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1 |  INTRODUCTION

Pacemaker pocket infections are complications of an implan-
tation procedure. These can reduce the therapeutic effects of 
pacemakers, which result in a decrease in a patient’s quality 
of life. Furthermore, serious infections can be life-threaten-
ing. Intraoperative contamination of pathogenic bacteria and 
incomplete cessation of intraoperative bleeding are two of 

the many risk factors. The application of antibiotic solutions 
or gentamicin powder within the pocket, the use of genta-
micin-collagen patches, and electric coagulation can help 
prevent pocket infections.1,2 Each method has its own limita-
tions and shortcomings, and there are no standard recommen-
dations for the prevention of pacemaker pocket infections. 
Intraoperative gentamicin and hemocoagulase-soaked gauze 
have been recommended. These can clear the bacteria that 
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Abstract
This study aims to evaluate four pacemaker pocket cleaning methods for prevent-
ing implantation-related infections. This single-center trial prospectively randomized 
910 patients undergoing first-time pacemaker implantation or replacement into four 
pocket cleaning methods: hemocoagulase (group A, n  =  228), gentamicin (group 
B, n = 228), hemocoagulase plus gentamicin (group C, n = 227), and normal sa-
line (group D, n = 227). Before implanting the pacemaker battery, the pockets were 
cleaned with gauze presoaked in the respective cleaning solutions. Then, these pa-
tients were followed up to monitor the occurrence of infections for 1 month after im-
plantation. Twelve implantation-related infections occurred in 910 patients (1.32%): 
four patients from group A (1.75%), three patients from group B (1.32%), two pa-
tients from group C (0.88%), and three patients from group D (1.32%) (P >  .05). 
Furthermore, two patients developed bloodstream infections (0.22%), and both of 
these patients were associated with pocket infection (one patient was from group A, 
while the other patient was from group C, respectively). No cases of infective endo-
carditis occurred. The differences in the number of infections in these study groups 
were not statistically significant. The application of hemocoagulase, gentamicin, 
hemocoagulase plus gentamicin, or normal saline on the presoaked gauze before 
implantation was equally effective in preventing pocket-associated infections.
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colonize the pacemaker pocket and achieve complete intraop-
erative hemostasis.3 However, the efficacy of this method has 
not been systematically evaluated. The present study evalu-
ates the efficacies of these four different cleaning methods for 
preventing pacemaker pocket infections.

2 |  PATIENTS AND METHODS

2.1 | Study population

Eligible patients underwent first-time pacemaker implanta-
tion or pacemaker replacement, according to the European 
Society of Cardiology pacemaker guidelines (2013).4 The 
procedures were performed at the First Affiliated Hospital 
of Xinjiang Medical University, Urumqi, China between 
January and December 2018. This study used a double-blind 
design. All patients provided a signed informed consent. The 
trial protocol was approved by the institutional Medical Ethics 
Committee (approval no. 140828-01) on the 11th of March 
2014, and registered at ClinicalTrials.gov (NCT02099721) 
on the 31st of March 2014. Patients with contraindications to 
the study drugs or chronic diseases, such as cancer or tuber-
culosis, hematological diseases, or with an unsuccessful sur-
gery were excluded. The patient groups were well matched, 
and this study excluded patients with pacemaker infection 
and receiving systemic antibiotics.

2.2 | Study treatments

Patients were randomly assigned to a pacemaker pocket treat-
ment, in which the gauze was presoaked in 1 U of hemocoag-
ulase and 10 mL of normal saline (group A, n = 228), 10 mL 
of gentamicin (group B, n = 228), 1 U of hemocoagulase, and 
10 mL of gentamicin (group C, n = 227), or 10 mL of nor-
mal saline (group D, n = 227). The dosage of gentamicin ac-
cording to body weight is 1~1.7 mg/kg, the concentration of 

gentamicin used in this study is 61.0 mg/mL. The treatment 
for each group was performed for 10 minutes, immediately 
prior to the implantation of the pacemaker battery (Figure 1).

