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Abstract
Hypertrophic Olivary Degeneration (HOD) is a rare degenerative
disease that causes hypertrophy rather than atrophy. The classical presentation of HOD is palatal myoclonus but HOD may also present with
tremor, and stiffness in the extremities. In this paper, case report 1 was
a man aged 46 years with HOD and Holmes tremor spreading to the
head, trunk and bilateral upper and lower extremities after pontine
hemorrhage. In case report 2, a 50-year-old man with HOD displayed
a sense of stiffness in his left upper and lower extremities after pontine hemorrhage. Although pontine hemorrhage may cause tremor
and stiffness in the late period, the development of focused imaging
promotes and improves HOD diagnosis. HOD related symptoms can be
partially ameliorated by the described medication and rehabilitation
regimen.
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Introduction
Hypertrophic inferior Olivary Degeneration (HOD) is a transsynaptic degenerative disorder secondary to dentate nucleus
- red nucleus - inferior olivary loop (Guillain-Mollaret Triangle)
lesions, mostly secondary to hemorrhage, infarction, and/or
trauma of the midbrain, pons, or cerebellum [1,2]. The classical presentation of HOD is palatal myoclonus and the clinical
features include dizziness, diplopia, nystagmus and ataxia. HOD
may also present with Holmes Tremor (HT), mainly unilateral in
the upper extremity. Tremor in the head, extremities and trunk
is infrequent. Stiffness in the extremities secondary to HOD is

also rarely reported. Magnetic Resonance Imaging (MRI) shows
increased T2 signalling confined to the inferior olivary nucleus after stabilization of the primary lesion [3]. Due to lack of
knowledge of the condition, a high rate of misdiagnosis, and
ineffective treatment is presumed. The treatment of HOD to
date has been mainly pharmaceutical. Rehabilitation is important, especially for patients with limb dysfunction although only
one report was located regarding the rehabilitation treatment
of HOD, caused by a traumatic brain injury [4]. In this paper, the
clinical and imaging data of two HOD cases was analyzed and
is discussed regarding clinical characteristics and rehabilitation
treatment.
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Case reports
Case report 1
A man aged 46 years was admitted to the emergency department with sudden headache, dizziness, nausea and vomiting, followed by disturbance of consciousness for 2 hours.
Non enhanced computed tomography performed on admission
depicted hemorrhage on the left side of the pons, with minor
involvement of the right side. The patient had a history of hypertension, type 2 diabetes mellitus, hyperlipidemia, cerebral
infarction, and a long history of smoking and alcohol ingestion
but denied any history of drug or food allergy.
The patient received treatment consisting of diuresis, antiinfection, hemostasis, acid inhibition, brain protection, electrolyte balance adjustment, and blood pressure control. The condition was stabilized and the patient discharged after 2 weeks of
hospitalization, with right-sided hemiparesis and paraesthesia,
ophthalmoplegia, and dysarthria. After discharge, the man continued to receive comprehensive rehabilitation therapy including physical and occupational therapy, acupuncture and electrical stimulation on the right extremities. The patient’s right limb
activity and numbness were improved at three months assessment. He could sit and stand independently and walk several
steps with minimal assistance.
Nearly six months after the insult, he presented with involuntary tremor of the head, trunk, and bilateral upper and
lower extremities exacerbated by posture and activity. Tremor
was more pronounced at the upper extremities, accompanied
by vertical nystagmus of both eyes and ataxia. Tremor was absent during sleep. On cranial Magnetic Resonance Imaging and
Diffusion Tensor Imaging (MRI and DTI), there was prominent
enlargement and T2 hyperintensity observed for both Inferior
Olivary Nuclei (ION), and the left corticopontine tract was locally interrupted and sparse (Figure 1). A diagnosis of HOD was
made based on clinical manifestations and the results of imaging examinations.
