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Background Hypertrophic olivary degeneration (HOD) is a unique type of neuronal degeneration presenting

as hypertrophy, in contrast to atrophy as seen in most cases. It presents with classical characteristic clinical features
due to involvement of dentate-rubral-olivary pathway, also described as triangle of Guillain and Mollaret formed

in midbrain, pons and cerebellum. It can be idiopathic or secondary to infarction, bleeding, tumours, trauma or demy-
elination. However, the mechanism is still unclear. Herein, we present a case of HOD that had developed after post-
traumatic pontine and midbrain haemorrhagic contusion.

Case presentation A young male patient presented with progressively increasing tremors of both hands, inability

to walk and multiple cranial nerve palsy. Magnetic resonance imaging demonstrated bilateral inferior olivary nucleus
enlargement and signal changes seen as T2 and T2-FLAIR hyperintensities and non-enhancing T1 iso-intensities.
Based on these features, diagnosis of HOD was made. Patient was kept on conservative management and his condi-

Conclusions Hypertrophic olivary degeneration is a unique neuronal degeneration with typical clinical manifesta-
tions and distinct imaging features. Proper and early recognition and multidisciplinary treatment approach can result

Keywords Hypertrophic olivary degeneration, Guillain-Mollaret triangle, Dentate-rubral-olivary pathway, Holmes

Background

Dentatorubro-olivary pathway (DROP) is a circuit
formed by synapses in the brainstem and cerebellum
involving inferior olivary nucleus (ION) and red nucleus
(RN) on the same side and dentate nucleus (DN) from the
opposite side forming a triangle also known as Guillain—
Mollaret triangle (GMT)[1] (Fig. 1). It basically modu-
lates the motor activity mediated by spinal cord. It was
first described by Oppenheim in 1887 in a post-mortem
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study [2]. In 1931, Guillain and Mollaret studied this
pathway extensively [3]. The arms of the GMT are
formed by central tegmental tract (CTT) connecting the
RN with ION, inferior cerebellar peduncle (ICP) con-
necting the DN and ION and superior cerebellar pedun-
cle (SCP) connecting the DN and RN. Patients with
hypertrophic olivary degeneration (HOD) present with
classical signs and symptoms of nystagmus (ocular myo-
clonus), cerebellar ataxia, palatal myoclonus and Holmes
tremor (affecting upper limbs) [4—6]. Signal alterations
in the ION can be seen on MRI which is the preferential
imaging method [7]. Sometimes metastasis or tumour
recurrence may mimic these signal changes rendering the
diagnosis difficult. In patients with injury to brainstem
and cerebellum, if these clinical features present during
the course of treatment or improvement, the possibility
of HOD should be considered. The management of HOD
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Fig. 1 Guillain-Mollaret triangle: (RN—red nucleus, DN—dentate
nucleus, ION—inferior olivary nucleus)

is mainly pharmaceutical. Rehabilitation can be beneficial
for patients with limb dysfunction or in patient of post-
traumatic brain injury [8]. Herein, we present a case of
HOD which had developed after head injury.

Case presentation

A twenty-four-year-old male patient presented in Neu-
rology department with complaints of progressively
increasing tremors of both hands for past three months
exaggerated by posture and activity, along with bilateral
vertical nystagmus, inability to walk and multiple cranial
nerve palsy. The patient also complained of increased
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involuntary movement of the tongue and mouth. On clin-
ical examination, both hands exhibited persistent rhyth-
mic and involuntary tremors classically known as Holmes
tremors (Video 1), the left eyeball slightly clustered with
medial deviation, left-sided deviation of tongue on pro-
trusion (Video 2), instability on left hand finger-nose test,
instability on walking and dysdiadochokinesia.

Patient had past history of road traffic accident one
year back, for which he was admitted in the Emergency
medicine department of our institute. From the Hos-
pital Information system of our institute, we retrieved
clinical details of his previous hospitalization. At the
time of admission, he was unconscious with Glasgow
Coma score of E2V2M5 and right-sided hemiparesis. On
clinical examination, there was left third and sixth nerve
palsy. The rest of the cranial nerves could not be exam-
ined. A clinical diagnosis of diffuse axonal injury was
made. Non-contrast computed tomography performed at
that time revealed haemorrhagic contusion with adjacent
oedema on the left side of the midbrain and pons (Fig. 2).
Magnetic resonance imaging (MRI) was performed for
further evaluation which revealed same findings, i.e.
haemorrhagic contusion involving left side of mid brain
and pons (Fig. 2). No other positive finding was present
in the rest of the brainstem, cerebrum or cerebellum.
Patient was treated conservatively and discharged after
one week in stable condition on Ryle’s tube feeding under
supportive care. He regained consciousness in one month
time. As per history given by relatives, his hemiparesis
also improved and he started walking with support. His
condition gradually improved until he started developing
complaining involuntary hand movements for which he
had recently presented.

