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Abstract

Background: Despite the long experience of cardiac implantable electronic device
(CIED) implantation in Thailand, epidemiology of CIED infection in Thailand has
never been studied.

Methods: A retrospective cohort study was conducted at the cardiac referral center
in Thailand to investigate incidence of CIED infection and causative organisms
between October 2002 and December 2017. A matched case-control study was
performed to determine the factors associated with CIED infection.

Results: Incidence of CIED infection was 0.9% with a stable trend during the stud-
ied period. There were 54 episodes of CIED infection. The median (interquartile
range) age of the patients was 67.5 (53.0-75.0) years. A total of 29 (53.7%), 18
(33.3%), and 7 (13.0%) were permanent pacemaker, automatic implantable car-
dioverter-defibrillator, and cardio-resynchronization therapy-related infection,
respectively. Gram-positive cocci were the most common organism (24 episodes,
44.4%). Gram-negative bacilli were isolated in six episodes (11.1%). About 9.3%
were polymicrobial and 35.2% were culture negative. Multivariate analysis showed
that previous CIED infection and generator revision procedure were associated with
CIED infection (odds ratio [OR] 48.56, 95% confidence interval [CI] 3.72-633.62;
P =0.003 and OR 19.99, 95% Cl 1.28-333.24; P = 0.033 respectively). Forty
(74.1%) cases were cured. Leaving device in situ was the only factor significantly
associated with poor outcome (OR 11.40, 95% CI 1.52-85.73; P = 0.018).
Conclusions: In Thailand, while CIED implantation is rising, incidence of CIED infec-
tion is stable. Microbiology of CIED infection in Thailand is similar to western coun-
tries, albeit a higher proportion of negative culture. Previous CIED infection and

generator revision procedure are associated with CIED infection.
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1 | INTRODUCTION

Cardiac implantable electronic devices (CIEDs), that is, pacemakers
(PPMs), implantable cardioverter-defibrillators (ICDs) and cardiac
resynchronization therapy with and without defibrillator (CRT-D/
CRT-P), are indicated for a growing number of patients with tach-
yarrhythmia, bradyarrhythmia or severely reduced ejection fraction,
can become infected.! CIED infection is associated with a marked
increase in mortality and in-hospital financial charges.2 The true inci-
dence of CIED infection is difficult to determine due to lack of a
comprehensive registry or mandatory reporting. In a review of 22
studies that included at least 1,000 patients from North America,
European countries, and Australia, the rate of infections ranged from
0.5% to 2.2%.° Annual rate of CIED infection in the United States
markedly increased since 2004.2 This coincided with increased
implantation in older patients with comorbidities. An increased rate
of CIED infection in the United Kingdom was also reported.*
Previous studies showed risk factors associated with CIED infec-

5,6

tion included early CIED re-intervention, postoperative hema-

D,6'12’13

toma,”” CIED replacement,”** more complex CIE use of

temporary pacemaker prior to implantation,>” a large number of
prior procedures,” prior CIED infection,***> lack of proper preopera-
tive antibiotics,** longer procedure time,®'* fever or systemic infec-

514 chronic kidney disease,&1+1617 hemodialysis,6 chronic skin
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tion,

corticosteroid treatment,’ chronic obstructive pulmonary
10,16

disease,*

disease,”'**> diabetes,”* malignancy,14 male gender, and

younger age.1%12

In western countries, gram-positive cocci are major types of
CIED infection (from 67.5% of patients to 92.5% of isolates across
ten studies).> The most commonly isolated microorganisms
included coagulase-negative Staphylococci, and Staphylococcus
aureus. Gram-negative bacilli were isolated in 1%-17% of epi-
sodes,®> and polymicrobial infection was reported with a range
from 2% to 24.5%.% Fungal and Mycobacterium spp. infection were
very rare.>'®

In Asian countries, gram-negative bacilli have surpassed gram-
positive cocci in many types of infections including infections in
patients with foreign materials. Gram-negative bacilli accounted for
36%-60% of causative pathogens of central venous catheter-related

