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Objectives
• Define limitations of non-physiologic pacing
• Describe HIS bundle anatomy
• Describe feasibility of HIS bundle pacing



Is the cure worse than the disease?

• At its core pacing is intended to support the 
ventricular rate. 

• Traditional dual chamber pacemakers have 
significant drawbacks regardless of the pacing 
indication. 
– Sinus node disease
– Complete heart block



Pacing Mode Does Not Alter Outcome

 

VENTRICULAR PACING VS. DUAL-CHAMBER PACING
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patients over 75 years of age, women, nonwhite pa-
tients, or patients with a history of supraventricular
tachycardia (Fig. 2).

 

Quality of Life

 

At three months, both ventricular pacing and dual-
chamber pacing led to substantial improvement in

the SF-36 physical role (18 points for ventricular pac-
ing, about 1.3 times the effect of a history of angina
or heart failure in study patients), but a much smaller
1.9-point change in the SF-36 physical function
(only about 10 to 15 percent of the effect of a history
of angina or heart failure in study patients). Over a
period of four years, dual-chamber pacing provided

 

Figure 1.

 

 Rates of Clinical Events According to the Mode of Pacing.
An explanation of adjusted and unadjusted analyses is provided in the Methods section. Unadjusted P values were derived with
the log-rank test.
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VENTRICULAR PACING OR DUAL-CHAMBER PACING 
FOR SINUS-NODE DYSFUNCTION
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BSTRACT

 

Background

 

Dual-chamber (atrioventricular) and
single-chamber (ventricular) pacing are alternative
treatment approaches for sinus-node dysfunction
that causes clinically significant bradycardia. However,
it is unknown which type of pacing results in the better
outcome.

 

Methods

 

We randomly assigned a total of 2010 pa-
tients with sinus-node dysfunction to dual-chamber
pacing (1014 patients) or ventricular pacing (996 pa-
tients) and followed them for a median of 33.1 months.
The primary end point was death from any cause or
nonfatal stroke. Secondary end points included the
composite of death, stroke, or hospitalization for heart
failure; atrial fibrillation; heart-failure score; the pace-
maker syndrome; and the quality of life.

 

Results

 

The incidence of the primary end point
did not differ significantly between the dual-chamber
group (21.5 percent) and the ventricular-paced group
(23.0 percent, P=0.48). In patients assigned to dual-
chamber pacing, the risk of atrial fibrillation was lower
(hazard ratio, 0.79; 95 percent confidence interval, 0.66
to 0.94; P=0.008), and heart-failure scores were better
(P<0.001). The differences in the rates of hospitaliza-
tion for heart failure and of death, stroke, or hospi-
talization for heart failure were not significant in un-
adjusted analyses but became marginally significant
in adjusted analyses. Dual-chamber pacing resulted
in a small but measurable increase in the quality of life,
as compared with ventricular pacing.

 

Conclusions

 

In sinus-node dysfunction, dual-cham-
ber pacing does not improve stroke-free survival, as
compared with ventricular pacing. However, dual-
chamber pacing reduces the risk of atrial fibrillation,
reduces signs and symptoms of heart failure, and
slightly improves the quality of life. Overall, dual-
chamber pacing offers significant improvement as
compared with ventricular pacing. (N Engl J Med
2002;346:1854-62.)
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INCE the first implantation of a cardiac pace-
maker in a human in 1958,

 

1

 

 technological ad-
vances have enhanced the sophistication of car-
diac pacemakers, but there has been no clear

evidence of the advantages of more complex devic-
es.

 

2-4

 

 For example, dual-chamber pacing maintains
atrioventricular synchrony and may better preserve
normal physiologic function as compared with single-
chamber ventricular pacemakers,

 

5-7

 

 but dual-chamber
pacemakers are more expensive, are more complex to
implant and program, and have a higher rate of com-
plications.

 

8

 

 Although retrospective studies and case se-
ries suggest benefits of dual-chamber or atrial-based
pacing,

 

9,10

 

 randomized trials have had divergent results
with regard to rates of death and stroke, particularly in
patients with sinus-node dysfunction.

 

11-14

 

 We investi-
gated whether dual-chamber pacing would provide
better event-free survival and quality of life than single-
chamber ventricular pacing in patients with sinus-node
dysfunction.

 

METHODS

 

The Mode Selection Trial in Sinus-Node Dysfunction (MOST)
was designed as a five-year trial to compare single-chamber (ven-
tricular), rate-modulated pacing with dual-chamber (atrioventric-
ular), rate-modulated pacing in patients whose sinus-node dysfunc-
tion required permanent pacing for bradycardia.

 

15

 

 The first patient
was enrolled on September 25, 1995, and the last patient on Octo-

S
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There is no such thing as low burden pacing.

Incidence and predictors of right ventricular pacing-
induced cardiomyopathy in patients with complete
atrioventricular block and preserved left ventricular
systolic function
Erich L. Kiehl, MD,* Tarek Makki, MD,† Rahul Kumar, MD,† Divya Gumber, MD,†

Deborah H. Kwon, MD,‡ John W. Rickard, MD, FHRS,§ Mohamed Kanj, MD, FHRS,§

Oussama M. Wazni, MD, FHRS,§ Walid I. Saliba, MD, FHRS,§ Niraj Varma, MD, FHRS,§

Bruce L. Wilkoff, MD, FHRS,§ Daniel J. Cantillon, MD, FHRS§

From the *Department of Cardiovascular Medicine, †Department of Internal Medicine, Cleveland Clinic
Foundation, Cleveland, Ohio, ‡Department of Cardiovascular Medicine, Imaging Section, Cleveland Clinic
Foundation, Cleveland, Ohio, and §Department of Cardiovascular Medicine, Electrophysiology Section,
Cleveland Clinic Foundation, Cleveland, Ohio.

BACKGROUND Right ventricular (RV) pacing may worsen left
ventricular cardiomyopathy in patients with reduced left ventricular
ejection fraction (LVEF) and advanced atrioventricular block.

OBJECTIVE The objectives of this study were to calculate inci-
dence and identify predictors of RV pacing-induced cardiomyopathy
(PICM) in complete heart block (CHB) with preserved LVEF and to
describe outcomes of subsequent cardiac resynchronization therapy
(CRT) upgrade.

METHODS An analysis of consecutive patients receiving permanent
pacemaker (PPM) from 2000 to 2014 for CHB with LVEF 450% was
performed. PICM was defined as CRT upgrade or post-PPM LVEF
≤40%. PICM association was determined via multivariable regres-
sion analysis. CRT response was defined by LVEF increase ≥10% or
left ventricular end-systolic volume decrease ≥15%.

RESULTS Of the 823 study patients, 101 (12.3%) developed PICM
over the mean follow-up of 4.3 ± 3.9 years, with post-PPM LVEF
being 33.7% ± 7.4% in patients with PICM vs 57.6% ± 6.1% in
patients without PICM (P o .001). In multivariable analysis, lower
pre-PPM LVEF (hazard ratio [HR] 1.047 per 1% LVEF decrease; 95%

confidence interval [CI] 1.002–1.087; P ¼ .042) and RV pacing %
both as a continuous (HR 1.011 per 1% RV pacing; 95% CI 1.002–
1.02; P ¼ .021) and as a categorical (o20% or ≥20% RV pacing)
(HR 6.76; 95% CI 2.08–22.0; P¼ .002) variable were independently
associated with PICM. Only 29 patients with PICM (28.7%) received
CRT upgrade despite an 84% responder rate (LVEF increase 18.5% ±
8.1% and left ventricular end-systolic volume decrease 45.1% ±
15.0% in responders). CRT upgrade was associated with greater
post-PPM LVEF decrease, lower post-PPM LVEF, and post-PPM LVEF
≤35% (P ¼ .006, P ¼ .004, and P ¼ .004, respectively).

CONCLUSION PICM is not uncommon in patients receiving PPM for
CHB with preserved LVEF and is strongly associated with RV pacing
burden 420%. CRT response rate is high in PICM, but is perhaps
underutilized.

KEYWORDS Atrioventricular block; Cardiac resynchronization therapy;
Cardiomyopathy; Complete heart block; Ejection fraction; Heart failure;
Incidence; Pacing; Pacing-induced cardiomyopathy; Predictors

(Heart Rhythm 2016;13:2272–2278) I 2016 Heart Rhythm Society. All
rights reserved.

