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Introduction

The increased incidence and prevalence
of heart failure place a high priority on nov-
el treatment strategies. Despite improve-
ments in medication regimens, most notably
ACE-inhibitors and beta-blockers, a sizable
proportion of patients suffer from poor qual-
ity of life due to severe limitations during ef-
fort and daily activities. Recently, atrial-
synchronous biventricular pacing has
emerged as a promising therapeutic modal-
ity for patients with dilated cardiomyopathy
and discoordinated wall motion associated

with left bundle branch block1-4. In such pa-
tients, preexcitation of the left ventricle im-
proves pump efficiency by a more coordi-
nated contraction. Although experimental
studies have demonstrated a close relation-
ship between the left ventricular pacing site
and the magnitude of ventricular function re-
sponse5,6, no human study to date has directly
compared the hemodynamic effects of spe-
cific left ventricular pacing sites, nor it has
been attempted to pace two sites simultane-
ously.

The present study tested the following hy-
potheses: 1) pacing the left ventricular base

This study was presented
in part at the 21st
Meeting of the North
American Society of
Pacing and
Electrophysiology
(Washington DC, USA,
May 17-20, 2000).

Received March 23,
2000; revision received
June 1, 2000; accepted
June 8, 2000.

Address:

Dr. Carlo Pappone

Reparto di Aritmologia
Istituto H San Raffaele
Via Olgettina, 60
20132 Milano
E-mail:
pappone.carlo@hsr.it

Original articles
Cardiac pacing in heart failure patients 
with left bundle branch block: 
impact of pacing site for optimizing 
left ventricular resynchronization

Carlo Pappone, Salvatore Rosanio, Giuseppe Oreto*, Monica Tocchi, 
Simone Gulletta, Adriano Salvati, Cosimo Dicandia, Vincenzo Santinelli, 
Patrizio Mazzone, Fabrizio Veglia**, Jiang Ding***, Luciano Sallusti***, 
Julio Spinelli***, Gabriele Vicedomini 
Department of Cardiology, San Raffaele University Hospital, Milan, *Department of Cardiology, 
University of Messina, Messina, **Department of Biostatistics, San Raffaele University Hospital, Milan, Italy, 
***Congestive Heart Failure Research Group, Guidant Corp., St. Paul, MN, USA

Key words:
Heart failure; 
Pacing; Hemodynamics; 
Bundle branch block.

Background. Acute left ventricular pacing has been associated with hemodynamic improvement
in patients with congestive heart failure and wide QRS complex. We hypothesized that pacing two
left ventricular sites simultaneously would produce faster activation and better systolic function than
single-site pacing.

Methods. We selected 14 heart failure patients (NYHA functional class III or IV) in normal si-
nus rhythm with left bundle branch block and QRS > 150 ms. An 8F dual micromanometer catheter
was placed in the aorta for measuring +dP/dt (mmHg/s), aortic pulse pressure (mmHg), and end-di-
astolic pressure (mmHg). Pacing leads were positioned via coronary veins at the posterior base and
lateral wall. Patients were acutely paced VDD at the posterior base, lateral wall, and both sites (dual-
site) with 5 atrioventricular delays (from 8 ms to PR -30 ms). Pacing sequences were executed in ran-
domized order using a custom external computer (FlexStim, Guidant CRM).

Results. Dual-site pacing increased peak +dP/dt significantly more than posterior base and lat-
eral wall pacing. Dual-site and posterior base pacing raised aortic pulse pressure significantly more
than lateral wall pacing. Dual-site pacing shortened QRS duration by 22%, whereas posterior base
and lateral wall pacing increased it by 2 and 12%, respectively (p = 0.006).

Conclusions. In heart failure patients with left bundle branch block, dual-site pacing improves sys-
tolic function more than single-site stimulation. Improved ventricular activation synchrony, ex-
pressed by paced QRS narrowing, may account for the additional benefit of dual- vs single-site pac-
ing in enhancing contractility. This novel approach deserves consideration for future heart failure
pacing studies.

(Ital Heart J 2000; 1 (7): 464-469)
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at a posterior location (the area of latest left ventricular
activation in the vast majority of patients with left bun-
dle branch block)4,7 yields comparable or better hemo-
dynamic effects than the most commonly paced left
ventricular lateral free wall; 2) pacing both sites simul-
taneously (dual-site) provides for faster ventricular ac-
tivation and possibly, greater left ventricular function im-
provement than single-site pacing.