19.20 \whereas

blood stream infections in a tertiary hospital in India,
gram-negative bacilli accounted for only 19%-21% of these infec-
tions in the western countries.?%?2 |n prosthetic joint infection,
gram-negative organisms accounted for 20% in Taiwan?® and 6%-
23% in India,?* whereas only 6%-11% in North America.?> However,
data on microbiology of CIED infection in Asian countries are lim-
ited. Studies from Japan and China showed that Staphylococcus
remained the predominant pathogen associated with CIED infec-
tion.2¢28

In Thailand, CIED implantation has been increasingly performed.
Nevertheless, incidence of CIED infection has never been studied.
Microbiological data of CIED infection in Thailand as well as South-

east Asia are scarce and might be different from western countries.
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Study of epidemiology and microbiology of CIED infection in Thai-
land would provide beneficial information that could result in the
proper antibiotic use for prophylaxis and empirical treatment of

CIED infection in Southeast Asia countries.

2 | METHODS

2.1 | Patient population and case definitions

Patients with evidence of CIED infection that presented at or were
referred to Ramathibodi hospital, a 1300-bed university hospital and
a cardiac referral center in Bangkok, Thailand from October 2002 to
January 2018 were included. A case-control study was performed to
identify risk factors associated with CIED infection. The control was
the patient who received CIED implantation but had no evidence or
history of CIED infection. Two controls were identified for each case
and were matched for age and sex. CIED infection was defined as
the presence of generator pocket infections, CIED-related lead infec-
tion (CIED-LI) or infectious endocarditis (CIED-IE), as previously
described.® A case of generator pocket infection was defined as ery-
thema affecting the box implantation incision site, or incision site
purulent exudate, or wound dehiscence, or erosion through skin with
exposure of the generator or leads or fluctuation (abscess) or fistula
formation and no systemic symptoms and negative blood culture.
CIED-LI was defined as symptoms or signs of systemic infection,
echocardiography consistent with vegetation(s) attached to leads and
the presence of major Duke microbiological criteria.?? On the other
hand, if echocardiography showed valve involvement, CIED-IE was
defined. Most patients with device-related infections were identified
at the time of follow-up at the outpatient department (OPD) and
using a hospital-based electronic database where all staff physicians,
trainees, and nurses involved with pacemaker and ICD implantation
reported any cases of suspected or confirmed device-related infec-
tion. Early CIED infection was defined as an infection less than
6 months after last intervention.® Study protocol was reviewed and
approved by the Ethical Clearance Committee on Human Right
Related to Research Involving Human Subjects of the Faculty of
Medicine Ramathibodi Hospital, Mahidol University.

2.2 | Specimen collection and culture

Pocket tissue and tips of medical device were collected during
device extraction. Each specimen was obtained using an aseptic
technique. Pocket tissue samples and tips of medical device were
placed in sterile bottles and transported to the clinical microbiology
laboratory. Samples from pocket tissues were inoculated onto solid
media (blood agar, MacConkey agar) and thioglycolate broth. Sam-
ples from medical devices were inoculated onto blood agar. In some
patients with CIED infection whose device was retained, the sample
was collected from wound swab culture using STUART transport
medium tube and then inoculated onto solid media (blood agar,
identification and antimicrobial

MacConkey agar). Bacterial



ﬂWl LEY— Sowmal of Ceilythmia

KORKERDSUP ET AL.

susceptibility were performed using the biochemical testing® and
matrix assisted laser desorption ionization-time of flight mass spec-
trometry (MALDI-TOF MS). Minimum inhibitory concentrations
(MICs) were determined according to Clinical and Laboratory Stan-
dards Institute (CLSI) breakpoints.®!

