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Case Report: A leadless and
endovascular pacemaker
teamwork
Sarah Zeriouh, Vasileios Sousonis, Roberto Menè, Serge Boveda,
Quentin Voglimacci-Stephanopoli and Stéphane Combes*

Heart Rhythm Management Department, Clinique Pasteur, Toulouse, France

Background: Cardiac Implantable Electronic Device infections increase short- and
long-term mortality, along with healthcare costs. Leadless pacemakers (PM) were
developed to overcome pocket- and minimize lead-related complications in
selected high-risk patients. Recent advancements enable leadless devices to
mechanically detect atrial activity, facilitating atrioventricular (AV) synchronous
stimulation.
Case summary: A 90-year-old woman, implanted with a dual-chamber
pacemaker eight years ago due to sinus node dysfunction, presented with
syncope. A diagnosis of complete AV block, in the setting of ventricular lead
dysfunction was made. Due to a high risk of infection, the patient was implanted
with a leadless PM capable of maintaining AV synchrony in VDD mode
(MICRATM model MC1AVR1). The transvenous PM was programmed to AAI-R
mode to drive the atria, which, in turn, triggered the leadless PM to stimulate
the ventricles. At six month follow-up, the AV synchrony rate was 85%.
Conclusion: The combination of classic atrial pacing with leadless ventricular
stimulation can be used in high-risk patients to reduce the risk of complications,
in the setting of ventricular lead dysfunction. In this manner, AV synchrony can
be maintained, improving hemodynamic parameters and quality of life. Low
sinus rate variability at rest is essential to achieve a high AV synchrony rate in
such cases.
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1. Introduction

Cardiac Implantable Electronic Devices (CIEDs) reduce morbidity and mortality in

appropriately selected patients. These benefits may be mitigated by complications such as

infections, that increase short- and long-term mortality along with healthcare costs (1).

Several risk factors for CIED-related infections have been identified and include: age, the

lack of antibiotic prophylaxis, diabetes, renal impairment, the use of corticosteroids and

early reinterventions (2). Leadless pacemakers (PM) were developed to overcome pocket-

and minimize lead-related complications. In order to preserve atrioventricular (AV)

synchrony, recent models are equipped with an accelerometer-based atrial sensing

algorithm. In this case report, we present a patient at high risk of infection,

with complete AV block due to dysfunction of a ventricular pacing lead, in whom AV

synchrony was achieved with the combination of a MICRA AV and a transvenous

dual-chamber PM.
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FIGURE 1

Electrocardiogram showing spontaneous P wave activity followed by unipolar ventricular stimulation spikes that most of the times are ineffective (blue
arrows) and rarely result in ventricular capture (green arrows).
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2. Case description

A 90-year-old woman presented to the Emergency Department

for syncope. Her past medical history included a moderate chronic

kidney disease and the implantation of a dual-chamber PM for

symptomatic sinus node dysfunction eight years prior to her

presentation. Of note, PM implantation was complicated by an

early displacement of the ventricular lead, necessitating a

reintervention on the first day following the procedure. At her
FIGURE 2

Procedural fluoroscopy images showing leadless PM’s position at the level of th
anterior oblique; LAO, left anterior oblique.

Frontiers in Cardiovascular Medicine 02
admission, the patient was confused and hypotensive with a

blood pressure of 89/56 mmHg and a heart rate of 35 beats per

minute. Physical examination revealed no signs of heart failure

or heart murmurs. Laboratory results showed a potassium level

of 5,6 mmol/L (normal ranges 3,5–5,0 mmol/L), a glomerular

filtration rate of 38 ml/min and a C-reactive protein of 7,6 mg/L

(normal ranges < 5 mg/L). The electrocardiogram revealed a

complete AV block due to intermittent loss of capture of the

ventricular lead (Figure 1). Echocardiography showed a
e lower interventricular septum, just before device deployment. RAO, right
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FIGURE 3

Electrocardiogram showing unipolar atrial stimulation by the transvenous pacemaker followed by a ventricular spike generated by the leadless pacemaker
that leads to ventricular capture with a fixed atrioventricular delay, resulting in atrioventricular synchrony. One ventricular and one atrial ectopic beat are
also present.
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preserved right and left ventricular systolic function, without

significant heart valve disease. The interrogation of the PM

revealed an elevation of the ventricular stimulation threshold

(3,5 V at a pulse width of 0,5 ms), compared with 0,7 V at a

pulse width of 0,5 ms three months ago, along with a ventricular

sensing at 8 mV and a stable impedance of 480 ohms.

Corresponding parameters for the atrial lead included a

stimulation threshold of 0,6 Volts at a pulse width of 0,5 ms, a

sensing of 0,4 mV and an impedance of 420 ohms. Battery’s

longevity was estimated at three years. Chest x-ray did not show

any macroscopic lead fracture or displacement. Based on the

above, the diagnosis of a syncope due to complete AV block in

the setting of ventricular lead dysfunction was made.

