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Holmes tremor
Clinical description, lesion localization, and treatment in a series of
29 cases

ABSTRACT

Objective: To describe the clinical features, etiology, findings from neuroimaging, and treatment
results in a series of 29 patients with Holmes tremor (HT).

Methods: A retrospective study was performed based on review of medical records and videos of
patients with HT diagnosis.

Results: A total of 16 women and 13 men were included. The mean age at the moment of CNS
insult was 33.9 6 20.1 years (range 8–76 years). The most common causes were vascular
(48.3%), ischemic, or hemorrhagic. Traumatic brain injury only represented 17.24%; other
causes represented 34.5%. The median latency from lesion to tremor onset was 2 months (range
7 days–228 months). The most common symptoms/signs associated with HT were hemiparesis
(62%), ataxia (51.7%), hypoesthesia (27.58%), dystonia (24.1%), cranial nerve involvement
(24.1%), and dysarthria (24.1%). Other symptoms/signs were vertical gaze disorders (6.8%),
bradykinesia/rigidity (6.8%), myoclonus (3.4%), and seizures (3.4%). Most of the patients had
lesions involving more than one area. MRI showed lesions in thalamus or midbrain or cerebellum in
82.7% of the patients. Levodopa treatment was effective in 13 out of 24 treated patients
(54.16%) and in 3 patients unilateral thalamotomy provided excellent results.

Conclusions: The most common causes of HT in our series were vascular lesions. The most com-
mon lesion topography was mesencephalic, thalamic, or both. Treatment with levodopa and tha-
lamic stereotactic lesional surgery seems to be effective. Neurology® 2016;86:931–938

GLOSSARY
AVM5 arteriovenous malformation;DBS5 deep brain stimulation;HT5Holmes tremor;VIM5 ventral intermediate nucleus.

Holmes tremor (HT) was first described in 1904 by Gordon Holmes1 as a 3–4 Hz flexor-
extension oscillation, present at rest and exacerbated with posture and additionally intensified
with action. There is an older description made by Benedikt in 1889, who described the
tremor as secondary to a mesencephalic infarction. This tremor is also known as rubral,
mesencephalic, or thalamic tremor, but these terms are no longer used because typical cases
have been described with lesions located in other areas, and red nucleus experimental lesions
fail to induce persistent tremor.2–5

The current definition of HT is derived from the Consensus Statement of the Movement
Disorder Society on Tremor from 1998.6 It is described as a rest and intention tremor with
sometimes irregular amplitude. However, a postural tremor is also present in many patients.6 It
is a slow frequency tremor, usually less than 4.5 Hz.6 As it is a symptomatic tremor, imaging
studies are usually abnormal, although in some cases no lesion can be demonstrated.7,8

Tremor commonly develops between 1 and 24 months after a CNS insult. This delayed onset
might be due to neuronal plastic changes.5

It is assumed that a double lesion is required to develop HT, including the dopaminergic nigro-
striatal system and the cerebello-thalamo-cortical or dentate-rubro-olivary pathways.3,4,6,9–11
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Pharmacologic treatment is usually unsuc-
cessful, although levodopa treatment has pro-
vided benefit in some cases.12–16 Surgery can
be an option for drug-resistant cases.

We report on a series of 29 patients with
HT describing their etiologies, associated neu-
rologic manifestations, lesion localization, and
response to treatment.

METHODS A retrospective study from July 1996 to November

2014 was performed, based on our medical records, patient MRI

studies, CT images, and videotapes from the Movement Disorders

Centre, Hospital de Clínicas, University of Buenos Aires, Argentina

Hospital Español, Buenos Aires, Argentina; Hospital Británico,

Buenos Aires, Argentina; Instituto Trelles Montes, Lima, Peru;

and Hospital Civil de Guadalajara “Fray Antonio Alcalde,”

Guadalajara, Mexico.

Standard protocol approvals, registrations, and patient
consents. Ethical committee approval was obtained in every

center.

