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Abstract 
Background: Pacemaker implantation is a very old activity which has revolu-
tionized the cardiology practice throughout the world. This activity is effective 
at the Haute Correze Hospital Center since more than 20 years. Due to pro-
gress in this area, and the increasing request within this center located at the 
outskirts of town, we set out to evaluate our pacemaker activity in general and 
more specifically to assess the post-procedural complications in our series pa-
tients. Methodology: This was a retrospective longitudinal study. Data were 
recorded for period of 90 months from 27/05/2016 to 19/11/2023. This data 
collection was possible via a specific register completed by computerized pa-
tient data from the SillageTM software. All files of patients implanted with sin-
gle or dual chamber pacemakers were included, generator replacements, up-
grading procedures and addition of leads were excluded. The sampling was 
non-probabilistic, consecutive and non-exhaustive. Statistical analysis was 
carried out using the Excel 2019 spreadsheet and SPSS version 23 software. 
The quantitative variables were presented as mean ± standard deviation, the 
qualitative data as proportions. Results: A total of 303 first-time pacemaker’s 
implantations were carried out during the study period (rate of 40 per year). 
The average age in the population was 79.7 ± 9.4 years (44 - 99 years) with a 
male predominance of 63.7% (n = 193). Atrioventricular block (2nd and 3rd 
degree) was the main indication for pacemaker implantation in 42.9% of cases 
(n = 130). Patients were most often implanted with a dual-chamber pacemaker 
(57.7%, n = 175). The approach was most often cephalic in 72.6% of cases (n 
= 220), followed by the subclavian access in 27.4% of cases (n = 84). The aver-
age fluoroscopy time was 7.9 min ± 2.4 (1 - 43). The average irradiation dose 
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in gray/cm2 was 12.4 ± 9.3 (0.22 - 117.5). The average length of hospitalization 
was 7 ± 4 (2 - 26) days. The overall complication rate at one year was 12.9% (n 
= 39). These complications are distributed as follows: Leads dislodgement in 
8.2% (n = 25), hematoma 3.6% (n = 11) all without clinical consequences, 
pneumothorax 0.7% (n = 2), both cases of pneumothorax did not require spe-
cific care, infection (superficial) in 0.3% (n = 1). Leads dislodgement occurred 
after a median time of 18 days (IQR: 3 - 36). The earliest dislodgement was 
observed on D0 and the latest on D207. No serious complications were rec-
orded. The average atrial threshold at implantation/first control/last follow-
up was 0.7/1.3/0.8 V, respectively. The average ventricular threshold at im-
plantation/first control/last follow-up was 0.5/1.08/0.87 V, respectively. The 
average atrial detection at implantation/first control/last follow-up was 3.2/2.3/ 
2.05 mv, respectively. The average ventricular detection at implantation/first 
control/last follow-up was 10.3/11.03/10.8 mv. The average atrial impedance 
at implantation/first control/last follow-up was 610/457/457 ohms. The aver-
age ventricular impedance at implantation/first control/last follow-up was 
754/547/563 ohms. Conclusion: Pacemaker implantation is safe at the Haute 
Correze Hospital Center with a relatively low rate of complications, in this 
case an almost zero major infection and no serious hematoma. The peripheral 
hospital should remain a focal point of this activity in order to respond more 
quickly to the needs of the populations. 
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1. Introduction 

Pacemaker implantation is a current activity over the world with more than 1000 
implantations per million people in France, Italy, and Sweden [1]. Post-proce-
dural complications are associated with high morbi-mortality and healthcare cost 
[2] [3]. According to the most experience, this prospective randomized trial of 
2010 patients, the complication rate during the median of 33.1-month follow-up 
was 7.5% [4]. The rate of complication was 9.5% in a large population-based co-
hort study of 5918 Danish patients who underwent cardiac implantable device 
treatment [5]. Except for these two studies, the overall complications across pre-
vious reports ranged between 5% - 6% for any complication and 3% - 4% for major 
complications after pacemaker implantations [6]-[8]. These complications in-
cluded, infections (local and systemic), pneumothorax, cardiac perforation, he-
matoma, lead dislodgement [5]. The predictors of such complications included: 
patients characteristics (female gender, underweight), implanted in a center with 
an annual volume less than 750 procedures, dual versus single chamber, upgrad-
ing or lead revision, operator with an annual volume less than 50 procedures, or 
underwent an emergency, out-of-hours procedure [5]. According to the European 
Heart Rhythm Association (EHRA), pacemaker implantations have increased by 
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20% over the last 10 years period [2]. The Haute Correze Hospital Center has been 
practicing this activity for more than 20 years. Due to progress in this area, and 
the increasing request within this peripheral center, we set out to evaluate our 
pacemaker activity in general and more specifically to assess the post-procedural 
complications in short and medium term in our series. The results will be com-
pared with existing literature and particularly the 2021 EHRA consensus of opti-
mal implantation technique [2]. 

