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Abstract

Introduction: Deep brain stimulation (DBS) has become a
well-established treatment modality for a variety of condi-
tions over the last decades. Multiple surgeries are an essen-
tial part in the postoperative course of DBS patients if non-
rechargeable implanted pulse generators (IPGs) are applied.
So far, the rate of subclinical infections in this field is un-
known. In this prospective cohort study, we used sonication
to evaluate possible microbial colonization of IPGs from re-
placement surgery. Methods: All consecutive patients un-
dergoing IPG replacement between May 1, 2019 and No-
vember 15, 2020 were evaluated. The removed hardware
was investigated using sonication to detect biofilm-associ-
ated bacteria. Demographic and clinical data were analyzed.
Results: A total of 71 patients with a mean (xSD) of 64.5 +

15.3 years were evaluated. In 23 of these (i.e., 32.4%) pa-
tients, a positive sonication culture was found. In total, 25
microorganisms were detected. The most common isolated
microorganisms were Cutibacterium acnes (formerly known
as Propionibacterium acnes) (68%) and coagulase-negative
Staphylococci (28%). Within the follow-up period (5.2 + 4.3
months), none of the patients developed a clinical manifest
infection. Discussions/Conclusions: Bacterial colonization
of IPGs without clinical signs of infection is common but
does not lead to manifestinfection. Further larger studies are
warranted to clarify the impact of low-virulent pathogens in

clinically asymptomatic patients.  © 2021 The Author(s)
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Introduction
Deep brain stimulation (DBS) has become a widely

used treatment option for a variety of conditions over the
past 3 decades [1, 2]. Besides appropriate preoperative
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evaluation of potential surgical candidates, maximum
precision in planning of target regions, highly accurate
implantation of electrodes, and most importantly con-
tinuous postoperative care after DBS hardware place-
ment are crucial parts of DBS therapy. In case of non-
rechargeable implanted pulse generators (IPGs), replace-
ment of the IPGs is necessary after approximately
8.5-110.5 months [3]. Thus, multiple surgeries are an es-
sential part in the postoperative course of DBS patients.
Repetitive surgeries have been described as a risk factor
for surgical site infections (SSIs) [4]. The rate of infections
of IPG replacements is about 4.8% (range 0-17.6%) [5-9].
The majority of infections associated with DBS hardware
occur early within one month after implantation. The in-
fection rate is about 5.6% (range 0-15%), with 52% man-
ifesting as early infections within the 1st month after im-
plantation [6, 10, 11]. Implantable devices are highly sus-
ceptible to bacterial colonization, and even a low number
of bacteria can cause infections [12]. A wide range of
pathogens has been found in microbiological cultures of
DBS hardware removal [5, 6, 8, 13], yet microorganisms
typically adhere to the surface of the devices and form
biofilms, making them difficult to be detected by conven-
tional methods [14]. By means of sonication, microor-
ganisms can be released from the implant’s surface and
quantitatively and qualitatively be detected from the de-
tached biofilm in the sonication fluid. Sensitivity and
specificity of sonication have been demonstrated as sig-
nificantly higher than those of standard tissue cultures.
Recent data showed that sonication of neurosurgical de-
vices as well as pedicle screws is associated with a signifi-
cantly higher rate of bacterial growth than that in conven-
tional cultures, especially with respect to low-virulent
pathogens [14-17]. Thus, to optimize detection of poten-
tially biofilm-associated infections, sonication of re-
moved devices and prolonged incubation of cultures have
been recommended [18]. Recent data found implant-as-
sociated low-virulent microorganisms in clinically asep-
tic patients as a potential cause for implant failure with
regard to pedicle screws as well as autologous bone graft
resorption after cranioplasty [18-22]. In this prospective
cohort study, we used sonication to evaluate possible mi-
crobial colonization of IPGs from replacement surgery.

Methods

Study Design

This prospective observational study was conducted in a ter-
tiary health-care center providing advanced specialty care to a pop-
ulation of about 4 million inhabitants. The study was conducted in

Sonication of Implanted Pulse Generators

accordance with the Declaration of Helsinki and approved by the
Local Ethics Committee (No. EA2/231/20). Patient consent was not
required for this prospective observational study as sonication was
performed as part of the routine microbiological investigation.

Study Population

Between May 1, 2019, and November 15, 2020, a total of 71
consecutive adult patients in whom an IPG exchange due to deple-
tion of the battery was performed were screened. None of the pa-
tients was on antibiotic therapy prior to IPG replacement. All pa-
tients were closely followed up postoperatively in our outpatient
department.

