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Purpose: Although feasibility studies have included older patients, specific data for His bundle pacing (HBP) in this population is
scarce. The aim of this study was to evaluate the feasibility and mid-term performance of HBP in the elderly (70 to 79 years old)
versus the very elderly (80 years old and above) patients with conventional indications for pacing.

Patients and Methods: About 105 patients older than 70 years of age with attempted HBP from the 1st of January 2019 to the 31st
of December 2021 were reviewed. Clinical and procedural characteristics were recorded at baseline, and after a mid-term follow-up
period.

Results: The procedural success rate was similar in both age groups (68.49% vs 65.62%). There was no significant difference in
pacing or sensing thresholds, impedance, and fluoroscopy times. For both age intervals, patients with a baseline narrow QRS
maintained a similar QRS duration after pacing, while in patients with a wide QRS, the paced QRS was significantly shorter.
Baseline QRS duration, left bundle branch block morphology, and ejection fraction, were significantly associated with HBP procedural
failure. The mean follow-up period was 830.34 days for the elderly and 722.76 days for the very elderly. After the follow-up period,
both sensing and pacing thresholds were similar between the groups. Compared to the baseline values, there were no significant
changes in both pacing and sensing parameters, irrespective of the age interval. During follow-up, no lead dislodgements were
recorded. There were two cases of significant pacing threshold rise in the elderly (4%) and three cases in the very elderly group
(14.2%) which were managed conservatively, without lead revision.

Conclusion: In elderly and very elderly patients, HBP is a feasible procedure associated with constant pacing and sensing parameters
and with low complication rates over mid-term follow-up.
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Introduction

Cardiac pacing is a life-saving procedure performed worldwide as a routine daily practice. For decades, right ventricular
pacing (RVP) has been the “gold standard” of myocardial pacing for bradyarrhythmias. Unfortunately, increasing
scientific data has shown that conventional RVP is associated with a significant decline in left ventricular function as
a result of electrical and mechanical dyssynchrony, a condition termed pacing-induced cardiomyopathy.' Most studies on
this topic identified the paced QRS duration and the burden of ventricular pacing as major factors in pacing-induced
cardiomyopathy development.”

Consequently, several alternatives to conventional RVP have been studied and amongst them, His bundle pacing
(HBP), which promotes biventricular depolarization using the specialized cardiac conduction system, emerged as the
most physiological option. This procedure gained significant popularity after the development of dedicated delivery
tools.” Comparative studies have proven the superiority of HBP over RVP in terms of death and hospitalizations for heart
failure.* Also, randomized studies showed noninferiority of HBP compared to biventricular pacing in patients with heart
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failure and left bundle branch block (LBBB).” The key feature of HBP, compared to any other pacing method is a very
narrow QRS complex, which minimizes one of the risk factors for heart failure, as explained above.

Since more than 80% of all pacemakers are implanted in patients above 65 years of age, and up to 14% are implanted
in patients older than 85 years of age, mostly in the setting of sinus node disease or atrioventricular (AV) block, there is
a justified question about the benefit of HBP in the elderly.® Conduction system disorders seen in the elderly develop
mostly due to age-related degenerative changes and idiopathic fibrosis, but also secondary to comorbidities (ischemic
disease, both acute and chronic, infiltrative disease, collagen vascular disease, neuromuscular disease, endocarditis,
surgical or interventional trauma, adverse effects of different therapies).” Aging leads to varying degrees of degenerative
changes and calcification in the region of the central fibrous body, affecting the AV node, His bundle, as well as the
proximal right or left bundle.®

Although feasibility studies have included older patients, specific data for HBP in this population is scarce.
Furthermore, there is a general concern for high-pacing thresholds and for the progression of conduction disease beyond
the pacing site, which may lead to a significant progressive rise in capture thresholds over time.

The aim of this study was to evaluate the feasibility and mid-term performance of permanent HBP in the elderly (70
to 79 years old) versus the very elderly (80 years old and above) patients with conventional indications for cardiac pacing

(bradyarrhythmias or electrical resynchronization therapy).

Materials and Methods
Study Design

This was an analytical, retrospective study with data collected from a single center.

