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INTRODUCTION
The number of cardiac implantable electronic devices 

(CIEDs) being implanted is increasing at a rapid rate. Un-
fortunately, there has been a concordant increase in the 
absolute number and rate of infection in this cohort of 
patients.5–7 Indeed, a large population study assessing the 
impact of device complications found device infection to 

be the second most common complication and the one 
with the greatest impact on patient outcome.8

Pathogenesis typically involves any of 3 modalities: 
breach in sterile technique at the time of implant, break-
down of the skin barrier subsequent to placement, and 
remote systemic infection leading to device infection. 
Bacteria form an extracellular matrix, known as biofilm, 
which acts as a protective barrier for microorganisms, 
preventing treatment with antibiotics alone in the vast 
majority of cases of CIED infection. Thus device and lead 
removal is the mainstay of treatment.

Treatment of these CIED infections is largely guided 
by the American Heart Association scientific statement 
published in 2009 and updated in 2010 and 2017.9–11 
The most relevant treatment recommendations for CIED 
infection is summarized in Table 1. Endovascular infec-
tions are associated with higher morbidity and mortal-
ity compared to pocket limited infections. Options for 
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extraction of devices and leads, either mechanical, laser, 
or surgical assisted, have become more widespread and 
significantly reduce 1-year mortality rate compared to an-
timicrobial therapy alone.12 However, very little guidance 
is devoted to wound care after extraction.

Standard  treatment  consists  of  removal  of  all hard-
ware and secondary intention healing of the wound, typi-
cally  using  wet-to-dry dressing  changes. While this method 
has the advantage of being simple and does not require the 
presence of an additional consultant (ie, a plastic surgeon), 
it also has several disadvantages, including prolonged heal-
ing time, necessity of frequent dressing changes, patient 
discomfort, and a potential significant delay until reim-
plantation. The typical patient in this clinical scenario is 
presented to the electrophysiologist, and the “conservative” 
treatment scenario described above fits neatly into the skill 
set of the typical invasive cardiologist and likely explains 
why this treatment scenario is still widely utilized.3 However, 
there is some evidence in the literature that a more aggres-
sive surgical approach might have several advantages over 
the conservative methods.13 Thus, our institution began an 
aggressive, interdisciplinary approach to this problem utiliz-
ing the electrophysiologist for the hardware removal and the 
plastic surgeon for the soft tissue and wound management.

Although some uncertainty persists with regards to 
timing of reimplantation after explantation, there is evi-
dence that in cases of device erosion and isolated infec-
tion without systemic involvement, there is a low risk of 
recurring infection, even after a short interval.13 Indeed, 
one study reported low relapse rate (8%) in a group of 
123 patients with implantable cardioverter defibrillator 
(ICD) infections, in which 63% were reimplanted at a re-
mote anatomic site at a mean interval of 7 days from the 
date of explantation of all hardware.14

The purpose of this retrospective, single-center study 
is to present our data on 42 patients treated with our 
approach, which included the aggressive extraction of all 
hardware, complete pocket and capsule extirpation, anti-

septic and antibiotic irrigation, and regional flap coverage 
of the wound. We hypothesized that if patients with infect-
ed CIED pockets were converted from a high risk “infect-
ed” status to a lower risk, “contaminated” state through 
the aggressive extraction of all hardware, complete pocket 
and capsule extirpation, antiseptic and antibiotic irriga-
tion, and regional flap closure, the risk of local or systemic 
reinfection would be minimal. To date, we have uncov-
ered little to no literature with specific retrospective or 
prospective evaluation of postoperative wound care in the 
setting of CIED pocket infections.