On admission to rehabilitation, clonazepam (0.5 g tid) was
added to suppress tremors, antihypertensive (nifedipine sustained-release tablet 20 mg qd), lipid-lowering (atorvastatin
calcium tablets 20 mg qd), and glucose-lowering therapies
(acarbose capsules 100 mg tid). A 3 hours/day, 5 days/week
rehabilitation programme was designed for one month, including mobility training, upper extremity fine motor skills training,
strengthening exercises, and exercises for dysarthria, coordination and balance training. After one month of regular medication and rehabilitation, the tremor of the patient’s head, extremities and trunk was significantly reduced, and only slight
nystagmus was noted. The patient showed good sitting balance
(BOBATH balance from level 0 to level 1), standing with minimal assist (BOBATH balance from level 0 to nearly level 1) and
improvement of Fugl-Meyer upper extremity motor score from
20 to 42 points and BADL score from 28 to 40 points between
start and end of rehabilitation program. Dysarthria was also improved from 13a to 19a (Frenchay Dysarthria Assessment).
Case report 2
A 50-year-old man presented to the emergency department
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Figure 1: (A) Axial FLAIR image showing focal cerebral hemorrhage
in the dorsal pontine. (B) DTI showing the left corticopontine tracts
locally interrupted and sparse. (C) Axial T1-weighted image showing localized low-signal nodules in the medulla oblongata. (D) T2weighted image showing localized high-signal nodules in the medulla oblongata.

with sudden left hemiparesis, right facial paralysis, hypoesthesia, ataxia, ophthalmoplegia and slurred speech. The patient
had a history of hypertension and hyperlipidemia, but denied
any drug or food allergy history. Non enhanced computed tomography performed on admission revealed hemorrhage on
the right side of the pons. After conservative treatment, the patient was discharged with severe hypoesthesia and ataxia. With
continued post-discharge rehabilitation, the movement of left
extremities, hypoesthesia, dysarthria, balance and ataxia were
improved.
Nearly seven months after initial presentation, the patient
re-presented complaining of stiffness in his left upper and lower extremities, more obvious and persistent in the upper limb,
persistent and aggravated by activity. MRI and DTI examination
showed enlarged and remarkable T2 hyperintensity in bilateral
ION, and the right corticopontine tract was locally interrupted
and sparse (Figure 2). Combined with the MRI findings and
symptoms, a diagnosis of HOD was made.
The patient was prescribed oral antihypertensive (fosinopril
tablets 10 mg qd), lipid-lowering drug (atorvastatin calcium tablets 20 mg qd), and relief of the sense of stiffness (Gabapentin
0.3 g tid, dopamine 0.25 g tid, clonazepam 0.5 g tid, baclofen
10 mg tid). A 3 hours/day, 5 days/week rehabilitation plan was
scheduled for one month, including stretching of the left upper and lower extremities, scapula and pelvis stability training,
sit-to-stand transfer activity, knee control and walking training,
upper extremity fine motor skills training, coordination training, and Mendelssohn technique. Acupuncture treatment in left
extremities and right face and scalp was used for dredging the
meridians and circulation. After one month of regular medication and rehabilitation, the patient had no improvement in the
feeling of stiffness of his left extremities, but improvement of
Fugl-Meyer upper extremity motor score from 40 to 50 points
and BADL score from 70 to 75 points between start and end
of rehabilitation program. He could sit independently (BOBATH
balance from level 1 to nearly level 2), and stand for a short
time (BOBATH balance from level 0 to nearly level 1), and his
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speech function was improved from 19a to 24a (Frenchay Dysarthria Assessment).

Figure 2: (A) Axial FLAIR image showing focal cerebral hemorrhage
in the dorsal pontine. (B) DTI showing the right corticopontine
tracts locally interrupted and sparse. (C) Axial T1-weighted image
showing localized equal-signal nodules in the medulla oblongata.
(D) Axial T2-weighted image showing localized high-signal nodules
in the medulla oblongata.

