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Abstract
Background The avascular capsule around the generator of the cardiac implantable electronic device (CIED) could be 
susceptible to bacterial colonization and source of infection. Capsulectomy during CIED generator replacement may be 
beneficial in preventing device infection, but there is a lack of evidence.
Methods This prospective randomized trial, conducted from December 2013 to December 2019, included 195 patients 
divided equally into two groups. In the intervention group (n = 97), capsule removal was performed on the floor of the 
pocket, while it was not performed in the control group (n = 98). In both groups, swab culture was performed in the pocket. 
The primary outcome was the occurrence of device infection requiring pocket revision.
Results A total of 195 patients were included (mean age 70.2 ± 13.6 years, 55.4% women), with an average follow-up period 
of 54.3 ± 28.9 months. Among 182 patients undergoing microbiological cultures of pockets, 19 (10.4%) were confirmed posi-
tive, and Staphylococcus species were identified most frequently. The primary outcome occurred in 4 (2.1%), and there was 
no significant difference between the two groups (3.1% vs. 1.0%, p = 0.606). Hematoma has occurred in 10 patients (3.1% 
vs. 7.1%, p = 0.338), one of them required wound revision. In multivariable analysis, the occurrence of hematoma was the 
only independent risk factor associated with device infection (HR 13.6, 95% CI 1.02–181.15, p = 0.048).
Conclusions In this long-term prospective study, capsulectomy during the replacement of the generator did not reduce the 
incidence of device infection. There was no association between bacterial colonization in the capsule around the generator 
and CIED infection.

Keywords CIED (cardiac implantable electronic device) · Cardiac device infection · Bacterial colonization · Generator 
replacement · Capsulectomy

1 Introduction

The number of patients eligible for cardiac implantable 
electronic device (CIED) therapy has been increasing along 
with the aging society, leading to a gradual rise in proce-
dural cases worldwide [1, 2]. Despite the benefits provided 
by CIEDs, there is a concern regarding the occurrence of 
CIED infections, which have been reported to develop in 
approximately 1% of CIED patients within the first year 
following implantation [3, 4]. These infections may cause 
potentially fatal complications that can lead to death [5, 6]. 
As the absolute number of patients undergoing CIED pro-
cedures continues to rise, the incidence of CIED infections 
is also increasing [7, 8]. While there are various risk factors 
for CIED infections, generator replacement is a crucial fac-
tor that increases the risk of infection more than de novo 

 * Sung-Hwan Kim 
 sunghwan@catholic.ac.kr

1 Division of Cardiology, Department of Internal Medicine, 
Seoul St. Mary’s Hospital, College of Medicine, The 
Catholic University of Korea, Seoul, Republic of Korea

2 Division of Cardiology, Department of Internal Medicine, 
Yeouido St. Mary’s Hospital, College of Medicine, The 
Catholic University of Korea, Seoul, Republic of Korea

3 Division of Cardiology, Department of Internal Medicine, 
Presbyterian Medical Center, Jeonju, Republic of Korea

4 Division of Cardiology, Department of Internal Medicine, 
Heart Vascular and Stroke Institute, Samsung Medical 
Center, Sungkyunkwan University School of Medicine, 
Seoul, Republic of Korea

http://orcid.org/0000-0001-6805-0416
http://crossmark.crossref.org/dialog/?doi=10.1007/s10840-024-01765-3&domain=pdf


1212 Journal of Interventional Cardiac Electrophysiology (2024) 67:1211–1217

procedure [9, 10]. The fibrous capsule surrounding the CIED 
generator has been found to have poor vascularity and can 
undergo chronic inflammation [11]. According to several 
studies, bacterial colonization within the capsule has been 
observed in 37 to 56% of CIED patients [12–14], serving as 
a potential source of device infection [14, 15]. Additionally, 
there have been reports of malignancy arising from these 
chronic inflammation sites [16–18]. For these reasons, some 
clinicians believe it would be beneficial to remove the cap-
sule during the generator replacement procedure. However, 
the capsule is adhered to the surrounding tissues, making 
its removal a time-consuming procedure and may develop 
the risk of hematoma formation, which itself can contribute 
to device infection. Despite the clinical interest in capsule 
removal, there is limited research on whether removal of the 
capsule prevents CIED infections. This study aimed to inves-
tigate the association between capsulectomy during CIED 
generator replacement and the occurrence of device infec-
tion. Additionally, the study sought to determine the preva-
lence of bacterial colonization within the capsule and assess 
its relationship with the occurrence of device infection.

