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1 | INTRODUCTION

Abstract

Objective: This systematic review aimed to explore an association of new TR and its
quantification in patients undergoing His bundle pacing (HBP).

Methods: A literature review was conducted using Mesh terms (His bundle pacing,
tricuspid regurgitation, tricuspid valve incompetence, etc.) in PubMed, EMBASE, Web
of science CINAHL, and the Cochrane Library till October 2021. Relevant studies
evaluating tricuspid regurgitation in HBP were included and information regarding TR
and its related factors (ejection fraction (EF) and New York Heart Association (NYHA)
class) were retrieved from the eligible studies.

Results: Out of 196 articles, 10 studies met the inclusion criteria, which consisted of
546 patients with HBP. The mean age of the patients ranged between 61.2 +12.3 and
75.1 +7.9years with 54.1% males. The overall implant success rate was 79.2%. Only
one study reported a 5% incidence of TR, while 9 studies reported no new TR after
HBP. Four studies reported overall decrease in TR by 1 grade and 3 studies demon-
strated increased TR from baseline. Two studies showed no change from baseline TR.
Conclusion: HBP causes improvement in TR grade after HBP for cardiac resynchro-
nization therapy (CRT) as well as atrioventricular block (AVB). Further studies in the
form of randomized controlled trials are required to further evaluate the effect of

HBP on tricuspid valve functioning.

bradyarrhythmias and their indications are expanding even today
(Furman & Schwedel, 1959; Glikson et al., 2021).

Approximately one-million cardiac implantable electronic devices
(CIEDs) are implanted in patients with various indications worldwide
(Mond & Proclemer, 2011). The most common CIED to be implanted
is the pacemaker. Since the advent of the world's first pacemaker
(1958), these devices have become the primary treatment for

Cardiac implantable electronic device-induced tricuspid re-
gurgitation (TR) is the valvular insufficiency cause or aggravated
by a right ventricular (RV) lead after pacemaker implantation.
Right ventricular pacemaker leads are associated with worse out-
comes. Regarding causation, it is difficult to disentangle the role of
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mechanical disruption of tricuspid valve by pacemaker leads from
pacing induced dyssynchrony, but it is plausible that both contrib-
ute. (Cheema et al., 2021; Khurshid et al., 2014; Lamas et al., 2000;
Mandras & Desai, 2021; Matusik et al., 2010; Sanchez et al., 2021).

The major risk factors for CIED-related TR include implantable
cardiac defibrillator (ICD) leads, higher number of ventricular leads,
lead position with respect to the tricuspid valve (TV), and inade-
quate pacing positions (Hoke et al., 2014; Kiehl et al., 2016). Several
studies have demonstrated that ICD and CRT leads are associated
with increased TR than pacemakers because their leads are thicker
and less elastic (Arabi et al., 2015; Hoke et al., 2014; Kim et al., 2008;
Van De Heyning et al., 2019). Over the past two decades, large ran-
domized trials have evaluated the role of biventricular pacing CRT
(BiV-CRT). The BLOCK-HF trial showed a significant reduction in
all-cause death, HF requiring hospitalization, and>15% increase in
left ventricular (LV) end-systolic volume index, favoring BiV-CRT
over RV pacing (Curtis et al., 2016). The BioPace trial showed a
non-significant trend towards BiV-CRT for a composite endpoint of
mortality and first hospitalization with HF (HR 0.87, p =.08) (Funck
et al., 2006). However, BiV-CRT is associated with increased lead-
induced TR and is not an ideal strategy in patients with concomitant
tricuspid insufficiency, in addition to other challenges and contrain-
dications (Ahmed & Kayani, 2021; Ousdigian et al., 2014).

The His bundle pacing (HBP) results in an efficient physiological
and synchronized ventricular activation by stimulation of the His-
Purkinje system directly, thus alleviating the detrimental effects
of asynchronous ventricular activation occurring with RV pacing
(Sharma et al., 2015). HBP can also normalize conduction in patients
with bundle branch block (BBB), hence, it has a role as an alternative
to CRT (Abdelrahman et al., 2018). As HBP lead can be implanted
above tricuspid annulus, its effect on TV morphology is minimal,
leading to reversal of TR (Grieco et al., 2021; Hasumi et al., 2018; Hu
et al., 2020; Hu et al., 2021; Huang et al., 2019; Ma et al., 2021; Shan
etal.,, 2018; Vijayaraman et al., 2017; Wu et al., 2021; Ye et al., 2021).
In this systematic review, we provide an association of TR in patients
undergoing HBP.

