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RESUME

INTRODUCTION: Les stimulateurs cardiaques conventionnels se sont imposés comme le traitement de
référence des bradycardies symptomatiques et des troubles conductifs irréversibles. 1ls sont néanmoins
sujets aux complications liées au boitier et aux sondes. Plusieurs études ont montreé 1’efficacité et la
sécurité de la stimulation cardiaque sans sonde comme alternative aux pacemakers conventionnels.

L’objectif de I’¢tude était de rapporter ’expérience d’un centre a haut volume d’implantation.

METHODES: Cette étude observationnelle rétrospective a inclus les 300 premiers patients ayant
bénéficié d’une tentative d’implantation d’un stimulateur cardiaque sans sonde au CHRU de Tours
depuis juillet 2015. Durant le suivi, les évenements évalues étaient les complications post-opératoires
précoces et tardives, ainsi que les parameétres électriques. Ceux-ci étaient recueillis aprés consultation des
dossiers médicaux ou apres entretien téléphonique avec le patient ou les membres de sa famille et ce

jusqu’en mai 2021.

RESULTATS: La principale indication d’implantation était la fibrillation atriale associée a un trouble
conductif atrio-ventriculaire. Le taux de succés d’implantation était de 99,3%. Le seuil de stimulation est
resté stable et <2V chez 97,3% des patients. Aprés une durée moyenne de suivi de 420 jours, le taux de
complication était de 8,6%, dans les 30 jours post-implantation dans 62% des cas. Aucune infection du
systéme n’a été notée. Le diabéte et I’implantation lors de I’expérience initiale du centre étaient
indépendamment associés a un taux de complications plus éleve, passant de 15,6% avant le 65eme cas a
3,4% au-dela. La survenue d’une complication précoce était indépendamment associée a une mortalité 3

fois plus élevée au cours du suivi (p=0,002).

CONCLUSIONS: L’implantation d’un stimulateur cardiaque sans sonde est une alternative sdre et
efficace a la stimulation conventionnelle. L’existence d’une courbe d’apprentissage, et I’impact des
complications péri-opératoires sur leur pronostic souligne I’importance de référer les patients a des

centres a haut volume d’implantation.

Mots clés: stimulation cardiaque sans sonde, complications péri-opératoires, courbe d’apprentissage
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ABSTRACT

INTRODUCTION: Permanent cardiac pacing is the standard therapy for irreversible conduction
disorders. However, transcatheter pacing systems are subject to lead and pocket linked-complications.
Several studies have shown the efficacy and safety of leadless cardiac pacing as an alternative to
conventional pacing. The aim of this study was to report the experience of a high-volume implantation

center.

METHODS: This observational retrospective study has included the first 300 patients who underwent an
implantation attempt of a leadless pacemaker at the Tours University Hospital since July 2015. During
follow-up, early and late postoperative complications as well as electrical parameters were evaluated.
These were collected by a review of hospital records, local physicians’ consultation reports and by phone

interviews of patient or family members until May 2021.

RESULTS: The main indication for pacing was atrial fibrillation associated with an atrioventricular
bloc. Implantation success rate was 99.3%. The pacing threshold remained stable and <2V in 97.3% of
patients. After a mean follow-up time of 420 days, the complication rate was 8.6%, within 30 days of
implantation in 62% of cases. No Micra infection was noted. Diabetes and initial implantation experience
were independently associated with a higher complication rate, from 15.6% before the 65th case to 3.4%
beyond. The occurrence of an early complication was independently associated with a 3-fold all-cause
mortality (p=0.002).

CONCLUSIONS: Leadless cardiac pacing implantation is a safe and effective alternative to
conventional pacing. The existence of a learning curve and the impact of perioperative complications on

prognosis emphasize the importance of referring patients to high-volume centers.

Key words: leadless cardiac pacing, peri-operative complications, learning curve
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ABBREVIATIONS

AF: Atrial fibrillation

AV: Atrio-ventricular

COPD: Chronic obstructive pulmonary disease

EKG: Electrocardiogram

HR: Hazard Ratio

IDE: Investigational Device Exemption

MRI: Magnetic Resonance Imaging

OR: Odds Ratio

PCT: Pacing Capture Threshold

PICM: Pacing-induced cardiomyopathy

TM: Trademark

TPS: Transcatheter Pacing System

TV-PPM: Transvenous Pacemaker
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INTRODUCTION

Permanent cardiac pacing is the standard therapy for irreversible conduction disorders, improving the
lives of countless patients with benefits on morbidity and mortality.

Conventional pacing systems consist of a pulse generator inserted below the clavicle in a subcutaneous
pocket, and one or more leads advanced towards the right-sided heart through supra-caval venous

system, delivering the pacing therapy.

