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- “Adequate apical 
positioning cannot be 
overemphasized, as a non-
apical position will often 
result in intermittent or 
absent ventricular 
capture...”

- “...stability of pacing 
depends on a true apical 
position...”



“When artificial stimuli are given...the initial slower rise of 
ventricular pressure is prolonged, the isometric contraction 

phase is lengthened, the gradient is not so steep, the 
pressure maximum is lower, and the duration of systole is 

increased.” 



Pacing Induced Cardiomyopathy (PICM)

• MOST: 3 fold increased risk for CHF in those >40% VP
• HR 2.99 [1.15, 7.75]

• MOST: risk of AF linearly related to % VP increases

• MOST: Risk of PICM >> for paced QRS >160 ms

• DAVID: Frequent V pacing à increased CHF hospitalization (22.6% 
vs. 13.3%) AND increased mortality (10.1% vs. 6.5%)

• ALTITUDE: %RV pacing associated with increased mortality
• HR 1.62 for >37% RV pacing (p<0.001)

• Risk for PICM may approach 20% at 10 years, and the threshold for 
causing PICM may be <40%VP

Sweeney MO, et al. Circulation. 2003;107:2932-37.
Wilkoff et al. JAMA 2002;288:3115-3123
Khurshid A, et al. Heart Rhythm 2014;11:1619-1625



So what about RV septal pacing?



RVA vs. RV Septal Pacing

Simony et al. Europace 2012 14:81-91



BiV pacing must be better, right?



• RCT
• PM for AV Block; EF </=50%
• Dual-PM vs BiV
• 691 patients
• Mean f/u 3 years

• 26% reduction in combined 
endpoint of death/urgent CHF 
visit/>15% increase in 
LVESVi

BLOCK HF: BiV Pacing for AV Block and Systolic Dysfunction

Curtis et al. NEJM 2013;368:1585-93



BioPace: BiV Pacing for AV Block to Prevent Cardiac Desynchronization

N=1810



So this is where His Bundle 
Pacing comes in, right?



Historical Context

• Open-chest - Dogs (Scherlag 1967)

• Transvenous-Dog (Scherlag 1968)

• Temp Transvenous – humans (Narula
1970)

• Permanent HBP- dogs via thoracotomy 
(Karpawich 1992)

• Permanent HBP – humans, transvenous
(Deshmukh 2000)

Scherlag B , et al. A technique for ventricular pacing from the His-bundle of the intact heart. J Appl Physiol. 1967;22:584-589.
Scherlag B, et al. A catheter technique for His-bundle stimulation and recording in the intact dog.  J Appl Physiol. 1968;25:425-4825.
Narula O, et al. Pervenous pacing of the specialized conduction systemin man: His-bundle and AV nodal stimulation. Circulation. 1970;41:77-87.
Karpawich P, et al. His-Purkinje ventricular pacing in canines: A new endocardial electrode approach. PACE. 1992;15:2011-2015.
Deshmukh P, et al. Permanent Direct His-Bundle Pacing: A Novel Approach to Cardiac Pacing in Patients with Normal His-Purkinje Activation. Circulation. 
2000;101:869-877.



Anatomy



Type I ~47%

Kawashima et al. A Macroscopic anatomical investigation of the atrioventricular bundle locational variation relative to the membranous septum in elderly human hearts. Surg Radiol Anat
2005;27:206-213.
Dandamud et al. The complexity of the His bundle: Understanding its anatomy and physiology through the lens of the past and the present. PACE 2016;39:1294-1297.



Type II ~32%

Kawashima et al. A Macroscopic anatomical investigation of the atrioventricular bundle locational variation relative to the membranous septum in elderly human hearts. Surg Radiol Anat
2005;27:206-213.
Dandamud et al. The complexity of the His bundle: Understanding its anatomy and physiology through the lens of the past and the present. PACE 2016;39:1294-1297.



Type III ~21%

Kawashima et al. A Macroscopic anatomical investigation of the atrioventricular bundle locational variation relative to the membranous septum in elderly human hearts. Surg Radiol Anat
2005;27:206-213.
Dandamud et al. The complexity of the His bundle: Understanding its anatomy and physiology through the lens of the past and the present. PACE 2016;39:1294-1297.



!

Correa de Sa D, Hardin N, Crespo E, Nicholas K, Lustgarten D. Analysis of the Implantation Site of a Permanent Selective Direct His Bundle Pacing Lead at 
Autopsy. 2011. Circulation Arrhythmia and Electrophysiology..



Responses to His Bundle Pacing



Selective His Bundle Pacing (S-HBP)

• Isoelectric interval from Stim 
to QRS onset 
– Stim-V ≅ H-V

• Paced QRS identical to native 
QRS

• Single capture threshold

Capture of His ONLY

Vijayaraman. Heart Rhythm. 2017. In press



S-HBP

Vijayaraman et al. JACEP 2015;1:571-581.



