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The sonication technique has been shown to be a promising tool for microbiological diagnosis of device-related infections. We
evaluated the usefulness of the sonication method for pathogen detection in 80 explanted cardiac components collected from 40
patients, and the results were compared with those of conventional cultures. Forty subjects undergoing cardiac device removal
were studied: 20 had cardiac device infection, and 20 subjects underwent elective generator replacement or revision in the ab-
sence of infection. Sonication of explanted devices was more sensitive than traditional culture for microbial detection (67% and
50%, respectively; P � 0.0005). The bacterial count detected in sonication fluid culture was significantly higher than that de-
tected in traditional culture in both infected (P � 0.019) and uninfected (P � 0.029) devices. In the infected patients, sonication
fluid culture yielded a significantly higher rate of pathogen detection in explanted electrodes than traditional culture (65% ver-
sus 45%; P � 0.02), while no differences were found in the generators. Ten strains were detected only through sonication fluid
culture: 6 Staphylococcus epidermidis strains, 1 Staphylococcus hominis strain, 2 Corynebacterium striatum strains, and 1 Bre-
vundimonas sp. Neither the type nor the duration of antimicrobial therapy before device removal had an effect on the diagnostic
performance of sonication fluid culture (P � 0.75 and P � 0.56, respectively). In the patients without infection, sonication fluid
culture was positive in 8 cases (40%), whereas conventional culture was positive in only 4 (20%). In summary, the sonication
technique improves the microbiological diagnosis of explanted cardiac devices.

Cardiac device infections (CDIs) are life-threatening condi-
tions that occur as complications of cardiac device implanta-

tion and are associated with significant morbidity, mortality, and
increased global health care system costs (1, 2). The estimated rate
of CDIs ranges from 0.13% to 20% (3–5). Older age, device revi-
sion, renal dysfunction, and oral anticoagulation use are known to
be risk factors for CDIs (6, 7). The identification of CDIs may be a
challenge for physicians, due to the wide variety of presenting
symptoms and the lack of a diagnostic “gold standard.” In addi-
tion, the management of CDIs is often difficult and complete de-
vice removal is required (3, 8).

A correct microbiological diagnosis of CDIs is of crucial im-
portance for their appropriate treatment. Staphylococcal species,
including both Staphylococcus aureus and coagulase-negative
staphylococci, account for the majority of CDIs (7, 9); however,
unusual organisms (Propionibacterium spp., Corynebacterium
spp., Acinetobacter baumannii, Haemophilus influenzae) are also
found, and antibiotic resistance is often detected (10–13). More-
over, there are data indicating that microorganisms can colonize
cardiac devices without clinical signs of active infection (14–16).

Although conventional cultures of generator pocket site tissue
and lead tips are useful in identifying the causative organisms of
CDIs, no bacterial detection occurs in up to 30% of CDIs (1, 17,
18). The poor sensitivity of conventional microbiological meth-
ods is mainly due to the occurrence of adherent bacteria that are
encased in biofilms on the surface of the implanted device (19).
The sonication technique, which is based on the application of
long-wave ultrasound, has been used in order to enhance bacterial
detection by liberating sessile organisms embedded in biofilms on
foreign bodies (20–24). In particular, the sonication of removed
implants has been introduced in clinical practice and has shown
good results for the microbiological diagnosis of device-related

orthopedic infections (25–27), whereas its application in the set-
ting of CDIs is still limited.

In the present study, the implant sonication method was com-
pared with traditional culture (intraoperative pocket swab and
device cultures) for the microbiological diagnosis of CDIs. Fur-
thermore, the amount of bacteria detected by sonication was com-
pared with that detected by traditional culture. We also evaluated
the usefulness of the sonication method for the detection of bac-
terial colonization of devices in patients undergoing generator
replacement or revision in the absence of signs of infection.

(This work was presented in part at the 51st Interscience Con-
ference on Antimicrobial Agents and Chemotherapy, Chicago, IL,
17 to 20 September 2011.)

