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ABSTRACT

Objective To explore differences in clinical manifestations
and outcomes in those patients who develop infection
after undergoing initial implantation versus reoperation.
Methods We compared cases of cardiac implantable
electronic device (CIED) infection based on initial
implantation versus reoperation from 11 centres.
Results There were 432 patients with CIED infection,
178 occurring after initial device placement and 254
after repeat reoperation. No differences were seen in
age, sex or device type. Those with infection after initial
implant had a higher Charlson Comorbidity Score (median
3 (IQR 2-6) vs 2 (IQR 1-4), p<0.001), shorter time since
last procedure (median 8.9 months (IQR 0.9-33.3) vs
19.5 months (IQR 1.1-62.9), p<0.0001) and fewer leads
(2.0+0.6vs 2.5+0.9, p<0.001). Pocket infections were
more likely to occur after a reoperation (70.1%vs48.9%,
p<0.001) and coagulase negative staphylococci (CONS)
was the most frequently isolated organism in this group
(p=0.029). In contrast, initial implant infections were
more likely to present with higher white cell count
(10.5+5.1g/dL vs 9.5+5.4 g/dL, p=0.025), metastatic
foci of infection (16.9%vs8.7%, p=0.016) and sepsis
(30.9%vs19.3%, p=0.006). There were no differences in
in-hospital (7.9%Vs5.2%, p=0.31) or 6-month mortality
(21.9%vs14.0%, p=0.056).

Conclusions CIED infections after initial device implant
occur earlier, more aggressively, and often due to
Staphylococcus aureus. In contrast, CIED infections after
reoperation occur later, are due to CoNS, and have more
indolent manifestations with primary localisation to the
pocket.

INTRODUCTION

Cardiac implantable electronic device
(CIED) infections have been increasing at a
rate greater than the rate of CIED implan-
tation."™ This increase is predominantly
driven by the implantation of CIEDs in an
increasingly complex patient population
with numerous medical comorbidities.”
Prior studies have shown that the risk of

Key questions

What is already known about this subject?

» The global incidence of cardiac implantable
electronic device (CIED) infections is now
increasing out of proportion to the rate of device
implantation, driven predominantly by the
implantation of devices in patients with increasing
complexity and medical comorbidities. Prior
studies have shown that the risk of developing
CIED infection is higher after a generator change
compared with initial device implant but patient
differences between CIED infections after initial
implantation versus reoperation have not been
previously described.

What does this study add?

» To the best of our knowledge, this study using the
Multicenter Electrophysiologic Device Infection
Cohort cohort, the largest registry of CIED
infections, is the first to compare differences in
patient characteristics, clinical manifestations and
outcomes in patients who develop CIED infections
after an initial (de novo) device implantation
versus a device reoperation (such as a revision or
generator change).

How might this impact on clinical practice?

» Our study found that patients with CIED infection
occurring after initial device implantation tended
to present earlier, with more severe clinical
manifestations of infection and more often due
to Staphylococcus aureus, whereas those with a
reoperation presented later with the more indolent
coagulase negative staphylococcus. Our study
makes important contributions to our current
understanding of CIED infections and highlights the
need for providers to recognise that CIED infection
may present in different ways based on last
procedure type.

CIED infection is higher after a generator
change compared with the initial device
implantation.”® Tt is hypothesised that this
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greater rate of infection is due to higher incidence of
CIED pocket colonisation after repeat device reoper-
ations. Up to 42% of CIED pockets are thought to be
colonised by microorganisms, although only a fraction
of those ostensibly colonised eventuate in clinical infec-
tion.”®

It remains unknown if there are differences in the
patient characteristics, clinical manifestations and time
to infection onset between those who have CIED infec-
tion after an initial implantation versus after a reopera-
tion for generator change or lead addition and if clinical
outcomes are different between these two groups. The
purpose of this study was to examine the differences in
patient characteristics, presentation and outcomes in
device infections after initial (de novo) implantation
versus repeat reoperation.

METHODS

Subjects

The Multicenter Electrophysiologic Device Infection
Cohort (MEDIC) was a prospective registry of patients
with CIED infections at 11 international sites. All subjects
were 18 years of age or older and provided informed
consent. Enrolment was from 1 January 2009 until
31 December 2012. Subjects were enrolled at the time of
consent and were followed for 6 months after the time of
study enrolment. Patient demographics, medical history,
medication use, presentation, laboratory and radio-
graphic data and treatment were recorded. The Charlson
Comorbidity index, obtained using a weighted average
of 19 different comorbidity categories, was used to deter-
mine comorbidity severity.