Introduction
Right ventricular (RV) pacing is known to produce electric
and mechanical dyssynchrony by triggering the right ven-
tricle to contract before the left ventricle (interventricular
dyssynchrony) and the septum to contract before the lateral
walls (intraventricular dyssynchrony).1 Historically, adverse
clinical events were first attributed to RV pacing in patients
with sinus node dysfunction, with higher rates of congestive
heart failure (CHF), atrial fibrillation, and chamber dilation
observed as compared to AAI pacing.2,3 Thereafter,
increased CHF and mortality were seen with DDDR 70 vs
VVI 40 pacing in the Dual Chamber and VVI Implantable

Dr Saliba has received compensation for services rendered to Boston
Scientific. Dr Varma has received compensation for services rendered to
Biotronik, Medtronic, Sorin Group, and St. Jude Medical. Dr Wilkoff has
received compensation for services rendered to Boston Scientific, St. Jude
Medical, Medtronic, and Spectranetics; he has also received royalty income
from Medtronic. Dr Cantillon has received compensation for services
rendered to St. Jude Medical; serves on speakers bureau for Boston
Scientific and St. Jude Medical; and has received research grants from
LifeWatch and St. Jude Medical. Address reprint requests and corre-
spondence: Dr Daniel J. Cantillon, Department of Cardiovascular Medicine,
Electrophysiology Section, Cleveland Clinic Foundation, 9500 Euclid
Avenue, J2-2, Cleveland, OH 44195. E-mail address: cantild@ccf.org.

1547-5271/$-see front matter B 2016 Heart Rhythm Society. All rights reserved. http://dx.doi.org/10.1016/j.hrthm.2016.09.027

= 23) as in the ≥40% group (14.2%, n = 611) as compared
with the o20% group (4.2%, n = 144). A Kaplan-Meier
survival curve of freedom from PICM is depicted in
Figure 2A. Follow-up was 89.1% at 3 months, 85.8% at 6
months, 77.3% at 1 year, and 44.5% at 3.65 years, the
median time to PICM across the entire cohort.

For multivariable logistic regression, all clinical variables
meeting P o .1 in univariable analysis were included in the
model with the exception of chronic kidney disease and
pacing parameters. The collection and reporting of device
settings was intended for descriptive purposes only;
observed differences in programming modes were at max-
imum 3% and of questionable clinical significance. Chronic
kidney disease was limited by sample size, representing
o10% of the entire cohort. Three multivariable logistic
regressions were performed, each identical except with
inclusion of RV pacing % (continuous), RV pacing ≥40%,
and RV pacing ≥20% independently. The results of the

regression including RV pacing ≥20% are summarized in
Table 2. With RV pacing % included as a continuous
variable, the only retained variables at P o .05 were RV
pacing % (hazard ratio [HR] 1.011 per 1% pacing increase;
95% confidence interval [CI] 1.002–1.020; P ¼ .021) and
pre-PPM LVEF (HR 1.045 per 1% LVEF decrease; 95% CI
1.001–1.087; P ¼ .045). When swapped for RV pacing
≥40% as a categorical variable, the only retained variables
were RV pacing ≥40% (HR 3.19; 95% CI 1.41–7.21; P ¼
.005) and pre-PPM LVEF (HR 1.045 per 1% LVEF
decrease; 95% CI 1.001–1.087; P ¼ .046). Lastly, when
swapped for RV pacing≥20% as a categorical variable, similarly
the only retained variables were RV pacing ≥20% (HR 6.76;
95% CI 2.08–22.0; P ¼ .002) and pre-PPM LVEF (HR 1.046
per 1% LVEF decrease; 95% CI 1.002–1.087; P ¼ .042).

Repeat Kaplan-Meier survival curves were created, strati-
fied by RV pacingo40% or ≥40% and 20% and depicted in
Figures 2B and 2C, respectively. Both curves begin to

Figure 1 Patient flow diagram for the study population stratified by PICM, CRT upgrade, and CRT response. CRT ¼ cardiac resynchronization therapy;
LVEF ¼ ejection fraction; LVESV ¼ left ventricular end-systolic volume; PICM ¼ pacing-induced cardiomyopathy; PPM ¼ permanent pacemaker.

Figure 2 Kaplan-Meier curves depicting 15-year survival without LVEF decrease to ≤40% (PICM) for (A) the entire cohort, (B) cohort stratified byo40% or
≥40% RV pacing, and (C) cohort stratified by o20% or ≥20% RV pacing. LVEF ¼ ejection fraction; PICM ¼ pacing-induced cardiomyopathy; RV ¼ right
ventricular.
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• 19.5% of patients with dual 
chamber pacemakers 
implanted developed a pacing 
mediated myopathy. 

• Mean reduction in EF 62% to 
36%

• Baseline QRS duration of >115 
ms was 90% specific for the 
development of pacing 
mediated myopathy.

• Pacing % does not predict 
change in LVEF.

Incidence and predictors of right ventricular pacing-
induced cardiomyopathy
Shaan Khurshid, MD,* Andrew E. Epstein, MD, FHRS,* Ralph J. Verdino, MD,* David Lin, MD, FHRS,*
Lee R. Goldberg, MD,*† Francis E. Marchlinski, MD, FHRS,* David S. Frankel, MD, FHRS*

From the *Cardiovascular Division, Electrophysiology and †Heart Failure Sections, Hospital of the
University of Pennsylvania, Philadelphia, Pennsylvania.

BACKGROUND Frequent right ventricular (RV) pacing can lead to a
decline in left ventricular ejection fraction (LVEF).

OBJECTIVE This study aimed to identify incidence and predictors
of RV pacing-induced cardiomyopathy (PICM).

METHODS We retrospectively studied 1750 consecutive patients
undergoing pacemaker implantation between 2003 and 2012.
Patients were included if baseline LVEF was normal, single-
chamber ventricular or dual-chamber pacemaker (but not implant-
able cardioverter-defibrillator or biventricular pacemaker) was
implanted, frequent (Z20%) RV pacing was present, and repeat
echocardiogram was available Z1 year after implantation. PICM
was defined as Z10% decrease in LVEF, resulting in LVEF o50%.
Patients with alternative causes of cardiomyopathy were excluded.
Predictors of the development of PICM were identified using
multivariate Cox proportional hazards modeling.

RESULTS Of 257 patients meeting study criteria, 50 (19.5%)
developed PICM, with a decrease in mean LVEF from 62.1% to
36.2% over a mean follow-up period of 3.3 years. Those who
developed PICM were more likely to be men, with lower baseline
LVEF and wider native QRS duration (bundle branch blocks
excluded; P ¼ .005, P ¼ .03, and P ¼ .001, respectively).

In multivariate analysis, male gender (hazard ratio 2.15; 95%
confidence interval 1.17–3.94; P ¼ .01) and wider native QRS
duration (hazard ratio 1.03 per 1 ms increase; 95% confidence
interval 1.01–1.05; P o .001) were independently associated with
the development of PICM. Native QRS duration 4115 ms was 90%
specific for the development of PICM.

CONCLUSION PICM may be more common than previously
reported, and risk for its occurrence begins below the commonly
accepted threshold of 40% pacing burden. Men with wider native
QRS duration (particularly 4115 ms) are at increased risk. These
patients warrant closer follow-up with a lower threshold for
biventricular pacing.

KEYWORDS Right ventricular pacing; Pacing-induced
cardiomyopathy; Heart failure; Pacing

ABBREVIATIONS LV ¼ left ventricle/ventricular; LVEF ¼ left
ventricular ejection fraction; PICM ¼ pacing-induced cardio-
myopathy; RV ¼ right ventricle/ventricular; VPD ¼ ventricular
premature depolarization

(Heart Rhythm 2014;11:1619–1625) I 2014 Heart Rhythm Society.
Published by Elsevier Inc. All rights reserved.

Background
Right ventricular (RV) pacing can lead to progressive left
ventricular (LV) systolic dysfunction and heart failure,
presumably by causing electrical and mechanical dyssyn-
chrony.1–3 The deleterious effect of RV pacing on LV

systolic function has been termed pacing-induced cardiomy-
opathy (PICM).

