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Objective : The occurrence of acute cerebral infection following deep brain stimulation (DBS) is currently being reported with elevation of C-reactive
protein (CRP) level. The aim of the present study was to establish normal range of the magnitude and time-course of CRP increases following routine
DBS procedures in the absence of clinical and laboratory signs of infection.

Methods : A retrospective evaluation of serial changes of plasma CRP levels in 46 patients undergoing bilateral, two-staged DBS was performed. Be-
cause DBS was performed as a two-staged procedure involving; implantation of lead and internal pulse generator (IPG), CRP was measured preoper-
atively and postoperatively every 2 days until normalization of CRP (post-lead implantation day 2 and 4, post-IPG implantation day 2, 4, and 6).
Results : Compared with preoperative CRP levels (0.12+0.17 mg/dL, n=46), mean CRP levels were significantly elevated after lead insertion day 2
and 4 (1.68+1.83 mg/dL, n=46 and 0.76=0.38 mg/dL, n=16, respectively, p<0.001). The mean CRP levels at post-lead implantation day 2 were
further elevated at post-IPG implantation day 2 (3.41+2.56 mg/dL, n=46, respectively, p<0.01). This elevation in post-IPG day 2 rapidly declined in
day 4 (1.24+1.29 mg/dL, n=46, p<0.05) and normalized to preoperative value at day 6 (0.42+0.33 mg/dL, n=46, p>0.05). Mean CRP levels after
IPG implantation were significantly higher in patients whose IPGs were implanted at post-lead day 3 than those at post-lead day 56 (3.99+2.80 mg/
dL, n=30, and 2.31+1.56 mg/dL, n=16, respectively, p<0.05). However, there was no difference in post-IPG day 2 and 4 between them (p>0.05).
Conclusion : The mean postoperative CRP levels were highest on post-IPG insertion day 2 and decreased rapidly, returning to the normal range on
post-IPG implantation day 6. The duration of post-lead implantation period influenced the magnitude of CRP elevation at post-IPG insertion day 2. In-
formation about the normal response of CRP following DBS could help to avoid unnecessary diagnostic and therapeutic efforts.
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INTRODUCTION

C-reactive protein (CRP) is an acute-phase protein that is
synthesized and rapidly secreted by the liver in response to in-
flammation, infection, and malignancy®”. Repeated examina-
tions of CRP levels in serum is a simple and reliable method for
the early detection of bacterial infection and for subsequent
monitoring of the response to treatment'”'”. However, CRP is
also elevated after uncomplicated surgery, peaking around the
second postoperative day”'"**”, information of the regular post-
operative course is necessary when contemplating clinical use

. . . . 1,15
of CRP evaluation after neurosurgical interventions"".

In a recent study of surgical site infections (SSI) after deep
brain stimulation (DBS)", CRP was regarded as a poor marker
because laboratory findings of elevated CRP were often en-
countered on the second or third postoperative day after DBS
surgery in patients without infection. However, another study”
reported four cases of intracerebral infection occurring within
2-3 days (two patients) and around fourteen days (two pa-
tients) after DBS with clinical signs of fever, confusion, and
markedly elevated CRP (7.8-16 mg/dL). Therefore, informa-
tion about normal kinetics of CRP in early postoperative period
might have a role as an ancillary test in the early diagnosis of ce-
rebral infection. However, no study has addressed the regular
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postoperative kinetics of CRP after DBS. The aim of this study
was to establish the magnitude and time-course of CRP in-
creases following routine DBS in the absence of clinical and
laboratory signs of infections.

MATERIALS AND METHODS

Patient selection

From January 2008 to December 2014 we retrospectively
evaluated serial changes of plasma CRP levels in 46 patients un-
dergoing two-staged, bilateral DBS procedures among total 65
patients with DBS. The demographics of patients included in
this study are summarized in Table 1. Most DBS procedures in
the authors’ institutions consisted of two procedures. The first
was bilateral implantation of the DBS electrode in deep brain
nuclei under local anesthesia and externalization of distal lead
with several days (3-7 days) of trial stimulation. The second was
bilateral implantation of internal pulse generators (IPGs) under
general anesthesia™.

Exclusion criteria included all patients in which CRP could
be irrelevantly elevated. Hence, we excluded patients who had
major surgeries in the last 3 months, patients with chronic in-
flammatory diseases, underlying liver diseases, and poly-trau-
ma with greater than normal pre-operative CRP levels. In addi-
tion, to study normal postoperative kinetics of two-stage, bilateral
DBS, we also excluded patients who underwent unilateral DBS
(n=6), one stage bilateral DBS in the same day (n=>5), those who
had revision surgery for misplaced electrode (n=3), patients
who had a specific illness following DBS, such as pneumonia or
urinary tract infection (n=3), and who had an acute wound in-
fection following DBS were also excluded (n=2). Therefore,
during the examination period, 19 patients who did not under-
go uneventful, two-stage, bilateral DBS procedures were ex-

Table 1. Demographics of the patients enrolled for CRP measurement

Number of patients 46
Female/Male 25/21
Age, mean+SD 54.6+16.16 (range, 15-77)
Disease
Movement disorders 37 (80.4%)
Epilepsy 8(17.4%)
Pain 1(2.2%)

CRP : C-reactive protein, SD : standard deviation

Table 2. Time course of CRP values following DBS
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cluded in this study.