2.3 | Pocket and implantation procedures

The cardiac catheter laboratory was disinfected by ultra-
violet light for 30 minutes before surgery. Patients are 
routinely given equal weight of second-generation cepha-
losporins 30 minutes before and within 24 hours after sur-
gery, every 8 hours. Then, the patients were placed in the 
supine position, routine skin disinfection was performed 
with sterile wipes, and lidocaine (1%) was used for local 
anesthesia. The puncture of the left subclavian vein was 
performed using the Seldinger method, and a J-shaped 
guidewire was inserted into the subclavian vein, and into 
the inferior vena cava. Lidocaine (1%) was used as the 
infiltration anesthesia. A 4-7 cm skin incision was made 
along the puncture point. The subcutaneous tissues were 
bluntly stripped layer by layer until the superficial fascia 
of the pectoralis major muscle was reached, and a pocket 
slightly larger than the pacemaker was formed. For pa-
tients with low body weight, the pocket was made within 
the pectoralis major muscle. For patients with pacemaker 
replacement, the original pocket was used; these patients 
had pacemakers replaced with normal battery exhaustion. 
A 40 × 40 four-ply gauze pad pretreated with the respec-
tive study solutions was placed within the pocket. Then, 
a 7Fr venous sheath was slid along the guidewire, and a 
spiral electrode was positioned along the outside sheath. 
The distal end of the atrial electrode was implanted into the 
right atrial appendage or right atrial septum. The ventricu-
lar electrode was implanted into the right ventricular apex 
or right ventricular septum. The left ventricular electrode 
of three-chamber pacemakers was implanted in the cardiac 
or cardiac lateral vein. An intraluminal electrocardiogram 
and pacing analyzer were used to monitor the pacing. If the 

F I G U R E  1  Flow diagram: evaluating four groups of patients exposed to different pocket cleaning techniques prior to pacemaker implantation
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location of the electrodes and pacing parameters were sat-
isfactory, the gauze pad was removed from the pocket. The 
time from placement to removal was 20 minutes or less. 
After confirming that there was no bleeding, the pulse gen-
erator was connected, and the electrodes were fixed. Then, 
the pocket was sutured layer by layer, the incision was cov-
ered with 75% of ethanol gauze and sterile dressing, and 
pressure was applied using a sandbag. These patients were 
instructed to remain in the supine position for 6 hours (12 
hours for patients with a three-chamber pacemaker). The 
dressing was changed and the wound was evaluated on day 
2 and 5 after surgery. The stitches were removed on day 7.

2.4 | Definitions

The evaluation of postoperative pacemaker implantation-
related infections include the clinical manifestations, bacte-
rial culture, echocardiography, and imaging.5,6 The diagnosis 
was based on the Mayo Cardiovascular Infections Study 
Group guidelines.7 The manifestations of these pocket in-
fections included delayed incision healing, incision tears, 
and the exudation of inflammatory secretions from the in-
cision. Thinning of the skin around the pacemaker pocket, 
possibly with a change skin color, severe pain, or skin ul-
ceration leading to the exposure of electrodes was also asso-
ciated with pocket infections. Most of these patients did not 
have systemic symptoms at this stage. Infective endocarditis 
can occur as a complication of bacteremia, and affected pa-
tients would have obvious symptoms of systemic infection. 
Bloodstream infections included bacteremia and sepsis, and 
these patients had systemic symptoms, including high fever, 
chills, and rashes.

2.5 | Follow-up evaluation

Patients were followed up for 24 hours to determine 
whether the dressing was dry, and whether incision bleed-
ing, exudates, or swelling and tenderness were present in 
the subcutaneous tissue on palpation. Body temperature 
was measured three times daily to monitor for fever or 
other systemic symptoms. Before changing the dressing on 
day 5, the incision margin was wiped with a sterile cotton 
swab, which was placed in a tube of sterile saline and sent 
for bacterial culture. Echocardiography and imaging were 
performed, as required. Adverse reactions to medications 
were monitored during the administration. Under normal 
conditions, most of the pacemaker implantation-related 
infections occurred within 1 week of surgery, and wound 
recovery took 1 month. Therefore, the routine follow-up 
lasted for 1 month, all patients had a follow-up of at least 
1 month.

2.6 | Statistical analysis

SPSS 24.0 (IBM Corp., Armonk, NY, USA) was used for 
the statistical analysis. Assuming a normal distribution and 
homogeneity of variance, the between-group differences of 
continuous data were compared using the chi-square test.   
P < .05 was considered statistically significant.

3 |  RESULTS

3.1 | Baseline characteristics

There were no significant study group differences in gender 
ratio, age, body mass index, surgical site, numbers of surger-
ies, operating time, pacemaker implantation depth, type of 
pacemaker, coagulation function, suture method, or the use 
of oral anticoagulant or antiplatelet agents (Table 1).

