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Recovery of Right Ventricular Apical Pacing-Induced
Cardiomyopathy with Left Bundle Branch Pacing

Sag Ventrikuler Apikal Uyarima Bagl
Kardiyomiyopatinin Sol Dal Uyarimi ile DUzelmesi

ABSTRACT

Right ventricular pacing (RVP) is conventionally preferred in the treatment of patients with
atrioventricular block. However, long-term RVP may lead to pacing-induced cardiomyopathy
(PICM), characterized by new-onset or worsening ventricular functions due to dyssynchronous
ventricular electrical activation, abnormal ventricular remodeling, and increased energy
expenditure. Historically, biventricular pacing (BVP) and guideline-directed medical therapy
were the only treatment option for PICM. Recently, conduction system pacing, including left
bundle branch area pacing (LBBaP), has emerged as a physiological alternative to BVP, showing
better results in electro-mechanical ventricular synchronization and hemodynamic parameters
compared to BVP. We present a case involving a patient from whom the PICM was successfully
recovered shortly after LBBaP.

Keywords: Left bundle branch pacing, left ventricular ejection fraction, pacing-induced
cardiomyopathy

OzZET

Atriyoventrikller bloklu hastalarin tedavisinde geleneksel olarak sag ventrikller uyarim tercih
edilmektedir. Bununla birlikte, uzun sureli sag ventrikller uyarim, senkron olmayan ventrikuler
elektrikselaktivasyon, anormalventrikileryeniden sekillenme ve artan enerjiharcamasinedeniyle
ventrikller fonksiyonlarin bozulmasiyla karakterize, kalp pili uyarimina bagli kardiyomiyopatiye
neden olabilir. Biventrikller uyarim, kalp pili uyanmina bagli kardiyomiyopatide kilavuzun
onerdigi tibbi tedavinin yani sira tek tedavi segenediydi. Bununla birlikte, sol dal alani uyarimini
iceren iletim sistemi uyarimi yakin gegmiste ortaya cikti ve biventrikller uyarima kiyasla elektro-
mekanik ventrikller senkronizasyon ve hemodinamik parametreler agisindan daha iyi sonuglar
saglayarak biventrikdler uyarima fizyolojik bir alternatif olarak benimsendi. Bu yazimizda sol dal
alani uyarimindan kisa stre sonra kalp pili uyarimina bagli kardiyomiyopatinin toparladigi bir
hastay sunduk.

Anahtar Kelimeler: Sol dal uyarimi, sol ventrik{l ejeksiyon fraksiyonu, kalp pili uyarimina bagl
kardiyomiyopati

ermanent pacemaker therapy is a crucial therapeutic option for patients diagnosed

with atrioventricular block (AVB)." However, conventional right ventricular pacing
(RVP) is not physiologically optimal, and chronic RVP can lead to the development
of pacing-induced cardiomyopathy (PICM) by causing electro-mechanical
dyssynchrony.?® A recent meta-analysis identified male sex, a history of myocardial
infarction (M), chronic kidney disease (CKD), atrial fibrillation (AF), baseline left
ventricular ejection fraction (LVEF), native QRS duration (QRSd), RVP percentage,
and paced QRS duration (pQRSd) as key risk factors for PICM.* Although there is no
consensus on mManaging these patients beyond guideline-directed medical therapy
(GDMT) for heart failure, biventricular pacing (BVP) and conduction system pacing
(CSP) through His bundle pacing (HBP) or left bundle branch area pacing (LBBaP)
have demonstrated improvements in clinical and echocardiographic abnormalities
associated with PICM.25-7 We present a case of a patient who developed symptomatic
PICM after RVP for symptomatic 2nd-degree Mobitz type 2 atrioventricular block and
subsequently showed significant clinical and echocardiographic improvement shortly

after transitioning to LBBaP.
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Case Report