Patient Selection

Consecutive patients over 70 years old, who underwent an attempt at permanent HBP, either for bradycardia indications
or for electrical resynchronization therapy, between the Ist of January 2019 and the 31st of December 2021 in the
Cardiac Pacing Laboratory of the Brasov County Clinical Emergency Hospital in Romania, were analyzed for eligibility.
Patients without a clearly identified intraprocedural His bundle electrocardiogram (HBE) were excluded. In the end, 105
patients were included in the study. According to their age, the patients were divided into two groups: the elderly group
(7079 years old) and the very elderly group (80 years old and above).

The demographic and clinical characteristics of the patients were recorded at baseline.

Pacing Procedure

The protocol used for HBP at our institution was the following: the C315 His catheter (Medtronic, Minneapolis, MN,
USA) with the Select Secure 3830 lead (Medtronic, Minneapolis, MN, USA) inside were advanced at the level of the
anteroseptal tricuspid annulus (Figure 1A). The HBE was identified using unipolar mapping (Figure 1B) and, at that site,
pacing at different amplitudes was performed to evaluate His bundle capture. If the HBE could not be identified after
a maximum of ten minutes of fluoroscopy or the His bundle capture threshold was higher than 2 Volts at 1-ms pulse
duration, the HBP procedure was abandoned and other pacing options were considered.

In patients with baseline narrow QRS complexes, selective HBP was defined as a paced QRS complex and an ST-T
interval identical to the baseline morphologies and an isoelectric line between the pacing artifact and the beginning of the
QRS complex. Non-selective HBP was defined as a lack of isoelectric line after the pacing artifact, with a “pseudo-delta”
aspect at the beginning of the QRS complex and a transition with decremental pacing amplitude from non-selective HBP
to either selective HBP or pure myocardial capture (Figure 1C).°

In patients with baseline-wide QRS complex, successful His bundle capture was considered when there was
a correction of the bundle branch block or the paced QRS complex duration was lower than 130 ms.

In successful HBP cases, no ventricular backup leads were implanted.

Procedural pacing and sensing thresholds, as well as the fluoroscopy times, were recorded.
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Figure | (A) Posteroanterior fluoroscopy image showing the final placement of a pacing lead in the right atrial appendage and a pacing lead at the level of the His bundle; (B)
intraprocedural tracing during a 2:1 suprahisian AV block revealing the His bundle electrogram (*); (C) intraprocedural electrograms during His bundle capture threshold
testing demonstrating the transition (marked by the black arrow), between non-selective and selective His bundle pacing.

Follow-Up
The follow-up visits after the procedure were performed in the outpatient clinic at 1,3 and 6 months, and then every 6
months. Sensing and pacing thresholds, as well as late complications, were recorded during follow-up.

Statistical Analysis

Continuous data were presented as mean + one standard deviation and categorical data as frequencies and percentages.
All study groups were assessed for the normality of data distribution. For samples with normally distributed population
data, parametric tests like the #-test for independent or dependent groups were used to compare means. Otherwise, the
comparison of means was performed using the Mann—Whitney U-test for independent groups or the Wilcoxon test for
dependent groups. The association between continuous and dichotomous variables was assessed using binomial logistic
regression. A 95% confidence interval was considered for all tests and a p < 0.05 was interpreted as statistically
significant.

Statistical analysis was done using the SPSS software v 26.0 (IBM, Armonk, NY, USA).

Ethical Aspects
The study received approval from the institutional ethics committee and was conducted according to the recommenda-
tions of the Declaration of Helsinki.

Prior to the cardiac pacing procedure, all patients were informed and provided written consent.

Results
The baseline characteristics of the patients are shown in Table 1.

The main indication for cardiac pacing in both groups was AV nodal dysfunction in the form of AV block, slow-
conducting atrial fibrillation, and the pace-and-ablate strategy (72.6% in the elderly and 56.25% in the very elderly
group). There was no significant difference between the two groups in terms of baseline QRS duration (p = 0.297),
ejection fraction (p = 0.834), New York Heart Association (NYHA) functional class (p = 0.152), and estimated
glomerular filtration rate (p = 0.840). There were similar percentages of LBBB and right bundle branch block (RBBB)
patterns, but a higher prevalence of atrial fibrillation in the very elderly group.

