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KEY TEACHING POINTS

� Even if high output cannot capture the His bundle,
there is a possibility that a patient’s posture,
heartbeat, or respiration can affect pacing.

� Intermittent His bundle capture can cause
inappropriate pacing. If intermittent His bundle
capture is seen, the mode and post–atrial pacing
ventricular blanking period of the pacemaker
should be checked.

� Incomplete His bundle capture might not be able to
preserve left ventricular function; therefore, regular
follow-up is needed, and upgrading the pacemaker
to cardiac resynchronization therapy should be
considered proactively.
Introduction
Right ventricular (RV) stimulations of conventional pace-
makers cause ventricular dyssynchrony, in which aberrant
left ventricular (LV) depolarization occurs, leading to LV re-
modeling and abnormalities in systolic and diastolic function,
and can increase the risk of heart failure hospitalizations.1 His
bundle pacing (HBP), a physiological alternative to RV pac-
ing, has been associated with reduction in the combined end-
points of death, hospitalization owing to heart failure, and
upgrade to cardiac resynchronization therapy.2 On the other
hand, the HBP lead is sometimes difficult to place in the
appropriate position. We present a case of inappropriate pac-
ing owing to intermittent His bundle capture in a patient with
a permanent His bundle pacemaker.

Case report
A 77-year-old Japanese woman with a history of myocardial
infarction and permanent atrial fibrillation presented with
dyspnea. Holter electrocardiography (ECG) during a
dyspneic episode revealed complete atrioventricular block
with atrial fibrillation. Transthoracic echocardiography
showed severe hypokinesis of the LV posterior wall of the
left ventricle; therefore, the global LV ejection fraction
decreased to 47%. To avoid deterioration in this ejection frac-
tion owing to RV pacing, we implanted a permanent HBP
pacemaker, not cardiac resynchronization therapy (CRT),
because previous coronary angiography showed that lateral
and posterolateral veins looked too small to accommodate
an LV pacing lead.
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When we informed her of the risk of dislodging with an
HBP lead, she requested back-up owing to her strong symp-
toms. Therefore, we decided to place an RV lead in addition
to an HBP lead. During the procedure, we first indwelled the
RV lead (3830 SelectSecure; Medtronic, Minneapolis, MN)
conventionally. Subsequently, we placed the HBP lead
(3830 SelectSecure; Medtronic, Minneapolis, MN) using a
dedicated delivery sheath (SelectSite - C315 His; Medtronic,
Minneapolis, MN) and checked the His bundle potential. A
unipolar electrogram (EGM) was recorded from the lead tip
and displayed on an electrophysiology recording system
(Bard; Boston Scientific, Lowell, MA) and a Medtronic pac-
ing system analyzer (model 2290). After the lead was fixed at
the His bundle region, the His bundle injury current was re-
corded from this lead. At the end of the procedure, the
HBP lead was connected to the atrial port and the RV lead
to the ventricular port of the permanent pacemaker (Azure
XT DR; Medtronic, Minneapolis, MN). The parameters of
en access article
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Figure 1 a: Pacemaker mode and settings. The pacing mode was AAI,5.DDD, which is almost equivalent to the managed ventricular pacing (MVP) mode
of Medtronic’s pacemaker. “V. Safety Pacing” stands for ventricular safety pacing, which was turned off to avoid inappropriate pacing. The post–atrial pacing
ventricular blanking period was fixed at 80 ms and not adjustable. b: The scheme of back-up pacing for MVP. In this patient, the ventricular sensing (VS) after a
narrowwaveformwas within the blanking period. Therefore, the back-up atrial pacing (AP) and ventricular pacing (VP) appeared according to the interval shown
because the pacemaker misread this as an atrioventricular (AV) block.
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the electrodes were as follows: HBP threshold: 0.25 V / 0.4
ms; HBP sensing: 13.0 mV; HBP impedance: 817 U; RV
threshold: 0.5 V / 0.4 ms; RV sensing: 4.3 mV; RV imped-
ance: 437 U.

