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Abstract

BACKGROUND AND IMPORTANCE—The ventral intermediate nucleus of the thalamus is a
primary target of deep brain stimulation (DBS) in patients with essential tremor. Despite reliable
control of contralateral tremor, there is sometimes a need for lead revision in cases of infection,
hardware malfunction, or failure to relieve symptoms. Here, we present the case of a patient
undergoing revision after ventral intermediate nucleus (Vim) DBS failed to control his tremor.
During the electrode removal, the distal portion of the lead was found to be tightly adherent to
tissue within the deep brain. Partial removal of the electrode in turn caused weakness, paresthesias,
and tremor control similar to the effects produced by thalamotomy or thalamic injury.

CLINICAL PRESENTATION—A 48-year-old man with essential tremor had bilateral Vim DBS
leads implanted 10 years earlier but had poor control of his tremor and ultimately opted for
surgical revision with lead placement in the zona incerta. During attempted removal of his right
lead, the patient became somnolent with contralateral weakness and paresthesias. The procedure
was aborted, and postoperative neuroimaging was immediately obtained, showing no signs of
stroke or hemorrhage. The patient had almost complete control of his left arm tremor
postoperatively, and his weakness soon resolved.

CONCLUSION—To the best of our knowledge, this is the first reported case of cerebral injury
after DBS revision and offers insights into the mechanism of high-frequency electric stimulation
compared with lesions. That is, although high-frequency stimulation failed to control this patient’s
tremor, thalamotomy-like injury was completely effective.

Correspondence: Daniel A. Lim, MD, PhD, 35 Medical Center Way, RMB 1037, San Francisco, CA 94143-0525.
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Essential tremor is a common and sometimes debilitating movement disorder affecting up to
5% of patients >60 years of age.1 The action and postural tremors these patients experience
most often affect the arms and hands but can also affect the head, legs, voice, and trunk.
Medications such as propranolol and primidone control symptoms in many patients, but
about 50% of patients remain refractory to medical therapy.

For medically refractory essential tremor patients, deep brain stimulation (DBS) of the
thalamic ventral intermediate nucleus (Vim) is an accepted alternative treatment,2~° although
it is not universally effective and sometimes requires lead revision in cases of infection,
hardware malfunction, or failure to relieve symptoms. Failures in symptom control, in
particular, have been reported to range from 6.9% to 18.5% of treated patients.5:” An
alternative to thalamic stimulation is thalamotomy, in which a permanent lesion is created at
the Vim. Although this procedure can be as efficacious as DBS in reducing clinical
symptoms, it is associated with higher rates of adverse events and is irreversible, and for this
reason, DBS lead placement is the recommended surgical treatment for most cases of
essential tremor.8-10

Several studies have examined alternatives to Vim stimulation for those patients who do not
benefit from that target such as subthalamic nucleus stimulation11.12 and directional current
steering.13 One of the most promising alternatives is perhaps stimulation of the caudal zona
incerta (Z1).1114 The ZI target appears to offer tremor control similar to Vim stimulation but
at reduced voltages, which limits side effects such as disequilibrium and dysarthria.1®
Moreover, a study by Blomstedt et al'6 showed beneficial tremor control in patients who had
failed standard Vim stimulation and subsequently underwent ZI electrode implantation.

Here, we present a patient who initially underwent bilateral Vim DBS electrode implantation
for essential tremor. However, this stimulation was ineffective at alleviating his symptoms,
prompting an attempt to retarget the patient’s leads to the bilateral ZI. Details of the case and
outcome follow.

CLINICAL PRESENTATION

This 48-year-old male patient was diagnosed with essential tremor in his 20s, and the tremor
progressed over time. After failing medical management, he had left and then right Vim
DBS electrodes placed 13 and 12 years, respectively, before the procedure described here.
Although he had partial tremor relief of his right hand (left-sided system), the right-sided
system (left hand) was never as successful, despite DBS lead locations within 1.2 mm (Table
1) of locations known to provide tremor control.1” As the patient’s tremor worsened, both
systems became even less useful. The patient was not followed up by our practice during this
initial period, so we do not have quantitative data assessing his initial tremor control.
Parameters used by the patient are presented in Table 2. The patient continued to worsen so
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that, before the present surgery, the patient was unable to write, pour water, tie his shoes, or
work with the stimulator on. With or without stimulation, his left arm tremor was 4/4 on the
Fahn-Tolosa-Marin scale.

