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ABSTRACT 

Objective: Cardiac Implantable Electronic Devices are being implanted more commonly now compared to the 
past. Due to the rise in implantation rate complication have also considered to increase. One of the dreadful 
complications is devices infection. This study was conducted to assess retrospectively the rate of device infection 
and risk factors associated with it. 
Study Design: Observational study. 

Place and Duration of Study: AFIC/NIHD, Rawalpindi, from Jan 2018 to Jan 2019. 

Methodology: A total of 356 patients who underwent cardiac devices implantation. Their records were studied 
and all the patients who developed device infections were further reviewed in detail. Demographic details, 
clinical, laboratory data and imaging records were evaluated. Patients were classified into different categories of 
infections based on predefined criteria according to the guidelines. Risk factors were also taken into account. 
Results: Out of 356 devices 14 got infected and infection rate was 3.9%. Generator site infection was seen in 6 
followed by generator erosion in 5 while 2 had pocket site infection with bacteremia and 1 developed pocket site 
infection with lead/valvular endocarditis. Dual chamber permanent pacemakers were infected the most. Denovo 
devices had high infection rate compared to replacement. Microbes were identified in 3 patients. 
Conclusions: Our findings suggest that the increasing incidence of Cardiac Implantable electronic devices infec-
tion in current clinical settings was multifactorial. Care should be taken at every step starting from preoperative, 
intraoperative to postoperative stage for prevention of device infection. 
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INTRODUCTION 

Cardiac Implantable Electronic Devices 

(CIED) including permanent pacemakers (PPMs), 
implantable cardioverter-defibrillators (ICDs) 
and cardiac resynchronization therapy (CRT-D 
[with defibrillator] and CRT-P [without defib-
rillator] are being implanted for the past few de-
cades and the numbers are expected to increase 
in future due to increased life expectancy of the 
patients as well as population growth1. The imp-
lantation of these devices has resulted in a signi-
ficant improvement in both patient quality of life 
and longevity. Moreover there has also been a 
rise in device revisions, upgrades and replace-
ments2. 

Due to increase in the procedural numbers 

the rate of complications is also considered to 
have increased. One of the most serious compli-
cations is device infection carrying a high morbi-
dity and mortality and also results in a significant 
cost burden to health care system. Reasons for 
this trend are uncertain, but likely relate to incre-
asing proportions of implantable cardioverter 
defibrillator (ICD) and cardiac res-ynchronization 
therapy (CRT) devices implanted, as well as imp-
lantations in ‟higher risk‟ patients, i.e. patients 
with diabetes, heart failure and renal failure3. 
CIED infections frequently require removal of 
both leads and generator along with prolonged 
intravenous antibiotic therapy. CIED infection 
rates vary significantly between studies but are 
commonly reported to be between 1% and 7% 
associated with high fatality that ranges from 3%-
19% of patients4. Prutkin et al, reported that a 
total of 3390 (1.7%) out of 200,909 implanted ICDs 
developed device infection within six months5. 
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In literature risk factors which have been 
considered to predispose patients to infection 
include presence of other comorbidities like co-
existing organs malfunction, number of implan-
ted leads, female group and use of steroids. Mul-
tiple leads and device revision or replacement are 
also identified as independent markers of device 
infection6. 

In majority (88%) of cases infections are 
caused by Gram-positive organisms commonest 
among them was found to be methicillin sensitive 
Staphylococcus aureus (MSSA; 30.8%) followed by 
coagulase negative group including Staphyloco-
ccus (20.5%). Methicillin-resistant Staph aureus 
(MRSA) is found in half of the cases7. 

CIED infections not only cause physical and 
psychological stress to patients but also have 
financial implications to the healthcare system 
which include readmission, prolonged stay in 
hospital, and cost of removal of device and leads, 
insertion of a new device, diagnostic workups 
and medical therapy for infection8. Our objective 
was to study the incidence of device infections in 
our hospital and associated mortality. 

METHODOLOGY 

The study was performed at a 400-bed 
academic tertiary care medical center located in 
Rawalpindi, Pakistan. All the patients implanted 
with CIED between Jan 2018 to Jan 2019 were 
included in the audit. Preoperative data collected 
included patient demographic data, medical co-
morbidities and any antiplatelet or anticoagulant 
being used, preoperative hair removal when ne-
cessary, skin preparation with chlorhexidine glu-
conate (CHG) and povidone-iodine, and preope-
rative antimicrobial prophylaxis. Procedural data 
collected included the type of CIED implanted 
(pacemaker or defibrillator), number of leads 
placed and initial placement versus revision/ 
replacement. 