Methods

Study patients. This prospective study enrolled 14 pa-
tients (9 men, 5 women, aged 25 to 79 years) with heart
failure (NYHA functional class III or IV, ejection frac-
tion 26 ± 7%) of ischemic (n = 4) or idiopathic (n = 10)
etiology, in normal sinus rhythm and with left bundle
branch block (QRS duration > 150 ms). None of the pa-
tients had a recent history of atrial or ventricular tachy-
arrhythmia, severe valve disease, myocardial infarction
during the previous 12 weeks, and recent or pending coro-
nary artery revascularization. Chronic medications were
maintained up to the initiation of the study. The proto-
col was approved by the San Raffaele Hospital Ethical
Committee. All patients gave written informed consent.

Catheterization and pacing protocol. Patients were
studied in a nonsedated, fasting state. An 8F dual mi-
cromanometer catheter (SPC-780c, Millar Instruments,
Houston, TX, USA) was used to measure aortic and left
ventricular pressures, and a quadripolar 6F catheter
placed into the right atrium for bipolar sensing. The coro-
nary sinus was engaged via the left subclavian vein
with an 8F steerable balloon occlusion guiding catheter
(Cardima Vueport, Fremont, CA, USA, Damato- or
Multipurpose-type). After assessing coronary vein dis-
tribution by occlusive venography, two quadripolar
1.5F electrode catheters (Cardima Pathfinder mini se-
ries) were placed, respectively, at the ostium of a pos-
terior or postero-lateral or lateral marginal vein (site for
posterior base pacing), and distally in a lateral margin-
al or postero-lateral vein (site for lateral wall pacing).
Pressure catheters and pacing leads were connected to
a custom external computer (FlexStim, Guidant CRM,
St. Paul, MN, USA), designed to perform a randomized
pacing protocol, acquire hemodynamic signals, and
provide off-line comparative data analysis3.

Unipolar pacing in the VDD mode was performed
by pacing either the posterior base alone, the lateral
wall alone, or both sites simultaneously (dual-site). For
each pacing site, a previously reported pacing protocol
was executed3. Briefly, the protocol consisted of peri-
ods of pacing separated by periods of nonpacing in nor-
mal sinus rhythm in a 5 paced/15 nonpaced beat duty cy-
cle (Fig. 1). Pacing was performed at five different
atrioventricular delays. Each combination of pacing
site and atrioventricular delay was repeated 5 times at
random for each patient.
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Hemodynamic measurements were made automati-
cally with custom software, and included aortic systolic
pressure, aortic diastolic pressure, pulse pressure (aor-
tic systolic pressure minus aortic diastolic pressure),
left ventricular end-diastolic pressure, and left ventric-
ular pressure derivative maximum (+dP/dt) and minimum
(-dP/dt). Hemodynamic parameters were calculated for
each beat of a pacing sequence as a percent change from
their average value during the immediate preceding 6
nonpaced beats (local baseline) (Fig. 1).

During the procedure, 12-lead ECG tracings were con-
tinuously recorded and stored on optical disk (Cardiolab,
Prucka Eng., Inc., Houston, TX, USA) for off-line analy-
sis. Reported QRS durations (ms) are a maximum of 12
leads measured manually on the Cardiolab system at a
screen speed of 200 mm/s with the use of on-screen calipers. 

Statistical analysis. Data are expressed as mean ± SD
or percentages, where appropriate. To analyze paced
changes in hemodynamic parameters, two-sided paired

Figure 1. Tracings of left ventricular (LV) and aortic pressure waveforms
and electrograms during VDD pacing sequences at the LV lateral wall (LW)
(top panel), posterior base (B) (mid panel) and at both sites simultane-
ously (bottom panel). During sinus rhythm, simultaneous electrogram
recordings from the B and LW leads show that later activation occurs at
the B (delay = 0.12 s). During pacing, hemodynamic changes from base-
line typically occur at the first paced beat, reach a maximum change dur-
ing the next 4 paced beats, and then return to baseline levels within a few
nonpaced beats. Hemodynamic variables are analyzed by averaging
measurements on the second to the fifth paced beat, and percent changes
from their mean value during the immediate preceding 6 nonpaced beats
(local baseline) are computed.
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Student’s t tests were used. Comparisons among pacing
sites and atrioventricular delays were performed using
repeated ANOVA measures. Statistical significance was
set at p < 0.05.