While only a subset of patients exposed to frequent RV
pacing develop PICM, predictors of risk for its occurrence
remain to be defined.4 If accurate predictors could be identified,
patients at high risk for developing PICM could be considered
for initial biventricular pacing, thereby potentially avoiding the
development of LV systolic dysfunction and the need for
reoperation. However, because most patients do not develop
PICM and because of higher costs and complication rates,
initial biventricular pacing should be reserved for those most
likely to benefit from this mode of pacing.

In a large single-center experience of patients undergoing
pacemaker implantation over the course of a decade, we
sought to define the incidence of PICM, as well as the
clinical, electrophysiologic, and echocardiographic risk fac-
tors that predispose to its development.

This work was supported in part by the F. Harlan Batrus Research
Fund and the Susan and Murray Bloom Fund. Dr Epstein has received
consulting fees and/or speaking honoraria from St Jude Medical,
Medtronic, Boston Scientific, and Biotronik. Dr Verdino has received
speaking honoraria from St Jude Medical and Biotronik. Dr Goldberg
has received consulting fees from Medtronic. Address reprint requests
and correspondence: Dr David S. Frankel, Cardiovascular Division,
Electrophysiology Section, Hospital of the University of Pennsylvania, 9
Founders Pavilion, 3400 Spruce St, Philadelphia, PA 19104. E-mail
address: david.frankel@uphs.upenn.edu.
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time to the development of PICM. In receiver operating
characteristic curve analysis, native QRS duration Z100 ms
(excluding bundle branch blocks) had the best sensitivity
(63%) and specificity (78%) for the development of PICM. A
native QRS duration Z115 ms was 90% specific for the
development of PICM.

Discussion
In our series of consecutive patients with normal LV function
undergoing pacemaker implantation, 20% developed PICM

over a decade of follow-up. Male gender and wider native
QRS duration, particularly 4115 ms (excluding bundle
branch blocks), identified patients at increased risk for the
development of PICM. The risk for developing PICM likely
begins well below the commonly accepted pacing percentage
of 40, as 13% of those with pacing percentages between 20
and 40 developed PICM in our series.

Our data suggest that PICM may be more common than
previously reported. Yu et al7 found a 9% incidence of PICM,
though they followed patients for only 1 year. Our findings are
more consistent with those of Zhang et al,8 who reported new-
onset heart failure in 26% of patients with frequent RV pacing
over 7.8 years median follow-up. Importantly, Zhang et al
made no attempt to exclude alternative etiologies of heart
failure and the diagnosis of heart failure was made on clinical
grounds, without assessment of LV systolic function. Con-
sistent with previous observations, PICM developed as early
as 1 month and as late as 9 years after pacemaker implantation,
suggesting that the risk for incident PICM persists even after
years of exposure.4

In the Mode Selection (MOST) Trial, RV pacing percen-
tages440 increased risk for heart failure hospitalization and
incident atrial fibrillation 3-fold compared to values below
40.9 As a result of these findings, many clinicians have
accepted 40% as the cutoff at which risk for PICM begins.
Our results argue against this, with 13% of the patients with
pacing percentages between 20 and 40 developing PICM. In
fact, in the Mode Selection Trial, the risk for PICM also
began at 20%, albeit with a lower incidence compared to
440%. By analogy, patients with 20% burden of VPDs are
certainly at risk for development of VPD-induced cardiomy-
opathy.10 Thus, clinicians should be vigilant to the possibility
of PICM at lower pacing burdens. The fact that ventricular

Figure 3 Survival free of pacing-induced cardiomyopathy. Kaplan-Meier
curve is shown for 10-year survival free of right ventricular pacing-induced
cardiomyopathy.

Figure 4 Decline in left ventricular ejection fraction in patients with right ventricular pacing-induced cardiomyopathy. Left ventricular ejection fraction before
and after pacemaker implantation is displayed as an individual line for each patient with pacing-induced cardiomyopathy.
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Incidence and predictors of right ventricular pacing-
induced cardiomyopathy
Shaan Khurshid, MD,* Andrew E. Epstein, MD, FHRS,* Ralph J. Verdino, MD,* David Lin, MD, FHRS,*
Lee R. Goldberg, MD,*† Francis E. Marchlinski, MD, FHRS,* David S. Frankel, MD, FHRS*

From the *Cardiovascular Division, Electrophysiology and †Heart Failure Sections, Hospital of the
University of Pennsylvania, Philadelphia, Pennsylvania.

BACKGROUND Frequent right ventricular (RV) pacing can lead to a
decline in left ventricular ejection fraction (LVEF).

OBJECTIVE This study aimed to identify incidence and predictors
of RV pacing-induced cardiomyopathy (PICM).

METHODS We retrospectively studied 1750 consecutive patients
undergoing pacemaker implantation between 2003 and 2012.
Patients were included if baseline LVEF was normal, single-
chamber ventricular or dual-chamber pacemaker (but not implant-
able cardioverter-defibrillator or biventricular pacemaker) was
implanted, frequent (Z20%) RV pacing was present, and repeat
echocardiogram was available Z1 year after implantation. PICM
was defined as Z10% decrease in LVEF, resulting in LVEF o50%.
Patients with alternative causes of cardiomyopathy were excluded.
Predictors of the development of PICM were identified using
multivariate Cox proportional hazards modeling.

RESULTS Of 257 patients meeting study criteria, 50 (19.5%)
developed PICM, with a decrease in mean LVEF from 62.1% to
36.2% over a mean follow-up period of 3.3 years. Those who
developed PICM were more likely to be men, with lower baseline
LVEF and wider native QRS duration (bundle branch blocks
excluded; P ¼ .005, P ¼ .03, and P ¼ .001, respectively).

In multivariate analysis, male gender (hazard ratio 2.15; 95%
confidence interval 1.17–3.94; P ¼ .01) and wider native QRS
duration (hazard ratio 1.03 per 1 ms increase; 95% confidence
interval 1.01–1.05; P o .001) were independently associated with
the development of PICM. Native QRS duration 4115 ms was 90%
specific for the development of PICM.

CONCLUSION PICM may be more common than previously
reported, and risk for its occurrence begins below the commonly
accepted threshold of 40% pacing burden. Men with wider native
QRS duration (particularly 4115 ms) are at increased risk. These
patients warrant closer follow-up with a lower threshold for
biventricular pacing.

KEYWORDS Right ventricular pacing; Pacing-induced
cardiomyopathy; Heart failure; Pacing

ABBREVIATIONS LV ¼ left ventricle/ventricular; LVEF ¼ left
ventricular ejection fraction; PICM ¼ pacing-induced cardio-
myopathy; RV ¼ right ventricle/ventricular; VPD ¼ ventricular
premature depolarization

(Heart Rhythm 2014;11:1619–1625) I 2014 Heart Rhythm Society.
Published by Elsevier Inc. All rights reserved.

Background
Right ventricular (RV) pacing can lead to progressive left
ventricular (LV) systolic dysfunction and heart failure,
presumably by causing electrical and mechanical dyssyn-
chrony.1–3 The deleterious effect of RV pacing on LV

systolic function has been termed pacing-induced cardiomy-
opathy (PICM).

While only a subset of patients exposed to frequent RV
pacing develop PICM, predictors of risk for its occurrence
remain to be defined.4 If accurate predictors could be identified,
patients at high risk for developing PICM could be considered
for initial biventricular pacing, thereby potentially avoiding the
development of LV systolic dysfunction and the need for
reoperation. However, because most patients do not develop
PICM and because of higher costs and complication rates,
initial biventricular pacing should be reserved for those most
likely to benefit from this mode of pacing.

In a large single-center experience of patients undergoing
pacemaker implantation over the course of a decade, we
sought to define the incidence of PICM, as well as the
clinical, electrophysiologic, and echocardiographic risk fac-
tors that predispose to its development.
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RV Apical v. RV Septal Positioning
Protect Pace Study
• Normal EF patient with 

>50%
• RV apical versus RV 

septal
• No difference in EF, 

Heart failure 
hospitalization, AF, or 6 
minute walk. 

• Longer implant and 
flouro times for RV 
septal lead placement.