2.3 | Statistical analysis

Descriptive statistics were presented as a number (percent) for cate-
gorical variables and median (interquartile range; IQR) for continu-
ous variables. Chi-squared or Fisher's exact test were used for
categorical variables. Mann-Whitney U-tests were used to compare
continuous variables. Kruskal-Wallis test was used to compare time
to infection among different cardiac devices. A 1:2 matched case-
controlled study and logistic regression were used to determine the
risk factors associated with CIED infection. Variables that presented
a P < 0.2 from univariate logistic regression were considered in a
multivariate logistic regression model. Odds ratio (OR) and its 95%
confidence interval (Cl) were estimated. A P < 0.05 was considered
statistically significant. All statistical analyses were performed using
the Stata statistical software version 12.0.

3 | RESULTS

3.1 | Incidence

The rate of CIED implantation at Ramathibodi Hospital was gradu-
ally increased from 84 to 328 implantations per year. Between 2003
and 2017, 2144 primary implantations of PPM, 651 automatic
implantable cardioverter-defibrillators (AICD), 1
implantable cardioverter-defibrillator (S-ICD), and 339 CRT-P/D

were recorded. The majority of this increase was due to a large

subcutaneous

increase in annual PPM (DDD) implantation (from 32 to 147 implan-
tations per year; 459.4%) and the annual AICD implantation
increased by 407.1% (from 14 to 57 implantations per year) during
this period (Figure 1). During the study period, 28 cases of CIED

infection following implantation in Ramathibodi Hospital were
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identified (0.9% incidence). The annual rate of infection was stable
(< 2.4%) (Figure 2). Consideration as to the type of devices, incidence
of PPM, AICD, and CRT infection were 0.6%, 1.3%, and 1.7%,

respectively.

3.2 | Case characteristics

A total of 54 episodes of CIED infection were included in this study
(28 and 26 episodes of infection following CIED implantation in
Ramathibodi Hospital and outside hospitals, respectively). Of all
CIED infection, 44 (81.5%) patients had generator pocket infections,
4 (7.4%) patients had CIED-LI, and 6 (11.1%) patients had CIED-IE.
108 matched patients were included in this evaluation. Demographic
data of patients with and without CIED infections are shown in
Table 1. Overall, the median (IQR) age of the CIED infected patients
was 67.5 (53.0-75.0) years and 75.9% were male. There was no sta-
tistically significant difference between the two groups in age, sex,
body mass index (BMI), underlying diseases, anticoagulant use and
indications for the implantation. The CIED infection group consisted
of 53.7% pacemaker patients, 33.3% AICD patients, and 13.0% CRT-
P/D patients. The control group consisted of 33.4% pacemaker
patients, 52.8% AICD patients, and 13.0% CRT-P/D patients
(Table 2). The type of CIED in the two groups was significantly dif-
ferent; the number of PPM (VVI) implantation was higher in the
CIED infection group, whereas the number of AICD implantations
was higher in control group. The median (IQR) time to infection of
each device was 1.99 (0.27-5.75), 0.82 (0.33-4.55), 0.30 (0.21-0.85)
years in PPM, AICD, and CRT, respectively. We found no statistical
significance among time to infection of the devices (P = 0.118).

3.3 | Microbiological characteristics of CIED
infections

In all 54 cases of diagnosed CIED infection, 30 (55.6%) cases were
monomicrobial infections, five (9.3%) cases were polymicrobial infec-
tions, and 19 (35.2%) cases were culture negative (Figure 3). Coagu-

lase-negative Staphylococci (CoNS) were the most frequently

@ PPM (WVI)
# PPM (DDD)
4 AICD

* CRT

% total

FIGURE 1 Annual number of CIED
implantation in Ramathibodi Hospital
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- Incidence of CIED infection following implantation in Ramathibodi Hospital

isolated pathogens, accounting for 22.2% of all cases, followed by
Staphylococcus aureus (18.5%) and gram-negative organisms (11.1%).
Twenty of 24 cases (83.3%) of gram-positive CIED infection were
methicillin-susceptible. Two other gram-positive organisms were
Streptococcus bovis and Bravebacillus spp.