Non-Selective His Bundle Pacing (NS- HBP)

• S-QRS < HV (usually 0)

• “pseudo-delta wave”

• Paced QRS > Native QRS
– Rapid components of QRS are identical to native

– Electrical axis concordant with intrinsic QRS

• 2 distinct capture thresholds:
– His Capture + RV Capture

Simultaneous capture of 
His AND basal RV



NS-HBP

Vijayaraman et al. JACEP 2015;1:571-581.



S-HBP vs. NS-HBP: Look at septal V

ventricular (RV) apex as long as the tip is beyond the
tendon. If the lead is in the fast pathway region, it will
cant leftward in the LAO view.
At this point, the cathodal alligator clip is attached to the
pacing lead cathode pin and the anode to the pacemaker
pocket, typically via a Weitlaner retractor. Mapping can
now take place with the lead inside the sheath and/or by
gentle application of counterclockwise or clockwise torque
to the sheath. If there is a mapping catheter in position, the
electrode bipole pair can be targeted, showing the potential
of interest (Figure 2). For example, in the setting of patients
with His–Purkinje disease and bundle branch disease, a
more distal target may be of interest, whereas the most
discrete proximal His potential can be targeted in those
patients with normal His–Purkinje function. In most cases,
the pacing site is supravalvular where higher outputs
might generate non-selective capture of the His bundle,
with lower outputs generating selective capture (Video 1
and Figure 3).10,11 The QRS with selective capture will be
essentially identical to native conduction, whereas non-
selective QRS morphology will have a characteristic

pseudo-delta wave akin to pre-excitation associated with
an anteroseptal pathway. If the His pacing site is
subvalvular, His capture is more likely to be encountered
at higher outputs (resulting in non-selective His bundle
capture, described elsewhere4,9,12 and below), with lower
output resulting in ventricular capture only prior to loss
of capture (Video 2 and Figure 4). This pacing site is the
one most often chosen when para-Hisian pacing man-
euvers are used to characterize the presence or absence
of retrograde-conducting accessory pathways.13

Using the preshaped sheath, it should be possible to map
and target a discrete His within several minutes. If
identifying the His remains a challenge after multiple
passes, it would be reasonable to switch to the
deflectable sheath, which requires exchanging the short
introductory sheath from 7 to 9 Fr. The deflectable sheath
is then advanced with a dilator over the 0.35 J-wire, as
described above.
The advantage of the deflectable sheath is that it can help
provide more anterior reach and the curve can be modified
to reach a more distal or proximal target. The disadvantage

Figure 3: The first QRS shows His bundle pacing with selective His bundle capture above the plane of the tricuspid valve,
showing all the characteristics of selective capture including the presence of the local RV anteroseptal activation occurring well
after His bundle capture and conduction (Figure 5). Extensions of ventricular myocardium adjacent to the membranous septum
above the plane of the tricuspid valve vary between individuals11: depending on how close the tip of the pacing lead is to the
valve and ventricular extensions, an increase in electrical output may capture local ventricular myocardial extensions, resulting
in loss of the local septal ventricular electrogram (‘‘no local V’’) and a QRS morphology similar to that seen with anteroseptal
pre-excitation pattern (pseudo-delta wave). The second complex demonstrates the pseudo-delta wave morphology with local
V now coincident with the stimulus artifact.

2316 The Journal of Innovations in Cardiac Rhythm Management, April 2016

D. L. Lustgarten

Lustgarten DL. Journal of Innovations in Cardiac Rhythm Management. 2016;7:2313-2321



HBP activates the ventricles the same as native conduction
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Vijayaraman et al. JACC. 2018;72:927-47.



Early Studies of HBP



Deshmukh 2000  - Permanent HBP in Humans

• HBP prior to AV node ablation

• Mapping catheter via femoral vein 
to localize His Bundle

• Active fix, stylet-driven lead

• Iterative stylet adjustments to 
direct lead to His bundle region

• Procedure time: 3.7 ± 1.6 hrs
(including AV node ablation)



Deshmukh 2000  - Permanent HBP in Humans



Deshmukh 2000  - Permanent HBP in Humans



• HBP successful 39/54 (72%)

• Mean f/u 42 months

• No QRS widening

• EF increased from 23% to 33%

• Stable pacing parameters

Deshmukh 2004  - Expanded Case Series



3830 SelectSecure Lead

9 

SELECTSECURE LEAD OVERVIEW 
MODEL 3830 LEAD DESIGN 

3830 Lead Specifications: 
• 4.1 FR lead body diameter 
• Bipolar 
• Fixed screw helix 
• Steroid eluting 
• Polyurethane outer insulation 
• Cable inner conductor  

Cross-sectional view of 3830 lead 

3830 Lead 
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3830 Lead 

§Use 69 cm lead for His pacing



C304 Deflectable Guide Catheter

12 

C304 GUIDE CATHETER FAMILY OVERVIEW 
C304 DEFLECTABLE  CATHETER DESIGN 

C304 DEFLECTABLE CATHETER C304 Specs 

Shape Deflectable 

Introducer 9Fr 

Usable length 30 cm, 40 cm, and 
45 cm 

Inner diameter 5.7 Fr 

Outer diameter 8.4 Fr 

Integrated valve No 

Manipulation Articulation handle 

Hydrophilic coating No 

Braid Yes, 8 x 8 



Zanon 2006: HBP using 3830

• 26 patients
– 2nd or 3rd degree AVB
– Narrow QRS

• Successful HBP in 24 (92%)

• Procedure time = 75 +/- 18 min

• Fluoro time = 11 +/- 8 min

• Threshold: 2.3 +/- 1V

Zanon F, et al. A Feasible Approach for Direct His Bundle Pacing Using a New Steerable Catheter to Facilitate Precise Lead Placement.  J Cardiovasc Electrophysiol. 2006;17:29-33..



