
OLMES tremor is a rare movement disorder caused
mainly by the disruption of the cerebellorubro-
thalamic projection system. Lesion sites associated

with the tremor involve the red nucleus and neural fiber
tracts originating in the cerebellum and the substantia nigra
region. Holmes tremor is also known as “rubral” or “mid-
brain tremor” and was first described by Holmes in 1904.12

The underlying neuropathological origins vary consider-
ably and include hemorrhage, ischemia, trauma, neoplasm,
metabolic disorders, and infections.7,12–14,17,18,20,27,29–32

The tremor is clinically defined by the following criteria:
it is present when the patient is at rest and pronounced by
postural and intentional movements; and it has a slow fre-
quency (usually less than 4.5 Hz) and occurs with a time de-
lay (usually weeks or years) following a lesion insult.7,9,10,

12,32 Patients with Holmes tremor may also exhibit addition-
al neurological symptoms such as dystonia, rigidity, and
spastic paresis.12,18,20,29,32

Current medical treatment strategies with levodopa, clo-
nazepam, propranolol, and anticholinergic agents often fail
to resolve the low-frequency tremor sufficiently and are
largely unsuccessful against the occasionally associated
dystonia and rigidity.7,10,17,18 On the contrary, in individual
cases, stereotactic thalamotomy,15 pallidotomy,19 and tha-
lamic DBS16,26 have been reported to alleviate Holmes trem-
or. Note that following DBS, clinical improvements can
occur in associated dystonia and rigidity as well as tremor,
as demonstrated in this study and not described previously.

We report on two patients with unilateral upper brainstem
lesions in whom contralateral DBS of the thalamic Vim ef-
fectively suppressed Holmes tremor and markedly alleviat-
ed dystonia and rigidity in both the upper and lower extrem-
ities.

Case Reports

Case 1

History and Examination. This 47-year-old right-handed
woman without a remarkable medical history suddenly de-
veloped a disturbance of vigilance, double vision, dysar-
thria, hemiparesis, and mild hemiataxia on her left side.
Magnetic resonance imaging revealed a right-sided infarct
with a mean diameter of approximately 1 cm and situated in
the midbrain region centered at the red nucleus. The lesion
reached the lower border of the third ventricle and extend-
ed into the medial parts of the substantia nigra anteriorly
and inferiorly (Fig. 1). Additionally, smaller ischemic sub-
cortical lesions were observed bilaterally at the supratento-
rial level. The origin of these infarcts has remained obscure.
A mild elevation in the patient’s blood pressure and very
low density lipoprotein levels were considered to be risk
factors; all other studies performed during a stroke workup
were normal.

Although the patient demonstrated some clinical im-
provement in subsequent months, her neurological status
remained impaired. She showed a moderate left-sided spas-
tic hemiparesis predominantly in the upper limb, a brady-
diadochokinesia, a disabling and painful hemidystonia, and
a mild Wernicke–Mann gait disturbance. Cognition and
sensation were at normal levels.
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Six months after the stroke, she developed a slowly pro-
gressive tremor in the left upper and lower limbs. The trem-
or occurred while at rest, was exacerbated in postures with
action and intention, and was severely disabling. A semi-
quantitative analysis revealed a typical Holmes tremor at
rest (frequency 3.5 seconds) and during action (frequency
4 seconds) on the left side and a physiological tremor on
the right side (Table 1). Mild emotional enhancement was
also observed. Sequential and combined pharmacothera-
py as well as botulinum toxin injections in several muscles
in the forearm induced only minor beneficial effects and
some severe side effects; therefore, the tremor was regard-
ed as refractory to medication, and the patient was referred
for DBS.

Surgical Procedure. A modified Riechert–Mundinger ste-
reotactic frame was fixed after administering local anesthe-
sia, and the thalamic Vim target was calculated based on
preoperative MR imaging and stereotactic computerized
tomography scanning performed using image fusion soft-
ware (STP4; Stryker-Leibinger, Freiburg, Germany). Intra-
operative macrostimulation of the right Vim demonstrated
an immediate reduction in the tremor in the left upper ex-
tremity and, to a lesser degree, in the left lower extremity.
Therefore, a quadripolar DBS lead (model 3387; Medtron-
ic, Inc., Minneapolis, MN) was implanted in the thalamic
Vim on the right side, and the electrode tip was positioned
to achieve maximal tremor suppression with only transito-
ry facial paresthesia. We obtained postoperative MR images
to confirm the placement of the quadripolar DBS lead in the
target region of the right thalamic Vim.