Despite being effective, these two components are prone to complications, the majority of which occur in
the short-term following implantation.(1) In fact, up to 12 % of patients are exposed to these adverse
events.(2) The weakest link in this conventional system remains the transvenous lead, which placement
may be complicated with dislodgment, infection, cardiac perforation, pneumothorax and failure. (3,4)

Pocket complications include hematoma, skin erosion, which may lead to infection.

Over the past few years, leadless pacemakers - the Micra Transvenous Pacing System (Medtronic Inc,
Minneapolis, MN, USA) is the only system approved on the market - have been developed to avoid the
aforementioned complications. (5) It consists in a small cylindrical capsule implanted directly into the

right ventricle through a femoral venous approach.

This device has shown a high implant success rate along with excellent electrical parameters.(6) In
addition, very low rates of pericardial effusion, groin puncture complications, infections and
dislodgments were observed in early and late investigational studies. (7,8) These results were also
confirmed in the real-world settings, thereby reducing the rate of major complications up to 63 %
compared with traditional pacing systems.(9,10)

In this study, we present a 6-year Micra implantation experience in the CHRU of Tours, assessing the
safety and efficacy of this procedure in our center. We sought to evaluate implantation of leadless
pacemakers in a very-high volume experienced center, and the impact of experience on peri-operative

complications, hence the existence of a learning curve.
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METHODS

Patient characteristics and study design

This observational retrospective single center study has included the first 300 patients with a Micra TPS

implantation attempt, since July 2015, in our cardiology department.
Baseline characteristics were collected after consulting medical records on date of admission.

Patient consent was not sought. Written informed consent was, however, obtained for all patients
undergoing Micra implantation. The study was conducted retrospectively, patients were not involved in

its conduct, and there was no impact on their care.

Procedure

The Micra (Medtronic, Minneapolis, MN, USA) is a leadless intracardiac pacing system.

It’s about the tenth the size of a conventional pacemaker.

The first generation of Micra (VR) delivers VVI(R) pacing, whereas the second generation (AV) has the
potential to provide AV synchronous pacing triggered by mechanical atrial contraction sensing.

All of its components are MRI compatible.

It is implanted through a femoral venous using a 23-F internal diameter/ 27-F outer diameter introducer,
and advanced through the tricuspid valve to the right ventricular septum with a steerable catheter. The
procedure is realized under fluoroscopic control.

If the measured electrical parameters (impedance, pacing capture thresholds, and R-wave amplitude) are
adequate, the tethers are cut from the outside, withdrawn and the Micra TM is finally released.

Patients were generally discharged 24 hours after the implantation, during which they were continuously
monitored with telemetry, after checking the EKG, chest X-ray, puncture site, and the absence of

pericardial effusion.
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Follow-up

After Micra implantation, patients and device status were systematically reported respectively at
discharge, at 1 month, then at least once a year, and data were censored at the time of last known follow-

up.
Outcomes

Freedom from adverse events for safety, and pacing capture threshold for efficacy were evaluated.

Early and late complications were collected by a review of hospital records, local physicians’
consultation reports and by phone interviews of patient or family members until May 2021.

Pacing capture thresholds were collected at each consultation at the CHRU of Tours, and have been

recovered from the referring cardiologist when the patients were followed elsewhere.

Statistical analyses

All analyses were performed using JMP software version 9.0 (SAS Institute Inc., Cary, NC, USA).
Continuous data were presented as mean + standard deviation if normally distributed, median
(interquartile range; min-max) if not. Categorical data were reported as frequencies and percentages.
Comparisons used the y2 or Fisher’s exact test for categorical variables and Student’s t test or Mann—
Whitney-Wilcoxon test, when appropriate, for continuous variables. The main confounding factors were
first tested in univariable analysis, and parameters with an apparent association with the assessed
outcome (p-value <0.10) were selected for analyses in a multivariable model. Categorical parameters
derived from continuous numerical variables were determined using receiver operating characteristic
(ROC) curves analyses to obtain accurate cutoff values. Logistic regression was performed to identify the
factors independently associated with peri-operative complications. A Cox proportional hazard model
was used to assess the factors independently associated with long-term mortality. Survival curves were
calculated using the Kaplan-Meier method, and a log-rank test was used to evaluate overall differences

between groups. A two-tailed p-value <0.05 was considered statistically significant.
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RESULTS

Baseline characteristics

A total of 300 consecutive patients were included in our analysis, from July 2015 to December 2020.
Baseline characteristics are displayed in Table 1. They were more mostly men (n=183, 61%), mean age
was 78 + 11 years. Comorbidities were frequent, mainly AF (n= 196, 65%), chronic renal failure (n=
149, 50%), and heart failure (n=121, 40%). 190 patients (63%) took an anticoagulant agent.