At least two sets of blood cultures were obtained from
all patients atinitial presentation. Gram stain and cultures
from device lead and generator pocket specimens were
obtained in patients who underwent device removal.
Participants received antibiotics guided by culture results
and the antibiotic susceptibility data of causative organ-
isms in accordance with published guidelines.” Reimplan-
tation was performed based on the treating physician’s
discretion.

Subjects were divided into those who developed an
infection after initial implant and those who developed
infection after reoperation. Reoperation was defined as
accessing a CIED pocket for the purpose of a generator
change, pocket revision, lead addition, lead revision or
lead extraction. There was no clinical suspicion for CIED
infection at the time of the repeat reoperation for any
of the subjects in the infection after re-operation group.

Subjects were included regardless of the treatment
received for the infection. While most subjects under-
went percutaneous CIED system extraction, patients
could also be treated with open surgical device removal
or chronic suppressive antibiotic therapy without CIED
removal based on patient and physician’s discretion. In
cases of percutaneous CIED removal, the extraction tools
used were recorded.

Definitions

A pocket infection was defined as localised pocket
warmth, tenderness, erythema, fluctuance, purulent
drainage, wound dehiscence and/or erosion of the
generator or leads at the site of CIED. Lead-associated
endocarditis (LAE) was defined using the modified Duke
criteria.® This category included persistent bloodstream
infection with positive blood cultures and the presence of
avegetation on the lead seen on transthoracic or transoe-
sophageal echocardiography. Vegetations were defined as
oscillating intracardiac masses attached to a pacemaker
or implantable cardioverter-defibrillator (ICD) lead seen
in two or more echocardiographic planes. LAE was also
diagnosed in subjects with negative blood cultures if
there was evidence of a lead vegetation on echocardiog-
raphy and clinical signs and/or symptoms consistent with
localised pocket infection were present. In addition, cryp-
togenic blood stream infection in the absence of vegeta-
tion was also classified as a CIED infection if the infection
resolved after removal of the CIED. Sepsis was defined
as the presence of two or more systemic inflammatory
response criteria (temperature >38°Cor <36°C, heart
rate >90, respiratory rate >20or pCO, <32mm Hg or
white cell count >12or <4x10MN9/L) in tandem with clin-
ical suspicion for infection on the part of the enrolling
clinician.

Patients were followed for 6 months after study enrol-
ment and data including the subject’s vital status, new
device implantation and total duration of completed anti-
biotic therapy were documented. This data was obtained
both by review of medical records and/or contact with
the patient’s treating physician.

Statistical analysis

x” test or Fisher’s exact test was used to compare cate-
gorical variables. Two sample Student’s t-test or Wilcoxon
ranks sum test used for comparison of differences
between groups and comparable non-parametric tests
were used, as appropriate. All tests were two-sided, and
a p value of <0.05 was considered statistically significant.
Statistical analyses were completed using SAS V.9.3.

