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Abstract

Background: Long-term RVP could bring adverse problems to cardiac electro-mechanics and result in inter- and
intra-ventricular asynchrony, impaired labor force, and aggravation of cardiac function. HBRP including direct

His bundle pacing and para-His bundle pacing was regarded as a novel physiological pacing pattern to avoid
devastating cardiac function. This synthetic study was conducted to integratively and quantitatively evaluate

the efficacy of His bundle related pacing (HBRP) in comparison with conventional right ventricular pacing (RVP).

Methods: Published studies on comparison of left ventricular ejection fraction (LVEF), left ventricular end diastolic
volume (LVEDV), left ventricular end systolic volume (LVESV), New York Heart Association (NYHA) class, inter-
ventricular asynchrony, and QRS duration, etc. between HBRP and RVP were collected and for meta-analysis.

Results: HBRP showed higher LVEF (WMD = 3.9%, 95% Cl: 1.6% — 6.1%), lower NYHA class (WMD = —-0.5, 95% Cl: -0.
7 = -0.3), WMD of LVESV = =0.1 ml, 95% Cl: -3.0 — 2.8 ml), less inter-ventricular asynchrony (WMD = —13.2 ms, 95%
Cl:-164 - -10.0 ms), and shorter QRS duration for long-term (WMD = —36.9 ms, 95% Cl: -40.0 — -33.8 ms), however,
no significant difference of ventricular volume (WMDLVEDV = —2.4 ml, 95% Cl: -5.0 — 0.2 ml; WMDLVESV = —0.1 ml|,
95% Cl: -3.0 — 2.8 ml) compared to RVP.

Conclusions: The efficacy of HBRP was firstly verified by meta-analysis to date. Compared with RVP, HBRP markedly
preserve LVEF, NYHA class, and QRS duration. However, it seemed to have less effect on ventricular volume.

Keywords: Meta-analysis, His bundle pacing, para-his bundle pacing, Right ventricular pacing, Cardiac function, Left

ventricular ejection fraction

Background

Conventional right ventricular pacing (RVP) was indicated
for bradycardia caused by kinds of etiology. However,
amount of studies disclosed long term RVP especially
right ventricular apical pacing (RVAP) adversely affected
cardiac electro-mechanics and resulted in poor prognosis,
for instance, reduction of left ventricular ejection fraction
(LVEF), enlargement of cardiac chambers, pulmonary
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artery pressure increasing, prolongation of QRS dur-
ation, impaired exercised capacity, and even high mor-
tality [1-3]. In physiological state, His bundle, left
branch bundle (LBB), and right branch bundle (RBB)
were activated orderly. Since the conductive speed of
LBB was faster than RBB’, left ventricular myocardium
was activated prior to right ventricular myocardium, and
this intrinsic order of activation guarantees synchronous
motion of ventricular wall and normal cardiac output.
However, long-term RVP changed the sequence of
dual-ventricle activation and brought anomaly of car-
diac function [1]. Even short-term RVP could acutely
influence hemodynamics, leading to reduction of maximal
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and minimum rate of ventricular pressure change with
the time (+ dp/dt), pulmonary capillary wedge pressure
(PCWP), and valvular regurgitation [4-8]. Thus, the
phenomenon of RVP deteriorating cardiac function raised
concerns to the permanent pacemaker pacing site [9]. It
was reported that right ventricular outflow tract (RVOT)
pacing and right ventricular septal (RVS) pacing brought
less adverse effect compared to RVAD, and the probable
mechanism was because of their superiority to right ven-
tricular apex (RVA) anatomically. Thus, pacing at these
sites could partially simulate the physiological sequence of
activation [10-12]. Moreover, cardiac resynchronization
therapy (CRT) as a dual-ventricle pacing mode was
thought to be more favorable to reduce intra-ventricular
and inter-ventricular asynchrony [13, 14]. Long-term RVP
patients with impaired cardiac function were indicated for
CRT upgrading [15, 16]. Nevertheless, the rate of CRT
implantation stayed in an unsatisfactory level for its
relatively heavy cost and non-response proportion [13].
Anatomically, His bundle lying between atrioventricular
node and branch bundles played an important role in car-
diac electric conduction [17, 18]. It suggested that stimu-
lation right at His bundle should most closely simulate
physiological conduction avoiding myocardial activation
in advance. However, in clinical practice, direct His bundle
pacing (DHBP) couldn’t be always attained, and para-His
bundle pacing (PHBP), a partial His bundle capture, was
comparable to DHBP [19, 20]. In present study, DHBP
and PHBP were regarded as His bundle related pacing
(HBRP). As relatively large and prospective clinical studies
of HBRP came out, the so-called physiological pacing
draws lots of attention and interest. However, it still lacked
study to systemically summarize existing clinical trials and
comprehensively evaluate the effects of HBRP. Conse-
quently, present study aimed to do a meta-analysis to
collect and analyze published clinical studies of HBRP
integratively and quantitatively.