C315His Guide Catheter



Dilated RA/RV Can Be Challenging

Vijayaraman et al. Heart Rhythm. 2018;15:1428-1431.



C304-His Deflectable Guide Catheter

C315

C304

C304-His



Set Up – Getting Signal to PSA & EP Recording System



NS-HBP to RV Only

1.75V 1.5V



NS-HBP à S-HBP à NS-HBP à S-HBP





Issues/Limitations

• Learning curve 10-20 cases. 

– Procedure times will decrease with experience

• Unsuccessful in ~10-15% of cases

• Thresholds may increase in ~10%

• Lead revision 3-5%

• Complete AV block ~1%

• Permanent RBBB ~3%?

• Battery drain



HBP: Current Data



Vijayaraman et al. JACC. 2018;72:927-47.



Vijayaraman et al. JACC. 2018;72:927-47.
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Table 1: Electrical parameters 
 

 
RVP HBP 

Visit n Threshold 
V 

R wave 
mV 

Impedance 
Ohms n Threshold 

V 
R wave 

mV 
Impedance 

Ohms 

Implant 98 0.62±0.5 13.7±5.7 754±167 75 1.35 ±0.9* 6.8±5.3* 639±159 

1 year 88 0.80+-0.3 12.7±5.6 585±128# 66 1.60±0.9* 6.7±5.7* 476±121# 

2 years 77 0.80±0.4 15.2±6.6 515±136 61 1.50±0.8* 7.0±6.0* 465±75 

5 years 58 0.84±0.4# 13.3±5.7 468±117 51 1.62±1.0*# 7.2±5.2* 463±78 

Pacing threshold tested at 0.5 ms pulse duration; * = p-value <0.01 versus RVP;  

# = p-value <0.05 versus implant; HBP – His bundle pacing; RVP – right ventricular 

pacing; n – number 
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Table 2: ECG Characteristics 

 RVP HBP p value 

Number of patients 98 75  

Baseline QRSd (ms) 102±24 109±26 0.07 

Paced QRSd (ms) - implant 168±21 124±22 <0.01 

Ventricular pacing >40% 

Number of patients, n (%) 60 (62%) 47 (63%) 0.44 

          QRSd at baseline 108±27 109±24 0.12 

          QRSd at implant 165±26 122±21 <0.01 

          QRSd at 2 years, (n) 168±29 (43) 125±23 (40) <0.01 

          QRSd at 5 years, (n) 170±31 (26) 126±29 (31) <0.01 

 

 

 

 

 

 

 

 



RVP: 18 patients had >10% decline in EF





JACC: March 2018

Abdelrahman M, et al. Clinical Outcomes of His Bundle Pacing Compared to Right Ventricular Pacing. JACC. Published on-line March 2018

765 
Pacemakers

implanted

332 
Pacemakers

implanted

433 
Pacemakers

implanted

304 (91.6%)
Successful 

HBP

28 
Unsuccessful

HBP

176 
RV Apex

257 
Non-apical



Clinical Outcomes of HBP Compared to RV Pacing
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Table 2: Procedural and Pacing Characteristics  
 

  His Bundle Pacing  
(N=304) 

 

 RV pacing (N=433)  

P-value 
 Procedure duration (min), mean (SD) 70.21 (34)   55.02 (25)   < 0.01 

 Fluoroscopy duration (min), mean (SD) 10.27 (6.5)   7.40 (5.1)   < 0.01 

       

Measurements 
at implant 

QRS duration (ms), mean (SD) 104.5 (24.5)  110.5 (28.4)  < 0.01 

Capture threshold (V @ ms), mean (SD) 1.30 (0.85) @ 0.79 (0.26)  0.59 (0.42) @ 0.5 (0.03)  < 0.01 

R wave amplitude (mV), mean (SD) 4.93 (3.46)  11.24 (6.37)  < 0.01 

Ventricular impedance (Ohms), mean (SD) 550 (126)  723 (162)  < 0.01 

       

Measurements 
at last follow-up 

QRS duration (ms), mean (SD) 128 (27.7)  166 (21.8)  < 0.01 

Capture threshold (V @ ms), mean (SD) 1.56 (0.95) @ 0.78 (0.30)  0.76 (0.29) @ 0.46 (0.09)  < 0.01 

R wave amplitude (mV), mean (SD) 5.54 (5.0)  11.7 (5.5)  < 0.01 

Ventricular Impedance (Ohms), mean (SD) 456 (68)  517 (116)  < 0.01 

       

 Change in threshold (V), mean (SD) 0.28 (1.1)  0.16 (0.5)  0.09 

values are mean (SD = standard deviation); RV = right ventricle 
V = voltage; ms = millisecond; mV = millivolt. 
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Clinical Outcomes of HBP Compared to RV Pacing



Parameters Remain Stable During Follow-Up

Vijayaraman P, PACE. 2017;40:883-891.