A 62-year-old male with a history of Takayasu arteritis, coronary
artery disease (underwent coronary artery bypass graft surgery
5 years prior), and a percutaneous carotid artery intervention for
carotid stenosis was admitted to our Cardiology department with
presyncope. Upon admission, the 12-lead electrocardiography
(ECG) revealed a 2"-degree Mobitz type 2 AVB with a ventricular
rate of 38 bpm (Figure 1). Transthoracic echocardiography
(TTE) showed an LVEF of 48%, moderate mitral and tricuspid
regurgitation, and an estimated systolic pulmonary artery pressure
(sPAP) of 35 mmHg. A dual-chamber permanent pacemaker
was implanted using a conventional method (RVP), achieving a
PQRS duration of 160 ms (Figure 2A-B). The patient's hospital
stay was uneventful. Ten months after permanent pacemaker
implantation, the patient was admitted to another hospital with
acute decompensated heart failure and was diagnosed with heart
failure with reduced ejection fraction (HFrEF). He was referred to
our Cardiology department for additional treatment strategies
beyond GDMT. At this time, he was still symptomatic (New York
Heart Association [NYHA] class 3) despite optimal treatment
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Figure 1. The 12-lead electrocardiogram (ECG) from the initial
presentation displaying a Mobitz type 2 (2:1) atrioventricular
block with a ventricular rate of 39 bpm.
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ABBREVIATIONS
AF Atrial fibrillation
AVB Atrioventricular block

BVP Biventricular pacing

CKD Chronic kidney disease
CSP Conduction system pacing
ECG Electrocardiography

GDMT  Guideline-directed medical therapy
LBBaP  Left bundle branch area pacing
LVEDD  Left ventricular end-diastolic diameter

MI Myocardial infarction

PICM Pacing-induced cardiomyopathy
RVP Right ventricular pacing
sPAP Systolic pulmonary artery pressure

for HFrEF for four months. Echocardiography revealed a left
ventricular end-diastolic diameter (LVEDD) of 64 mm, an LVEF
of 27%. severe mitral and tricuspid regurgitation, and an sPAP
of 60 mmHg (Video 1A-B). The 12-lead ECG displayed an atrial
sensed, ventricular paced rhythm with a pQRSd of 160 ms. The
serum brain natriuretic peptide (BNP) level was 3222.6 pg/mL.
Coronary computed tomography angiography revealed no new
coronary artery stenosis and intact coronary bypass grafts. Thus,
we diagnosed our patient with PICM and planned to upgrade
his dual-chamber pacemaker to a cardiac resynchronization
therapy pacemaker (CRT-P) via LBBaP. The left upper extremity
venography showed no venous obstruction. Following the left
axillary venous access, the Selectra 3D 55-39 (Biotronic, Berlin,
Germany) delivery sheath was advanced into the right ventricle
over a 0.038-inch guidewire. The Solia S60 ventricular electrode
was prepared for LBBaP (the helix was activated on the table).?
The procedure was conducted under fluoroscopy, continuous
12-lead ECG (Artis Zee angiography system, Siemens Healthcare
GmbH, Forchheim, Germany), and pacing system analyzer (PSA)
intracardiac electrogram (EGM)/modified 3-lead ECG recording
(The Renamic Neo programmer, Biotronik). We optimized
the position of the delivery sheath using the right anterior
oblique (RAO) 30° view and performed the penetration of the
interventricular septum after achieving optimal unipolar pace-
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Figure 2. (A) The 12-lead ECG after the implantation of a conventional dual-chamber permanent pacemaker, showing an atrial
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sensed-ventricular paced rhythm with a paced QRS duration of 160 ms. (B) A post-procedural chest X-ray illustrating the apical

placement of the right ventricular lead.
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Figure 3. (A) The 12-lead ECG following an upgrade to cardiac resynchronization therapy pacemaker (CRT-P) via left bundle branch
pacing (LBBP), showing an atrial sensed-ventricular paced rhythm with a paced QRS duration of 90 ms. (B) A post-procedural

chest X-ray depicting the septal placement of the LBBP lead.