Methods

Search strategy and selection criteria

Design and implement of this meta-analysis was abided
by a guideline which was broadly adopted [21]. Data-
bases including Pubmed, Web of Science, Ovid, EBSCO,
and Cochrane Library were applied with key words (His
bundle pacing, Hisian pacing, para-His bundle pacing,
and para-Hisian pacing) to retrieve related literatures
before October 17th 2016. Clear criteria of successful
direct His-bundle pacing or para-His bundle pacing were
thought necessary for related literatures. Besides, based
on different parameters we aimed to analyze, these
already included studies were further divided into sub-
groups for further analyses. These parameters included
left ventricular ejection fraction (LVEF), left ventricular
end diastolic volume (LVEDV), left ventricular end

Page 2 of 13

systolic volume (LVESV), New York Heart Association
(NYHA) class, 6-min walk test (6MWT), mitral regurgi-
tation index (MRI), pulmonary artery systolic pressure
(PASP), intra-ventricular asynchrony, pacing threshold
(Pth), lead impedence (LI), and myocardial performance
index (MPI), also known as Tei index. Literatures were
filtrated by criteria as follows. Inclusion criteria: (1) the
object was human; (2) clear definition of successful
HBRP and direct comparison between HBRP and RVP
(The definition of His bundle related pacing included
DHBP and PHBP. DHBP: was characterized by the same
morphology of QRS-wave and T-wave as the one of
sinus rhythm; interval between pacing signal and the
initiation of QRS-wave was virtually identical to the His-
ventricular interval; lower pacing output only captured
his bundle with narrow QRS-wave, but higher pacing
output also activated myocardium appearing as pre-
excitation like QRS-wave. PHBP: was defined when His
potential sensed by the pacing lead was identical to the
one by the electrophysiological catheter; besides, higher
pacing output evidently shortened QRS-wave.); (3) with
effective parameters (LVEF, NYHA, Pth, and MP], etc.)
to evaluate differences between pacing patterns. Exclu-
sion criteria: (1) study whose purpose was centered on
acutely response to HBRP and with follow-up duration
less than 1 months; (2) without RVP as control group;
(3) without access to full text except for abstract only.

Data extraction and quality assessment

Two investigators who were not informed with the proto-
col of present meta-analysis independently checked the
quality and eligibility and collected related data of studies.
Quality assessment of prospective cross-over study was
based on Cochrane handbook, and eligibility of cross-over
study was described as follows: (1) whether the cross-over
design was suitable for the permanent pacing condition;
(2) were two different pacing conditions stable or fluctuat-
ing; (3) was there existing a elution time between two
stages of trial; (4) did participants drop out after the first
treatment, and not receive the second treatment; (5) was
it clear that the order of receiving treatments was ran-
domized [22]. Besides, observational trials were assessed
by using key study design components presented in the
Newcastle-Ottawa Scale.

Data synthesis and analysis

Mean value and standard deviation (SD) of a certain
parameter (LVEF, NYHA, Pth, and MPI, etc.) were ex-
tracted from included clinical studies, and continuous
variables of different studies were integrated to calculate
weighted mean differences (WMD) or standard mean
differences (SMD). The value was collected and calcu-
lated as WMD when its corresponding parameter was
measured by the same method. When the corresponding
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parameter was measured by different method, it was
calculated as SMD. Pooled-analyses were implemented
using fixed-effect models, whereas random-effect
models were applied in case of significant heterogeneity
across studies. Statistical heterogeneity was measured
using the Inverse Variance (I-V) statistics. Sensitivity
analyses (exclusion of 1 study at a time) were performed
to determine the stability of the overall treatment effects.
Additionally, publication bias was assessed using the
Begg’s adjusted rank correlation test and shown as funnel
plot. All p values were 2-tailed, and the statistical signifi-
cance was set at 0.05. Statistical analyses were performed
using Stata software 12.0 (Stata Corp, College Station,
Texas).