S-HBP vs. NS-HBP

N = 640

Beer, J Am Coll Cardiol EP. 2019;5:766-74.





What about patients with His-
Purkinje Disease?



HBP in the presence of His-Purkinje Disease

• HBP can be successfully employed in patients with infranodal disease

• If present, BBB may or may not correct

– Potential for a greater variety of capture patterns

– May see multiple capture thresholds 



Vijayaraman et al. JACC. 2018;72:927-47.



Case: 74M      ECG 1/2016 pre-surgery



ECG following PM for post-AVR CHB





11/2017: NS-HBP



Pre-Heart Block vs. after “upgrade”



3 months later: EF 50-55%

Immediate post-implant

3 months



Longitudinal Dissociation of the His Bundle

• Discrete fibers predestined 
for the respective fascicles

• Poor transverse coupling

• Proximal disease can 
therefore result in BB pattern 
despite distal conducting 
tissue being normal

Left 
Fascicles 

Right Bundle
AVN

Left Fascicles

Right Bundle

Adapted from N El-Sherif et al  Circulation 1978;57;473-
483
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Right Bundle
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• Poor transverse coupling

• Proximal disease can 
therefore result in BB pattern 
despite distal conducting 
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Electrical resynchronization induced by direct His-bundle pacing
Daniel L. Lustgarten, MD, PhD,* Susan Calame, RN,* Eric M. Crespo, MD James Calame, RN,
Robert Lobel, MD, Peter S. Spector, MD*

From the Department of Medicine at the University of Vermont School of Medicine and Fletcher Allen Health Care,
Burlington, Vermont, and the *Cardiovascular Research Institute, Burlington, Vermont.

BACKGROUND Biventricular pacing (BiV) to effect cardiac resyn-
chronization therapy can be technically difficult and fails to elicit
a clinical response in 30% to 40% of patients. Direct His-bundle
pacing (DHBP) theoretically could obviate some of these prob-
lems. Although DHBP is capable of narrowing the QRS in some
patients, the consistency with which this can be achieved has not
been characterized.

OBJECTIVE The purpose of this study was to restore His-Purkinje
functionality in consecutive patients undergoing de novo clinically
mandated cardiac resynchronization therapy.

METHODS DHBP was temporarily implemented at the time of
implantation of a permanent BiV system in patients referred for
cardiac resynchronization therapy. Native conduction, DHBP, and
BiV QRS duration were compared. All patients presenting for BiV
cardiac resynchronization therapy were eligible for the study. Ten
patients were studied.

RESULTS DHBP was successfully implemented in all 10 patients.
In 7 of 10 patients, DHBP narrowed the QRS significantly compared
with native conduction and BiV (mean QRS duration: native 171 !
13 ms, DHBP 148 ! 11 ms, BiV 158 ! 21, P ".0001). QRS

narrowing with DHBP was specifically attributable to capture of
latent His-Purkinje tissue. DHBP lead implantation time (16 min-
utes) was shorter than standard left ventricular lead implantation
time (42 minutes).

CONCLUSION DHBP was readily implemented in patients with
standard indications for BiV cardiac resynchronization therapy. In
most patients studied, DHBP resulted in a significantly narrower
QRS compared with native conduction. DHBP may offer a physio-
logic alternative to BiV for cardiac resynchronization therapy.

KEYWORDS Biventricular pacing; Cardiac resynchronization ther-
apy; Conduction disease; Congestive heart failure; Device therapy;
Direct His-bundle pacing; Electrical resynchronization; Physiologic
pacing

ABBREVIATIONS BiV # biventricular pacing; DHBP # direct His-
bundle pacing; LV # left ventricular; NS-DHBP # nonselective
direct His-bundle pacing; S-DHBP # selective direct His-bundle
pacing

(Heart Rhythm 2010;7:15–21) © 2010 Heart Rhythm Society. All
rights reserved.

Introduction
Longitudinal dissociation of the His bundle was recognized more
than 30 years ago1,2 and confirmed by the demonstration that
direct His-bundle pacing (DHBP) normalizes the QRS axis and
duration in patients and animals with proximal His-bundle lesions
that cause bundle branch block.3,4 Until recently, this intriguing
electrophysiologic observation languished without broad clinical
applicability. It was shown recently that some patients with con-
gestive heart failure and His-Purkinje disease benefit clinically
from cardiac resynchronization therapy.5–7 Currently, cardiac re-
synchronization therapy is effected by pacing the left and the right
ventricle with two separate leads. The benefit of biventricular
pacing (BiV) for cardiac resynchronization therapy is not seen in

30% to 40% of patients, as measured by symptom improvement,
left ventricular (LV) remodeling, and/or reduced mortality.5,8,9

This limitation and the existence of functional dissociation in
diseased His-Purkinje tissue led us to study whether DHBP could
provide an effective physiologic alternative to conventional car-
diac resynchronization therapy. We use the term “physiologic” to
mean ventricular activation by previously latent His-Purkinje tis-
sue during DHBP as evidenced by narrowing of the QRS in
response to DHBP. This contrasts with nonphysiologic BiV in
which ventricular activation occurs in response to RV endocardial
and LV epicardial pacing.

