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ABSTRACT

Object. — Several scientific papers report clinical symptoms, indications, complications and outcomes of
brainstem cavernous malformation (BSCM) surgery without reporting on the occurrence of postoperative
Holmes tremor (HT). Our purpose is to report our experience with HT in a monocentric series of resected
brainstem cavernomas.
Methods. - We reviewed all the BSCM surgical records between 2002 and 2018 at Saint-Luc University
Hospital’s Department of Neurosurgery, Brussels and selected patients developing HT postoperatively.
Patients’ demographics, symptoms, pre- and postoperative imaging, recurrence and complications were
analysed. A PubMed literature review was performed to compare our results with those in the existing
literature.
Results. - In a total series of 18 resected BSCM, 5 patients: 1 male and 4 females, with a median age of
51 years (range 29-59 years), developed HT. The median preoperative mRS score was 2 (range 1-4). GTR
was achieved in all patients without surgery-related death. BSCM were located in the mesencephalon in
4 patients (80%) who developed HT. Tremor was noticed between ten days and one year after surgery.
One patient saw significant improvements to the point of stopping treatment. The median follow-up
period was 2 years (range 1-14 years). At the last follow-up, 40% of our patients showed a worse mRS
score, 40% stayed unchanged, and 20% improved.
Conclusion. — We are reporting an original single-center series of patients suffering from HT after BSCM
surgery. The risk for HT after surgery is significant for midbrain BSCM. A spontaneous favorable evolution
is possible.

© 2021 Elsevier Masson SAS. All rights reserved.
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RESUME

Objectifs. - Nombreux articles scientifiques décrivent les symptomes, les indications chirurgicales,
les complications et les résultats postopératoires des cavernomes du tronc cérébral sans rapporter
I'apparition de tremblement de Holmes. Notre objectif est de rapporter ici notre expérience avec le
tremblement de Holmes dans une série monocentrique de cavernomes du tronc cérébral opérés.
Méthodes. — Nous avons revu les dossiers de tous les patients opérés d'un cavernome du tronc cérébral
dans le service de neurochirurgie des cliniques universitaires Saint-Luc, Bruxelles et avons sélectionné
tous les patients qui ont présenté un tremblement de Holmes dans la période postopératoire. L'age et le
sexe des patients, leurs symptomes, leurs imageries pré- et postopératoires, les récidives et les compli-
cations postopératoires ont été analysées. Une revue de la littérature existante sur la plateforme PubMed
a été réalisée afin de comparer nos résultats avec ceux déja publiés.

Abbreviations: BSCM, brainstem cavernous malformation; CNS, central nervous system; DTI, diffusion tensor imaging; ERP, event-related potential; DBS, deep brain
stimulation; GPi, internal globus pallidus; GTR, gross total resection; HOD, hypertrophic olivary degeneration; HT, Holmes tremor; MRI, magnetic resonance imaging; mRS,
Modified Rankin Score; STN, subthalamic nucleus; VIM, ventral intermediate nucleus of the thalamus; VPS, ventriculo-peritoneal shunt.
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Résultats. - Dans une série de 18 cavernomes du tronc cérébral opérés, 5 patients : 1 homme et 4 femmes,
avec un adge médian de 51 ans (allant de 29 a 59 ans), ont présenté un tremblement de Holmes dans les
suites d’une chirurgie pour un cavernome du tronc cérébral. Le score mRS préopératoire médian était 2
(score de 1 a 4). Une résection macroscopiquement compléte a été obtenue chez tous les patients sans
déceés liés a la chirurgie. Quatre (80 %) des cinq patients ayant développé un tremblement de Holmes
présentaient un cavernome situé dans le mésencéphale. Un patient a présenté une amélioration signi-
ficative de son tremblement au point de pouvoir arréter son traitement. Le suivi postopératoire médian a
été de 2 ans (allant de 1 a 2 ans). Au dernier contact, 40 % des patients présentaient une aggravation de leur
clinique par rapport a la période préopératoire, 40 % étaient stables et 20 % présentaient une évolution
favorable.

