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ARTICLE INFO ABSTRACT

Keywords: Aims: Myocardial ischemia can affect traditional right ventricular (RV) pacing parameters, but it
Left bundle branch area pacing (LBBaP) is unclear whether coronary artery disease (CAD) impact the pacing parameters and electro-
Coronary artery disease (CAD) physiological characteristics of left bundle branch area pacing (LBBaP) as a physiological pacing
Pacing parameters representative.

Electrophysiological characteristics
Risk factor
Capture threshold increase

Methods: Patients who underwent coronary angiography (CAG) after/before the LBBaP procedure
and underwent percutaneous coronary intervention after LBBaP procedure were divided into CAD
group and Non-CAD group according to visual CAG. Pacing parameters and electrophysiological
characteristics were recorded at LBBaP implantation. Multivariate logistic regression analysis was
implemented to evaluate the association between CAD and higher capture threshold. Sensitivity
analyses were conducted to verify result stability.

Results: A total of 176 patients met inclusion criteria (115 Non-CAD patients and 61 CAD patients)
with a mean age of 71.1 + 9.0 years. Compared with the Non-CAD patients, CAD patients had the
higher capture threshold (0.67 + 0.22 V vs. 0.82 + 0.28 V, P < 0.001) and lower R-wave
amplitude (12.5 + 4.8 mV vs. 10.1 + 2.7 mV, P = 0.001). Moreover, CAD was independently
associated with higher capture threshold (adjusted Odds ratio (OR) 3.418, 95% confidence in-
terval (CI): 1.621-7.206, P = 0.001), which was further validated through sensitivity analyses.
Conclusion: Patients without CAD might have safer pacing parameters in the LBBaP procedure.
Besides, CAD might be the risk factor of capture threshold increase during permanent LBBaP
implantation.
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1. Introduction

Prolonged myocardial ischemia has been shown to induce fibrosis in myocardial tissue [1-4], which may affect the pacing pa-
rameters leading to changes in the pacemaker’s longevity [5,6]. Previous studies have reported that myocardial infarction, diabetes,
serum potassium, and antiarrhythmic drugs (AADs) are associated with right ventricular (RV) pacing parameters changes [7-10], with
additional research indicating that coronary artery disease (CAD) may influence capture threshold [11,12]. However, with the
development of cardiac pacing, an increasing focus has been placed on emerging physiological pacing modalities, including his-bundle
pacing (HBP) and left bundle branch area pacing (LBBaP), which have garnered significant attention among researchers. Since the first
attempt of HBP to achieve ventricular synchronization, an increasing body of evidence shows the efficacy of HBP [13-16]. Yet, the
development of HBP has been hampered by challenges such as suboptimal implant success rates and instability in pacing parameters
[17].

LBBaP, initially postulated in 2017 [18], represents a form of physiological pacing characterized by superior R-wave amplitude,
relatively lower threshold, and more convenient procedure [19,20]. Considering the existing body of evidence, LBBaP appears to
emerge as a viable and efficacious substitute for traditional pacing modalities, demonstrating both safety and effectiveness [21-24]. As
LBBaP is increasingly adopted in clinical practice, it is still unknown whether CAD has the same effect on parameters of LBBaP as
traditional RV pacing, and early identification of the effect of CAD on LBBaP parameters may help physicians to plan postoperative
follow-up for this population in a better way. Therefore, this study aimed to demonstrate whether CAD can affect electrophysiological
characteristics and pacing parameters during LBBaP implantation. Furthermore, given the pacing site of LBBaP predominantly receives
blood supply from the left anterior descending artery (LAD), the primary objective of this study was also to examine the potential
influence exerted by varying locations of diseased vessels and the number of diseased vessels on electrophysiological characteristics
and pacing parameters during LBBaP implantation. Finally, this study examined whether CAD is a risk factor for increased capture
threshold and further validated the results from a functional perspective using quantitative flow ratio (QFR) as a diagnostic criterion
for CAD in sensitivity analyses to ensure robustness of findings [25-27].

2. Methods
2.1. Study population

From April 2018 to February 2021, this retrospective study was carried out at Sir Run Run Shaw Hospital.
Outlined below were the criteria employed for inclusion.

(1) Every patient included was above the age of 18.

(2) Every patient has symptomatic bradycardia indication.