2  Methods

2.1  Study population

This study was conducted as a prospective randomized trial, 
targeting patients who underwent CIED generator replace-
ment at Seoul St. Mary’s Hospital, Catholic University of 
Korea, from December 2013 to December 2019. Patients 
who required generator replacement due to battery depletion 
or device upgrade were included, while those who under-
went generator replacement due to infection were excluded 
from the study. One hundred sixty-eight out of 198 patients 
were enrolled in the initial four years. Later in the enroll-
ment period, we were not actively enrolling patients. A total 
of 198 patients were included in the study and randomly 
assigned to the intervention group and control group in a 
1:1 ratio. The study protocol conformed with the Declara-
tion of Helsinki regarding investigations in humans and was 
approved by the Institutional Review Board of the participat-
ing center. All patients gave their written informed consents.

2.2  Procedure

Prior to the procedure, the discontinuation of antithrombotic 
agents and the duration of discontinuation were determined 
at the discretion of the physician. All patients received pro-
phylactic antibiotic treatment with cefazolin intravenously 
within 1 h before the procedure. Skin preparation was per-
formed using povidone-iodine and chlorhexidine. After 
removing the existing generator from the pocket, a swab 

culture was performed within the capsule in both groups. 
Subsequently, in the intervention group, the floor portion 
of the capsule was completely removed, while in the con-
trol group, only the minimum amount of capsule required 
for generator replacement or lead revision was removed. 
Then, the pocket was disinfected with hydrogen peroxide in 
both groups. No prophylactic antibiotics were administered 
routinely after the procedure. During the period when the 
study patients received the index procedure, antibacterial 
envelopes were not available in our country, so none of the 
patients in our study received antibacterial envelopes.

2.3  Follow‑up

The study subjects were scheduled to visit the outpatient 
center 10 days, 3 months, 12 months after the procedure, and 
every 24 months thereafter. During the follow-up period, if 
patients experienced symptoms or signs suspicious of device 
infection such as fever, chills, pain or tenderness at the 
wound site, or other related symptoms, they were instructed 
to visit the outpatient department for further evaluation. 
Wound examination and blood tests, including white blood 
cell count, C-reactive protein, and blood culture tests, were 
performed to confirm the presence of device infection.

2.4  Outcomes

The primary outcome of this study was the occurrence of 
CIED infection requiring wound revision after the index pro-
cedure. CIED infection was defined as a fever > 38.0 °C with 
one or more signs of wound inflammation, such as redness, 
swelling, tenderness, or purulent discharge. In cases where 
an additional pocket revision was conducted following the 
index procedure for any reason, subsequent device infections 
were excluded from the outcome analysis. The secondary 
outcomes included the occurrence of hematoma and pocket 
revision due to infection or hematoma. Hematoma is defined 
as the presence of a large effusion in the pocket leading to 
swelling and causing pain. Additionally, the prevalence 
of bacterial colonization was calculated by analyzing the 
results of swab cultures.

2.5  Statistical analysis

Continuous variables were presented as either the 
mean ± standard deviation (SD) or median (interquartile 
range (IQR)) and were analyzed using a one-way ANOVA 
test or Kruskal–Wallis test, depending on their distribution. 
Categorical variables were expressed as a number (percent 
or rate) and were analyzed using either the chi-square test 
or Fisher’s exact test, as appropriate. The calculation of 
the sample size was based on an endpoint event rate of 4 
per 100 person-years for the control group and 1.4 per 100 
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person-years for the intervention group. This study planned 
to follow subjects for an average of 5 years. With a sig-
nificance level set at 5% and a power of 70%, along with an 
anticipated dropout rate of 10%, it was determined that 94 
subjects were required in each group. To assess the cumula-
tive incidence of the primary outcome, the Kaplan–Meier 
method was employed, and the comparison between groups 
was conducted using log-rank tests. To further analyze the 
association between covariates and the primary outcome, a 
Cox proportional hazard model was applied, providing haz-
ard ratios (HRs) and 95% confidence interval (CI). A p-value 
less than 0.05 was considered to be statistically significant. 
All statistical analyses were performed using R version 4.0.3 
(R Foundation for Statistical Computing, Vienna, Austria) 
statistical software.