Implantation characteristics

The main indication for pacing was AV block and chronic AF (n=135, 45%) whether it was related to
AV junction ablation or slow conducting AF. It was followed by AV block with sinus rhythm (n=83,
28%), syncope (n=47, 15%), sinus dysfunction (n=21, 7%) and brady/tachy syndrome (n=14, 5%). Most
Micra devices were 1% generation (VR) models (n=278, 93%).

Micra TPS implantation was successful in 298 patients (99%), with an acute pacing threshold of 0.57 +

0.33 V. The median total hospitalization length was 1 day (ranging from 0 to 27 days).

Efficacy and Safety during follow up
Mean duration of follow-up was 420 days (median 810 days).

Patients were often stimulated as the mean percentage of ventricular pacing was 94%. The mean pacing
capture threshold remained stable, measured at 0.56 + 0.37 V, 97.3% of the patients having a mean
threshold < 2.0 V. Chronic thresholds were significantly lower in cases 201 to 300, as compared to cases
1to 100 (0.50 vs 0.63 V, p=0.03) (Figure 1).

There were 26 complications in 26 patients (8.6%) whether severe or not.

The majority were peri-operative complications within the first month (n=16, 5.3%), mainly pacing
threshold elevation >2.0 V (n=8, 2.7%). All of these had persistent elevated thresholds with only 3
having required system revision. There were 5 groin complications, 2 of which required stenting and 1
that required embolization. No device embolization was observed. 3 procedures led to pericardial
effusion, one of which resulted in patient death. This frail patient underwent urgent pericardial drainage

but died of refractory cardiogenic shock on the same day. No other procedure-related death was reported.
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All chronic complications were pacing-related. 5 pacing-induced cardiomyopathies (PICMs) with heart
failure occurred, and necessitated an upgrade to cardiac resynchronization therapy. 5 other patients had
pacemaker syndrome, and were later upgraded to either a conventional dual-chamber pacemaker or a
Micra AV. The mean time to chronic complication was 225 days (median 587 days).

There was no infectious complication related to the Micra. Although 70 patients (23%) had an active
infection at the time of implantation, whether related or not to a pacing system, no evidence of Micra

infection was found during follow up.

A total of 88 patients died, of which one was adjudicated as procedure-related (death from refractory
cardiogenic after cardiac tamponade). Mean time to death was 330 days (median of 720 days).

Predictors of peri-operative complications

Using multivariate analyses, we found that case number >65 was the most important predictor of early
complications (OR 0.19, 95%CI 0.07-0.53, p=0.002). In fact, cumulative complication rate was assessed
at 15.6 % for cases number 1 0 64, versus 3.4% for cases >65 (Figure 2). This significantly lower rate of
complications seemed to result from a decrease of early complications rate (Figure 3).

Diabetes mellitus was also significantly and independently associated with peri-operative complications
(OR 3.78, 95%CI 1.39-11.0, p=0.009).

The other comorbidities had no significant association.

Predictors of all-cause mortality

Incidence of all-cause mortality was significantly higher (p <0.0001) in patients who had suffered a
complication compared to those who did not (Figure 4).

Using multivariate analyses, we found that the occurrence of a peri-operative complication (HR 3.02,
95%CI 1.54-5.39, p=0.002) was the strongest predictor of all-cause mortality (Table 5). Active infection
at implantation (HR 1.72, 95%CI 1.03-2.80, p=0.04) and chronic renal failure (HR 1.62, 95%CI 1.02-
2.58, p=0.04) were also independent predictors of death. Heart failure and ischemic heart disease were
associated with a higher mortality in the univariate analysis, but this association was not significant after

multivariable analyses.
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DISCUSSION

We sought to report our experience with the first 300 Micra transcatheter pacing system implantations in
patients having an indication for permanent cardiac pacing. To our knowledge, this is the largest single
center report of Micra implanted patients. Leadless pacing is emerging as an alternative to conventional
pacing systems, particularly when the expected risk of complication is high, although implantation rates

remain low in European centers. (11)

In our experience, the device was successfully implanted in 298 patients (99%), with 2 failures having
occurred among the first 10 patients. This excellent success rate is in line with the rates obtained in the

multicenter investigational and post approval studies. (8,10)

The electrical performance was outstanding as 97.3% of the patients had stable thresholds <2.0 V,
despite a long follow up time. It confirms the efficacy of this technology which has been already
established in previous studies. Threshold stability is crucial in our cohort of patients who are often
paced and sometimes fully pace-dependent. It allows a good projected longevity, thus avoiding multiple
reinterventions and system revisions. Piccini et al. showed in a study on 711 patients of the Micra IDE
cohort that when the capture threshold was <2.0 V, it respectively decreased to <1.0 V in 82% of the
patients who had a pacing threshold between 1.0 and 1.5 V at implant, and in 75% of the patients who
had a pacing threshold >1.5 V at implant. (12) Therefore, the corollary is that Micra device repositioning
may not be necessary in this category of patients. The 2 V threshold is not an arbitrary choice. Beyond

this value, the Micra battery life is greatly reduced. (13)