Results

Lead placement. No patient developed acute compli-
cations during catheterization and pacing. The acute
pacing threshold was 1.2 ± 0.9 V, with an impedance of
794 ± 321 ohms. The R wave amplitude was 12.0 ± 6.2
mV. The entire pacing protocol added up to 2500 beats,
which, at an average heart rate of 76 b/min, required an
average of 32 min per patient.

Simultaneous electrogram recordings at the posteri-
or base and lateral wall during sinus rhythm (Fig. 1)
showed that the posterior base was activated later than
the lateral wall in 86% of patients, including all those with
idiopathic and in 2 out of 4 patients with ischemic car-
diomyopathy. 

Optimization of atrioventricular delay. Figure 2 shows
averaged paced changes from baseline in hemodynamic
parameters as a function of the five randomly tested atrio-
ventricular delays for each pacing site. Overall, the he-
modynamic effects of dual-site pacing were greater than
those of single-site pacing at each atrioventricular delay.
However, for each pacing site, the maximum and minimum
atrioventricular delays were suboptimal for improving
systolic function, whereas the greatest increase in +dP/dt

and pulse pressure was achieved at the middle atrioven-
tricular delay settings. In contrast, reduction in chamber
filling (decreased end-diastolic pressure) and faster re-
laxation (increased absolute -dP/dt) were associated with
short atrioventricular delays, due to preload decline.

Effects of single- and dual-site pacing. Acute hemo-
dynamic effects of the three pacing strategies averaged
over all atrioventricular delays are presented in table I.
Systolic function improved significantly with pacing at
all left ventricular sites. Single-site pacing at the poste-
rior base and dual-site pacing were significantly better
for improving +dP/dt and pulse pressure than single-site
pacing at the lateral wall, whereas no significant differ-
ences were observed between dual-site and posterior
base pacing except for +dP/dt, which was slightly, al-
though significantly (p = 0.04) higher with dual-site
pacing. Of note, QRS duration was only shortened by
dual-site pacing (-22 ± 9%), whereas it did not change
during posterior base pacing (+2 ± 4%) and increased
with lateral wall pacing (+12 ± 7%).

As for diastolic function parameters, end-diastolic
pressure was significantly reduced by pacing at any left ven-
tricular site, whereas a significant increase in -dP/dt was
achieved only with dual-site and posterior base stimulation.

Influence of heart failure etiology. Pacing responses of
patients grouped by heart failure etiology (ischemic or id-
iopathic) are reported in figure 3. There were no signifi-
cant differences (p = NS) between the two groups in
changes in dP/dt, pulse pressure, and left ventricular end-

Figure 2. Average percent change in hemodynamic parameters as a function of five normalized atrioventricular (AV) delays for each left ventricular pac-
ing site. Tested AV delays were as follows: AV 1 = 8 ms; AV 5 = PR - 30 ms; AVs 2, 3 and 4 are equally distributed between AV 1 and AV 5. Data points
are shown with SD bars. * values which are not significantly different from baseline (paired Student’s t test, p > 0.05). LV +dP/dt = left ventricular pres-
sure derivative maximum; -dP/dt = left ventricular pressure derivative minimum; LVEDP = left ventricular end-diastolic pressure; PP = pulse pressure.
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diastolic pressure for both single pacing sites as well as
for dual-site pacing. However, in 2 out of 4 patients who
had prior anterior myocardial infarction, the lateral wall
site was significantly superior to the posterior base site for
both changes in +dP/dt (21 ± 8 vs 16 ± 9%, p < 0.05) and
pulse pressure (13 ± 5 vs 7 ± 3%, p < 0.05). 

QRS duration and systolic response. To assess the de-
pendence of the systolic contractile response to pacing
on underlying ventricular conduction delay, percent
change in +dP/dt was separately regressed onto baseline
QRS duration (model 1), paced QRS duration (model 2),
and percent changes in QRS (model 3), adjusting for pac-
ing site effects (Fig. 4). Changes in +dP/dt were corre-
lated positively with baseline QRS duration and nega-
tively with paced QRS width. However, the predictive
ability of models 1 and 2 was moderate (r2 = 0.28 and
0.27, respectively), and was not independent of the pac-
ing site effect. In model 3, the strong negative correla-

tion between +dP/dt and percent QRS change yielded
an r2 of 0.56, with no independent effect of pacing site.
Therefore, percent change in QRS duration itself ex-
plained 56% of the variation in contractility.