Of the gram-negative organisms, three of six cases (50.0%) grew
Pseudomonas aeruginosa. Other gram-negative organisms included
Pseudomonas stutzeri, Serratia marcescens, and Acinetobacter baumanii.
The polymicrobials identified in these five cases were (a) Enterobacter
cloacae and Citrobacter freundii complex, (b) Escherichia coli and
Mycobacterium fortuitum, (c) CoNS, Klebsiella pneumoniae and Achro-
mobacter xylososidans, (d) Klebsiella oxytoca, E. coli, A. xylososidans, P.
stutzeri, Stenotrophomonas maltophilia, Pannonibacter phragmitetus and
M. fortuitum, (e) P. aeruginosa, S. aureus and K. pneumoniae.

There were no statistically significant differences in microbiology
of early- vs late-onset infection in this cohort (Table 3). Eleven
(20.4%) patients had bacteremia. The proportion of bloodstream

infection of each pathogen was not significantly different statistically.

34 | Risk factors

Possible factors associated with CIED infection including age, BMI,
comorbidities, prior procedure use of temporary pacemaker, previ-
ous history of CIED infection, hematoma, perioperative antibiotic
use, duration of operation, cardiac device, and type of the last
procedure were analyzed (Table 4). By univariate logistic regres-
sion, factors with a P < 0.2 included age, BMI, underlying autoim-
mune diseases, history of CIED infection, use of vancomycin and
clindamycin as perioperative antibiotics, duration of perioperative
antibiotics, duration of operation, hematoma, prior procedure use
of a temporary pacemaker, PPM (VVI), and generator revision pro-
cedure. By multivariate logistic regression, a history of CIED infec-
tion and generator revision procedure were independent factors

FIGURE 2 Incidence of CIED infection
comparing to annual number of CIED
implantation

associated with CIED infection (OR 48.56, 95% Cl 3.72-633.62;
P =0.003 and OR 19.99, 95% Cl 1.28-313.24; P = 0.033, respec-
tively).

3.5 | Management and outcomes

Prior to infected device removal, all patients were assessed for a
need of ongoing CIED therapy. Twenty-three of 54 cases required
re-implantation of a new device, of which 14 replacements were
PPMs, 7 were AICDs, and 2 were CRTs. In the CIED infected cases,
44 (81.5%) of the devices were completely removed (both generator
and leads), 2 (3.7%) removed only the generator but left the leads,
and 8 (14.8%) left the device in situ. All replacements were placed at
a median (IQR) of 28 (14-43) days following removal of the infected
device. Outcomes were as follows: 40 cases were cured, seven cases
were relapse of CIED infection, and one died because of hospital
acquired pneumonia. There were six cases that the outcome could
not be traced due to referral back to outside hospitals. Leaving
device in situ was the only factor significantly associated with poor
outcome (relapse of the infection or death) (OR 11.40, 95% Cl 1.52-
85.73; P = 0.018).

4 | DISCUSSION

At Ramathibodi Hospital, the majority of devices that increased were
PPM. The marked increased rate of implantation might be the result
of the start of Thailand's Universal Coverage Scheme in 2002, which
covered approximately 75% of the entire Thai population, making
more patients able to access the appropriate treatment.3? Our study
incidence of CIED
Ramathibodi Hospital was stable at approximately 0.9% despite a

demonstrated that the annual infection at

continuous rise in CIED implantation. In our series, the incidence of



636 Goninid of OHihothmia
_I_Wl LEY— Sowwnal o/ o222 24/ i//un

KORKERDSUP ET AL.