3.2 | Pocket infection

A total of 910 patients were included. Among these patients, 12 
patients (1.32%) developed pacemaker implantation-related 
infections. The incidences in groups A-D were 4 (1.75%), 3 
(1.32%), 2 (0.88%), and 3 (1.32%), respectively, but the dif-
ferences were not statistically significant (P > .05). The man-
ifestations included pocket hemorrhage, change in color and 
thinning of the skin around the pocket site, and severe pain. 
Ten of these 12 patients had no systemic symptoms, were 
treated with local compression and immobilization, and re-
covered within 1 month, these patients were treated with an-
tibiotics, but not cultured. Two patients (one patient in group 
A and one patient in group C) experienced wound rupture 
with exudation of inflammatory secretions on day 3 after sur-
gery. Blood culture results were positive, and Staphylococcus 
aureus was detected. These patients were treated with local 
debridement and stitching, but systemic symptoms occurred 
in both patients on day 4, which was consistent with bacteria 
and pacemaker-related bloodstream infection. Bloodstream 
infections occurred in 2 of the 910 (0.22%) patients, and both 
patients were associated with pocket infection. Bloodstream 
infections all occurred on day 4, and mainly manifested as 
elevated body temperature (up to 40.2°C), accompanied by 
chills, and increased leukocyte count, C-reactive protein, and 
procalcitonin. Wound secretion cultures were positive for 
S. aureus and S. epidermidis. In one patient in group A, the 
body temperature returned to normal by week 2 after surgery, 
and the wounds healed within 1 month, following the intra-
venous administration of second-generation cephalosporins. 
In one patient in group C, the infection was not controlled, 
and the symptoms worsened even after intravenous antibi-
otics for 2 weeks. The pacemaker was removed on day 15, 
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and the antibiotic treatment was continued. At 2 days after 
pacemaker removal, the patient’s body temperature returned 
to normal. Blood count and the inflammatory factor level re-
turned to normal after 5 days. The pacemaker was success-
fully implanted into the contralateral side on day 20 after the 
initial surgery, without the occurrence of any procedure-re-
lated complications. No cases of infective endocarditis were 
observed in the 910 patients during the 1-month follow-up 
period (Table 2 and Figure 2).

4 |  DISCUSSION

Pacemakers have a key role in treating arrhythmia and heart 
failure, preventing sudden cardiac death, and improving 
patient quality of life.8,9 The number of devices implanted 
is estimated at 1.2 million pacemakers and 0.4 million im-
plantable cardioverter defibrillators each year, worldwide.10 
However, instrumentation, perioperative conditions, patient 
characteristics, surgeon-related factors, and the surgical en-
vironment all contribute to infection risk. Intraoperative 
exposure to S. aureus and other pathogens, and incomplete 
intraoperative hemostasis11,12 can be reduced by preoperative 
antibiotic prophylaxis and the discontinuation of antiplatelet 
and anticoagulant therapy.13 The routine use of intravenous 
antibiotics has not eliminated pacemaker pocket infections, 
and the condition of patients who need pacemakers is fre-
quently complicated by coronary artery disease, atrial fibril-
lation, and ischemic myocardial disease. The perioperative 
withdrawal of antiplatelet and anticoagulant agents in pa-
tients with high risk of thrombosis resulted in a threefold 
increase in incidence of myocardial infarction and systemic 
thrombosis.14,15

The intraoperative treatment of pacemaker pockets with 
sterile gauze presoaked in gentamicin or hemocoagulase 
solution is recommended for several reasons: The hospi-
tal suites used for interventional cardiology, such as cath-
eterization, may not achieve the same level of sterility as 
operating suites. The pacemaker wires and pulse genera-
tor are exposed to air before implantation, and may intro-
duce pathogenic bacteria into the body. Furthermore, the 
environment surrounding the implanted pulse generator, 
which is a foreign metal body, facilitates bacterial growth. 
Gentamicin-treated gauze can clear bacteria that colonize 
the pacemaker pocket.16 Incomplete hemostasis can result 
in the formation of pocket hematomas, increase the risk of 
pocket infection, prolong the hospital stay of patients, and 
increase medical costs. The use of thrombin can promote 
platelet aggregation at the bleeding site, release a series 
of coagulation factors, and then, cross-link and polymerize 
into insoluble fibrin to promote thrombosis and hemosta-
sis at the bleeding site. Using thrombin-soaked gauze can 
prevent pocket hematoma and further prevent infection. 
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The intraoperative treatment of pacemaker pockets with 
gentamicin plus hemocoagulase-soaked gauze can thereby 
be expected to clear bacteria and help achieve complete he-
mostasis. The occurrence of pocket infections should de-
crease, but the efficacy of this pretreatment has not been 
validated in randomized trials.