 Clinical definition of infection was used to 
identify the presence and extent of infection. It 
was divided into following categories namely 1) 
Isolated generator pocket infection defined as 
localized erythema, swelling, pain, tenderness, 

warmth, or drainage with negative blood culture 
2) Isolated pocket erosion: device and/or lead (s) 
are through the skin, with exposure of the 
generator or leads, with or without local signs of 
infection 3) Pocket site infection with bacteremia: 
local infection signs and positive blood cultures 
4) Lead infection: lead vegetation and positive 
blood cultures 5) Pocket site infection with lead/ 
valvular endocarditis: localsigns and positive 
blood cultures and lead or valvular vegetation (s) 
6) CIED endocarditis without pocket infection: 
positive blood cultures and lead or valvular 
vegetation (s). 

Modified duke criteria were used to confirm 
the presence of positive blood cultures along with 
valvular or lead vegetation on echocardiography. 
Bacterial cultures were used to confirm both 
types of CIED infections by positive cultures 
from the device\pocket, extracted leads or blood. 

RESULTS 

The total number of implantable cardiac 
devices in one year duration (2018-2019) was 356 
out of which PPM single chamber were 23 (6.4%), 
285 (80.05%) PPM dual chamber, 15 (4.2%) were 
ICD single chamber while 11 (3.08%) were ICD 
dual chamber. Six (1.68%) were CRTD and CRTP 
were also 6 (1.68%). Among 356 devices there 
were 333 (93.5%) new implants and 23 (6.2%) 
were replacement procedures. In our study popu-
lation 257 (72.19%) were males while 99 (27.8%) 
were females. The mean age of the population 
was 66.53 ± 15.28 years. Risk factors were diabe-
tes mellitus in 100 (28%) patients, Hypertension 
50 (14%), Heart failure 18 (0.5%), Chronic renal 
failure 20 (0.5%), antiplatelet 3 (0.08%), anticoagu-
lant 1 (0.02%), malignancy 2 (0.05%) respectively 
as shown in table-I. 

There were 14 device infections which makes 
up infection rate 3.9%. Ppm dual chamber de-
novo implantation were the ones most commonly 
infected 10 (71.4%), followed by dual chamber 
replacement 2 (1.4%) de-novo single chamber 1 
(0.7%) and denovo single chamber ICD 1 (0.7%). 
Six (42.8%) patients had isolated generator pocket 
infection, 5 (35.7%) had isolated generator ero-
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sion, 2 (1.4%) patient had a pocket site infection 
with bacteremia, and 1 (0.7%) patient hadpocket 

site infection with lead/valvular endocarditis. 
Microbes were identified in 3 cases only and they 
included staphylococcus aureus, pseudomonas 
aeruginosa and staphylococcus epidermidis as 
shown in table-II. 

DISCUSSION 

In this study 3.9% patients developed infec-
tion which was slightly higher than the guideli-
nes accepted infection rate (0.2-3.7%)9. Operations 
were performed by either consultant electro-
physiologist or fellow electrophysiology under 

supervision; hair clipping was done in all but 2 

patients according to CDC recommendations and 
skin preparation was done first with povidone 
iodine for 2-3 days and then with combination of 
povidone iodine and chlorhexidine gluconate 
(CHG) on the operating table just before the proc-
edure10. Studies have shown that repeated skin 
cleansing is considered more effective than single 
intense scrubbing as It allows the disinfectant to 
travel to deeper layers of the skin and disinfect 
hair follicles as well11,12. Perioperative prophy-
lactic antibiotic cefoperazone 1 g hour before the 
procedure was given in 338 (95%) patients while 
18 (5%) were given vancomycin due to cephalos-
porin allergy. This practice has been supported 
by a number of studies13,14. 

Various factors described in studies have 
been reported to predispose to PPM/ICD. These 
vary from either being patient centered or linked 
to procedural techniques or device related 15. A 
meta-analysis from pooled anaysis comprising of  
206,176 patients showed that Esrd, Copd, diabe-
tes, fever were commonly seen among patients 
who developed infection while duration, pocket 

hematoma, inexperienced operator, temoprary 
pacing wire, abdominal location, epicardial leads 
were some of the procedure and device related 
risk factors16. We observed that males appear           
to be at higher risk of infection than females. The 

Table-I: Clinical characteristics and  and device data 
of the patients.  

Demographic 
Characteristics 

Mean ± SD  
/n(%) 

Age  66.53 ± 15.28 

Gender 

Male  
Female 

257 (72.19%) 
99 (27.8%) 

Co-morbids 

Hypertension 
Diabetes Mellitus  
Heart failure 
Chronic renal failure 
Antiplatelet  
Anticoagulant  
Malignancy 

50 (14.04%) 
100 (28.08%) 

18 (0.5%) 
20 (0.5%) 
3 (0.08%) 
1 (0.02%) 
2 (0.05%) 

Pre op parameters 

Prophylactic antibiotic  
Hair clipping  
Skin preparation  

356 (100%) 
354 (98.3%) 
356 (100%) 

Type of Device Implanted 

PPM Single chamber 
PPM Dual chamber 
ICD Single chamber 
ICD Dual chamber 
CRTD 
CRTP  

23 (6.4%) 
285 (80.5%) 
15 (4.2%) 

11 (3.02%) 
6 (1.68%) 
6 (1.68%) 

Type of Implantation 

De-novo 
Replacement  

333 (93.5%) 
23 (6.5%) 

 

Table-II: Infected cases data. 