The procedure appeared safe as only 16 patients (5.3%) experienced a peri-operative complication, and
10 patients (3.3%) had a chronic complication, regardless of their severity. No device dislodgment,
embolization nor infections were reported. The use of a leadless pacemaker avoided complications linked
to the main components of a conventional transvenous pacemaker: the lead and the pocket. (2)
Groin complications rates were low (1.7%), with three patients having required surgical or interventional
treatment, subsequent outcome was favorable. None of these events lead to death. However, rates in
literature were even lower, ranging from 0.6 to 0.7%. (9,10) This finding is satisfying, given the size of
the Micra introducer, but underlines the importance of systematic vascular ultrasound guidance for the
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Venous puncture.

Cardiac injuries resulting in pericardial effusion were rare (1%), 2 of the 3 patients required intervention,
and one eventually led to death. This rate is comparable to what has been found in the real-world setting,
around 0.8%, and reflects the importance of radioscopic controls to confirm the correct positioning of the
system on the interventricular septum.(10) It is also similar to the perforation rate in conventional pacing
systems, as shown in the meta-analysis of Vamos et al., analyzing 28 studies on TV-PPM lead
perforation. (14) Mont et al. reported that pericardial effusion with Micra was associated with advanced
age, female sex, congestive heart failure, chronic lung disease, non-AF indications, and Micra

repositioning. (15)

8 patients had an acute pacing threshold elevation >2 V, which accounted for half of all acute
complications, with no decrease below this threshold on follow up. 3 of these required a new pacing
system later. Piccini et al. showed in the same study cited above that when the acute pacing threshold
was 2 V at implantation, 45.5% remained >2 V at 6 months follow up.(12) Kiani et al. studied the
predictive factors of elevated thresholds in a cohort of 1,843 patients. The primary endpoint was a
combination of PCT >2 V, >1.5 V increase from baseline PCT at 12 months and system revision for
elevated PCT at any timepoint after implantation within 12 months. Diabetes, male sex, elevated PCT,

and low impedance are independent predictors of elevated thresholds at 12 months. (13)

Despite the implantation of 23% of Micra devices during the active phase of a systemic infection, related
or not to a preexisting pacing system, there was no evidence of Micra infection during follow-up. This
result is very significant given the high infection-risk profile of our population. Avoiding material
infections with Micra is of utmost importance.

In a systematic review of 60 studies, Polyzos et al. found that the average conventional device infection
rate was 1.6%. Multivariable analyses showed that the following procedure-related factors predicted
device infections: pre-procedural fever, temporary pacing, early re-intervention, lack of antibiotic
prophylaxis, procedure duration, revision procedures, hematoma.(16) Significant patient related factors
were diabetes mellitus, renal disease, COPD, and heart failure, which are frequent comorbidities in our
cohort. These infections expose the patient to an increased risk of morbidity and mortality, and have a
considerable cost, up to 23,000 € as shown in a nationwide cohort study by Clementy et al. (17)
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The specific case of transvenous system infections in pacemaker dependent patients is very problematic,
and necessity of material retrieval supports the use of Micra in this indication.

El Chami et al. found no evidence of Micra infection in 105 patients with a recent CIED infection
requiring extraction and antibiotic treatment, with a mean follow up of 7 months. (18) Beurskens et al.
also found no evidence of TPS infection after explantation of infected conventional pacemakers, with a
longer follow up (16 = 12 months). (19) EI Chami et al. have shown no recurrence of bacteremia after
antibiotic cessation in 16 patients from the Micra IDE cohort affected by a serious infectious event
(bacteriemia or endocarditis) (20). In a population of 99 critically ill patients requiring prolonged cardiac

pacing, Clementy et al. found no evidence of late device related infection. (21)

The absence of Micra infections in the setting of bacteremia might be explained by reduced surface,
absence of contact with the skin, encapsulation in the right ventricle, and reduction of bacterial adherence
by the parylene coating layer on titanium. (22) Micra could therefore have its place as a first choice in
high-risk populations, such as dialysis patients. El Chami et al. showed no case of device-related
infection in 201 dialysis patients implanted with Micra, with the additional benefit to spare the veinous

circulation for later use. (23)

Chronic complications consisted essentially of pacing complications, which are not specifically related to
Micra. Pacing-induced cardiomyopathy with heart failure occurred in 5 patients who were later
upgraded. Pacemaker syndrome also occurred in 5 patients who were upgraded to either a conventional
dual-chamber pacemaker or a Micra AV model. Implantation of the latest version of the Micra device in
patients with sinus rhythm could reduce the burden of pacemaker syndrome. In fact, it has been shown
that atrioventricular synchrony is feasible by accelerometer-based sensing, decreasing pacemaker

syndrome, improving stroke volume and quality of life. (24)

The incidence of death was high among the first 300 implanted patients during follow up, including one
procedure-related death. This can be explained by the patients’ old age, multiples comorbidities such as
heart failure, ischemic heart disease, chronic renal failure, COPD, and diabetes.