2 | METHODS

2.1 | Search strategies

This systematic review was guided by the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement
(Moher et al., 2010).

Electronic databases, including PubMed, EMBASE, Web of
Science, CINAHL, and the Cochrane Library database were searched
(until October 2021) to identify primary references. All eligible
English studies were included in this review. The following search
terms were used: (“His bundle pacing [Mesh]” OR “His bundle pacing
[Mesh]” OR “Artificial Cardiac Pacing [Mesh]” OR “Parahisian pac-
ing [Mesh]” OR “Physiologic pacing” OR “Conduction system pac-
ing” OR “Tricuspid Valve Insufficiency [Mesh]” OR “Tricuspid Valve
Regurgitation [Mesh]” OR “Tricuspid Incompetence [Mesh]” OR

“Tricuspid Regurgitation [Mesh]”). The authors also searched all of
the reference lists of the reviews in the relevant fields and google
scholar to identify additional relevant studies. A total of 196 studies

were initially identified by the two reviewers (D.I.S. and S.M.J.Z.).

2.2 | Study selection and outcomes

A web-based software platform (Covidence) was used to eliminate
duplicate studies. The two reviewers (D.l.S. and S.M.J.Z.) then re-
viewed the titles and abstracts of the articles independently. In case
of disagreement between the two reviewers, a third researcher
(J.M.) helped resolve the impasse. For possible correlations, the full
text would be searched to determine the inclusion of the article.

The inclusion criteria were as follows: randomized controlled tri-
als (RCTs), observational studies, and case series (>15 patients), which
reported the incidence of TR after HBP before and after follow-up.
Study endpoints included any of the following: (1) Quantification of
TR grade at baseline and follow-up after HBP; and (2) incidence of
deterioration or improvement in TR by at least one grade.

The exclusion criteria were as follows: (1) case reports, confer-
ence abstracts, animal experiments, and review articles; (2) articles
published in languages other than English with no translation; (3) no
echocardiographic parameters for quantification of TR.

2.3 | Data extraction

The two reviewers (D.1.S. and S.M.J.Z.) independently extracted the
data from the included studies: (1) basic information of the studies,
author name, year of publication, and study design; (2) baseline char-
acteristics, such as age, sample size, gender, HBP success rate, and
follow-up; (3) outcome data, including parameter used in the assess-
ment of TR severity, the incidence of TR deterioration of improve-
ment, EF, and NYHA class after HBP; (4) risk factors associated with
TR worsening (if any). Data extraction was conducted with mutual
agreement, and all conflicts were resolved by a third researcher
(J.M.). If more than one follow-up time were recorded in the study,

the longest time was selected for analysis.

2.4 | Outcome measures

The primary outcome was an assessment of TR grade in HBP or new
TR after implantation. The secondary outcome was an assessment
of QRSd.

2.5 | Quality assessment

Each study was assessed for quality using the National Institute of
Health (NIH) quality assessment tool for RCTs and observational
studies (NIH, 2021). Studies were scored as 0-4 as poor, 5-7 as fair,
and>7 as good a quality investigation.
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2.6 | Definition of terms 3 | RESULTS

According to the American Society of Echocardiography, TR was cat- 3.1 | Baseline characteristics

egorized into none or trace, mild, moderate, and severe. The severity
of TR was graded as grade | (none or trace), grade 2 (mild, grade 3
(moderate), and grade 4 (severe).

The change in TR of one grade was defined as worsening or im-
proving TR grade by = one grade after HBP compared with baseline
in the follow-up period. Progression from moderate to study-specific
grades beyond severe was considered to be a change of one grade,
for standardization across studies and to be consistent with the
American Society of Echocardiography grading. The same was held

for improvement of TR grade.