As the risk of CIEDs-related infection was high, with a

calculated PADIT score at 7, representing a subsequent rate of

hospitalization for device infection of 2.82% at one year, the

patient was implanted with a leadless PM capable of maintaining

AV synchrony in VDD mode (MICRATM AV model MC1AVR1,

Medtronic, MN, USA). The device was implanted at the level of

the lower interventricular septum, as shown in Figure 2, since

the mid-septum was difficult to access. During the implantation

procedure, while performing the leadless stimulation threshold

testing, no atrial retrograde conduction was observed. The

transvenous PM was programmed to an AAI-R mode. With

these settings, the transvenous PM was responsible for rate-

responsive atrial stimulation, while the leadless PM allowed for
Frontiers in Cardiovascular Medicine 03
atrial triggered ventricular stimulation (Figure 3). At day one

after implantation, a chest x-ray showed no signs of displacement

(Figure 4) and the leadless PM interrogation revealed satisfying

parameters: stimulation threshold of 0,25 volts at a pulse width

of 0,24 ms and an impedance 870 ohms. The patient was

discharged one day after implantation. During follow-up, the

electrocardiogram and device interrogation revealed stable

stimulation parameters with an AV synchrony rate of 88% at one

month (Figure 5) and 85% at six months (Table 1). An AAI-R

mode setting was maintained for the transvenous PM. The

patient had no perioperative or short-terms complications.
3. Timeline
TABLE 1 Timeline.
Time point
 Event

15/11/2014
 Transvenous dual chamber PM implantation
16/11/2014
 Early ventricular lead displacement. Ventricular
lead repositioning.
12/01/2023
 Admission at the Emergency Department
for syncope due to ventricular loss of capture.
13/01/2023
 MICRATM AV implantation
14/01/2023
 Chest x-Ray and device interrogation.
Hospital discharge.
21/02/2023
 Device interrogation; AV synchrony rate: 88%.
16/06/2023
 Device interrogation; AV synchrony rate: 85%
frontiersin.org
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FIGURE 5

MICRATM AV window. Lead DI shows a sharp and high-amplitude signal that corresponds to the atrial pacing stimulus. An atrial mechanical event is sensed
during the A3 (passive ventricular filling phase)/A4 (active ventricular filling) window, marked as AM on the stip. After the predefined atrioventricular delay,
the pacing stimulus is delivered (VP). The amplitude of the recorded atrial signal has been automatically decreased to adapt to the sensing of the high
amplitude far-field atrial pacing stimulus. Nevertheless, the atrial activity is well recognized by the accelerometer and the resulting atrioventricular
synchrony is effective. VE, defines the end of the A3 window; AM, presumed atrial mechanical contraction (A4 signal/A-wave); VP, ventricular pacing.

FIGURE 4

Post-procedural chest x-Ray showing a dual chamber transvenous pacemaker and aMICRATMAV leadless pacemaker implanted at the interventricular septum.
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4. Discussion

Infection is one of the most threatening CIEDs complications,

significantly increasing morbidity, mortality and healthcare costs (3,

4). Infection rates are known to be higher with device replacement
Frontiers in Cardiovascular Medicine 04
procedures (5). Among others risk factors, early reintervention is also

associated with an increased risk of infection (OR15.04; 95% CI, 6.7 to

33.73) (2). Renal insufficiency, even when moderate (GFR ≤60 cc/
min/1.73 m2), dramatically increases the risk of infection (6). Recent

technological advances introduced the use of leadless PMs. Their
frontiersin.org
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mainadvantage is theabsenceof a subcutaneouspocket and transvenous

leads, resulting in a very low rate of device-related infections (7).

Originally, these devices where only able to sense and stimulate the

right ventricle (i.e., VVI mode) (8). The potential benefits of atrial

pacing in patients with sinus node dysfunction, as well as the

recognized benefits of AV synchrony mandated further development

of leadless PMs. Atrioventricular synchrony decreases the incidence of

pacemaker syndrome, improves stroke volume and positively

influences functional status and quality of life of patients with AV

block (9–11). Recently, the second-generation of the most widely used

leadless PM, the MICRATM AV model MC1AVR1 (Medtronic, MN,

USA) was introduced to widen the spectrum of patients who qualify

for leadless pacing. This device provides contactless atrial sensing and

allows for AV synchronous ventricular stimulation in VDD mode.

Atrial sensing relies on mechanical detection of the atrial contraction

via an integrated accelerometer-based sensor. Atrioventricular

synchrony in early short-term feasibility studies ranged from 60%–

90%, even though it was heavily dependent on patient’s activity level

and intrinsic AV conduction (12, 13). A recent study showed that a

high AV synchrony rate can be predicted by an E/A ratio < 0.94 and a

low sinus rate variability at rest (standard deviation of successive

differences of P-P intervals < 5 bpm) (14).

The patient presented in this casewas a fragile 90-year-old woman,

initially implantedwith a dual chamberPMfor sinusnode dysfunction,

who subsequently developed a complete AV block. She had several risk

factors for device related infection: a history of early device

reintervention, a ventricular lead dysfunction and renal impairment.

We therefore decided to implant a leadless PM programmed in a

VDD mode to minimize the risk of device infection while, at the

same time, preserving AV synchrony. The AV synchrony rate was

satisfying at 88% at one month follow-sup, and 85% at 6 months The

relative stable atrial stimulation by the transvenous PM in AAI-R

mode in a patient with a low level of physical activity seems to

account for the observed high level of AV synchrony.
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