Twenty-nine patients with HT were identified. HT diagnosis

was made according to the Consensus Statement of the Move-

ment Disorder Society.

The following items were analyzed: sex, age at the moment of

CNS lesion, latency to the moment of tremor onset, etiology and

localization of the CNS lesion, characteristics of HT, associated

neurologic symptoms, and the results of the different treatments.

Regarding the analysis of the images, we somewhat arbitrarily

divided the involved territories into brainstem, thalamus, cerebel-

lum, and nonthalamus supratentorial regions.

The patients were retrospectively evaluated based on medical

records and pretreatment and posttreatment video recordings.

RESULTS General findings. Twenty-nine patients
were identified (16 women and 13 men) with a mean
age at the time of CNS injury of 33.9 6 20.1 years
(range 8–76 years). The median latency between the
time of the CNS injury and HT development, in 25
out of 29 patients, was 2 months (range 7 days–228
months). In 4 cases, the latency could not be deter-
mined: case 1 had an arteriovenous malformation
(AVM) with a mass effect (figure 1); in cases 5 and
22, there were demyelinating lesions and the exact
time of demyelinating plaques development could
not be determined; and in case 20, the patient began
with tremor and had several brain cystic lesions of
unknown nature despite having a brain biopsy.

Patients with HT secondary to vascular and trau-
matic lesions had similar associated findings regarding
hemiparesis and latency from the CNS lesion to the
development of HT.

Tremor involved only one upper limb in 19 pa-
tients (65.5%), the upper and lower limb in 6
(20.7%), bilateral involvement in 4 (13.7%), both
upper limbs in 3,8,21,25 and both upper limbs and
one lower limb in case 17. The postural component
was present in all patients. The severity of the tremor
was similar for both proximal and distal segments of

the limbs, except in 3 patients in whom the distal
component was more severe (table 1).

Etiology. The most common etiologies were stroke in
14 cases (48.3%) and head trauma in 5 (17.2%) (fig-
ure e-1 on the Neurology® Web site at Neurology.
org). The other 10 cases (34.5%) included 3 with
demyelinating diseases, 2 with AIDS with associated
opportunistic infections, 1 with an AVM without
evidence of bleeding, 1 with cerebral cystic lesions
of unclear origin, 1 with a postoperative sequelae
of a parasellar cholesteatoma surgery, 1 with
radionecrosis with a diencephalic-mesencephalic
AVM, and 1 with breast cancer metastases (table 2).

Neurologic manifestations associated with HT. All pa-
tients had at least 1 associated neurologic manifesta-
tion. The most common was hemiparesis in 18
(62%), ataxia in 15 (51.7%), hypoesthesia in 8
(27.58%), and dystonia in 7 (24.1%) involving the
same body region as the tremor. Of the 7 cases with
dystonia, 3 had dystonic jerks. We found 7 patients
(24.1%) with cranial nerve involvement and the III
cranial nerve was the most commonly affected. Two
patients had vertical gaze palsy. The number of asso-
ciated neurologic manifestations in each patient
ranged from 1 to 5, taking into account that
58.62% (17 patients) of them had only 1 or 2 associ-
ated manifestations. Patient 1 was treated with radio-
surgery for his AVM, and presented secondary IV
cranial nerve involvement (table 3).

Neuroimaging data. An MRI study was performed in
every patient, except for patient 19, in whom only
CT could be performed because he had a ventriculo-
peritoneal shunt that prevented him from being

Figure 1 MRI from patient 1 shows an
arteriovenous malformation acting as
a mass
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exposed to MRI. Neuroimages were abnormal in 28
out of 29 patients (96.5%). Patient 17 had head
trauma with diffuse axonal injury with normal MRI
studies. We found structural lesions in thalamus or
brainstem or cerebellum in 24 of 29 patients
(82.7%). Most patients had lesions involving more
than one region. The most common sites affected
were midbrain in 17 (58.6%), thalamus in 16
(55.17%), and the cerebellum in 8 (27.58%). The
pons was affected in 6 (20.68%) and the medulla in

1 (3.4%). Nonthalamic supratentorial lesions were
found in 14 cases (48.27%). In 10 patients, these le-
sions were associated with injuries in the thalamus or
brainstem or cerebellum, while in 4 of them it was the
only finding (cases 19, 20, 21, and 22) (table 4).