Surgical procedures

In brief, after taking stereotactic magnetic resonance imag-
ing, the target coordinates calculation and trajectory planning
were performed using the commercial planning software (Fra-
melink, ver 5.0, Medtronic, Minneapolis, MN, USA). Under lo-
cal infiltration of 2% lidocaine, a burr hole trephination and du-
ral opening were performed. After application of stereotactic
frame arc with X, Y stages, 3 to 5 trajectories of microelectrode
recording (MER) were explored along the planned trajectory to
the deep brain nuclei. The location of the final electrode was
determined according to microelectrode mapping of the typical
firing patterns of MER and microstimulation. The DBS lead
(model 3389, Medtronic, Minneapolis, MN, USA) was inserted
under the fluoroscopic guidance and test stimulation was per-
formed to assess the improvement of target symptoms and so-
matosensory side effects. After securing the DBS lead with the
burr hole ring and cap, the distal end of the lead was connected
to the extension cable through subcutaneous tunneling for ex-
ternal stimulation.

Techniques of transaxillary subpectoral implantation were
previously described™. In brief, the patient was placed in the
supine position with arms extended and abducted at 90° to expose
the axilla. Through 5 cm incision in the prominent skin crease
along the axillary floor and subcutaneous dissection, the lateral
border of the pectoralis major was searched, and the posterolat-
eral border of the lateral pectoral fascia was entered to gain ac-
cess to the subpectoral space. With widening of subpectoral
pocket by blunt retraction with counter-pulled retractors, sub-
pectoral pocket was generated with gentle finger dissection.
Care should be taken not to enlarge the pocket laterally, to limit
lateral migration of the implant postoperatively.

Determination of plasma CRP

Blood samples were collected preoperatively and postopera-
tively every two days (at days 2 and 4) during external stimula-
tion before implantation of IPGs. After implantation of an IPG,
CRPs were again measured every 2 days (post-IPG implanta-
tion days 2, 4, and 6) for assessment of serial changes of CRP
concentrations. The same surgical team operated on all patients.
Although most IPG implantations were performed at days 2-3
after the first procedure, the interval between the first and the

CRP values after lead implantation Preoperative values (n=46)

Post-lead day 2 (n=46) Post-lead day 4 (n=16)

0.12+0.17 1.68+1.83 0.76+0.38
CRP values after IPG implantation Whole group (n=46) Group 1 (post-lead day 3, n=30) Group 2 (post-lead day 5-6, n=16)
Post-IPG day 2 3.41+2.56 3.99+2.80 2.31+1.56
Post-IPG day 4 1.24+1.29 1.50+1.42 0.75+0.82
Post-IPG day 6 0.42+0.33 0.42+0.35 0.42+0.32

Group 1 : patients who underwent IPG implantation in post-lead implantation day 3, Group 2 : patients who underwent IPG implantation in post-lead implantation day
5-6. CRP : C-reactive protein, DBS : deep brain stimulation, DBS, IPG : implantable pulse generator, SD : standard deviation
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second procedures varied in some patients according to assess-
ment of external stimulation results.

To investigate the time course of CRP kinetics, the CRP levels
in preoperative state and post-lead implantation day 2 and 4,
and post-implantable pulse generator (IPG) implantation day 2,
4, and 6 were compared with paired t-test. To study the influ-
ence of the length of external stimulation period on CRP levels,
the CRP levels in post-IPG implantation day 2 were subgrouped
into those comprising the IPGs were implanted on postopera-
tive day 3 after lead implantation (group 1, n=30), and those
IPGs implanted in post-lead insertion 5-6 days (group 2, n=16),
and the difference of 2 subgroups were compared independent
t-test.

The values and time course of CPR level are summarized in
Table 2. CRP levels were measured using a model 7000 clinical
analyzer (Hitachi Medical, Tokyo, Japan); the normal range in
our institute was 0.01-0.47 mg/dL.

Statistics

All statistical analyses were performed using SPSS version
15.0 (SPSS Inc., Chicago, IL, USA). Exploratory analyses of de-
mographics were performed by calculating the means and stan-
dard deviations. Statistical differences between the periods
(preoperative, post-lead implantation day 2, 4, and post-IPG
implantation day 2, 4, and 6) were assessed with paired t-test.
Independent t-test was used to investigate the difference of CRP
levels in the post-IPG implantation day 2, 4, and 6 according to
the external stimulation period (group 1 and 2). Statistical sig-
nificance was accepted at a probability value of <0.05.