Results

Literature search

Using key words as mentioned before to search different
electronic databases, 135 potentially relevant abstracts
were yielded. After comparison among different data-
bases, 86 duplicates were removed. Furthermore, 43 lit-
eratures were excluded since they didn'’t fit the inclusion
criteria. 3 of them were eliminated because full text
couldn’t be attained. Besides, 2 articles were excluded as
animal experiments. 10 case-report studies and 2 case
series studies were also removed. 8 studies aimed to
analyze the acute response of hemodynamics to HBRP
were then excluded. 5 studies concentrated on the
comparison of HBRP with CRT. 6 studies were de-
signed as self-contrast method. Instead of HBRP, other
10 studies were related to electrophysiology examin-
ation in arrhythmia study. When screening full text of
each literature, manual search by checking the reference
list helped to further identify one literature. Consequently,
7 studies [20, 23-28] were finally included for meta-
analysis finally (Fig. 1A).

Characteristics and quality assessment of eligible studies

A total number of 325 patients (62% male) were in-
cluded in the final analysis, and mean value of
followed-up duration was over 13 + 11 months with
median of 12 months. In general, the morbidity of con-
current heart disease with ischemic etiology, hyperten-
sion, and diabetes were 20%, 46%, and 38% respectively.
Additionally, estimated mean age of patients in pooled
studies was 71.5 + 8.4 years old. Basic elements of clin-
ical studies, such as main investigator, year of publica-
tion, regions, study design, duration of follow-up, and
number of patients included in present meta-analysis
were shown in Table 1. Since none of parameters which
were used to evaluate the difference between HBRP and
conventional RVP could be collected from whole the
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pooled studies, characteristics of each subgroup referred
to the relevant parameter and the significance of differ-
ence were exhibited in Table 2. Quality assessment of in-
cluded literatures was shown in Table 3.

Preservation and improvement of cardiac function with
HBRP

For the effect of different pacing pattern on LVEE, 5
studies were finally included with 129 patients. Fixed-
effect model was applied with /* = 1.4% indicating
good homogeneity among studies. LVEF was markedly
preserved in patients with HBRP (WMD = 3.9%, 95%
CI: 1.6% — 6.1%, Fig. 2A). 3 studies with 66 patients
suggested a lower NYHA class in HBRP by a fixed-ef-
fect model (WMD = -0.5, 95% CI: -0.7 — -0.3, Fig. 2B).
For evaluating left ventricular volume, 5 studies with 129
patients were included, and it showed no significance
(WMD of LVEDV = -24 ml, 95% CL: -5.0 — 0.2 m};
WMD of LVESV = -0.1 ml, 95% CI: -3.0 — 2.8 ml, Fig.
3A). PASP was analyzed with 53 patients from 2 studies
by a fixed-effect model, revealing lower PASP in HBRP
(WMD = -4.2 mmHg, 95% CIL: -7.3 — -1.1 mmHg, Fig.
3B). The way to semi-quantitatively estimate the degree of
MR was different among 4 studies with 77 patients, and
SMD calculated by a random-effect model indicated that
HBRP obviously alleviated MR (SMD = -1.0, 95% CI: -1.4
— -0.6, Fig. 4A). To evaluate the difference of inter-
ventricular asynchrony, 6 studies with 152 patients were
included, and heterogeneity among studies was proved
(P = 85.1%). Thus, a random-effect model was adopted
to show better inter-ventricular synchronized motion in
HBRP (WMD = -13.2 ms, 95% CIL: -16.4 — -10.0 ms,
Fig. 4B). Comparison of MPI between 2 pacing modes
with 3 studies including 86 patients in a random-effect
model indicated better myocardial performance in HBRP
(WMD = -0.16, 95% CI: -0.21 — -0.16, Fig. 5A). Besides,
there were 2 studies with 54 patients to show better
performance of 6MWT in HBRP (WMD = 34 m, 95% CI:
0-68.0 m, Fig. 5B).