Clinical–radiologic correlation. There was no correla-
tion between the extent of the lesions and the number
and severity of associated neurologic manifestations.
Patient 11 underwent extensive surgery to remove a

Table 1 Demographic data, etiologies, delay until onset of tremor, and location of Holmes tremor (HT)

Patient Sex
Age at CNS
lesion, y Causal lesion

Latency to HT
onset, mo

HT

Unilateral

Bilateral
Proximal (P)
or distal (D)UL UL 1 LL

1 M 14 AVM without bleeding evidence UNK R P 1 D

2 M 45 HIV: opportunistic infection 6 L P 1 D

3 M 13 IS: left vertebral dissection 1 L P 1 D

4 F 37 Cavernoma: hemorrhage 2 L P 1 D

5 M 50 Demyelinating: MS UNK R P 1 D

6 M 18 IS 12 R P 1 D

7 F 8 Cavernoma: hemorrhage 12 L P 1 D

8 F 16 HeadT: hemorrhage 1 Both UL 1D

9 F 8 IS 2 R P 1 D

10 F 30 AVM: bleeding 1 L 1D

11 F 64 Postoperative (R parasellar
cholesteatoma)

1 R P 1 D

12a F 53 Cavernoma: hemorrhage 1 R P 1 D

13a F 30 Head T: hemorrhage 6 L P 1 D

14 F 42 IS: atrial myxoma emboli 3 L P 1 D

15 F 64 IS 1 L P 1 D

16 F 10 HeadT: hemorrhage 2 R P 1 D

17 F 25 HeadT: diffuse axonal injury 2 3 Limbs P 1 D

18 M 20 IS 60 (5 y) R P 1 D

19 M 15 IS: in the context of bacterial
meningitis

228 (19 y) L P 1 D

20 F 36 Cerebral cystic lesions of unclear
nature

UNK R P 1 D

21 M 15 HeadT: diffuse axonal injury 11 Both UL P 1 D

22 F 19 Demyelinating: Balo concentric
sclerosis

UNK R P 1 D

23 F 58 Hemorrhagic stroke 1 R 1 D

24 M 32 HIV: probable cryptococcoma 12 L P 1 D

25 M 20 Multiple sclerosis 1 Both UL P 1 D

26 M 76 IS: cardioembolic 2 L P 1 D

27 M 48 Radionecrosis 8 L P 1 D

28 M 70 IS 3 L P 1 D

29 F 47 Breast cancer metastases ,1 (7 d) R P 1 D

Abbreviations: AVM 5 arteriovenous malformation; 1D 5 more distal; HeadT 5 head trauma; IS 5 ischemic stroke; LL 5

lower limb; MS 5 multiple sclerosis; UL 5 upper limb; UNK 5 unknown.
a Patient previously reported.13
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parasellar cholesteatoma that involved the anterior
pole of right temporal lobe, right midbrain and pons,
right inferior and middle cerebellar peduncles, and
right anterior cerebellum. She presented only gait
ataxia and a right VI cranial nerve palsy associated
with right HT. Patient 20 had cerebral cystic lesions
in the left lenticular nucleus, subinsular region of the
left temporal lobe, and the left frontal region, and the
only associated symptoms were tonic-clonic seizures,
effectively controlled with levetiracetam 3,000 mg/d.
Patient 15 had left hemiparesis and hypoesthesia,
dysarthria, and dystonia and had only a small right
lateral thalamic lesion.

