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Background: The current recommendation for cardiac resynchronization therapy (CRT) in congestive heart

failure (CHF) patients is based on QRS duration, not on QRS morphology. It is not known whether patients

with right bundle branch block (RBBB) respond to CRT.

Hypothesis: This study was performed to compare the effects of CRT in CHF patientswith pure RBBB vs those

with a coexisting left hemiblock (LHB).

MethodsandPatient Population:A total of 271 consecutivepatientswho underwentCRTatMontefioreMedical

Center were analyzed. Baseline ECGs were analyzed by 2 reviewers for RBBB and further classified into those

with a coexisting LHB. Response to CRT was defined to be, at ≥6 months after CRT, either an improvement in

ejection fraction (EF) of at least 5%, or an improvement in New York Heart Association (NYHA) CHF class. A

total of 44 patientswere identified: 18 had pure RBBB and 26 had a coexisting LHB. The 2 groups were similar

in respect to baseline characteristics (P > 0.05).

Results: Only 4 out of 18 patients with pure RBBB compared to 18 out of 26 with LHB (P = 0.005) had an

improvement in EF ≥5%. The mean EF was −1% in the pure RBBB group, but +5.4% in those with LHB

(P = 0.0031). Improvement in NYHA class was seen in 0 out of 18 with pure RBBB vs 7 out of 26 patientswith

LHB (P = 0.03).

Conclusion: If patientswith RBBB also had LHB, their response to CRT was significantly better than if they had

RBBB alone.

Introduction

Cardiac resynchronization therapy (CRT) has emerged as
an effective therapy for congestive heart failure (CHF)
patients who are on optimized medical therapy.1 – 6 The
current recommendations for CRT in CHF patients are
based on QRS duration, not on QRS morphology. The
majority of patients (85%–90%) in prior studies had a left
bundle branch block (LBBB) morphology, with only a
minority showing nonspecific conduction delays or a right
bundle branch block (RBBB) pattern.1 – 6 Some studies have
suggested little or no benefit from CRT in patients with
RBBB7,8 while others have suggested a benefit only when
a coexisting left anterior or posterior hemiblock (LHB) was
present.9,10

This study describes our experience with the effects of
CRT on CHF patients with a pure RBBB vs those with RBBB
and a coexisting LHB.

Methods

Study Population and Patient Selection

A total of 271 consecutive patients who underwent CRT at
Montefiore Medical Center were analyzed. In addition to
the standard indications for CRT (left ventricular ejection
fraction[LVEF]≤35%, New York Heart Association[NYHA]
functional class III or IV, QRS complex duration ≥120 ms),

patients were divided into those with either a pure RBBB
or RBBB with a coexisting LHB. Patients with LBBB or a
nonspecific intraventricular conduction delay prior to CRT
were excluded from the study.

Electrocardiogram Analysis

A baseline 12-lead electrocardiogram (ECG) was analyzed
by 2 independent blinded reviewers according to well
established criteria.11

The diagnosis of complete RBBB was made when the
following were met: (1) QRS duration of 0.12 seconds or
more; (2) a secondary R wave (R1) in right precordial
leads, with R1 greater than the initial R wave (rsR1 or
rSR1); (3) a peak R time in lead V1 >0.05 second; (4) a wide
deep terminal S wave in leads I, V5, and V6. Patients with
true posterior wall myocardial infarction, right ventricular
hypertrophy, and dilatation were excluded.

A coexisting left anterior hemiblock was based on the
following: (1) a frontal-plane axis of the complex between
45◦ and 90◦; (2) qR pattern in aVL; R peak time in lead aVL
of 45 msec or more.

A coexisting left posterior hemiblock was based on the
following after right ventricular hypertrophy, emphysema,
vertical heart, and lateral wall myocardial infarction
were excluded: (1) a frontal plane axis of at least +90
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Clinical Investigations continued

degrees; (2) rS pattern in leads I and aVL; (3) qR
pattern in III and aVF.

Assessment of Ejection Fraction

The ejection fraction (EF) was calculated using a
2-dimensionalechocardiogram before and after implantation
of CRT. Whenever possible, a manually traced EF was
measured by the biplane-modified Simpson’s method as
described in standard references.12

Baseline Characteristics

Baseline characteristics included age, gender, comorbidities
(atrial fibrillation, diabetes mellitus, hypertension, chronic
renal failure), body mass index, current medication
use (angiotensin-converting enzyme inhibitor/angiotensin
receptor blocker [ACEI/ARB], β-blockers, spironolactone),
NYHA class, LVEF, and ECG characteristics (rhythm, QRS
duration, and type of block).