Influence of pacing pattern on QRS complex duration
From 6 studies with 301 patients, QRS duration after
long-term HBRP was longer than intrinsic QRS duration
in a fixed-effect model (WMD = 4.3 ms, 95% CI: 1.4—
7.3 ms, Fig. 2B), and this went against the viewpoint that
His bundle or para-His bundle pacing didn’t widen QRS
duration [29]. In addition, from 6 studies with 302 pa-
tients after different pattern of pacing with equal QRS
duration at baseline, RVP showed a distinctly longer
QRS duration than the one of HBRP in a random-effect
model (WMD = -36.9 ms, 95% CI: -40.0 — -33.8 ms
(Additional file 1: Figure S1).
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Fig. 1 showed flow diagram of the process of clinical studies inclusion and exclusion and left ventricular ejection fraction of HBRP compared to
ones of RVP. a flow diagram; b forrest plot of LVEF; (WMD = weight mean difference, and Cl = confidence interval)

Influence of pacing pattern on intrinsic parameters of
pacemaker in acute stage

Compared to RVP, exposure time to fluoroscopy dur-
ing procedure of RVP was longer (WMD = 5.7 min,
95% CI: 3.4-8.1 min, Additional file 1: Figure S2A).
Moreover, HBRP had lower pacing LI (WMD = -88.2 Q,
95% CI: -112.4 — -64.0 Q, Additional file 1: Figure
S2B). Additionally, Pth measured in pacemaker im-
plantation procedure showed HBRP needed higher Pth
(WMD = 0.92 V*0.5 ms, 95% CI: 0.78-1.06 V*0.5 ms
Additional file 1: Figure S3A). What’s more, in com-
parison with RVP, amplitude of R wave in ECG was

lower (WMD = -6.321 mV, 95% CIL. -7.659 -
-4.984 mV, Additional file 1: Figure S3B).

Analysis of sensitivity and publication bias

Sensitivity analyses suggested that difference of parame-
ters of cardiac function (e.g. LVEF and cardiac asyn-
chrony, etc.) was concealed when one of included
studies was omitted (Additional file 1: Table S1). How-
ever, since number of some studies included for analysis
of a certain parameter was less than three, sensitivity
analysis might not suitable in such a situation. There
was no publication bias of different parameter being
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Table 1 General description of included clinical studies
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Author Year  Region N of Selection of  Study design Median follow-up ~ DHBP of total N of HBRP
patients  patients duration HBRP (%) implantation
failure

Eraldo, et al. 2006 ltaly 197 AF Prospective crossover blinded 6 months 0 (0) 1
randomized controlled study

Kenneth, et al. 2015  America 173 unselected Observational study 24 months 34 (45) NG

Domenico, etal. 2012 ltaly 26 nonHF Prospective crossover cohort 34 months 20 (76.9) NG

Francesco, et al. 2008 Italy 12 nonHF Prospective crossover cohort 6 months 12 (100) NG

Gianni, et al. 2014 ltaly 37 nonHF Prospective crossover cohort 3 months 17 (46) 0

Mads, et al. 2014  Denmark 38 nonHF Prospective crossover blinded 12 months 4 (10.5) 3
randomized controlled study

Domenico, et al. 2006  Italy 24 unselected Prospective crossover cohort 7 months 17 (73.9%) 1

AF atrial fibrillation, N number, DHBP direct his bundle pacing, HBRP his bundle related pacing, NG not given

found in included clinical studies by Begg’s test with all
p values >0.05 and shown as horizontal funnel plot in
Additional file 1: Figure S4.