Procedural Characteristics
All the procedural characteristics are presented in Table 2.

The procedural success rate was similar in both age groups (68.49% vs 65.62%). The reason for procedural failure
was His bundle capture at unacceptably high thresholds. In successful cases, there was no significant difference in pacing
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Table | Baseline Patient Characteristics

Comorbidities (N, %)
Atrial fibrillation

Medical treatment (N, %)
Beta-blockers

Angiotensin-converting enzyme inhibitors

20 (27.4%)

57 (78.08%)
68 (93.15%)

70-79 Years 80+ Years
N 73 32
Age (years, mean * SD) 74.67 +2.94 82.19 + 2.08
Male sex (N, %) 43 (58.9%) 18 (56.3%)
Pacing indication (N, %)
Sick sinus node disease 6 (8.22%) 8 (25%)
Atrioventricular block 42 (57.53%) 10 (31.25%)
Resynchronization therapy Il (15.07%) 5 (15.62%)
Pace and ablate 2 (2.74%) 2 (6.25%)
Pacing-induced cardiomyopathy 3 (4.11%) 1 (3.13%)
Slow-conducting atrial fibrillation 9 (12.33%) 6 (18.75%)
QRS duration (msec, mean + SD) 119.97 + 36.03 127.81 + 36.09
Normal QRS (N, %) 41 (56.2%) 17 (53.1%)
Left bundle branch block (N, %) 21 (28.8%) 9 (28.1%)
Right bundle branch block (N, %) Il (15.1%) 6 (18.8%)
Ejection Fraction (%, mean £ SD) 48.75 £ 14.20 46.42 £ 15.99
NYHA functional class (mean + SD) 149 + 0.83 1.72 £ 0.81
Estimated Glomerular Filtration Rate (mL/min, mean + SD) 61.17 + 18.39 60.30 + 21.75

19 (59.37%)

Diabetes mellitus 23 (31.5%) 12 (37.5%)
Hypertension 69 (94.52%) 31 (96.9%)
Ischemic cardiomyopathy 27 (36.98%) 9 (28.1%)
Renal insufficiency 19 (26.03%) 12 (34.4%)
Obstructive lung disease 1 (1.37%) 3 (9.37%)

30 (93.8%)
28 (87.5%)

Mineralocorticoid receptor antagonists 15 (20.55%) 13 (40.6%)
ARNI 2 (6.3%) 4 (12.5%)

iSGLT2 5 (15.6%) 5 (15.62%)
Anticoagulants 23 (31.5%) 12 (37.5%)

Abbreviations: SD, standard deviation; NYHA, New York Heart Association; ARNI, angiotensin

inhibitor; iSGLT2, Sodium-glucose cotransporter type 2 inhibitors.

Table 2 Procedural Characteristics

receptor-neprilysin

Procedural Parameters 70-79 Years 80+ Years p-value
Procedural success (N, %) 50 (68.49%) 2| (65.62%)

Paced QRS duration (ms, mean + SD) 97.5 +21.34 101.2 £ 21.5 0.509
Sensing threshold (ms, mean * SD) 424 + 2.65 439 +2.38 0.823
Pacing threshold (V, mean * SD) 1.14 £ 0.64 1.17 £ 0.62 0.866
Selective capture (N, %) 25 (50%) 7 (33.3%)

Impedance (Ohm, mean + SD) 447.56 *+ 100.52 460.10 + 95.09 0.628
Fluoroscopy time (min, mean + SD) 8.85 + 8.21 11.52 + 8.07 0.213

Abbreviation: SD, standard deviation.

threshold, sensing threshold, impedance, and fluoroscopy time. In the elderly group, selective HBP was achieved more
frequently.

The paced QRS complex duration was non-statistically different between the study groups. Also, for both age
intervals, patients with a baseline narrow QRS complex maintained a similar QRS duration after pacing, while in patients
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Figure 2 Comparison of QRS duration between baseline and postprocedural values.
Abbreviations: LBBB, left bundle branch block; RBBB, right bundle branch block.

with a wide QRS complex, irrespective of the baseline bundle branch block morphology, the paced QRS was
significantly shorter (Figure 2).