Conclusion. — Nous décrivons une série monocentrique originale de patients souffrant d’un tremblement
de Holmes aprés I'exérése d’'un cavernome du tronc cérébral. Le risque de développer cette complication
est significatif aprés résection d'un cavernome mésencéphalique. Une évolution spontanément favorable

est possible.

© 2021 Elsevier Masson SAS. Tous droits réservés.

1. Introduction

Cavernous malformations are low-flow, low-pressure lesions
formed by sinusoidal vascular channels lined with endothelium
without brain parenchyma [1-5]. Their incidence is reported to be
between 0.39% and 0.9% [6-10], and in most cases are not located
within the brainstem (5%-35%) [3-6,8,9,11-18]. However, brain-
stem cavernous malformations (BSCM) are of particular concern.
Even the slightest volume variations can result in severe and dam-
aging neurological symptoms, more so than with less eloquent
supratentorial locations, because of the concentration of fiber tracts
and cranial nerve nuclei [6,11-13,15,19]. Additionally, an increased
incidence of hemorrhage and rehemorrhage is reported for BSCM
compared to other areas [2,5,12,13,20-22].

The estimated risk of a first hemorrhage from BSCM varies
between 0.7% and 10.6% per year, per lesion [7,13]. Neverthe-
less, a history of one or multiple previous events entails a
higher risk of rebleeding that ranges from 5% to 60% per year
[7,8,11,18-20,23,24].

It is noteworthy that surgical removals can produce similar
effects to those of a hemorrhage. Cranial nerve and sensory deficits,
hemiparesis and ataxia are commonly reported following BSCM
surgery [7,14,25]. However, very few authors have reported on
postoperative Holmes tremor (HT). HT is a unique form of symp-
tomatic tremor, which results from lesions of the central nervous
system (CNS), and is characterized by three components: it is
present at rest, postural and intentional. The proximal upper limbs
are the main targets of HT [26-33].

Gordon Holmes was the first to depict this kind of tremor in
1904. The current definition of HT is the result of a consensus
statement made by the Movement Disorder Society on Tremor in
2018 [32]. It is described as a 3-5Hz oscillation, present at rest,
exacerbated with posture and intensified with action. It typically
occurs from proximal and distal rhythmic muscle contraction. HT
generally appears between 1 and 24 months after a CNS insult
[28,29,31,32]. It has received several names (such as rubral, mid-
brain, thalamic, and cerebellar outflow), however, due to their
similar symptoms despite lesions located in different regions of
the brain, the umbrella term of “Holmes tremor” is now more com-
monly used.

In this paper, we will report an original single-center series of
postoperative HT, confirmed by a senior neurologist, after the sur-
gical resection of the midbrain cavernomas.

2. Methods

Institutional research ethics board (IRB: 00001530) approval
for this study was request. Patients were retrospectively

identified by examining hospital records of all intracranial cav-
ernoma surgeries between 2002 and 2018, at St-Luc University
Hospital’s Department of Neurosurgery in Brussels.

We selected all patients who presented a HT after surgery for
BSCM.

Surgery was offered to all patients with symptomatic BSCM
or those who had iconographic growth during follow-up. Patients
were given time to think about surgery before deciding, except in
case of severe neurological deterioration.

Clinical data was obtained from electronic charts and imaging
analysis, including patients’ demographics, signs and symptoms,
pre- and postoperative imaging, recurrence and complications.
Functional status was assessed using the modified Rankin Scale
(mRS) (range 0-6), with a score between 0 and 2 suggesting a good
outcome. The mRS score was recorded before surgery, early after
surgery and at the last follow-up. Each patient’s operation note
was reviewed to obtain a full description of the surgeon’s findings.
Follow-up assessments were performed either in person during
clinic or remotely by phone call. Due to the retrospective nature
of our study, informed consent was not required.