Of the 16 patients with thalamic involvement,
either as a single lesion or as part of more widespread
lesions, 12 (75%) had hemiparesis, 7 (43.7%) dysto-
nia, 4 (25%) hypoesthesia, and 4 (25%) cerebellar
symptoms. All patients with dystonia (n 5 7) had
thalamic involvement. Case 17 had ataxia with a nor-
mal brain MRI. All the patients with cranial nerve
involvement had brainstem lesions.

Treatment. Levodopa therapy was tried in 24 out of 29
patients (82.8%). There was an improvement of HT
in 13 (54.16%) of these cases, whereas the remaining
11 (45.84%) had no benefit. Among those who

improved, 7 had an almost complete control of HT.
In 16 cases, the average dose was 697.65 mg 6

215 mg/d (range 300–1,000 mg/d), whereas for
the remaining 8 patients, the dose could not be
determined. It is interesting to note that there were
no significant differences in the doses of levodopa
employed in the group presenting a marked
improvement when compared with the group with
no response (678.5 6 257.9 vs 662.5 6 214 mg,
respectively; p 5 0.755). Patients who responded
positively to levodopa improved in the 3 compo-
nents of HT (kinetic, postural, and resting). Patient
4 exhibited limited improvement with pramipexole
1.5 mg/d, but she then received levodopa with pos-
itive response of the 3 components of HT. No other
symptom/sign improved with levodopa, except in
patient 8, whose postural trunk control was allevi-
ated enough so that she could sit. Patient 17 had an
additional improvement with topiramate 100 mg/d
on postural and kinetic tremor, although with levo-
dopa she had a partial improvement of the 3 com-
ponents of tremor.

Onabotulinumtoxin A was tested in 5 patients.
One patient showed mild improvement (case 1)
and 2 had moderate improvement (patients 10 and
16); they remain on onabotulinumtoxin A injections
every 3 months as the only treatment. Two patients
showed no improvement (cases 4 and 24).

Patients 5, 6, and 9 underwent a left ventral
intermediate nucleus (VIM) thalamotomy, exhibit-
ing significant benefit. They all had a marked
improvement. Patient 9 did not have improvement
in the dystonic posture of her right hand, although
the tremor was almost completely controlled. She re-
gained some functions; she could write again with
her right hand and use cutlery. In cases 5 and 6,
the 3 components of tremor, proximal and distal,
were abolished.

Patient 26, who developed HT after an embolic
ischemic stroke with hemorrhagic transformation,
received levodopa, phenobarbital, amantadine, and
clonazepam with no response, but improved with
quetiapine 100 mg/d. When quetiapine was discon-
tinued, there was a marked worsening of HT, which
improved after reintroducing the drug.

A variety of other drugs, including pramipexole,
levetiracetam, lamotrigine, clonazepam, clozapine,
flunarizine, carbamazepine, trihexyphenidyl, pro-
pranolol, topiramate, baclofen, gabapentin, val-
proic acid, and piracetam, were used with poor or
no response.

DISCUSSION To our knowledge, this is the largest
series of HT cases reported so far. The major limita-
tion of our study is that it is retrospective, but the
advantage is the number of patients collected.

Table 2 Etiologies prevalence

Etiologies No. (%)

Vascular 14 (48.3)

Ischemic 9 (64.3)

Atherothrombotic 5

Embolic 2

Vertebral dissection 1

Vasculitis in the context of bacterial
meningitis

1

Hemorrhagic 5 (35.7)

Cavernoma 3

Arteriovenous malformation 1

Primary hypertensive hemorrhage 1

Head trauma 5 (17.24)

With bleeding 3

Without bleeding: diffuse axonal injury 2

Miscellaneous 10 (34.5)

Demyelinating disorder 3

Opportunistic infection in AIDS 2

Cerebral cystic lesions of unclear nature 1

Arteriovenous malformation without
bleeding evidence

1

Postoperative of right parasellar
cholesteatoma

1

Radionecrosis 1

Breast cancer metastases 1
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Table 3 Neurologic manifestations associated with HT

Patient

Neurologic manifestations associated with Holmes tremor (HT), n (%)