MATERIALS AND METHODS
Study population. A total of 40 patients with a permanent pacemaker
(PPM) or an implantable cardioverter-defibrillator (ICD) who under-
went device explantation or elective surgery at the Electrophysiology Ser-
vice at Azienda Policlinico Umberto I (Sapienza University of Rome) were
included in the study. Twenty patients had cardiac device infection (18
with pocket infection, 2 with device-related endocarditis), and 20 subjects
underwent elective generator replacement or revision in the absence of
clinical signs of infection.
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Clinical diagnosis of pocket infection was based on the local signs of
inflammation as erythema, warmth, fluctuance, wound dehiscence, ten-
derness, and purulent drainage. Device-related endocarditis was diag-
nosed according to the modified Duke criteria (28, 29). A complete device
removal, including removal of generators, pins, and atrial and/or ventric-
ular leads, was performed in all patients with CDIs. Demographic, clinical,
microbiological, and laboratory data were recorded for each patient. The
study was approved by the institutional review board (Section of Infec-
tious Diseases, Department of Public Health and Infectious Diseases, Sa-
pienza University of Rome). All study participants gave informed written
consent.

Device extraction procedure. Device removal procedures were per-
formed in the cardiac electrophysiology laboratory by interventional car-
diac electrophysiologists under sterile conditions. The device pocket was
opened, and pocket swabs were obtained. Leads were examined visually
and by fluoroscopy in their intravascular segment. Lead extraction was
performed manually with or without the assistance of traction devices,
including stylets, locking stylets (lead locking devices 1, 2, and EZ LLD;
Spectranetics, Colorado Springs, CO), snares, laser, or radiofrequency, in
order to facilitate safe lead removal. When manual traction failed to re-
move the lead, various telescoping sheaths, such as 7F or 11F polypropyl-
ene or Teflon telescoping mechanical sheaths (Byrd, Cook Medical Inc.,
Bloomington, IN), were adopted. We used powered sheaths with an Exci-
mer energy source (12-Fr, 14-Fr, or 16-Fr laser sheath SLS II; Spectranet-
ics Corp.) to break down adhesions under fluoroscopic guidance (30, 31).
Pacemaker-dependent patients received a temporary pacing system (32).

Sample collection. In the subjects with CDIs, intraoperative pocket
swab and blood cultures were performed and cardiac device components,
including generators, pins, and atrial/ventricular lead tips, were collected.
Each removed component underwent culture both with and without son-
ication of the device (sonication fluid and traditional culture, respec-
tively). In the group undergoing device revision without evidence of a
CDI, only the generators were collected and the removed samples were
submitted to the same process (culture with and without sonication) used
for the devices from subjects with infection.

All samples reached the microbiology laboratory within 3 h from the
time of collection. For each specimen, traditional and sonication fluid
cultures were performed in duplicate.

As negative controls, 7 sterile cardiac devices were included in the
study and submitted to the same procedures used for the clinical collected
samples.

Conventional microbiological cultures. The devices explanted from
subjects with and without CDIs were inoculated in Trypticase soy broth
(TSB), incubated for 24 h at 37°C, and then cultured on aerobic and
anaerobic sheep blood agar plates for 5 days. TSB (500 �l) was used to do
the serial dilutions for bacterial counts. The detection limit was 2 CFU/ml.
Strain identification and analysis of antibiotic susceptibility patterns were
performed using a Vitek 2 system (bioMérieux, Marcy l’Etoile, France).
Intraoperative pocket samples were obtained with a sterile polyester fiber-
tipped swab that had been moistened with sterile saline (BBL culture
swab; Becton, Dickinson France), and then the microorganisms were
identified using conventional methods.

To avoid the possibility that the strains isolated from clinical speci-
mens represented a contamination, at least two cultures positive for the
same microorganism with an identical antibiotic susceptibility pattern
from different samples were considered clinically significant. In particu-
lar, we took into account isolation of the same bacterium from at least two
samples. Moreover, antimicrobial susceptibility testing (AST) was per-
formed with all detected strains, using the Vitek 2 system (bioMérieux,
Marcy l’Etoile, France). We considered the bacterial strains to be the same
when the identification and the AST results were identical for both sam-
ples.