Discussion

The present study demonstrates that the left ventric-
ular pacing site is a significant determinant of acute he-
modynamic response. We are the first to have paced the
failing human left ventricle from two sites simultaneously.
Our major finding is that dual-site left ventricular pacing
enhanced contractility significantly more than posterior
base and lateral wall stimulation alone, whereas its effects
on pulse pressure (a surrogate for changes in cardiac
output)8, relaxation and filling pressures were similar to
those of single-site pacing at the posterior base. 
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Variable Baseline Pacing site p

LW B Dual-site ANOVA LW vs B LW vs B vs
(% change) (% change) (% change) dual-site dual-site

HR (b/min) 76 ± 14 0.7 ± 3.5 1.1 ± 2.6 0.6 ± 1.9 0.48 0.61 0.39 0.50
LV +dP/dt (mmHg/s) 790 ± 139 18 ± 5* 26 ± 7* 31 ± 6* 0.01 0.04 0.01 0.04
PP (mmHg) 41 ± 7 6 ± 3* 9 ± 5* 14 ± 5* 0.02 0.04 0.01 0.07
ASP (mmHg) 101 ± 13 4 ± 2* 7 ± 2* 8 ± 3* 0.04 0.03 0.02 0.09
LV -dP/dt (mmHg/s) -653 ± 158 -0.2 ± 6 -5 ± 7* -6 ± 7* 0.05 0.02 0.03 0.11
LVEDP (mmHg) 22 ± 8 -7 ± 13* -8 ± 12* -13 ± 14* 0.33 0.72 0.05 0.03
QRS (ms) 178 ± 18 12 ± 7* 2 ± 4 -22 ± 9* 0.006 0.009 0.001 0.005

Table I. Comparison of percent changes in hemodynamic variables during pacing at different left ventricular sites.

Data are expressed as mean ± SD. ASP = aortic systolic pressure; B = left ventricular base; HR = heart rate; LV +dP/dt = left ventric-
ular pressure derivative maximum; -dP/dt = left ventricular pressure derivative minimum; LVEDP = left ventricular end-diastolic pres-
sure; LW = left ventricular lateral wall; PP = pulse pressure. Reported percent changes are averaged over all atrioventricular delays. 
* p < 0.05 vs baseline (two-sided paired Student’s t test). ANOVA indicates p value for overall effect of pacing site on hemodynamic
change; p values for pairwise comparisons are obtained through the Scheffe’s method. 

Figure 3. Bar graph comparing hemodynamic changes produced by single-site pacing from the posterior base or lateral wall and by dual-site pacing.
For each of the three pacing strategies, hemodynamic effects were not significantly different in patients grouped by etiology of heart failure (ischemic,
n = 4; idiopathic, n =10). DCM = dilated cardiomyopathy. Other abbreviations as in figure 2.
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Effect of left ventricular lead position. We performed
lateral wall pacing by positioning the lead distally in a
lateral or postero-lateral coronary vein. Other acute
studies have used different lead positions: Auricchio et
al.3 stimulated the left ventricular apex through epicar-
dial leads implanted via minimal thoracotomy; Kass et
al.2 paced the left ventricular free wall in a position
midway between the base and apex using a lateral mar-
ginal or anterior cardiac vein, and Blanc et al.1 paced the
lateral wall endocardially. These differences obviate a
direct comparison with our results.

Our findings differ from those reported in a retro-
spective analysis of the PATH-CHF study9, where the

acute hemodynamic effects of single left ventricular
pacing sites were compared in a small group of 5 pa-
tients. Leads were placed at 3 positions in the anterior
vein (apex, mid-anterior, base) and at a mid-lateral site
of the lateral vein. The study found that mid-lateral pac-
ing was associated with the largest improvements in left
ventricular +dP/dt and pulse pressure, whereas anteri-
or base pacing was consistently the worst site. In our
study, we prospectively chose to perform base pacing
at a posterior or postero-lateral location. This area has
been shown to be the site of latest left ventricular ac-
tivation in the vast majority of patients with left bun-
dle branch block and nonischemic or ischemic heart dis-
ease, except in the subgroup with large anterior scars4,7.
This was confirmed in our study by simultaneous elec-
trogram recordings at the posterior base and lateral
wall during sinus rhythm, showing that posterior base
was activated later in 86% of the cases. Thus, in most
heart failure patients with left bundle branch block,
pacing this site may best correct ventricular activation
and contraction asynchrony. This hypothesis, bolstered
by our finding of a narrower paced QRS during poste-
rior base than lateral wall pacing, provides a possible
explanation for the greater hemodynamic benefit as-
sociated with posterior base vs lateral wall stimula-
tion in the present study.