(3) Patients received CAG after/before the LBBaP procedure in our hospital and underwent percutaneous coronary intervention
(PCI) after the LBBaP procedure in our hospital.

(4) In the same hospitalization period, both the LBBaP procedure and CAG/PCI were executed at our medical center.

The following criteria were applied for exclusion purposes.

(1) Patients exhibiting either a left ventricular ejection fraction (LVEF) less than 35% or who have undergone cardiac resynch-
ronization therapy (CRT) or implantable cardioverter-defibrillator (ICD) implantation.

(2) Patients who have undergone PCI in the past.

(3) Patients for whom information regarding baseline characteristics, laboratory assessments, or historical medical records is
unavailable.

(4) Patients affected by severe valvular heart disease, severe uncontrolled hypertension, metabolic disorders, and a variety of other
organic cardiac conditions.

(5) Acute fluctuation in the capture threshold of LBBaP were observed throughout the course of the implantation procedure.

This study enrolled 176 patients and categorized into two cohorts (Non-CAD group and CAD group) by visual CAG. Ethical approval
for this study was obtained by submitting an application to the Medical Ethical Review Committee of Sir Run Run Shaw Hospital,
referencing 20210420-12.

2.2. Definitions

In accordance with the 2021 ESC guidelines, symptomatic bradycardia encompassed distinct electrocardiographic evidence,
including sick sinus syndrome (SSS) captured on an ECG, atrial fibrillation (AF) exhibiting prolonged R-R intervals, as well as high
grade atrioventricular block (AVB) [21].

The diagnosis of CAD hinged on the identification of a stenotic lesion, with a degree of at least 70% ascertained via visual
angiographic assessment, in either the major arteries or their epicardial branches [28-31]. In sensitivity analyses, QFR <0.75 for major
arteries or their epicardial branches was used as the diagnostic standard for CAD [32,33].
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The quantification of diseased vessels was predicated on the participation of the epicardial segments within the three major arteries
[LAD, left circumflex artery (LCX), and right coronary artery (RCA)]. The determination of multivessel lesions was based on the
presence of two or more afflicted vessels in patients.

2.3. LBBaP, CAG, and QFR procedure

Tailored to the specific clinical conditions of each patient, a standardized procedural protocol was followed for pacemaker im-
plantation, which incorporated the technique outlined by Huang et al. [34]. A connection was established between the intracardiac
electrogram (EGM) and an electrophysiological multichannel recorder (Bard Electrophysiology Lab System, MA, USA), while simul-
taneously linking a multi-lead surface ECG monitor. Supplementary Material S1 contains comprehensive information regarding the
implantation intricacies of the LBBaP procedure. Besides, Supplementary Material S1 also provides the diagnostic criteria utilized in
our study to evaluate LBBaP, encompassing two distinct pacing modalities: left bundle branch pacing (LBBP) and either left ventricular
septal pacing (LVSP) or deep septal pacing.

CAG was analyzed by two experienced investigators without their knowledge of other data. A pair of angiographic image runs,
obtained at angles greater than or equal to 25°, were transmitted via the local network to the QFR system provided by AngioPlus, a
Shanghai-based company specialized in Pulse Medical Imaging Technology. The automated algorithms, which have undergone
rigorous validation, were employed to delineate the lumen contour. In instances where the angiographic image quality was subop-
timal, a standard operating procedure allowed for manual correction. To compute QFR, the contrast flow model, utilizing a frame
count method to derive contrast flow velocity from CAG, was utilized in this investigation (Fig. 1A-D). QFR analysis was carried out by
extensively trained technicians, each of whom had conducted QFR assessments on no fewer than 30 patients.

2.4. Data collection

Demographic features, comorbidities, laboratory data, and echocardiographic parameters were collected. The capture threshold of
LBBaP was evaluated using unipolar configuration with a pulse width of 0.4 ms, while simultaneous recordings of intracardiac
electrograms and 12-lead surface ECG were conducted throughout the measurements. The R-wave amplitude was measured for the
LBBaP lead in the context of unipolar configuration. The R-wave amplitude, when present, was manually assessed using a real-time
display on the programmer screen. Subsequently, measurements were printed and repeated three times to calculate the mean
value. The final impedance value was determined as the average of three separate tests. Electrophysiology recording systems were
employed to measure ECG parameters, including stimulus to left ventricular activation time (Sti-LVAT) and paced QRS duration
(QRSd), with a sweep speed of 100 mm/s. These measurements remained consistent across both high and low voltage conditions.