METHODS
Between July 2010 and April 2018, 42 patients (34 

men and 8 women) were treated with our method of 
management of pacemaker pocket infection. The age of 
patients ranged from 34 to 92 years (median, 76 years). 
Patients had an average of 2 infection-related risk factors 
(Table 2). On average, each patient had 2 leads extracted. 
The infection occurred within 3 months of the generator 
placement in 13 patients (31%; median, 1 month; range, 
1–3 months), whereas in 29 patients, infection occurred 
within 3 months or more after the generator placement 
(69%; median, 30 months; range, 4–106 months). In total, 
98 leads were explanted (36 atrial and 35 ventricular pace 
sense leads, 4 coronary sinus leads, and 23 ICD leads). Of 
the 42 patients, 32 patients were reimplanted with a device 
on the contralateral side, whereas 1 patient was reimplant-
ed on the ipsilateral side with a subcutaneous ICD system.

Surgical Technique
After identifying a patient with a CIED pocket infec-

tion, the patient would be scheduled for the hardware 
extraction with cardiac surgery standby. A plastic surgeon 
will be available for debridement and closure of the wound 
ideally at the time of extraction or less frequently within 
24–36 hours after extraction at a subsequent procedure.

Intravenous antibiotics were administered after cultures 
were taken. A complete extraction of all hardware was done 
with laser and/or mechanical assistance. After removal of 
all hardware by the electrophysiologist, the plastic surgeon 
would then completely debride the capsule, often down to 
the surface of the pectoralis major muscle. In most cases, 
this necessitated a caudal extension of the original scar at 
its lateral limit, resulting in a scar that resembles a num-
ber “7.” Hemostasis was meticulously obtained, and careful 
attention to capsule removal was also given to where the 
leads pass underneath the clavicle to ensure complete re-
moval, but no effort was made to “chase” the lead capsules 
under the bone to avoid injury to the subclavian vessels. 
The superior lateral edge of the pectoralis major muscle 
was undermined, rotated, and advanced superiorly to fill 
the dead space and cover the clavicle if exposed (Fig. 1). 
The wound was irrigated with Irrisept (Irrimax Corp., 

Table 1.  CIED Treatment Recommendations by the 
American Heart Association

Characteristic Value

Class strength of recommendation
 � Class I Strong
 � Class IIa Moderate
 � Class IIb Weak
 � Class III: No benefit Moderate
 � Class III: Harm Strong
Systemic CIED infection
 � Valvular endocarditis Class I: Complete device  

and lead removal
 � Lead endocarditis Class I: Complete device  

and lead removal
Persistent or recurrent bacteremia
 � Class I: Complete device and lead removal
CIED, cardiac implantable electronic device.

Table 2.  Risk Factors Associated with Infection Identified in Patients

Diabetes Mellitus Renal Failure Heart Failure Generator Replacement Anticoagulation

No. patients 14 3 19 23 20
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Gainsville, Fla.) and antibiotic saline solution consisting of 
1 g Ancef  (generic cefazolin, manufacturer GlaxoSmith-
Kline, USA), 80 mg gentamycin, and 50,000 Units/l baci-
tracin before closure over a 7f Flat channel drain (BARD, 
Medline Industries Inc., USA) and secured with a remote 
stab incision with 3-0 nylon. The dermal layer of wounds 
was closed with 3-0 Monocryl (Ethicon/ Johnson & John-
son) sutures and skin was closed with 3-0 nylon sutures in a 
running fashion. In case of high risk for bleeding, quilting 
sutures of 2-0 Vicryl (Ethicon/ Johnson & Johnson) were 
used within the pocket. A pressure dressing was applied, 
and the drain was placed on suction.

The drain was removed when it was putting out less 
than 30 ml per day, and contralateral or remote reimplan-
tation was performed typically within 7 days of explanta-
tion. Sutures were removed at 2 weeks.

RESULTS
In the short term, at a mean follow-up of 13 days 

(range, 7–21 days), there were no reports of reinfection. 
In the long term, throughout the 8-year duration of the 
study, there is no report of reinfection in our patients.