• 1/3 of RV septal leads 
were actually not septal

Kaye et al., European Heart Journal 2015: 36, 856–862

pacing criteria and one randomized patient was found to have a
missed exclusion criteria and was withdrawn from the study immedi-
ately prior to implant. A total of 57 patients exited by the 2-year
follow-up (28 RVA, 29 RVHS). Patient characteristics were similar
between the two cohorts (Table 1). There was no difference in the
number of patients on b-blockers between the two groups [10% at
baseline in the RVHS arm and 8% in the RVA arm (P ¼ 0.62) and
19% and 17%, respectively, at 2 years (P ¼ 0.67)].

Primary objective
In the RVA group, LVEF was 57+9% (n ¼ 104) at baseline and 55+
9% at 24 months (n ¼ 88) (P ¼ 0.047). In the RVHS group, LVEF was
56+ 10% (n ¼ 103) at baseline and 54+ 10% at24 months (n ¼ 88)
(within group change P ¼ 0.0003) – Figure 2.

In paired data (n ¼ 168), the intra-patient change in LVEF (%) over
time was 22.29+10.5 in the RVA group and in the RVHS cohort the
intra-patient fall in LVEF was 23.43+8.4 (P ¼ 0.43). A multiple im-
putation analysis, imputing delta LVEF based on subject characteris-
tics was used to compare the groups, in cases where data were
missing. This showed no significant change in LVEF (P ¼ 0.40) by ran-
domization arm.

The mean difference in sequential EF assessments by a single ob-
server was 3+2%, and between two observers was 4+3%.

Pacing data
At 6 weeks, mean percentage pacing was 99+ 2% in the RVA group
and 99+2% in the RVHS group. At 2 years, the percentage pacing
was 98+ 11 and 93+ 20%, respectively. In the RVHS group, two
patients received ,1% pacing at 2 years. The intra-patient change
in percentage pacing (2 year–baseline) was not significant between
the two study arms (P ¼ 0.089). Seven patients (5.8%) in the

RVA group and nine patients (7.5%) had permanent AF at implant
(P ¼ 0.6048).

The final lead position is shown in Table 2. One hundred and
twenty patients were randomized to the RVA group, of whom 119
were successfully implanted. Of these, 109 were classified as apical
(92%), 4% could not be assessed due to inadequate radiological
imaging, 2% were non-apical, and 2% were not definable by the
lead adjudication committee. One hundred and twenty patients
were randomized to the RVHS position, of whom 118 had leads suc-
cessfully implanted. Of these, 66% were deemed septal by the LAC,
30% were non-septal, 3% had an indeterminate/inconclusive pos-
ition. Aper-protocol analysis was alsoperformedcomparing subjects
who were randomized to the RVHS and assessed by the LAC as
having had the lead placed in the true septal position. In this group,
LVEF at baseline was 57+9% in the RVA group and 55+9% at 2
years vs. 56+9 and 54+ 10% in the RVHS true septal group, re-
spectively (P ¼ 0.34).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table1 Patient characteristics: idiopathicatrioventricular blockwasdefined asno clearclinical cause foratrioventricular
block

Patient characteristics RV apex (n 5 120) RV high-septum (n 5 120) Total patients
randomized (n 5 240)

Age (years) 73.7 (+11.1) 74.7 (+10.0) 74.2 (+10.5)

Male (%) 73 (60.8) 88 (73.3) 161 (67.1)

Systemic hypertension (%) 76 (63.3) 67 (55.8) 143 (59.6)

Hypercholesterolaemia (%) 39 (32.5) 46 (38.3) 85 (35.4)

No diagnosed CVS disease (%) 22 (18.3) 26 (21.7) 48 (20.0)

Coronary artery disease (%) 27 (22.5) 31 (25.8) 58 (24.2)

Primary/idiopathic electrical disease (%) 24 (20.0) 21 (17.5) 45 (18.8)

Previous stroke (%) 4 (3.3) 5 (4.2) 9 (3.8)

Transient ischaemic attack (%) 3 (2.5) 3 (2.5) 6 (2.5)

Previous CABG (%) 8 (6.7) 8 (6.7) 16 (6.7)

Previous valvular surgery (%) 5 (4.2) 4 (3.3) 9 (3.8)

Indication for implant (%)

AV block—second degree 26 (21.7) 22 (18.3) 48 (20.0)

AV block—third degree 80 (66.7) 90 (75.0) 170 (70.8)

Permanent AF at implant 7 (5.8) 9 (7.5) 16 (6.7)

Right atrial lead implanted 108 (90.0) 104 (86.7) 212 (88.3)

Figure 2 Change in LV ejection fraction by randomization
assignment.

The effect of right ventricular pacing site on left ventricular function 859
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Poor Outcomes in HF Patients

Wilkoff et al., AMA 2002; 288(24):3115-3123



That’s why we have CRT, right?

AB Curtis et al., N Engl J Med 2013; 368:1585-1593

Biventricular Pacing for Atrioventricular Block

n engl j med 368;17 nejm.org april 25, 2013 1591

cause or urgent care visit for heart failure was also 
found to significantly favor the biventricular-
pacing group, to a degree similar to that of the 
primary outcome (Table 2 and Fig. 3).

The secondary outcome of death or hospital-
ization for heart failure was less common among 
patients assigned to biventricular pacing than 
among those assigned to right ventricular pacing 
(Table 2). Rates of first hospitalization for heart 
failure and the composite outcome of death or 
hospitalization for heart failure differed signifi-
cantly between the two pacing groups.

The median percentage of ventricular pacing 
during follow-up was 98.6% for all patients with 
third-degree atrioventricular block, 97.8% for those 
with second-degree atrioventricular block, and 
97.0% for those with first-degree atrioventricular 
block, with no significant difference between the 
two pacing groups.

ADVERSE EVENTS
Within 30 days after the initial attempt to implant 
the device, 113 of the 809 patients in whom im-
plantation was attempted (14.0%) had serious ad-
verse events; 83 patients (10.3%) had events related 
to the procedure or CRT system. Lead dislodge-
ments were the most common such event (in 
3.0% of patients), followed by atrial fibrillation 
(in 1.1%). Left ventricular lead–related complica-
tions occurred in 6.4% of patients. Among the 758 
patients in whom devices were implanted, 4.9% 
had the following serious adverse events related 
to the CRT system within 6 months after implan-
tation: lead dislodgement, device lead damage, 
pacing failure (“failure to capture”), implantation-
site infection, and inappropriate device stimula-
tion of tissue. Most of these adverse events oc-
curred within the first 30 days and were similar 
in distribution in the two pacing groups.

DISCUSSION

The results of the BLOCK HF trial showed that 
biventricular pacing provides superior ventricular-
rate support, as compared with traditional right 
ventricular apical pacing, in patients with atrio-
ventricular block, mild-to-moderate heart failure, 
and abnormal left ventricular systolic function. 
Patients receiving biventricular pacing had a low-
er incidence of the primary outcome of an urgent 
care visit for heart failure, death from any cause, 
or progression of heart failure, as measured by a 

significant increase in the left ventricular end-
systolic volume index. The hazard ratios in the 
pacemaker and ICD groups in our study showed 
a remarkably similar clinical effect, despite a 
marked difference in the mean ejection fraction 
in these two groups, suggesting that the benefit 
of biventricular pacing is unlikely to be tightly 
linked to the ejection fraction.

These findings address the clinical need to 
determine the best possible pacing mode for 
patients with atrioventricular block and an abnor-
mal left ventricular ejection fraction who do not 
have an established indication for biventricular 
pacing. This study adds to the body of evidence 
suggesting that biventricular pacing in patients 
with atrioventricular block preserves systolic 
function.6

Studies of the long-term effects of right ven-
tricular pacing have lent support to the concept 
that such pacing may be associated with adverse 
outcomes related to heart failure. The Mode Se-
lection Trial in Sinus-Node Dysfunction (MOST),2 
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Figure 2. Freedom from a Primary-Outcome Event.

For the total cohort, the hazard ratio for the biventricular-pacing group versus 
the right-ventricular-pacing group was 0.74 (95% credible interval, 0.60 to 
0.90). The posterior probability of a hazard ratio of less than 1 was 0.9978, 
which exceeded the threshold of 0.9775 for a significant difference between 
the two groups. When patients were stratified according to the type of device 
implanted (pacemaker or implantable cardioverter–defibrillator [ICD]), the 
hazard ratio with a pacemaker was 0.73 (95% credible interval, 0.58 to 0.91); 
the hazard ratio with an ICD was 0.75 (95% credible interval, 0.57 to 1.02).