Our study has demonstrated a strong impact of the operator’s experience on the safety and efficacy

outcomes, thus proving the existence of a clear learning curve effect.

In fact, the complication rate was almost five times significantly lower beyond the 65" implanted patient
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when compared to the previously implanted cases. This difference seems to result mainly from acute
complications, with a gap between the curves that widen early (<3 months) and which is maintained at
1-year follow up. This finding is not surprising as chronic complications are not related to the system
itself, but rather to the chronic ventricular stimulation.

The learning curve also impacted the efficacy, as the mean acute threshold was significantly lower in the
100 most recently implanted patients with a lower dispersion of the threshold values.

This learning curve effect is in favor of a centralization of the Micra implantations in high volume

experienced centers.

However, data on the relationship between operator experience and transcatheter pacing systems in the
literature are contradictory. In a paper dating from 2017, EI Chami et al. showed no clear learning curve
effect on safety and efficacy between lab trained operators and locally trained operators; implant case
number was not a determinant of the procedural success, nor the major complications (25). On the other
hand, the initial Swiss experience study which enrolled only 92 patients implanted in four different
centers — i.e. an average of 23 implantations per center —, reported a rather high 9.8% rate of
complications, suggestive of a link between early experience and the occurrence of complications (26).
Whereas Tjong et al., in a study dating from 2018, proved the existence of a learning curve with the
Nanostim LP system (Abbott), another transcatheter pacing device (27). The implant was performed in
1,439 patients by 171 implanters, and major complications dropped from 7.4 to 4.5% after more than 10

implants per operator.

We analyzed the factors associated with peri-procedural complications. An important finding of our
study is the significant association between diabetes mellitus and operator experience on one hand, and
peri-operative complications on the other hand. Diabetic patient had almost four times more risk of peri
operative complications than the non-diabetics. This might be explained by a more vulnerable state
before the procedure. Interestingly, there was a trend towards more complications in heart failure patients

without a statistically significant association.

Lastly, we assessed the predictors of all-cause mortality. In multivariate analyses, patients with an active
infection and chronic renal failure had a significantly higher mortality, which is not surprising regarding
their comorbidities and higher risk of death. The strongest predictor of all-cause mortality was the

existence of a peri-operative complication, with a 3-fold higher risk. This suggests a potential association
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between operator experience and overall mortality, and might be an additional element supporting patient

management in high-volume centers.

Limitations

We acknowledge several limitations to our work. The main limitation of this study is inherent to its
retrospective observational nature. There was missing date regarding baseline characteristics, acute
thresholds and some patients were lost to follow up or didn’t respond to our calls. The non-randomized
design and the absence of a control group leaves a risk of residual confounding factors and biased

associations.
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CONCLUSIONS

Micra implantation in our center is growing and the results of the current study are satisfying. The high
implantation success rate, outstanding electrical performance and low complication rate highlight the
benefits of this procedure, which appears to be a safe alternative to conventional pacing in high-risk
populations. A clear learning curve effect was shown and emphasizes the importance of referring the

patients to high-volume centers.

24



REFERENCES

10.

Pakarinen S, Oikarinen L, Toivonen L. Short-term implantation-related complications of cardiac rhythm management
device therapy: a retrospective single-centre 1-year survey. Eur Eur Pacing Arrhythm Card Electrophysiol J Work
Groups Card Pacing Arrhythm Card Cell Electrophysiol Eur Soc Cardiol. 2010 Jan;12(1):103-8.

Udo EO, Zuithoff NPA, van Hemel NM, de Cock CC, Hendriks T, Doevendans PA, et al. Incidence and predictors of
short- and long-term complications in pacemaker therapy: The FOLLOWPACE study. Heart Rhythm. 2012 May
1,9(5):728-35.

Kirkfeldt RE, Johansen JB, Nohr EA, Jgrgensen OD, Nielsen JC. Complications after cardiac implantable electronic
device implantations: an analysis of a complete, nationwide cohort in Denmark. Eur Heart J. 2014 May;35(18):1186—
94,

Link MS, Estes NAM, Griffin JJ, Wang PJ, Maloney JD, Kirchhoffer JB, et al. Complications of Dual Chamber
Pacemaker Implantation in the Elderly. J Interv Card Electrophysiol. 1998 Jun 1;2(2):175-9.

Ritter P, Duray GZ, Zhang S, Narasimhan C, Soejima K, Omar R, et al. The rationale and design of the Micra
Transcatheter Pacing Study: safety and efficacy of a novel miniaturized pacemaker. Eur Eur Pacing Arrhythm Card
Electrophysiol J Work Groups Card Pacing Arrhythm Card Cell Electrophysiol Eur Soc Cardiol. 2015 May;17(5):807—
13.