We set the pacing mode to managed ventricular pacing
(MVP). This mode provides atrial-based pacing with a
ventricular back-up and may reduce unnecessary RV pac-
ing. Furthermore, if the HBP lead fails to capture, the device
is designed to switch to the DDDR or DDD mode. In addi-
tion, we turned off ventricular safety pacing to avoid inap-
propriate pacing owing to misrecognition of cross-talk
(Figure 1a).



Figure 2 a: A chest radiograph (posteroanterior projection) after implantation of the permanent pacemaker with direct His bundle pacing (HBP). RV5 right
ventricle. b: A 12-lead electrocardiogram (ECG) before the implantation showing atrial fibrillation and a negative T wave in leads I, aVL, and V2 owing to the
previous myocardial infarction. c: A 12-lead ECG after the implantation. The QRS complex showed a left bundle branch block–type morphology and was pro-
longed to 142 ms. In addition, there were QRS notches in leads I and V5–V6.
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After implantation, chest radiograph showed that the HBP
lead was placed in the region of the His bundle (Figure 2a).
The locations of the pacemaker and its leads had not changed
since the procedure was performed. However, a 12-lead ECG
indicated a wide QRS complex with a left bundle branch
block morphology (Figure 2c), which differed from the
morphology before the implant procedure (Figure 2b). This
QRS morphology was suspicious of myocardial-only capture
because of notching in leads I, V1, and V5–V6. Before the pa-
tient’s discharge, she complained of palpitations. Therefore,
we checked the pacemaker and found about 2% RV pacing,
which was inappropriate. Furthermore, an endocardial EGM
indicated that serial narrow pacing waveforms were produc-
ing inappropriate pacing (Figure 3a) and that the conduction
time between the HBP and RV leads was shortened from 85–
90 ms to 50–60 ms when these narrow waveforms occurred.
Therefore, we inferred that the wide pacing waveforms on
EGM, which accounted for the majority of HBP pacing, cor-
responded to the wide QRS complex with the left bundle
branch block morphology and RV septal pacing
(Figure 3b). On the other hand, the narrower pacing wave-
forms on EGM were capturing the His bundle, and had a
shorter conduction time (Figure 3c). This shorter-interval
pacing was suspected as the cause of the palpitations. Though
MVP is designed to recognize the interval within 80 ms after
atrial pacing as a post–atrial pacing ventricular blanking
(PAVB) period, the EGM recorded ventricular sensing
during this period. Serial His bundle captures made the pace-
maker misrecognize RV sensing within the blanking period
as no pulse in the ventricles or as an atrioventricular block,
at which time back-up pacing occurred, with an interval
consistent with back-up pacing of MVP (Figure 1b). This
intermittent His bundle capture occurred regardless of the
pacing amplitude or the pulse width.

As the PAVB period required modification, we changed
the mode of the pacemaker from MVP to DDD, which is de-
signed to shorten this period to 30 ms. After this change, the
pacemaker recognized ventricular sensing correctly, even
when narrow waveforms appeared, without inappropriate
pacing. Three months later, we checked the pacemaker again,
and there was no RV pacing. In addition, the patient’s symp-
toms had disappeared after the shift in the pacemaker mode.

This case report was reviewed by the Institutional Review
Board and informed consent was obtained from the patient.

Discussion
This report, which presents the case of a patient with intermit-
tent His bundle capture resulting in inappropriate back-up
pacing, demonstrates 3 important points.

The first point is related to the HBP lead. We checked both
the His bundle potential while detaining the HBP lead and the
His bundle injury current after fixing the lead, as has been
described in a previous study.3 Therefore, the HBP lead
may have experienced microdislodgement after placement.