map ECG parameters (looking for W pattern at V1 derivation, aVL/
aVR discordance, R amplitude lead Il > lead Ill). During the septal
penetration (Video 2), we monitored the unipolar impedance,
fluoroscopic advancement of the electrode, and progressive
changes in lead V1 from the W pattern to the terminal r/R wave.
Once the terminal r/R wave appeared in lead V1, we measured
the V6 R wave peak time (V6RWPT or left ventricular activation
time (LVAT)) (< 80 ms), V6-1 interpeak delay (> 33 ms), and
uni/bi-polar threshold test (< 1.5V@0.4s), all indicative of non-
selective left bundle branch pacing (LBBP) as per the recent EHRA
(European Heart Rhythm Association) consensus document.® A
CRT-P device was implanted, with the LBBP lead inserted into the
left ventricle socket, and programmed to LV-only pacing mode
with unipolar pacing polarity. Postprocedural echocardiography
confirmed that the LBBP electrode was positioned in the LV
subendocardial region (Video 3). The pQRSd, V6RWPT, and V6-1
inter-delay times were measured at 90 ms, 74 ms, and 40 ms in
the post-procedure ECG (Figure 3). The patient was discharged
uneventfully on optimal GDMT and remained asymptomatic with
good functional capacity (NYHA class 1) at the 1%t and 3-month
follow-up visits. At the third-month visit, echocardiography
revealed an LVEDD of 54 mm, an LVEF of 45%, moderate mitral
and tricuspid regurgitation, and an sPAP of 35 mmHg (Video
4A-B).

Discussion

High-degree AVB is one of the most common indications of
permanent pacemaker therapy.”® The implantation technique
for dual-chamber permanent pacemaker is detailed in the
recent European Heart Rhythm Association (EHRA) consensus
document.' Among several locations for right ventricular (RV) lead

placement—including the RV outflow tract, septum, and apex—
the RV apex was the preferred site in half of the centers surveyed
by the EHRA.? However, the main concerns about RV apical
pacing include its long-term harmful effects on LV function, heart
failure, and mortality.”*""® Peri-procedural complications, such as
perforation, also present higher risks with apically implanted RV
leads.” RV apical myocardial pacing leads to non-physiological
delayed ventricular activation, resulting in LV electro-mechanical
dyssynchrony, decreased myocardial energy expenditure, impaired
coronary perfusion, and reduced LV systolic function.” These
adverse effects are more pronounced in patients with preexisting
LV dysfunction.*'® However, there is no consensus on a standard
definition of PICM. Previous studies have defined PICM as a = 10%
reduction in LVEF irrespective of baseline LVEF without another
cause other than RVP, a decrease in LVEF to < 40% if baseline
LVEF was = 50%, or a reduction in LVEF of = 5-10% if the baseline
was < 50%, or new-onset heart failure (HF), or the requirement
for a CRT upgrade.*'7'® Male sex, history of MI, CKD, AF, baseline
LVEF, native QRSd, RVP percentage, and pQRSd were identified
as significant predictors of PICM in a recent meta-analysis.*
Our patient, a male with a history of Ml and preexisting LVEF
dysfunction (48%), had a 100% RVP percentage and a pQRSd of
160 ms. The presence of several PICM risk factors likely accelerated
the development of PICM shortly after the conventional dual-
chamber pacemaker implantation. The baseline LVEF of 48%
was reduced to 27% after RVP, aligning with the PICM definition
from previous studies (an absolute reduction in LVEFof = 5-10% if
baseline LVEF was < 50%).

