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n INTRODUCTION

Cardiovascular implantable electronic devices 
(CIED) have become increasingly important 

in cardiac disease management over the last 5-10 
years, dramatically improving both patient qual-
ity and duration of life [1, 2]. Together with these 
positive aspects, permanent pacemakers (PPMs) 
infections have consequently increased, leading 

to more attention for the epidemiology, associated 
risk factors, management and prevention of these 
infections [3-6].
The “Centro Cuore” Morgagni Hospital (Catania, 
Italy) is a specialized center in heart disease with 
UTIC and Hemodynamic, Cardiac Rehabilitation, 
Cardiac and Vascular Surgery Units. 
The center has 90 beds, three operating rooms, 
two rooms of hemodynamic, radiology and lab-
oratory services for chemical-clinical and micro-
biological tests.
We report a retrospective 14 year experience on 
PPM bacterial infections on a total of 1,366 proce-
dures performed.
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The aim of the study was to describe the microbial ae-
tiology of infections from cardiovascular implantable 
electronic devices (CIEDs) between 2001 and 2014 at 
The Centro Cuore Morgagni Hospital (Catania, Italy). 
In this 14-year retrospective study on pacemaker iso-
lates 1,366 patients were evaluated and clinical data 
were collected. CIEDs were analyzed and isolates test-
ed by routine microbiological techniques. The presence 
of bacterial biofilm was assessed by means of scanning 
electron microscopy. Of the patients, fifty-three had 
catheter-related infections (3.9%), mainly resulting 
from Staphylococci (4 S. aureus, 32 S. epidermidis, 15 S. 
hominis, 3 S. haemolyticus, 1 S. warnerii, 1 S. schleiferi, 1 S. 
lentus and 1 S. capitis) that covered the cardiac catheter 

SUMMARY

with biofilm. Overall, oxacillin-resistance was 55.1%, 
especially among S. epidermidis, while all isolates were 
susceptible to vancomycin, teicoplanin, tigecyclin, ri-
fampin, trimethoprim/sulfamethoxazole, linezolid, 
moxifloxacin, tobramycin and gentamicin. Coagu-
lase-negative staphylococci were the most frequently 
isolated and S. epidermidis was largely the main single 
agent. Only four Gram negatives caused polymicrobial 
infections with Staphylococci. Despite improvements 
in CIED design and implantation techniques, infection 
of cardiac devices remains a serious problem.
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n MATERIALS AND METHODS

Study population
One thousand three hundred sixty-six patients 
(900 males and 466 females) underwent pacemak-
er implantation at the Centro Cuore Morgagni 
(Catania, Italy) between 2001 and 2014. All the re-
cords were retrospectively evaluated. 
Patients had the following diseases: 851 patients 
presented at admission with atrioventricular 
block (63%), 241 atrial fibrillation with brady-
arrhythmia (17%), 137 sinus node dysfunction 
(10%) and 137 dilated cardiomyopathy (10%).
All consecutive patients with infected CIED or 
who underwent removal of device were evaluated.

Definitions
Device infection was defined as the presence of 
local signs of inflammation at the pocket of CIED 
including pain, erythema, edema, and purulent 
drainage.
A recurrence was defined as the appearance of 
another new episode of infection after full remis-
sion of a previous episode had been achieved. Re-
lapse was defined as the return of symptoms of 
infection before a full remission had been reached.

Microbiological analysis and susceptibility testing
All microbial isolates were collected from the clin-
ical microbiology laboratory of the Centro Cuore 
Morgagni between 2001 and 2014.
All isolates were obtained by culturing the fluid 
pacemaker pocket from patients with infected PM.
The identification of causative organism support-
ed the diagnosis of CIED infection. In all cases 2 
sets of positive blood culture were also used as 
confirmation.
Isolates were confirmed by routine microbio-
logical techniques including Gram stain, cata-
lase test, coagulase test, and API Staph system 
(bioMérieux, France). 
Antimicrobial susceptibility of the strains was 
preliminarily determined using Vitek 2 system 
(bioMérieux, France). In all strains, susceptibility 
was reconfirmed by Broth MicroDilution (BMD) 
standard following Clinical and Laboratory Stan-
dards Institute (CLSI, 2009) [7]. 