Ritter P, Duray GZ, Steinwender C, Soejima K, Omar R, Mont L, et al. Early performance of a miniaturized leadless
cardiac pacemaker: the Micra Transcatheter Pacing Study. Eur Heart J. 2015 Oct 1;36(37):2510-9.

Reynolds DW, Ritter P. A Leadless Intracardiac Transcatheter Pacing System IDE. N Engl J Med. 2016 Jun
30;374(26):2604-5.

Duray GZ, Ritter P, EI-Chami M, Narasimhan C, Omar R, Tolosana JM, et al. Long-term performance of a
transcatheter pacing system: 12-Month results from the Micra Transcatheter Pacing Study. Heart Rhythm. 2017
May;14(5):702-9.

Roberts PR, Clementy N, Al Samadi F, Garweg C, Martinez-Sande JL, lacopino S, et al. A leadless pacemaker in the
real-world setting: The Micra Transcatheter Pacing System Post-Approval Registry. Heart Rhythm. 2017
Sep;14(9):1375-9.

El-Chami MF, Al-Samadi F, Clementy N, Garweg C, Martinez-Sande JL, Piccini JP, et al. Updated performance of the
Micra transcatheter pacemaker in the real-world setting: A comparison to the investigational study and a transvenous
historical control. Heart Rhythm. 2018 Dec;15(12):1800-7.

25



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Boveda S, Marijon E, Lenarczyk R, Iliodromitis KE, Marin F, Defaye P, et al. Factors influencing the use of leadless or
transvenous pacemakers: results of the European Heart Rhythm Association Prospective Survey. Eur Eur Pacing
Arrhythm Card Electrophysiol J Work Groups Card Pacing Arrhythm Card Cell Electrophysiol Eur Soc Cardiol. 2020
Apr 1;22(4):667-73.

Piccini JP, Stromberg K, Jackson KP, Laager V, Duray GZ, EI-Chami M, et al. Long-term outcomes in leadless Micra
transcatheter pacemakers with elevated thresholds at implantation: Results from the Micra Transcatheter Pacing System
Global Clinical Trial. Heart Rhythm. 2017 May;14(5):685-91.

Kiani S, Wallace K, Stromberg K, Piccini JP, Roberts PR, EI-Chami MF, et al. A Predictive Model for the Long-Term
Electrical Performance of a Leadless Transcatheter Pacemaker. JACC Clin Electrophysiol. 2021 Apr 1;7(4):502-12.

Vamos M, Erath JW, Benz AP, Bari Z, Duray GZ, Hohnloser SH. Incidence of Cardiac Perforation With Conventional
and With Leadless Pacemaker Systems: A Systematic Review and Meta-Analysis. J Cardiovasc Electrophysiol.
2017;28(3):336-46.

Mont L, Cunnane R, EI-Chami MF, Roberts PR, Steffel J, Soejima K, Liu F, Hudnall JH, Piccini JP. Risk factors for
cardiac perforation/effusion in leadless pacemaker patients: experience with the Micra transcatheter pacemaker. Heart
Rhythm. 2018;18:5119.

Polyzos KA, Konstantelias AA, Falagas ME. Risk factors for cardiac implantable electronic device infection: a
systematic review and meta-analysis. Eur Eur Pacing Arrhythm Card Electrophysiol J Work Groups Card Pacing
Arrhythm Card Cell Electrophysiol Eur Soc Cardiol. 2015 May;17(5):767—77.

Clémenty N, Carion PL, Léotoing L de, Lamarsalle L, Wilquin-Bequet F, Brown B, et al. Infections and associated
costs following cardiovascular implantable electronic device implantations: a nationwide cohort study. Eur Eur Pacing
Arrhythm Card Electrophysiol J Work Groups Card Pacing Arrhythm Card Cell Electrophysiol Eur Soc Cardiol. 2018
Dec 1;20(12):1974-80.

ElI-Chami MF, Johansen JB, Zaidi A, Faerestrand S, Reynolds D, Garcia-Seara J, et al. Leadless pacemaker implant in
patients with pre-existing infections: Results from the Micra postapproval registry. J Cardiovasc Electrophysiol. 2019
Apr;30(4):569-74.

Beurskens NEG, Tjong FVY, Dasselaar KJ, Kuijt WJ, Wilde AAM, Knops RE. Leadless pacemaker implantation after

explantation of infected conventional pacemaker systems: A viable solution? Heart Rhythm. 2019 Jan;16(1):66—71.

El-Chami MF, Soejima K, Piccini JP, Reynolds D, Ritter P, Okabe T, et al. Incidence and outcomes of systemic
infections in patients with leadless pacemakers: Data from the Micra IDE study. Pacing Clin Electrophysiol.
2019;42(8):1105-10.

26



21.

22.

23.