Documentation of periprocedural complications, such as septal perforation and lead revision, pocket hematoma, and other device-
related complications. According to the classical Teichholz method, the assessment of LVEF was performed.

Flow: 14.5 cm/s|
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Fig. 1. Example of quantitative flow ratio (QFR) computation in a right coronary artery (RCA). (A): Coronary angiography (CAG) shows RCA with
intermediate stenosis. (B) and (C): QFR was computed as 0.82 at the white asterisk. (D): QFR pull back and calculation analysis.
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2.5. Statistical analysis

The continuous variables were presented through the reporting of both the mean with its corresponding standard deviation (SD), as
well as the median accompanied by the interquartile range. In the case of meeting a normal or similar to normal distribution, paired
comparisons were conducted utilizing a Student’s t-test. Conversely, for non-parametric data, the Mann-Whitney U-tests were
employed for paired comparisons. Presentation of the categorical data included the enumeration of cases and corresponding per-
centages, with differences being analyzed by means of either the y2 test or Fisher’s exact test.

Parameters such as, Sti-LVAT, paced QRSd, capture threshold, R-wave amplitude, and impedance, were analyzed through one-way
analysis of variance to assess the effect of CAD and location of diseased vessel on the LBBaP parameters.

Based on previous research and clinical experience [10,11,35,36], this study included 11 potential risk factors associated with
increased capture threshold in a univariate logistic regression analysis, using a significance level of P < 0.1 as the criterion. Ultimately,
the inclusion of CAD, AADs, Diabetes, and Serum potassium aimed to pinpoint independent risk factors associated with a higher
capture threshold in a multivariate logistic regression. The capture threshold was dichotomized by a two-step clustering analysis.
Finally, to assess the robustness of the results, sensitivity analyses were conducted using QFR as a diagnostic criterion for CAD to
further validate the association between CAD and electrophysiological characteristics as well as pacing parameters.

3. Results
3.1. Patient screening and baseline characteristics

Fig. 2 illustrates the screening of 237 patients who underwent LBBaP procedure and CAG to determine eligibility, with a final
enrollment of 176 patients. Subsequent to visual CAG analysis, the patients were categorized into Non-CAD and CAD groups.

Table 1 presented the baseline demographic features, comorbidities, laboratory data, and echocardiographic parameters of
enrolled patients. The cohort exhibited a mean age of 71.1 + 9.0 years, with males accounting for 56.8% of the patient population.
Among the patients, 52.3% had a history of hypertension, and 28.4% had a history of diabetes. The mean baseline LVEF was 60.5% +
10.7%, and the mean left ventricular end-diastolic dimension (LVEDD) measured 50.1 + 7.2 mm. AVB (47.2%) and SSS (35.2%)
emerged as the prevailing indications for pacemaker implantation within the study cohort. Cardiac troponin I (cTnl) and N-terminal

Patients undergoing
CAG/PCI and LBBaP from
Apr. 2018 to Feb.2021

Inclusion criteria:

@ Every patient included was above the age of 18.

@ Every patient has symptomatic bradycardia indication.

@ Patients received CAG after/before the LBBaP procedure in our hospital and
underwent PCI after the LBBaP procedure in our hospital.

@ In the same hospitalization period, both the LBBaP procedure and CAG/PCI were
executed at our medical center.

A\ 4

A

Patients with eligible

analytical data (n=237) Exclusion criteria:

@ Patients exhibiting either a LVEF less than 35% or who have undergone CRT or
ICD implantation.

@ Patients who have undergone PCI in the past.

@ Patients for whom information regarding baseline characteristics, laboratory
assessments, or historical medical records is unavailable.