A total of 44 of 271 patients were identified to have RBBB.
These 44 patients were divided into 2 groups: 18 had pure
RBBB and 26 had a coexisting LHB (18 with a left anterior
hemiblock and 8 with a left posterior hemiblock). The 2
groups were similar in respect to baseline characteristics
(P > 0.05; Table 1).

CRT Implantation

All patients had a left ventricular lead implanted transve-
nously into a posterolateral branch of the coronary sinus,
such that a wide separation of the RV and LV electrodes on
a lateral chest x-ray was seen. The RV lead was placed in
a septal location away from the RV apex. AV delays were
nominally programmed to 120 ms and LV-RV intervals were
programmed to zero.

End Point

The end points for this study were, at ≥6 months after
implant, either an improvement in LVEF of at least
5% above baseline or an improvement in NYHA class.
Other echocardiographic markers of cardiac remodeling (a
decrease in amount of mitral regurgitation or in end-systolic
diameter) were also evaluated.

Statistical Analysis

Statistical analysis was done using SPSS 15 software (SPSS,
Chicago, IL). Baseline characteristics were compared
between the 2 groups using the χ2 test or Fisher
exact test for categorical variables, and independent
t tests or Mann-Whitney test for continuous variables
(depending on whether or not the data was normally
distributed).

An analysisof end pointswhich were categoricalvariables
(improvement in LVEF by at least 5%, changes in NYHA
class, decrease in systolic diameter by at least 2 mm,
decrease in mitral regurgitation[MR]) was done using an χ2

Table 1. Baseline Clinical Characteristics (all P = ns)

RBBB

(n= 18)

RBBB+ LHB

(n= 26) P Value

Ischemic/nonischemic 13/5 12/14 0.09

QRS duration (msec) 147.1± 5.7 151.8 ± 3.1 0.49

Age 70.07± 2.4 70.76± 2.6 0.85

Gender (male/female) 14/4 24/2 0.21

Hypertension (Y/N) 15/3 21/5 1.00

Diabetes mellitus 10/8 15/11 0.88

Chronic renal failure 6/12 14/12 0.18

ACEI or ARB 18/0 24/2 0.50

β-Blockers 18/0 24/2 0.50

Spironolactone 11/7 12/14 0.33

Body mass index 25.86 ± 1.5 29.00 ± 1.8 0.20

Atrial fibrillation 5/13 12/14 0.22

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB,

angiotensin receptor blocker; LHB, left hemiblock; ns, not significant;

RBBB, right bundle branch block.

or Fisher exact test (depending on category size). Analysis
of end points between groups, which were continuous
variables, was done using a Mann-Whitney test as these
data were not normally distributed. A Wilcoxon signed-rank
test was used to compare the mean EF before and after CRT
in the 2 groups.

Results

Table 2 summarizes the findings of the study. Improvement
in NYHA class was seen in 0 out of 18 in pure RBBB
vs 7 out of 26 patients with LHB (P = 0.03). Only 4 out
of 18 patients with pure RBBB compared to 18 out of 26
with LHB (P = 0.005) had an improvement in EF >5%
(Figure 1).

In the pure RBBB group, the EF after CRT (mean= 30%)
was not significantly different from the EF before CRT
(mean= 29%; P = 0.633). In the LHB group, the EF after
CRT (mean= 35%) was significantly higher than the EF
before CRT (mean= 29%; P = 0.0004). Figures 2 and 3 show
pre-CRT EF, post-CRT EF, and δ EF in all individual patients
of both groups. There was no significant difference in
echocardiographic parameters of remodeling (MR and end-
systolic dimension) after 6 months (Table 2). Although the
numbers were too small to comment on mortality, 5 out of
18 in the pure RBBB group vs 1 out of 26 in the LHB group
had died during a mean follow-up of 6 ± 1 months.
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Response to CRT
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Figure 1. The percentage of responders to CRT based on improvement in

LVEF by ≥5%, and by improvement in NYHA CHF class in patients with a

pure RBBB and in those with a coexisting LHB.

Abbreviations: CHF, congestive heart failure; CRT, cardiac

resynchronization therapy; LHB, left hemiblock; LVEF, left ventricular

ejection fraction; NYHA, New York Heart Association; RBBB, right bundle

branch block.
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Figure 2. Ejection fraction before and after CRT placement and δ EF in

individual patients with pure RBBB.

Abbreviations: CRT, cardiac resynchronization therapy; EF, ejection

fraction; RBBB, right bundle branch block.

