
Surgical Neurology International
Editor
Antonio A. F. DeSalles, MD
University of California, 
Los Angeles, CA, USA

OPEN ACCESS
For entire Editorial Board visit :  
http://www.surgicalneurologyint.com

SNI: Stereotactic, a supplement to Surgical Neurology International

© 2016 Surgical Neurology International | Published by Wolters Kluwer - Medknow S121

Abstract
Background: When wounds are benign, diagnosis of deep brain stimulation (DBS) 
electrode infection and associated intraparenchymal infection can be challenging. Only 
a couple, such cases exist in literature. Since infections of the central nervous system 
can be life‑threatening, prompt diagnosis is necessary to prevent neurological injury. 
Employed within the appropriate context, magnetic resonance imaging (MRI) of the 
brain, as well as laboratory data and clinical presentation, may help guide diagnosis.
Case Descriptions: Case 1 ‑ A 55‑year‑old male with bilateral DBS electrodes 
and generators (49 days from last procedure), who presented with confusion 
and fever. Pertinent positive laboratory was white blood cell 20.5K.  MRI of the 
brain showed edema with enhancement along the right DBS electrode. Wound 
exploration revealed gross purulence in the subgaleal space. The entire system 
was removed; cultures from subgaleal space revealed Propionibacterium acnes; 
cultures from electrode were negative. The patient was sent home on antibiotics. 
Case 2 ‑ A 68‑year‑old male with a right DBS electrode (11 days from placement), 
who presented after an unwitnessed fall, followed by confusion and amnesia. 
Pertinent laboratory examinations were negative. MRI of the brain showed 
edema with enhancement along the DBS electrode. Wound exploration revealed 
no infection. The DBS system was left in place; final cultures were negative; no 
antibiotics were prescribed. Repeat MRI showed resolving fluid‑attenuated inversion 
recovery (FLAIR) signal and contrast enhancement.
Conclusions: Contrast enhancement, T2 FLAIR, and diffusion weighted imaging 
are influenced by postoperative changes. Caution is stressed regarding dependence 
on these features for acute diagnosis of infection and indication for electrode 
removal. Timing of the imaging after surgery must be considered. Other factors, 
such as systemic signs and abnormal laboratory data, should be evaluated. Based 
on these guidelines, retrospectively, the patient in Case 2 should not have been 
rushed for a wound exploration; close observation with serial imaging and laboratory 
data may have prevented an unnecessary procedure.
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INTRODUCTION

A dreaded complication of deep brain stimulation (DBS) 
is hardware infection, which may entail additional hospital 
expenses, hardware removal, and delay of DBS therapy. 
Infection rates associated with DBS varies from 0% to 
15% in various prior studies.[2,3,6] Infections are frequently 
discovered at the site of the internal pulse generator 
(IPG), at the connector site, or at the scalp overlying 
the burr hole for the electrode. These are apparent based 
on edema, erythema, pain/tenderness, or drainage over 
the affected location. When surgical wounds are benign, 
diagnosis of a DBS electrode infection and associated 
intraparenchymal infection can be challenging. The 
literature only provides a few cases with this clinical 
scenario. We report a series of two additional patients 
with concerns for electrode infection; both underwent 
wound exploration, and one was discovered to have an 
infection. Since infections of the central nervous system 
(CNS) can be life‑threatening, prompt diagnosis is 
necessary to prevent neurological injury. Employed within 
the appropriate context, magnetic resonance imaging 
(MRI) of the brain, as well as systemic inflammatory 
markers and clinical presentation, may help guide 
diagnosis.

CASE REPORTS

Patient 1
A 55‑year‑old male, postoperative day 86 (left subthalamic 
nucleus [STN] electrode), postoperative day 58 (right 
STN electrode), and postoperative day 49 (bilateral IPG 
placement), presented to the Emergency Department 
(ED) with confusion. He was found to have a fever of 
102 F in the ED. Pertinent laboratory examinations 
included lactate 2.0 mmol/L (normal range 0–2.2 mml/L), 
C‑reactive protein (CRP) 1.0 mg/dL (normal range 
0–0.5 mg/dL), erythrocyte sedimentation rate (ESR) 
17 mm/h (normal range 0–19 mm/h), white blood cell 
(WBC) 20.5K, UA negative, blood cultures negative, 
and chest X‑ray negative. All incisions were clean, dry, 
and intact without concerns for infection. CT of the 

head demonstrated no acute findings. MRI of the brain 
with contrast demonstrated vasogenic edema along both 
DBS electrodes, right greater than left, with enhancement 
tracking around the right DBS electrode [Figure 1]. 
Wound exploration was recommended. Once the cranial 
incision was opened, gross purulence was discovered in 
the subgaleal space. The postauricular incision was then 
opened, and no purulence was discovered. The wire 
was cut at this location and the electrode was removed. 
The chest wound was explored, and the generator was 
removed. Cultures for the subgaleal space revealed 
Propionibacterium acnes; cultures from the electrode 
were negative. The patient was sent home on prolonged 
intravenous antibiotics.