3. Results

From 2002 to 2018, a total of 18 patients, underwent surgery
for a BSCM in our department, being referred after at least one
episode of brainstem hemorrhage. Table 1 shows patient demo-
graphics, as well as the location and the size of the lesions. The
size of the hematomas, including the cavernoma, varied from 10 to
35 mm. Five of those patients (1 males and 4 females with a median
age of 51 years (range 29-59 years)), developed HT during follow
up period.

3.1. Holmes patients

3.1.1. Clinical presentation

The median preoperative mRS score was 2 (range 1-4). All
patients exhibited a focal neurological deficit. Cranial nerve deficits
were the most common (80%), followed by motor and sensitive
deficits and ataxia (60%). None of them suffered from alterations of
consciousness.

3.1.2. Radiological findings

All patients underwent a magnetic resonance imaging (MRI)
scan. All lesions were at least partially located in the mesen-
cephalon, one patient (20%) exhibited BSCM partially located in
the diencephalon (thalamus) and a second one (20%) mostly in the
metencephalon (Table 2). All those BSCM were exophytic.
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Table 1
Patient’s demography, cavernoma'’s locations and surgical outcomes.
Ne Age at Sex Preop Preop symptoms MRI Postop mRS evolution
surgery mRS - N
) Location Size (mm) Early Late
GCS Headache N*/v* Mo D SeD CND CerD di mes met myel <30 >30 Y Worse? Stable Improve
1 39 F 0 N - - - - - - + ? ? 5 12 2
2 42 M 2 N + - - + - + + 21 4 14 4
3 7 M 0 N - - - - - + 17 4 6 0
4b 51 F 2 N + + - + + + + 25 4 14 4
5 34 F 4 N - - + + + + + 17 4 3 1
6 18 F 1 N - - + - - - + 25 3 2 1
7 52 M 1 N - - - + - - + 13 1 6 1
8 30 F 1 N - - - + + + + 10 1 10 1
9 45 F 1 N - - + + - - + 35 2 1 0
10 39 F 1 N + - + + - + + 13 2 5 1
11° 29 F 1 N - - + - + - + 24 2 2 1
12 30 F 0 N - - - - - - + 12 0 1 0
13 34 M 1 N - - - - + - + 21 1 LtFu 1
14 65 M 5 10 - + + - + + + 27 5 3 1
15 31 F 3 N - - - + + + + + 22 3 2 2
16° 31 F 4 N - - + + + + + 30 3 2 2
17° 59 F 1 N - - - - + - + 14 5 1 4
18° 56 M 2 N - - + + - + + + 29 2 2 2
n (%) 3(17) 2(11) 8 (44) 10(56) 9 (50) 9(50) 3(15) 6(30) 8(40) 3(15) 15(88) 2(12) 4(22) 9 (50) 5(28)
Mean 38 1.6 18 33 2.8 5 1.5

mRS: modified Ranking Scale; MRI: magnetic resonance imaging; di: Diencephalon; mes: Mesencephalon; met: Metenchephalon; myel: Myelencephalon GCS: Glasgow coma scale; N: normal; Mo D: Motor deficit; CN D: cranial
nerves deficits; Se D: sensory deficits; Cer D: cerebellar deficits; N*/V*: nausea/vomiting; LtFU: lost to follow up; Y: years.
2 Worsened patients: No 1: Diplopia on Parinaud syndrome; No 2: unable to walk unassisted because of cerebellar ataxia; No 4: Diplopia on internuclear ophthalmoplegia and cerebellar ataxia; No 17: severe Holmes’ tremor.
b Holmes patients.

1032 01pNDD 190 N

bze-S1E (1202) 29 134n11yd0.noN
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Table 2
Locations and size OF 18 BSCM.
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Table 4
Holmes severity evolution.

no Location Size (mm) Patient Holmes severity (months)

di mes met myel <30 >30 1 3 12
1 + ? 4 0 0 2
2 + 21 11 0 2 1
3 + 17 16 0 1 2
42 + + 25 17 2 3 3
5 + 17 18 0 2 2
6 * 25 0: none; 1: light; 2: moderate; 3: sever:
7 + 13 cnone; 1: ight; 27 moderate; 5: severe.
8 + 10
9 + 35
10 + 13 patients’ clinical evolution according to BSCM location and Table 4
g * ?‘2‘ illustrates the evolution of tremor severity over time.