Because the system was not relieving the patient’s tremor, we discussed a possible revision
from bilateral Vim to ZI targets. The risks, benefits, and alternatives of the procedure were
discussed with the patient, who requested that we proceed. The patient additionally
consented to the use of his information for clinical studies and case reports as part of
Institutional Review Board- approved protocol 10-02-130.

Because of the particulars of this patient’s anatomy and the location of the existing VIM
DBS leads, we were unable to develop surgical trajectories that did not cross the previously
implanted electrodes, so it was determined that they must be removed. The right-sided
system was targeted first because it offered the least benefit to the patient. An incision was
made over the right-sided scar using sharp dissection and monopolar cautery. Care was taken
not to expose the electrode or wiring to monopolar current. The Medtronic StimLoc cap was
readily identified and easily removed. The anchoring clip was also easily removed. Scar
tissue around the electrode entry site was mobilized with the use of curettes and a Penfield
number 4.

Once the electrode was freely mobile at its cranial insertion point and its entry point in the
cortex was visualized, we attempted to remove it from the brain. The first 1 cm offered
moderate resistance. However, further attempts at electrode removal were met with
increasing resistance. To investigate the source of this resistance, we used a Medtronic O-
arm for lateral fluoroscopy (Figure 1). With live fluoroscopic imaging, we noted that the
electrode appeared to “spring” back to a deeper location after withdrawal tension was
removed from the lead (this dynamic action of the lead was not captured with the still
images obtained during fluoroscopy). Because of this evidence suggesting physical
resistance to lead removal, we did not continue with further attempts to remove the lead.

Throughout the operation, we maintained conversation with the patient to monitor his
neurological status. Shortly after we encountered resistance to lead removal, the patient
became increasingly somnolent. We immediately ceased manipulation of the electrode and
stopped all sedation. The patient gradually became more alert over the next 4 to 5 minutes,
after which he was alert and fully oriented. On complete neurological examination, however,
we noted a new left facial droop, 3/6 on the House-Brackmann scale. The rest of his
neurological examination remained intact, with essentially full strength in his left hand, arm,
and leg, in particular. Finger-to-nose movements were enacted without difficulty. Most
important, the patient had no notable tremor (0/4 on the Fahn-Tolosa-Marin scale) in his left
hand or arm, a tremendous improvement from his preoperative baseline. Given the
improvement in tremor, the change in examination, and difficulty removing the electrode,
the remainder of the procedure was aborted.

The immediate postoperative head computed tomography did not show any signs of
hemorrhage or stroke (Figure 2), and the patient was taken to the intensive care unit for close
monitoring. His neurological examination showed continued slight left facial droop (3/6 on
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the House-Brackmann scale); 4+/5 strength in his left biceps, triceps, and grip; and
numbness in the left perioral area and in the first 3 digits of his left hand. The remainder of
his examination was normal. His tremor remained completely controlled in his left arm and
hand.

The next morning (postoperative day 1), the patient’s examination improved such that he
had full 5/5 strength in his left arm and hand. His finger numbness spread to include the
entire left hand. His facial droop improved to 2/6 on the House-Brackmann scale. A
magnetic resonance imaging scan obtained approximately 24 hours after the operation
revealed T2 hyperintensity at the tip of the right DBS lead in the region of the Vim (Figure
3A and 3B). Although there was increased diffusion-weighted imaging signal in this region
(Figure 3C), there was no corresponding diffusion restriction on the apparent diffusion
coefficient map (Figure 3D), making the diffusion-weighted imaging signal more likely to
be T2 shine-through. Taken together, these findings suggest local edema without evidence of
stroke or hemorrhage.