The New England Journal of Medicine 
Downloaded from nejm.org on March 15, 2018. For personal use only. No other uses without permission. 
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which enrolled patients with sinus-node dysfunc-
tion who needed permanent pacing, showed that 
the risk of hospitalization for heart failure in-
creased by 20% for every 10% increase in right 
ventricular pacing; patients who had ventricular 
pacing 40% or more of the time had a risk of 
hospitalization for heart failure that was 2.5 times 
as high as the risk among those who had pacing 
less than 40% of the time.7 The Dual Chamber 
and VVI Implantable Defibrillator (DAVID)3 trial 
enrolled 506 patients with indications for ICD 
therapy who had a left ventricular ejection frac-
tion of 40% or less, no persistent atrial arrhyth-
mias, and no indication for pacing. As compared 
with backup ventricular-demand pacing at 40 beats 
per minute, dual-chamber rate-responsive pacing 
at 70 beats per minute was associated with a 
higher risk of a combined outcome of death from 
any cause or hospitalization for heart failure.3

For patients with an intermittent or minimal 
need for pacing, programming to minimize ven-
tricular pacing is standard, including the use of 
algorithms that favor atrial pacing over atrioven-
tricular sequential pacing. However, in patients 

with advanced atrioventricular block, ventricular 
pacing is obligatory, and these patients may be 
subject to the same poor outcomes noted in the 
DAVID trial and in MOST.

Potential alternatives to deleterious right ven-
tricular pacing in these patients may be alternative 
site-specific pacing, such as the right ventricular 
outflow tract or the His bundle. In short-term 
studies, however, outcomes with right ventricular 
outflow-tract pacing have not been superior to 
those with right ventricular apical pacing.8-11 
Although one small study showed a significant 
difference in left ventricular ejection fraction by 
18 months in favor of right ventricular outflow-
tract pacing,12 further studies would be neces-
sary to fully assess this strategy. Furthermore, 
no study has shown the optimal location for a 
septal or outflow-tract lead or a reliable method 
for ensuring that it is in an optimal location.13 
His-bundle pacing is difficult to accomplish reli-
ably, and it is not applicable to patients with na-
tive block in the His–Purkinje system.14

Given the established role of ICD therapy in 
the primary prevention of sudden cardiac death 
in patients with heart failure and abnormal sys-
tolic function, it was imperative that an ICD be 
implanted in patients who met the enrollment 
criteria for our study and who had an indepen-
dent indication for ICD therapy for primary pre-
vention of sudden cardiac death. The addition of 
ICD therapy to the use of a CRT device might have 
affected total mortality and potentially mini-
mized the difference between the two treatment 
groups. Given that the hazard ratios and 95% 
credible intervals for the pacemaker and ICD 
groups were nearly identical, we conclude that 
the benefit of biventricular pacing in patients 
with atrioventricular block is similar with the 
two types of devices.

A limitation of this study is the relatively large 
number of patients who switched from right ven-
tricular pacing to biventricular pacing. However, 
a substantial proportion of these crossovers hap-
pened after a primary outcome event had oc-
curred in the patient. Furthermore, given the 
intention-to-treat design, this phenomenon would 
probably have skewed the data in favor of right 
ventricular pacing and weakened the overall find-
ings of the study. There was also a fairly high 
number of missing echocardiograms at various 
time points, resulting in the censoring and ex-
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Figure 3. Freedom from the Clinical Components of the Primary Outcome.

The clinical components of the primary outcome included death from any 
cause or an urgent care visit for heart failure. There was a significant differ-
ence in favor of biventricular pacing over right ventricular pacing (hazard 
ratio, 0.73; 95% credible interval, 0.57 to 0.92).
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Maybe – Biopace Trial



Just the facts
Pacing mode does not mitigate against the detrimental effects of pacing. 

RV apical and septal pacing are equal in their poor outcomes

Only patients with advanced HF and wide LBBB (>150 ms)  clearly benefit from 
CRT

• 2013 ACC/AHA/HRS guidelines (sinus, EF <35%, GDMT)
• Strong recommendation & strong evidence

• NYHA class III/IV, LBBB>150 ms (weaker evidence for class II)
• NYHA class III/IV, non-LBBB>150 ms (weak recommendation)
• NYHA class II/III/IV, LBBB 120-149 ms (weak recommendation with 

weak evidence)



 

 

 Just to give you a schematic, as you can see where the numeral one is located that's right at the 
level of the CS os. I try to place the lead as superiorly along the septal region near the tricuspid 
annulus as possible, and I slowly migrate my way up as I'm ablating using an irrigated catheter in a 
sheath. It's unusual that the AV junction needs to be ablated that close to the lead tip in most 
cases.  

Any questions or other comments? 

 

Dr. 
Vijayaraman: 

Sure. One of the things to point out also is that when you do AV node ablation in order to achieve 
good stability it's good to use a long sheath. I typically use an SR0 sheath, and sometimes we can 
use an Agilis sheath to allow for precise motion, especially when you have to go closer to the lead 
tip. 

A Revolution In Pacing?
• Replicates true human physiology 
• Lead tip & body potentially within 

the right atrium 
– Could prevent lead related 

issues such as tricuspid 
regurgitation

• Ideal form of AV and VV 
(intraventricular and interventricular)

• Data not convincing for other forms 
of pacing
– RV pacing and its detrimental 

effects
– BiV pacing equivocal in EF > 

35% (BLOCK-HF/BIOPACE)



HIS Bundle Pacing Physiology

LONGITUDINAL DISSOCIATION IN HIS BUNDLEINarula
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FIGURE 1. (Case 15) Normalization of the QRS duration with distal His bundle (BH)pacing is shown in a patient with
constant left bundle branch block (LBBB). A) Simultaneous recordings ofthe three standard ECG leads (L-1, a VF and Vj)
and bipolar electrograms (BE)from the right atrium (RA) and the BH region. The QRS duration (I50 msec) and the H-V
time (70 msec) are prolonged during NSR. B) Simultaneous recordings of the three ECG leads and the BE (RA). Prox-
imal BHpacing results in QRS complexes with LBBB identical to the sinus beats and a PI-R (70 msec) similar to the H-V
time (left half). Distal BHpacing, without a change in stimulus intensity, normalizes the QRS duration to 90 msec with a

PI-R interval (50 msec) shorter by 20 msec than the control H-V time. A = atrial electrogram, V = ventricular elec-
trogram, PI = pacing impulse, PI-R = pacing impulse to QRS interval. Time lines in this and subsequent figures are at
one second intervals.

With induced premature atrial beats or atrial pacing at
faster rates the A-H and the PI-R intervals lengthened
whereas the H-V interval remained constant. The possibility
of antegrade conduction via the Kent bundle was excluded
by stimulation studies. Distal BH pacing resulted in narrow
QRS complexes (85 msec) in all 12 standard ECG leads with

1 1 OVA eVt iW

a PI-R interval (40 msec) shorter by 10 msec than the con-
trol H-V time (fig. 3). For purposes of better visual concep-
tion ECG recordings are shown at a regular paper speed (25
mm/sec) although recordings were also obtained at faster
paper speeds to enable precise measurements of the PI-R
and QRS intervals.
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FIGURE 2. (Case 6) His bundle recordings in a patient with LBBB and a normal mean QRS axis show an H-V interval
of50 msec. During an induced premature atrial beat (PAB) the A-H interval lengthened (from 50 to 70 msec); the H-V
time and the QRS duration remained unchanged and exclude the possibility of antegrade conduction via the Kent type
bypass fibers. Spontaneous variations in the morphology of the P wave are also noted.
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FIGURE 10. Schematic diagram of the His bundle (BH) showing
the location of a hypothetical lesion in the BH responsible for
LBBB. The possible sites ofproximal (P) and distal (D) BH pacing
are shown by arrows. A VN = A V node, BH = bundle of His,
RB = right bundle branch, LB = left bundle branch, MV = mitral
valve, MS = membranous septum, Vent. Sept. = ventricular sep-
tum. (modified from Massing and James).19

anatomical variations as the LB originates from a right
sided BH in 16%.'9

These data did not result from the use of a high stimulus
intensity as: 1) The narrowing of the QRS complexes was in-
dependent of stimulus intensity and could be demonstrated
at 3-4 Ma. Stimulation studies of the distal BH during open
heart surgery have revealed that high Ma always resulted in
a pattern of ventricular pacing and BH pacing was seen only
at low Ma.20 2) Both the wide and narrow QRS complexes
resulted from stimulation at identical Ma and cycle length.
3) In patients with rate related LBBB the normalization of
QRS was related to a change in stimulation site only. 4) A
shorter PI-R interval during narrow QRS complexes, as
compared to that with LBBB beats, indicates that the im-
pulse transmission occurred over a shorter distance. This
suggests that the changes in QRS morphology are related to
different sites of stimulation in the BH and not the Ma.