2.7 | Statistical analysis

For statistical analysis, Statistical Package for the Social Sciences
(SPSS) version 26 (IBM Corp, Armonk, NY, USA.) was used. The
quantitative variables were presented as mean and standard devia-
tion (SD). Qualitative variables were expressed in frequency and

percentages.

A total of 196 articles were retrieved through the search strategy
after excluding duplicates, and 10 articles met the criteria. The lit-
erature search process is shown in Figure 1. Baseline characteristics
of the studies and degree of TR, EF, and NYHA class at baseline and
at follow-up are included in Table 1.

The included studies were published between 2017 and 2021.
Two RCTs and 8 observational studies were included in the system-
atic review, involving 546 patients with HBP implantation, either in-
dependently or after RV lead placement. His bundle pacing was used
for CRT in 3 studies, AVB in 5 studies, device upgrade to HBP in 1
study, and HBP generator change in 1 study. Patient baseline char-
acteristics were reported in 10 articles, among 546 patients. The
number and types of baseline characteristics reported varied across
studies. Mean age ranged between 61.2 +12.3 and 75.1 +7.9years
and 54.1% were males. The implant success rate was 79.2% (range
51% to 90%). AF ranged between 11% to 60% in patients with HBP.
In 6 studies, HBP lead was implanted above tricuspid annulus while

2 studies report implantation below the annulus.

[ Identification of studies via databases and registers ]
M)
_E Records identified from: Records removed before
® PubMed (n = 109) screening:
55 Embase (n = 64) > Duplicate records removed
€ Scopus (n =19) (n=37)
3 CINAHL (n = 4)
!
Records excluded
Records screened »| (n=140)
(n = 159) No follow-up TR assessment
or new TR incidence (n=104)
No TR grades defined (n=19)
Incomplete data (n=12)
Duplicate publication (n=5)
=l Reports sought for retrieval
< (n=19) — 5| Reports excluded after retrieval
g (n=4)
[*]
: !
(I'\r’]ego1ns§ assessed for eligibility »| Reports excluded:
Records not published in
English
l (n=5)
—
5 Studies included in review
= (n=10)
©
=
FIGURE 1 PRISMA flow chart
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TABLE 1 Baseline study characteristics
HBP
Study Total patient; Age (yrs); Type of HBP success  Atrial
Author Year design patients n (%) mean+SD Males; % device Indication for HBP rate; % fibrillation; %
Wau etal. (2021) 2020 Prospective 137 49 (38.5%) 68.3+10 54% BVP HBP Cardiac 51.04% 32.7%
cohort LBBP resynchronization
Huang 2018 Prospective 74 74 (100%) 72.8+8.3 58.1% HBP Cardiac 75.7% 18.9%
etal. (2019) cohort resynchronization
Grieco 2021 Prospective 84 42 (50%) 751 +79 64% HBP RVP AVB Not reported 11%
etal. (2021) cohort
Hasumi 2018 Prospective 45 45(100%) Notreported Notreported HBP AVB Not reported Not reported
etal. (2018) cohort
Huetal, 2021) 2020 RCT 50 25 (50%) 65.4 +13.5 42% aHBP AVB 90% 24%
vHBP
Huetal. (2020) 2020 RCT 50 25 (50%) 61.2+12.3 64% HBP LBBP  AVB 82% 26%
Maetal. (2021) 2020 Prospective 52 37(71.1%) 66.8+7.2 69.2% HBP BVP AVB Not reported 100%
cohort
Shan 2017 Prospective 18 16 (88.8%) 74.8+12.4 50% HBP Device upgrade 88.9% Not reported
etal. (2018) cohort
Vijayaraman 2017 Prospective 20 20(100%) 74.5+10.3 65% HBP HBP generator change Not reported 60%
etal. (2017) cohort
Yeetal. (2021) 2021 Prospective 16 16 (100%) 71.1+3.7 75% HBP Cardiac 81.6% 100%
cohort LBBAP resynchronization
3.2 | Quality assessment 3.4 | Secondary outcomes

The quality evaluation of the included studies is shown in Table 1.