Postoperative Course. Chronic high-frequency stimula-
tion (130 Hz) with a pulse duration of 60 �sec and an am-
plitude of 2.4 V abolished the patient’s left side tremor al-
most completely (Table 1). Moreover, the rigidity in her left
arm and the hemidystonia were significantly alleviated so
that she was again able to hold a glass of water in her left
hand and drink from it. Her postural instability improved
considerably during walking, standing, and sitting, partially
due to the absence of tremor in the left leg and body. During
off stimulation the tremor reappeared within 1 minute. A
side effect occurred with amplitudes greater than 3.5 V and
consisted of a transient facial paresthesia on the left side.
Clozapine could be withdrawn postoperatively without a re-

G. Nikkhah, et al.

1080 J. Neurosurg. / Volume 100 / June, 2004

TABLE 1
Tremor analysis before and after thalamic Vim DBS in

the unaffected (right) and affected (left) side in
the patient in Case 1*

Rt Side Lt Side

Stimulation EMG Stimulation EMG
Frequency Total Synchro- Frequency Total Synchro-

Tremor (Hz) Power† nization (Hz) Power† nization

preop
rest 7.2 0.020 no 3.5 41.900 yes
action 8.1 0.050 no 4.0 41.900 yes

postop
rest 7.9 0.002 no 7.2 0.003 no
action 7.3 0.003 no 7.1 0.410 no

* EMG = electromyography.
† Total power refers to the area under the curve of the accelerometer spec-

trum and is measured in mgravities2.

FIG. 1. Case 1. Coronal (a) and axial (b) T1-weighted Gd-en-
hanced MR images demonstrating the hypointense lesion (arrows)
in the upper brainstem, including the red nucleus (Ru in c) and the
substantia nigra area (Ni in c). The corresponding axial section from
the Schaltenbrand stereotactic atlas is also shown (c). L = left; R =
right. (Fig. 1c reprinted with permission from Schaltenbrand G,
Wahren W: Atlas for Stereotaxy of the Human Brain. Georg Thie-
me Verlag, 1977.)



appearance of the tremor, and this clinical improvement has
remained stable for 7 months postoperatively.

Case 2

History and Examination. This 32-year-old right-handed
woman without a notable medical history suddenly became
comatose and was admitted directly to the intensive care
unit. An initial computerized tomography scan demonstrat-
ed a large hemorrhage covering the left midbrain and left
thalamic region and extending to the left occipital lobe. Re-
sults of MR imaging (Fig. 2) and cerebral angiography
studies revealed a large AVM that was fed by both the pos-
terior and middle cerebral arteries and was associated with
two small aneurysms at the P1 segment of the posterior cere-
bral artery.

Surgical Procedure and First Postoperative Course. First,
both aneurysms were embolized with coils. Following
clinical stabilization the patient presented with a severe
right-sided hemiparesis, a complex disturbance of eye
movements, and aphasic speech problems combined with
dysarthria and hemianopia. Second, communicating hydro-
cephalus led to clinical deterioration and a permanent ce-

rebrospinal fluid shunt was implanted. In the following
months she recovered slowly. The hemiparesis improved,
but a dystonic component appeared in the right arm simulta-
neously. She was able to walk without help. Through a sec-
ond-stage embolization procedure the size of the AVM was
reduced, but total occlusion could not be achieved.

Three years later the patient’s clinical status worsened
and was again caused by reperfusion of an aneurysm and
growth of the AVM. Additional embolizations were per-
formed with subsequent partial clinical recovery. Following
this episode she gradually developed a rest tremor, which
was aggravated during posture and action on the right side,
predominantly in her arm. The tremor had low frequency
(~3 Hz; Table 2) and was first treated with clonazepam and
propranolol, with only limited clinical success. Addition-
al pharmacotherapy was largely ineffective; the tremor in-
creased in severity so that she could not perform ordinary
daily activities. At this point, she was referred for DBS.

Additional Treatments. On admission she presented with
a severely disabling resting tremor in her right side (Table
2) and a dystonic posture in the hand and arm, which pre-
vented her from spreading her fingers and lifting her arm.
The tremor was markedly exacerbated during kinetic ac-
tions. Her speech was slurred and dysarthric, and her re-
flexes were increased on the right side but normal on the
left. A Babinski sign was plantar on both sides. There was
a slight hemianopia to the left. There was no sensory defi-
cit. Her gait was slow with circumduction of the right leg,
but heel-walk, toe-walk, and tandem-walk could be per-
formed. Preoperative positron emission tomography studies
revealed cerebellar hypometabolism and normal thalamic
metabolism.