2. Methods 
2.1. Study Design and Setting 

This was a retrospective longitudinal study. Data collection was carried out over 
a period of 90 months from 27/05/2016 to 19/11/2023 in the cardiology depart-
ment of the Haute Correze Hospital Center (HCHC). 

2.2. Study Population and Data Sources 

Data collection was conducted by a trained paramedical staff, through a specific 
register. All files of patients implanted with single or dual chamber pacemakers 
were included, generator replacements, upgrading procedures, revisions and addi-
tion of leads were excluded. Follow-up data were found through SillageTM software.  

2.3. Implantation Procedure 

All implantation was conducted by two principal national certified operators as-
sisted by one nurse and one manipulator. Interventions occurred in the operative 
room under local anesthesia. The technique follow major steps of 2021 EHRA 
guidelines on optimal implantation [2]. As a prerequisite active infection was check 
before implantation, antimicrobial prophylaxis by cephazolin 1 - 2 g within 1 h of 
incision or Vancomycine 90 - 120 min in case of allergy. Anticoagulation drugs were 
generally suspended in low risk for thrombo-embolic events (CHA2DS2VASc score 
< 3). Pocket was created at the beginning of the procedure. The cephalic vein was 
preferred as the first intention. Right ventricular apex (RVA) was the preferred 
lead position. Lead fixation was done by non absorbable sutures. Pocket was irri-
gated by infusion of Gentamycin. Generator was not fixed. The pocket and skin 
were closed by separate stitches using absorbable braided suture for the pocket 
and non absorbable braided suture for the skin. 

2.4. Sampling Methods and Statistical Analysis 

The sampling was non-probabilistic, consecutive and non-exhaustive. Statistical 
analysis was carried out using the Excel 2019 spreadsheet and SPSS version 23 
software. The quantitative variables were presented as mean ± standard deviation, 
the qualitative data as proportions.  

2.5. Ethical Considerations 

The study was validated by the quality committee of Haute Correze hospital center 
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and the Limousin ethics committee. 

3. Results 

Over the study period of 90 months, a total of 303 first-time pacemaker implan-
tations were carried out, i.e. a rate of 40 per year. The average age in the population 
was 79.7 ± 9.4 years (44 - 99 years) with a male predominance of 63.7% (n = 193). 
Atrioventricular block (2nd and 3rd degree) was the main indication for pace-
maker implantation in 42.9% of cases (n = 130). Patients were most often im-
planted with a dual-chamber pacemaker (57.7%, n = 175). In our series, there was 
no use of a back-up temporary stimulation during implantation. The approach 
was most often cephalic in 72.6% of cases (n = 220), followed by the subclavian 
vein in 27.4% of cases (n = 84). The average fluoroscopy time was 7.9 min ± 2.4 
(1 - 43). The average irradiation dose in gray/cm2 was 12.4 ± 9.3 (0.22 - 117.5). 
The median irradiation being 15.6. The average length of hospitalization was 7 ± 
4 (2 - 26) days. Baseline characteristics of the patients were summarized in Table 
1. 
 
Table 1. Baseline characteristics of the population. 

Variables 
Frequency (%) 

N = 303 

Indications  

Atrio-ventricular block 130 (42.9) 

Sinus node dysfunction 43 (14.2) 

Slow-rate atrial fibrillation 50(16.5) 

Tachy-brady syndrome 61 (20.1) 

Alternating Bundle-branch block 10 (3.3) 

Others 9 (3.0) 

Pacemaker types  

Simple chamber 129 (42.5) 

Double chamber 175 (57.7) 

Veinous access  

Cephalic 220 (72.6) 

Subclavian 84 (27.7) 

 
The overall complications rate at one year in our series was 12.9% (n = 39). 

These complications are distributed as follows: Lead dislodgment in 8.2% (n = 
25), hematomas 3.6% (n = 11) all without clinical consequences, pneumothorax 
0.7% (n = 2), both cases of pneumothorax were minimal and did not require spe-
cific care, superficial infection 0.3% (n = 1). Leads dislodgement occurred after a 
median time of 18 days (IQR: 3 - 36). The earliest dislodgement was observed on 
D0 and the latest on D207. No serious complications (complications requiring 
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transfer in intensive care or causing death) were recorded. Figure 1 presents over-
all complications of our series. 
 

 
Figure 1. Post-procedural complications after pacemakers implantation. 
 