Biofilm visualization on devices
Biofilm formation on devices was assessed by 
using scanning electron microscopy. Prior to im-

aging, the bacteria were fixed and dehydrated. 
Briefly, the cover slips were gently rinsed twice 
with 0.01 M PBS and then initially fixed by 2.5% 
gluteraldehyde for 2 h at 4°C. The surfaces were 
washed twice with 0.01 M phosphate-buffered 
saline for 1 h. The cover slips were post fixed 
with 0.1% osmium tetra oxide for 1 h. The bacte-
ria were then dehydrated by replacing the buffer 
with increasing concentrations of ethanol (30%, 
50%, 70%, 80%, 90%, 95% and 100%). After critical 
point drying and coating by gold sputter, samples 
were examined.

Statistical analysis
Statistical tests for continuous variables are re-
ported as median, standard deviation (SD) or as 
numbers and percentages. Statistical significance 
was established as p<0.05.

n RESULTS

In this 14-year retrospective study on pacemak-
er isolates 1,366 patients were evaluated. Among 
them fifty-three patients had catheter-related in-
fections (3.9%). Demographic and clinical charac-
teristics of the study subjects are summarized in 
Table 1. The median age of patients was 74 years 
(range 45-91). 
The patients included in the study were 53 (42 
males and 11 females). Fifty-two patients had 
local infections and one patient developed a sys-
temic infection with endocarditis. 
All patients were subjected to antibiotic prophy-
laxis according to the following scheme: 2 g of ce-
furoxime 30 minutes before cutting the skin, 1 g 
of cefuroxime every 6 hours during the 24 hours 
following surgery.
Thirty-two out of fifty-three patients had at least 
one risk factor for an infection. In these patients 
the time of the infection onset was statistically 
significant shorter (1-19 months) than in patients 
with no risk factors (1-48 months) (p<0.05).
Among the 53 infected patients, 11 had a recur-
rence and 3 patients had relapses. Clinical symp-
toms were not specific. At the time of relapse, one 
patient developed endocarditis with fever. In thir-
teen patients it was necessary to proceed with the 
removal and replacement of the entire device af-
ter an interval with antibiotic therapy until signs 
of infections disappeared.
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Patients had received multiple courses of oral 
or intravenous antibiotics. Twenty-five patients 
received trimethoprim/sulfamethoxazole 160 
mg/800 BID, six levofloxacin 500 mg OD, one 
linezolid 600 mg BID, one amoxicillin/clavulan-
ic acid 875 mg/125 mg BID, two rifampin 600 
mg OD, one ceftriaxone 1 g intravenous OD and 
four vancomycin 500 mg intravenous QID. Some 
patients were treated with various antibiotics in 
combination: vancomycin+rifampin, vancomy-
cin+rifampin +colistin, teicoplanin+rifampin.
In most patients the infection completely resolved 
with restoration of a normal heart function. One 
patient died of cardiac arrest. 