In this study, the narrow QRS complexes are also not due
to direct stimulation of the muscular intraventricular sep-
tum which should result in wide QRS complexes. Stimula-
tion of the septum from the right heart usually shows: 1)
beats with a pattern of LBBB different in morphology from
that of sinus beats (fig. 8) and 2) that the PI is immediately
followed by the onset of the QRS complex without an in-
tervening isoelectric period of 40-50 msec.

In most of the cases, BH stimulation was associated with
simultaneous depolarization of the right atrium. This in all

probability is the result of stimulation by the electrode
catheter with electrodes 10 mm apart. It is not necessarily a
result of high intensity stimulus as it was seen even during
pacing with 3-4 Ma. Similar observations were noted in
another study with BH stimulation during open heart sur-
gery.20 These findings in the present study are consistent with
BH stimulation in man as previously reported by us and by
others utilizing electrode catheter stimulation in dog
studies.9' 10, 22, 23

Artificial stimulation of the BH in man usually results in
depolarization of its entire thickness at its site of stimula-
tion. These conclusions are suggested by our previous
studies with BH stimulation in hundreds of cases, with nor-
mal QRS complexes or with bundle branch block patterns,
in whom QRST complexes identical to the sinus rhythm
were reproduced by BH pacing. This would not have oc-
curred if only a partial thickness of the BH had been
depolarized. Our present data, by reproducing QRST com-
plexes identical to those of sinus rhythm in patients with
LBBB during proximal BH stimulation, further support the
above concept.

It is likely that on a rare occasion, catheter stimulation of
the BH may depolarize only a portion of the BH thickness
and thereby artificially produce asynchronous conduction in
the BH. A possible example of this type is illustrated in
figure 8 (case 5) which shows four types of QRS complexes.
During BH stimulation the beats (no. 6, 7) with LBBB
pattern (similar to those of sinus beats) and narrow QRS
complexes (beats 4, 5) are readily explained, and this
response is similar to that seen in all others. The beat (no. 1)
with a very wide QRS and a LBBB pattern, but with a QRS
morphology different from that of sinus beats, is due to
stimulation of the septum. The beats (2 and 3) with a RBBB
pattern and PI-R interval (40 msec) slightly shorter than
that during narrow QRS complexes (45 msec) in all
probability are the result of depolarization of a partial
thickness of the BH containing fibers destined to the left
bundle branch.

Several other possibilities fail to explain the beats with a
RBBB pattern in figure 8 (beats 2, 3): 1) Stimulation of the
right septum should produce LBBB and not RBBB. In addi-
tion, during septal stimulation the PI-R interval should not
be 40 msec. 2) The possibility of selective stimulation of LB
at low Ma (3 Ma) just distal to the lesion in its upper portion
(responsible for LBBB during sinus rhythm) is unlikely from
the right side of the heart. As discussed above, even in right
sided BH and origin of LB, a stimulus intensity needed to
shunt the upper LB lesion would also simultaneously
depolarize the septum and/or the RB. Furthermore, even if
it were possible, a retrograde block to the BH and upper RB
would have to be proposed. A high intensity stimulus which
could shunt an upper LB lesion should be high enough to
shunt retrograde conduction to distal end of BH. There is
only a 5 msec difference in conduction from the site where
narrow QRS complexes are produced as opposed to those
with RBBB. His bundle studies in patients with fascicular
rhythms suggest that asynchrony in conduction with a
difference of 5 msec between the two bundle branches should
not result in QRS complexes as wide as 140 msec.24 25

Present data seem to suggest that in our patients, the site
of lesion responsible for LBBB or LAD in all probability

1004 CIRCULATION

 by guest on M
arch 5, 2018

http://circ.ahajournals.org/
D

ow
nloaded from
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Abstract

Background: Right ventricular pacing (RVP) is associated with heart failure and
increased mortality. His bundle pacing (HBP) is a physiological alternative to
RVP. The aim of the study is to evaluate clinical outcomes of HBP compared to
RVP. 
Methods: All patients (pts) requiring initial pacemaker implantation underwent
attempt at permanent HBP at one hospital and RV pacing at the sister hospital.
765 patients were identi�ed between Oct 1 , 2013 and December 31 , 2016.
Patients’ clinical course was followed from implantation. Primary outcome was
the combined endpoint of death, heart failure hospitalization (HFH), or
upgrade to biventricular pacing as intention to treat analysis 
Results: HBP was successful in 304 of 332 (92%) consecutive pts while 433 pts
underwent RVP. Age (75±11 vs 76±11 yrs) and LVEF (55±8 vs 54±10%) were
similar in HBP and RVP respectively. There were more men (60% vs 53%,
p<0.05) and more pts with AF (57 vs 44%, p<0.05) in the HBP group. There was
no signi�cant di�erence in the prevalence of HTN, DM, heart failure or CAD.
The primary endpoint of death, HFH or upgrade to BIV pacing was signi�cantly
reduced in the HBP group (77 of 332, 23%) compared to RVP (125 of 433, 29%)
(HR 1.4, p=0.02). This di�erence in primary endpoint was mainly in pts with
ventricular pacing > 20% (24% in HBP vs 32% in RVP) (HR 1.7, p <0.02). 
Conclusion: Permanent HBP is associated with reduction in the combined
endpoint of death, HFH or upgrade to biventricular pacing compared to RVP. 
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RVP. The aim of the study is to evaluate clinical outcomes of HBP compared to
RVP. 
Methods: All patients (pts) requiring initial pacemaker implantation underwent
attempt at permanent HBP at one hospital and RV pacing at the sister hospital.
765 patients were identi�ed between Oct 1 , 2013 and December 31 , 2016.
Patients’ clinical course was followed from implantation. Primary outcome was
the combined endpoint of death, heart failure hospitalization (HFH), or
upgrade to biventricular pacing as intention to treat analysis 
Results: HBP was successful in 304 of 332 (92%) consecutive pts while 433 pts
underwent RVP. Age (75±11 vs 76±11 yrs) and LVEF (55±8 vs 54±10%) were
similar in HBP and RVP respectively. There were more men (60% vs 53%,
p<0.05) and more pts with AF (57 vs 44%, p<0.05) in the HBP group. There was
no signi�cant di�erence in the prevalence of HTN, DM, heart failure or CAD.
The primary endpoint of death, HFH or upgrade to BIV pacing was signi�cantly
reduced in the HBP group (77 of 332, 23%) compared to RVP (125 of 433, 29%)
(HR 1.4, p=0.02). This di�erence in primary endpoint was mainly in pts with
ventricular pacing > 20% (24% in HBP vs 32% in RVP) (HR 1.7, p <0.02). 
Conclusion: Permanent HBP is associated with reduction in the combined
endpoint of death, HFH or upgrade to biventricular pacing compared to RVP. 

(http://�les.abstractsonline.com/CTRL/5f/6/c2a/6e3/2b2/454/197/3db/251/89b/�3/da/g18946_1.jp
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and 2.26 1.7 V at 1 ms during follow-up (P5 .63). No im-
mediate procedure-related complications were noted.

An increase in HB capture threshold (defined as a !2-V
increase in capture threshold from implant or capture

threshold .5 V at 1 ms) was noted in 7 cases (7.4%), 3 of
which resulted in loss of BBB recruitment. All of these
occurred late during follow-up (.6 months postimplant)
due to progressive increase in His capture threshold. Repeat
procedures were needed in 3 patients (HBP extraction with
manual traction and replacement with LV lead), and others
were managed conservatively with increase in HBP outputs
to 5 V in 2 patients and 6 V in 2 patients. One patient devel-
oped pocket infection at 6 months and required explantation
of the system.