+ . . . .

13 . 21 Interestingly, the mean postoperative mRS of patients with HT
14 + 27 was higher than that of all patients, which shows the impact of this
15 + + 22 symptom on quality of life. No rebleeding or cavernoma recurrence
167 + 30 occurred during the follow-up period.
17¢ + 14
187 + + 29
n (%) 3(15) 6(30) 8 (40) 3(15) 15(88) 2(12) 3.1.4.1. Patient 1. A 51-year-old woman (patient 4) was diagnosed
Mean 18 33

di: Diencephalon; mes: Mesencephalon; met: Metenchephalon; myel.
2 Holmes patients.

Table 3
Surgical details.

N° Surgeon Approach DTI ERP
1 A Trans-tentorial - -
2 A Trans-Magendie - +
3 A Trans-Magendie -

4 A Subvermian - +
5 A Trans-Magendie - -
6 A Trans-sylvian - -
7 A Subvermian - +
8 A Trans-Magendie - +
9 B Trans-T2 + -
10 B Trans-vermian - -
11 A Trans-sylvian - -
12 A Supra-cerebellar - -
13 B Retro-sigmoidal + -
14 B Retro-sigmoidal - -
15 A Trans-tonsillar - -
16 A Supra-cerebellar - -
17 A Fronto-orbito-zygomatic - -
18 A Trans-frontal + -

A: CR; B: GV; DTI: diffusion tensor imaging (DTI); ERP: event-related potential.

3.1.3. Interventions

All but one patient were operated on after their neurological
condition had been stabilized. A surgical preoperative planning was
performed using neuronavigation (Brainlab®, Feldkirchen, Ger-
many). Table 3 shows surgical approach, operator, diffusion tensor
imaging (DTI) and event-related potential (ERP) implementation.

3.1.4. Surgical outcome and complications

GTR was achieved in all patients and there were no surgery-
related deaths. Histopathological examinations confirmed the
cavernoma diagnosis in all cases.

In the immediate postoperative period, the neurological status
ofthree (75%) patient worsened, which was temporary in two cases.

The median hospital stay was 16 days (range 7-28 days), and
the median follow-up period was 2 years (range 1-14 years). For
two patients (40%), the neurological evaluation at the last follow-
up was the same, one patient (20%) had improved compared to the
preoperative period. For 60% of HT and 83% of all BSCM patients,
the mRS score at the last follow-up was good (< 2). Fig. 1 shows

with a left metencephalic cavernoma six years before surgery fol-
lowing a hemorrhage. During the follow up period she experienced
three additional hemorrhages, which led to diplopia on VI left cra-
nial nerve palsy, headache, nausea, sensory deficits and cerebellar
ataxia.

We offered her surgical intervention due to her progressive neu-
rological deterioration and the increasing size of the cavernoma.

During the postoperative course, her symptoms, notably
diplopia, worsened and she was unable to walk without assistance.
Postoperative MRI showed a GTR and she left the hospital for reha-
bilitation 16 days after surgery.

At the three months follow-up, she described a slow, but
progressive improvement of her walking aptitudes while the
neuro-ophthalmologist was taking care of her diplopia. Unfortu-
nately, she ended up leaving our country and her aftercare was
interrupted. At the fourteen years follow-up she complained about
a right-hand tremor that appeared one year after surgery. The
tremor was barely visible at rest but increased significantly with
movement which mad writing and daily activities impossible. Dur-
ing periods of emotional stress, the tremor spreads to the entire
right upper limb. A new MRI showed a bilateral hypertrophic oli-
vary degeneration (HOD), which appeared to be more severe on the
left side and left red nucleus hemosiderin deposits (Fig. 2).

Neurology follow-up has been scheduled in order to start treat-
ment, but the patient did not wish to try any medication.