In the next step, the association between several patient characteristics and permanent HBP outcome was evaluated
using binary logistic regression. Of all the parameters studied, baseline QRS duration, LBBB morphology, and ejection
fraction were significantly associated with HBP procedural failure (Table 3).

Table 3 Logistic Regression Analysis Between Patient Characteristics
and HBP Failure

Parameters OR 95% C.I. p-value
Male sex 0.665 0.286-1.547 0.343
Age (years) 0.994 0.905-1.091 0.898
Baseline QRS duration (ms) 1.028 1.015-1.043 <0.001
Ejection Fraction (%) 0.951 0.923-0.979 0.001
LBBB morphology 2.750 1.078-7.012 0.034
RBBB morphology 1.714 0.536-5.482 0.363
Atrial fibrillation 0.546 0.197-1.519 0.247

Abbreviations: HBP, his bundle pacing; LBBB, left bundle branch block; RBBB, right
bundle branch block.
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Table 4 Follow-Up Parameters for the Two Study Groups

Follow-Up Parameters

70-79 Years

80+ Years

p-value

Follow-up period (days, mean * SD) | 830.34 *+ 420.22

Death during follow-up (N, %) 6 (12%)
Sensing threshold (ms, mean * SD) 3.66 = 2.25
Pacing threshold (V, mean + SD) 1.15 £ 0.66

72276 + 428.17
8 (38.1%)

398 + 1.96
127 + 059

0.250

0.587
0.490

Abbreviation: SD, standard deviation.

Follow-Up

The mean follow-up period was non-statistically different for the two age groups. Six patients (12%) died in the elderly

and 8 patients (38.1%) in the very elderly group during follow-up due to causes unrelated to the procedure. At the last

follow-up visit, both sensing and pacing thresholds were similar between the groups (Table 4).

Compared to the baseline values, at the end of the follow-up period, there were no significant changes in both pacing

and sensing parameters, irrespective of the age interval (Figure 3).

Pacing threshold (V at 1 ms pulse duration)

3.00
P =0.27
2.50
2.00
1.50
X
1.00

9.00 =0.91

2.00 _L

Elderly

P =0.55

Sensing threshold (ms)

P =0.59

Very Elderly

Figure 3 Comparison of periprocedural and follow-up pacing and sensing thresholds.
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Complications

A significant postprocedural pocket hematoma was noted in three elderly patients and in two very elderly patients. All patients

were under anticoagulant treatment and fortunately, all were managed conservatively. One case of large postprocedural

pericardial effusion was encountered in the elderly group, which was drained percutaneous, without further recurrences.
During follow-up, no lead dislodgements were recorded. There were two cases of significant pacing threshold rise in the

elderly (4%) and three cases in the very elderly group (14.2%) which were managed conservatively, without lead revision.

Discussion

The main findings of this study were that: (i) there was no statistical difference in permanent HBP procedural
characteristics, and no statistical difference in follow-up parameters between the elderly and very elderly groups, and
(ii) there was no difference between the baseline and follow-up parameters in the two age groups.

Previous feasibility studies for HBP showed an overall success rate of around 80%, which was reduced to 70% for patients
with a wide baseline QRS complex.'” The patient characteristics in those multicenter studies were similar to the ones we
reported in the present study. Over half of the patients were implanted for AV block or slowly conducted atrial fibrillation and
40% of the patients had a QRS complex larger than 120 ms. The particularities of our HBP technique were lower implemented
procedural parameter cut-off values regarding both pacing thresholds and fluoroscopy times (2 V and 10 min, respectively).
These aspects accounted for the better parameter values recorded in our study and probably explained in part the reduced
procedural success compared to previous studies.

Non-selective HBP was more frequently achieved in the very elderly group. This was a result of a more distal
placement of the lead, on the ventricular side of the His bundle, due to the concern of conduction disease progression in
this age group, with a risk of His bundle capture malfunction. If this situation had occurred, the lead would act as its own
backup by maintaining myocardial septal capture.