TABLE 1 Patients’ characteristics

Demographics

Median age,
years (IQR)
Male

Body mass index,
kg/m? (IQR)
LVEF, % (IQR)

Pacemaker
dependent

Indication for implantation

CAD with poor LVEF

Dilated
cardiomyopathy

Long QT syndrome

Hypertrophic
cardiomyopathy

Brugada syndrome
ARVD

Sick sinus syndrome
Atrioventricular block
Syncope

Others

History of CIED
infection

Underlying diseases
Diabetes mellitus
Hypertension
Dyslipidemia
Old CVA
COPD
Cirrhosis
Malignancy

Chronic kidney
disease

ESRD with HD
ESRD with PD
Autoimmune diseases
CAD
Prosthetic valve

Congestive heart
failure

HIV infection
Medical conditions
Central line
Steroid use
Anticoagulants
NOAC

Infection
(n = 54)

67.5 (53.0-75.0)

41 (75.9%)
23.1 (20.9-24.5)

55 (26-69)
22 (62.9%)

8 (14.8%)
8 (14.8%)

1 (1.85%)
0 (0.0%)

7 (13.0%)
0 (0.0%)
15 (27.8%)
17 (31.5%)
0 (0.0%)
2 (3.7%)
17 (40.5%)

16 (29.6%)
29 (53.7%)
22 (40.7%)

6 (11.1%)
4 (7.4%)
1 (1.9%)
1 (1.9%)
4 (7.4%)

1 (2.3%)
0 (0.0%)
4 (7.4%)
16 (29.6%)
1 (1.9%)
5 (9.3%)

0 (0.0%)

0 (0.0%)
2 (3.7%)

2 (1.9%)

No infection
(n = 108)

61.0 (46.0-71.5)

80 (74.1%)
23.5 (20.7-26.5)

41 (30-60)
36 (39.1%)

19 (17.6%)
15 (13.9%)

1 (0.93%)
5 (4.6%)

1 (19.4%)
2 (1.9%)

1 (19.4%)
1(19.4%)
1 (0.9%)
6 (5.6%)
2 (1.9%)
26 (24.1%)
48 (44.4%)
31 (28.7%)
9 (8.3%)
6 (5.6%)
2 (1.9%)

1 (0.9%)
0 (9.3%)

1 (0.9%)
0 (0.0%)

2 (1.9%)

P-value

0.094

0.798
0.148

0.365
0.016

0.655
0.874

>0.999
0.170

0.304
0.553
0.229
0.088
>0.999
0.720
<0.001

0.447
0.266
0.124
0.565
0.732
>0.999
>0.999
0.776

0.426
>0.999
0.096
0.810
>0.999
0.596

>0.999

>0.999
0.110

0.112

(Continues)

TABLE 1 (Continued)
Infection No infection
(n = 54) (n = 108) P-value
VKA 6 (11.1%) 12 (11.1%)
Enoxaparin 3 (5.6%) 0 (0.0%)

ARVD, arrhythmogenic ventricular dysplasia; CAD, coronary artery dis-
ease; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascu-
lar accident; ESRD, end-stage renal disease; HD, hemodialysis; HIV,
human immunodeficiency virus; IQR, interquartile range; LVEF, left ven-
tricular ejection fraction; NOAC, novel oral anticoagulant; PD, peritoneal
dialysis; VKA, vitamin K antagonist.

TABLE 2 Device features and implantation characteristics

Infection No infection
(n = 54) (n = 108) P-value
Cardiac device
PPM (DDD) 5 (27.8%) 33 (30.6%) <0.001
PPM (VVI) 4 (25.9%) 3 (2.8%)
AICD 8 (33.3%) 57 (52.8%)
S-ICD 0 (0.0%) 1 (0.9%)
CRT-P 5 (9.3%) 2 (1.9%)
CRT-D 2 (3.7%) 12 (11.1%)
Number of lead
1 30 (56.6%) 57 (52.8%) 0.871
2 16 (30.2%) 37 (34.3%)
3 7 (13.2%) 14 (13.0%)
Type of the last procedure
Primary implantation 28 (56.0%) 60 (56.1%) 0.030
Generator change 8 (16.0%) 27 (25.2%)
Lead revision 1 (2.0%) 2 (1.9%)
Generator revision 5 (10.0%) 1 (0.9%)
Device upgrade 0 (0.0%) 6 (5.6%)
Re-implantation 8 (16.0%) 11 (10.3%)
Duration of operation, 119.5 90.0 0.017
hours (87.0-160.0) (70.0-128.0)
Perioperative antibiotics
Cefazolin + cephalexin 3 (82.1%) 99 (92.5%) 0.152
Vancomycin + clindamycin 4 (14.3%) 7 (6.5%)
Others 1 (3.6%) 1 (0.9%)
Duration of antibiotic, days 7.0 (7.0-8.5) 7.0 (7.0-7.0) 0.003
Hematoma 3 (10.0%) 4 (3.7%) 0.177
Temporary pacemaker 3 (10.0%) 4 (3.7%) 0.177