3.1.4.2. Patient 2. Five months before being admitted into our cen-
ter, this 29-year-old woman (patient 11) developed upward gaze
diplopia, left hemiparesis and vertigo. A cranial MRI showed a
hematoma in the right thalamo-mesencephalic junction (Fig. 3).
Another institution had started treating it with corticosteroids
and obtained the almost complete resolution of the symptoms.
Two months later, following an early pregnancy, she developed
a recurrence of her symptoms. A second MRI showed a probable
tegmentum cavernoma within the hematoma, which had grown in
size. The pregnancy was interrupted, she recovered from her motor
deficits and was operated on two months later by a transylvian
transuncal approach [18].

Immediately after surgery, she suffered from left hemipare-
sis (grade 4) and from right Il and VII cranial nerve palsies
(House-Brackmann 3/6), as well as cerebellar dysmetria. She left
our department to go to rehabilitation eight days after surgery. A
postoperative MRI showed a GTR without surgery-related compli-
cations, with no involvement of the red nucleus but with a fading
of its T2 hypo-signal compared to the other side (Fig. 4).
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mRS preop mRS early postop mRS late postop
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o Holmes, DI, Diencephalon; MES, Mesencephalon; MET, Metenchephalon; MYEL, Myelencephalon ; mRS , modified Rankin Scale

Fig. 1. Clinical evolution (mRS) according to cavernoma location. Holmes, DI, Diencephalon; MES, Mesencephalon; MET, Metenchephalon; MYEL, Myelencephalon; mRS,
modified Rankin Scale.

Fig. 3. Patient 11: A. Preoperative axial T2-weighted MR image showing a cavernoma in the right part of crux cerebri and midbrain tegmentum. B. Postoperative last FUp
T2-weighted brain MRI showing GTR.
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Fig.4. Patient 11: A.Preoperative T2-weighted MR image showing right red nucleus invaded by the BSCM. B. Postoperative T2-weighted MR image showing well individualized
right red nucleus but surrounded by hemosiderin and presenting a fading of its physiological T2 hypo-signal compared to the other side.

Ten days after surgery, while she was recovering from motor
deficits, she developed a left upper limb HT that was rapidly con-
trolled with Levodopa treatment. At the last follow-up, she had
returned to work as veterinarian and was planning on a sec-
ond pregnancy. For this reason, she stopped Levodopa despite the
return of a discreet tremor, compatible with her daily activities.

3.1.4.3. Patient 3. This 31-year-old woman (patient 16) was
referred to us following the discovery of a left mesencephalic caver-
noma, which led to the sudden onset of dysarthria and paresthesia
of her right hemiface (Fig. 5).

At that time, she was 28 weeks pregnant and neurological mon-
itoring was offered in order to continue the gestation up to 34
weeks. Unfortunately, the progressive deterioration of her neuro-
logical state (appearance of right dysmetria, diplopia with III and
VI cranial nerve palsies, right hemiparesis (grade 4), sensory ataxia
and dysphagia) forced her to undergo a c-section under general
anesthesia. This was followed by a complete macroscopic resec-
tion of the cavernoma by a supra-cerebellar approach at 32 weeks
of pregnancy.

After the surgery, her state gradually improved, and all her
symptoms progressively disappeared. She was able to walk with
assistance when she left the hospital for rehabilitation 18 days after
surgery. A postoperative MRI (Fig. 6) showed a GTR without com-
plications, and the presence of a hemosiderin ring surrounding the
red nucleus and involving the substantia nigra.

Four months later, she began to experience HT in the right upper
limb. This was already present at rest but increased with movement
and during emotional stress. A year after surgery, it was no longer
present at rest, but remained severely disabling in her everyday
life. She started a treatment with Levodopa and showed a slight
symptomatic improvement, even after trialing the medication at
the maximum dosage. After some time on Primidone treatment at
250 mg, her tremor improved enough to allow her to take care of
her child but remained too severe to return to work.