Currently, there is no consensus on managing patients with
PICM. Current guidelines recommend upgrading to cardiac
resynchronization therapy (CRT) for patients who developed
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PICM."® The CRT upgrade, either via biventricular pacing or
CSP, has been shown to improve clinical and echocardiographic
abnormalities.?#?°  Significant improvement in LVEF was
observed following the biventricular pacing upgrade, which
correlated with the narrowing of the pQRSd.? Additionally, CSP
via HBP or LBBaP has been widely adopted in clinical practice
as an important alternative to biventricular pacing, proving
to be an effective and safe method.>” Previous studies?' have
demonstrated that HBP led to better improvements in functional
capacity, and electrocardiographic and echocardiographic
outcomes compared to biventricular pacing in patients with
PICM. Rademakers et al.” also showed significant improvements
in electrical resynchronization, LVEF, and functional capacity
with LBBaP in the short-term follow-up of patients with PICM.
After diagnosing our patient with PICM, an upgrade to CRT-P
using the physiological pacing method (LBBaP) was planned and
successfully performed. Post-procedure, the pQRSd was reduced
from 160 ms with RVP to 90 ms with LBBaP. Additionally,
there was a notable improvement in functional capacity and
echocardiographic parameters at the 3-month follow-up visit
(NYHA class I, an LVEF of 45%, and an LVEDD of 52 mm).

According to the recent Heart Rhythm Society (HRS) guidelines
on cardiac physiological pacing for the avoidance and mitigation
of heart failure,? periodic assessment of ventricular function
is recommended for patients requiring substantial RVP (>
20-40%). The guidelines also suggest considering CSP via HBP or
LBBaP for patients with an indication for permanent pacing and
an LVEF of 36-50% who require substantial RVP (> 20-40%),
to reduce the risk of PICM. This recommendation is supported
by recent studies?>?* among patients with indications for anti-
bradycardia pacing who underwent LBBaP, which showed that
LBBaP prevented the development of PICM.

Conclusion

In conclusion, close follow-up is necessary after conventional RV
lead placement in patients at risk for PICM who require high-burden
RVP. CSP should be considered for patients who require high-
burden ventricular pacing and have baseline LV systolic dysfunction
(< 50%). Upgrading to CRT-P via LBBP may significantly improve
functional capacity, electrocardiographic, and echocardiographic
parameters in a short period for patients with PICM.

Before the case presentation, the patient was informed about
the procedure results. It was explained that these results would
contribute to scientific knowledge. Written informed consent
was obtained from the patient for the case presentation.
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patient for the case presentation.
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Video 1. The presentation of the patient with pacing-induced
cardiomyopathy revealed a left ventricular ejection fraction of 27%,
global hypokinesia, and a dilated left ventricular cavity [left ventricular
end-diastolic diameter (LVEDD) of 64 mm] from parasternal (A) and
apical 4-chamber (B) views.

Video 2. Fluoroscopy demonstrating the deep septal penetration of the
left bundle branch pacing (LBBP) lead following contrast agent injection
from the delivery sheath.

Video 3. Post-procedural echocardiography showing the LBBP lead
positioned at the subendocardial border of the left ventricle.

Video 4. Echocardiography from parasternal (A) and apical 4-chamber
(B) views during the 3rd-month follow-up visit, showing an improved
left ventricular ejection fraction (45%) and reverse left ventricular
remodeling (LVEDD of 52 mm).

References

1. Glikson M, Nielsen JC, Kronborg MB, et al. 2021 ESC Guidelines on
cardiac pacing and cardiac resynchronization therapy. Europace.
2022:24(1):71-164. [CrossRef]

2. Khurshid S, Obeng-Gyimah E, Supple GE, et al. Reversal of pacing-
induced cardiomyopathy following cardiac resynchronization
therapy. JACC Clin Electrophysiol. 2018;4(2):168-177. [CrossRef]

3. Ponnusamy SS, Syed T, Vijayaraman P. Pacing induced
cardiomyopathy:  Recognition ~and management.  Heart.
2023;109(18):1407-1415. [CrossRef]

4. Somma V, Ha FJ, Palmer S, Mohamed U, Agarwal S. Pacing-
induced cardiomyopathy: A systematic review and meta-analysis
of definition, prevalence, risk factors, and management. Heart
Rhythm. 2023;20(2):282-290. [CrossRef]

