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Holmes Tremor After Brainstem Hemorrhage,
Treated With Levodopa

Jae Hyun Woo, MD, Bo Young Hong, MD, Joon Sung Kim, MD, Seok Ho Moon, MD,
Soo Yeon Kim, MD, Hye Young Han, MD, Dong Yoon Park, MD, Seong Hoon Lim, MD

Department of Rehabilitation Medicine, St. Vincent Hospital, The Catholic University of Korea College of Medicine, Suwon, Korea

Holmes tremor is a rare movement phenomenon, with atypical low-frequency tremor at rest and when changing

postures, often related to brainstem pathology. We report a 70-year-old female patient who was presented with

dystonic head and upper limb tremor after brainstem hemorrhage. The patient had experienced a sudden onset of

left hemiparesis and right facial paralysis. Brain magnetic resonance imaging showed an acute hemorrhage from

the brachium pontis through the dorsal midbrain on the right side. Several months later, the patient developed

resting tremor of the head and left arm, which was exacerbated by a sitting posture and intentional movement.

The tremor showed a regular low-frequency (1-2 Hz) for the bilateral sternocleidomastoid and cervical paraspinal

muscles at rest. The patient’s symptoms did not respond to propranolol or clonazepam, but gradually improved

with levodopa administration. Although various remedies were attempted, overall, the results were poor.

We suggest that levodopa might be a useful remedy for Holmes tremor. The curative or relieving effect of the

dopaminergic agent in Holmes tremor needs more research.
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INTRODUCTION

In 1904, Gordon Holmes described a unique motor
abnormality, characterized by low-frequency tremor at
rest, which was exacerbated by specific postures [1]. Hol-
mes tremor (HT) is a rare, symptomatic tremor of low-
frequency; mostly below 4.5 Hz. It typically involves the
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proximal limbs and arises as a delayed manifestation of
lesions in the upper brainstem, often related to stroke
or trauma. The Consensus Statement of the Movement
Disorder Society on tremor, published in 1998, described
that both the dopaminergic nigrostriatal and the cerebel-
lo-thalamic systems must be involved for the occurrence
of this type of tremor [2]. Recently, HT associated with
a brainstem lesion has been reported as an extremely
rare tremor, along with drug-induced tremor, orthostatic
tremor, and psychogenic tremor [1]. In Korea, a case with
HT and palatal tremor after bilateral brainstem hemor-
rhage was reported [3]. However, the case report was
not sufficient to determine appropriate treatment for
HT because of the patient’s poor medical condition. To
date, there is no reported controlled interventional study.
Pharmacological treatment is usually disappointing, and
surgical procedures, such as stereotactic thalamotomy
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or thalamic stimulation, are often required for refractory
cases [4-6].

In the present case, the patient who was diagnosed with
HT after a brainstem hemorrhage, showed significant im-
provement after treatment with a dopaminergic agent.

CASE REPORT

A 70-year-old woman who had hypertension developed
left side hemiparesis, right facial paralysis, severe dysar-
thria, and left hemiataxia. Physical examination revealed
dysmetria and mildly increased deep tendon reflexes in
the left upper and lower limbs. She did not show rigid-
ity. Sensory examination demonstrated left hypesthesia.
Brain magnetic resonance imaging showed an acute

Fig. 1. Acute hemorrhage (arrow) was seen on sagittal
brain T1 magnetic resonance imaging scan, extending
from the brachium pontis to the dorsal midbrain.

hemorrhage from the brachium pontis through the dor-
sal midbrain on the right side (Fig. 1).

Prior to the tremor, her Modified Barthel Index (MBI),
which was used to assess her activities of daily living, was
45 due to the left hemiparesis. At 6 months from the ini-
tial hemorrhage, the patient developed resting tremor of
the head and left arm, which worsened progressively in
the following days. As her motor function was impaired,
it was difficult for her to sit up and hold a spoon, and this
hindered eating independently. Her cognitive level was
26, which is considered within normal range based on
the Mini Mental State Examination.