The patient underwent physical and occupational therapy evaluation while admitted and was
discharged home on his second postoperative day. At the 2.5-month follow-up, the patient’s
tremor remained well controlled with only occasional “break-through” tremor during some
actions, per the patient. At this time, he had persistent paresthesias in the left side of his
mouth, tongue, and first 2 digits of his left hand. He also complained of slight dysarthria and
left leg weakness with sustained, strenuous activity, along with depressed mood.

At the 6-month follow-up, the patient’s paresthesias and slight dysarthria persisted, but his
strength improved. The patient had no arm or leg resting or postural tremor (0/4 on the Fahn-
Tolosa-Marin scale) but had slight intention tremor on finger-nose-finger testing (1/4 on the
Fahn-Tolosa-Marin scale). He had mild left facial weakness (2/6 on the House-Brackmann)
and mild left biceps weakness (4+/5) but was full strength (5/5) in all other tested muscle
groups. His intermittent gait and leg weakness were completely resolved. Magnetic
resonance imaging at this time showed a cystic space in the location of the partially removed
lead (Figure 4). The lead was never seen to cross a ventricle on any imaging.

DISCUSSION

Complications of DBS surgery are well documented. Symptomatic hemorrhage occurs in
1.1% to 1.4%, wound infection in 1.7% to 8%, and hardware failure (eg, fracture,
malfunction) in 1.5% to 36%, in addition to rarer complications like seizures, hypotension,
and ischemic stroke.18-21 To the best of our knowledge, complications induced by hardware
removal such as that experienced by our patient have not been reported.

We hypothesize that the particular complication experienced by our patient was caused by
adherence of the distal portion of the electrode to the deep brain parenchyma. Because the
electrode remained implanted, we were not able to directly assess the lead to gain better
insight into the source of the resistance to its removal. However, given the location of the
postoperative edema, we believe that it was likely most adherent to tissues at the distal tip at
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or near the electrode contacts. There was no evidence of edema or injury along the more
proximal electrode, suggesting that the adherence was mostly distal.

The degree of the induced lesion is best seen on the 6-month follow-up magnetic resonance
imaging, which shows a cystic area in the location of the partially removed right lead
(Figure 4). Given this imaging, it is likely that the area around the tip of the electrode was
permanently injured, and we expect the tremor control to persist as a result of this lesion.
Consistent with this, the patient’s tremor remained controlled at both the 2.5- and 6-month
follow-up.

Prior studies have examined the histological changes induced by DBS electrodes.2? Most
electrodes, although not all, are surrounded by a 5- to 25-um fibrous sheath across the entire
length, which is thickest at actively stimulating electrodes and directly related to charge
density.23 There is also frequently an inflammatory component consisting of giant cells and
macro-phages, which sometimes contains trace amounts of metallic inclusions, presumed to
be platinum or iridium shed from the electrode contacts.2 Again, we are not able to examine
our patient’s electrode or tissue to determine what degree of encapsulation was present. It is
possible, however, that a fibrous sheath existed, which was somehow intercalated with the
electrode contacts, causing distal strain when removal was attempted. The electrode contacts
of DBS leads are metallic cylinders with an exposed junction between the insulating
material and contact, which might form a natural space for adhesions to form.

The mechanism of high-frequency electric stimulation in tremor relief is an area of active
research.2> On the basis of the similar effects of stimulation and stereotactic lesions, the
mechanism was initially believed to be inhibition of neurons, possibly by stimulating local
inhibitory synapses.28 Later research using electric recording,27-28 positron emission
tomography,22:30 and functional magnetic resonance imaging3! showed that stimulated sites
appeared, in fact, to be highly activated by stimulation rather than inhibited. How this
corresponds to the similar effects of lesioning remains unknown, although the effect is
perhaps due to an “informational lesion” in which the pattern of evoked activity is somehow
functionally equivalent to the absence of activity created via lesioning.32