@ Patients affected by severe valvular heart disease, severe uncontrolled
hypertension, metabolic disorders, and a variety of other organic cardiac

A 4

conditions.
Y @ Acute fluctuation in the capture threshold of LBBaP were observed throughout
176 cases included in the the course of the implantation procedure.
analytical cohort
Non-CAD (n=115) CAD (n=61)

Fig. 2. Flowchart of patient enrollment. CAG: coronary angiography; CAD: coronary artery disease; CRT: cardiac resynchronization therapy; ICD:
implantable cardioverter-defibrillator; LBBaP: left bundle branch area pacing; LVEF: left ventricular ejection fraction; PCI: percutaneous coronary
intervention.
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Table 1
Baseline characteristics in two groups.
Overall (n = 176) CAG
Non-CAD (n = 115) CAD (n = 61) P value
Demographic features
Age, yrs 71.1 £9.0 70.4 = 8.5 72.5+9.9 0.153
Male, n (%) 100 (56.8) 63 (54.8) 37 (60.7) 0.454
Smoking, n (%) 95 (54.0) 60 (52.2) 35(57.4) 0.510
Drinking, n (%) 48 (27.3) 30 (26.1) 18 (29.5) 0.628
AADs, n (%) 91 (51.7) 55 (47.8) 36 (59.0) 0.157
Preimplant QRSd, ms 110.4 + 22.1 109.5 + 22.7 112.1 + 20.9 0.467
Comorbidities
Hypertension, n (%) 92 (52.3) 57 (49.6) 35 (57.4) 0.323
Diabetes, n (%) 50 (28.4) 30 (26.1) 20 (32.8) 0.348
Hyperlipidemia, n (%) 52 (29.5) 32(27.8) 20 (32.8) 0.492
AF, n (%) 44 (25.0) 28 (24.3) 16 (26.2) 0.784
AVB, n (%) 83 (47.2) 53 (46.1) 30 (49.2) 0.696
SSS, n (%) 62 (35.2) 43 (37.4) 19 (31.1) 0.409
LBBB, n (%) 20 (11.4) 10 (8.7) 10 (16.4) 0.126
RBBB, n (%) 26 (14.8) 15 (13.0) 11 (18.0) 0.375
Laboratory data
NT-proBNP, pg/ml 351.0 (123.0, 772.8) 276.0 (122.0, 645.0) 456.0 (146.5, 884.0) 0.244
cTnl, ng/ml 0.009 (0.005, 0.025) 0.008 (0.004, 0.023) 0.015 (0.008, 0.032) 0.110
Serum potassium, mEq/L 4.02 £+ 0.32 4.00 £ 0.33 4.06 + 0.29 0.192
Echocardiography
LVEF (%) 60.5 £ 10.7 61.1 +£10.6 59.4 £11.0 0.316
LVEDD, mm 50.1 £7.2 49.4 +7.6 51.3+64 0.108
LVESD, mm 351+8.1 34.8 £ 8.1 35.6 £8.2 0.531

AADs: antiarrhythmic drugs; AF: atrial fibrillation; AVB: atrioventricular block; CAG: coronary angiography; CAD: coronary artery disease; cTnl:
cardiac troponin I; LBBB: left bundle branch block; LVEF: left ventricular ejection fraction; LVEDD: left ventricular end-diastolic dimension; LVESD:
left ventricular end-systolic dimension; NT-proBNP: N-Terminal Pro-Brain Natriuretic Peptide; QRSd: QRS duration; RBBB: right bundle branch block;
SSS: sick sinus syndrome.

*: P < 0.05.

pro-brain natriuretic peptide (NT-proBNP) were comparable between CAD patients and Non-CAD patients.

3.2. Electrophysiological data, pacing parameters, and periprocedural complications

The procedural time and fluoroscopy time demonstrated no significant differences between the two groups, as presented in Table 2.
Similarly, between the two groups, there were no significant distinctions observed in the recorded LBB potential, Sti-LVAT, and paced
QRSd. After lead fixation, pacing impedance was similar between the two groups, while CAD patients had a higher capture threshold

Table 2
Electrophysiological data, pacing parameters, and periprocedural complications were compared between two groups.
Overall (n = 176) CAG
Non-CAD (n = 115) CAD (n = 61) P value
Electrophysiological Data
Procedure time, min 97.3 +£ 32.8 95.5 + 31.0 100.8 + 36.0 0.307
Fluoroscopic time, min 9.9 (7.6, 14.0) 9.8 (7.5, 13.5) 10.2 (7.9, 15.7) 0.480
LBB potential recorded, n (%) 108 (61.4) 69 (60.0) 39 (63.9) 0.610
Sti-LVAT, ms 73.9 £ 11.0 72.9 £10.2 75.6 £12.1 0.122
Paced QRSd, ms 116.5 + 12.4 115.8 + 10.6 117.8 £ 15.3 0.326
Pacing Parameters
Threshold, V/0.4 m s 0.72 £ 0.25 0.67 £ 0.22 0.82 £0.28 <0.001*
R-wave amplitude, mV 11.7 £ 4.3 12.5+ 4.8 10.1 £ 2.7 0.001*
Impedance, Q 649.9 + 150.1 636.5 + 145.9 675.0 £ 155.8 0.105
Periprocedural complications 9(5.1) 4(3.5) 5(8.2) 0.279
Septal perforation, n (%) 2.1 1 (0.9 1(1.6) 0.647
Lead revision, n (%) 1 (0.6) 1(0.9) 0 (0.0) 0.465
Pneumothorax/hemothorax, n (%) 0 (0.0) 0 (0.0) 0 (0.0) 1.000
Pocket hematoma, n (%) 5(2.8) 21.7) 3(4.9) 0.343
Pocket infection, n (%) 1 (0.6) 0 (0.0) 1(1.6) 0.347