Figure 3 a:The endocardial electrogram (EGM) during an inappropriate back-up. Inappropriate back-up pacing necessarily followed serial narrowwaveforms.
The interval of back-up pacing in this case corresponded to the interval of managed ventricular pacing (MVP). Subsequent back-up pacing did not occur because
of right ventricular (RV) pacing after a wide waveform that occurred within 1300 ms. b: Intracardiac conduction of the wide waveforms. Wide waveforms cor-
responded to the left bundle branch block–type morphology of the QRS complex on the 12-lead electrocardiogram and were presumed to represent septal pacing.
The conduction interval between the RV septum and the His bundle was about 40 ms because the interval of the leads with narrow waveforms, which represented
the conduction interval between the His bundle and the myocardium, was 50 ms. c: Intracardiac conduction of the narrow waveforms. The narrow waveforms
were presumed to represent His bundle capture; therefore, the conduction interval between the His bundle and the myocardium was 50 ms, as described. Ap 5
HBP pacing; HB 5 His bundle; HBP5 His bundle pacing; LAF 5 left anterior fascicle; LPF 5 left posterior fascicle; RBB 5 right bundle branch; Vp 5 RV
pacing; Vs 5 RV sensing.
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A 12-lead ECG after implantation suggested that pacing was
a result of myocardial-only capture owing to the presence of
QRS notches in leads 1, V5, and V6 (Figure 2b). Jastrzebski
and colleagues4 have shown that electrocardiographic diag-
nosis of a loss of nonselective His bundle capture can involve
a QRS notch or a slur in these leads, with an R-wave peak
time over 110 ms. High pacing output can sometimes capture
the His bundle5; however, in this case, the His bundle could
not be captured completely regardless of adjusting the pace-
maker. Nevertheless, intermittent His bundle capture
occurred spontaneously, which caused unintentional back-
up pacing. This finding may be explained by changes in the
HBP lead location resulting from the heartbeat or respiration.
The change in the conduction time between the HBP and RV
leads demonstrated that the atrial pacing of the narrow wave-
forms captured the His bundle directly, which shortened the
conduction time between the 2 leads (Figure 3c).

The second point is related to the PAVB period, which
affected this inappropriate pacing. The usual PAVB period
is set to about 40–50 ms.6,7 However, when a pacemaker is
set to MVP, the blanking period is fixed at 80 ms.8 As proof
of this concept, the interval of back-up pacing in this case cor-
responded to that of the atrioventricular block for MVP
(Figures 1b and 3a). In addition, subsequent back-up pacing
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did not occur because RV pacing occurred within 1300 ms
after a wide waveform. Generally, we consider the cross-
talk sensing window and escape from inappropriate ventric-
ular safety pacing. The cross-talk sensing window depends
on the pacemaker manufacturer and is usually set between
95 and 120 ms.9 Because the conduction time between the
HBP and RV leads was under 95 ms, we turned off ventric-
ular safety pacing but did not adjust the PAVB period.

The third point is related to the future treatment protocol
for this patient. Though we adjusted the pacemaker settings,
we could not achieve complete His bundle capture. At 5-year
follow-up of 192 patients in the United States, rates of death
and heart failure hospitalization have been shown to be lower
in an HBP group than in an RV-pacing group.10 Because this
patient had a history of ischemic heart disease and mild
reduction in LV ejection fraction, we chose HBP to preserve
her LV function.11 However, Lustgarten and colleagues12

have reported that the response to CRT is equivalent to
HBP; therefore, we need to consider whether we should pro-
actively upgrade her pacemaker to CRT, especially if her LV
function declines or her heart failure worsens in the future.
There is a case report that HBP and RV leads were simulta-
neously implanted.13

There have been some reports regarding pacemaker issues
related to MVP14 and HBP malfunctions.15 However, to the
best of our knowledge, this is the first report of inappropriate
pacing due to intermittent His bundle capture.

Conclusion
We reported a case of inappropriate pacing due to intermit-
tent His bundle capture in a patient with a permanent His
bundle pacemaker.

Implantation of both HBP lead and RV lead is useful
because the RV lead enables upgrading to CRT and secures
back-up RV pacing if the HBP lead does not work well.
This case reveals the importance of the PAVB period when
implanting both HBP lead and RV lead. Usually, the
PAVB period is not important when a conventional DDD
pacemaker is implanted because the conduction time be-
tween the 2 leads of the pacemaker is much longer than the
PAVB period. However, a permanent His bundle pacemaker
has a shorter conduction time between the 2 leads; therefore,
improper setting of the PAVB period may cause inappro-
priate pacing, such as in this case.

The PAVB period can be determined by the mode of pace-
maker; therefore, both should be focused on, especially when
implanting permanent HBPs.
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