3.3 | Primary outcomes

The reporting rate of the outcome of interest across the 10 included
studies ranged from 0% to 5% (Incidence of new TR) and 9 studies
reported no new incidence of TR. As for the assessment of TR se-
verity, 3 studies reported overall decreased TR grade after HBP im-
plantation for cardiac resynchronization. Wu et al. and Huang et al.
reported an average TR grade of at least 1 at baseline and <1 after
12months follow-up. For indication of atrioventricular block (AVB),
Grieco et al. reported improvement from moderate to mild TR grade
in 7 patients and decreased TR grade from severe to moderate in
2 patients. Ma et al. reported a decrease from baseline TR grade
(1.46+0.96 to 0.68+0.77) after 17 months follow-up. Three stud-
ies reported an increase in TR by at least one grade. This is shown
in Table 1 and Figure 3. Two studies enrolled all patients with per-
manent AF (Ye and Ma et al.), which demonstrated no change in TR

grade after follow-up.

Four studies (Wu, Huang, Grieco, and Shan et al.) reported a de-
crease in paced QRS duration (QRSd) while 6 studies reported an
increased QRSd.

4 | DISCUSSION

We systematically assessed studies on HBP with an assessment of
TR, which comprised of 9 original research articles and 1 case series
reporting nearly 5years of experience from 546 patients across cent-
ers around the world (Grieco et al., 2021; Hasumi et al., 2018; Hu
et al., 2020; Hu et al., 2021; Huang et al., 2019; Ma et al., 2021; Shan
et al., 2018; Vijayaraman et al., 2017; Wu et al., 2021; Ye et al., 2021).
This is the first systematic analysis of a patient cohort to demonstrate
the incidence of TR with HBP and its quantification before and after
the procedural follow-up, demonstrating its effects on ventricular
synchrony. Our systematic review shows an improvement in TR grade
with a negligible risk of developing new TR after HBP (0% to 5%).
Although the prevalence of TR varied considerably in these studies

because the TR grading system was not uniform across studies, the
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QRS
duration
Incidence TR grade TR grade at before HBP
Assessment of of new TR; at baseline; follow-up; (msec),
TR severity n (%) mean+SD mean+SD mean+SD
Overall None 1+0.9 0.7 +0.7 170.3 +19.3
decreased
Overall None 1.0+0.9 0.6 +0.6 173.5+18.1
decreased
Overall None Severe TR Severe TR 134.9 +40.1
decreased (n=3) (n=0)
Moderate Moderate
TR(n=9) TR(n=4)
Mild TR Mild TR
(n=30) (n=38)
No change None 3 1 Not reported
Increased by None Not reported 105.9 +13.9
grade |
(n=4)
Increased by None Not reported 1171 +£37.2
grade |
(n=2)
Overall None 14+0.9 0.6 +0.7 110.3 +25.6
decreased
No change Not reported 1.1 +0.9 1.2+1.2 136.3 +35.1
Increased by 1(5%) Not reported  Notreported 102+27
grade |
(n=1)
No change None Not reported  Notreported 91+10

cumulative reported experience supports that HBP can be a feasible
option for patients having symptomatic TR, and should be consid-
ered in patients who require a high percentage of ventricular pacing.
Therefore, the current study discussed the prevalence of TR after
HBP implantation to improve clinicians' understanding of TR.

Studies included in this systematic review shed some light on
whom the target patient may be for HBP. The majority of patients
undergoing HBP had basic characteristics, which reflect that of a
typical pacemaker population. Conversely, 2 studies consisted of pa-
tients with heart failure symptoms and an established indication for
CRT, although the application for replacing RV apical pacing or BiV
pacing has gained more interest in this patient population. Recent
evidence has suggested a role of HBP in bundle branch block and LV
dysfunction who are a candidate for CRT because it can lead to QRS
narrowing in distal His bundle pacing (Sharma et al., 2016). However,
the long-term comparison will need to be interpreted when clinical
data from prospective clinical trials are out.