Sonication fluid cultures. The collected samples were inoculated in
TSB and incubated for 24 h at 37°C. After the removal of TSB, each device
was further covered with Ringer’s solution and vortexed for 30 s; then,

samples were sonicated for 5 min at a frequency of �20 kHz and vortexed
again for 30 s (20, 25, 30, 33). A BactoSonic apparatus (Bandelin Elec-
tronic GmbH & Co. KG, Berlin, Germany) was used for sonication. The
resulting sonication fluid was centrifuged at 3,200 rpm for 20 min, and the
sediment was plated onto aerobic Columbia sheep blood agar plates and
on anaerobic Schaedler sheep blood agar for 5 days. In order to compare
the number of bacteria grown in sonication fluid with that grown in tra-
ditional culture, 500 �l of sonication fluid was inoculated onto aerobic
and anaerobic sheep blood agar, and the numbers of CFU/ml were
counted after 24 h of incubation. The minimum detection level was 2
CFU/ml. Microorganisms were identified by standard automatic methods
(Vitek 2 system; bioMérieux, Marcy l’Etoile, France). A 300-�l aliquot of
sonication fluid and all the detected organisms were frozen at �20°C.
Even if this method is not standardized to do a quantitative approach, we
performed an overnight incubation before counting the number of bac-
teria in order to compare the results from the traditional culture with
those from sonication fluid culture.

Statistical analysis. Categorical variables were compared by using the
�2 test, Fisher’s exact test, or the McNemar test, as appropriate. Continu-
ous data were analyzed with Student’s t test, whereas the nonparametric
Mann-Whitney test was applied for values not normally distributed. Val-
ues of bacterial cell counts were given as means � standard errors of the
means (SEMs). A P value of �0.05 was considered statistically significant.
Statistical analyses were performed using STATA (version 9) software
(STATA Corp. LP, College Station, TX).

RESULTS
Characteristics of study population. During the study period, a
total of 40 subjects underwent cardiac device removal: 20 patients
had cardiac device infection (18 with pocket infection, 2 with de-
vice-related endocarditis), and 20 subjects underwent elective
generator replacement or revision in the absence of clinical signs
of infection. All but one underwent transvenous lead extraction,
whereas one patient underwent a two-step device removal pro-
cess: first, the generator was removed through transvenous lead
extraction in the Electrophysiology Service, and then the elec-
trodes were retrieved via the femoral vein under fluoroscopic
guidance in a different operating room. The mean age was 73.43 �
12.7 years; 22 (55%) were males. Among the removed devices, 34
were PPM (2 single-chamber pacemakers, 32 dual-chamber pace-
makers), 4 were ICDs, and 2 were implantable loop recorders
(ILRs). All the patients with a clinical diagnosis of a CDI under-
went complete device removal, with a total of 60 device compo-
nents collected and further analyzed: 20 generators (PPMs, n �
17; ICDs, n � 3), 5 pins, 15 atrial electrodes, and 20 ventricular
electrodes. Five generators were excluded from the microbiologi-
cal analyses because of evident contamination. Because of the
presence of fibrosis, the intracardiac electrodes of 2 patients re-
mained at the insertion site. The median duration of symptoms
was 31 days (range, 3 to 234 days); 16 out of 20 patients (80%)
were on antibiotic therapy at the time of device removal. Subjects
without CDI underwent device removal for battery exchange (12/
20) or generator upgrade or revision (8/20). Antibiotic prophy-
laxis with cefazolin was performed in all the subjects. The patient
characteristics are described in Table 1.

Sensitivity of sonication fluid culture and conventional cul-
ture. Overall, sonication fluid culture detected bacteria in 65% of
the patients (26/40) and in 67% of the removed components (54/
80), whereas standard culture (broth incubation method) was
positive for 20/40 subjects and 40/80 device components (P � 0.04
and P � 0.0005, respectively). As negative controls, 7 sterile car-
diac devices were analyzed and submitted to the same procedures

Sonication for Microbial Detection in Cardiac Devices

February 2013 Volume 51 Number 2 jcm.asm.org 497

http://jcm.asm.org


as the clinical collected samples. Among them, no bacterial growth
was observed.

Pathogen detection in sonication fluid culture and conven-
tional culture of subjects with CDIs. Out of the 20 patients with
CDIs, sonication fluid culture was positive in 18 patients (90%),
traditional culture of the device was positive in 16 cases (80%),
and intraoperative pocket swab culture was positive in only 6 cases
(33%). The microorganisms detected in the sonication fluid cul-
tures and traditional cultures are shown in Table 2. Overall, cul-
ture after implant sonication yielded bacteria in 77% of the com-
ponents (46/60), whereas standard culture yielded bacteria in 60%
(36/60) (P � 0.001). Concordance between the sonication and
traditional methods was found in 50 cases (83%). A total of 10 organ-
isms were detected only through sonication fluid culture: 6 Staphylo-
coccus epidermidis isolates, 1 Staphylococcus hominis isolate, 2 Coryne-
bacterium striatum isolates, and 1 Brevundimonas sp. isolate.