ECG and echocardiographic parameters
Overall, QRSd decreased significantly from 157 6 33 ms at
baseline to 1186 18 ms (P5 .0001). Patients with underly-
ing BBB or ventricular pacing at baseline had a dramatic
narrowing of paced QRSd (Table 3 and Figure 4). There
was a significant decrease in QRSd in both patient groups
(I and II) compared to baseline. Among patients with BBB,
there was a significant narrowing in QRSd among both
LBBB (163 6 20 ms to 113 6 18 ms; P 5 .0001) and
non-LBBB (161 6 29 ms to 123 6 10 ms; P 5 .0006)
patients.

Follow-up echocardiographic data were available for
84 of 95 patients (88%). Echocardiographic response
(.5% improvement in LVEF) was noted in 69 patients
(73%) (70% group I, 74% group II). Overall LVEF improved
significantly from 30%6 10 % at baseline to 44%6 13% at
follow-up (P5 .0001). Significant improvement in LV func-
tion was noted in both groups (Table 3 and Figure 4). Among
patients with BBB, there was a significant improvement in
LVEF among both LBBB (26% 6 9% to 41% 6 13 %;

Figure 4 Success rates and outcomes of HBP. A: Distribution of cases by indication and success rates. B: Baseline and follow-up QRSd, LVEF, and NYHA
functional class. AVB 5 AV block; AVJ 5 AV junction ablation; BiV 5 biventricular pacing; LV 5 left ventricle; LVEF 5 left ventricular ejection fraction;
NYHA 5 New York Heart Association; other abbreviations as in Figure 1.

Table 2 Procedural outcomes

Total number of successful cases 95 (90%)
Type of device CRT- 58 (61%)
CRT-P 14 (15%)
DC-IC 5 (5%)
DC-PPM 18 (19%)

S-HBP 47 (50%)
S-HBP in BBB 19/44 (43%)

Characteristic Baseline Follow-up P value

R-wave amplitude (mV) 4 6 3.4 5.4 6 4.9 .03
Impedance (ohms) 483 6 153 413 6 109 .0001
His capture Threshold
(V @ 1 ms)

1.4 6 0.9 1.72 6 1.4 .17

BBB recruitment threshold 2 6 1.2 2.2 6 1.7 .63

Complication

Pneumothorax (n, %) 0
Pericardial effusion (n, %) 0
Increase in capture threshold (n, %) 7/95 (7.4%)
Loss of BBB recruitment (n, %) 3/44 (7%)
Device infection 1

Values are given as (mean 6 SD).
BBB5 bundle branch block; CRT-D5 cardiac resynchronization defibril-

lator; CRT-P 5 cardiac resynchronization pacemaker; DC 5 dual chamber;
ICD 5 implantable cardioverter defibrillator; PPM 5 pacemaker;
LBBB5 left bundle branch block; HBP5 His Bundle Pacing; S-HBP5 selec-
tive HBP.
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biventricular pacing for cardiac resynchronization
therapy: A multicenter experience
Parikshit S. Sharma, MD, MPH, FACC,* Gopi Dandamudi, MD, FHRS,† Bengt Herweg, MD,‡

David Wilson, MD,‡ Rajeev Singh, MD,† Angela Naperkowski, RN, FHRS, CCDS, CEPS,x

Jayanthi N. Koneru, MBBS,{ Kenneth A. Ellenbogen, MD, FACC, FHRS,{

Pugazhendhi Vijayaraman, MD, FACC, FHRSx

From the *Division of Cardiology, Rush University Medical Center, Chicago, Illinois, †Krannert Institute of
Cardiology, Indiana University, Indianapolis, Indiana, ‡Division of Cardiology, University of South Florida
College of Medicine, Tampa, Florida, {Division of Cardiology, Virginia Commonwealth University Health
System, Richmond, Virginia, and xDivision of Cardiology, Geisinger Heart Institute, Wilkes-Barre,
Pennsylvania.

BACKGROUND Cardiac resynchronization therapy (CRT) using
biventricular pacing (BVP) is effective in patients with heart failure,
bundle branch block (BBB), or right ventricular pacing. Permanent
His-bundle pacing (HBP) has been reported as an alternative option
for CRT.

OBJECTIVE The purpose of this study was to assess the feasibility
and outcomes of HBP in CRT eligible or failed patients.

METHODS HBP was attempted as a rescue strategy in patients with
failed left ventricular lead or nonresponse to BVP (group I), or as a
primary strategy in patients with AV block, BBB, or high ventricular
pacing burden as an alternative to BVP (group II) in patients with
indications for CRT. Implant characteristics, New York Heart Associ-
ation functional class, and echocardiographic data were assessed in
follow-up.

RESULTS HBP was successful in 95 of 106 patients (90%): 30 in
group I and 65 in group II. Mean age was 71 6 12 years and 30%
were female, with BBB in 45%, paced rhythm in 39%, and AV block

in 16%. His capture and BBB correction thresholds were 1.46 0.9 V
and 2.0 6 1.2 V at 1 ms, respectively. During mean follow-up of
14 months, both groups demonstrated significant narrowing of
QRS from 157 6 33 ms to 117 6 18 ms (P 5 .0001), increase in
left ventricular ejection fraction from 30% 6 10% to 43% 6 13%
(P5 .0001), and improvement in New York Heart Association func-
tional class from 2.8 6 0.5 to 1.8 6 0.6 (P 5 .0001) with HBP.
Lead-related complications occurred in 7 patients.

CONCLUSION Permanent HBP is a promising alternative for CRT.
HBP may be considered as a rescue strategy for failed BVP and
may be a reasonable primary alternative to BVP for CRT.

KEYWORDS Biventricular pacing; Bundle branch block; Cardiac
resynchronization therapy; His-bundle pacing; Permanent pace-
maker

(Heart Rhythm 2018;15:413–420) © 2017 Heart Rhythm Society.
All rights reserved.

Introduction
Cardiac resynchronization therapy (CRT) using biventricular
pacing (BVP) is an integral part of therapy for patients with
cardiomyopathy, reduced left ventricular ejection fraction
(LVEF), heart failure (HF), and bundle branch block
(BBB). Multiple prospective randomized studies have shown
that BVP improved quality of life, increased exercise capac-
ity, reduced heart failure hospitalization (HFH), and
decreased all-cause mortality.1–6 In addition to its use in
cardiomyopathy patients with BBB, BVP is an accepted
therapy for patients undergoing AV nodal ablation and
those requiring .40% right ventricular (RV) pacing.7 How-
ever, up to one-third of patients treated with BVP do not
derive clinical or echocardiographic benefit; indeed, some

Dr. Sharma has received honoraria from Medtronic and has served as a
consultant to Abbott. Dr. Dandamudi has received honoraria and research
support from, and has served as a consultant to, Medtronic. Dr. Herweg
has receive honoraria from and has served as a consultant to Abbott and Bio-
tronik. Dr. Koneru has served on the Speakers Bureau and has received
research support from Medtronic. Dr. Ellenbogen has received honoraria
and research support from AtriCure, Biosense Webster, Medtronic, Boston
Scientific, and Abbott. Dr. Vijayaraman has received honoraria and research
support from, and has served as a consultant to, Medtronic; and has served on
the advisory board to Boston Scientific. All other authors have reported that
they have no relationships relevant to the contents of this paper to disclose.
Address reprint requests and correspondence:Dr. Pugazhendhi Vijayara-
man, Geisinger Heart Institute, Geisinger Wyoming Valley Medical Center,
MC 36-10, 1000 E Mountain Blvd, Wilkes-Barre, PA 18711. E-mail
address: pvijayaraman1@geisinger.edu.

1547-5271/$-see front matter © 2017 Heart Rhythm Society. All rights reserved. https://doi.org/10.1016/j.hrthm.2017.10.014



HIS Bundle v. CRT Pacing (Crossover)

trend toward more marked improvement observed with HBP
for each measure.

Threshold data
The capture threshold for HBP was modestly but non-
significantly higher than LV lead threshold, and both were
significantly higher than RV capture thresholds (Figure 4).
However, the threshold required for maximal electrical
resynchronization from HBP was significantly higher as
reflected by the pacing outputs chosen at the time of
randomization to HBP (Figure 4).