With the advent of increasingly sophisticated implantation
techniques and leads, induction of stable and persistent DHBP has
been demonstrated to be feasible in patients requiring ventricular
pacing.10–13 However, little information is available regarding its
feasibility in patients with His-Purkinje disease. Barba-Pichardo et
al14 reported success in inducing persistent DHBP in seven pa-
tients with high-grade heart block and baseline conduction defects.
These patients were selected based on QRS narrowing in response
to DHBP during an initial electrophysiologic study.

In our study, the feasibility of DHBP was evaluated in a group
of patients who presented with standard indications for BiV car-

Supported by a Distinguished Research Center Grant from the
Medtronic Corporation. Dr. Lustgarten is a consultant and advisor for and
receives research support from Medtronic. Dr. Spector is a consultant for
and receives research support from Medtronic. Dr. Lobel has received
speaking fees from Medtronic. Address reprint requests and correspon-
dence: Dr. Daniel L. Lustgarten, University of Vermont, McClure 1
Cardiology, 111 Colchester Avenue, Burlington, Vermont 05401. E-mail
address: daniel.lustgarten@vtmednet.org. (Received August 22, 2009;
accepted September 23, 2009.)
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CENTRAL ILLUSTRATION His Bundle Pacing Versus Biventricular Pacing for Left Bundle Branch Block
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(Top) Noninvasive epicardial RV and LV activation maps of intrinsic LBBB, His bundle pacing (HBP), and biventricular pacing (BVP). HBP produces a more physiological
activation pattern than BVP. (Bottom) HBP produces a greater increase in acute systolic blood pressure and greater reduction in LV activation time than BVP.
LBBB ¼ left bundle branch block; LV ¼ left ventricular; RV ¼ right ventricular.
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Growing Data on HBP for CRT

Study Design Comments N QRS 
Narrowing

Outcome

Lustgarten 2010 Prospective Temporary HBP in 
patients undergoing 
CRT implant

10 70% HBP implant faster than LV lead 
(16 min vs. 42 min)

Barba-Pichado
2013

Prospective HBP attempted in pts
with failed CRT implant

16 56% Improvements in NYHA class, 
LVEF, and LV dimensions

Lustgarten 2015 Prospective
cross-over

Both HBP and LV leads 
implanted

29 72% Comparable improvement in
NYHA class, LVEF, 6 min walk 
when comparing HBP to CRT

Ajijola 2015 Prospective HBP attempted in pts 
with failed CRT implant

13 92% Improvements in LVEF and LV 
dimensions

Vijayaraman 2016 Prospective Mixed group of failed 
CRT and primary HBP

32 91% Improvements in NYHA class 
and LVEF

Ajijola 2017 Prospective HBP in lieu of LV lead in 
patients indicated for 
CRT

21 76% Improvement in NYHA class, 
LVEF, LV dimensions



• 5 centers
• Retrospective
• 2 Groups

– Rescue HBP: (failed LV lead or BiV non-responder)
– Primary HBP for CRT-eligible patients 

– Instead of LV lead
– Expected frequent RV pacing (AV block or AV node ablation)
– Upgrade due to frequent RV pacing

• Median f/u 14 months

Permanent His-bundle pacing as an alternative to
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
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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.

Sharma et al Permanent His-Bundle Pacing for Cardiac Resynchronization 417

90% successful HBP





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.

Sharma et al Permanent His-Bundle Pacing for Cardiac Resynchronization 417



• Prospective, single-blinded RCT
• HBP vs BiV in patients with standard CRT indication
• 5/2016 – 6/2018; 7 centers
• Outcomes: 

– change in QRS duration
– improvement in LVEF at 6 months
– Time to CV hospitalization or death at 12 months

• Cross-over if:
– HBP to BiV: if HPB did not narrow QRS by >20% or if HBP threshold >5V

– BiV to HBP: if LV lead could not be placed

Upadhyay GA, et al. J Am Coll Cardiol. 2019. 

His-SYNC: His Bundle Pacing vs Coronary Sinus Pacing for CRT



His-SYNC: His Bundle Pacing vs Coronary Sinus Pacing for CRT

Primary endpoints by on-treatment analysis
Overall, the average QRS width was 1686 18 ms (35 LBBB
pattern, 2 right bundle branch block, and 3 who were chron-
ically right ventricular [RV] paced). Among patients with
LBBB pattern at baseline, 71% met the Strauss criteria for
LBBB. Patients undergoing His-CRT according to TR
demonstrated greater electrical resynchronization than
patients assigned to BiV-CRT. QRS width narrowed from
baseline in His-CRT from 174 6 18 ms to 125 6 22 ms
(P , .001), vs 165 6 17 ms to 164 6 30 ms for BiV-CRT
(P 5 .82). QRS duration was significantly shorter in those
that received His-CRT compared to those that received
BiV-CRT (125 6 22 ms vs 164 6 30 ms; P , .001).