Demographics and clinical factors of study participants 
were outlined in Table 3, showing median age of 76 years, 
and a majority of patients had previously received implant-
able cardiac defibrillators (67% versus 33% permanent 
pacemaker). Table 4 presents the causes of infection for 
all the patients, and Table 5 provides clinical and surgical 
outcome data. The bulk of leads extracted were less than 
9 years old but ranged up to 30 years. Thirty-eight percent 
of patients represented were diagnosed with congestive 

heart failure, and a majority had coronary artery disease. 
Twenty-nine percent of patients had 3 or more leads re-
moved at the time of extraction.

Debridement and flap closure were most frequently 
performed on the same day or the day after extraction of 
all hardware. The mean duration for all patients was 1 day, 

Fig. 1. The result of the surgical technique. A, The scar that resembles the number “7,” which results from 
the surgery. B, The pectoralis major muscle flap that serves to fill the empty pacemaker pocket.

Table 3.  Demographics and Clinical Characteristics of 
Patients with CIED Treated Between 2010 and 2016

Characteristic Value

Age (y), median (range) 76 (34–92)
Gender (male), n (%) 34 (81)
Device extracted, n (%)  
 � PPM 14 (33)
 � ICD 28 (67)
No. leads, n (%)
 � 5 2 (5)
 � 4 3 (7)
 � 3 8 (19)
 � 2 23 (55)
 � 1 6 (14)
Average age of leads (mo)
 � 0–50 40
 � 50–100 16
 � 100–150 25
 � 150–200 11
 � 200–400 4
 � Not registered 2
Comorbid conditions, n (%)
 � Coronary artery disease 24 (57)
 � Cardiomyopathy 17 (40)
 � Congestive heart failure 16 (38)
 � Diabetes mellitus 15 (36)
 � Hypertension 29 (69)
CIED, Cardiac implantable electronic device; ICD, implantable cardioverter 
defibrillator; PPM, permanent pacemaker.
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except the first 2 patients who were treated initially with 
open packing and were the impetus for instituting the 
new, more aggressive protocol. The average time for reim-
plantation of a CIED was 6 days after the initial extraction 
procedure for all but 5 patients. For these 5 patients, re-
implantation occurred 2–3 months after explantation due 
to the need for prolonged antibiotic administration and 
multiple comorbidities.

Thirty-four patients had laser-assisted lead extraction 
with the remainder extracted with mechanical assistance 
alone. One patient required a brief period of reintubation 
postprocedure due to hypoxemia, and another patient de-
veloped a hematoma within 7 days after extraction, and 
was subsequently treated with open hematoma evacuation.

In 21 patients, the mean time for extraction of all the 
hardware was 2 hours and 20 minutes, whereas the mean 
time for debridement and flap closure was 47 minutes. In 
20 patients, both explant and flap closure procedure times 
were registered together, with a mean time of 1.75 hours.

DISCUSSION
The incidence of CIED infections is increasing, with 

one US study reporting an increased rate of infection 
from 1.53% in 2004 to 2.41% in 2008.6 The impact of 
CIED infections is substantial due to morbidity, mortal-
ity, and cost.15 Current treatment guidelines recommend 
the removal of all hardware, antibiotic therapy, and reim-
plantation when feasible and appropriate on the contra-
lateral side.16–18 However, specific wound care protocols 

are scarce and tend to be prolonged secondary healing 
techniques.3

In addition to the guideline-directed therapy for com-
plete extraction of infected CIED hardware and contra-
lateral reimplant sites when appropriate, our treatment 
method addresses the uncertainty concerning the wound 
management of CIED pocket infections. Our results 
demonstrate that an aggressive protocol of the wound 
management after removal of all hardware is safe, effec-
tive, and allows for reimplantation after a short interval, 
if necessary.

There were no deaths in our series and no recurrent 
infections. There were two complications: one patient was 
reintubated as a result of hypoxemia due to volume over-
load and another patient underwent hematoma evacua-
tion at the extraction/debridement site.