3  Result

3.1  Patient characteristics

Out of the initial cohort of 198 patients, three patients did 
not visit the outpatient center of the study institute after the 
procedure and were consequently excluded from the study. 
Thus, the final study population consisted of 195 patients. 
Among them, 108 (55.4%) were female, and the mean age 
was 70.2 ± 13.6 years. The intervention group consisted of 
97 patients, while the control group consisted of 98 patients. 
The average follow-up duration was 54.3 ± 28.9 months. A 
total of 54 (27.7%) underwent lead revision concurrent with 
generator replacement and 8 (8.3%) had device upgrade 
from the pacemaker to an implantable cardioverter defibril-
lator (ICD) or a cardiac resynchronization therapy (CRT) 
device, or from an ICD to a CRT-D. There were no statis-
tically significant differences between the two groups for 
both variables (25.8% vs. 29.6%, p = 0.663; 5.2% vs. 3.1%, 
p = 0.707 respectively). The intervention group had a higher 
proportion of patients with ICD or CRT-D devices than the 
control group (34.0% vs. 18.3%, p = 0.045). Patients taking 
anticoagulants (24.7% vs. 18.4%, p = 0.364) and antiplatelet 
agents (33.0% vs. 28.6%, p = 0.608) were more common in 
the intervention group, although these differences were not 
statistically significant. Swab culture inside the pocket dur-
ing the generator replacement was performed in 182 (93.3%) 
patients. Detailed baseline characteristics are described in 
Table 1.

3.2  Outcomes

During the follow-up period, a total of 3 cases (3.1%) of 
the primary outcome occurred in the intervention group, 
while the control group had 1 case (1.0%) of the primary 
outcome. However, the difference between the two groups 

was not statistically significant (p = 0.61). In the control 
group, one patient underwent lead revision 6 months after 
generator replacement due to lead injury. Subsequently, 
this patient experienced a pocket infection 4 months after 
the lead revision. However, based on the assessment that 
the previously performed generator replacement pro-
cedure was not the cause of the pocket infection, this 
case was not included in the primary outcome. No other 
patients were excluded due to additional pocket revision 
in the two groups. Among the 4 patients who experienced 
device infection, 3 had pacemaker as their device type, 
while the remaining patient in the intervention group had 
a CRT-D device. Additionally, there were 3 cases (3.1%) 
of hematoma occurrence in the intervention group and 7 
cases (7.1%) in the control group. Among the interven-
tion group, one case with hematoma required pocket 

Table 1  Baseline characteristics

Abbreviations: COPD, chronic obstructive pulmonary disease; VKA, 
vitamin K antagonist; NOAC, non-vitamin K antagonist oral antico-
agulant; INR, international normalized ratio; GFR, glomerular filtra-
tion rate; ICD, implantable cardioverter defibrillator; CRT , cardiac 
resynchronization therapy

Group Intervention Control p
(N = 97) (N = 98)

Age (years) 68.5 ± 13.2 71.9 ± 13.9 0.079
Sex (female) 58 (59.8%) 50 (51.0%) 0.276
Hypertension 51 (52.6%) 55 (56.1%) 0.724
Diabetes mellitus 22 (22.7%) 17 (17.3%) 0.452
Thyroid disease 5 (5.2%) 6 (6.1%) 1.000
COPD 1 (1.0%) 2 (2.0%) 1.000
Stroke 9 (9.3%) 12 (12.2%) 0.662
Antithrombotics

  VKA 7 (7.2%) 5 (5.1%) 0.752
  NOAC 17 (17.5%) 13 (13.3%) 0.531
  Aspirin 20 (20.6%) 22 (22.4%) 0.891
  Clopidogrel 18 (18.6%) 10 (10.2%) 0.145