There were no significant differences in LV volumes or
LVEF at baseline in patients based on TR. At a median
follow-up of 6.2 months, the LVEF improved significantly
in both arms relative to baseline. Patients receiving His-
CRT demonstrated a median increase in LVEF from 28.3%
(23.0%-34.3%) to 34.6% (30.8%-45.0%) (P , .001). Pa-
tients that received BiV-CRT demonstrated a median in-
crease in LVEF from 27.7% (23.6%-30.7%) to 32.0%
(30.9%-40.1%) (P , .001). Pre- and post-QRS widths and
LVEF are shown by group in Figure 5. In analysis by TR,
median change in LVEF was numerically higher for
His-CRT compared to BiV-CRT, but this difference was
not statistically significant (17.2% [5.0%-16.3%] vs
15.9% [1.5%-11.3%], P5 .17). A trend toward higher rates
of echocardiographic response (80% vs 57%, P 5 .14) was
similarly observed. Decline in LVESV% was similar be-
tween both groups with a mean -22% 6 24% for those
receiving His-CRT and -19% 6 14% (P 5 .62). Electrocar-
diographic and echocardiographic changes over the study are
summarized in Figure 6.

Overall event rates were low during the study period, with
a total of 6 CV hospitalizations (3 due to HF hospitalization,
2 periprocedural, and 1 for atrial fibrillation requiring

cardioversion). Two patients demonstrated VT/VF requiring
device therapy in follow-up, 1 of which resulted in pulseless
electrical activity and death (BiV-CRT crossed over to His-
CRT). One other death occurred outside the hospital; in
this case, device interrogation data were unavailable (His-
CRT). There were no significant differences between patients
receiving His-CRT vs BiV with respect to the composite of
time to CV hospitalization or all-cause mortality.

Primary endpoints by per-protocol analysis
In analysis of patients receiving treatment PP allocation, His-
CRT was superior to BiV for electrical resynchronization
(1246 19 ms vs 1626 24 ms; P, .001). No significant dif-
ference in median LVEF improvement was observed be-
tween groups (median increase in LVEF 111.8% His-CRT
vs 15.2% BiV, P 5 .11), although numerically higher
response was observed with His-CRT compared to as-
treated analysis (Supplemental Figures 2 and 3). A stronger
trend toward echocardiographic response was found in pa-
tients receiving His-CRT in PP comparison (91% vs 54%,
P 5 .078). Only 1 patient that completed His-CRT PP did
not demonstrate an improvement in ejection fraction (EF).
No difference in reduction in LVESV% was seen, with
-22% 6 25% improvement with His-CRT vs -19% 6 17%
with BiV (P 5 .75).

Secondary endpoints
Median NYHA class at baseline was comparable between pa-
tients treated with His-CRT (median NYHA class 3 [2.25–
3.0]) vs BiV-CRT (median NYHA class 2.75 [2.25–3.0])
(P 5 .66). Improvement by !1 functional class was similar
between the 2 groups at 6 months (53% His-CRT vs 39%
BiV, P 5 .41) and at 12 months (25% His-CRT vs 31%
BiV, P 5 .89). No patients declined by !1 functional grade
at 6 months in either group. At 12 months, 1 patient declined

Figure 2 Flow chart of patients in study. BiV5 biventricular pacing; CRT5 cardiac resynchronization therapy; CS5 coronary sinus; IVCD5 intraventric-
ular conduction delay.
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His-Sync: ITT analysis 

• Greater QRS narrowing with 
HBP

• No significant difference in 
LVEF

• No difference in event rates 
at 12 months

0.5 ms; p ¼ 0.45). His corrective capture thresholds
remained stable in up to 12 months of follow-up.

In this first randomized pilot trial, His-CRT did
not demonstrate significant improvements in elec-
trocardiographic or echocardiographic parameters as
compared with BiV-CRT. This study was underpow-
ered to detect differences <10% between groups and
a type II error cannot be excluded. Importantly,
intention-to-treat analysis in the presence of high
crossover rates cannot directly assess treatment ef-
ficacy. Longer helices, deflectable sheaths with
septal orientation, and intraseptal fixation are likely
to improve His correction rates and stability of
thresholds. In patients that required crossover from
His-CRT, one-half of patients exhibited nonspecific
intraventricular conduction delay, which is unlikely
to be corrected by His-CRT (4). Improved patient
selection may decrease crossover rates and larger
prospective studies may be useful to assess for
smaller differences in effect size between CRT
modalities.