CAD: coronary artery disease; CAG: coronary angiography; LBB: left bundle branch; QRSd: QRS duration; Sti-LVAT: time from stimulus to peak
ventricular activation.
*: P < 0.05.
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(Non-CAD vs CAD, 0.67 £ 0.22 V vs. 0.82 4+ 0.28 V, P < 0.001) and lower R-wave amplitude (Non-CAD vs CAD, 12.5 + 4.8 mV vs. 10.1
+ 2.7 mV, P = 0.001) than Non-CAD patients (Fig. 3A-E).

Regarding complications, the CAD group had one case of pocket infection and three cases of pocket hematoma. Non-CAD group had
one case of lead revision and two case of pocket hematoma. In addition, septal perforation was observed in one case each among CAD
and Non-CAD patients. Overall, in terms of the incidence of complications, no statistically significant disparities were observed be-
tween the two groups (Table 2).

3.3. Comparison within single vessel lesion and comparison between the single vessel lesion and multivessel lesions

Supplementary Table 1 illustrated the electrophysiological data and pacing parameters for the subgroup of patients with single
vessel lesions. The capture threshold in the LAD group exhibited a significant elevation compared to both the LCX and RCA groups
(LAD vs LCX, 0.87 +0.26 V vs. 0.69 £+ 0.18 V, P = 0.034; LAD vs RCA, 0.87 &+ 0.26 V vs. 0.67 £+ 0.16 V, P = 0.023), while concurrently
exhibiting a significantly lower R-wave amplitude (LAD vs LCX, 9.4 £ 2.4 mV vs. 11.4 + 2.7 mV, P = 0.041; LAD vs RCA, 9.4 £ 2.4 mV
vs. 12.2 + 2.5 mV, P = 0.006). In relation to impedance, Sti-LVAT, and paced QRSd, no significant distinctions were observed among
the three groups.

Additionally, when comparing the single vessel lesion group with the multivessel lesion group (as shown in Supplementary
Table 2), no statistical disparities were observed for capture threshold, impedance, R-wave amplitude, Sti-LVAT, and paced QRSd.

3.4. Regression analysis for the higher capture threshold

Utilizing univariate and multivariate logistic regression analysis, Table 3 illustrated the relationship between the higher capture
threshold and different risk factors. The univariate regression analysis indicated that CAD, AADs, Diabetes, and Serum potassium could
be included in the multivariate regression analysis based on a significance criterion of P < 0.1. Multivariate regressions showed that
CAD, diabetes, and serum potassium were associated with indicated higher odds of the capture threshold increase (CAD (CAG) (OR:
3.418, 95%CIL: 1.621-7.206; P = 0.001)); Diabetes (OR: 2.368, 95%CI: 1.091-5.141; P = 0.029); Serum potassium (OR: 3.511, 95%CI:
1.072-11.498; P = 0.038)).

3.5. Sensitivity analyses

To assess the stability of the research findings, this study utilized QFR as the diagnostic criteria for CAD to evaluate the association
between CAD and the electrophysiological characteristics and pacing parameters of LBBaP. According to Supplementary Table 3, no
baseline differences were observed between the groups categorized as CAD and Non-CAD under QFR grouping. Supplementary Table 4
demonstrated that compared to the Non-CAD group, the CAD group diagnosed by QFR also exhibited significantly higher capture
threshold (Non-CAD vs CAD, 0.68 4+ 0.22 V vs. 0.82 + 0.29 V, P < 0.001) and lower R-wave amplitude (Non-CAD vs CAD, 12.4 + 4.6
mV vs. 9.9 + 2.8 mV, P < 0.001). Besides, in both univariate and multivariate logistic regression analyses, CAD (diagnosed by QFR)