AICD, automatic implantable cardioverter-defibrillators; CRT-D, cardiac
resynchronization therapy defibrillator; CRT-P, cardiac resynchronization
therapy pacemaker; PPM, permanent pacemaker; S-ICD, subcutaneous
implantable cardioverter-defibrillators.

the infection was comparable to previous reports from Japan
(1.1%),%% and China (1.9%).3* During study period, the method of
CIED implantation and perioperative antibiotics were not changed.
However, after a case of mycobacterial infection, skin preparation

technique was changed since 2015. This included preprocedure
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FIGURE 3 Microbiology of CIED infection (n = 54). CoNS, coagulase-negative Staphylococcus; MRSA, methicillin-resistant Staphylococcus

aureus; MSSA, methicillin-susceptible Staphylococcus aureus

TABLE 3 Microbiology of early versus late CIED infection

Early infection  Late infection  P-value
Bacterial infection
Staphylococcus aureus 6 (24.0%) 4 (13.8%) 0.3252
CoNS 3 (12.0%) 9 (31.0%)
Other gram-positive 2 (8.0%) 0 (0.0%)
Gram-negative 3 (12.0%) 3(10.3%)
Polymicrobial 3 (12.0%) 2 (6.9%)
Negative culture 8 (32.0%) 11 (37.9%)

CIED, cardiac implantable electronic devices; CoNS, coagulase-negative
Staphylococcus.

povidone-iodine scrub for one minute instead of unmeasured time,
the use of sterile drape and a new bottle of sterile water for each
patient. These might result in a slight decrease in CIED infection rate
thereafter.

Most of the positive culture in this study were gram-positive
organisms similar to western countries, but in a lower proportion
(44.4% vs 68%-93%).2 CoNS, which are one of the normal skin flora,
were the most frequent cause of the CIED infections, indicating that
most CIED infections were inoculated at the time of implanta-
tions.28353% Although monomicrobial gram-negative CIED infection
composed only 11.1% in this study, all polymicrobial CIED infection
patients, composed of gram-negative bacilli. Two episodes (3.7%) of
Mycobacterium fortuitum, which is a rapid growing mycobacterium
(RGM), were found in this study. One grew from wound tissue and
another grew from blood culture. Mycobacterium related CIED infec-
tion was rarely found. There were case reports both from Asian and
western countries.*®7-%? The most common isolated Mycobacterial
organisms were in the M. fortuitum group, which account for

TABLE 4 Univariate analysis for risk factors of CIED infection

OR P-value
Age 1.01 (1.00-1.03) 0.155
Body mass index 0.94 (0.87-1.02) 0.145
Autoimmune diseases 4.24 (0.75-23.93) 0.102
History of CIED infection 35.7 (7.74-164.66) <0.001
Vancomycin + clindamycin 2.38 (0.64-8.80) 0.193
Duration of perioperative 1.26 (1.02-1.54) 0.030
antibiotics (days)
Duration of operation (hours) 1.62 (1.10-2.40) 0.015
Hematoma 2.86 (0.60-13.56) 0.185
Temporary pacemaker 2.86 (0.60-13.56) 0.185
PPM (VVI) 12.25 (3.34-44.91) <0.001
Type of the last procedure
Primary implantation 1.00
Generator change 0.63 (0.25-1.57) 0.327
Lead revision 1.07 (0.93-12.34) 0.956
Generator revision 10.71 (1.19-96.06) 0.034
Re-implantation 1.56 (0.56-4.30) 0.392

CIED, cardiac implantable electronic devices; PPM, permanent pace-
maker.

approximately 50% of mycobacterial infections.'® The rate of negative
culture was quite high in our study. This might be due to some patients
receiving antibiotic therapy before they presented to our hospital,?”°
and thus potentially confounded the microbiological data in this study.