Gaurav A. Upadhyay, MD
Pugazhendhi Vijayaraman, MD
Hemal M. Nayak, MD
Nishant Verma, MD
Gopi Dandamudi, MD
Parikshit S. Sharma, MD
Moeen Saleem, MD
John Mandrola, MD
Davide Genovese, MD
*Roderick Tung, MD
on behalf of the His-SYNC Investigators

*Center for Arrhythmia Care
Pritzker School of Medicine
University of Chicago Medicine
5841 S. Maryland Avenue, MC 6080
Chicago, Illinois 60637
E-mail: rodericktung@uchicago.edu
https://doi.org/10.1016/j.jacc.2019.04.026

! 2019 by the American College of Cardiology Foundation. Published by Elsevier.

Please note: The authors thank Dalise Shatz, BA, and Stephanie Besser,
MSAS, for data management and statistical support. Northwestern Univer-
sity receives institutional support for the training of fellows from Abbott,

FIGURE 1 Change in QRS Duration and LVEF by Intention-to-Treat Assignment
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His-SYNC: On Treatment Analysis

both cases, the His lead was maintained and the configuration
of the pacing vector was changed from His tip–to–His ring
to His tip–to–RV coil configuration, which reduced in

correction threshold (2.25 V @ 1.0 ms and 3.75 V @ 1.0
ms).22 No dislodgments of His or LV leads were seen during
the 12-month study period in either group.
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Figure 5 Pre- and post-QRS widths by individual patient in patients receiving His bundle pacing for cardiac resynchronization therapy (His-CRT) vs biven-
tricular pacing (BiV-CRT) shown in the top panel. Change in left ventricular ejection fraction (LVEF) before and after pacing is shown in lower panel.
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Figure 6 Change in QRS duration before and after pacing with biventricular cardiac resynchronization therapy (BiV-CRT) vs His-CRT, rate of echocardio-
graphic response, and median change in left ventricular ejection fraction (LVEF) before and after Q13therapy.
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No difference in CV hospitalization of mortality at 12 months



Discussion
The major findings of this secondary analysis of His-SYNC
are as follows: (1) His-CRT was superior to BiV-CRT for
electrical resynchronization, as measured by QRS narrowing;
(2) echocardiographic response was numerically but not sta-
tistically higher in patients receiving His-CRT vs BiV-CRT;
and (3) inclusion of IVCD accounted for the majority of
crossovers in patients allocated to His-CRT.

The His-SYNC pilot trial represents an investigator-
initiated collaboration to prospectively assess the feasibility
of His-CRT in comparison to BiV-CRT. Prior work has
demonstrated the utility of His-CRT as a bailout strategy
for failed attempt at traditional CRT and a single prospective
investigation utilized Y-adapted His and LV leads to
compare outcomes in a crossover design.9 To the best of
our knowledge, the His-SYNC pilot trial is the first random-
ized trial to compare His pacing in lieu of an LV lead with
BiV for CRT in clinical practice. Further, it represents the
first study in the field that prospectively compares 2 modal-
ities to achieve CRT, but intention-to-treat analysis was
confounded by a high rate of crossover. To examine the phys-
iologic effects of His-CRT, we performed secondary analysis
based on on-treatment principles. PP analysis provides an
assessment of the efficacy of His-CRT in an optimal setting.

Importantly, His-SYNC compared echocardiographic
response between 2 methods to achieve CRT rather than
medical therapy. In contrast to the intention-to-treat analysis,
in which patients assigned to His-CRT demonstrated lower
baseline EF at baseline, the present analyses showed well-
matched groups, with no differences in LV volumes,

LVEF, or baseline demographics by TR. COMPANION
and CARE-HF were the initial landmark trials to demonstrate
mortality benefit in patients undergoing CRT with BiV
compared to medical therapy.1,2 Improvements in LVEF
have been inconsistently correlated with the magnitude of
QRS narrowing,23 although when dichotomized, increases
in paced QRS duration24 and duration over 200 ms25 may
predict poor response to BiV-CRT. Although there was no
significant improvement in QRS duration in patients random-
ized to BiV-CRT in this pilot study, LVEF improvements
were observed and long mean QLV timing reflected opti-
mized LV lead positions. Importantly, reductions in mortality
and LV volume indices have been demonstrated in pivotal tri-
als, with relatively modest EF improvements. In CARE-HF,
differences in mean EF between patients that received CRT
compared with medical therapy were 3.7% at 3 months and
6.9% at 18 months. Similarly, differences in mean LVEF in
MADIT CRT at 1 year between patients treated with ICD
only vs ICD with CRT were 8% (3% vs 11%).3

The echocardiographic response for patients receiving
His-CRT (median 17.2 [TR] and median 111.8 [PP]) is
consistent with positive response with His-CRT, but did
not reach the estimated 10% difference between groups
(Supplemental Figure 4). In the present study, differences
in medians of approximately 7% were observed in the PP
analysis in favor of His-CRT over BiV-CRT (P 5 .078).
Indeed, when examining response by initial ECG pattern,
all but 1 patient who received His-CRT with LBBB pattern
fulfilling Strauss criteria at baseline demonstrated echocar-
diographic response. These findings, however, should only