Patient 2
A 68‑year‑old male, postoperative day 11 (right STN 
electrode), presented after an unwitnessed fall, followed by 
confusion and amnesia. He denied fevers, chills, weakness, 
paresthesias, changes in medications, prior syncopal 
episodes, or falls. Pertinent laboratory examinations 
included WBC 9.5, UA negative, ESR 30 mm/h, CRP 
1.2 mg/dL, and chest X‑ray negative. All incisions were 
clean, dry, and intact without concerns for infection. CT 
of the head demonstrated no acute findings. MRI of the 
brain with contrast demonstrated abnormal edema and 
enhancement along the DBS electrode [Figure 2]. Wound 
exploration was recommended. There was no evidence of 
infection in the subgaleal space. Cultures were taken. The 
burr hole cap was removed and the hinge was opened. No 
signs of infection were noted below the burr hole cap or 
below the hinge. Additional cultures were obtained. The 
hinge and cap were re‑attached after copious irrigation. 
Final cultures were negative for bacteria. No antibiotics 
were prescribed. Follow‑up MRI showed resolving T2 
fluid attenuated inversion recovery (FLAIR) signal and 
enhancement.

DISCUSSION

Imaging is a critical component for the diagnosis of an 
underlying infection, especially when surgical wounds 

Figure 2: Magnetic resonance imaging T1 with contrast (a) and fluid 
attenuated inversion recovery (b) sequences for patient 2
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Figure 1: Magnetic resonance imaging T1 with contrast (a) and fluid 
attenuated inversion recovery (b) sequences for patient 1
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are benign. In particular, MRI has become a diagnostic 
fixture for CNS infection, especially regarding T1 with 
contrast, T2 FLAIR, and diffusion‑weighted imaging 
(DWI). However, these protocols may be confusing and 
misleading, especially during the postoperative period. 
In particular, contrast enhancement after craniotomy 
can be variable, appearing as early as 17 h to 5 days 
postoperatively within nonneoplastic brain parenchyma 
along surgical margins; moreover, the imaging feature 
can persist up to 14–29 days postoperatively, though 
data are limited to 1 month in various studies.[7,8,12] A 
confounding factor for contrast enhancement during 
postoperative imaging is methemoglobin at the operative 
site. Methemoglobin (a representation of subacute 
hemorrhage) is hyperintense on T1 and tends to develop 
between postoperative days 7 and 21 but can manifest as 
early as postoperative day 1.[7] Besides methemoglobin, 
other etiologies obscure assessment of contrast 
enhancement on postoperative imaging, including 
angiogenesis, active inflammation, cerebral ischemia, and 
reactive hyperemia.[13]

DWI has become a standard sequence for the 
differentiation of brain abscess from other ring‑enhancing 
lesions.[16] However, the sequence is also affected after 
surgical intervention as it has a high false‑negative rate 
for infection after neurosurgical procedures.[5] On the 
other hand, a positive finding may simply represent 
postsurgical changes. Smith et al.[14] noted that an 
abnormality on DWI can occur after resection of newly 
diagnosed gliomas; this finding was typically supplanted 
by contrast enhancement on follow‑up imaging (ranging 
between 15 and 198 days postoperatively) and ultimately 
demonstrated encephalomalacia.

T2/FLAIR signal can be associated with infection or 
hemorrhage but may also be transient without clinical 
consequences. Englot et al.[4] reported 15 patients 
with T2 signal along a DBS electrode during routine 
postoperative MRI to evaluate electrode placement. 
When these patients were compared to those without T2 
signal, there was no statistical relationship based on the 
number of microelectrodes passes/DBS electrode passes, 
age, gender, side of implantation, target, diagnoses, or 
active stimulation. Notably, T2 signal may be related to 
timing between surgery and MRI, as those with T2 signal 
obtained imaging later than those who did not exhibit T2 
signal.[4] DWI sequences were obtained in five patients 
while contrasted sequences were obtained in three 
patients; none of these sequences had positive findings 
concerning for infection. Postulated etiologies include 
vasogenic edema in the setting of an inflammatory 
response, local tissue trauma from electrode placement, 
and hardware‑related neurotoxicity.