A quadripolar DBS lead (model 3387; Medtronic, Inc.)
was implanted in the thalamic Vim on the left side, as de-
scribed earlier. Electrostimulation (chronic high-frequency
stimulation 130 Hz, pulse duration 90 �sec, and amplitude
3.4 V) significantly reduced (~80%) tremor activity on the
right side. Moreover, the dystonic posture of the right arm
improved, and the patient was able to spread her fingers
much more quickly and to stretch out and elevate her arm
up to 90˚. When stimulation was turned off, tremor charac-
teristics and dystonic symptoms immediately reappeared
at preoperative baseline levels. No side effects were ob-
served with the current stimulation parameters. The pa-
tient’s speech improved as well. She has remained function-

J. Neurosurg. / Volume 100 / June, 2004

Deep brain stimulation for Holmes tremor and associated dystonia

1081

TABLE 2
Tremor analysis before and after thalamic Vim DBS in the

unaffected (left) and affected (right) side in the patient in Case 2

Rt Side Lt Side

Stimulation EMG Stimulation EMG
Frequency Total Synchro- Frequency Total Synchro-

Tremor (Hz) Power nization (Hz) Power nization

preop
rest 3.2 2.700 yes 6.5 0.080 no
action* –– –– –– 8.2 0.010 no

postop
rest 8.2 0.005 no 7.3 0.006 no
action 7.8 0.050 no 5.4 0.050 no

* Because of the preoperative dystonia in the right arm, the patient was
unable to stretch her arm to measure action tremor.

FIG. 2. Case 2. Coronal (a) and axial (b) T1-weighted Gd-en-
hanced MR images revealing the large AVM extending from the
upper brainstem, including the lesioned area around the red nucleus
and the substantia nigra (arrows) up to the left occipital lobe.



ally independent in all activities of daily living for at least 6
months postoperatively and has been able to return to work.

Discussion

Thalamic Vim stimulation has become a standard func-
tional neurosurgical procedure for the treatment of tremor
in patients with Parkinson disease and essential tremor2,4–6,8,

21,22 since its introduction by Benabid, et al.,5 and Siegfried28

in 1987. Its effects on other forms of tremor have been re-
ported less frequently, and there is very limited experience
with patients suffering from Holmes tremor.8,16,23

Here, we report on two patients with medically intract-
able Holmes tremor caused by upper brainstem lesions and
in whom unilateral thalamic Vim stimulation almost com-
pletely suppressed the tremor and markedly improved le-
sion-induced hemidystonia.

Both patients had suffered from lesions that involved the
upper brainstem and thus interrupted the function of the cer-
ebellorubrothalamic tracts. It is generally agreed that le-
sions of these pathways account for the tremor exacerbation
during posture and kinetic action.11,18,32 The resting tremor
might have been caused by additional damage to the nigro-
striatal pathway,25,32 which was also involved in the two pa-
tients we studied. 

Medical treatment of Holmes tremor has thus far met
with limited success in individual cases in which levodopa,
anticholinergic agents, propanolol, clonazepam, and glu-
tethimide were used14,17,25,29–32 and did not lead to satisfactory
clinical benefits in the cases in the present study. In select-
ed cases DBS and thermocoagulation may offer an alter-
native therapeutic strategy.1,8,15,16,21,23,27 Kim, et al.,15 reported
on a 26-year-old man in whom unilateral Vim thalamotomy
almost completely abolished Holmes tremor that had been
caused by a midbrain tumor. Two additional case reports of
patients with a midbrain cavernous angioma16,23 document
good to excellent clinical improvements in Holmes trem-
or following thalamic Vim stimulation. Both patients in the
present study exhibited substantial clinical improvement
in all tremor components (that is, during rest, posture, and
intention movements) following unilateral thalamic Vim
stimulation.

The mechanism of action in Vim stimulation leading to
tremor suppression remains unresolved. Current hypotheses
involve neuroaugmentive and neurosuppressive effects on
neural network functioning, including the concept of jam-
ming.3 Given that similar clinical responses occur after ste-
reotactic lesioning and stimulation procedures,13,21,22 the in-
terpretation of the responsible mechanism becomes even
more complex. Nevertheless, stimulation techniques are
considered to be safer and are reversible and therefore rec-
ommended in patients with substantial brain damage.3,22

Interestingly, clear improvement occurred in the tremor
as well as the associated dystonia in both patients following
unilateral Vim stimulation, which represents a result yet to
be described in the literature. This recovery was gradual in
nature and added significant clinical benefit in the patients;
that is, it facilitated the rehabilitation process in both pa-
tients and enabled a return to professional activities in one
patient. Phillips and Bhakta24 reported improved voluntary
movements in the paretic arm and leg of a 48-year-old man
who had suffered a stroke, following DBS of the periven-

tricular gray matter in the third ventricle.24 They speculated
that DBS close to the cerebral peduncle may have improved
the function of motor pathways by the reinitiation of cen-
trifugal information processing to the spinal cord previous-
ly damaged by the stroke. Similar mechanisms may have
facilitated the clinical improvement in the hemidystonia in
the cases in the present study.

Conclusions

In summary, thalamic Vim stimulation is an effective,
safe, and reversible functional neurosurgical procedure for
the treatment of patients with Holmes tremor and can alle-
viate associated dystonia and rigidity. 
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