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Abstract Dystonic head tremor (DHT) is characterized by
head tremor associated with cervical dystonia (CD). Deep
brain stimulation (DBS) can be considered when local treat-
ment with botulinum toxin or oral medication has failed.
However, there is lack of data regarding the optimal target
structure for surgery in DHT.

DBS of the ventrolateral (VL) thalamus is an established
treatment option for medically refractory tremor. Tremor sup-
pression is described as being most effective when stimulat-
ing at the inferior thalamic base and within the posterior
subthalamic area (PSA). Moreover, there is surgical evidence
from the pre-DBS era that both lesions and high-frequency
stimulation of the PSA improve CD. Based on these observa-
tions, we performed DBS in three patients with DHT, placing
the proximal contacts of the electrodes into the inferior base
of VL thalamic nuclei and the distal contacts into the adjacent
PSA. Chronic stimulation improved not only head tremor but
also CD. These findings suggest that DBS at the base of VL
thalamus and the adjacent PSA should undergo further inves-
tigation as a potential target for patients with DHT.
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Introduction

Dystonic head tremor (DHT) describes head tremor in patients
with primary cervical dystonia (CD) [3, 4, 25]. DHT is found
in 68 % of CD patients [22], and is less responsive to oral
pharmacotherapy than hand tremor [6]. Local injections of
botulinum toxin often improve not only CD but also tremor,
but in some cases deep brain stimulation (DBS) might be con-
sidered. It is suggested that treatment of dystonic tremor
matches the treatment of dystonia [6, 24], i.e., pallidal stimu-
lation, although results in patients with DHT are conflicting
and limited to case reports. We [18] and others [28] have
reported on successful stimulation of the globus pallidus, pars
interna (GPi) in single patients with DHT. In contrast, DHT
was refractory to GPi stimulation in two other cases [16, 19].

We report on three patients with medically refractory
DHT who underwent stereotactic implantation of quadropo-
lar DBS electrodes. We aimed to place the upper contacts of
the DBS lead at the base of the ventrolateral (VL) thalamus,
and the lower contacts within the adjacent posterior subtha-
lamic area (PSA). Our decision was driven by reports on
excellent tremor suppression of different etiology by DBS at
the VL thalamic base and within the PSA [8, 10], and relief
of cervical dystonia by lesioning [17, 20, 21] and early
explorative DBS [20] within the PSA.

Case histories, stereotactic localization of the most effec-
tive contacts, and clinical outcome are described, and results
are discussed.

Patients and Methods

Patients

CD was rated according to the Toronto Western Spasmodic
Torticollis Rating Scale, Part I — Torticollis Severity Scale
(TWSTRS (I), maximal 35 points). Head tremor was evaluated
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on the basis of the Fahn—Tolosa—Marin Tremor Rating scale,
Part A, subitem 4: head tremor at rest (lying down), posture
(when sitting or standing) and action (when turning); severity
rating: O=none, 1=slight; barely perceivable, 2=moderate,
may be intermittent, 3=marked, 4=severe (TRS (A) head,
maximal 12 points). Clinical data of individual patients are
summarized in Table 1.

Surgical Procedure

All patients described here underwent stereotactic bilateral
implantation of DBS electrodes into the inferior base of VL
thalamus and adjacent PSA. Operative interventions were per-
formed in local anaesthesia as described previously [7, 18].
The surgical target was defined 67 mm posterior and 12.5—
13.5 mm lateral to the midcommissural point. Surgery included
simultaneous microrecordings from 2 to 3 microelectrodes
(MicroGuide, Alpha—Omega, Nazareth, Israel) in steps of
250-500 pum using a Ben’s gun approach to map kinetic and
tremor-related cells and the inferior border of the thalamus.
Macrostimulation via the uninsulated distal end of the guide
tube was performed intraoperatively to identify the trajectory
resulting in most effective tremor suppression which was asso-
ciated with the least adverse effects. We intended to position at
least two contacts of the quadropolar 3389 electrodes
(Medtronic Inc. Minneapolis, MN, USA) within the PSA. At
the end of the operative procedure, both DBS electrodes were
test-stimulated to assess side-effects. Tremor had subsided in
most cases due to a microlesioning effect and could not be
assessed further. Stimulator implantation (model Kinetra or
PC, Medtronic Inc.) was performed in general anaesthesia on
the same day or on the day following electrode implantation.