A B C
15 P <0.001* EE Non-CAD . P=0.001* BN Non-CAD 1000 P =0.105 B Non-CAD
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Fig. 3. Electrophysiological data and pacing parameters were compared between Non-CAD and CAD groups by visual CAG. CAG: coronary angi-
ography; CAD: coronary artery disease; Sti-LVAT: time from stimulus to peak ventricular activation. *: P < 0.05.
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Table 3

Univariate and multivariate logistic regression analysis for the higher capture threshold.
Variables Univariate analysis Multivariate analysis

OR 95%CI P value Adjusted OR 95%CI P value

CAD (CAG) 3.742 1.828-7.661 <0.001* 3.418 1.621-7.206 0.001*
Age, yrs 1.016 0.977-1.056 0.417
Male 0.739 0.370-1.473 0.390
AADs 1.819 0.898-3.685 0.096 1.688 0.789-3.609 0.177
Hypertension 1.368 0.683-2.741 0.376
Diabetes 2.605 1.263-5.372 0.010* 2.368 1.091-5.141 0.029*
AF 1.222 0.562-2.655 0.613
AVB 1.237 0.621-2.461 0.546
SSS 1.456 0.719-2.949 0.296
Serum potassium, mEq/L 4.019 1.344-12.016 0.013* 3.511 1.072-11.498 0.038*
Procedure time, min 1.007 0.997-1.017 0.178

AADs: antiarrhythmic drugs; AF: atrial fibrillation; AVB: atrioventricular block; CAD: coronary artery disease; CAG: coronary angiography; CI:
confidence interval; OR: Odds ratios; SSS: sick sinus syndrome.
*: P < 0.05.

was also identified as an independent risk factor for higher capture threshold (CAD (QFR) (OR: 4.059, 95%CI: 1.893-8.703; P <
0.001)), consistent with the previously reported main findings (Table 4).

4. Discussion

This retrospective study demonstrated that patients without CAD had relatively lower capture threshold and higher R-wave
amplitude during the LBBaP procedure. Besides, this study also found that CAD might be a risk factor for capture threshold increase
during permanent LBBaP implantation.

In order to ensure the accuracy of the diagnosis of CAD, this study not only made the diagnosis from the traditional visual CAG but
also grouped from the more physiological measurement technology of QFR in sensitivity analyses. Regardless of the diagnostic criteria,
this study showed that patients without CAD had safer pacing parameters, which was consistent with previous findings [11,12,37].
Peng et al. and Mittal et al. presented that myocardial infarction may cause an increase in threshold [10,38], however, these studies
pay no attention to the R wave amplitude, impedance, and electrophysiological data. Huang et al. documented that CAD might be a
standalone risk factor affecting the capture threshold. However, this study lacks sensitivity analyses to evaluate the robustness of the
results [11]. Furthermore, all the studies mentioned above only reported the pacing parameters of traditional RV pacing while only few
articles have reported the influence of CAD on the pacing parameters of the emerging pacing modality LBBaP. Our study was also the
first to add QFR as a diagnostic method to prove the influence of CAD on the LBBaP parameters.

In 2019, CAD was projected to impact 197 million individuals globally and was responsible for 9.1 million fatalities (16.1% of all
deaths), making it the leading cause of mortality worldwide [39,40]. CAD patients should be considered as a special population, as
they have more severe myocardial ischemia, more co-morbidities such as diabetes and cardio-cerebrovascular disease, and an
enhanced risk of bleeding associated with the use of antiplatelet drugs, which contributes to the increased incidence of periprocedural
complications. However, in our study, all periprocedural complications demonstrated no differences between the two cohorts, possibly
because the low incidence of complications, which hindered the detection of statistical significance. The incidence of septal perforation

Table 4
Univariate and multivariate logistic regression analysis for the higher capture threshold in a sensitivity analysis by using QFR as a diagnostic criterion
for CAD.