No. associated
symptoms

Hemiparesis,
18 (62)

Ataxia, 15
(51.7)

Hypoesthesia, 8
(27.58)

Dystonia, 7
(24.1)

Dysarthria, 7
(24.1)

Cranial nerves,
7 (24.1)

Vertical gaze
alteration, 2 (6.8)

Bradykinesia/
rigidity, 2 (6.8)

Myoclonus,
1 (3.4)

Psychiatric
disorders, 1 (3.4)

Seizures,
1 (3.4)

1 Yes a 1

2 Yes Yes 2

3 Yes 1

4 Yes Yes 2

5 Yes Yes Yes 3

6 Yes 1

7 Yes Yes 2

8 Yes Yes 2

9 Yes Yes 2

10 Yes Yes Yes VII, VIII 4

11 Yes VI 2

12 Yes Yes Yes III 4

13 Yes III Yes 3

14 Yes Yes Yes III Yes 5

15 Yes Yes Yes Yes 4

16 Yes Yes 2

17 Yes 1

18 Yes 1

19 Yes 1

20 Yes 1

21 Yes Yes Yes 3

22 Yes Yes 2

23 Yes Yes Yes Yes 4

24 Yes Yes Yes 3

25 Yes 1

26 Yes Yes Yes 3

27 Yes III 2

28 Yes Yes Yes 3

29 Yes Yes Yes IV 4

aThis patient presented cranial nerve IV involvement after radiosurgery.

N
eurology

8
6

M
arch

8
,2

0
1
6

9
3
5

ª 2016 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



On comparing previous publications on HT, we
found a predominance of male patients, yet in our series
we found the opposite,1,3–5,7,8,10–40,e1–e52 with similar

findings regarding the etiologies,1,3–5,7,8,10–40,e1–e52 with
the vascular disorders, either ischemic or hemorrhagic,
being the most frequent (around 50%), reaching

Table 4 Number (%) of patients with lesions at different sites of CNS

Patient
Thalamus,
16 (55.17%)

Brainstem

Cerebellum,
8 (27.58%)

Other,
14 (48.27%)

Midbrain,
17 (58.6%)

Pons, 6
(20.68%)

Medulla,
1 (3.4%)

1 Yes Yes

2 Yes Yes Yes Right occipital

3 Yes Yes Left temporo-occipital

Internal capsule

4 Yes Yes

5 Yes Corpus callosum

Bilateral periventricular and frontoparietal
and occipital subcortical white matter

6 Yes Yes

7 Yes Yes

8 Yes Multiple supratentorial lesions

Corpus callosum

Frontal subcortical

9 Yes Internal capsule

10 Yes Yes

11 Yes Yes Yes Right anterior temporal lobe

12 Yes Yes

13 Yes Yes

14 Yes Yes Right internal capsule

15 Yes

16 Yes Yes

17 Without lesions

18 Yes Left internal capsule

19 Without lesions Left temporo-occipital

Anterior corpus callosum agenesis

20 Without lesions Left lenticular nucleus

Left temporal subinsular

Left frontal

21 Without lesions Bifrontal subcortical white matter lesions

22 Without lesions Periventricular and subcortical

Bifrontal nodular lesions; parieto-occipital subcortical
lesions; large right frontal nodular lesion

23 Yes Yes Yes Yes

24 Yes Bilateral involvement of the basal ganglia
(more pronounced in the right)

25 Yes Yes Left posterolateral thalamus; right postero-inferior
lenticular nucleus; pons, middle cerebellar peduncles;
multiple lesions in subcortical white matter;
periventricular and corpus callosum

26 Yes Yes Yes

27 Yes Yes

28 Yes Yes

29 Yes Yes Yes
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48.3% in our series. Head trauma accounted for
almost 20% of the cases in previous publica-
tions,1,3–5,7,8,10–40,e1–e52 while we found 17.24% trau-
matic cases in our series (table e-1).