Table 2 Device parameters in follow-up by on-treatment group (His-CRT or BiV Q9)

Parameter His-CRT (n 5 16) BiV (n 5 24) P value

Implant measurements
RA lead sensing (mV) 2.00 (1.50–3.80) 1.75 (1.25–3.50) .457
RA lead capture threshold (V) 0.75 (0.60–1.25) 0.70 (0.50–1.00) .134
RA lead pulse width (ms) 0.40 (0.40–0.50) 0.50 (0.40–0.50) .384
RA lead impedance (ohms) 475 (399–726) 494 (399–600) .641
RV lead sensing (mV) 10.25 (9.40–14.80) 12.00 (7.30–15.10) .910
RV lead threshold (V) 0.50 (0.50–0.75) 0.50 (0.50–1.00) .241
RV lead pulse width (ms) 0.40 (0.40–0.50) 0.40 (0.40–0.50) .746
RV lead impedance (ohms) 513 (475–608) 492.50 (428–555) .334
His or LV threshold (V)* 2.75 (1.25–3.38) 0.85 (0.73–1.31) .002
His or LV pulse width (ms) 1.00 (1.00–1.00) 0.50 (0.40–0.65) ,.001
His or LV impedance (ohms) 433 (340–481) 540 (497–680) .001

6-Month follow-up
RA lead sensing (mV) 3.55 (2.50–4.60) 2.40 (1.95–3.55) .111
RA lead capture threshold (V) 0.75 (0.50–0.80) 0.66 (0.55–0.81) .721
RA lead pulse width (ms) 0.40 (0.40–0.40) 0.40 (0.40–0.40) .684
RA lead impedance (ohms) 485 (456–513) 456 (380–513) .345
RV lead sensing (mV) 13.65 (9.13–16.88) 12.50 (11.30–20.00) .275
RV lead threshold (V) 0.50 (0.50–0.75) 0.75 (0.50–1.00) .184
RV lead pulse width (ms) 0.40 (0.40–0.40) 0.40 (0.40–0.40) .647
RV lead impedance (ohms) 456 (399–551) 428 (380–513) .361
His or LV threshold (V)* 2.00 (1.00–3.25) 0.94 (0.75–1.25) .004
His or LV pulse width (ms) 1.00 (1.00–1.00) 0.40 (0.40–0.50) ,.001
His or LV impedance (ohms) 295 (284–390) 615 (456–703) ,.001

BiV 5 biventricular pacing; CRT 5 cardiac resynchronization therapy; LV 5 left ventricular; RA 5 right atrial; RV 5 right ventricular.
*Threshold for QRS correction is reported for His bundle pacing.
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• In an unselected CRT-eligible population, HBP (when it can be 
achieved) appears to result in greater electrical resynchronization 
and a trend towards greater echo response.

• Based on these results, HBP is not a suitable first-line therapy in 
this population.

• Further investigation is required utilizing more refined tools and 
with different patient selection criteria.

His-SYNC: Bottom Line



Future Direction: LBB Pacing?

A B

C D

Figure 3: Fluoroscopic views of the LBBAP lead. A: Anteroposterior (AP) view of the lead at the His-bundle location (asterisk). 
B: The fluoroscopic location of the LBBAP lead at the initial site of fixation is located about 1 cm distally and inferiorly (arrow). 
C: The LBBAP lead location in a right anterior oblique 30° projection is shown. D: In a left anterior oblique 30° projection, 
contrast is injected to demonstrate the penetration of the lead body into the ventricular septum (block arrow). AP: anteropos-
terior; HBP: His-bundle pacing; LAO: left anterior oblique; RAO: right anterior oblique.

Figure 4: Electrical resynchronization during LBBAP. Twelve-lead ECG and intracardiac electrograms from the LBBAP lead and 
LV lead in the coronary vein branch are shown at a sweep speed of 100 mm/sec. Pacing from the RV septum before fixation 
demonstrates a “W” pattern with a notch (*) in the nadir of the QS complex in lead V1 (blue circle). As the lead was advanced 
progressively deep into the ventricular septum, the notch in V1 moved upwards toward the end of the QRS, resulting in a RBBB 
pattern. Simultaneously, the QLV was shortened significantly from 134 ms at baseline to a stimulus-to-LV interval of 84 ms at 
the final fixation site, along with the occurrence of narrowing of the QRS from 155 ms to 118 ms, suggesting excellent elec-
trical resynchronization.

P. Vijayaraman

3670 The Journal of Innovations in Cardiac Rhythm Management, May 2019

Vijayaraman.. J Innovations in Cardiac Rhythm Management. 2019. 10: 3668-3673



Conclusions

• HBP is the MOST physiologic form of ventricular pacing

• It is not associated with pacing-induced CM

• There is a growing body of evidence that supports the use of 
HBP as a viable alternative to traditional forms of ventricular 
pacing

• HBP may offer an alternative form of CRT and can likely be 
considered a bail-out in patients with failed LV implant

• Technical challenges remain and more research is needed



Questions?