4.1 | Mechanism of lead-mediated TR

The phenomenon of lead-mediated TR was proposed in 1969
by Nachnani et al. when they that patient had a TR murmur after

WI LEYM

QRS HBP lead
duration position;
after HBP Baseline QRS Pacing above or
(msec), morphology; percentage; below TV Follow-up; Study
mean+SD % % annulus months quality*
100.7 +15.3 LBBB (100%) 99.2% Below 12 8
105.5+19.0 LBBB(100%) Notreported Above 12 7
123.2 +25.9 LBBB(31%) Not reported Notreported 6 7
RBBB
(14%)
Not reported Notreported Below 12.5 6
114.8 +21.2 LBBB (20%) Not reported Both 3 8
122.8 +20.1 LBBB (20%) Not reported Above 3 8
RBBB
(20%)
113.7 +17.5 LBBB (5.4%) 80.1% Above 17 8
101.6 +11.6 LBBB(37.5%) Notreported Above 24 7
RBBB
(6.2%)
117+20 Not reported 77% Above 12 6
100.6 +9 LBBB (6.2%)  63.1% Above 6 6

implantation of RV electrode (Nachnani et al., 1969). The murmur
disappeared after the lead was removed. With the understanding of
this mechanism, many studies have discussed the incidence, mecha-
nism, diagnosis, and treatment of lead-mediated TR.

After lead placement, TR can occur via multiple mechanisms
(Figure 2). It can be caused by mechanical causes like scar or throm-
bus formation on the leads impairing closure. Laceration or perfora-
tion is another cause of TR. However, the most common mechanism
in lead-mediated TR is asynchrony, leading to abnormal RV activa-
tion from a pacemaker (Chen et al., 2007). In the 1970s, postmor-
tem investigations demonstrated that pacemaker leads can adhere
to the TV leaflets or the papillary muscles (Gibson et al., 1980). In
chronic TR, a number of studies have demonstrated that adhesion of
TV leaflet to the pacing lead results in restricted movement, causing
an abnormal coaptation of the posterior leaflet with the anterior and
septal leaflets (Addetia et al., 2019; Tatum et al., 2021).

In early experience with HBP, lead placement at the HB was
performed using the standard catheters. With the advent of con-
temporary tools and delivery systems, mapping of the HB using the
lead itself became feasible and resulted in marked improvement in
implantation success rate (Qian et al., 2019). A speculative advan-
tage in HBP may be right AV septal pacing, which can prevent RV
lead-mediated TR (Payne et al., 2018).
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FIGURE 3 Tricuspid regurgitation grade at baseline and
follow-up

One study studied feasibility and safety of HBP in patients with
AF. Apart from their main objective, they demonstrated that there
was no change in TR and mitral regurgitation (MR) after HBP im-
plantation at 6-months follow-up (Ye et al., 2021). Some studies
have demonstrated AF as a risk factor for developing tricuspid re-
gurgitation; however, the abovementioned study exhibited a lower
incidence of TR after HBP implantation in patient with AF (Xu
et al., 2021). One other study compared HBP and BiV pacing in can-
didates for CRT. As low LVEF is a risk factor for developing TR in
view of dilated cardiac chambers, this study demonstrated that after
HBP, baseline TR reduced from baseline at 12-months follow-up (Wu
et al., 2021). Similarly, an abstract published in Circulation demon-
strated improvement of TR significantly after HBP across all patients
(p =.033), and in subgroups with reduced LVEF (p =.019) (Wey
et al., 2019). Another study showed long-term outcomes of HBP in

FIGURE 2 Mechanism of mechanical
tricuspid regurgitation in the setting

of permanent pacemaker (a) valve
obstruction with leads in between the
leaflets (b) Lead adherence due to scar
formation and fibrosis (c) valve perforation
(d) Lead entrapment in tricuspid valve
apparatus (e) annular dilatation

patients with heart failure and LBBB. Apart from improved LVEF and
QRSd, it demonstrated an improvement of TR from grade 3 to grade
1 (Hasumi et al., 2018). These studies demonstrated that low LVEF
is a risk factor for developing TR, and LV dyssynchrony caused by
right ventricular pacing can lead to reduced LVED. RV apical pacing
is a well-recognized cause of ventricular dyssynchrony, which can
result in PICM. In literature, with 220% RV pacing burden, there is
a 20% risk of developing PICM (Kiehl et al., 2016). By utilizing the
His-Purkinje system, HBP can reinstitute ventricular synchrony and
reverse PICM.

