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EDITORIAL COMMENT
Electrocardiogram in
Cardiac Resynchronization Therapy
Is Non–Left Bundle Branch Block an Oversimplification?*
Michael R. Gold, MD, PHD, Scott M. Koerber, DO
C ardiac resynchronization therapy (CRT) is a
mainstay of treatment for certain patient
groups with heart failure (HF) with a

reduced ejection fraction. CRT improves exercise
capacity and quality of life, while reducing HF hospi-
talizations and mortality. A major focus in the optimal
use of this therapy is the identification of subgroups
that best “respond” to CRT. Unfortunately, there is
no clear consensus on the definition of CRT response,
but results of the pivotal randomized trials of CRT
showed that clinical characteristics are an important
determinant of outcomes. Specifically, sex, etiology
of HF, unpaced QRS duration (QRSd), and QRS
morphology all affect CRT effectiveness, with the
best outcomes noted in women and in those with
nonischemic cardiomyopathy, longer QRS durations,
and left bundle branch block (LBBB). Current guide-
lines focus on electrocardiography characteristics
to guide patient selection with the strongest
recommendations given for LBBB and QRS
duration >150 ms.

In clinical practice, many physicians restrict CRT
referrals or implantation to patients with LBBB, likely
based on the results of a subanalysis of the MADIT-
CRT (Multicenter Automatic Defibrillator Implanta-
tion Trial-Cardiac Resynchronization Therapy) trial
that showed no benefit among patients with non-
LBBB morphologies (1). However, all of these factors
are inter-related. For example, patients with LBBB are
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more likely to be female, have nonischemic cardio-
myopathy, and have longer QRS durations.

Several methodological approaches have been
used to help sort out the importance of different
clinical factors to predict CRT response. Multivariate
analysis of clinical and implant factors is frequently
performed, although this may be limited by the
sample size of even large multicenter device trials.
Individual patient meta-analysis, in which the
patient-specific data from multiple randomized trials
is combined to increase the power of statistical ana-
lyses, is another approach. Interestingly, in this re-
gard, 2 separate such analyses showed that QRS
duration but not QRS morphology predicts CRT
response (2,3), challenging the common belief that
LBBB is the most important factor for patient selec-
tion. The third approach is to use “big data” analyses
in which large registries are queried, which can be
orders of magnitude larger than randomized trials.
The advantage of this approach is that it may better
represent real-world results, and statistical power is
much greater given the very large number of patients.
However, the important limitations of big data ana-
lyses include the lack of randomization, absence of
standardizations of treatment or measurements, and
limited oversight of data quality. Such an analysis on
the U.S. NCDR (National Cardiovascular Data
Registry) showed that survival was better for CRT
patients with LBBB versus non-LBBB and QRS
duration $150 ms versus <150 ms, regardless of QRS
morphology (4).
SEE PAGE 3082
In this issue of the Journal, Kawata et al. (5)
perform further investigation of the previous anal-
ysis of QRS duration and morphology from the NCDR
registry to focus on the non-LBBB population,
subdivided into right bundle branch block and
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nonspecific intraventricular conduction delay
(NICD) (5). In the primary analysis of CRT implantable
cardioverter-defibrillators versus implantable
cardioverter-defibrillators only, no benefit of CRT was
noted for RBBB morphology regardless of QRSd, but
perioperative complication rates were increased.
NICD was associated with better outcomes only with
QRSd >150 ms. In the secondary analyses, NICD and
RBBB subgroups were compared. NICD had worse
outcomes than RBBB in the subgroup with QRSd of
120 to 149 ms, with higher readmission rates and HF
events. In contrast, with longer QRSd ($150 ms),
NICD had better outcomes compared with RBBB.

At first glance, these findings seem confusing, as
outcomes may be improved or worsened depending
on QRS duration. However, it may be due, in part, to
the location of conduction block associated with
different QRS morphologies. Upadhyay et al. (6)
showed that the level of block in LBBB is most
commonly in the conduction system, which may
explain why pacing the lateral wall of the left ventricle
(LV) can achieve fusion with right bundle branch
conduction to achieve electrical resynchronization.
However, the block is distal to the conduction system
in NICD, so lateral wall pacing would be fusing with
septal activation from the left bundle branch. This
would be less likely to cause improved LV activation
or biventricular fusion, analogous to the adverse
outcomes noted with CRT among patients with me-
chanical dyssynchrony and QRS duration <130 ms (7).
With very long QRS duration, the conduction delay
in NICD may be sufficiently prolonged to benefit
from LV pacing, or some may actually have true
LBBB, which can be difficult to diagnose by standard
electrocardiography in dilated hearts.

It should be noted that in several pivotal ran-
domized trials of CRT, outcomes were analyzed
based on separate non-LBBB QRS morphologies. The
MIRACLE (Multicenter InSync ICD Randomized
Clinical Evaluation) study reported good outcomes
with RBBB in CRT. In both RAFT (Resynchroniza-
tion-Defibrillation for Ambulatory Heart Failure
Trial) and REVERSE (REsynchronization reVErses
Remodeling in Systolic left vEntricular dysfunction),
the outcomes for RBBB were somewhat better than
for NICD, although the numbers of patients with
non-LBBB morphologies were small and subanalyses
were not performed based on QRS duration (8). In
this regard, it is noteworthy that NICD tends to have
shorter QRS durations than RBBB in HF patients,
which is likely why the proportion of NICD patients
with QRS >150 ms was low in the study by Kawata
et al. (5).

In summary, the results from this study provide
important data indicating that not all non-LBBB
morphologies are the same. The authors should be
commended for providing more detailed analysis of
the electrocardiogram and not simply using what is
now the conventional LBBB versus non-LBBB mor-
phologies. These findings will need to be confirmed
with further studies, either from prospective trials or
pooled data from previous randomized trials. More-
over, the interplay between electrocardiography
characteristics, LV lead position, and LV conduction
patterns, as well as programming of CRT, will need to
be explored further in efforts to maximize the benefit
of CRT. However, importantly, the results of the
present study challenge our convention of lumping
CRT candidates into 2 categories.
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