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Electronic Devices to Enhance Microbial Detection
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The cardiovascular implantable electronic device (CIED) infection rate is rising dispropor-
tionately to the rate of device implantation. Identification of microorganisms that cause
CIED infections is not always achieved using present laboratory techniques. We conducted a
prospective study to determine whether device vortexing-sonication followed by culture of the
resulting sonicate fluid would enhance microbial detection compared with traditional swab or
pocket tissue cultures. Forty-two subjects with noninfected and 35 with infected CIEDs were
prospectively enrolled over 12 months. One swab each from the device pocket and device
surface, pocket tissue, and the CIED were collected from each patient. Swabs and tissues were
cultured using routine methods. The CIED was processed in Ringer’s solution using
vortexing-sonication and the resultant fluid semiquantitatively cultured. Tissue and swab
growth was considered significant when colonies grew on 22 quadrants of the culture plate
and device was considered significant when =20 colonies were isolated from 10 ml of sonicate
fluid. In noninfected group, 5% of sonicate fluids yielded significant bacterial growth,
compared with 5% of tissue cultures (p = 1.00) and 2% of both pocket and device swab
cultures (p = 0.317 each). In infected group, significant bacterial growth was observed in 54%
of sonicate fluids, significantly greater than the sensitivities of pocket swab (20%, p = 0.001),
device swab (9%, p <0.001), or tissue (9%, p <0.001) culture. In conclusion, vortexing-
sonication of CIEDs with semiquantitative culture of the resultant sonicate fluid results in
a significant increase in the sensitivity of culture results, compared with swab or tissue

cultures. © 2015 Elsevier Inc. All rights reserved. (Am J Cardiol 2015;115:912—917)

The cardiovascular implantable electronic device (CIED)
implantation rate has markedly increased, largely because of
expanding indications for device implantation." This has
been accompanied by an increasing rate of device
infections.” * Infection is a serious complication of CIED
implantation that necessitates device removal through
percutaneous or surgical approach that is associated with
significant morbidity and mortality and considerable finan-
cial burden for the patient and the health care system.” ’
Current guidelines recommend generator pocket tissue
Gram stain and culture and lead-tip culture for identification
of the causative microorganism(s).8 However, Gram stain
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has been shown to have limited utility in the diagnosis of
device-related infections,” and cultures may be negative for
a variety of reasons, including concentration of organisms in
biofilms on the device surface and consequently not in the
surrounding tissue and the presence of so-called “small
colony variants” that may be more difficult to isolate by
routine cultures.'’”'? Vortexing-sonication of implants fol-
lowed by culture of the resultant sonicate fluid is more
sensitive and specific compared with conventional peri-
prosthetic tissue culture for the diagnosis of prosthetic joint
infection.'”'* Consequently, this technique has been adop-
ted in clinical microbiology laboratories across the world for
the diagnosis of prosthetic joint infection. On the basis of
findings from these investigations, we hypothesized that
vortexing-sonication, followed by culture of the resulting
sonicate fluid, will enhance microbial detection compared
with traditional swab or pocket tissue culture for the diag-
nosis of CIED infection.

Methods

The study was conducted at Mayo Clinic, Rochester,
from November 2011 to November 2012. Potential subjects
were identified using the institutional operating room census
and by direct communication with the electrophysiology
and cardiac surgical services. Written informed consent was
obtained from all study subjects. For patients who consented
for participation and underwent explantation of a CIED, the
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Figure 1. Apparatus for sonication. (A) Autoclaved container used for transportation and sonication of cardiac device; (B) vortexing apparatus; and (C)

sonicator.

Figure 2. Colony-forming units visualized on standard blood agar culture plate following (A) device (sonicate fluid) culture; (B) swab culture; and (C) tissue

culture from 1 study subject.

following samples were collected: (1) CIED; (2) device
surface swab; (3) pocket tissue swab; and (4) pocket tissue
(~1 ecm® in size). The Mayo Clinic Institutional Review
Board approved the study protocol.

CIED infection was defined as the presence of inflam-
matory changes (erythema, warmth, fluctuation, or purulent
discharge) at the generator pocket site, persistently positive
blood cultures in the absence of any other defined focus of
infection or pathologic analysis of pocket tissue demon-
strating acute inflammation. CIED-related endocarditis was
defined on the basis of modified Duke criteria.'”"'® Device
generator or leads that eroded through the pocket were also
classified as infected. We concurrently enrolled subjects
with no clinical or pathologic signs of infection, typically
patients who underwent replacement of a generator for “end
of battery life,” as noninfected controls.

The swabs and tissues were subjected to routine micro-
biologic culture involving inoculation onto aerobic blood
and chocolate agars, and in cases of tissues, onto anaerobic
blood agar and into thioglycollate broth (BD Diagnostic
Systems, Sparks, Maryland) as well. Aerobic and anaerobic
sheep blood agar plates (BD Diagnostic Systems) were
incubated at 35°C to 37°C in 5% to 7% CO, aerobically and
anaerobically for 4 and 7 to 14 days, respectively. Cloudy
thioglycollate broth was subcultured.

The cardiac device was sent to the laboratory in a sterile
1-liter, straight-sided, wide-mouthed polypropylene (Nal-
gene) jar. Four hundred milliliters of Ringer’s solution was
added to the container. The container was vortexed for

30 seconds using a Vortex Genie (Scientific Industries Inc.,
Bohemia, New York) and then subjected to sonication
(frequency 40 + 2 kHz, power density 0.22 + 0.04 W/cm?)
in 5510 model ultrasound bath (Branson Ultrasonics Corp.,
Danbury, Connecticut) for 5 minutes, followed by vortexing
for an additional 30 seconds (Figure 1). Fifty milliliters of
sonicate fluid was placed into a conical tube and centrifuged
at x3,150g for 5 minutes. The supernatant was aspirated
leaving 0.5 ml remaining in the tube, 0.1 ml which was
plated onto an aerobic and another 0.1 ml onto an anaerobic
sheep blood agar plate which were incubated at 35°C to
37°C in 5% to 7% CO, aerobically for 4 days and anaero-
bically for 14 days. Microorganisms were enumerated and
classified using routine microbiologic techniques (Figure 2).

Host demographics, comorbidities, clinical signs and
symptoms, laboratory parameters, and microbiologic results
were collected using a data collection instrument and
entered into a REDCap version 4.13.17 (Vanderbilt Uni-
versity, Nashville, Tennessee) database.'’

Sensitivity and specificity were calculated for device,
swab, and tissue cultures, with infection status (gold stan-
dard) defined by clinical and pathologic criteria described
previously. Device sonicate fluid cultures were classified as a
positive versus negative result on the basis of a cut-off point
of <20 colony-forming units/10 ml (CFU/10 ml) derived
from a previous validation study of prosthetic joint infections
at our institution.'® To test whether device sonicate fluid
culture had greater sensitivity or specificity than each of the
swab or tissue cultures for the diagnosis of CIED infection,
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