend of a
reater prevalence (p � 0.07) of an ischemic etiology of
eart failure was noted in the anterior and posterolateral
roups.

The absolute values of improvement in echocardio-
raphic measurements are shown in Table 2. LV volumes
ecreased significantly after CRT in the lateral group com-
ared with the posterolateral group, and also compared with
he anterior group, although these were not statistically
ignificant. There were no differences in the LVEF response
y lead location.

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

iscussion

he results of this study have demonstrated that a lateral LV
ead location resulted in significant decreases in LV vol-
mes compared with posterolateral lead placement. Further-
ore, diastolic dyssynchrony significantly improved with a

ateral LV lead position compared with anterior lead place-
ent. Systolic LV dyssynchrony improved to a similar

xtent regardless of the LV pacing site.
Previous investigations have reported conflicting results

n the effects of LV lead location on hemodynamic and
linical outcomes after CRT.1,8–11 When the LV lead place-
ent was targeted to the site with the longest electrome-

hanical delay, significant reductions in LV volumes and
mprovement in LVEF resulted at short-term follow-up after
RT.12,13 The results of the present study are in general
greement with those of previous investigations. Decreases
n LV volumes in patients with a LV lead located in a lateral

igure 1. Measurements of tissue Doppler intervals. Solid line, time from
RS to peak systolic myocardial velocity (Sm); dashed line, time to onset
f early diastolic myocardial velocity (Em).
oronary vein were greater compared with those with pos-
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erolateral lead locations. However, the improvement in
VEF was similar regardless of the LV lead location.

The LV lead position and the effects on ventricular
yssynchrony have not been extensively studied and may be
f importance to provide additional insights regarding the
esponse in LVEF and LV remodeling after CRT.14 In
ddition, the effects of LV lead position on diastolic func-
ion after CRT have not been previously reported. Studies
rom this laboratory have demonstrated that LV diastolic
unction after CRT improves in patients and is coupled to
he response in systolic function and the etiology of heart
ailure.4,15,16 The results of the present study have demon-
trated that diastolic dyssynchrony (i.e., QRS onset to the
nset of diastolic relaxation difference among mitral annu-
ar sites) improves with a lateral LV lead location compared
ith an anterior lead location with a trend also evident

ompared with a posterolateral lead location. This may be a
esult of the higher prevalence of ischemic heart failure
tiology in the anterior and posterolateral lead groups. Thus,
he LV lead placement location may potentially have an
ffect on diastolic resynchronization after CRT, indepen-
ent of the effects on LV systolic performance.

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