This systematic review shows that after HBP, not only is there
a negligible chance of new lead-mediated TR, there is marked
improvement in TR grade and EF from baseline and follow-up
(Figures 3 and 4). The included studies did not assess the cause
for improvement in TR grade, but by virtue of the abovementioned
principle, there seems to be a reversal of TV pathology caused by
RV pacing. Hence, HBP may be an option for patients who develop
lead-mediated TR.

4.2 | Standard technique and challenges

A simplified algorithm for the implantation of HBP is shown in
Figure 4. Currently, SelectSecure 3830 (Medtronic) has been the
most studied lead. It is implanted via delivery sheaths or catheters
including the C315 HIS or the newly approved SelectSite C304 HIS
catheter. The C314 HIS delivery sheath has a 7.0 F outer diameter
and has a distal (primary) and a proximal (secondary) curve to direct
it towards the tricuspid annulus. After venous access, the delivery
sheath is advanced over a guidewire to the TV annulus. The 3830
lead is then advanced towards the tip to map the HB region in a
unipolar configuration.

The system is maneuvered towards the atrioventricular (AV) sep-
tum and when an HB electrogram is identified, and when the opera-
tor is satisfied with the pacing parameters at the HB region, the lead
is fixed by rotating the lead body in a clockwise direction. A torque
back and spinning of the lead is generally a marker of adequate fix-
ation. The sheath is then withdrawn to the right atrium (RA) where
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FIGURE 4 Algorithm for His bundle pacing

the lead parameters are assessed in both unipolar and bipolar con-
figurations. Implantation of the lead distal to the disease is import-
ant in achieving low capture thresholds (Barba-Pichardo et al., 2013;
Dandamudi & Vijayaraman, 2016).

4.3 | Future prospects and limitations

Despite the promised results in terms of HB mapping, 20% of the pa-
tients have more distal or widespread conduction defects, and HBP
might not be able to cover come to BBBs with reasonable implan-
tation and capture threshold. A technique for pacing LBBB via an
intra-septal approach to restore the function of the distal Purkinje
conduction system was introduced by Huang and colleagues (Huang
et al.,, 2017). However, more data are needed to assess the safety
and efficacy of this technique. Therefore, LBBB pacing provides a
supplementary option for patients with distal conduction disease
and ventricular dyssynchrony.

As for future studies, despite the data presented above, there
are no large-scale, randomized trials comparing the effectiveness of
HBP with conventional RV pacing to assess and quantify TR and its
mechanism in HBP. Although the 2 included RCTs suggest a neg-
ative incidence of TR, no long-term outcome data are available.
Furthermore, large, multicenter, randomized studies comparing HBP
and BiV pacing for assessment of EF and NYHA class are necessary
to evaluate the clinical efficacy of HBP. There should be the cre-
ation of registries for HBP patients involving, but not limited to, TR
and other echocardiographic parameters for LVEF and RV functions.
Finally, in addition to data, improved lead designs and delivery tools
are needed to increase the success rates of HBP.

There were several limitations to this systematic review. First,
most of the included studies had no outcome measure to identify
TR in a quantitative manner. Therefore, a quantitative synthesis
could not be performed because the TR grading system was not
standardized in different studies. Therefore, relevant data of the
quantitative endpoint of TR need to be further improved. Second,
most of the included studies were not randomized and controlled

for confounders. The observational nature of the majority of stud-
ies might produce an inherent limitation and might impact the ob-
served findings. Third, these studies lacked some data that may
have led to deterioration or improvement of TR, such as pulmo-
nary hypertension, mitral regurgitation, and increased RV size, etc.
Fourth, there was a heterogeneity among studies regarding HBP
indications. Lastly, more controlled and randomized trials should
be carried out to assess the range and long-term implications of
TR with and without HBP.

5 | CONCLUSION

In conclusion, HBP truly represents the most physiological form of
ventricular activation. Current data suggests that HBP causes an im-
provement of TR grade in patients implanted with CIEDs or are can-
didates for CRT. However, there is a need for widespread adoption
of this technique, which can help in further validation of its efficacy
in large, randomized trials.
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