24.

25.

26.

217.

Clementy N, Coelho R, Veltmann C, Marijon E, Tolosana J, Galand V, et al. Leadless pacemakers in critically ill
patients requiring prolonged cardiac pacing: A multicenter international study. J Cardiovasc Electrophysiol. 2021
Sep;32(9):2522-7.

El-Chami MF, Bonner M, Holbrook R, Stromberg K, Mayotte J, Molan A, et al. Leadless pacemakers reduce risk of
device-related infection: Review of the potential mechanisms. Heart Rhythm. 2020 Aug 1;17(8):1393-7.

El-Chami MF, Clementy N, Garweg C, Omar R, Duray GZ, Gornick CC, et al. Leadless Pacemaker Implantation
in Hemodialysis Patients: Experience With the Micra Transcatheter Pacemaker. JACC Clin Electrophysiol. 2019
Feb;5(2):162-70.

Chinitz L, Ritter P, Khelae SK, lacopino S, Garweg C, Grazia-Bongiorni M, et al. Accelerometer-based atrioventricular
synchronous pacing with a ventricular leadless pacemaker: Results from the Micra atrioventricular feasibility studies.
Heart Rhythm. 2018 Sep;15(9):1363-71.

El-Chami M, Kowal RC, Soejima K, Ritter P, Duray GZ, Neuzil P, et al. Impact of operator experience and training
strategy on procedural outcomes with leadless pacing: Insights from the Micra Transcatheter Pacing Study. Pacing Clin
Electrophysiol PACE. 2017 Jul;40(7):834-42.

Valiton V, Graf D, Pruvot E, Carroz P, Fromer M, Bisch L, et al. Leadless pacing using the transcatheter pacing system
(Micra TPS) in the real world: initial Swiss experience from the Romandie region. EP Eur. 2019 Feb 1;21(2):275-80.

Tjong FVY, Beurskens NEG, Neuzil P, Defaye P, Delnoy P-P, Ip J, et al. The learning curve associated with the
implantation of the Nanostim leadless pacemaker. J Interv Card Electrophysiol Int J Arrhythm Pacing. 2018
Nov;53(2):239-47.

27



TABLES

Table 1. Patients' characteristics at admission.

ALL
(N=300)

Age (years) 78 £11
Male gender (%) 183 (61)

Body mass index (kg.m) 28 +6
Heart failure (%) 121 (40)
Ischemic heart disease (%) 68 (23)
Valvular heart disease (%) 62 (21)

Other (%) 18 (6)
Atrial fibrillation (%) 196 (65)
Chronic renal failure (%) 148 (49)
Chronic pulmonary disease (%) 64 (21)
Diabetes mellitus (%) 91 (30)
Cancer (%) 84 (28)
Antiplatelet agent (%) 71 (24)
Anticoagulation agent (%) 190 (63)




Table 2. Implantation characteristics.

Model VR / AV (%)
Implantation success (%)
Acute pacing threshold (V)

Peri-operative (<30 days) complications (%)
Groin complication (%)
Cardiac injury
Pacing threshold elevation >2.0 V
Procedure-related death*

From implantation to discharge (days)

ALL
(N=300)
Pacing indication
AV block and sinus rhythm (%) 83 (28)
Paroxysmal 20
Chronic 63
Sinus dysfunction (%) 21 (7)
Paroxysmal 12
Chronic 9
Brady/Tachy syndrome (%) 14 (5)
AV block and chronic AF (%) 135 (45)
AV junction ablation 60
Slow conducting / complete AV block 75
Syncope + abnormal EP study (%) 47 (15)
Long HV interval 45
Carotid sinus hypersensitivity 9

278 (93) / 22 (7)

298 (99)
0.57 +0.33

16 (5.3)
5(1.7)
3(1.0)
8(2.7)
1(0.3)
1[0-27, 0]

* Cardiac tamponade




Table 3. Follow-up.

ALL
(N=300)

Total follow-up (days)

Chronic (>30 days) complications (%)
Pacemaker syndrome (%)
Pacing-induced cardiomyopathy (%)

Time to complication (days)
Chronic pacing threshold (V)
Percentage of ventricular pacing (%)

Death of any cause (%)

Time to death (days)

420 [1-1950, 810]

10 (3.3)
5 (1.7)
5(1.7)
225 [14-960, 587]
0.56 + 0.37
94 [0-100, 79]

88 (29)
330 [1-1860, 720]
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Table 4. Predictors of peri-operative (<30 days) complications.