Discussion

The results of this study suggest that a coexisting LHB
improves CRT outcomes at 6 months in patients with a
RBBB. Cardiac resynchronization therapy has been shown
to decrease symptoms and improve exercise capacity,
quality of life, and ventricular function.1 – 6 However, the
majority of patients (85%–90%) in these studies had LBBB,
with only a minority showing nonspecific conduction delays
or RBBB. Current indications for CRT do not make a
distinction between these patterns, and while patients
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Figure 3. Ejection fraction before and after CRT placement and δ EF in

individual patients with coexisting LHB.

Abbreviations: CRT, cardiac resynchronization therapy; EF, ejection

fraction; LHB, left hemiblock.

with RBBB are not excluded from receiving CRT, it
is not clear that all patients with RBBB benefit from
CRT.

The results of this study are consistent with the findings
of other studies; the response rates of patients with RBBB
are lower than for those with LBBB. Only 7 of all 44 patients
with RBBB (16%) had symptomatic improvement with CRT,
though an improvement in LVEF was seen in 22 of 44
(50%).

Our results are concordant with 2 smaller studies that
showed improvement in quality of life, functional class, and
other measurements of functional capacity, but only when
a coexisting LHB was present.9,10 Although the numbers
are too small to make any definitive comment, the lower
number of deaths in patients with a coexisting LHB is
intriguing.

Some authors have suggested that the benefit of
CRT extends to patients with RBBB with a coexisting
LHB because LHB is a marker of left intraventricular
dyssynchrony. Fantoni et al described that the same delayed
lateral wall activation of the LV was present in detailed
electroanatomic maps of patients with RBBB as in LBBB.13

In contrast, less mechanical dyssynchrony in a pure RBBB
and a lower response to CRT has been demonstrated in an
animal model.14

Though not all studies agree,15 Fauchier et al demon-
strated that LHB is a marker of dyssynchrony.16 This might
account for why more of the patients in this study with a
coexisting LHB responded to CRT. It might also explain the
differences betweenour study and others that failed to show
benefit with CRT in patients with RBBB that did not account
for a coexisting LHB.

The results of our study could also differ from those
reported by others that did not show a benefit from
CRT because of a lower number of patients with an
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Clinical Investigations continued

Table 2. Clinical and Echocardiographic Parameters of Response to CRT

Parameters Pure RBBB RBBBWith LHB P Value

Improvement in NYHA CHF class (responders/total) 0/18 7/26 0.03

Median δ EF at 6 mo −1% 5.4% 0.003

Improvement in EF by ≥5% (responders/total) 4/18 18/26 0.005

Mean EF (before CRT vs after CRT) 30% vs 29% 29% vs 35% 0.57 (pure RBBB)

0.0004 (LHB)

Decrease in systolic diameter by at least 2 mm (responders/total) 8/18 9/26 0.54

Change in systolic dimension −1 1.5 0.12

Improvement in MR 4/18 10/26 0.33

Change in grade of MR 0 0.5 0.08

Abbreviations: CHF, congestive heart failure; CRT, cardiac resynchronization therapy; EF, ejection fraction; LHB, left hemiblock; MR, mitral regurgitation;

NYHA, New York Heart Association; RBBB, right bundle branch block.

ischemic etiology (15/44, 34%) in our study. In the
2 studies that have shown no difference in outcomes
with RBBB, the majority of patients with RBBB had an
ischemic etiology (76.5%7, 71.2%8). Although the numbers
are probably too small to make any definitive statement,
there was no statistical difference when we compared the
nonischemic patients in our study with the ischemic ones
(P = 0.09).

Because of the limitation in the numbers, no definitive
statement can be made, but there was also no difference
when outcomes were compared between LAH (n = 18) and
LPH (n = 8) patients. In the LAH group, 14 out of 18 were
responders in terms of improvement in EF whereas 4 out
of 8 in the LPH were found to be responders (P = 0.19). In
terms of improvement in CHF class, 5 out of 18 in the LAH
group whereas 2 out of 8 in the LPH group were responders
(P = 1.00).

Limitations and Future Direction

Although this study is one of the larger single-center
study of patients with RBBB with and without LHB, the
number of patients is still small and all the limitations
of a retrospective analysis apply. Some of these biases
though are probably attenuated. For instance, since the
echocardiographers and clinicians seeing the patients
during follow-up had no knowledge of the patient groups,
this should not have affected the echocardiography and
NYHA results. AV and LV-RV optimization was also
not performed on all patients. A prospective study
designed to specifically enroll patients with RBBB would
be needed to identify the criteria that predict which
patients with RBBB will derive the greatest benefit from
CRT.

Conclusion

If patients with RBBB also had LHB, their response to CRT
was significantly better than if they had RBBB alone.