The 910 patients in the present study were randomly as-
signed to pocket pretreatment with hemocoagulase or gen-
tamicin alone, gentamicin plus hemocoagulase, or normal 
saline. The 1.32% incidence of pocket infection (12/910) 
was consistent with that in a previous study, which reported 
a 1%-7% incidence of pocket infection.17 Differences in the 
occurrence of pocket infections were not significant. Pocket 
treatment with gauze presoaked in hemocoagulase and/or 
gentamicin did not significantly prevent pocket infections, 
when compared to normal saline alone. Using gauze moist-
ened with physiological saline to clean the pouch can reduce 
friction, reduce damage to small blood vessels in the pouch, 
and reduce the risk of infection. At the same time, this method 
can save operating time and cost, and is worthy of further 

clinical promotion and verification. There were several ways 
to account for the lack of difference in effect. The sterility 
of the catheterization suite, surgical and procedural environ-
ment, and the experience of the surgeons, who all perform 
more than 100 pacemaker implantations every year, may 
have effectively reduced the risk of bacterial contamination 
The use of small incisions and vascular puncture techniques 
for pacemaker implantation reduced the operation field, op-
eration time, and contamination risk. However, it is difficult 
to achieve an effective inhibitory concentration of gentamicin 
with the local use of gentamicin-soaked gauze, and some of 
the included patients may have had other systemic diseases 
that influenced the trial results.

There is no agreement on the continued use of anticoag-
ulant and antiplatelet drugs during the perioperative period. 
Some studies have shown that bleeding risk may be decreased 
by replacing warfarin with low molecular weight heparin be-
fore the implantation.18,19 A study revealed that periopera-
tive heparin is associated with a 20% bleeding risk, which 
is higher than the 2%-4% risk associated with warfarin.20 In 

T A B L E  2  Infections after pacemaker implantation

A (n = 228) B (n = 228) C (n = 227) D (n = 227) Total (n = 910) χ2 P

Pocket infection, n (%) No 224 225 225 224 898 0.221 .882

98.25% 98.68% 99.12% 98.68% 98.68%

Yes 4 3 2 3 12

1.75% 1.32% 0.88% 1.32% 1.32%

Type of bacteria S. aureus 2 2 1 1 6 0.418 .723

50.00% 66.67% 50.00% 33.33% 50.00%

S. epidermidis 1 0 1 1 3

25.00% 0.00% 50.00% 33.33% 25.00%

S. schleiferi 1 1 0 1 3

25.00% 33.33% 0.00% 33.33% 25.00%

F I G U R E  2  A patient developed a bloodstream infection that resulted in pacemaker removal. A, Infected pocket and with white purulent 
secretions and (B) removed pacemaker
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addition to the effects of anticoagulant and antiplatelet drugs, 
surgical, or anatomical errors, such as intraoperative injury of 
small arteries or the pectoralis major fascia, and incomplete 
hemostasis contribute to bleeding complications. Surgical 
experience and techniques are of great significance in pre-
venting these complications. During surgery, the anatomical 
level must be known, in order to avoid damaging the pecto-
ralis major fascia. Excessive local skin tension should also 
be avoided, and in addition to suturing the bleeding sites, it 
is also important to suture the subcutaneous tissues where 
electrode wires penetrate. This fixes the electrode wires, 
and prevents the reflux of exudative venous blood into the 
pocket along the wires.

4.1 | Study limitations

The limitations of the present single-center study include 
its small sample size and the relatively small number of 
infections. Nevertheless, these results warrant the con-
duction of multicenter studies with larger patient sam-
ples. Furthermore, the follow-up was only performed for 
1 month, and this was performed mainly in the acute stage. 
Residual bacteria that colonized the pacemaker pocket 
could have led to infection, if the immune system was com-
promised. A longer follow-up period would have been more 
beneficial for longer term outcomes. The most common 
pathogens that cause postoperative pacemaker infections 
include S. aureus, S. epidermidis, and S. schleiferi. Gram-
negative bacteria, Candida spp., Corynebacterium spp., and 
other microorganisms accounted for a small proportion of 
the infections. The pathogens that caused pocket infections 
may change as the environment changes, and adjusting the 
antibiotics used for prophylaxis may reduce the incidence 
of infection. The present study was prospective, and the 
calculation of the incidence of infection was derived from 
patients with pacemaker implantation in a single period, 
which may underestimate the actual incidence.

5 |  CONCLUSION

The local treatment of pacemaker pockets with gentamicin, 
hemocoagulase, or gentamicin plus hemocoagulase-soaked 
sterile gauze had no significant effect in preventing pocket 
infection, when compared with saline controls. Proper peri-
operative management can help reduce the risk of bleeding 
and hematoma formation. Furthermore, strict attention to 
the aseptic surgical environment, technique, and appropri-
ate procedures reduce the incidence of pocket infections. 
The present study provides valuable clinical data for deter-
mining effective methods for preventing pacemaker pocket 
infection.
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