3.1.4.4. Patient 4. Two years before surgery, this 59-year-old
woman (patient 17) was diagnosed with a left midbrain cavernoma
following a hemorrhage, which led to an upward gaze diplopia.

A conservative treatment with Propanolol was initiated, but due
to the aggravation of her vertical strabismus and the increasing size
of the cavernoma, a surgical intervention was proposed (Fig. 7),

with an eventual transuncal approach being carried out. She could
not be extubated until the second postoperative day because she
was slow to regain consciousness.

During the postoperative period she suffered from a right facial
palsy (5/6 on House-Brackmann scale), a complete paralysis of the
left oculomotor nerve, dysarthria, right hemiparesis (grade 2) and
swallowing disorders (requiring the placement of a nasogastric
tube). Two weeks after surgery, while she was slowly recovering
from her deficits, she started to experience right upper limb HT.
She began treatment with Levodopa and showed signs of improve-
ment. HT was already present at rest, but increased significantly
during posture, and especially in stressful and anxious states. She
was transferred to the rehabilitation center 28 days after surgery.

While the medulla looked preserved on the initial study, a post-
operative MRI showed a GTR and the appearance of a bilateral
hypertrophic olivary degeneration (HOD), which was more severe
on the left side (Fig. 8). One year after surgery, the patient had
almost completely recovered from her hemiparesis, but still exhib-
ited a complete paralysis of the left oculomotor nerve, as well
as severe dysarthria. Despite trialing Levodopa at the maximum
dosage and the concomitant Gabapentin, she still suffered from a
predominantly located in the right-side HT, which was exacerbated
by emotional situations. The patient was forced to leave work and
remains dependent on others for daily living. A possible treatment
with DBS has been proposed, but so far, it has been refused by the
patient.

3.1.4.5. Patient 5. This 56-year-old man (patient 18) was followed
for four years for a left thalamo-mesencephalic cavernoma involv-
ing the red nucleus and substantia nigra. He had suffered from
two bleeding episodes. Surgical treatment was offered due to the
increasing size of the cavernoma as well as the appearance of
dysarthria, lingual paresthesia, dysmetria and fine motor disorders
which made it impossible for him to write, despite a Propanolol
treatment. A heterolateral trans-frontal transventricular approach
was carried out. A postoperative MRI confirmed GTR (Fig. 9). Dur-
ing the postoperative course, the preoperative symptoms persisted,
with a slightimprovementin writing, but the appearance of de novo
right hypoesthesia.

Three months after the surgery, he began to experience a HT in
the right upper limb. It was refractory to treatment with Levodopa,
Gabapentin and Primidone titrated to maximum doses. A left GPi
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Fig. 6. Patient 16: A. Preoperative axial T2-weighted brain MRI showing left red nucleus smaller than the contralateral side and surrounded with edema. B. Postoperative
axial T2-weighted brain MRI showing disappearance of the edema but the presence of hemosiderin around the nucleus and in the substantia nigra.

Fig. 7. Patient 17: A. preoperative axial T2-weighted MR image showing a cavernoma in the left antéro-médian midbrain. B. Postoperative lastFUp T2-weighted brain MRI
showing GTR by transuncal approach
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Fig. 8. Patient 17: A. preoperative axial T2-weighted MR image showing normal bulbar olives. B. Postoperative last FUp T2-weighted brain MRI showing HOD with

hyperintensity of both inferior olivary nuclei.

Fig. 9. Patient 18: A. preoperative T2-weighted brain MRI showing the mesencephalic cavernoma with involvement of red nucleus and substantia nigra. B. Postoperative
T2-weighted brain MRI showing the resection cavity undertaking the normal localization of the red nucleus.

and VIM DBS treatment was implanted under general anesthesia.
The position of the electrodes was confirmed by an intra-operative
cone beam cranial CT. The results of Vim and GPi stimulation was
assessed independently and in combination. At six months follow
up the greatest improvement was achieved with stimulation of the
GPi alone, resulting in a 67% reduction in tremor evaluated with the
Fahn-Tolosa-Marin tremor rating scale.