References
1. Cazeau S, Leclercq C, Lavergne T, et al. Effects of multisite

biventricular pacing in patients with heart failure and intra-
ventricular conduction delay. N Engl J Med. 2001;344:
873–880.

2. Young JB, Abraham WT, Smith AL, et al. Combined cardiac
resynchronization and implantable cardioversion defibrillation in
advanced chronic heart failure: the MIRACLE ICD Trial. JAMA.
2003;289:2685–2694.

3. Abraham WT, Fisher WG, Smith AL, et al. Cardiac resynchro-
nization in chronic heart failure. N Engl J Med. 2002;346:
1845–1853.

4. Higgins SL, Hummel JD, Niazi IK, et al. Cardiac resynchronization
therapy for the treatment of heart failure in patients with
intraventricular conduction delay and malignant ventricular
tachyarrhythmias. J Am Coll Cardiol. 2003;42:1454–1459.

5. Linde C, Leclercq C, Rex S, et al. Long-term benefits of
biventricular pacing in congestive heart failure: results from the
multisite stimulation in cardiomyopathy (MUSTIC) study. J Am
Coll Cardiol. 2002;40(1):111–118.

6. Cleland JG, Daubert JC, Erdmann E, et al; Cardiac Resynchro-
nization-Heart Failure (CARE-HF) Study Investigators. The effect
of cardiac resynchronization on morbidity and mortality in heart
failure. N Engl J Med. 2005;352(15):1539–1549.

7. Egoavil CA, Ho RT, Greenspon AJ, et al. Cardiac resynchroniza-
tion therapy in patients with right bundle branch block: analysis
of pooled data from the MIRACLE and Contak CD trials. Heart
Rhythm. 2005;2:611–615.

8. Adelstein, EC, Saba, S. Usefulness of baseline electro-
cardiographic QRS complex pattern to predict response to cardiac
resynchronization. Am J Cardiol. 2009;103:238–242.

9. Aranda JM Jr, Conti JB, Johnson JW, et al. Cardiac resynchro-
nization therapy in patients with heart failure and conduction
abnormalities other than left bundle-branch block: analysis of the

92 Clin. Cardiol. 33, 2, 89–93 (2010)
R. Chandra et al: CRT in patients with RBBB
Published online in Wiley InterScience. (www.interscience.wiley.com)
DOI:10.1002/clc.20708 2010Wiley Periodicals, Inc.



multicenter insync randomized clinical evaluation (MIRACLE).
Clin Cardiol. 2004;27(12):678–682.

10. Garrigue S, Reuter S, Labeque JN, et al. Usefulness of
biventricular pacing in patients with congestive heart failure and
right bundle branch block. Am J Cardiol. 2001;88:1436–1441.

11. Surawicz B, Childers R, Deal BJ, et al. AHA/ACCF/HRS
recommendations for the standardization and interpretation
of the electrocardiogram, part III: intraventricular conduction
disturbances. Circulation. 2009;53(11):976–981.

12. Feigenbaum H, Armstrong WF, Ryan T. Detection and quanti-
fication of wall motion abnormalities. In: Feigenbaum’s Echo-
cardiography, 6th ed. Philadelphia, PA: Lippincott Williams &
Wilkins; 2005; 443–450.

13. Fantoni C, Kawabata M, Massaro R, et al. Right and left ventricular
activation sequence in patients with heart failure and right
bundle branch block: a detailed analysis using three-dimensional

non-fluoroscopic electroanatomic mapping system. J Cardiovasc
Electrophysiol. 2005;16(2):112–119.

14. Byrne MJ, Helm RH, Daya S, et al. Diminished left ventricular
dyssynchrony and impact of resynchronization in failing hearts
with right vs left bundle branch block. J Am Coll Cardiol.
2007;50(15):1484–1490.

15. Haghjoo M, Bagherzadeh A, Farahani MM, et al. Significance of
QRS morphology in determining the prevalence of mechanical
dyssynchrony in heart failure patients eligible for cardiac
resynchronization: particular focus on patients with right bundle
branch block with and without coexistent left-sided conduction
defects. Europace. 2008;10:566–571.

16. Fauchier L, Marie O, Casset-Senon D, et al. Reliability of QRS
duration and morphology on surface electrocardiogram to identify
ventricular dyssynchrony in patients with idiopathic dilated
cardiomyopathy. Am J Cardiol. 2003;92(3):341–344.

Clin. Cardiol. 33, 2, 89–93 (2010) 93
R. Chandra et al: CRT in patients with RBBB

Published online in Wiley InterScience. (www.interscience.wiley.com)
DOI:10.1002/clc.20708 2010Wiley Periodicals, Inc.