The patient’s MBI score decreased to 30. Tremor con-
tinued with a sitting posture, particularly when her arms
approached an object, and it was worsened by emotional
distress, and ceased during sleep. The patient also devel-
oped a torticollis to the right and a regular dystonic head
tremor, which was characterized by left chin rotation
and right lateral head tilt. We measured the frequency of
tremor using electromyography (EMG) equipment (Vi-
kingSelect; Nicolet, Madison, WI, USA). Recordings were
made with a pair of surface EMG electrodes. The active
(recording) electrode was placed over the bilateral ster-
nocleidomastoid or the C7 paraspinal muscles. The refer-
ence electrode was positioned on the mastoid process of
the temporal bone. The tremor of the head showed a slow
(1.1 Hz), regular frequency at rest (Fig. 2). We prescribed
propranolol (Indenol; DongKwang Pharm, Seoul, Korea),
the first-line drug for essential tremor, at a dose of 120 mg
per day and increased this to 240 mg per day for 2 weeks.
However, her symptoms persisted. Next, she was recom-
mended with other medications, namely, clonazepam
and levetiracetam. She took several doses of clonazepam
(Rivotril; Roche, Basel, Switzerland) from 0.5 to 1 mg;
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Fig. 2. Initial electromyogram of
the right sternocleidomastoid
muscle of the neck showed regu-
lar, low-frequency (1.1 Hz) con-
traction (200 pV per division and
500 ms per division).
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however, the tremor was unchanged. After administra-
tion of levetiracetam (Keppra; UCB, Slough, UK), from
500 to 1,000 mg per day for 2 weeks, her tremor showed
some improvement. However, she complained of severe
headache and mood changes; thus, she stopped taking
levetiracetam. Next, she was treated with a levodopa-
containing agent Stalevo (Novartis Korea, Seoul, Korea),
starting at a dose of 200 mg once a day and progressively
increasing over a period of 1 month to reach a final dose
of 200 mg, three times a day. One week after beginning
the medication, her tremor lessened gradually. At the fi-
nal dose of the drug, her tremor was diminished and she
was discharged from the hospital. We also observed an
improvement in her motor function; she was able to sit
up independently. In addition, her ability to perform ac-
tivities of daily living improved; the functional levels for
eating and dressing were enhanced, with her MBI score
improving to 46.

A month later, the patient returned to our outpatient
clinic and the tremor was significantly improved. Six
months later, the effect continued and the tremor was
considered successfully controlled.

DISCUSSION

HT is a resting, intentional, and sometimes postural
tremor with a frequency of 4.5 Hz and below [1,3]. It is
usually arrhythmic and has a variable delay, from 4 weeks
to 2 years between the lesion and the first occurrence of
tremor. The features of the tremor in our patient were
consistent with the reported characteristics of HT [2]: 1)
predominantly unilateral tremor; 2) present not only at
rest but also when sitting and during movement, but dis-
appearing during sleep; 3) low-frequency at 1.1 Hz; and 4)
occurring 6 months after a brainstem hemorrhage.

Two distinct neural pathways have been proposed as
pathophysiological bases for HT. One involves the sub-
stantia nigra or nigrostriatal dopaminergic fibers, causing
dopaminergic denervation of the striatum [7]. Remy et
al. [8] found a marked decrease in 18F-dopa re-uptake
in the caudate and putamen in a patient with HT due to
a midbrain lesion, likely reflecting the ipsilateral severe
striatal dopaminergic denervation. Such dopaminergic
denervation may play a role in resting tremor, like that in
Parkinson disease [7]. The structure involved in the gen-
esis of HT may be the dentate projection pathway, one of

non-dopaminergic structures. The ascending arm of this
pathway includes the dentate-rubral and dentate-tha-
lamic tracts; the descending arm includes the dentate-
olivary and dentate-rubro-olivary tracts, which form the
rubro-olivo-cerebellar-rubral circuits. Interruption of
these circuits may be responsible for postural and inten-
tional tremors [1]. Midbrain lesions, such as hemorrhage,
ischemia, and neoplasm may interrupt elements of both
dopaminergic and non-dopaminergic pathways, produc-
ing the characteristic combination of resting, postural,
and kinetic tremors seen in HT. This complex mechanism
may account for the response variability to pharmaco-
therapy. Isolated cases of partial or complete relief have
been reported with several drugs, including propranolol,
clonazepam, and levetiracetam [6]. However, medical
treatment is typically unsatisfactory, and both deep brain
stimulation and ablation of the thalamus structures are
often considered to provide the best results [5]. Many
treatment methods have been tried; however, there is no
gold-standard treatment for HT.

Some isolated cases of treatment with levodopa have
occasionally been reported [9,10]. However, the thera-
peutic response to levodopa is variable. In addition, sev-
eral studies have reported that patients with typical rest-
ing tremor do not respond to levodopa therapy; whereas,
other patients with predominantly postural and inten-
tional tremor responded satisfactorily. These clinical
aspects indicate that a complex pathological mechanism
may exist in HT, and furthermore, dopaminergic dys-
function is a prerequisite for the persistence of postural
and intentional tremors. The finding that levodopa im-
proves HT supports the suggestion that the dopaminergic
pathway is involved (the substantia nigra, nigrostriatal fi-
bers, or both) [7,8]. The postural component of HT could
be related to disruption of the cerebellar outflow pathway
(dentate-rubral and dentate-thalamic tracts) at the su-
perior cerebellar peduncle, and the rubro-olivary tract
in the central tegmentum [10]. In our case, the patient
experienced a hemorrhage in the dorsal midbrain. Due
to the location of the lesion, it was considered likely that
both dopaminergic and cerebellar outflow pathways were
impaired. Consequently, our patient showed marked im-
provements in resting, postural, and action tremors.

In conclusion, levodopa is an easy-to-test drug that
may improve the symptoms in patients with HT. Remark-
able results of levodopa in this patient demonstrate that
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dopaminergic denervation should not be underestimat-
ed in such HT cases, and dopaminergic agents should
be tried in patients with HT before considering invasive
therapies, such as deep brain stimulation. However, fur-
ther studies are necessary to clarify its long-term efficacy
and mechanism of action.
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