4. Discussion

Because of the high threat of neurological impairment after a
hemorrhage and the increasing risk of rebleeding, most authors
recommend surgery after at least one bleeding episode from
an accessible symptomatic BSCM [1,3-5,7,11-14,16,19,22]. In our
institution, we initially proposed a conservative treatment with
Propanolol, but due to the lack of evidence on the effectiveness
of this treatment, we are currently recommending surgical man-
agement after several hemorrhages.

A correlation between the incidence of cavernous malforma-
tion hemorrhages and being female has been reported, as well
as an increased incidence of these occurring during pregnancy
[10,11,13,34].In our center we found a female preponderance, with
two patients suffering from hemorrhages during pregnancy. HT
was also preponderant in female patients in our series as well as
in the largest series of HT reported [31]. The majority of patient
with HT after BSCM surgery reported in the literature are women
[18,28,32].

4.1. Rebleeding

Complete resection was achieved in all our patients. GTR asso-
ciated with minimal normal brain involvement was the main goal
of surgery, considering that partial resection exposes the patient
to an increased risk of neurological deficits due to rebleeding. As
reported by Cenzato et al. [23], BSCM remnants present a hemor-
rhage rate of at least 40%. However, rebleeding may arise even after
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acomplete resection [15,16]. De Oliveira [25] et al. reported a 15.5%
recurrence rate after a MRI confirmed the GTR, and for this reason,
in our hospital institution, we recommend follow-up imaging for
several years after surgery as a way to identifying any progression
or recurrence.

4.2. Holmes tremor

HT has been described in association with multiple different eti-
ologies affecting cerebellar outflow pathways or the area of the red
nucleus: trauma, tumors, neurodegenerative disease, radiotherapy,
infectious or vascular conditions [29,31,32,35]. We researched the
presence of tremor in a large literature review of BSCM studies, with
only three authors reporting this complication in their papers.

Huangetal.[13] reported a rubral tremor in one patient that was
operated on via a trans-vermian approach, but failed to mention the
exactlocation of the cavernoma. Zaidi et al. [ 16] reported two rubral
tremors in their surgically treated BSCM study, one of the largest
series in the literature to date.

Wang et al. [34] described preoperative red nucleus tremor in
three patients with midbrain lesions. According to the literature,
all our patients with HT had BSCM located in the mesencephalon.
Although despite a long preoperative follow-up, none of them pre-
sented HT before surgery.

A specific literature search looking for the association of HT and
cavernomas only found case-reports.

Seidel et al. [28] described HT nine months after surgery for a
left-sided mesencephalic cavernoma on a 16-year-old-girl. Just like
in our series, her tremor worsened during times of emotional dis-
tress and ceased during sleep. The resting component of her tremor
improved with a Pramipexole treatment and her postural tremor
improved with an additional dose of L-Dopa. As reported in previ-
ous studies [29-31], HT shows an involvement of not only the red
nucleus, but also of the dopaminergic nigrostriatal and cerebello-
thalamic systems that produce the combination of rest and kinetic
tremor.

Rojas et al. [32] reported a left sided HT a few weeks after a
surgery for an extensive cavernous angioma involving the right
mesencephalon with diencephalic and thalamic extension on a
33-year-old right-handed female, without any relevant medi-
cal history prior to the BSCM bleeding. Her tremor did not
respond to classical drugs used in HT patients such as Pramipex-
ole, Levodopa/Carbidopa, Valproic acid, Levetiracetam, Quetiapine,
Gabapentin, Clonazepam and Agomelatine, all of them titrated to
their maximum dosage. Instead, an improvement of her tremor was
observed after titration of Topiramate to 100 mg/day.

Raina et al. [31] reported in the largest series of HT in the litera-
ture to date, a series of 29 patients with different etiologies. Three
patients from this series exhibited HT after hemorrhages from a
BSCM. Like in our series, all patients had at least one associated
neurologic manifestation involving the same body region as the
tremor. They describe a 54.16% improvement due to a Levodopa
treatment, in our series only one patient (25%) presented signi-
ficative improvement under Levodopa treatment. No significant
differences were found in the doses of Levodopa used on the group
which improved when compared with the group with no response.

