Letters to the Editor

Delayed Peri-Lead Intracerebral Hemorrhage Months after
Deep Brain Stimulation: A Series of Two Patients

Dear Editor,

Intracerebral hemorrhage (ICH) after deep brain
stimulation (DBS) surgery can cause significant morbidity
and mortality. The frequency of ICH following DBS is
0.6-3.5% per lead.l" Whereas ICH that occurs within 24 h of
surgery (immediate ICH) is deemed to be a surgery-related
complication, etiopathogenic mechanisms of delayed
ICH (after 24 h of DBS) are thought to be more complex.™
Herein, we report two cases of very delayed ICH that occurred
months after DBS.

Patient 1
A 65-year-old gentleman with Parkinson’s disease (PD) for the

past 15 years underwent bilateral subthalamic nucleus (STN)
DBS. His immediate postoperative magnetic resonance
imaging (MRI) of the brain showed satisfactory electrode
placement and no hemorrhage [Figure la and b]. Four
months later, he developed acute imbalance and swaying to
right side for a week. Subsequent MRI of the brain showed a
T2-hyperintense collection, with blooming on SWI, measuring
13 mm x 10 mm x 8 mm, near the microelectrode tip in left
STN, suggestive of late subacute hematoma [Figure 1c and d].
MR angiogram of the brain was normal. He was hypertensive,
well-controlled on Amlodipine 5 mg/day. His physician had
also prescribed Aspirin 75 mg/day for primary prevention of
cardiovascular diseases, which was withheld a week prior and
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until a week after DBS. Further probing revealed an incident
of mild head trauma (hitting his forehead against a water
tap) a few days preceding his symptom onset. Aspirin was
subsequently stopped, and the patient gradually improved with
conservative management.

Patient 2

A 48-year-old hypertensive gentleman suffering from PD of
10 years duration underwent bilateral STN DBS. His immediate
postoperative MRI of the brain showed satisfactory electrode
placement and no hemorrhage [Figure le and f]. Two months
later, he presented with increased freezing and swaying to the
left. MRI of the brain showed a T2-hyperintense collection,
with blooming on SWI, measuring 19 mm x 17 mm x 20 mm,
in the right distal peri-lead region, suggestive of late subacute
hematoma [Figure 1g and h]. Detailed history revealed trivial fall
without head injury 2 days prior to the onset of acute worsening.
Blood pressure was fairly well controlled. He was treated with
anti-cerebral edema measures and conservative management,
with which he recovered and was discharged in 2 days.

Post-DBS ICH has been reported after DBS targeting STN,
Globus pallidus interna (GPi), and even nucleus accumbens.
Here, we present two patients with very delayed peri-lead ICH
after STN DBS, out of our experience of 687 DBS surgeries.
Traditionally, post-DBS ICH has been considered delayed if
bleeding occurs more than 24 h after the lead insertion. Most
delayed ICH reported in the literature have in fact occurred
on postoperative day 1 of the procedure.?! Peri-lead ICH
occurring months after DBS is much rarer. Our patients had
ICH at 2 and 4 months after the DBS. This is unequivocally
delayed and thus rules out direct injury to the vessel by the
leads during the lead passage.

Furthermore, although most delayed ICH cases are
parenchymal, delayed intracranial bleeding in the form of
subdural hemorrhage (SDH) has also been described post
DBS.*STHowever, the pathogenesis of SDH post neurosurgery
may not necessarily be related to the DBS procedure.

In our patients, preoperative contrast brain scans did not reveal
any vascular malformation. Trajectories for surgery were also
planned with utmost caution to avoid vessels. Previously, age,
gender, hypertension, aspirin use, and number of microelectrode
passes have been reported as risk factors for ICH post DBS.!
A recent meta-analysis focusing on ICH in DBS showed that
patients with post-DBS ICH were approximately 5 years older
than those without ICH.! In another study, 352 patients with
PD implanted with 686 DBS electrodes were analyzed. Eleven
patients had ICH. Male gender (10/11) and perioperative
hypertension (eight patients had BP >150/100 mmHg) were
found to be significantly associated with risk of bleeding.
Interestingly, a significantly higher number of patients (7/11)
had ICH on the preferred puncture site (side of first puncture
for DBS electrode implantation). In addition, ICH was more
common after GPi DBS (7.4%) than STN DBS (2.7%) because
of the presence of a high number of perforator vessels around
GPi.l!

Although systemic factors such as aspirin use and high
BP were present in our patients, the question remains as to
why these bleeds were localized to the peri-lead region. We
propose that DBS leads elicit local changes in the peri-lead
area, which can cause additive effects on the systemic factors,
ultimately predisposing the peri-lead area to bleeding in
specific situations. Evidence for this hypothesis is derived
from post-mortem analysis of two PD brains, 11 years and
12 years after STN-DBS, showing that chronic DBS favors
neovascularization.”)

One important history that was noted in both our patients was
trivial fall/trauma preceding the onset of ICH symptoms. We
hypothesize that the trauma/fall led to sudden head movement.
The densities of the DBS lead and the peri-lead cerebral tissues
are different. The sudden head movement most likely caused
differential velocity motion of the DBS lead and peri-lead
regions. Shearing stress on the surrounding blood vessels due
to the differential velocities might have been the most likely
cause of ICH [Table 1].

Figure 1: Images (a and b) depict the immediate postoperative T2-weighted sequence of MRI of the brain of patient 1, showing satisfactory electrode
placement in bilateral STN with no bleed (blue arrows). Images (c and d) depict T2-weighted hyperintense collection near the tip of the electrode in
left STN, suggestive of late subacute hematoma in patient 1 (red arrow) 4 months after DBS. Images (e and f) depict the immediate postoperative
T2-weighted sequence of MRI of the brain of patient 2 showing satisfactory electrode placement in bilateral STN with no bleed (yellow arrows).
Images (g and h) depict T2-weighted hyperintense collection near the tip of the electrode in right STN, suggestive of late subacute hematoma in

patient 2 (green arrow) 2 months after DBS
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Table 1: Probable causes of ICH after DBS

. Venous hypertension (and venous infarction)™®
. Traumatic brain injury (TBI)")

. Degenerative vasculopathy!!”)

. Number of microelectrode recording penetrations!!!!

. Sulcal or ventricular incursion'!!

. Delayed erosion of vessel by catheter (in a setting of degenerative
vasculopathy)!'”

. Damage of the vasculature caused by brain tissue displacement
owing to cerebrospinal fluid loss!"

. Unstable microbleeds from injury to small vessels!'?
. Neovascularization!”

. Minor head trauma and recovery!"® (Shear stress because of the
difference in density of the lead and surrounding brain tissue)

In conclusion, we propose the following sequence of events in
our patients. DBS leads stimulate peri-lead neovascularization
over months. Trivial fall/trauma induces sudden shearing stress
on these new vessels. Systemic factors such as high BP/aspirin
use coupled with the shearing stress cause the rupture of the
peri-lead neovascularity, leading to peri-lead ICH. It is prudent
to bear in mind that delayed ICH can occur even after months of
DBS, especially in patients who have other risk factors of ICH.
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