Discussion

On account of small scale but considerable importance
of existed clinical studies on HBRP, meta-analysis was
especially suitable for comprehensively analyzing the
outcomes of HBRP. To our knowledge, present study
was the first meta-analysis to systemically and quantita-
tively evaluate the effect of HBRP. Findings of this study
were as follows: (1) LVEF was significantly higher in
HBRP patients than the one in RVP patients; (2) NYHA
class in HBRP groups was lower; (3) in addition, HBRP
was superior to RVP in MPI; (4) left ventricular volume
(both LVESV and LVEDV), however, showed no signifi-
cant difference between two pacing patterns; (5) inter-
ventricular synchronized motion was preserved by
HBRP; (6) mitral regurgitation was alleviated by HBRP;
(7) HBRP resulted in lower PASP and better exercise
tolerance; (8) QRS duration presented remarkable elong-
ation after months of RVP compared to HBRP, however,
long-term HBRP had slightly but significantly widened
QRS complex; (9) HBRP was different from RVP on Pth,
lead impedence, RWA and FET during procedure. Pth
in HBRP increased distinctly from the one in RVDP,
while impedence of pacing lead in HBRP was markedly
lower than the one in RVP. Our findings firstly dis-
closed the significant predominance of HBRP over RVP
by meta-analysis. From this study, HBRP was con-
firmed to preserve cardiac conduction and corrected
cardiac asynchrony. Thus, the performance of heart
was improved, and the overall situation of patients was
even better. However, LVESV and LVEDV showed no
difference between two pacing modes, and this might
be related to limited follow-up duration. It was re-
ported that cardiac dysfunction emerged prior to struc-
tural abnormality in RVP related cardiomyopathy [30].
Hence we reckoned that prolonged follow-up duration

of different pacing sites should attain significant difference
of ventricular volume. It was reported that long-term RVP
resulted in prolonged QRS complex duration compared
with the one at baseline [31]. Nevertheless, QRS complex
duration at baseline was not equal to the one after HBRP
for a long time (median value of follow-up was 12-
month). It hinted that though HBRP was regarded as
physiological pacing pattern, it might still widen QRS
complex somehow. The reason that Pth value was higher
in early stage of HBRP might result from abundant fibrous
structure instead of myocardial tissue [19, 32]. Besides,
persistent high level of Pth lead to faster battery consump-
tion, and this could incur earlier battery depletion and
replacement. HBRP with injury current recorded when
mapping His bundle indicated lower Pth than the one in
HBRP without injury current [33]. Thus, injury current
might indicate better His bundle capture and longer life-
time of pacemaker. Considering lower lead impedence in
early phase of HBRP, resistance would outstandingly re-
duce when pacing electrode was directly placed at His
bundle [20, 24, 25]. However, lacking of relevant data, we
failed to analyze the change of both Pth and impedence
after long-term follow-up.

As conventional RVP brought undesirable problems,
heart physicians thought deeply about introducing a
brand-new substitute pacing mode. Early researche in-
dicated that patients could benefit more from pacing
site at RVOT or RVS than RVP [10, 12], and this was
further confirmed by meta-analyses [34—36]. In spite of
significant difference compared to RVP, RVOT/RVS
pacing was not enough for physiological pacing pattern
[17]. Physiological pacing drew a lot of attention, since
Deshmukh et al. originally verified the efficacy and safety
of HBRP in a 18-patient cohort [28]. It was reported that
HBRP could avoid activating ventricular myocytes before
impulse really reach the Purkinje fiber, and hence meet
the requirement of physiological pacing. Besides, HBRP
could outstandingly improve the synchronization of ven-
tricular electro-mechanics [37-39]. What's more, HBRP
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Fig. 2 New York Heart Association class and QRS duration of HBRP compared to ones of RVP. a. NYHA class; b.QRS duration

showed equal even better effect compared with CRT in
ejection fraction reduced heart failure (EFrHF) patients
with or without left bundle branch block and widening
QRS complex. Particularly in patients with narrow QRS
complex and non-left bundle branch block who were not
strongly indicated for CRT implantation [19, 38], HBRP
showed greater effect. Besides, the ventricular activation
sequence in HBRP was different from CRT. CRT charac-
terized by left ventricle depolarizing from epicardium to
endocardium and repolarizing from endocardium to epi-
cardium. This went against physiological condition and
originated transmural electrophysiological heterogeneities
underlying arrhythmogenesis in early phase of CRT im-
plantation [40-42]. Thus, HBRP could preserve cardiac
function, as well as preventing from cardiac arrhythmia.

Basic research on canine model suggested that pacing site
on higher spetum could reduce cardiac electrical remodel-
ing [43], and His bundle pacing could narrow QT interval
and restore electrical synchronization [44]. Moreover,
HBRP electrode could be placed without passing through
tricuspid valve, resulting in obviously reduced incidence of
tricuspid regurgitation and injury [17, 23]. RVP could lead
to atrial fibrillation (AF), because RVP increased the
dispersion and heterogeneity of atrial electro-mechanics
[3]. However, included clinical studies mentioned above
didn’t report the occurrence of new-onset AF. Therefor
comparison of AF occurrence between RABP and HBRP
couldn’t be assessed in this meta-analysis.