Coagulase-negative staphylococci accounted for 80.4% (37/
46) of the strains, whereas Staphylococcus aureus and C. striatum

accounted for 2.2% (1/46) and 4.3% (2/46) of the strains, respec-
tively. Gram-negative bacilli (Pseudomonas aeruginosa, Klebsiella
spp.) accounted for 8.8% (4/46). Uncommon pathogens such as
Bacillus spp. and Brevundimonas spp. accounted for 4.3% (2/46)
of the strains: these bacteria are usually not associated with CDIs,
and it is likely that they were detected due to the oversensitivity of
the sonication technique. No bacterial detection occurred in 8%
of CDIs. In 5 subjects, cultures of generators were polymicrobial:
S. epidermidis/S. hominis (n � 3), S. epidermidis/Bacillus sp. (n �
1), and S. epidermidis/Klebsiella sp. (n � 1). Among coagulase-
negative staphylococci, S. epidermidis was detected in 86% (32/37)
of cases, followed by S. hominis (4/37, 11%) and Staphylococcus
haemolyticus (1/37, 3%). All the S. hominis and S. haemolyticus
strains were oxacillin resistant, whereas 69% of the S. epidermidis
strains were oxacillin resistant.

Comparison of sonication fluid culture and standard culture
for generators and electrodes removed from subjects with CDIs.
Generator cultures detected bacteria in 86.6% (13/15) of the sub-

TABLE 1 Characteristics of study populationa

Characteristic
Subjects with
CDIs (n � 20)

Subjects without
CDIs (n � 20) P value

Mean (range) age (yr) 74.1 (60–86) 72.7 (30–93) 0.74
No. (%) male 12 (60) 10 (50) 0.75
No. (%) female 8 (40) 10 (50)
No. (%) with the following type of implanted device:

PPM 17 (85) 17 (85) 1.0
ICD 3 (15) 1 (5) 1.0
ILR 0 (0) 2 (10) 1.0

No. (%) with the following reason for device implantation:
Sick sinus syndrome 1 (5) 5 (25) 0.18
Atrioventricular block type III 6 (30) 7 (35) 1
Chronic atrial fibrillation 6 (30) 1 (5) 0.09
Secondary prevention 2 (10) 0 (0) 0.48
Othera 5 (25) 7 (35) 0.73

Mean no. of days of implantation of device placement 564 2,767 �0.001
No. (%) with a previous pocket revision 16 (80) 8 (40) 0.02
No. (%) with anticoagulant therapy 12 (60) 2 (10) 0.06
a CDIs, cardiac device infections; PPM, permanent pacemaker; ICD, implantable cardioverter-defibrillator; ILR, implantable loop recorder.
b Other reasons for device implantation included neurocardiogenic syncope and sustained tachycardia.

TABLE 2 Pathogen detection in sonication and traditional culture

Subject group and culture
resulta

No. of
components Microorganisms (no. of isolates)b

Subjects with CDIs (n � 20) 60
Positive SC/negative TC 10 S. epidermidis (6), C. striatum (2), Brevundimonas sp. (1), S. hominis (1)
Positive SC/positive TC 36 S. epidermidis (n � 26), S. hominis (n � 3), P. aeruginosa (n � 3), S. aureus (n � 1),

S. haemolyticus (n � 1), Bacillus sp. (n � 1), Klebsiella sp. (n � 1)
Negative SC/positive TC 0 No bacterial detection
Negative SC/negative TC 14 No bacterial detection