Data Collection

Patient data were collected using a standardized case report
form. An interdisciplinary team of neurosurgeons and infection
disease specialists evaluated all patients. The following variables
were extracted: age, sex, comorbidities (diabetes, smoking status,
steroid use, and BMI), the underlying indication for DBS, time be-
tween initial surgery and explantation of IPGs, number of former
replacements of IPGs if applicable, indication for explantation of
DBS hardware, laboratory values at admission (i.e., C-reactive pro-
tein [CRP], white blood cell count, and Hb), and microbiological
results of the sonication fluid.

Surgical Procedure

All surgical procedures were performed according to a stan-
dardized routine under sterile conditions in the operating room.
All patients received a single dose of perioperative antibiotics (2.0
g of intravenous cefazolin) 30 min prior to skin incision. An alco-
holic skin antiseptic with a remanent effect was used for initial
implantation and replacements. Double gloving with an exchange
of the superficial gloves before placement of the new IPG was per-
formed. For irrigation of the incisional wound, we used an aqueous
povidone-iodine solution. The wounds were closed in layers with
non-antibiotic-impregnated absorbable subcutaneous sutures and
either monofilament nonabsorbable sutures or staples. For post-
operative dressing, we used standard dressing that was exchanged
daily until removal of the sutures 10-12 days after surgery. There
was no prolongation of postoperative surgical antibiotic prophy-
laxis. Immediately after removal of the IPG, it was placed in a ster-
ile, airtight container to minimize the risk of contamination; re-
moved implants were sent for analysis.

Sonication of Removed Implants

The removed IPGs were transported to the microbiological lab-
oratory in a sterile airtight container (Lock & Lock). Within 6 h of
removal, sonication was performed. After addition of 5 mL of nor-
mal saline covering the implants, the container was vortexed for 30
s, sonicated for 1 min at 40 kHz (BactoSonic, Bandelin, Berlin, Ger-
many), and vortexed for another 30 s. The resulting sonication fluid
was processed as conventional cultures. Microorganisms on plates
were enumerated (i.e., number of colony-forming units/mL sonica-
tion fluid) and identified using routine microbiological techniques.

Statistical Analysis

Statistical analyses were performed with GraphPad Prism (ver-
sion 8.4.2 [464]). Unpaired Student’s ¢ test and Fisher’s exact test
were used to compare the cohorts. All statistical tests were 2-tailed,
and statistical significance was set at p < 0.05.
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Table 1. Demographic and clinical data

Parameter All patients Sonication Sonication p value
Mean (+SD) or absolute numbers (n=171) positive (n =23)  negative (n = 48)
Age, years 64.5 (+15.3) 62.5 (£15.3) 65.5 (£15.2)] 0.4
Sex, % male 53.6 73.9 43.8 0.02
Indication for DBS
Parkinson’s disease 38 12 26 0.6
Dystonia 22 6 16 0.7
Essential tremor 9 4 0.4
OCD 1 1 0.7
Depression 1 - 1 0.4
Time since lead implantation, years 6.6 (+3.4) 6.8 (+4.0) 6.5 (+2.9) 0.8
First IPG replacements, n 21 5 16 0.4
Former IPG replacements 1.1 (£1.1) 1.1 (£1.1) 1.0 (£1.0) 0.8
Laboratory values at admission
CRP, mg/L 7.2 (£12.9) 1.8 (£0.8) 10.3 (£15.3) 0.2
White blood cell count, n/nL 6.5 (£1.2) 6.2 (+0.9) 6.8 (£1.4) 0.5
Hb, g/dL 13.7 (x1.5) 14.1 (+1.3) 13.6 (£1.6) 0.2
Follow-up, months 5.2 (+4.3) 4.7 (£4.7) 5.4 (+4.0) 0.5
Comorbidities
Diabetes, 1 (%) 5 (i.e., 7.0) 1 (i.e., 4.3) 4 (i.e., 8.3) 0.5
BMI, kg/m? 26.7 (+6.6) 25.7 (+4.0) 27.1 (£7.8) 0.3
Smokers, 1 (%) 14 (i.e., 19.7) 6 (i.e., 26.6) 8 (i.e., 16.6) 0.3
Steroid use, 1 (%) 1 (ie., 1.4) 0 1 (ie,2.1) 0.5

Statistically significant values are in bold. Statistical significance was set at p < 0.05. DBS, deep brain stimula-
tion; OCD, obsessive compulsive disorder; IPG, implanted pulse generator; CRP, C-reactive protein.