INR 1.1 ± 0.2 1.1 ± 0.2 0.852
GFR (ml/min/1.73  m2) 64.3 ± 23.0 67.7 ± 20.1 0.284
Device type 0.045

  Pacemaker 64 (66.0%) 80 (81.6%)
  ICD 20 (20.6%) 11 (11.2%)
  CRT 13 (13.4%) 7 (7.1%)

Time from previous pro-
cedure

2782.3 ± 967.8 2940.5 ± 1344.1 0.347

Number of pocket revision 0.766
  1 80 (82.5%) 81 (82.7%)
  2 13 (13.4%) 13 (13.3%)
  3 4 (4.1%) 3 (3.1%)
  4 0 (0.0%) 1 (1.0%)

Device upgrade 5 (5.2%) 3 (3.1%) 0.707
Lead revision 25 (25.8%) 29 (29.6%) 0.663



1214 Journal of Interventional Cardiac Electrophysiology (2024) 67:1211–1217

revision. The incidence of secondary outcomes, including 
hematoma and wound revision due to infection or hema-
toma, did not show a significant difference between the 
two groups (p for hematoma = 0.338, p for wound revi-
sion = 0.996) (Table 2). All patients who underwent wound 
revision remained free from any additional complications 
during the follow-up period. The Kaplan–Meier curve 
for the occurrence of primary outcomes is presented in 
Fig. 1. The Cox multivariable regression analysis revealed 
that only the occurrence of hematoma was independently 
associated with the primary outcome (HR 13.6, 95% CI 
1.02–181.15, p = 0.048). Age, sex, capsulectomy, lead 
revision status, and device type did not show statistically 
significant associations with the primary outcome as indi-
cated by the results presented in Table 3 and Fig. 2. The 
results of the multivariable analysis indicated that none of 

the variables were associated with the risk of hematoma 
occurrence.

3.3  Prevalence of bacterial colonization

Among the 182 patients (93.3%) who underwent swab cul-
ture inside the pocket, a total of 23 species of bacteria were 
isolated in 19 patients, representing an overall prevalence 
of 10.4%. Within this group, Gram-positive cocci (GPC) 
accounted for the majority of the identified species, compris-
ing 16 species in total (69.6%). Staphylococcus species were 
the most frequently identified, present in 10 cases (43.5%). 
Furthermore, Enterococcus species and Gram-negative 
bacilli (GNB) were identified in 4 (17.4%) cases each. Inter-
estingly, despite the presence of bacterial colonization in 
these 19 patients, no occurrences of device infection were 
documented during the follow-up period.

Table 2  Clinical outcomes between the two groups

Abbreviations: CIED, cardiac implantable electronic device

Group Intervention Control p
(N = 97) (N = 98)

CIED infection 
requiring pocket 
revision

3 (3.1%) 1 (1.0%) 0.606

Hematoma 3 (3.1%) 7 (7.1%) 0.338
Hematoma requiring 

pocket revision
1 (1.0%) 0 (0.0%) 0.996

Fig. 1  Kaplan–Meier curve comparing cumulative incidence of pri-
mary outcome

Table 3  Cox multivariable analysis for predicting device infection

Abbreviations: HR, hazard ratio; CI, confidence interval

Variables HR 95% CI p

Control group 0.30 0.03–3.13 0.321
Age 0.99 0.92–1.07 0.76
Female 3.34 0.29–37.91 0.338
Biventricular device 3.60 0.31–33.19 0.325
Lead revision 0.80 0.08–8.70 0.871
Hematoma 13.6 1.02–180.15 0.049

Fig. 2  Cox multivariable analysis for predicting device infection. HR, 
hazard ratio; C.I., confidence interval
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4  Discussion

