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Biventricular pacing in heart failure: right is not wrong!

Prem Soman

Published online: 3 April 2014
# Springer-Verlag Berlin Heidelberg 2014

Cardiac resynchronization therapy (CRT) improves left ven-
tricular (LV) function, symptoms, and prognosis in selected
patients with heart failure [1–3]. Those with left bundle branch
block (LBBB) and the widest QRS complexes seem to have
the highest rate of response [4]. However, a significant per-
centage of patients with guideline-approved criteria remain
“nonresponders.” Improving the CRT response rate using
imaging techniques has remained an elusive goal. This is a
worthy area of research since a suboptimal response rate
affects the cost-effectiveness of CRTunfavorably and subjects
patients to the risks of the procedure without its benefits.

Our current knowledge base of CRT mechanisms indicates
that response depends on a complex interplay among many
known and potentially unknown factors [5]. Despite a sub-
stantial body of literature attesting to the benefits of CRT in
selected patients with heart failure, surprisingly little data exist
pertaining to the mechanisms of benefit. One presumes logi-
cally that CRT produces its salutary effects by improving LV
mechanical synchrony, but the large multicenter studies that
established the field did not explore mechanisms.

Several small, single-center studies have explored CRT
mechanisms. In a study of 100 patients chosen for conven-
tional CRT indications and the presence of LV dyssynchrony
defined as opposing wall delay of >65 ms on tissue Doppler
echocardiography, Bleeker and colleagues from Leiden re-
ported that a significant improvement in LV synchrony after
CRTwasmandatory for chronic remodeling effects to occur [6].
They also found that when resynchronization occurred it was
evident immediately, and there was little if any “recruitment”
on follow-up. A pilot study from our group suggested that the
acute response to CRT can be heterogeneous in patients

undergoing CRT for guideline-based indications, with approx-
imately one third of patients having worse LV synchrony after
CRT [7]. Patients who had significant LV dyssynchrony,
noncritical extent and location of LV scar, and a strategic
LV lead position in viable, late-activated myocardium had
the highest chance of improved synchrony after CRT.
Importantly, patients in whom LV synchrony deteriorat-
ed after CRT had a worse composite outcome compared
to patients who improved or remained unchanged. A positive
association between each of the above component require-
ments for successful acute resynchronization and a favorable
long-term outcome has been demonstrated in other small and
mostly retrospective studies [8–10]. In the longer term, the
acute salutary effect of CRT on LV dyssynchrony appears to
be associated with chronic LV reverse remodeling and im-
proved prognosis [11]. Thus, the mere presence of LV
dyssynchrony at baseline may not translate into a benefit of
CRT, but rather a constellation of conditions should be met to
make the dyssynchrony remediable.

In this issue of the European Journal of Nuclear Medicine
and Molecular Imaging, Hung and colleagues report their
exploration of an interesting and clinically relevant concept
[12]. They argue that while the measurement and characteri-
zation of LV dyssynchrony are usually performed in the native
state [except in patients with a right ventricular (RV) pace-
maker], the net effect of CRTon LV synchrony must surely be
the result of interplay between RV and LV pacing. This is
certainly a logical construct. The investigators use a single
photon emission computed tomography (SPECT)-based ap-
proach which was pioneered by the senior author of this
manuscript. The excellent repeatability of these automated
measurements in combination with the “single-injection pro-
tocol” developed in our laboratory at the University of
Pittsburgh makes the approach taken by these investigators
uniquely suited to measure acute changes in LV synchrony
after CRT with minimal radiation to the patient. Thus, 46
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patients in sinus rhythm who had previously undergone CRT
for standard indications were studied in the native state and
during RV pacing. Both images were sequentially acquired
30 min apart after one single injection of 99mTc-sestamibi. The
site of optimal LV lead position was defined on an eight-
segment LV model as the segment with the latest activation
(largest mean phase) that was viable (<50 % scar). The main
finding of the study was that in the majority of patients (84 %)
the segment with the most delayed activation was the same
during sinus rhythm and RV pacing. In six patients, the
segment of latest activation was shifted towards the base in
the same radial direction (anterior, anterolateral, posterior, or
posterolateral). In only one patient with a large scar was the
segment of latest activation completely different between
sinus rhythm and RV pacing. As expected, there was greater
LV dyssynchrony during RV pacing compared to sinus
rhythm.

Are these findings tenable with the physiology of LBBB
and RV pacing? As illustrated in Fig. 1 by the authors, it is
conceivable that in patients with LBBB the site of origin of LV
activation is not dissimilar during sinus rhythm and RVapical
pacing. Furthermore, animal studies have shown that the
“sweet spot” of optimal LV pacing might actually be quite a
large area of the lateral wall [13]. Given that our ability to
deliver CRT by multisite pacing is currently limited to
biventricular pacing of the RV apex or septum and a limited
number of LV lateral wall positions dictated by coronary
venous anatomy, the finding of a consistent site of latest LV
activation during native LBBB rhythms and RV pacing sug-
gests a role for serendipity in addition to physiology in
explaining the effects of CRT. All that contemporary CRT
probably does is to correct a septal to lateral activation delay,
and thus it produces the highest response rates in patients with
the widest QRS complexes and LBBB. In these patients,
imaging may offer little advantage over clinical criteria for
the selection of patients for CRT. In fact, the adaptive CRT
trial results suggest that CRT with an LV lead alone might
produce even better results than biventricular pacing in pa-
tients with standard indications [14].

It must be remembered that the study by Hung and col-
leagues is a small one with a relatively homogeneous popula-
tion. Elegant studies have demonstrated that left-sided septal
activation and its subsequent spread to the LV free wall may in
fact vary among patients with LV systolic dysfunction and
LBBB [15, 16]. Rodriguez and colleagues showed that LV
activation in patients with LBBB could occur either by slow
conduction from branches of the left bundle or by right-to-left
transseptal conduction. Additional conduction delay beyond
the bundle branch occurred within the LV myocardium in
scarred or myopathy ventricles. However, in all 12 patients
with LBBB in that study, the latest LV activation occurred in
the posterobasal or posterolateral wall [15]. Thus, larger stud-
ies may in fact confirm the generalizability of the findings of

Hung and colleagues. In the meantime, the authors should be
commended for using a creative protocol to explore a logical
question.
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