RESULTS

A total of 432 subjects were included in the analysis.
There were 178 subjects in the infection after initial
implant group and 254 subjects in the infection after
reoperation group. Subject demographics are reported
in table 1. There was no difference in age, gender or race
between groups. Subjects in the infection after initial
implant had a higher Charlson Comorbidity Score than
subjects in the reoperation group (median 3 (IQR 2-6) vs
2 (IQR 1-4), p<0.001). They were also more likely to have
had a solid organ transplant (2.8% vs 0%, p=0.011) and
be on immunosuppressive medications (10.1% vs 4.3%,
p=0.03). There were no other significant differences in
patient characteristics between the two groups.
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Table 1 Patient demographics and medical comorbidities
Initial
implantation Reoperation
(n=178) (n=254) P values
Age (SD) 67.9 (14.0) 67.8 (14.9) 0.905
Male sex 136 (76.4) 202 (79.5) 0.478
Race/ethnicity 0.266
White/Caucasian 152 (85.4) 208 (81.9)
Black 19 (7.5) 13 (7.3)
Asian 1(0.6) 0(0)
Hispanic 8 (4.5) 22 (8.7)
Type of device
PM 125 (49.2) 96 (53.9) 0.344
ICD 75(29.5) 54 (30.3)
CRT 54 (21.3) 28 (15.7)
History of intravenous 3(1.7) 8(3.1) 0.537
drug abuse
Previous history of CIED 15 (8.4) 34 (13.4) 0.124
infection
Haemodialysis 21 (11.8) 16 (6.3) 0.054
Indwelling central 7(3.9) 4 (1.6) 0.172
venous catheter
Immunosuppressive 18 (10.1) 11(4.3) 0.03
drug use within past
6 months
Steroid use within the 8 (4.5) 10 (3.4) 0.81
past 30days
Solid organ transplant 5(2.8) 0(0) 0.011
history
Coronary artery disease 88 (49.4) 130 (51.3) 0.769
Coronary artery bypass 42 (23.6) 55(21.7) 0.641
graft
Congenital heart 7(3.9 17 (6.7) 0.287
disease
History of prosthetic 33 (18.5) 34 (13.4) 0.177
heart valve
History of endovascular 19 (10.7) 29 (11.4) 0.874
graft
Anticoagulation use 52 (39.4) 90 (35.4) 0.472
Charlson Comorbidity 3(2,6) 2 (1,4) <0.001
Index Score, median
(IQR)
Mean ejection fraction 35.9 (16.1) 34.4(14.5) 0.681
(SD)

CIED, cardiac implantable electronic device; CRT, cardiac
resynchronisation therapy; ICD, implantable cardioverter-
defibrillator; PM, pacemaker.

There was no difference between the types of CIED
(pacemaker vs ICD vs biventricular device) between the
two groups. As expected, subjects in the infection after
initial implant group had a shorter duration since initial
implant (median 21.1 months (IQR 2.9-47.2) vs 71.0

months (IQR 32.5-113.2), p<0.001) and fewer total leads
(2.0+0.6 vs 2.5+0.9, p<0.001). Subjects in the infection
after initial implant group presented significantly earlier
since their last device-related procedure as compared
with the reoperation group (median 8.9 months (IQR
0.9-33.3) vs 19.5 months (IQR 1.1-62.9), p<0.0001)
(figure 1). Although the reoperation group was more
likely to have a pocket infection than the initial implant
group (70.1% vs 48.9%, p<0.001), there was no statisti-
cally significant difference in the rate of endocarditis
(47.3% vs 51.7%, p=0.65). Subjects in the infection after
initial implant group were more likely to present with
more severe markers of infection, including an elevated
leucocyte count (10.5+5.1x10"9/L vs 9.5+5.4x10"9/L,
p=0.025), sepsis (30.9% vs 19.3%, p=0.006), new
moderate or severe valvular regurgitation (19.5% vs
12.3%, p=0.05) and metastatic sites of infection (16.9%
vs 8.7%, p=0.016) (table 2).

Differences in the microorganisms causing infection
were also apparent between the two groups. While a
variety of microorganisms were isolated, coagulase
negative staphylococcus was isolated more frequently
in subjects in the infection after reoperation group
compared with Staphylococcus aureus or other organisms
(p=0.029). Other organisms included gram-positive
organisms such as Propionibacterium acnes, Streptococcus
viridans and Enterococcus species, gram negative rods
such as Escherischia coli and Klebsiella species and fungi
including Candida. A total of 203 subjects developed
bacteraemia (47.0%), 86 in the infection after initial
implant group and 117 in the infection after reoperation
group. Of those who developed bacteraemia, the source
was attributed to the CIED pocket site more frequently in
those in the infection after reoperation group compared
with the infection after initial implant (51.9% vs 24.0%,
p=0.001).

There was also a difference in the ease of device
extraction between the two groups. Subjects in the infec-
tion after reoperation group were more likely to need
an excimer laser sheath for removal (65.6% vs 26.4%,
p<0.001).

Despite the differences in type and severity of CIED
infection, there was no difference in in-hospital mortality
(7.9% vs 5.2%, p=0.31) or 6-month mortality (21.9 vs
14.0, p=0.056) between the groups with infections after
initial implant and reoperation.