A total of 62 strains were isolated from CIED. 
Gram positive bacteria were largely the most fre-
quently isolated (93.5% of isolates). 
Coagulase-negative staphylococci (CoNS) were 
the most common causes of CIED (87.1%), fol-
lowed by Staphylococcus aureus (6.4%) and 
gram-negative bacilli (6.5%). 
The staphylococcal isolates were S. aureus (n=4), 
Staphylococcus epidermidis (n=32), Staphylococcus 
hominis (n=15), Staphylococcus haemolyticus (n=3), 
Staphylococcus warneri (n=1), Staphylococcus schleif-
eri (n=1), Staphylococcus capitis (n=1) and Staphylo-
coccus lentus (n=1).
The gram-negative strains were Acinetobacter bau-
mannii (n=2), Pseudomonas aeruginosa (n=1) and 
Klebsiella pneumoniae (n=1). 
Polymicrobial infections were present in eight pa-
tients: A. baumannii or K. pneumoniae were present 
as co-pathogens with S. epidermidis and S. aureus, 
respectively, while polymicrobial infections in-
volved more than one species of CoNS in 6 cases. 
In one case S. epidermidis was isolated before de-
vice removal while S. hominis was isolated after 
device removal. 
S. epidermidis was the most frequently isolated 
single agent (51.6% of all isolates) followed by S. 
aureus (6.4%). 
All staphylococcal isolates were susceptible to 
linezolid, vancomycin, teicoplanin, rifampin, 
tigecyclin, mupirocin, trimethoprim/sulfame-
thoxazole and daptomycin (Table 2). Daptomycin 
was tested against 19 S. epidermidis and 13 CoNS 
isolates because this antibiotic was recently intro-
duced in the automatic system of the microbio-
logical laboratory.
Fifty percent of S. aureus and 32% of CoNS iso-
lates were resistant to oxacillin while 28% of S. 
epidermidis were susceptible to this antibiotic. Re-
garding fosfomycin, all isolates were susceptible, 
except eight CoNS isolates. 
All S. aureus were susceptible to tetracycline, but 
34% of S. epidermidis and 18% of CoNS were resis-
tant. Seventy five percent of S. aureus, 37% of S. 
epidermidis and 45% of CoNS were susceptible to 
erythromycin. About 70% of staphylococci were 
susceptible to clindamycin. 
The complex bacterial structure adherent to cath-
eters is shown in Figure 1, referred to a patient 
whose device was removed. The rubber surface 
of the device is covered with numerous platelets 
that form a thin fibrin network (Figure 2).

Table 1 - Demographic data and clinical characteristics 
of patients with CIED infections.

Characteristics Value n.

Total number of patients  
with CIED infection

53 (3.9%)

Males 42 (79.2%)

Median age 74 years (range 45-91)

Risks factors 

Diabetes 12 (22.7%)

Diabetes/Obesity 11 (20.8%)

Obesity 9 (16.9%)

Absent 21 (39.6%)

Signs of infection

Local 52 (98.1%)

Systemic with endocarditis 1(1.9%)

Device

Median time of onset of infection 22 days (range 8-92)

Median time of hospital stay 26 days (range 12-108)

Recurrences 11 (20.7%)

Relapses 3 (5.6%)

Removal of CIED 5 (9.4%)

Infection sites

Swab wound of CIED 10 (18.7%)

Swab pacemaker pocket 34 (64.4%)

Fluid of CIED pocket 9 (16.9%)

Antibiotic treatment

Monotherapy 44 (83%)

Microrganisms 62 (100%)

S. aureus 4 (6.4%)

S. epidermidis 32 (51.6%)

CoNS 22 (35.5%)

Gram negative 4 (6.5%)
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n DISCUSSION

CIEDs have become increasingly important in 
cardiac disease management in many countries 
all around the world with a great impact in both 
patients’ quality and quantity of life [8]. Advances 

in permanent pace-maker and in implantable car-
dioverter defibrillator technologies have helped 
this process.
Together with the rise of CIED implantation, PPM 
infections increased accordingly [9]. In the last de-
cades, the rate of these infections ranged widely 

Figure 1 - Bacterial biofilm adherent to the CIED. Figure 2 - CIED covered by biofilm and platelets.

Table 2 - Antimicrobial activity of antimicrobial agents against Staphylococci isolated from the 53 patients.