Variables Univariate analysis Multivariate analysis

OR 95%CI P value Adjusted OR 95%CI P value
CAD (QFR) 4.124 1.993-8.532 <0.001* 4.059 1.893-8.703 <0.001*
Age, yrs 1.016 0.977-1.056 0.417
Male 0.739 0.370-1.473 0.390
AADs 1.819 0.898-3.685 0.096 1.786 0.831-3.840 0.137
Hypertension 1.368 0.683-2.741 0.376
Diabetes 2.605 1.263-5.372 0.010* 2.280 1.044-4.983 0.039*
AF 1.222 0.562-2.655 0.613
AVB 1.237 0.621-2.461 0.546
SSS 1.456 0.719-2.949 0.296
Serum potassium, mEq/L 4.019 1.344-12.016 0.013* 4.120 1.236-13.729 0.021*
Procedure time, min 1.007 0.997-1.017 0.178

AADs: antiarrhythmic drugs; AF: atrial fibrillation; AVB: atrioventricular block; CAD: coronary artery disease; CI: confidence interval; OR: Odds
ratios; QFR: quantitative flow ratio; SSS: sick sinus syndrome.
*: P < 0.05.
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and lead revision in LBBaP ranged from 0% to 3% in previous studies [41,42], which is relatively low and similar to our findings.
Within our study, the recording of LBB potential was observed in 108 individuals, constituting 61.4% of the population. This finding
aligns with the reported range of LBB potential, falling within the 50%-80% spectrum as documented in numerous prior studies
[42-44].

In concordance with prior investigations, this study revealed that patients with CAD have more unstable pacing parameters during
the permanent LBBaP procedure, which might be due to long-term chronic ischemia that cause remolding of myocardial tissue
structure and excitability of myocardial cells [45,46]. Furthermore, previous studies have also found that under myocardial ischemia,
the production of osmotic active particles through anaerobic metabolism created the osmotic gradients on the cell membrane [47,48],
which also affected pacing parameters. Nevertheless, our study found no significant disparity in impedance between CAD cohorts and
Non-CAD cohorts, which may be due to multiple factors affecting impedance, especially the depth of wire entry during procedure.
Moreover, this study found that when comparing LAD, LCX, and RCA within the single vessel lesion, the capture threshold of LAD was
relatively higher and the R-wave amplitude lower. This could be attributed to the fact that the pacing site of LBBaP is mainly supplied
by LAD, resulting in greater variation in pacing parameters. However, it must be acknowledged that the sample size employed in this
subgroup analysis was comparatively modest, thereby imposing limitations on the reliability of the obtained findings. Future in-
vestigations that encompass a more expansive sample size are warranted to allow for more in-depth exploration of the electrophys-
iological characteristics and disparities in pacing parameters associated with LBBaP within the single vessel lesions.

Previous studies reported that CAD might heighten the risk of the capture threshold increase, which was consistent with our
findings [11,37]. Our finding also suggested that diabetes and serum potassium might be associated with capture threshold increase,
which was consistent with previous reports by Peng et al. and Dohrmann et al. [10,35]. In individuals with diabetes, the process of
oxidative stress-induced aging and subsequent demise of myocardial cells leads to the accumulation of interstitial fibrotic tissues and
alterations in myofibrillar proteins, ultimately culminating in myocardial fibrosis and degeneration [49-52]. Therefore, the potential
impact of hyperglycemia on cardiomyopathic mechanisms might theoretically affect the myocardial excitability threshold and sub-
sequently alter the capture threshold. In the hyperkalemia, the pacemaker-generated impulse might be inadequate due to an elevated
myocardial depolarization threshold. This increase in threshold could potentially diminish the myocardium’s response to stimulation
in terms of excitability and conductivity. Consequently, while the pacemaker itself may function normally, the capture threshold might
elevate, possibly leading to ineffective capture of the myocardium and the induction of depolarization [36,53]. Notably, the effect of
AADs on the capture threshold remained controversial due to contradicting reports [7,54-57]. This study also identified no significant
association between AADs and capture threshold, which might be because LBBaP beyond the site of the block and AADs had no impact
on the conduction beneath the his-bundle lead.

4.1. Study limitations
The limitation of this study pertains to its retrospective nature, as it relied on observational data and encompassed a relatively small

patient cohort. To comprehensively examine the influence of varying degrees of stenosis in different vessels on its pacing parameters,
further exploration requires a randomized trial with a larger sample size.

5. Conclusion

Patients without CAD might have safer pacing parameters in the LBBaP procedure. Besides, CAD might be the risk factor of capture
threshold increase during permanent LBBaP implantation.
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