DISCUSSION

This prospective cohort study demonstrates the distinct
differences in those patients with CIED infections that
present after an initial device implant versus after repeat
reoperation. Subjects in the infection after initial implant
group developed infections earlier, manifested more
severe clinical presentations, and more often had infec-
tions due to S. aureus. Subjects in the infection after reop-
eration group presented almost a year later with clinical
presentations that were much more indolent and with
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Figure 1 Number of infections from time since last device-related procedure. (A) All initial implants. (B) Initial implants with
pocket infections. (C) Initial implants with bacteraemia or lead-associated endocarditis. (D) All reoperations. (E) Reoperations
with pocket infections. (F) Reoperations with bacteraemia or lead-associated endocarditis.
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Table 2 Differences between infections after initial implantation and repeat reoperation

Initial implantation (n=178)  Reoperation (n=254) P values
Localised pocket infection 87 (48.9 %) 178 (70.1 %) <0.001
Lead-associated endocarditis 92 (51.7 %) 120 (47.3 %) 0.363
Cryptogenic blood stream infection 46 (25.8 %) 61 (24 %) 0.734
Total number of leads in place (SD) 2.0+0.6 2.5+0.9 <0.001
Median implant duration (IQR) 21.1 (2.9,47.2) 71(32.5,113.2) <0.001
Median time from last procedure until infection (IQR) 8.9(0.9,33.3) 19.5(1.1,62.9) <0.0001
Excision requiring laser sheath 47 (26.4 %) 166 (65.6 %) <0.001
Fever>38°C 89 (50 %) 115 (45.3 %) 0.378
New moderate or severe valve regurgitation 33 (19.5 %) 29 (12.3 %) 0.05
Sepsis 55 (30.9 %) 49 (19.3 %) 0.006
Pain at pocket site 58 (32.6 %) 125 (49.2 %) 0.001
Warmth at pocket site 45 (25.3 %) 91 (35.8 %) 0.021
Pus from pocket site 35 (19.7 %) 80 (31.5 %) 0.008
Drainage from pocket 49 (27.5 %) 100 (39.4 %) 0.013
Skin ulceration at pocket site 17 (9.6 %) 36 (14.2 %) 0.18
Skin erosion at pocket site 29 (16.3 %) 61 (24 %) 0.055
Metastatic foci of infection 30 (16.9 %) 22 (8.7 %) 0.016
Stigmata of endocarditis 4(2.2 %) 11 (4.3 %) 0.295
Mean C-reactive protein, mg/dL (SD) 28.3+37.06 35.8+39.4 0.1
Mean erythrocyte sedimentation rate, mm/hour (SD) 41.8+34.1 34.7+28.0 0.42
Mean leucocyte count (x10/9L) (SD) 10.5+5.1 9.5+5.4 0.025

symptoms and signs more likely localised to the CIED
pocket.

Temporal differences in onset of infection

The late presentation of infection in the reoperation
group is of interest as several recent studies using a
cut-off of 6 months to define early versus late infection
have not shown any difference in the rate of device infec-
tions between infection after initial implant and infection
after reoperation.” '’ Those studies may have underesti-
mated the rate of infection by using a breakpoint of 6
months.'! 2 For instance, Sohail et al’® demonstrated
that there was no difference in the rate of ICD infection
between subjects presenting after initial device implant or
repeat reoperation within 6 months, but a difference may
have become evident with longer follow-up. In contrast,
using this MEDIC registry data, our group did show that
there was a significant difference in the clinical presenta-
tion of subjects with lead-associated endocarditis who
presented early (within 6 months) or late (>6 months)
after last follow-up.” The Danish Pacemaker Register
examined risk of infections after initial implant and
generator change and found that the predominance of
infections occurred within the first year, with a higher risk
of pocket infection after a repeat procedure, although
this risk declined after the first year."” Lekkerker et alalso
demonstrated that in those with a CIED infection within
1year of the last device related procedure, that procedure

was most like a device revision.’ Our data suggest defining
early infection onset at less than 6 months, or even 12
months, may introduce a bias of higher infection rates
towards infections occurring after initial device place-
ment rather than infection after reoperation.

In the Danish registry, which was limited to pace-
makers, risk factors associated with infection included
device replacement, male sex, younger age, earlier year
of implant, the absence of prophylactic perioperative
antibiotics and increased number of pacemaker-related
procedures. Our study included subjects with ICDs and
cardiac resynchronisation therapy so it may well have
represented a different and perhaps more medically
complicated patient population.