Inflammatory indices including CRP and ESR have been 
employed to monitor for infection. However, these indices 

frequently elevate postoperatively; based on literature 
regarding orthopedic procedures including spine surgery, 
these values may take 14 days to 90 days to normalize to 
preoperative levels.[1,9,11] Unfortunately, no significant data 
exist for cranial procedures. Consequently, a single high 
value after surgery may not indicate infection. On the 
other hand, a spike during serial sampling may foretell an 
infection.

For the rare DBS electrode infections reported in 
literature without associated wound complications, 
MRI findings have been inconsistent. Merello et al.[10] 
reported a patient who presented with confusion and 
apathy 6 months after the last DBS surgery. An MRI 
brain demonstrated T2 signal around the electrode but 
no enhancement. The electrode was withdrawn and 
brain biopsies were sent for cultures, which were positive 
for Candida parasilosis. Vanderhorst et al.[15] reported 
a patient who presented 3 days after DBS surgery 
with fevers and confusion. MRI brain demonstrated a 
2 cm × 1.7 cm × 2.4 cm ring‑enhancing lesion around 
the electrode, with surrounding T2 signal. A right 
frontal craniotomy revealed no evident scalp or subgaleal 
infection; reddish‑gray material was found subcortically, 
where cultures grew Enterobacter aerogenes. Both cases 
illustrated that suspicion of intraparenchymal infection 
must be maintained, even without wound complications. 
However, MRI contrast enhancement was inconsistent 
between these two cases. Unfortunately, no details existed 
regarding DWI.

Considering the influence of postoperative changes to 
MRI sequences, as well as systemic signs and laboratory 
data, prompt wound exploration was reasonable for 
patient 1. He exhibited fevers with an elevated WBC 
count. Other infectious workup was negative. His last 
cranial procedure was 58 days prior; consequently, the 
MRI findings (contrast enhancement and T2 FLAIR) 
was likely reliable for infection. On the other hand, 
retrospectively, patient 2 should not have been rushed for 
a wound exploration. He did not exhibit systemic signs. 
Moreover, he was only 11 days from electrode placement, 
where postoperative changes can confound MRI findings 
and inflammatory indices. Based on the prior literature, 
contrast enhancement may be benign up to 1 month 
postoperatively, while T2 FLAIR signal and DWI can 
remain variable. Table 1 compares our patients to the two 
patients from literature noted above, as well as suggesting 
criteria for infection.

CONCLUSIONS

Contrast enhancement, T2 FLAIR, and DWI are 
influenced by postoperative changes. Caution is stressed 
regarding dependence on these features for acute 
diagnosis and indication for electrode removal. Timing 
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of the imaging after surgery must be considered, as 
postoperative changes can influence all three sequences. 
Other factors, such as systemic signs (fever/chills) and 
abnormal laboratory markers (elevated WBC, ESR, and 
CRP), should be evaluated. Based on these guidelines, 
retrospectively, patient 2 should not have been rushed 
for a wound exploration; close observation with serial 
imaging and laboratory markers may have prevented an 
unnecessary procedure.
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Table 1: A comparison between our patients and the patients from literature

Patient 1* Patient 2 Vanderhorst et al.[15]* Merello et al.[10]* Criteria for infection

Clinical presentation
Fever + − + − +
Local pain − − − − +/−
Confusion + + + + +/−
Failure of stimulation N/A N/A N/A + +

Laboratory**
WBC (K) 20.5 9.5 15 N/A >10
CRP (1.0 mg/dL) 1 1.2 N/A N/A +/−
ESR (mm/h) 17 30 N/A N/A +/−

MRI***
Imaging (timing after last lead implantation) 58 days 11 days 10 days +8 months >30 days
DWI N/A N/A N/A N/A +/−
T2 + + + + +/−
Flair + + + + +/−
T1 contrast enhancement + + + − +/−

*Patients with infection, **ESR and CRP likely more reliable when obtained further out from surgery, ***Imaging characteristics likely more reliable when evaluated >30 days from 
surgery. N/A: Not available, ESR: Erythrocyte sedimentation rate, CRP: C‑reactive protein, WBC: White blood cell, DWI: Diffusion‑weighted imaging