At our center, cefazolin followed by cephalexin for a 7-day
course was the most common antibiotics prescribed as perioperative
antibiotics. Because of the high proportion of methicillin-susceptible

pathogen and gram-negative organisms, cefazolin and cephalexin
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were considered an appropriate prophylaxis for CIED implantation in
Thailand. For empirical treatment of CIED infection, chosen antibi-
otics should have a broad spectrum to cover staphylococci and
gram-negative organisms including Pseudomonas species.

Diverse predisposing risk factors for CIED infection were identi-
fied, but significant risk factors in one study did not reach significance
in others and vice versa. The more complex devices had more oppor-
tunity to be infected.®*?12 Not only was the complexity of the device
itself a risk factor, but also a longer operation time was as well. If the
device had multifunction and numerous leads, it was usually associ-
ated with a longer operation time. We found increased OR of infection
associated with a longer duration of operation. However, this did not
reach statistical significance in multivariate analysis, likely due to the
small sample size. In univariate analysis, a longer duration of periopera-
tive antibiotic is associated with CIED infection. However, this did not
reach statistical significance in the multivariate model. We found a sta-
tistically significant association between a longer duration of antibiotic
use and the history of CIED infection group (P < 0.001). It is possible
that the patients who had a history of CIED infection received a longer
duration of perioperative antibiotic in the subsequent procedure. The
only significant risk factors associated with CIED infection from this
study were history of CIED infection and generator revision proce-
dure, which supports the earlier studies.”*>**

In patients with pocket infection without systemic infection
and complete device removal was not feasible due to patient's
condition/preference or limited availability of care, prolonged
course of oral antibiotic was provided to the patients as an alter-
native. Our result revealed poor outcome in the group, which the
system was not completely removed. In our study, the rate of
relapse of CIED infection was 6.5% in the completely removed
group that underwent re-implantation after finishing a 14-21-day
course of antibiotics, healed explanted site and a negative repeat
hemoculture. Telemetry monitoring or exteriorized pacemaker
could provide a temporary solution that would enable delay of the
re-implantation procedure and minimize the possibility of relapse
infection in these high-risk patients.* Subcutaneous implantable
cardioverter-defibrillator may be the appropriate choice in selected
patients, because the rate of recurrent infection is low, even in
the previous CIED infected patient.*?

To our knowledge, this is the first study to describe CIED
infection in Thailand. The strength of our study was that a
majority of infected patients in other parts of Thailand were
referred to our hospital because only a few hospitals in Thailand
could provide laser lead extraction for the CIED infected patients.
Our study had some limitations. We were unable to reach medical
records of some patients, and information of some procedure-

related risk factors in the patients referred from outside hospitals.

5 | CONCLUSIONS

In conclusion, incidence of CIED infection in Thailand shows a stable
trend while the rate of CIED implantation continues to rise.

Microbiology of CIED infection in Thailand is quite similar to west-
ern countries. Perioperative antibiotic spectrum should cover both
gram-positive and gram-negative organisms. Broad-spectrum antibi-
otics with staphylococci and gram-negative organisms including Pseu-
domonas species coverage should be used as empirical antibiotics for
CIED infection in Thailand. Risk factors associated with CIED infec-
tion are previous history of CIED infection and generator revision
procedure. Therefore, patients with these risk factors must be clo-
sely monitored. A multicenter study of CIED infection in Thailand

should be pursued.
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