Compared to extraction alone, our procedure dura-
tion was prolonged on average by 47 minutes due to the 
additional soft tissue work at the time of extraction. We 
believe that the added procedure time is offset by less 
postoperative wound management and quicker time to 
reimplantation. Furthermore, the morbidity of second-
ary intention healing (pain, scarring, prolonged drainage, 
and wound care) is reduced with our method.

Our study is limited by the inherent shortcomings of 
a retrospective study with relatively small numbers. Both 
extraction and debridement were performed by two clini-
cians. Patients were not followed up postoperatively long 
term and could have presented to other hospitals with 
subsequent complications. Also, although our results are 
good, we do not present any comparison to other studies 
with different methods for wound care after CIED extrac-
tion. Despite these limitations, there were no reports of re-
infection and no deaths in our series. We believe that the 
described approach is safe and effective, may decrease the 
length of stay in hospital, may decrease costs of prolonged 
wound care, and may decrease the time to reimplantation.

CONCLUSIONS
There were no reports of reinfection in 42 patients 

treated for pacemaker pocket infection.

Michael I. Rose, MD
The Plastic Surgery Center

535 Sycamore Ave.
Shrewsbury, NJ 07702

E-mail: mrosemd@tpscnj.com

REFERENCES
	 1.	 Harjula A, Järvinen A, Virtanen KS, et al. Pacemaker infections—

treatment with total or partial pacemaker system removal. Thorac 
Cardiovasc Surg. 1985;33:218–220.

	 2.	 Vogt PR, Sagdic K, Lachat M, et al. Surgical management of in-
fected permanent transvenous pacemaker systems: ten year ex-
perience. J Card Surg. 1996;11:180–186.

	 3.	 McGarry TJ, Joshi R, Kawata H, et al. Pocket infections of car-
diac implantable electronic devices treated by negative pressure 
wound therapy. Europace. 2014;16:372–377.

	 4.	 Petit-Clair N, Smith M, Chernev I. Modified NPWT using round 
channel drain for pacemaker pocket non-healing complex 
wound: a case report. J Wound Care. 2014;23:453–455.

Table 4.  Microorganisms Responsible for Device Infection

Cause of Infection No. Patients

MRSA 4
Bacteremia (not specified) 3
Septicemia 1
Escherichia coli 2
MSSA 1
Pseudomonas 1
Streptococcus 1
Staphylococcus epidermidis 2
Enterobacteria 1
Unspecified/site erosion-related infection 26
MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive 
Staphylococcus aureus.

Table 5.  Clinical and Surgical Data of Patients Treated 
Between 2010 and 2016

Characteristic Value, n (%)

Laser-assisted extraction 34 (81)
Time since prior generator surgery (y)
 � <1 21 (50)
 � 1–5 14 (33)
 � 6–10 7 (17)
Pacemaker dependency
 � Dependent 16 (38)
 � Not dependent 26 (62)
Postoperative complications
 � Reintubation for hypoxemia 1 (2)
 � Hematoma 1 (2)
Mortality and reinfection
 � Mortality 0
 � Reinfection 0

mailto:mrosemd@tpscnj.com


 Hansalia et al. • Complete Pocket Resection with Regional Flap Closure

5

	 5.	 Chang JD, Manning WJ, Ebrille E, et al. Tricuspid valve dysfunc-
tion following pacemaker or cardioverter-defibrillator implanta-
tion. J Am Coll Cardiol. 2017;69:2331–2341.

	 6.	 Greenspon AJ, Patel JD, Lau E, et al. 16-year trends in the in-
fection burden for pacemakers and implantable cardioverter-
defibrillators in the United States 1993 to 2008. J Am Coll Cardiol. 
2011;58:1001–1006.

	 7.	 Voigt A, Shalaby A, Saba S. Rising rates of cardiac rhythm man-
agement device infections in the United States: 1996 through 
2003. J Am Coll Cardiol. 2006;48:590–591.