Subjects without CDIs (n � 20) 20
Positive SC/negative TC 4 Coagulase-negative staphylococci
Positive SC/positive TC 4 Coagulase-positive staphylococcus (1), coagulase-negative staphylococci (3)
Negative SC/positive TC 0 No bacterial detection
Negative SC/negative TC 12 No bacterial detection

a CDI, cardiac device infection; SC, sonication culture; TC, traditional culture.
b Polymicrobial cultures were found in 5 generators: S. epidermidis/S. hominis, n � 3; S. epidermidis/Bacillus sp. (n � 1), and S. epidermidis/Klebsiella sp. (n � 1).
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jects, whereas electrode cultures were positive in only 57.9% (11/
20). When we assessed the percentage of pathogen detection in
generators, there was no significant difference between sonication
fluid and conventional cultures (86.6% versus 80%) (P � 1). On
the other hand, sonication fluid culture yielded a significantly
higher rate of pathogen detection in explanted electrodes than
traditional culture (65% versus 45%; P � 0.02) (Fig. 1). Patients
with positive electrode cultures tended to have a longer duration
of symptoms than those with negative electrode cultures, al-
though the difference was not statistically significant (5 to 234
versus 3 to 89 days, P � 0.62).

Effect of antimicrobial therapy on microbiological results
for subjects with CDIs. At the time of device removal, 16 patients
(80%) were on antibiotic therapy: 9 with daptomycin, 5 with van-
comycin, and 2 with other antibiotics (rifampin plus minocycline,
ampicillin-sulbactam). The median length of therapy before de-
vice explantation was 6 days (range, 0 to 45 days). In 14 subjects,
therapy was started �14 days before device removal, whereas 2
patients had received therapy for more than 14 days before device
explantation. Among the 16 subjects on therapy, there was bacte-
rial growth in 14 cases. The percentage of bacterial detection was
higher in sonication fluid culture than in traditional culture, al-
though the difference was not statistically significant (88% versus
75%, P � 0.65). In one of the two patients who received antibiotic
therapy for more than 14 days before the explantation, bacterial
detection was obtained only with sonication. Neither the type nor
the duration (�14 or �14 days) of antimicrobial therapy before
device removal had an effect on the diagnostic performance of
sonication fluid culture (P � 0.75 and P � 0.56, respectively).

Pathogen detection in sonication fluid culture and standard
culture for subjects without CDIs. Twenty patients undergoing
generator replacement or revision in the absence of signs of infec-
tion were investigated with both traditional and sonication fluid
cultures. Sonication fluid culture was positive in 8 patients (40%),
whereas traditional culture of the device was positive in only 4
cases (20%) (P � 0.01) (Fig. 1). The microorganisms detected in
sonication fluid culture and traditional culture of the explanted
devices are illustrated in Table 2. Coagulase-negative and coagu-
lase-positive staphylococci accounted for the organisms from
88% and 12% of the subjects, respectively. Concordance between
the sonication and traditional methods was found in 16 cases

(80%). No differences between colonized and noncolonized sub-
jects in terms of previous pocket revision or the age of the im-
planted device were found.

Bacterial cell count in sonication fluid and standard cultures.
In order to compare the number of bacteria grown in sonication
fluid culture with that grown in traditional culture, bacterial cell
counts in all infected and noninfected devices from both types of
cultures were performed and expressed as the numbers of CFU/
ml. The bacterial cell count was significantly higher in the subjects
with CDIs than in the subject without CDIs through both tradi-
tional culture (211 � 103 � 51.5 � 103 versus 11.6 � 6.3 CFU/ml,
P � 0.001) and sonication fluid culture (299 � 103 � 51.8 � 103

versus 15.1 � 9.7 CFU/ml, P � 0.001). The comparative analysis
of the two methods in subjects with CDIs showed that the bacterial
cell count detected in the sonication fluid culture was significantly
higher than that detected in traditional culture (P � 0.019). More-
over, when we stratified patients according to the bacterial
amount detected by standard culture, we found that the difference
between the two methods was more evident for numbers of
CFU/ml of less than 104 (P � 0.0002). With regard to the compo-
nents of the removed devices (electrodes and generators), the dif-
ference in the bacterial amounts between cultures with and with-
out sonication was significant only for the electrodes (194.1 �
103 � 58.2 � 103 versus 66.9 � 103 � 39.7 � 103 CFU/ml, P �
0.018) and not for the generators (477.7 � 103 � 99.5 � 103 versus
465.5 � 103 � 111 � 103 CFU/ml, P � 0.7) (Fig. 2). When we
analyzed the bacterial cell count in subjects without CDIs, we
found that, even in this group of patients, sonication fluid culture
detected significantly more bacteria than standard culture
(151.6 � 102 � 97.6 � 102 versus 11.6 � 6.3 CFU/ml) (P � 0.029).