Still being studied is pathogenesis of HT with the involvement
of dopaminergic nigrostriatal and cerebellothalamic systems hav-
ing been described in previous studies [28,29,31,36]. Furthermore,
it appears that a dysfunction of the olivocerebellar system is also
thought to be responsible for HT. Even ifit is usually associated with
palatal tremor, HOD in HT patients had previously been reported
[37-39]. In our series two HT patients showed HOD on the postop-
erative MRI. Interestingly patient n°® 17 developed HT two weeks
after surgery while patient n° 4 did not notice the onset of the
tremor until a year after surgery. Cosentino et al. reported two
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cases of midbrain vascular lesions at the level of the commissure of
Wernekinck associated with HT and bilateral HOD without palatal
tremor. Bilateral HOD can be seen after lesion of both superior
cerebellar peduncle and central tegmental tract or, in the event
of midline injury located at the level of commissure Wernekinck.
HOD is considered to be associated to the late occurrence of HT,
the delay between brainstem lesion and HT varies in the litera-
ture but generally arise at around four weeks to two years. This
may be associated to trans-synaptic degeneration, secondary to
disruption in the dento-rubro-olivary pathway referred to as the
Guillain-Mollaret triangle [29,36-38].

For other authors the latent period before occurrence of HT is
induced by the plasticity of the affected systems, particularly the
nigrostrial system [29].

The heterogeneity of the responses to the medical treatment
and the tremor improvement to different classes of drugs indi-
cates that multiple patho-physiological phenomena may lead to
the development of HT. This observation is even more important
when considering surgical treatments such as DBS. Indeed, VIM
stimulation, although very effective in some patients, has shown
very limited reduction in the proximal component of HT and in
the action component of distal tremor in other subjects [26,29,31]
Aydin et al. [29] reported the case of a 30-year-old man with a
left upper limb HT six months after resection of a right posterior
ponto-mesencephalic cavernoma by a trans-telovelar approach. As
in our series, they described an involvement of the contralateral
tegmentum, red nucleus and substantia nigra. L-dopa and Keppra
treatment were ineffective. Starting from the idea that HT is related
to both the motor striatal and thalamic circuits, they implanted
DBS electrode at two different targets (VIM and GPi) for the neu-
romodulation of these circuits. Following the same idea, we used
those targets for patient 18. Interestingly, in our patient, the great-
est improvement was not obtained from combined stimulation but
with GPi alone.

When we analyze the outcome after BSCM surgery at our insti-
tution, even if most patients had maintained a stable neurological
status at the last follow-up, we note a neurological degradation
of 15% of those who have not developed HT, compared to 40% of
patients presenting this complication. This observation allows us
to understand the adverse effect of HT on quality of life.

This underlines the importance of additional studies to better
recognize the role of lesions in each different pathway in the patho-
genesis of HT in order to find the best surgical targets and improve
chances of a successful surgery.

5. Limitations

The major limitation of this study is the small number of patients
and its retrospective nature. Clinical outcomes were determined on
a retrospective evaluation of chart data, which can be difficult as
they are susceptible to information bias.

This study reports only on surgically treated BSCM without
any comparison to the conservative treatment, which prevents the
highlighting of irrefutable indications.

6. Conclusion

Performing surgery to treat BSCM is a challenging procedure,
associated with potentially severe morbidity. It remains however
the first treatment option after symptomatic hemorrhage, con-
sidering the high rebleeding rate. The risk for HT after surgery is
significant for midbrain BSCM. We report an original single-center
series of patients presenting with HT following midbrain caver-
noma surgery. Our series shows the heterogeneity of the treatment
response and the possibility of spontaneous favorable evolution.
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Further investigation and a DBS implantation on a larger series
could provide treatment guidelines to improve the quality of life
of patients suffering from drug-refractory HT.
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