In spite of advantages of HBRP, there were some prob-
lems in the course of procedure. First of all, potential
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a
Study Ventricular Volume WMD (95% CI)  Weight %
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Eraldo (2006) € -6.20(-27.01,14.61) 153
Domenico (2012) — -2.70 (-5.54,0.19) 82.18
Francesco (2008) ] 1.30(-14.33, 16.93) 271
Gianni (2014) —_— -0.20 (-8.06, 7.66) 10.69
Mads (2014) -~ -4.00 (-19.11,11.11)  2.90
Subtotal (I-squared=0.0%,p=0948) <3 242(-499,0.16)  100.00
LVESV
Eraldo (2006) ~ -620(-2047,807) 413
Domenico (2012) —— 2.10(-2.04,6.29) 4892
Francesco (2008) -1.10 (-12.66,10.46) 629
Gianni (2014) —_— -0.80 (-5.83,4.23) 33.22
Mads (2014) — -7.00(-17.63,3.63)  7.44
Subtotal (I-squared = 0.0%, p =0.477) < -0.08 (-2.98,2.81) 100.00
T T
-27 - 0 27
Lower ventricular volume in HBRP Lower ventricular volume in RVP
Study PASP WMD (95%CI)  Weight %
)
]
H
Eraldo (2006) : -3.40 (-8.25, 1.45) 40.84
H
H
Gianni (2014) -+ -4.70 (-8.73, -0.67) 59.16
]
.
Overall (I-squared = 0.0%, p=0 686)@ -4.17(-7.27,-1.07) 100.00
]
]
.
]
'
]
'
]
'
H
| |
873 —— ) —> 8.73

Lower PASP n HBRP

Fig. 3 Ventricular volume and pulmonary artery systolic pressure of HBRP compared to RVP's. a showed lower ventricular volume in HBRP; b showed

Lower PASPin RVP

mapping of His bundle was necessary, and it needed fur-
ther training for heart physician to acquire this technique.
In addition, electrophysiological examination might make
it longer for the procedure of HBRP implantation, as well
as exposing to more radiation [20, 24]. Currently, it was
common to place another back-up electrode at right ven-
tricular in case of dislocation of HBRP electrode. However,
it was reported that back-up RVP wasn’t indispensable for
HBRP [45]. Besides, extra pacing lead meant higher risk of
device related complication and more medical expense,
therefore clinician should pay attention to these potential
problems. Considering the equal efficacy of implantable

cardioverter defibrillator (ICD) electrode positioned to ei-
ther septum or apex [46-—48], leads of HBRP and ICD
could be then integrated. Furthermore, QRS duration in
some patients with LBBB wasn’t shortened by HBRP be-
cause of infra-His bundle block close to branch bundles
[17, 49], and hence, distal His bundle pacing should be
preferred for fear of His bundle block in proximal and
medial sites.

Limitation
This meta-analysis included 7 clinical studies to evaluate
the efficacy and safety of HBRP compared to RVDP.
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Study Ventricular Assynchrony WMD (95% CI) Weight %
;
Eraldo (2006) ——— -13.00 (-25.82,-0.18) 14.64
]
)
Domenico (2012) —.—E -26.30(-34.01,-18.59) 17.94
)
)
Francesco (2008) E - -6.99 (-11.89,-2.09) 19.42
]
Gianni (2014) E — -6.80 (-14.10, 0.50) 18.18
]
)
Mads (2014) + -14.00 (-26.38, -1.62) 14.93
)
1
Domenico (2006) —p— -36.50 (-48.96,-24.04) 14.88
1
Overall (I-squared = 85.1%,p =0 000@ -16.74 (-25.89, -7.59) 100.00
)
i
| |
-49 e —— 49
Worse assynchronyin. RVP  Worse assynchrony in HBRP
Fig. 4 Mitral regurgitation and ventricular assynchrony of HBRP compared to RVP’s (SMD = standard mean difference). a showed less mitral
regurgitation in HBRP; b showed worse ventricular asynchrony in RVP