We employed intraoperative computerized tomography
scanning (CT, Siemens Somatom with sliding-gantry system,
Erlangen, Germany) to determine the position of the implanted
electrodes. Stereotactic CT images (1 mm slice thickness; win-
dow center 80 HU, ‘width’ 95-100 HU; matrix 512 x 512 pixel;
FOV 280 mm) covering the distal >30 mm of the implanted
electrodes were obtained while the stereotactic frame (Zamorano-
Dujovny; Stryker-Leibinger, Freiburg, Germany) was left in
place. The postoperative CT scans were co-registered with pre-
operative CT and magnetic resonance images (MRI).

Results

All patients had inconspicuous family history for tremor and
dystonia. Tremor was in part relieved by alcohol in cases 1
and 3. Preoperatively, treatment with oral medication and
electromyography (EMG)-guided local botulinum toxin

injections up to occurrence of side-effects was largely inef-
fective. MRI was inconspicuous in all patients.

Following bilateral electrode implantation into the base of
VL thalamus and adjacent PSA, chronic stimulation improved
tremor and cervical dystonia in all cases. Coordinates of
clinically effective electrode contacts and programming
parameters are provided in Table 2. The following section
contains the detailed case presentations.

Case 1

This 39-year-old male patient presented with a 26-year history
of initial arm tremor followed by head twisting and trembling.
On examination, he had DHT (CD with torti- and laterocollis
to the left) with a positive geste antagonistique associated with
an irregular, kinetic head tremor (mainly ‘yes—yes’ direction)
and a position-specific severe jerky component when leaning
the head backwards. Furthermore, he had mild dysarthria and a
slight and not disabling action tremor of both hands (TWSTRS
(D) 8 points, TRS (A) head 6 points; Table 1). Surface EMG of
right sternocleidomastoid and upper trapezius muscles showed
a mixture of regular and irregular bursts with a duration of
100 ms or longer. Epsilon sarcoglycan gene mutation was neg-
ative. Postoperatively dysarthria and CD were unchanged.
Microlesioning resulted in a complete cessation of the tremu-
lous head motion, which lasted up to 16 days. Consequently,
the head tremor progressively re-appeared. Monopolar stimu-
lation performed bilaterally with the second most distal con-
tacts (i.e., contacts 1- and 9- cathodal vs case + anode) improved
symptoms markedly (TWSTRS (I) 1 points, TRS (A) head 2
points), but induced a slight increase of dysarthria and imbal-
ance. Therefore, 3 months postoperatively the active contacts
were changed bilaterally to the second most proximal contacts
(contacts 2- and 10-; Table 2). Stimulation in the left hemi-
sphere was continued in the PSA; however, stimulation on the
right side was at the base of the thalamus (Table 2). This resulted
in lasting improvement of DHT without side-effects for more
than 20 months. Whereas tremor immediately improved after
the initiation of stimulation, CD improved progressively over a
time period of 3—5 months.

Case 2
This 66-year-old female patient presented with a 10-year his-
tory of head trembling and involuntary turning of the head to
the right. On examination, she had mild and intermittent
right torticollis and a slight lateral shift to the left associated
with an irregular and position specific 4-5 Hz DHT (pre-
dominantly ‘yes—yes’ direction). Both abnormal head pos-
ture and DHT were improved by touching the chin with one
finger. Holding the arms straight forward, a slight dystonic
finger posture on the left was present (TWSTRS (I) 7 points,
TRS (A) head 5 points).

In contrast to the other patients, postoperatively no rele-
vant microlesioning effect could be observed. Permanent
monopolar stimulation of contacts ‘2" and ‘9’ was performed
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at the thalamic base on both sides (Table 2). Stimulation
through the more distal contacts also resulted in efficient
tremor suppression, but induced disturbing dysarthria.
Tremor improved within a few days after initiation of stimu-
lation, CD within the first 3 months. Best results were seen
with stimulation at the VL thalamic base on both sides
(Table 2). Clinical improvement was stable, and was rated
after18 months (TWSTRS (I) 2 points, TRS head (A) 2
points; Table 1).