Results

Demographic Data

We included a total of 71 patients in whom IPGs were
removed as part of an exchange due to depletion of the
battery between May 1,2019 and November 15, 2020. The
mean patient age (+SD) was 64.5 (+£15.3, range 24-88)
years. Thirty-eight (i.e., 53.6%) patients were male. Labo-
ratory values at admission were CRP 7.2 (+12.9) mg/L,
and the white blood cell count 6.5 (+1.2)/nL. Indications
for DBS were Parkinson’s disease (n = 38), dystonia (n =
22), essential tremor (n = 9), obsessive compulsive disor-
der (n = 1), and depression (n = 1). Devices from 2 man-
ufacturers were used. In detail, 59 patients had a Medtron-
ic™ device (56 Activa™ PC, two Kinetra™, and one
Soletra™), and 12 patients received a Boston Scientific™
device (eleven Vercise™ PC and one Vercise Genus™
P16). The demographic data regarding comorbidities (di-
abetes, BMI, smoking status, and steroid use) were similar
between patients with positive and negative sonication
results. The mean time between stereotactic implantation
of DBS leads and exchange of the current IPG was 6.6
(£3.4) years (range 16 months—15.8 years). A mean of 1.1
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(1.1, range 0-5) former IPG exchanges was document-
ed. Twenty-one patients had their 1st IPG exchange after
initial implantation (Table 1). One of the initial implanta-
tions was performed in the same procedure as the lead
implantation, while all the remaining implantations were
performed in staged procedures with a duration of 54.3
(+16.7) minutes for the IPG implantation. There was no
difference between patients with positive and negative
sonication results (48.3 [+14.6] minutes vs. 57.2 [£16.9]
minutes; p = 0.3). The mean duration of the former IPG
exchanges of patients who had multiple former exchang-
es was 35.7 (+18.2) minutes, with no difference between
patients with positive and negative sonication results
(35.8 [£18.2] minutes vs. 33.6 [+17.4] minutes, p = 0.3).

Microbiological Findings

In 23 of 71 (i.e., 32.4%) patients, a positive sonication
culture was found. In 2 patients, 2 pathogens were de-
tected simultaneously. Four low-virulent pathogens were
found. The most common pathogens were Cutibacterium
acnes (formerly known as Propionibacterium acnes)
(17 pathogens, 68%) and coagulase-negative Staphylococ-
ci (7 pathogens, 28% — 3 [i.e., 12%] Staph. saccharolyticus,
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W 68% Cutibacterium acnes
[0 4% Corynebacterium aurimucosum
@ 28% Coagulase-negative Staphylococci

Total = 25

Fig. 1. Distribution of pathogens. Out of 25 low-virulent pathogens
that were found in the sonication fluid, 17 (i.e., 68%) were Cutibac-
terium acnes, 1 (i.e., 4%) Corynebacterium aurimucosum, and 7
(i.e., 28%) coagulase-negative Staphylococci.

3 [i.e., 12%] Staph. hominis,and 1 [i.e., 4%] Staph. haemo-
Iyticus) (see Fig. 1).

Men were more likely to have positive sonication re-
sults (17 [i.e., 73.9%]). There was no difference between
patients with positive (n = 23) and negative (n = 48) son-
ication results regarding age (62.5 + 15.3 vs. 65.5 + 15.2
years, p = 0.4), comorbidities, underlying indication for
DBS, time between initial DBS surgery and explantation
of the IPG (6.8 £ 4.0 vs. 6.5 + 2.9 years, p = 0.8), number
of former replacements of IPGs (2.1 + 1.0 vs. 2.1 £+ 1.1,
p =0.9), and laboratory values at admission: CRP (1.8 +
0.8 vs. 10.3 + 15.3 mg/L, p = 0.2) and the white blood cell
count (6.2 + 0.9 vs. 6.8 + 1.4/nL, p = 0.5) (shown in Ta-
ble 1).

Clinical Follow-Up

All patients were followed up postoperatively in the
outpatient department of our institution. The mean fol-
low-up was 5.2 + 4.3 (range 0-16) months. Thirty-one
(i.e., 43.7%) had a follow-up of >6 months. Within that
period, no patient developed SSI or systemic infection,
although 19 (i.e., 61.2%) patients already had multiple
IPG replacements in the past.