Though included clinical studies were based on pro-
spective cohorts in the majority, the number of pa-
tients was limited, and the methods of randomization
and blindness were not clearly given. Besides, with de-
ficiency of other important parameters, such as time
of exposure to fluoroscopy, duration of operation, and
long-term Pth and impedence, our study failed to inte-
gratively assess these indices. Another point that
shouldn’t be ignored was that current HBRP clinical
studies were most designed as cross-over study, how-
ever, the elution time before switch from one pacing
mode to another was not yet possible since patients
with indication for permanent pacemaker had to
receive continuous pacing without interruption. In

addition, evaluation of cardiac asynchrony in included
studies was mostly by inter-ventricular mechanical
delay, however intra-left ventricular asynchrony con-
tributed more to cardiac dysfunction [50]. Conse-
quently, large scale, prospective, multi-center, double-
blind, and randomized parallel-controlled trials are
still highly needed.

Conclusion

To date, present study was the first meta-analysis quan-
titatively verifying the superiority of HBRP over RVDP.
From this meta-analysis and review of literatures, we
demonstrated the efficacy of HBRP. RVP could definitely
lead to or aggravate cardiac dysfunction. Oppositely,
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Fig. 5 Myocardial performance index and 6-min walk test of HBRP compared to RVP's. a showed better myocardial performance in HBRP; b

either direct His bundle pacing or para-His bundle
pacing could preserve or improve cardiac function
(LVEE, NYHA class, myocardial performance index, and
6MWT), inter- and intra- ventricular synchrony, ven-
tricular volume, and narrow QRS complex. Thus, HBRP
should be a promising pacing pattern in future. How-
ever, there existed some problems might potentially limit
the application of HBRP. First of all, HBRP needed
higher Pth, and it might result in short lifetime of bat-
tery. Secondly, His bundle potential mapping needed
further training of electrophysiological examination for
physician. Besides, this procedure could increase time of
exposure to fluoroscopy. In addition, considering the
possibility of HBRP electrode dislocation, an extra back-
up RVP electrode might need, which could increase
hospitalization costs and pacemaker related adverse
events (such as infection and tricuspid regurgitation,
etc.). Nevertheless, HBRP should be firstly suggested
unless extra indication for RVP (e.g. hypertrophic ob-
structive cardiomyopathy whose outflow tract obstruc-
tion could be alleviated by RVP) existing. At last but not

at least, although present meta-analysis of HBRP threw
light on physiological pacing, technological improvement
of HBRP and more prospective, large scale, double-
blind, randomized, controlled, and multi-center collab-
orative clinical trials were still in high need in future.

Additional files

Additional file 1 Figure S1. QRS duration of HBRP compared to the one
at baseline: this figure showed the difference between post long-term HBRP
QRS duration and intrinsic QRS duration at baseline (WMD = weight mean
difference, and Cl = confidence interval). Figure S2. Fluoroscopic time and
lead impedence of HBRP compared to RVAP's: this figure showed fluoro-
scopic time and lead impedence of HBRP compared to RVAP's. A showed
higher dose of radiation in HBRP during the procedure; B showed lower
lead impedence in HBRP measured during the procedure. Figure S3.
Pacing threshold and pacing R wave amplitude of HBRP compared to ones
of RVAP: this figure showed pacing threshold and pacing R wave amplitude
of HBRP compared to ones of RVP. A showed pacing threshold of HBRP
different from the one of RVP during procedure; B showed difference of
amplitude of R wave between 2 different pacing patterns. Figure S4: this
figure presented horizontal funnel plots for test of publication bias: A. LVEF;
B. LVEDV; C. LVESV; D. inter-ventricular asynchrony; E. NYHA class; F. mitral
regurgitation; G. myocardial performance index (Tei index); H. 6MWT; I. PASP;
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L. fluoroscopy exposure time; M. lead impedence; N. pacing threshold; O.
amplitude of R wave. Table S1. Sensitivity analysis of different group of
studies for each parameter: this table showed sensitivity analyses by the
way of exclusion of 1 study at a time to determine the stability of the overall
treatment effects (LVEF = left ventricular ejection fraction, LVEDV = left
ventricular end diastolic volume, LVESV = left ventricular end systolic
volume, NYHA = New York Heart Association, MPl = myocardial
performance index, SMWT = 6 min walk test, PASP = pulmonary
artery systolic pressure, Pth = pacing threshold, and RWA = R wave
amplitude) (DOCX 355 kb)
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