5. Shan P, Su L, Zhou X, et al. Beneficial effects of upgrading to His
bundle pacing in chronically paced patients with left ventricular
ejection fraction <50. Heart Rhythm. 2018;15(3):405-412.
[CrossRef]

6. Zheng R, Yao H, Lian L. His-Purkinje conduction system pacing for
pacing-induced cardiomyopathy: A systematic literature review and
meta-analysis. / Interv Card Electrophysiol. 2023;66(4):1005-1013.
[CrossRef]

7. Rademakers LM, Bouwmeester S, Mast TP, Dekker L, Houthuizen P,
Bracke FA. Feasibility, safety and outcomes of upgrading to left bundle
branch pacing in patients with right ventricular pacing induced
cardiomyopathy. Pacing Clin Electrophysiol. 2022;45(6):726-732.
[CrossRef]

8. De Pooter ), Wauters A, Van Heuverswyn F, Le Polain de Waroux JB.
A guide to left bundle branch area pacing using stylet-driven pacing
leads. Front Cardiovasc Med. 2022;9:844152. [CrossRef]

9. Burri H, Jastrzebski M, Cano O, et al. EHRA clinical consensus
statement on conduction system pacing implantation:
Executive summary. Endorsed by the Asia-Pacific Heart Rhythm
Society (APHRS), Canadian Heart Rhythm Society (CHRS) and
Latin-American Heart Rhythm Society (LAHRS). Europace.
2023;25(4):1237-1248. [CrossRef]

10. Glikson M, Nielsen JC, Kronborg MB, et al; ESC Scientific Document
Group. 2021 ESC Guidelines on cardiac pacing and cardiac
resynchronization therapy. Eur Heart J. 2021;42(35):3427-3520.
[CrossRef]

11. Burri H, Starck C, Auricchio A, et al. EHRA expert consensus
statement and practical guide on optimal implantation technique
for conventional pacemakers and implantable cardioverter-
defibrillators: Endorsed by the Heart Rhythm Society (HRS), the Asia
Pacific Heart Rhythm Society (APHRS), and the Latin-American
Heart Rhythm Society (LAHRS). Europace. 2021;23(7):983-1008.
[CrossRef]


https://youtu.be/kuui8JMEtBQ
https://youtu.be/kuui8JMEtBQ
https://youtu.be/kuui8JMEtBQ
https://youtu.be/kuui8JMEtBQ
https://youtu.be/o3ZtHVHuJe0
https://youtu.be/o3ZtHVHuJe0
https://youtu.be/PEUpwIPJPds
https://youtu.be/PEUpwIPJPds
https://youtu.be/PEUpwIPJPds
https://youtu.be/grUx-ssEha4
https://youtu.be/grUx-ssEha4
https://youtu.be/Kj5ndordn8k
https://youtu.be/X4bw3SS-gRE
https://youtu.be/X4bw3SS-gRE
https://youtu.be/X4bw3SS-gRE
https://doi.org/10.1093/europace/euab232
https://doi.org/10.1016/j.jacep.2017.10.002
https://doi.org/10.1136/heartjnl-2022-321723
https://doi.org/10.1016/j.hrthm.2022.09.019
https://doi.org/10.1016/j.hrthm.2017.10.031
https://doi.org/10.1007/s10840-022-01296-9
https://doi.org/10.1111/pace.14515
https://doi.org/10.3389/fcvm.2022.844152
https://doi.org/10.1093/europace/euad044
https://doi.org/10.1093/eurheartj/ehab364
https://doi.org/10.1093/europace/euaa367

Dogan and Canpolat. PICM and LBBaP

12.

13.

14.

15.

16.

17.