MRI was advised for evaluation of the cause of trem-
ors. It revealed haemosiderin staining (as a result of old

Fig. 2 Non-contrast CT performed few hours after road traffic accident showed hyperdense haemorrhagic contusion in the midbrain and pons

on left side (arrow)
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contusion) in midbrain and pons with surrounding gliosis
(Fig. 3). Both inferior olivary nuclei (ION) were hypertro-
phied along with T2 and T2-FLAIR hyperintensities and
non-enhancing T1 iso-intensity. No evidence of diffusion
restriction or blooming on Gradient echo sequence was
noted (Figs. 4, 5). The diagnosis was challenging; how-
ever, after careful consideration of clinical manifestations
and imaging findings, a diagnosis of HOD was made.

On admission, clonazepam and levetiracetam
were added to suppress tremors. Patient was kept on
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medications and rehabilitation for one month, which
was ensured by relatives, his tremors were reduced and
only slight nystagmus was noted. There were no adverse
and unanticipated events throughout this period. He
was advised to continue with medication and support-
ing care and remain in regular follow-up.

Fig. 3 MRI performed next day, demonstrated T2 and T1 hypointense haemorrhagic contusion in midbrain and pons on left side with surrounding

oedema (arrow)

Fig.4 MRI performed 1 year later, at the level of the midbrain shows changes of chronic bleed [marked with arrow] on AT2WI, BT1WI, C
diffusion-weighted image, D GRE sequence and E post-contrast fat supressed T1WI. MRI at the level of the medulla shows F hyperintensity
and enlargement of ION on T2WI, G iso-intense on T1WI, H no hyperintensity on DWI, I no blooming on GRE and J no post-contrast enhancement
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Fig. 5 Hypertrophic olivary degeneration MRI: T2 hyperintensity with enlargement of the inferior olivary nucleus in axial and coronal planes (A, B)

Discussion

HOD is due to neuronal degeneration in the form of
hypertrophy of neurons rather than atrophy which is
commonly seen. The pathophysiology of HOD can be
understood by its development in six stages [9, 10]. In
the first stage, no abnormality is detected in the ION.
Second stage shows ION degeneration seen as mild neu-
ronal hypertrophy without glial proliferation on micros-
copy during 3 weeks, In the third stage, ION hypertrophy
is seen due to both proliferation of both neurons and
astrocyte during 6 months which can be attributed to
the loss of GABA (Gamma-aminobutyric acid)-medi-
ated inhibition of RN over ION. Fourth stage shows ION
enlargement and fifth stage shows persistent pseudohy-
pertrophy (with dissolution of neurons) which remains
up to 3—4 years. In the final stage after few years, neu-
ronal loss leads to atrophy [11, 12]. HOD can be unilat-
eral or bilateral. Usually in unilateral HOD, lesion and
affected ION show causal association but no attribut-
able structural lesions found in most of the bilateral
HOD [13, 14]. Causes of unilateral and bilateral HOD
may or may not be similar. Commonly DROP lesion can
lead to unilateral HOD. Unilateral HOD can be attrib-
uted either due to ipsilateral primary lesion affecting
RN/ CTT or due to contralateral primary lesion affect-
ing DN or SCP. Bilateral HOD can be either idiopathic or
due to lesions involving bilateral DROP pathway [7]. In
a study, in patients with HOD undergoing MRI, approxi-
mately 44% patients had no identifiable lesions in the
DROP and out of them; approx. 45% even had no lesions
outside the DROP pathway [13]. This means that bilat-
eral HOD is usually due to neurodegeneration, which

can be consolidated by a study of paediatric cases with
ION involvement showing neurodegeneration [15]. In
our case, haemorrhagic contusion in the left midbrain
and pons caused bilateral HOD. Few gene mutations like
polymerase gamma gene (POLG), SIRF1, TTC19 and
AIFM1 encoding mitochondria have shown associations
with bilateral HOD [16-21].