Optimal ventricular resynchronization, however,
was achieved through dual-site pacing, which reduced
QRS duration by 22%. Indeed, ventricular activation can
be expected to be faster when two independent wave-
fronts are simultaneously propagating, as confirmed by
a previous study, in which combined pacing at two right
ventricular sites in patients with left ventricular dys-
function produced significantly shorter QRS complex-
es than either site alone10.

Paced left ventricular performance: underlying
mechanisms. The mechanisms by which pacing-in-
duced ventricular resynchronization translates to im-
proved cardiac performance are poorly understood. It is
presumed that the more myocardium activated by mus-
cle conduction before the ectopic activation front enters
the specialized conduction system, the wider the QRS
complex, and the weaker the beat that occurs11. Two pre-
vious studies observed a direct relationship between
baseline QRS width and systolic response to pacing, sup-
porting the notion that the more dyssynchronous the heart
at baseline, the more likely that pacing will ameliorate
function2,3. In one of these studies2, however, mechan-
ical improvement was associated with an average QRS
widening of approximately 11% during lateral wall
stimulation, a result in keeping with our findings.

We observed a strong correlation between an in-
crease in +dP/dt and percent reduction in QRS duration
induced by pacing. However, this correlation account-
ed only for only 56% the variation in contractility (r2 val-
ue of 0.56), suggesting that enhancement in left ven-
tricular contractility depends only in part on more syn-
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Figure 4. Multiple regression analysis of percent changes in +dP/dt
(dependent variable) modeled as a function of baseline QRS duration (mod-
el 1), paced QRS duration (model 2) and percent changes in QRS (mod-
el 3), adjusting for pacing site effects. Abbreviations as in figure 2.
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chronous activation. This is also supported by our find-
ing that single-site pacing at the posterior base appears
as effective as dual-site pacing, despite a slight increase
in QRS duration.

Indeed, reduction of ventricular conduction delay
does not necessarily indicate a normal sequence of left ven-
tricular excitation and mechanics, which was not assessed
in this study, but may be altered despite a narrow QRS.

Another major determinant of hemodynamics dur-
ing atrial synchronous pacing is the programmed atrio-
ventricular delay. Shortening the atrioventricular inter-
val has been shown to diminish mitral regurgitation,
lengthen diastolic filling time, and improve the filling
pattern. Although we did not assess transmitral flow
changes during pacing, our results showed that differ-
ences in hemodynamic responses among pacing sites ex-
ist at each programmed atrioventricular delay. Thus,
optimizing the atrioventricular delay alone does not
avert the need for choosing a specific pacing site to
maximize hemodynamic effects.

Study limitations. Although our study population was
small, it was a relatively selected sample of heart fail-
ure patients in spontaneous sinus rhythm with major left
ventricular conduction delay. This type of abnormality
has been found in as many as 82% of patients with se-
vere heart failure related to dilated cardiomyopathy, ei-
ther idiopathic or ischemic12. Furthermore, we sought to
control for other possible sources of bias by testing dif-
ferent pacing strategies in the same patient, thus re-
ducing interpatient variability. The pacing protocol was
randomized and performed without knowing the pro-
grammed atrioventricular delay and pacing site, and
the hemodynamic effects were analyzed over multiple
beat sequences using a validated transient stimulation
method, which produces immediate changes after the on-
set of pacing with return to baseline levels within 10 non-
paced beats, thus not affecting hemodynamics during the
following pacing sequences3,8.

We utilized an anatomical approach for lead place-
ment without guidance from electrophysiologic para-
meters to optimize positioning of the pacing lead at the
site where the latest electrogram is sensed. However, si-
multaneous electrogram recordings from the two pac-
ing catheters allowed us to evaluate the relative activa-
tion timing and provide a rationale for the greater ben-
efit achieved with posterior base vs lateral wall pacing
in most of our patients.

In conclusion, this study supports the feasibility and
safety of acute left ventricular pacing via the coronary
veins in patients with dilated hearts. Our hemodynam-
ic findings indicate that pacing from a site with more de-
layed activation compared with other possible lead po-

sitions may enhance contractile response, and that op-
timal left ventricular function can be obtained by pac-
ing the two sites simultaneously. However, long-term
controlled chronic pacing studies are needed to determine
whether sustained hemodynamic improvement or a clin-
ically apparent benefit will be obtained through these
strategies.
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