Bongiorni MG, Proclemer A, Dobreanu D, Marinskis G, Pison L,
Blomstrom-Lundqyist C; Scientific Initiative Committee, European
Heart Rhythm Association. Preferred tools and techniques for
implantation of cardiac electronic devices in Europe: Results
of the European Heart Rhythm Association survey. Europace.
2013;15(11):1664-1668. [CrossRef]

Fruelund PZ, Sommer A, Frokjaer JB, et al. Risk of pacing-induced
cardiomyopathy in patients with high-degree atrioventricular block-
impact of right ventricular lead position confirmed by computed
tomography. J Clin Med. 2022;11(23):7228. [CrossRef]

Osiecki A, Kochman W, Witte KK, Manczak M, Olszewski R,
Michatkiewicz D. Cardiomyopathy associated with right ventricular
apical pacing-systematic review and meta-analysis. / Clin Med.
2022;11(23):6889. [CrossRef]

Shimony A, Eisenberg M), Filion KB, Amit G. Beneficial effects of
right ventricular non-apical vs. apical pacing: A systematic review
and meta-analysis of randomized-controlled trials. Europace.
2012;14(1):81-91. [CrossRef]

Cano O, Andrés A, Alonso P, et al. Incidence and predictors of
clinically relevant cardiac perforation associated with systematic
implantation of active-fixation pacing and defibrillation leads: A
single-centre experience with over 3800 implanted leads. Europace.
2017:19(1):96-102. [CrossRef]

Naqvi TZ, Chao CJ. Adverse effects of right ventricular pacing on
cardiac function: Prevalence, prevention and treatment with
physiologic pacing. Trends Cardiovasc Med. 2023;33(2):109-122.
[CrossRef]

18.

19.

20.

21.

22.

23.

24.

Turk Kardiyol Dern Ars 2024;52(5):357-361

Lieberman R, Padeletti L, Schreuder J, et al. Ventricular pacing lead
location alters systemic hemodynamics and left ventricular function
in patients with and without reduced ejection fraction. / Am Coll
Cardiol. 2006;48(8):1634-1641. [CrossRef]

Khurshid S, Epstein AE, Verdino RJ, et al. Incidence and predictors
of right ventricular pacing-induced cardiomyopathy. Heart Rhythm.
2014;11(9):1619-1625. [CrossRef]

Kaza N, Htun V, Miyazawa A, et al. Upgrading right ventricular
pacemakers to biventricular pacing or conduction system pacing: A
systematic review and meta-analysis. Europace. 2023;25(3):1077-
1086. [CrossRef]

Gardas R, Golba KS, Soral T, et al. The effects of his bundle pacing
compared to classic resynchronization therapy in patients with
pacing-induced cardiomyopathy. J Clin Med. 2022;11(19):5723.
[CrossRef]

Chung MK, Patton KK, Lau CP, et al. 2023 HRS/APHRS/LAHRS
guideline on cardiac physiologic pacing for the avoidance and
mitigation of heart failure. Heart Rhythm. 2023;20(9):e17-€91.
Bednarek A, Kietbasa G, Moskal P, et al. Left bundle branch area
pacing prevents pacing induced cardiomyopathy in long-term
observation. Pacing Clin Electrophysiol. 2023;46(7):629-638.
[CrossRef]

Li W, Ding Y, Gong C, et al. Comparisons of electrophysiological
characteristics, pacing parameters and mid- to long-term effects in
right ventricular septal pacing, right ventricular apical pacing and left
bundle branch area pacing. BMC Cardiovasc Disord. 2022;22(1):417.
[CrossRef]

361


https://doi.org/10.1093/europace/eut345
https://doi.org/10.3390/jcm11237228
https://doi.org/10.3390/jcm11236889
https://doi.org/10.1093/europace/eur240
https://doi.org/10.1093/europace/euv410
https://doi.org/10.1016/j.tcm.2021.10.013
https://doi.org/10.1016/j.jacc.2006.04.099
https://doi.org/10.1016/j.hrthm.2014.05.040
https://doi.org/10.1093/europace/euac188
https://doi.org/10.3390/jcm11195723
https://doi.org/10.1111/pace.14707
https://doi.org/10.1186/s12872-022-02855-8