Discussion
Using a crossover study design, we compared the clinical
response to permanent HBP and BiVP in patients with
standard indications for CRT. Despite the absence of a
His-bundle–specific pacing system and the fact that we were
targeting diseased His–Purkinje tissue, we were able to
demonstrate the feasibility of HBP to reengage preserved left
fascicular tissue with QRS normalization in the majority of

patients tested and to show a clinical response that was similar
to BiVP. Of the patients enrolled, 72% showed QRS narrowing
with HBP. Of the ischemic patients, 88% narrowed in
response to HBP, whereas only 54% of the nonischemic
patients did, suggesting that proximal discrete lesions causing
bundle branch disease may be more prevalent and electrically
bypassable in the setting of ischemic disease. Among patients
who completed the entire 6-month crossover comparison,
clinical outcomes were similar between BiVP and HBP. Both
approaches demonstrated significant improvements compared
with standard baseline measures.

Concept and proof of concept
The notion that HBP can effect electrical and mechanical
resynchronization comes from ultrastructural and electro-
physiologic studies published in the 1970s explaining
longitudinal dissociation within the His bundle.3–6 Tissue
abnormalities in the proximal His were shown to functionally
dissociate predestined fascicles, leading to BBB patterns on
the surface ECG. Longitudinal dissociation by proximal
disease was proved by QRS normalization when pacing

Figure 2 Six-month outcomes comparing His-bundle pacing (His) and biventricular pacing (BiV) responses. A: Ejection fraction was measured using the
Simpson biplane method. B: New York Heart Association (NYHA) classification. C: Quality-of-life comparisons measured using the Minnesota Living with
Heart Failure Questionnaire. D: Six-minute hall walk test. Differences between biventricular and His-bundle pacing were statistically not significant (P 4.05).
Error bars are the standard deviation.
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distal to the diseased segment, both in animal models and in
patients with bundle branch disease at electrophysiologic
study.4–6 A computer simulation model demonstrating this
phenomenon is shown in Online Supplementary Supplemental
Video 1.

In this study we showed that it is feasible to exploit the
model to implement CRT and made additional observations
that strengthen the model. At the time of the implant
procedure, the LV lead was placed before the HBP lead,
allowing us to evaluate whether lateral LV wall timing could
be advanced in response to capture of distal latent left
fascicular tissue. The advanced LV lateral wall timing both
proves the longitudinal dissociation model and shows why it
should effectively implement CRT. An example of this
response is shown in Figure 5.

In this patient during native conduction, the timing from
onset of His activation to the lateral LV lead tip was 225 ms.
With high-output HBP, LV timing is advanced by 100 ms
concurrent with marked narrowing of the QRS, axis shift, and
morphology consistent with nonselective HBP. Is LV timing
advanced by His capture or local ventricular capture? The
question is answered by further reducing the HBP lead
output, resulting in loss of local RV septal ventricular capture
(evidenced by the appearance of the local ventricular electro-
gram on the adjacent His mapping catheter, 120 ms after the

pacing stimulus). Late basal RV septal activation proves
definitively that the His is selectively captured, complement-
ing the other previously published criteria also evidenced in
this case (QRS and T-wave morphology, isoelectric intervals
between stimulus and QRS onset).8 LV timing is still
advanced, proving that we are normalizing LV activation via
previously dormant left fascicles. In effect, we are observing an
electrical bypass of the area of conduction delay and/or block.
Decreasing the output even more results in native conduction
(still selective HBP), with delayed LV lateral wall activation
identical to that seen with native conduction. Complete
fascicular capture was output dependent in this case.

Figure 6 shows acute mechanical resynchronization with
a 10–mm Hg increase in femoral arterial blood pressure
coincident with the onset of selective HBP and QRS
normalization, immediately reversing with turning off
HBP. This finding was reproducible and in each instance
was tested comparing Ap–Vs at 80 bpm with Ap–HBp at 80
bpm and hence was not a rate or atrial effect.

Technical challenges
HBP thresholds in patients without evidence of underlying
conduction disease are modestly higher compared with
traditional RV pacing sites and have been shown to be stable

Figure 3 Six-month echocardiographic outcomes data. A, B: Biplane view was used to measure left ventricular (LV) volumes. C: Apical 4-chamber color
Doppler measurements of mitral regurgitation (MR) jet area. D: Flow–velocity integral of the left ventricular outflow tract (LVOT) was measured using pulse
wave. P values compare His-bundle pacing (His) and biventricular pacing (BiV) with baseline conduction. Differences between biventricular and His-bundle
pacing were 4.05 in each case. Error bars are the standard deviation.
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BACKGROUND Cardiac resynchronization therapy (CRT) typically is
attempted with biventricular pacing (BiVP). One-third of patients are
nonresponders. His-bundle pacing (HBP) has been evaluated as an
alternative means of effecting CRT because it generates truly physio-
logic ventricular activation, as evidenced in part by the morphologic
identity between normally conducted and paced QRS complexes.

OBJECTIVE The purpose of this study was to assess the feasibility
of, and clinical response to, permanent HBP as an alternative to
BiVP in CRT-indicated patients.

METHODS Patients were implanted with a right atrial pacing lead,
defibrillation lead, left ventricular (LV) lead via the coronary sinus,
and HBP lead. His and LV leads were plugged into the LV port via a
Y-adapter. After successful implant, patients were randomized in
single patient-blinded fashion to either HBP or BiVP. After 6
months, patients were crossed over to the other pacing modality
and followed for another 6 months. Quality-of-life assessments,
echocardiographic measurements, New York Heart Association
classification, and 6-minute hall walk test were obtained at baseline
and at each 6-month follow-up.

RESULTS Twenty-nine patients were enrolled; 21 (72%) demon-
strated electrical resynchronization (QRS narrowing) at implant.

Twelve patients completed the crossover analysis at 1 year. Clinical
outcomes (quality of life, New York Heart Association functional
class, 6-minute hall walk test, LV ejection fraction) were signifi-
cantly improved for both pacing modes compared with baseline
measures.

CONCLUSION In this crossover comparison between HBP and
BiVP, HBP was found to effect an equivalent CRT response. QRS
narrowing was observed in 21 of 29 patients, suggesting this
approach may be feasible in more patients with left bundle branch
block than previously assumed.

KEYWORDS His-bundle pacing; Cardiac resynchronization therapy;
Electrical resynchronization; Bundle branch block; Congestive heart
failure; Longitudinal dissociation

ABBREVIATIONS BBB¼ bundle branch block; BiVP¼ biventricular
pacing; CRT ¼ cardiac resynchronization therapy; HBP ¼ His-
bundle pacing; LBBB ¼ left bundle branch block; LV ¼ left
ventricle; NYHA ¼ New York Heart Association; RBBB ¼ right
bundle branch block; RV ¼ right ventricle

(Heart Rhythm 2015;12:1548–1557) I 2015 Heart Rhythm Society.
All rights reserved.

Introduction
Biventricular pacing (BiVP) is the technique by which
cardiac resynchronization therapy (CRT) is implemented.
The BiVP concept grew from the intuitive notion that
simultaneous left ventricular (LV) and right ventricular
(RV) pacing would mimic normal ventricular activation
sufficiently to reverse LV compromise due to eccentric

ventricular activation, the latter caused by bundle branch
block (BBB).1 This therapy has proven effective, although
the nonresponder rate remains around 30% to 40%.2 One
limitation may be that BiVP insufficiently mimics rapid
parallel ventricular activation by the His–Purkinje system.
His-bundle pacing (HBP) can address this limitation.

BBB can be the result of discrete disease in the proximal
His bundle. The observation in 1919 by Kaufman and
Rothberger of longitudinal fascicular dissociation in the
His bundle was explained by ultrastructural and electro-
physiologic studies 6 decades later.3,4 By pacing into the His
bundle in canine models and human BBB, Scherlag et al5,6

demonstrated normalization of the QRS, thus confirming the
concept of longitudinal dissociation. In the current era of
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Long term follow-up
• Patients need to be approached much more like 

CRT patients. 
– Lead thresholds set to HIS capture not lowest 

threshold. 
– Short AV delays (Paced AV delay 140/Sensed AV 

delay 120)



Questions?