Two randomized studies evaluated the benefit of HBP compared to biventricular pacing in patients with heart failure
and LBBB.>!! In these studies, successful HBP, defined as a significant reduction in the QRS duration was achieved in
52% and 72% of patients, respectively. In our study, both baseline ejection fraction and LBBB morphology were
significantly associated with procedural failure. Interestingly, although intrinsic QRS duration was significantly asso-
ciated with procedural outcomes, apparently this was determined only by an LBBB morphology since baseline RBBB
morphology had no impact on final procedural success. In failed procedures, LBBB may be a marker of a more distal
conduction disease, which cannot be corrected by HBP. On the other hand, a lower ejection fraction is usually associated
with modified cardiac anatomy, such as enlarged ventricles and atria, displacing the His bundle and thus, making it more
difficult to reach and capture.

It is a known fact that HBP is the technique associated with the narrowest-paced QRS complex, superior to both left
bundle branch pacing and biventricular pacing.'> The explanation for this phenomenon is the concomitant activation of
both ventricles through the specialized conduction system. Existing data has shown that, in a significant percentage of
patients, HBP can correct both LBBB and RBBB morphologies due to the capture and activation of fibers beyond the site
of the bundle branch block.'> The findings of our study supported these observations. Patients with a baseline narrow
QRS complex maintained the same QRS duration, while patients with wide baseline QRS (irrespective of the morphol-
ogy) had a significantly lower QRS in both age groups.

One of the concerns regarding permanent HBP is the possible increase in capture threshold over time. Previous
studies reported an increase in the pacing threshold to higher than 2.5 V in up to 27% of the patients and loss of His
bundle capture in 7.6% of the patients.'* One of the few existing data on HBP feasibility in octogenarians and
nonagenarians yielded threshold rises at 6-month follow-up occurring in 7% of the patients.'” In our study, both pacing
and sensing thresholds were stable over time. There were no lead dislodgments recorded. Only 4% of the patients in the
elderly group and 14.2% of the patients in the very elderly group had a threshold rise above 2.5 V, but none of them led
to the interruption of HBP as the matter was resolved by device reprogramming. We believe that the lower incidence of
threshold rise in our study was explained by the initial excellent pacing thresholds, which suggested adequate fixation of
the lead in the conduction system, a very important endpoint since we did not use any ventricular backup leads.
Furthermore, especially in patients over 80 years of age, a higher pacing amplitude leading to faster battery depletion
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is of less concern than in younger patients since it may anyway possibly exceed their life expectancy. There were five
cases in total of postprocedural pocket hematomas in anticoagulated patients, with no infections occurring during follow-
up. This complication was expected since older age is associated with a higher risk of bleeding and due to the fact that we
usually performed the procedures under uninterrupted vitamin K antagonist treatment with an International Normalized
Ratio value of 2 to 2.5, or with the withdrawal of direct oral anticoagulants for 24 hours prior to the procedure and
resumption the day after. All cases were managed successfully with local compressive bandages.

To our knowledge, this is the only study that reported the mid-term performance of His bundle leads specifically in the
elderly population. An important limitation of long follow-ups in studies involving old patients is the significantly reduced life
expectancy in these age groups, especially over 80 years. Also, a limitation of this study was the retrospective nature of data
collection from a single center, which limits the strength of the evidence. We included only patients with an identified His bundle
electrogram. In a prospective setting, probably with the preferential use of, the now available, deflectable delivery catheters and
a more flexible procedural technique, the localization of the His bundle and consequently the success rates could be different.

The key point of this study evaluating elderly and very elderly patients is that, once His bundle capture is achieved
with low pacing thresholds, the risk of future complications that would lead to HBP interruption is low, at least in the
medium term. This alleviates the need for a backup ventricular pacing lead, which increases the procedural costs and risk.
Given the higher percentage of comorbidities in this group and the structural modifications of the heart associated with
aging, conventional RVP could accelerate the decline in left ventricular function, making physiological pacing an
attractive and feasible option in these patients.

Conclusions
In elderly and very elderly patients, HBP is a feasible procedure associated with constant pacing and sensing parameters,
as well as with low complication rates over a mid-term follow-up.
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