DISCUSSION

A correct microbiological diagnosis is of great importance for the
appropriate management and antibiotic treatment of infections of
pacemakers and implantable cardiovascular devices (3). Although
both tissue and swab cultures are commonly performed in routine
clinical practice, the identification of the causative organisms of
CDIs is not achieved in up to one-third of cases (13, 17). Several
factors may affect the results of conventional cultures in patients
with CDIs. First of all, the causative organisms tend to have low
virulence with a reduced replicative rate; in particular, infections

FIG 1 Sensitivity of sonication culture (black bars) and traditional culture (gray bars) for microbial detection in device components removed from infected (A)
and uninfected (B) patients. Electrodes include atrial and ventricular electrodes. NS, not significant.
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with low-virulence organisms are likely to have negative tissue and
swab cultures (34). Moreover, subjects with clinical infection of-
ten receive antibiotic therapy before device removal. Finally, bac-
teria can adhere to the prosthetic materials and survive on the
surface of implanted devices, leading these infections to be
resistant to both antibiotics and the host’s immune defense
system (19, 43).

Sonication is a reproducible and simple technique used to dis-
lodge bacteria from infected devices (35–38). Several studies have
shown that this technique improves the detection of causative
organisms in device-related orthopedic infections, especially in
patients already receiving antibiotic therapy (39–42). To date, lit-
tle is known about the role of the sonication technique for patho-
gen detection in CDIs. A recent study comparing traditional swab
cultures with sonication of intracardiac devices showed that bac-
terial detection through sonication was more sensitive than that
through traditional cultures, especially in infected devices (33).
Mason et al. demonstrated that ultrasonication of pacemaker and
ICD generators increased the rate of diagnosis of pocket infection
over that by tissue culture and swab culture alone (34).

In the present study, we demonstrated that the sensitivity of
sonication fluid culture was higher than that of standard culture
and pocket swab culture in both infected and noninfected cardiac
devices. When we examined the different components of infected
cardiac devices, we found that sonication was highly sensitive for
pathogen recovery in electrodes rather than in generators. These
findings could be explained by the intrinsic differences between
generators and electrodes. In fact, generators are made of titanium
alloy and their surface is smooth; instead, electrodes are coated
with silicon and their surface is rough. In addition, generators are
placed in a subcutaneous pocket, whereas electrodes are intracar-
diac, being in close contact with the host’s protein and immune
system. It is conceivable that the increased production of biofilms
occurring on leads could be the main factor that affects the sensi-
tivity of conventional culture results for electrodes: in such cases,
the use of sonication, which dislodges bacteria embedded in the
biofilm, may be crucial to improve bacterial detection in CDIs.

It is widely known that the results of conventional culture may

be hampered by the administration of antibiotics prior to pros-
thesis removal (19, 27). In our study, antibiotic therapy had no
effect on the diagnostic performance of sonication fluid culture,
whereas the results of traditional culture were influenced by the
duration of treatment. In the subjects receiving antibiotic therapy,
culture of the device with sonication detected more organisms
than culture of the device without sonication. Although the dif-
ference was not significant, it can be assumed that sonication may
be useful in patients undergoing device removal while on antimi-
crobial therapy, because it led to a rate of pathogen detection
higher than that by traditional culture. In such a situation, the
high sensitivity of sonication fluid culture may be helpful in im-
proving the microbiological diagnosis of CDIs.

Although the pathophysiology of CDIs has been widely inves-
tigated, the source of device infection is still controversial (3). In
the present study, cultures of the leads yielded bacteria in 57.9% of
the subjects, thus suggesting that microorganisms could migrate
from the generator to the intravascular portion of the lead and
adhere to it.