	 8.	 Palmisano P, Accogli M, Zaccaria M, et al. Rate, causes, and im-
pact on patient outcome of implantable device complications 
requiring surgical revision: large population survey from two 
centres in Italy. Europace. 2013;15:531–540.

	 9.	 Bairey Merz CN, Alberts MJ, Balady GJ, et al.; American Academy 
of Neurology; American Association of Cardiovascular and 
Pulmonary Rehabilitation; American College of Preventive 
Medicine; American College of Sports Medicine; American 
Diabetes Association; American Society of Hypertension; 
Association of Black Cardiologists; Centers for Disease Control 
and Prevention; National Heart, Lung, and Blood Institute; 
National Lipid Association; Preventive Cardiovascular Nurses 
Association. ACCF/AHA/ACP 2009 competence and training 
statement: a curriculum on prevention of cardiovascular disease: 
a report of the American College of Cardiology Foundation/
American Heart Association/American College of Physicians 
Task Force on Competence and Training (Writing Committee to 
Develop a Competence and Training Statement on Prevention 
of Cardiovascular Disease): developed in collaboration with 
the American Academy of Neurology; American Association 
of Cardiovascular and Pulmonary Rehabilitation; American 
College of Preventive Medicine; American College of Sports 
Medicine; American Diabetes Association; American Society of 
Hypertension; Association of Black Cardiologists; Centers for 
Disease Control and Prevention; National Heart, Lung, and 

Blood Institute; National Lipid Association; and Preventive 
Cardiovascular Nurses Association. Circulation. 2009;120:e100–
e126.

	10.	 Francis GS, Greenberg BH, Hsu DT, et al.; ACCF/AHA/ACP 
Task Force. ACCF/AHA/ACP/HFSA/ISHLT 2010 clinical com-
petence statement on management of patients with advanced 
heart failure and cardiac transplant: a report of the ACCF/
AHA/ACP Task Force on Clinical Competence and Training. J 
Am Coll Cardiol. 2010;56:424–453.

	11.	 Kusumoto FM, Schoenfeld MH, Wilkoff BL, et al. 2017 HRS 
expert consensus statement on cardiovascular implantable elec-
tronic device lead management and extraction. Heart Rhythm. 
2017;14:e503–e551.

	12.	 Le KY, Sohail MR, Friedman PA, et al.; Mayo Cardiovascular 
Infections Study Group. Impact of timing of device removal on 
mortality in patients with cardiovascular implantable electronic 
device infections. Heart Rhythm. 2011;8:1678–1685.

	13.	 Mountantonakis SE, Tschabrunn CM, Deyell MW, et al. Same-day 
contralateral implantation of a permanent device after lead ex-
traction for isolated pocket infection. Europace. 2014;16:252–257.

	14.	 Chua JD, Wilkoff BL, Lee I, et al. Diagnosis and management of 
infections involving implantable electrophysiologic cardiac de-
vices. Ann Intern Med. 2000;133:604–608.

	15.	 Sohail MR, Uslan DZ, Khan AH, et al. Management and outcome 
of permanent pacemaker and implantable cardioverter-defibril-
lator infections. J Am Coll Cardiol. 2007;49:1851–1859.

	16.	 Varahan SL, Pretorius V, Birgersdotter-Green U. The cardiac 
implantable device has been extracted: what next? J Innovations 
Card Rhythm Manage. 2011;2:367–370.

	17.	 Bongiorni MG, Giannola G, Arena G, et al. Pacing and implant-
able cardioverter-defibrillator transvenous lead extraction. Ital 
Heart J. 2005;6:261–266.

	18.	 Jones SO IV, Eckart RE, Albert CM, et al. Large, single-center, sin-
gle-operator experience with transvenous lead extraction: out-
comes and changing indications. Heart Rhythm. 2008;5:520–525.