RESULTS

The mean age of the study population was 54.6+16.2 years
(range, 15-77 years). Of the 46 patients recruited, 25 were fe-
males and 21 were males (Table 1). The mean values and time
course of CRP concentrations are summarized in Table 2. The mean
CRP concentration was within the normal range before implan-
tation of the leads (0.12+0.17 mg/dL, n=46).

In 46 patients who underwent two-stage DBS, the mean CRP
concentration was significantly elevated after lead implantation
day 2 (1.68+1.83 mg/dL, n=46, paired t-test, p<0.001). This ele-
vated CRP level in post-lead implantation day 2 decreased in
day 4 in group 2 patients (paired t-test, n=16, p<0.05) (Table 2).
However, the CRP level in postoperative day 4 was still higher
than the preoperative CRP level (paired t-test, n=16, p<0.001). Af-
ter implantation of bilateral IPGs, the mean CRP concentration rose
significantly compared to that of preoperative level (post-IPG
day 2, 3.41+2.56 mg/dL, n=46, and 0.12+0.17 mg/dL, repective-
ly. paired t-test, n=46, p<0.05) and those of post-lead implanta-
tion day 2 (1.68+1.83 mg/dL, paired t-test, n=46, p<0.05) and day
4 (0.76+0.38 mg/dL, paired t-test, n=16, p<0.05). The mean CRP
level was highest on post-IPG day 2 and decreased significantly
on post-IPG days 4 and 6 (paired t-test, n=46, p<0.05) and nor-
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Fig. 1. An error-box chart showing the mean CRP course of the 46 pa-
tients with a rapid increase in the mean CRP value reaching the peak on
the second post-IPG implantation day and declining by the 6th postoper-
ative day. *Statistical significance between groups (p<0.05, paired t-test)
and the dotted line indicates the upper limit of normal range of CRP (0.01—
0.47 mg/dL). CRP : C-reactive protein, PG : implantable pulse generator.

malized to preoperative value at post-IPG day 6 (paired t-test,
n=46, p>0.05).

There was significant difference in CRP level in post-IPG
days 2 according to the subgroup analysis of the length of exter-
nal stimulation period [IPG implantation at post-lead day 3
(group 1) and IPG implantation at post-lead 5-6 (group 2), in-
dependent t-test, p<0.05]. However, no difference was found
between group 1 and 2 in post-IPG days 4 and days 6 (indepen-
dent t-test, p>0.05) (Table 2). The differences and time course
of CRP values are depicted in Fig. 1.

DISCUSSION

Infections following DBS are usually found at the site of IPG, at
the connector site or on the scalp where the lead exits the brain'®.
Intracerebral infections following DBS are rare”*”*'"**** but
exist”. To our knowledge, there have been seven reported cases of
intracerebral infection related to the implanted electrodes (Table 3).
Although diagnosis of deep cerebral infection cannot be estab-
lished by simple laboratory examination of CRP, marked eleva-
tion of CRP values have been reported by Blomstedt and Bjart-
marz” They claimed an intracerebral bacterial infection should
be suspected when DBS-implanted patient presents neurological
symptoms, fever, peri-electrode edema on CT scan, and elevated
CRP. Accordingly, we studied the magnitude and time-course of
CRP increases following routine DBS procedures in the absence
of clinical and laboratory signs of infections.

CRP is a well-known acute-phase serum protein that increas-
es within 6 hours in response to inflammatory cytokines (most-
ly interleukin-6)"*". In our study, we defined a value of less than
0.5 mg/dL to be normal and not indicative of inflammation or
infection. CRP has been studied as a clinical indicator for the
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Table 3. CRP values in reported cases of intracerebral infections following DBS

. Timing of Causative Associated findings
Study, year Operation infection organism CRP (mg/dL) related to infection Treatment
Merello etal”’, 2001 ~ Bilat STN,PD 6months  C. parapsilosis - Lack of concentration, Hardware removal, bilat
lassitude no sign of
wound infection
No elevation of ESR, fever
Deligny et al?,2009  Bilat STN,PD 40 days - B Delirium, fever of 39°C Hardware removal
- Subthalamotomy
Blomstedt etal.”,2012  Bilat STN,PD  3-5 days Serratia 16 Fever, confusion, Hardware removal (rt)
(rt side) It hemipareis
11 weeks CN S. aureus Headache, vertigo, wound =~ Hardware removal (It)
(It side) E. aerogenes, a-hm. strept. dehescence
BilatZI,PD 2 days No growth 7.8 Slight fever, confusion Hardware removal (It)
Rt STN, PD 14 days S. aureus 16.1 Fever, headache Hardware infection (rt)
Bilat STN,PD 14 days Myc. hominis 20.0 Facial flushing, Whole system removal (It)
wound swelling
headache, leg weakness,
fever concomitant IPG
infection
New DBS (It) 5 months later
Bjerknes etal."* STN, PD 0 day S. aureus - Organ/Space infection Whole system removal