The lesion created in our patient from attempted electrode removal led to an immediate and
sustained improvement in contralateral tremor control, yet stimulation at the same site had
no such effect. This apparent dissociation of therapeutic effects provides some information
about the mechanism of stimulation as it relates to lesioning. As the many functional studies
cited above have shown, stimulation is not physiologically equivalent to lesioning. In
contrast to the relatively complete inactivation caused by lesioning, it is thought that
stimulation results in elevated, synchronous activation of neural ensembles. In our patient,
this putative synchronous activity failed to effectively treat his tremor, yet the patient’s
postoperative course suggests that the ablation of local neural activity can still be effective.
An implication of this, especially as electrode designs and stimulation protocols become
more nuanced and elaborate, is that stimulation designed to actively inhibit Vim output,
rather than synchronize output at high frequencies, holds potential as an alternative means of
relieving tremor.33-35 |f direct inhibition of Vim by electric stimulation is not possible,
alternatives might be targeting upstream nuclei of Vim that would, in turn, lead to its

Neurosurgery. Author manuscript; available in PMC 2017 January 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rolston et al. Page 6

inhibition or possibly targeting downstream nuclei of Vim to alter their activity directly.36
Finally, our case report suggests that using existing Vim electrodes for thalamotomies by
means of radiofrequency lesioning may be a viable alternative approach to achieving tremor
control.37 At the same time, the mechanism of lesioning in the present report is very
different from that of radiofrequency lesioning. Therefore, any connection, although
interesting, is speculative.

The initial plan for our patient was to revise his electrodes from Vim to ZI, which has shown
some success in rescuing tremor control in patients in whom Vim stimulation has failed.18
Because of the close proximity between Vim and ZlI, it is frequently the case that the 2
electrode trajectories cross and that the Vim electrode must be removed before the ZI
electrode is inserted, as in our case. There are occasions, however, when the prior electrode
can remain in place, as in 1 of the 5 patients reported by Blomstedt et al'® during their Vim-
to-ZI revision surgeries. Leaving the prior electrode in place would have prevented the
complication we observed in our patient but unfortunately was not possible given trajectory
considerations. Moving forward, another alternative would be to plan trajectories that
incorporate both the Vim and ZI to maximize the stimulation sites and to make conversion
between areas a matter of reprogramming rather than reoperation. This has been shown
feasible in at least 1 case series by Chang et al38 in which both locations were targeted
bilaterally in 5 patients with good effect.

CONCLUSION

Although complications of DBS surgery have been documented, this is, to the best of our
knowledge, the first reported case of cerebral injury after attempted lead removal. After the
attempted revision, our patient has almost complete control of his tremor, whereas
previously, the implanted DBS lead offered poor tremor control. Therefore, this case, offers
the unique opportunity to compare the efficacy of a thalamotomy-like lesion with DBS at the
same anatomic site in the same patient. The outcome of this case demonstrates that lesioning
is not always functionally equivalent to DBS and suggests that lesioning can be effective for
tremors refractory to DBS treatment. Furthermore, this case provides insight into the
potential mechanism of action of stimulation compared with lesions and suggests new
programming strategies designed to actively inhibit thalamic targets rather than to stimulate
them.
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FIGURE 1.
Intraoperative lateral fluoroscopy showing deep brain stimulation leads (A) during the initial

removal attempt and (B) after partial removal.
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FIGURE 2.
Postoperative head computed tomography showing no hemorrhage or stroke near the

partially removed right lead.
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FIGURE 3.
Magnetic resonance images taken 24 hours postoperatively. A and B, T2-weighted images

showing hyperintensity around the tip of the right lead. C, diffusion-weighted imaging
showing increased signal around the right lead tip. D, apparent diffusion coefficient map
showing no corresponding diffusion restriction.
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FIGURE 4.
Six-month follow-up magnetic resonance images. A, T2-weighted and (B) T1-weighted

images showing a cystic space in the location of the partially removed right deep brain
stimulation lead.
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TABLE 1

Stereotactic Coordinates of Previously Implanted Deep Brain Stimulation Leads?

Lead Placement, mm
Coordinates Left Right
AC-PC plane
Lateral -15.0 12.7
AP -5.9 -6.9
Vertical 0.0 0.0
Anatomic
Distance lateral from the wall of 11.2 9.2
the third ventricle
Distance anterior to the PC 6.5 5.4

a ) ) ) ) ) ) ) )
AC-PC, anterior commissure-posterior commissure; AP, anterior-posterior; PC posterior commissure.
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