The classical clinical features of HOD are ataxic gait,
nystagmus, myoclonus of palate, soft palate tremor and
limb clonus. Out of these, palatal myoclonus may not be
seen in all HOD patients. Terao et al. reported absence
of palatal myoclonus in two patients [22]. Our patient
presented with mouth and tongue myoclonus. Limb clo-
nus is predominant in upper extremity, usually unilateral,
with very rare truncal or lower extremity spread [23-25].
Some posture or intention may instigate them which do
not appear in sleep [26]. The tremors are thought to be
due amplification of low-frequency oscillations by cere-
bellum due to GMT injury [27, 28], while ION degenera-
tion leads to abnormal function of cerebellum leading to
ataxia. [29, 30].

Best imaging modality to diagnose HOD is MRI
which usually shows increase bulk of olivary nucleus
with hyperintense signal on T2-weighted imaging and
non-enhancing iso-intense to hypointense signal on
T1-weighted imaging. T2-weighted imaging can pick
up signal changes from one month which can be seen
well during 8—18 months before normalising completely
around 3-4 years [31, 32]. Diffusion tensor imaging
(DTI) has been found useful in determining the severity
of disease by analysing fibres of tracts of white matters
[33]. Cheng et al. described DTI findings in two patients
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of pontine haemorrhage which showed the interruption
and sparse of the left cortico-pontine tracts [34]. HOD is
differentiated from T2 hyperintensity of the ION on MRI.
Imaging is not satisfactory for early detection of disease.

HOD was first described by the Oppenheim in 1887
based on his post-mortem study [2]. But it took years
to comprehend the pathophysiology of this entity until
Guillain and Mollaret described HOD in a patient with
oculopalatal myoclonus and a lesion on the ION. They
also detailed the anatomy of this condition and named
it the Guillain-Mollaret triangle [3]. MRI findings in
a case of HOD were first reported by Sperling in 1985.
Since then, many case series and case reports have been
published in the literature [35]. A series of 11 cases was
published by Yun JH et al. They described development
of HOD after surgical resection or gamma knife radiosur-
gery for brainstem cavernous malformations [36]. Horn-
yak M reported a series of four patients who developed
delayed HOD after surgical resection of pontine lesions
[37]. Carr et al. performed a retrospective study on 102
patients with radiology findings consistent with HOD.
They found that 76% patients had bilateral ION lesions
and in 44% of the cases, a lesion could not be identified to
explain HOD. They also found that bilaterality was more
common in the non-lesional group [14]. Tommaso et al.
retrospectively evaluated 58 patients who underwent
surgery for posterior cranial fossa tumours. They found
T2 signal alterations in ION in 19 cases (15 bilateral and
four unilateral) and olivary hypertrophy in only 7 cases.
Dentate nucleus damage was present in all cases [38].
Yuki et al. reported MR findings of HOD after surgical
resection of brain tumour in seven cases. All cases dem-
onstrated T2 hyperintensity with olivary hypertrophy
in 5 cases. Two patients showed both enlargement and
T2-hyperintensity of the ION on initial follow-up MRI,
whereas in three patients ION enlargement appeared on
serial follow-up MR images [10]. The only limitation of
our study is that it describes a single case.

Usually, conservative management of HOD results in
spontaneous resolution of symptoms. Some drugs likely
levodopa, carbamazepine, propranolol, tiapride and clon-
azepam are used for treatment. Levetiracetam is antiepi-
leptic drug which has shown to reduce tremor, dyskinesia
and myoclonus [39]. Most drugs may not completely con-
trol tremor. In severe or refractory cases, deep brain
stimulation has shown promising results [39]. In our
case, after oral administration of clonazepam, levodopa
and gabapentin, tremor was significantly reduced. Dis-
turbance in motor control can be attributed to the bal-
ance and sensory disorders and ataxic gait in our patient
which made difficulties in rehabilitation. Few cases of soft
palate clonus have been managed successfully with local
botulinum toxin injection [40—42].
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Conclusions

Multidisciplinary approach is essential for successful
diagnosis and management of this rare subset of neu-
ronal degeneration. Hypertrophic olivary degeneration
usually presents with classical clinical features which
can be correlated to the imaging findings of increased
volume and signal changes of inferior olivary nucleus.
The disease can be idiopathic or may manifest months
after the primary causal lesion (like haemorrhage in our
case).

Abbreviations
cTT Central tegmental tract

DN Dentate nucleus

DROP  Dentate-rubral-olivary pathway
DTl Diffusion tensor imaging

FLAIR  Fluid-attenuated inversion recovery
GMT Guillain-Mollaret triangle

HOD Hypertrophic olivary degeneration
ION Inferior olivary nucleus

MRI Magnetic resonance imaging

RN Red nucleus

SCP Superior cerebellar peduncle
TIWI  T1-weighted imaging

T2WI  T2-weighted imaging
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