The average atrial threshold at implantation/first control/last follow-up was 
0.7/1.3/0.8 V, respectively. The average ventricular threshold at implantation/first 
control/last follow-up was 0.5/1.08/0.87 V, respectively. Figure 2 shows evolution 
of atrial and ventricular threshold. The average atrial detection at implantation/ 
first control/last follow-up was 3.2/2.3/2.05 mv, respectively. The average ventric-
ular detection at implantation/first control/last follow-up was 10.3/11.03/10.8 mv. 
Figure 3 shows evolution of atrial and ventricular detections. The average atrial 
impedance at implantation/first control/last follow-up was 610/457/457 ohms. 
The average ventricular impedance at implantation/first control/last follow-up 
was 754/547/563 ohms. Figure 4 shows evolution of atrial and ventricular imped-
ances. 

 

 
Figure 2. Evolution of the stimulation threshold during follow-up. 
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Figure 3. Evolution of the detection during follow-up. 

 

 
Figure 4. Evolution of the impedance during follow-up. A: Atrial lead; V: Ventricular lead. 

4. Discussion 

Pacemaker implantation is a well codified activity in cardiac centers. The periph-
eral hospitals faced to the increase number of procedures over the time [2]. Our 
aim was to evaluate the pacemaker’s activity in general and more specifically to 
assess the post-procedural complications at the Haute Correze Hospital Center 
(HCHC). We conduct a longitudinal retrospective study over the last 7 years in 
the cardiology department of HCHC. A total of 303 implantations of pacemakers 
were included. The overall complications rate at one year in our series was 12.9%. 
These complications are distributed as follows: Leads dislodgement in 8.2%, mi-
nor hematomas 3.6%, pneumothorax 0.7% (not required drainage), superficial in-
fection 0.3%. No serious complications were recorded.  

The rate of overall complication slightly superior to the previous data generally 
ranged between 5% - 6% [6]-[8]. But with a sub-group comparison, we have no 
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major complications in our series compared to previous data of 3% - 4% for major 
complications after PM implantations [6]-[8]. Even if the global complications is 
well correlated to the procedure volume of the center/operator, the lack of major 
complication is an important result of safety for a small hospital [2]. Nevertheless, 
a significant limit of this interpretation is the fact that previous studies included 
all cardiac implantable electronic devices (defibrillators and cardiac resynchroni-
zation therapy) which have more risk of major complications compared to pace-
makers only [9] [10]. 

Lead dislodgment was the main complication, the rate in our series is superior 
than reported data (1.2% - 3.3%) [11]-[13]. Some predictors of lead dislodgment 
are: Atrial lead position, age at implantation, female gender, body mass index [4] 
[12]-[17]. One important factor of lead dislodgment in our study is probably ad-
vanced age of patients (mean age of 80 years) and specifically frailty. Even if rais-
ing the upper extremity on the side of the CIED above the head is no associated 
with lead dislodgement, early patient agitation after implantation with inappro-
priate movements of the limbs and chest, traumatic events, and manipulations in 
the area of the CIED can cause possible Twiddler’s syndrome, an important cause 
of leads dislodgement [18] [19]. The rate of hematoma was low in our study. The 
literature reported an incidence of 0.2% to 16% [2]. Our protocol of hemostasis 
and adequate management of patient with anticoagulant/antiplatelet drug con-
tribute to this low incidence. Incidence of pneumothorax is also low in our series 
due to the preferred cephalic vein than subclavian access for implantation. 

There were no major infections in our cohort, only one superficial pocket in-
fection was found and required a short antibiotic therapy. This rate was inferior 
to reported data (0.6% - 3.4%) [2]. Infection and particularly infective endocardi-
tis is a dreadful complication of all cardiac implantable electronic device [2]. Stand-
ardized protocol proposed by EHRA could help to prevent this complication [2]. 
The low incidence of infection in a peripheral center is a good indicator of safety. 
Even if, the use of local antibiotic in the pocket is not present in current guidelines 
for pacemaker implantation except for some cases of generator replacements or lead 
revision for which antibacterial envelope is required [20], we hypothesized that our 
protocol which includes infusion of antibiotic by gentamycin in the pocket could 
contribute for few rate of infection in our series. A meta-analysis conducted by 
Feng-Guang et al. in 2017, confirmed that pocket irrigation with antibiotics were 
effective for reducing pocket infection. In fact, 10 studies including 5467 patients 
undergoing cardiac implantable electronic devices implantations. Pooled infec-
tion rates were 1.48 and 3.49% respectively for medication and saline irrigation 
groups. Meta-analysis showed that medication irrigation conferred protection to 
pocket infection. Subgroup analysis showed that antibiotics against staphylococ-
cus aureus, rather than non-antibiotics (antiseptics) exerting the protection [21].  

5. Conclusion 

Pacemaker implantation is safe at the Haute Correze Hospital Center with a rela-
tive low rate of specific complications particularly low rate of post-procedural 
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infections. The peripheral hospital should remain a focal point of this activity in 
order to respond more quickly to the needs of the populations. 
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