UNIVARIATE

MULTIVARIATE

OR [95% CI] p OR [95% CI] p

Age (years)* 0.99 [0.95-1.03] 0.53
Male gender 1.00 [0.36-2.60] 0.99
Body mass index (kg.m?)* 1.03 [0.95-1.10] 0.47
Heart failure 2.46 [0.94-6.86] 0.07 2.47 [0.90-7.25] 0.08
Ischemic heart disease 0.97 [0.27-2.82] 0.96
Atrial fibrillation 1.07 [0.40-3.14] 0.90
Infection 0.64 [0.15-2.02] 0.47
Chronic renal failure 0.64 [0.23-1.66] 0.36
Chronic pulmonary disease 0.44 [0.07-1.62] 0.24
Diabetes mellitus 3.95[1.50-11.1] 0.006 3.78 [1.39-11.0] 0.009
Cancer 0.99 [0.31-2.72] 0.98
Antiplatelet agent 1.67 [0.56-4.48] 0.34
Anticoagulation agent 1.17 [0.44-3.44] 0.76
Case number (N)* 0.99 [0.99-1.00] 0.006

Case >65 0.19 [0.07-0.50] 0.001 0.19 [0.07-0.53] 0.002

* OR, odds ratio, per 1-unit increase for continuous variables.
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Table 5. Predictors of all-cause mortality.

UNIVARIATE

MULTIVARIATE

HR [95% CI] p HR [95% CI] p
Age (years)* 1.01 [0.98-1.03] 0.66
Male gender 1.19[0.77-1.87] 0.44
Body mass index (kg.m?)* 1.00 [0.96-1.04] 0.95
Heart failure 1.59 [1.04-2.41] 0.03 1.53 [0.99-2.37] 0.06
Ischemic heart disease 1.60 [0.99-2.51] 0.05 1.50 [0.92-2.37] 0.10
Atrial fibrillation 1.55 [0.97-2.55] 0.06 1.55 [0.96-2.60] 0.07
Infection 1.63 [0.99-2.58] 0.06 1.72 [1.03-2.80] 0.04
Chronic renal failure 1.77 [1.14-2.76] 0.01 1.62 [1.02-2.58] 0.04
Chronic pulmonary disease 1.45 [0.90-2.28] 0.13
Diabetes mellitus 1.48 [0.94-2.28] 0.09 1.23[0.78-1.92] 0.37
Cancer 1.35[0.84-2.12] 0.21
Peri-operative complication 3.16 [1.63-5.59] 0.001 3.02 [1.54-5.39] 0.002
Case number (N)* 1.00 [1.00-1.01] 0.16

* HR, hazard ratio, per 1-unit increase for continuous variables.
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FIGURES

Figure 1. Evolution of chronic pacing thresholds related to implantation case number.
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Figure 2. Incidence of complications before and after case number 65
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Figure 3. Freedom from complication at one year before and after case number 65
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Figure 4. Incidence of all-cause mortality in patients with complications versus non complication during
follow-up.
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Résumé :

Introduction : Les pacemakers conventionnels se sont imposés comme le traitement de référence des
bradycardies symptomatiques et des troubles conductifs de haut grade. Ils sont néanmoins sujets aux
complications liées au boitier et aux sondes. Plusieurs études ont montré 1’efficacité et la sécurité de la
stimulation cardiaque sans sonde comme alternative aux pacemakers conventionnels. L’objectif de 1’étude était
de rapporter I’expérience d’un centre a haut volume d’implantation.

Méthodes : Cette étude observationnelle rétrospective a inclus les 300 premiers patients ayant bénéficié d’une
tentative d’implantation d’un stimulateur cardiaque sans sonde au CHRU de Tours depuis juillet 2015. Durant le
suivi, les évenements évalués étaient les complications post- opératoires précoces et tardives, ainsi que les
paramétres électriques. Ceux-ci étaient recueillis aprés consultation des dossiers médicaux ou apres entretien
téléphonique avec le patient ou les membres de sa famille et ce jusqu’en mai 2021.

Résultats : La principale indication d’implantation était la fibrillation atriale associée a un trouble conductif
atrio-ventriculaire. Le taux de succes d’implantation était de 99,3%. Le seuil de stimulation est resté stable et <
2V chez 97,3 % des patients. Apres une durée moyenne de suivi de 420 jours, le taux de complication était de
8,6%, dans les 30 jours post-implantation dans 62% des cas. Aucune infection du systéme n’a été notée. Le
diabéte et I’implantation lors de I’expérience initiale du centre étaient indépendamment associés a un taux de
complications plus élevé, ce dernier passant de 15,6% avant le 65¢me cas a 3,4% apres. La survenue d’une
complication précoce était indépendamment associée a une mortalité 3 fois plus élevée (p=0,002).

Conclusions : L’implantation d’un stimulateur cardiaque sans sonde est une alternative sure et efficace a la
stimulation conventionnelle. L.’existence d’une courbe d’apprentissage, et I’impact des complications péri-
opératoires sur leur pronostic souligne I’importance de référer les patients a des centres a haut volume
d’implantation.

Mots-clés: stimulation cardiaque sans sonde, complications péri-opératoires, courbe d’apprentissage
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