Antibiotics

S. aureus (4) S. epidermidis (32) Other CoNS (22)*

MIC (mg/L) %
Susceptible

MIC (mg/L) % 
Susceptible

MIC (mg/L) % 
SusceptibleMIC50 MIC90 MIC50 MIC90 MIC50 MIC90

Oxacillin ≤0.25 ≥4 50 ≥4 ≥4 28 ≤0.25 ≥4 68
Gentamicin ≤0.5 ≤0.5 100 ≤0.5 8 84 ≤0.5 4 77
Tobramycin ≤1 ≤1 100 ≤1 8 87 ≤1 2 100
Levofloxacin 0.5 1 100 2 4 47 ≤0.12 ≥8 36
Moxifloxacin ≤0.25 0.5 100 0.5 2 97 1 2 95
Erythromycin ≤0.25 ≤0.25 75 ≥8 ≥8 37 ≤0.25 ≥8 45
Clindamycin ≤0.25 ≤0.25 75 ≤0.25 ≥8 71 ≤0.25 ≥8 73
Linezolid 2 2 100 1 2 100 1 2 100
Teicoplanin ≤0.5 ≤0.5 100 1 4 100 1 2 100
Vancomycin 1 1 100 ≤1 1 100 1 1 100
Tetracycline ≤1 ≤1 100 ≤1 ≥16 66 1 ≥16 82
Fosfomycin ≤8 ≤8 100 ≤ 8 ≤8 100 ≤8 64 64
Rifampin ≤0.5 ≤0.5 100 ≤0.5 ≤0.5 100 ≤0.5 ≤0.5 100
Trimethoprim/
sulfamethoxazole

≤10 ≤ 1 100 ≤10 20 100 ≤10 ≤10 100

Tigecycline ≤0.12 ≤0.12 100 ≤0.12 0.25 100 ≤0.12 ≤0.12 100
Daptomycin** 0.25 0.5 100 0.25 0.5 100

*CoNS: 15 S. hominis, 1 S. lentus, 3 S. haemolyticus, 1 S. schleiferi, 1 S. warneri, 1 S. capitis.
**Tested against 19 S. epidermidis and 13 CoNS.
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between 0.13% and 19.9% with an average value 
of 10% [10-13]. In most published studies, CIED 
infection is more often monomicrobial; CoNS 
are most frequently isolated and S. epidermidis is 
largely the main single agent manly due to con-
tamination at the moment of implantation [14-16]. 
Isolation of CoNS usually represents a challenge 
for the clinician since it might be the result of con-
tamination, given the generally low pathogenicity 
of CoNS [17].
In our retrospective study on PPM, the rate of 
staphylococcal infections was 3.9%, oxacillin-re-
sistant S. epidermidis being predominant (72%). 
In general the majority of other antimicrobials 
was bactericidal against all staphylococci includ-
ed MRSA [18, 19]. 
In our cases, 37 CIED infections were successfully 
treated after antibiotic therapy alone: cotrimox-
azole (n=25), levofloxacin (n=6), rifampin (n=2) 
and vancomycin (n=4). The good antistaphylo-
coccal activity of cotrimoxazole is documented 
by the in vitro susceptibility results of quarterly 
surveillances at “Centro Cuore” Morgagni hospi-
tal as well as reports from others authors [20, 21]. 
A reinfection occurred in 11 patients treated with 
vancomycin in association with rifampin or pip-
eracillin/tazobactam in combination with rifam-
pin. Colistin is added for polymicrobial infections 
sustained by gram negative pathogens. Five pa-
tients were transferred to specialized hospitals to 
remove and replace the entire device.
The development and persistence of CoNS infec-
tions are often associated with foreign materials 
due to the capacity of these bacteria to adhere 
them. The bacterial layers on the surface of an 
implanted device are encased in an extracellular 
slime made of a polysaccharide intercellular ad-
hesion and constitute the biofilm we observed on 
devices by using scanning electron microscopy. 
Microbes in a biofilm are protected by this dense 
extracellular matrix and are more resistant to an-
tibiotic and host defenses [21]. 
Furthermore, in our study, the statistical analysis 
of data demonstrated that the time of onset of in-
fection is influenced by the presence of risk fac-
tors. 
Despite improvements in CIED design, applica-
tion of timely infection control practices, and ad-
ministration of antibiotic prophylaxis at the time 
of device placement, CIED infections continue to 
occur and can be life-threatening [22].
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