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Introduction

The incidence of infection after implantation of pace-
makers is a rare, but dangerous complication [1-4].
Pacemakers are used very commonly for treatment and
prevention of the cardiac arrhythmia. Together with the
increase in the total number of implants the incidence
of infections will grow. In this article, we present our
experience with pacemaker system infection in 18
patients.

Materials and Methods.

From January 1992 to July 1998, 18/1,500 patients
(1.2%, 8 male, 10 female) with an average age of 64.8
± 8.7 years presented infections of the pacemaker sys-
tems. All patients had been provided with single-cham-
ber pacemakers.
At the time of diagnosis, 11 patients presented symp-
toms and signs of infection at the generator site, 4

showed up with erosion along the lead or over the
pacemaker, 2 without any local signs of inflammation
or erosion along the pacing system, but with symptoms
of sepsis (temperature and bacteremia). One patient
was admitted with both localized and systemic infec-
tion.
Five patients developed an early infection at a mean of
3 days after implant. No reports exist regarding infec-
tions during or after lead revisions (lead dislodge-
ments). One patient (5.6%) needed temporary pacing
prior to chronic pacemaker implant.
twelve patients showed up with late infections 1 to 4
years post implant: erosion of the pacemaker or of the
leads (n = 5); pocket infection after trauma (n = 2); pri-
mary pocket infection; bacteremia with no identified
focus (n = 2); bacteremia with identified focus (n = 1).
In all patients specimens of purulent material, cultures
from infected sites and blood cultures were obtained
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Summary

We report on 18/1,500 (1.2%) pacemaker patients (pts) with complications of infection complications post implant.
15 pts presented with localized infections in the generator pocket, 2 patients with infected lead systems and 1
patient with both. For treatment, the pts were subdevided into groups. In group 1 (n = 12), all patients received a
closed irrigating-suction system in the pocket in attempt to clear the local infection. In group 2 (n = 4), the infect-
ed pacemaker was acutely removed and a new pacemaker was implanted at a different site. In 6 pts  from group 1,
first treatment  was ineffective, which caused us to additionally apply "group 2" treatment with replacement of the
pacemaker. In group 3 (n = 3), all infected leads were removed under cardiopulmonary bypass (CPB). One pt from
group 3 died 6 days post operation as a result of severe pulmonary complication. All other patients have shown no
further signs of infection after a mean follow-up of 28.3 months. We conclude that treatment of acute generator
pocket infection should consist only of local debridement and pocket irrigation within the first week of onset. If
these conservative measures are ineffective, a removal of the infected pacemaker is the correct alternative for man-
agement. A new transvenous pacemaker system should be implanted at a different site. Removal of infected leads
and complete recovery with high effectiveness could only be achieved during CPB.
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In 6 patients, pacemaker relocation to the other side
was performed acutely. Four patients received a new
pacemaker 2-5 days after explant of their infected
devices. These 4 patients were fully dependent on their
systems. Three of these patients received temporary
endocardial leads when the infected pacemakers were
removed. In one patient, we used the chronic endocar-
dial lead for pacing with an external pulse generator.
In group 3 (n = 2), all infected leads were removed
under cardiopulmonary bypass (CPB). Total normoth-
ermic CPB was performed by canulating  the ascend-
ing aorta and superior and inferior venae cavae.
Intracardiac surgical procedures were performed after

for Gram's staining. The main cause for infection were
Staphylococcus aureus (n = 8) and Staphylococcus epi-
dermidis (n = 7), then nonhemolytic Streptococcus (n
= 1) and Pseudomonas aeruginosa (n = 1).
Treatment protocols (Figure 1): In group 1 (n = 12),
patients were treated systemically with antibiotics. In
all patients, a closed irrigation-suction system was
placed in the pocket to attempt further local clearance
of the infection. In 6 patients from group 1, the same
procedure followed after initial unsuccessful treatment
In group 2 (n = 4), the infected pacemaker was imme-
diately removed and another pacemaker was implanted
in a different site. 

Figure 1. Management of patients with pacemaker system infection.
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cardioplegic heart arrest and right atriotomy. Using
this access, all leads surrounded by masses or vege-
tations could be removed from the intracardiac cavi-
ty. 

Results

6/12 patients (50%) in group 1 did not require reop-
eration but only pocket irrigation. The mean duration
for irrigation of the infected pocket was 7.2 ± 3.4
days (ranged 3-14 days). 
The other 6 patients in group 1 underwent a revision
with simple debridement of the pocket and reimplan-
tation of the new system in a different area.
Endocardial leads were removed 4-8 weeks after
revision. Mean duration for irrigation of the infected
pocket in this subgroup was 14.2 ± 3.9 days (range
10-23 days), which was significantly longer in com-
parison to the first 6 patients (p = 0.01). The mean
duration of hospitalization for patients without need
of reoperation was 29.3 ± 8.2 days versus 58.5 ± 20.5
days (p = 0.082) for the subgroup with the need of
reoperation.
One patient from group 1 developed pocket infection
after trauma 8 months post discharge. The pulse gener-
ator was removed and temporary pacing was per-
formed via the chronic endocardial lead. The patient
then developed a temperature and further symptoms of
bacteremia. After unsuccessful intravenous antibiotic
treatment, the infected leads were removed by open
heart surgery. The patient died 6 days after operation as
a result of severe pulmonary complications.
Group 2 presented no complications. The mean dura-
tion of hospitalization was 14.7 ± 9.2 days. 
In group 3, two patients with septicemia were oper-
ated under CPB with removal of  the endocardial
electrodes. The leads were surrounded by vegetation
masses in the cardiac cavities. In 1 patient, the tri-
cuspid valve needed to be reconstructed after partial
leaflet resection had become necessary to remove an
entrapped lead. The postoperative course with a
mean follow-up period of 28.3 months is without fur-
ther complications.