Case 3

This 54-year-old male patient presented with head tremor
started 16 years ago, followed by involuntary head turning
2-3 years later. Slight bilateral postural hand tremor appeared
2 years prior to surgery. On examination, he had mild torti-
collis to the left (30°) and mild laterocollis to the right (15°)
and moderate to severe slightly irregular and position specific
DHT of high frequency (6—8 Hz) but low amplitude (exclu-
sively ‘no—no’ direction). Geste antagonistique was positive
for both abnormal head posture and DHT. Additionally, a
postural arm tremor of rather high frequency and low ampli-
tude without intention tremor was present (TWSTRS (I) 10
points, TRS head (A) 8 points). Permanent monopolar stim-
ulation of the second most distal contacts ‘1’ and ‘9, located
in the PSA, proved to be most effective and without adverse
effects (Table 2). CD and DHT showed stable improvement
as documented 13 months postoperatively (TWSTRS (1) 4
points, TRS (A) head 3; Table 2).

Discussion

Classification of head tremor associated with CD is not
unambiguous [3, 25]. The patients reported here all presented
with both CD and associated head tremor, and their condi-
tion was classified as dystonic head tremor [3, 4, 25].
Diagnosis of DHT is supported by reduction of head tremor
amplitude during a geste antagonistique maneuver [5, 12]
and presence of a neck position-specific tremor component
or a jerky, irregular tremor [3, 13] with rhythmic expression
of rapid dystonic movements. As observed in two of our
patients, tremor relief through alcohol can not only be seen
in essential tremor but also in DHT [12].

Selection of the DBS target in DHT is mainly driven by
individual characteristics of the dystonic tremor rather than
based on clear-cut clinical disease classification. Furthermore,
there is lack of clinical studies comparing the efficacy of
potential targets for DHT, i.e., VL thalamus, PSA and GPi.
We decided to place the electrodes with the lower contacts
within the PSA and the upper contacts at the base of VL
thalamus as delineated by intraoperative microelectrode

recordings. In all our three DHT patients, bilateral DBS did
not only improve tremor but also CD. Stereotactic localiza-
tion demonstrated an even distribution of clinically effective
electrode contacts between VL thalamus and PSA (Table 2).
The stereotactic coordinates of the electrodes implanted are
presented in Table 2.

Two recent case series documented successful thalamic
DBS in two [27] and three [19] patients with severe dystonic
tremor, two of them with DHT [19]. In addition, stimulation
of structures within the PSA have been reported to improve
various dystonic tremor syndromes [1, 14, 23], including one
case with symptomatic DHT after perinatal anoxia [14]. In
one case, bilateral DBS of the subthalamic nucleus has been
reported to completely suppress tremor and nearly resolve
CD in a patient with DHT and action tremor of the hands [2].
Howeyver, the localization of the active electrode contacts
was not reported.

The PSA is an anisotropic region in which different sys-
tems intersect. Whereas cerebellothalamic projections within
the PSA may represent the relevant substrate for the surgical
relief of tremor, modulation of pallidofugal fibres within the
PSA may bring out the beneficial effects on dystonic symp-
toms. Pallidofugal fibres of the ansa lenticularis and the len-
ticular fasciculus (Forel’s field H2) join in Forel’s field H
before entering the thalamus in Forel’s field H1 [15, 26].
Within the PSA, the zona incerta (ZI) conveys afferents from
the interstitial nucleus of Cajal. It has been known for a long
time that stimulation of this nucleus as well as stimulation
within the ZI may induce head rotation in animals [9, 11].
Moreover the ZI receives afferents from GPi and substantia
nigra, pars reticulata and sends efferents to the ventroanterior
and VL thalamic nuclei (overview in [23]).

Taken together, the intricate anatomical relationships at
the thalamic base with its high density of different fiber sys-
tems and interconnected nuclei put any operative interven-
tion in the thalamic base/PSA border zone in the position of
“bottle-neck surgery”. Along with this, we found the most
effective and therefore active electrodes for tremor and dys-
tonia relief to be located in the VL thalamic base (n=3) as
well as in the adjacent PSA (n=3). So the “bottle-neck”
approach may help to explain the efficacy of the PSA as sur-
gical target in a variety of disease entities, such as different
tremors, Parkinson’s disease and dystonia.

General conclusions from this case series are limited due to
the small sample size. Hitherto, reports on DBS in patients with
DHT have been rare. Patients reported here expressed relatively
more tremor than dystonia. Therefore effects of DBS in the VL
thalamic base/PSA in DHT patients with more severe dystonic
symptoms remain to be evaluated. A prospective and controlled
study with separate investigations of all contacts on tremor and
dystonia in a blinded fashion is desirable.
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