Discussion

This study has the following main findings: (1) coloni-
zation of the IPGs with low-virulent pathogens is com-
mon in patients without clinical signs of infection; (2) in
our patient cohort, Cutibacterium acnes and coagulase-
negative Staphylococci were the 2 most frequent patho-
gens; and (3) none of the patients with bacterial coloniza-
tion developed a manifest infection.

Sonication of Implanted Pulse Generators

DBS has become a well-established treatment for a
variety of conditions over the last decades [1, 2]. Multi-
ple surgeries are an essential part in the postoperative
course of DBS patients if nonrechargeable IPGs are ap-
plied. In fact, infection is the most common complica-
tion following DBS device replacement. Interestingly,
the risk of infection following IPG replacement is de-
scribed to be 3 times higher than that after initial DBS
surgery [13]. So far, the rate of subclinical infections is
unknown, and sonication to detect implant-associated
biofilms has not been applied in the field of DBS surgery.
Sensitivity and specificity of sonication have been dem-
onstrated as significantly higher than those of standard
cultures and swabs with regard to detection of implant-
associated infections [14-17, 23], therefore we dispensed
with collecting swabs for conventional microbiology. By
analyzing the data of more than 70 patients, we clearly
demonstrate that colonization of the IPG with low-vir-
ulent pathogens is common in patients without clinical
signs of infection, as in about one-third of the patients a
positive sonication culture was found. This rate is in line
with previous findings reporting bacterial colonization
of electrophysiological cardiac devices, breast implant,
and spinal implants in clinically aseptic patients [20, 24,
25].

The common method in case of implant-associated
infections in DBS is device removal or a lead/electrode-
sparing procedure with partial explantation of the de-
vice. Before reimplantation, 2- to 3-month antimicrobial
treatment until the infection is cured has been recom-
mended [5, 18, 26]. Recently, Bjerknes et al. [11] sug-
gested that complete explantation and antibiotic treat-
ment until reimplantation should only be considered in
cases with severe symptoms and high-virulent patho-
gens, while in other infections, an initial attempt with
solely antibiotic treatment should be considered. Anoth-
er more individual treatment is considered by Bernstein
et al. [9] They suggest that the decision whether to re-
move hardware or a solely antibiotic treatment with
hardware left in place has to consider the impact of ad-
verse effects in case of hardware removal. The biofilm
concept is one reason for those different strategies in sal-
vage treatment for implant-associated infections. To the
best of our knowledge, our study is the first study apply-
ing sonication in the field of IPG replacement surgery,
clearly showing a high frequency of bacterial coloniza-
tion with low-virulent pathogens in clinically aseptic pa-
tients. Within the follow-up period, bacterial coloniza-
tion with low-virulent bacteria did not lead to manifest
infections in our cohort.
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The intraoperative application of local vancomycin
powder is another matter of debate within the field. While
several authors recommend standard usage of intraop-
erative vancomycin to reduce the risk of SSI [7, 8], other
studies did not report a decrease in the infection rate [5,
9]. Staphylococcus species were found to be the main
causative pathogen of purulent infections [7]. In our co-
hort, we found Cutibacterium acnes to be the most com-
mon pathogen (68.0% of positive sonication culture).
Since Cutibacterium acnes is sensitive to vancomycin
[27], a reduced rate of infections could be aimed in the
aforementioned studies, even though Staphylococcus spe-
cies have not been the causing pathogen. Although we
refrain from usage of vancomycin and/or further antibi-
otic treatment of the patients with detection of low-viru-
lent pathogens, none of our patients manifested infection
during the follow-up period.

A limitation of our study is the relatively short follow-
up period of 5.2 + 4.3 months, as an infection, particu-
larly due to organisms of low virulence, tends to manifest
only over a longer follow-up period. Although a number
of recent publications have reported a significant associa-
tion of low-virulent pathogens in patients with no clinical
signs of infection but implant failure with regard to spinal
implants [22, 28], currently, evidence for the impact of
low-virulent colonization in neurosurgical implants is
missing. As the evidence for the relevance of subclinical
infection with low-virulent pathogens is very limited,
even a long-term antimicrobial treatment might not be
justified, especially with respect to relevant side effects of
long-term antibiotic treatment and drug interactions. Es-
pecially as in the case of DBS, implant removal is associ-
ated with significant morbidity and inconvenience for the
patient as symptoms recur during the implant-free inter-
val. Therefore, we do not recommend antibiotic eradica-
tion or removal of hardware in case of low-virulent patho-
gen detection in DBS. The long-term results of our study
will clarify the role of low-virulent pathogen colonization
in the development of delayed implant-associated infec-
tions.
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