Miscellaneous cases represented approximately
30% of previously reported cases,1,3–5,7,8,10–40,e1–e52

while we found that 34.5% of our cases had different
etiologies. The age at onset is variable, depending on
the moment of CNS lesion and the delay until the
moment of HT onset.

As aforementioned, there is a variable delay
between CNS lesion and HT onset.6,e47

In our series, the median latency was within the
previously described range by other authors.

A long delay of 5 years was evident in case 18,
with HT secondary to an ischemic stroke, and case
19, with 19 years of delay after an ischemic stroke
secondary to bacterial meningitis. The published
research also describes long latencies between the
moment of the CNS lesion and the appearance of
HT. It was reported that a patient had a delay of
23 years between the initial CNS insult and HT de-
velopment,e32 and Deuschl et al.e19 reported a
patient who had a right hemicerebellectomy and
17 years later he developed a right HT and a typical
parkinsonian tremor on his left side, when the
patient developed Parkinson disease.

Pathophysiologic heterogeneity is supported by
some DaTSCAN SPECT studies as well as with
different therapeutic responses to levodopa.3,7 In
one of them, 2 blind raters could not find asymme-
try in DaTSCAN SPECT, and the quantitative
measurements of radiotracer uptake demonstrated
only minimal differences between both sides, with
slightly worse uptake contralateral to HT.7 In 6 of
their 10 patients, levodopa was administered, and
only 2 improved: one had a mild response and the
other moderate improvement.7 The authors
concluded that the dopaminergic deficit on
DaTSCAN SPECT could be a predictor of levodopa
responsiveness.7

In another report,3 the authors mentioned that all
their patients improved to varying degrees with levo-
dopa therapy, and they found that 18F-dopa uptake
showed values that were markedly and significantly
decreased on the lesion side when compared to
healthy controls and the contralateral side. However,
some values were lower than those observed in par-
kinsonian patients. Given the fact that some patients
fail to respond to levodopa, it has been speculated
whether variations in pathophysiology could explain
the different responses to drugs.3,7,34 Our findings
suggest that treatment with levodopa should be tested
in every patient with HT because some of them can
achieve marked improvement, as was previously re-
ported by other authors.3,5,7,11–17,19,25,26,33,36,e25,e33

In addition, some degree of improvement can be
achieved with botulinum toxin injections. We have
2 patients with good response and they continue only
on this treatment, one of them for more than 8 years.

Many other medications were reported to
improve HT, such as dopaminergic agonists, anti-
cholinergic drugs, clonazepam, levetiracetam, and
carbamazepine, although in our patients these med-
ications did not show any clinically relevant bene-
fit.5,e11,e18,e20,e25,e38,e48

Although deep brain stimulation (DBS) for other
tremors appears generally less effective than for Par-
kinson disease or essential tremor, for patients with
refractory HT, DBS or thalamotomy of VIM can
provide good HT control.4,10,40,e2,e5,e7,e8,e13,e15,e18,e23,
e31,e34,e35,e37,e50 In 3 patients from our series, thalamot-
omy of VIM showed excellent improvement. In some
cases, it has been necessary to make a combined
DBS of VIM and subthalamic nucleus to effectively
control HT.e20,e22,e34,e36 There is also a report of a
combined DBS of VIM and globus pallidus internus
to control HT and another report of a patient who
underwent a posteroventral pallidotomy to relieve
HT since VIM high-frequency electrical stimulation
had failed to control the tremor.40,e23 A double ipsi-
lateral stimulation of VIM and ventralis oralis anterior
and ventralis oralis posterior has also been reported
(table e-2).e51

The present series of patients with HT showed
that the most common cause of HT was vascular,
the anatomic regions most frequently affected were
mesencephalon and thalamus, and the majority of
cases presented other neurologic manifestations asso-
ciated with HT such as hemiparesis and ataxia. Levo-
dopa therapy may be useful in some cases, while most
other pharmacologic agents are generally unsuccessful
for HT control. Functional surgery appears to be the
most effective treatment in the management of HT.
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