The main findings of this study are as follows:
Firstly, capsulectomy during the generator replacement 

procedure did not reduce the occurrence of device 
infection. Secondly, a swab culture conducted inside 
the pocket revealed bacterial colonization in 10.4% of 
patients, but none of these cases progressed to device 
infection. Thirdly, the occurrence of hematoma was the 
only independent factor associated with device infection. 
The capsule surrounding the CIED is a fibrotic tissue 
with poor vascularity. According to a study describing 
the histology of CIED pockets, the average thickness 
of the pocket is 0.8 to 1.1 mm, and in over 80–90% of 
patients; chronic inflammation is observed in the capsule 
or subcapsular area. Additionally, exudative material and 
calcification can be observed, and neovascularization 
within the capsule is observed in only about one-third of 
cases [11]. Furthermore, bacterial colonization has also 
been reported within the capsule, which can contribute to 
device infection [14, 15]. Therefore, it might be thought 
that removing the capsule could be helpful in preventing 
device infection. However, there is some controversy 
based on several reported studies. The MAKE IT CLEAN 
study, a single-center randomized trial, included a total 
of 258 patients [19]. The intervention group underwent 
complete removal of the whole capsule surrounding the 
CIED, while the control group did not have the capsule 
removed. The results showed no significant difference 
in the rate of pocket infection between the two groups. 
However, a retrospective study by Goldenberg et  al. 
involving 773 patients reported a significantly lower risk 
of CIED infection during CIED replacement when capsule 
debridement was performed [20]. A substudy of the 
WRAP-IT trial, a large study investigating the efficacy and 
safety of antibacterial envelopes, reported that complete 
capsulectomy was associated with an increased risk of 
device infection compared to partial or no capsulectomy 
[21]. Our study showed similar results to previous 
randomized trials and substudy of the WRAP-IT trial, 
with no significant difference in the occurrence of device 
infection between the two groups. The average follow-up 
duration of this study is 4.5 years, and to our knowledge, 
this study has the longest follow-up period among studies 
that investigated the impact of capsulectomy on device 
infection. According to a Danish device-cohort study 
with 97,750 patients, 47.9% of all device infections 
occurred 1 year after the index procedure, with a median 
time to infection of 1053 (interquartile range 643–1762) 
days [22]. Therefore, to adequately assess the presence 
of device infection, a sufficient follow-up period is 
essential. The strength of this study lies as the only 

long-term prospective study that observed outcomes 
following capsulectomy. In the MAKE IT CLEAN study, 
the intervention group exhibited a higher incidence of 
hematoma [19]. However, in our investigation, there was 
no significant difference in the incidence of hematoma 
between the two groups. Moreover, among the patients 
with hematoma, only one patient required pocket 
revision. We believe that the difference in results could 
be attributed to the use of different surgical approaches. 
While the MAKE IT CLEAN study involved the complete 
resection of the entire capsule, our study resected only the 
posterior wall, relatively easier to control bleeding. In this 
study, bacterial colonization was observed in 10.4% of swab 
cultures inside of the CIED pocket. Previous studies have 
reported varying diagnostic rates of bacterial colonization 
depending on the culture method. Swab culture has shown 
a diagnostic rate of colonization ranging from 10 to 45% 
[15, 23–25], while tissue culture has shown a colonization 
rate ranging from 37 to 56% [12–14]. In the aforementioned 
studies, the incidence of device infection caused by the same 
bacterial species in patients diagnosed with colonization 
ranged from 0 to 7.5%. In this study, none of the 19 patients 
with bacterial colonization experienced an infection during 
the follow-up period, suggesting no association between 
bacterial colonization and device infection. Our study has 
several limitations. Firstly, it is a single-center study with a 
small sample size, which may limit the generalizability of 
the findings. But, as previously mentioned, this study is a 
long-term prospective study that observed the occurrence of 
device infection over a sufficient duration. Secondly, there 
may be variations in procedure details among different 
physicians. Thirdly, the discontinuation of antithrombotic 
agents and the duration of discontinuation prior to the 
procedure were not controlled, which could have a potential 
influence. Fourthly, there was a significant difference in 
device type between the two groups, which may have a 
potential impact on the study’s results. However, since 
there was only one case of device infection following ICD/
CRT-D device implantation, it is unlikely that this difference 
significantly influenced the study’s primary results. Lastly, 
due to the low outcome rate, there were limited variables that 
could be included in the Cox regression model of this study, 
potentially leading to overfitting of the regression model.

5  Conclusion

Capsulectomy during CIED generator replacement did not 
reduce the risk of device infection, and hematoma occurrence was 
the only independent factor associated with device infection. 
There was no association between bacterial colonization in the 
capsule around the generator and CIED infection.
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