Differences in clinical presentation between infection after
initial implant and after reoperation

Subjects with infection after initial implant were found to
have increased medical comorbidities, as determined by
the Charlson Comorbidity Index, and were more likely
to have received immunosuppressive therapies and have
a history of solid organ transplantation. Patients with
infection after initial implant subjects also had a trend
towards increased haemodialysis requirements. It can be
postulated that the increased comorbidities predispose
this group of patients to more severe infectious pres-
entation found in this group, including sepsis, a higher
degree of leucocytosis and metastatic foci of infection.
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Unfortunately, as we do not have reliable data about the
initial device implantation, we cannot reach any conclu-
sions regarding the clinical circumstances and risk factors
present at the time of the last procedure. However, one
can postulate that the frequently encountered several
month window to prepare for an elective device replace-
ment may allow time to optimise the medical status as
best as possible in many patients in the infection after
reoperation group. Subjects presenting for initial device
placement may not have the same luxury of time due to
the acute need for device placement.

Role of microbial pocket colonisation and reactivation

Most pocket infections are thought to originate from
organisms that enter the pocket locally, either at the
time of initial device implant or following repeat reop-
eration, rather than from blood-borne seeding. In fact,
more than one-third of CIED pockets are colonised
with organisms at the time of generator change and
have linked some of these organisms to subsequent
clinical infection.®'* " In our study, we found that while
a variety of organisms were seen in both the infection
after initial implant and infection after reoperation
groups, coagulase negative staphylococcal species were
more frequently isolated in the infection after reopera-
tion group, while S. aureus was seen more frequently in
the infection after initial implant group. The increased
presence of S. aureus in infection after initial implant
may explain the more acute infectious presentation in
this group.

As this study was not designed to assess the risks of
developing infection after initial implant or infection
after reoperation, this question is not addressed by our
study. However, several studies have previously shown
that there are higher rates of infection after reoper-
ation compared with infection after initial implant,
perhaps due to the high prevalence of pocket colonisa-
tion in this group.®'®

Established CIED pockets are predominantly fibrous
structures with little vascularisation and thus represent
an unfavourable environment for developing a robust
immune response. Additionally, it is thought that there
is a ‘race for the surface’ between microorganisms and
the host tissue response at the time of CIED place-
ment.'® ' If the host tissue response is able to establish
itself first, there is less opportunity for microbial colo-
nisation and infection at the pocket site. In contrast,
if the bacteria are able to colonise the surface before
tissue healing, there can be impaired clearance of these
organisms. Bacterial defences such as the secretion of
biofilms are thought to be primarily responsible.'” Ulti-
mately, colonised organisms may live in equilibrium
with a healthy host and not cause clinical infection.
However, when there is an insult to the pocket, such
as device reoperation, this event can upset the balance
between host and microorganism immune responses
and CIED pocket infection may result. Subjects in the
reoperation group were more likely to present with

localised pocket infection and with less severe systemic
signs of infection. This observation is consistent with
the assumption that there is reactivation of organisms
in the pocket site at the time of repeat reoperation.

To the best of our knowledge, there have been no
studies that examine how the microbiome of the pocket
may change over time or with each reoperation. In
addition, no study has shown that removing the fibrous
capsule at the generator pocket site at the time of a
repeat reoperation reduces the CIED infection risk.
While this approach would presumably reduce the micro-
bial burden within the pocket, the overall infection risk
may be the same if not higher due to the increased risk of
pocket haematoma, another independent risk factor for
CIED infection. '

Study limitations

As this study involved subjects presenting with CIED
infection at the time of enrolment in the registry, the
data cannot be used to predict those who are at risk for
developing CIED infection; these variables have been
well described in other studies, however.?’ This study,
despite being multicentre and multinational, was limited
to subjects enrolled in tertiary referral centres with the
capacity to perform lead extractions and may thus be
subject to referral bias.

CONCLUSION

CIED infections occurring after initial device implant
present earlier exhibit more severe clinical manifestations
of infection and are more often caused by S. aureus. In
contrast, CIED infections after repeat reoperation occur
later and present more indolently, typically with localised
pocket infection due to coagulase negative staphylococci.
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