Recent data showed a high rate of asymptomatic bacterial col-
onization of cardiac devices in subjects who had implants re-
moved for elective reasons: the percentage of bacterial detection
ranged from 33% when conventional cultures were performed to
47% when bacterial DNA was evaluated (15, 16). To date, there
are only two studies that investigated the role of the sonication
technique in detecting asymptomatic bacterial colonization (33,
34). Mason et al. showed that in 66 asymptomatic patients under-
going elective generator replacement, there was bacterial growth
in 11 sonication fluid cultures, in 8 tissue cultures, and in only 2
swab sample cultures (34). A large study by Rohacek et al. analyzed
115 electrophysiological cardiac devices explanted without clini-
cal signs of infection: they found that bacteria were detected in
38% of sonication fluid cultures and in 27% of conventional gen-
erator pocket swab cultures, with a concordance of 68% (33). Also
in the present study, we found that sonication of explanted devices
was more sensitive than conventional culture for bacterial detec-
tion in subjects undergoing generator replacement or revision in
the absence of clinical signs of infection. Thus, the formation of a
biofilm, which encases bacteria and protects them from the host’s
immune system, appears to be essential to initiate and to perpet-
uate the condition of asymptomatic bacterial colonization.

The clinical significance of asymptomatic bacterial coloniza-
tion is still unclear. Kleeman et al. showed that 7.5% of the colo-
nized subjects developed a subsequent CDI with the same bacte-
rial strain (15). In the study of Rohacek et al., the incidence of
subsequent CDIs among patients sonication fluid culture positive
at the time of device removal was 4.5% (33). In our study, during
a short-term follow-up of 6 months after device removal, none of
the colonized patients developed active infection.

Whether the detection of bacteria on devices undergoing elec-
tive revision represents colonization or contamination remains an
area of active investigation (14). In order to exclude the possibility
of contamination during laboratory procedures, especially when
sonication was added to traditional culture, we performed exper-
iments in duplicate. All bacteria detected with sonication and tra-
ditional cultures shared the same biochemical and antibiotic sus-
ceptibility profiles. In addition, in order to exclude the possibility
of contamination during laboratory procedures, we included in
the study 7 sterile cardiac devices; among them, no bacterial
growth was observed.

FIG 2 Sonication fluid culture (filled bars) and traditional culture (bars with
diagonal lines) for pathogen quantification among subjects with cardiac device
infections. Values are expressed as means � SEMs. Device components in-
clude generators and atrial/ventricular electrodes. NS, not significant.
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Previous studies of prosthetic joint infections found that quan-
tification of bacteria could be helpful in discriminating between
colonization and contamination. Methods utilizing sonication for
improved detection of bacteria on explanted prosthetic joints
(hips, knees, and shoulders) directly add Ringer’s solution and
sonicate within hours after removal. By using this approach, it has
been shown that a cutoff of 10 CFU/ml bacteria in sonication fluid
predicted infection (27). In our study, we tried to evaluate if the
use of sonication could be useful not only for pathogen detection
but also for comparison of the bacteria grown in sonication fluid
with those grown in traditional culture. Thus, even if this method
is not standardized to do a quantitative analysis, we performed an
overnight incubation before counting the number of bacteria, and
we found a higher number of bacterial CFU/ml in the sonication
fluid than in broth. A possible limitation of this method is that the
quantification of bacteria could have been influenced by the fact
that the samples were incubated for 24 h, leading bacteria to mul-
tiply. However, in any case, we were able to demonstrate that
bacteria were present in larger amounts through culture with son-
ication than through culture without sonication. It is conceivable
that bacteria embedded in the biofilm could also have been de-
tected in the sonication fluid. In this respect, our findings suggest
that sonication not only may improve pathogen detection but also
may be able to detect a higher number of bacteria. Further inves-
tigations exploring the role of sonication of device components
immediately after removal, in the absence of overnight incuba-
tion, should be encouraged in order to introduce this technique
into the routine clinical practice for the microbiological diagnosis
of CDIs.

Another limitation of the present study was the nonblinded
collection of patients and controls. Moreover, a mean follow-up
of 6 months may not be sufficiently discriminative to exclude the
possibility of infection in the colonized subjects. Thus, further
research with a longer longitudinal follow-up is needed in order to
identify the subset of patients with colonized devices who are at
increased risk of subsequent infection.

In conclusion, we demonstrated the superiority of sonication
fluid culture over traditional culture for both infected and nonin-
fected cardiac devices. Sonication of explanted cardiac compo-
nents may represent a useful tool in order to improve the micro-
biological diagnosis of CDIs, especially in patients receiving
antibiotic treatment. In addition, the use of this technique may
contribute to the study of bacterial colonization in patients under-
going device revision in the absence of clear signs of infection.
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