Devices Permanent Pacemakers ICD 

De-novo dual chamber 
De-novo single chamber 
Replacement (dual chamber) 
De-novo  single chamber 

10 
2 
1 
1 

Types of 
CIED 

Isolated generator pocket infection 
Isolated generator erosion 
Pocket site infection with bacteremia 
Pocket site infection with lead/valvular 
endocarditis 

 
 

6 
5 
2 
 

1 

 

 



Implantable Cardiac Device Infection  Pak Armed Forces Med J 2020; 70 (Suppl-4): 871-75 

S874 

median age did not differ significantly between 
infected and non-infected cases. Patients implan-
ted with de-novo dual chamber devices were at 
higher risk and common risk factors seen in our 
patients were diabetes, hypertension, heart fail-
ure and chronic renal failure. Isolated generator 
pocket infection 6 (42.8%) and 5 (35.7%) isolated 
generator erosion were the commonest presen-
tation of CIED infections in our study population. 
10 (71.4%) of the cases presented within 6 months 
of the index procedure while 4 (28.5%) of them 
were infected after 14 months of device implan-
tation. Three (60%) patients with generator ero-
sion had low normal BMI (mean 19 kg/m2) and 1 
(20%) patient was on steroid. Four (66.6%) out of 
6 patients of isolated pocket infection were prece-
ded by skin boil which were managed conserva-
tively at another hospital. 

Fever was present in 10 (71.4%) of cases and 
average temperature was 39.7◦C; all the patients 
diagnosed as isolated generator pocket infection, 
pocket site infection with bacteremia, pocket site 
infection with lead/valvular endocarditis had 
fever while only 1 patient with generator erosion 
developed fever. 

Blood cultures were sent in 12 (85.7%) of 
cases and swab from pocket for culture and sen-
sitivity was sent in all. All but 2 (85.7%) cases 
samples were drawn before any antibiotic was 
given although guidelines recommend obtaining 
cultures prior to the institution of antibiotic the-
rapy15. No growth was seen in any of the pocket 
swabs but microbes were identified in 3 (21.4%) 
of the cases from blood samples. These included 
staphylococcus aureus, pseudomonas aeruginosa 
and staphylococcus epidermidis. In these patients 
samples were drawn before any antibiotic was 
given. 

Transthoracic echocardiography (TTE) was 
performed in all the patients diagnosed as infec-
tion while 1 patient who was suspected infective 
endocarditis underwent transesophageal echocar-
diography (TOE). Lead vegetations were found in 
1 patient and vegetations were located on right 
atrial and ventricular leads sparing the valves. 

Guidelines17 suggest doing TOE in all patients 
who have documented or suspected bloodstream 
infection or CIED pocket infection but due to 
undocumented reasons TEE could not be done in  
our patients. 

Regarding management all patients with 
CIED patients were treated with antibiotics as per 
recommendations and also considered for remo-
val of generator as well as leads. Antibiotics were 
given for minimum 6 weeks. Generators were 
explanted in all infected cases but lead extraction 
was possible in 10 cases (71%). Reimplantation 
was done on the contralateral infraclavicular 
region after the wound healed along with the 
waiting period of minimum 7 days with optimal 
antibiotic therapy as per the recommendations18. 
Those patients whose leads could not be removed 
were offered surgical opinion but all patients 
refused to undergo procedure so they were kept 
on long term antibiotic therapy.  

An infection-related mortality rate at our 
institution was 2.1%. Two patients were lost to 
follow up however the remainder remain infec-
tion free in visits after 1 month and 3 months so 
true relapse could not be known. 

RECOMMENDATIONS 

Although this audit looked at some but not 
all attributes related to the CIED infections, how-
ever, recommendations can be given to decrease 
the infection rate. Pre-operative site where device 
is being implanted should be assessed thoroughly 
and hair should be clipped in all patients when 
required, diabetic control should be optimized 
before implantation. Moreover temporary pacing 
wire should not stay long and efforts should be 
done to implant permanent pacemaker as early as 
possible. 

Those patients who develop superficial inf-
ections over the generator site should be followed 
up closely. Blood cultures should be sent before 
first dose of antibiotic is given when infection is 
suspected. Antibiotics may be considered in those 
patients who present with skin erosion even if 
fever is not present. 
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Since the resources are limited as in our part 
of the world and most of patients cannot afford 
costly procedures of lead explants like laser lead 
extraction so patient education may play an imp-
ortant role along with regular follow ups to the 
hospital in preventing infections. Nevertheless 
future studies are required before any local gui-
delines can be developed. 
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