Prulent drainage (+)

Bilat : bilateral, rt : right, It : left, PD : Parkinson’s disease, ZI : zona incerta, C. parapsilosis . Candida parapsilosis, CN S. aureus : coagulase-negative Staphylococcus
aureus, E. aerogenes : Enterobactor aerogenes, o.-hemolytic strept. . a.-hemolytic streptococcus, IPG : internal pulse generator

degree of surgical trauma incurred after standard neurosurgical
procedures">"*">'*'¥, The mean postoperative CRP levels are
highest in the most surgically traumatic procedure; lobectomy for
epilepsy, and lowest in a less surgically-traumatic procedure, ste-
reotactic biopsy, (p<0.001)". Intraoperative blood transfusion,
type of anesthesia, use of anti-inflammatory and antibiotics do
not affect CRP kinetics”. The authors of CRP studies"" reported
that peak CRP concentration occurred on the 2nd postopera-
tive day in all neurosurgical procedures that included cranioto-
my for intracranial tumor, aneurysm clipping, intracranial hem-
orrhage, discectomy with laminectomy, and stereotactic biopsy”.
As a potential warning sign for infection, prolonged CRP eleva-
tion after the 4th postoperative day or when a second rise in CRP
concentration has been suggested”.

Compared with preoperative values, the level of CRP rose
significantly after implantation of bilateral intracranial electrodes
(p<0.05). The magnitude of CRP elevation after DBS lead inser-
tion at 2nd postoperative day (1.68+1.83 mg/dL) appeared to be
less than those reported after stereotactic brain biopsy (5.99+7.1
mg/dL) by Al-Jabi and El-Shawarby". Although a direct com-
parison between the present and prior studies is impossible be-
cause of differing clinical situations and examination methods,
this data might indicate that the magnitude of physiological tis-
sue trauma of DBS lead implantation may be small and compa-
rable to stereotactic biopsy, the least surgically-traumatic, rou-
tine neurosurgical procedure”.

After implantation of IPGs, CRP concentration reached its
peak at the 2nd postoperative day and rapidly declined at the
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postoperative days 4 and 6. Compared with mean CRP levels of
preoperative and post-lead implantation, elevation of CRP at
the 2nd postoperative day after IPG implantation was signifi-
cant (p<0.05) as was the decline at postoperative day 4 (p<0.05).
Therefore, the finding of peak elevation of CRP concentration
at postoperative day 2 and the subsequent rapid declines is con-
sistent with previous studies of postoperative CRP kinetics in
neurosurgical operations™*'”. Tt seems that the CRP concentra-
tion routinely rises according to the surgical procedure and re-
main elevated unitl postoperative day 2-3, after which the level
rapidly declines to preoperative levels by postoperative day 4 and 6.

Our study has several limitations. The number of patients re-
cruited in our study is too small and, therefore, there is a risk of
type I error to draw a general conclusion about the normal, post-
operative CRP kinetics. To overcome this limitation, a more ex-
tensive study including more patients with DBS operation is
warranted. Because routine DBS procedures in the authors’ in-
stitution involved a two-stage procedure, the mean values of
postoperative CRP may be different in one-staged DBS opera-
tion. We also externalized the distal leads and routinely assessed
the acute stimulation effect following bilateral DBS. A staged
procedure with externalization of the distal lead might influ-
ence the CRP levels, given the report of a greater risk of infec-
tion following DBS by Constantoyannis et al.”.

Our study involved only the acute postoperative period (until
6 days after IPG implantation). Since the infection rate during
this period is quite low, it can be argued that CRP examination
following routine DBS would not be helpful. We do not suggest
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CRP measurement in a routine examination. However, because
acute cerebral infection does occur in the immediate postopera-
tive period (less than 2 weeks)*” and we also experienced an
acute cerebritis following DBS (not yet reported), we think that
knowledge about normal CRP kinetics following routine DBS
is helpful in caring for patients with an altered conscious state
or vague symptom of headache, which might herald an immi-
nent infection.

CONCLUSION

Mean plasma CRP level increased significantly after lead and
IPG implantation and the elevated CRP level showed a peak con-
centration at post-IPG implantation day 2, and rapidly decreased
in day 4 and day 6. Information about the normal kinetics of
CRP levels following DBS would provide reference values and
further study including comparison with elevated CRPs in pa-
tients with intracerebral infection would be warranted.
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