Discussion

With the increase in cardiac pacemaker implantation
the incidence of infection complications is estimated
at or below 5%, but should be below 2% [1, 2, 9]. In

our 1,500 patients who have received pacemakers the
infection rate was calculated at 1.2%.
Predisposing factors for infection are diabetes melli-
tus, long or repeated operations and pocket
hematoma. Among all the factors repeated surgical
interventions due to the pacemaker system seems to
be the most likely to cause infection [10].
Infection risk is identical at first implant and at
replacement. Infection of the pacemaker system may
be limited to the pocket, it may involve only the
leads or it may include the whole pacemaker system.
Pacemaker endocarditis is a less common, but very
severe complication that might even threaten the
patient's life. This can also be associated with tem-
porary pacing.
The most common causal microorganisms in pacemak-
er infection are Staphylococcus aureus [8, 11-13] and
Staphylococcus epidermidis [14, 15] that physiologi-
cally colonize the skin. Also a wide spectrum of other
microorganisms has been described. In case of pocket
infection, one way of treatment may include debride-
ment and irrigation of the pocket [5, 6, 16, 18, 21].
This method can be effective and has been our policy
as a first approach to the infection in the first week
after occurrence. However, in our evaluation this treat-
ment failed in 50% of the cases. 
The next stage would then be explantation of an
infected pulse generator with or without removal of
the electrodes [2, 11, 17, 22]. The leads can be
removed by simple manual traction in case of early
infection, i.e. less than 2 months post implant [19
,20]. In relation to the time from implant endocardial
leads have the tendency to develop a firm attachment
to the tricuspid leaflets [23], to the right atrial and
ventricular walls. Various techniques and devices
had to be used for removal of the leads. Regarding
this issue, the United States Leads Database has
shown a serious complication rate of 2.5% and a
mortality rate of 0.6% for patients who undergo
intravascular lead extraction.
The present study shows that after incomplete
removal of a pacemaker system, part of the lead can
be left in the patient's body without causing the
infection to continue. The lead is easier to treat with
antibiotics once the pulse generator is removed.
We prefer to remove infected leads during open heart
operation, because this approach has several advan-
tages over intravascular "blind" extraction methods
[7]. 



June 1999 381

Progress in Biomedical Research

[10] Winner SJ, Boon NA. Hazzards associated with the use of
temporary pacemakers before permanent pacing. Br Heart J.
1989; 61: 96P.

[11] Mezilis N, Hough RE, Oakley GDG. Infections in transve-
nous cardiac pacemakers: two more cases. PACE. 1997; 20
(part 1): 2992-2994.

[12] Bohm A, Banyai F, Preda I, Zamolyi K. The treatment of
septicaemia in pacemaker patients. PACE. 1996; 19: 1105-
1111.

[13] Morgan G, Ginks W, Siddons H, et al. Septicaemia in
patients with an endocardial pacemaker. Am J Cardiol.
1979; 44:  221-224.

[14] Arber N, Pras E, Copperman Y, et al. Pacemaker endo-
carditis: report of 44 cases and review of literature.
Medicine. 1994; 73: 299-305.

[15] Mansour KA, Kauten JR, Matcher CR Jr. Management of
the infected pacemakers: explantation, sterilization, and
reimplantation. Ann Thorac Surg. 1985; 40: 617-619.

[16] Ector H, Daenen W, Timmermans P, et al. Pacemaker infec-
tions and delayed referral. PACE. 1993; 16 (part 2): 1138.

[17] Burke MC, Sand M, Kopp DE, et al. Outcome after pocket
excision and primary closure during infected device and
lead system extraction. PACE. 1998; 21 (part 2): 797.

[18] Dargan EL, Norman JC. Conservative management of
infected pacemaker pulse generator sites. Ann Thorac Surg.
1971; 12: 297-299.

[19] Gupta S, Prevel CD, Shaheen K, et al.  Wound complica-
tions and treatment of the infected imlantable cardioverter-
defibrillator. J Cardiac Surg. 1993; 8: 671-677.

[20] Lee JH, Geha A, Rattehalli M, et al. Salvage of infected
ICDs: management without removal. Pace. 1996; 19 (part
1): 437-442.

[21] Dysziewicz W, Sarnowski W, Brocki Z, et al. Wound infec-
tion after pacemaker implantation: general and surgical
management. PACE. 1993; 16 (part 2): 1138.

[22] Hounsey JP, Griffith MJ, Holden MP. Mechanical but not
infective pacemaker erosion may be managed with reim-
plantation. PACE. 1993; 16 (part 2): 1139.

[23] Duru F, Schneider J, Stokes K, et al. Post-mortem observa-
tions of long-standing ventricular pacing leads. PACE.
1998; 21 (part 2): 818.

Conclusion

In case of pocket infection, treatment may consist of
local debridement and irrigation of the pocket within
the first week after occurrence. If these conservative
measures are ineffective, removal of the infected pace-
maker is a good alternative for management. A new
transvenous pacemaker system should be implanted at
a different site. The removal of infected leads and com-
plete recovery with high effectiveness can only be
achieved only during cardiopulmonary bypass.
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