Discussion
HOD is a transsynaptic degeneration of neurons caused by
changes in the connections among neurons in the cerebellar dentate nucleus, midbrain red nucleus and inferior olivary
nucleus of medulla oblongata. Nerve fibers from the dentate
nucleus pass through the superior foot of the cerebellum to
the contralateral red nucleus and interact with the cerebellar
arm along the pathway. Nerve fibers from the red nucleus descend through the central tegmental tract to the inferior olivary
nucleus, and nerve fibers from the inferior olivary nucleus pass
through the inferior foot of the cerebellum to the contra lateral
dentate nucleus. The loop was first described in 1931 by Guillain
and Mollaret, also known as the Guillain-Mollaret anatomical
Triangle (GMT) [5]. When the lesion is located in the red nucleus
or central tegmental tract, it often results in ipsilateral hypertrophy of the olivary nucleus. In contrast, if the dentate nucleus
or the superior foot of the cerebellum is insulted, degeneration
would happen in the contralateral ION. Bilateral hypertrophic
inferior olivary degeneration is usually caused by simultaneous
damage to the red nucleus or central tegmental tract, as well
as to the dentate nucleus or the superior foot of cerebellum.
Destruction of the inferior olivary efferent fibers will not cause
HOD [6]. In case one, the hemorrhagic lesion involved the bilateral tegmental tract of the pons, and in case two, the lesion
involved the ipsilateral tegmental tract of the pons and the upper cerebellar foot. MRI of both patients showed bilateral hypertrophic inferior olivary degeneration.
The pathological evolution of HOD can be divided into 6 periods [7,8]: stage 1: At the early stage of the disease, there is
no abnormality in the ION; stage 2: Degeneration of the ION,
pathological hypertrophy with no glial proliferation under microscopy after approximately 3 weeks; stage 3: Hypertrophy of
the ION due to neuronal and astrocyte proliferation after approximately 6 months; stage 4: Significant hypertrophy and enlargement of the ION; stage 5: Pseudohypertrophy of the ION
(disintegration of neurons and astrocytes), remaining for 3–4
years; and stage 6: ION atrophy due to neuronal loss after a few
years.
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The clinical manifestations of HOD mainly include palatal
myoclonus, nystagmus, ataxia, limb clonus or severe tremor,
among which palatal muscle tremor is the characteristic manifestation of the disease [9,10] however, not all patients with
HOD show palatal myoclonus. Two patients reported by Terao
et al [11] presented with limb clonus and nystagmus, but no
palatal myoclonus. In addition to the primary disease, the clinical manifestations of case one mainly included tremor in the
Head, Trunk and Extremities (HT) and nystagmus, without palatal myoclonus. The presentation of HOD with HT spreading to
the lower extremities and trunk is very rare [12,13]. HT is characterized by tremor that is induced by posture and intention
and disappears during sleep [14]. It generally appears in one
upper extremity [15]. The mechanism of tremor may be related
to damage of the GMT when the cerebellum amplifies low-frequency oscillations [16,17]. The mechanism of ataxia is related
to the effect of ION degeneration on cerebellar function. The
inferior olivary degeneration leads to the reduction of crawling fibers, progressive degeneration of purkinje cells, and the
gradual release of inhibition of deep cerebellar nucleus cells,
resulting in ataxia [18,19].
The diagnosis of HOD depends mainly on head MRI and DTI.
On MRI, the ION show increased volume, localized high-signal
nodules on T2‑weighted images, and equal or low signal on
T1WI, with no enhanced signal. The lesion can be seen as early
as 1 month after onset on T2WI, most clearly at 8 months, still
visible at 18 months, and disintegrated 3-4 years later [20,21].
DTI, as a new functional MRI technology, has been preliminarily
applied in clinical work of central nervous system diseases such
as stroke, brain tumor, neurodegenerative disease, demyelinating disease and mental disease by three-dimensional reconstruction of white matter fiber tracts and analysis of their integrity to assess the severity of disease [22]. HOD is distinguished
primarily from T2 hyperintensity on MRI of the ION. Infarction,
tumor, demyelination, infection, or inflammatory disease of the
medulla oblongata may also present. However, most of these
can be identified by clinical and supplementary examination.
The secondary T2WI hyperintensity of distant sites, is different
from other disease manifestations. However, imaging examination has a lag and is not suitable for early diagnosis of disease.
Mutations in POLG and SURF1 genes cause mitochondrial production and metabolism disorders, which significantly increase
the risk of HOD [23]. Therefore, genetic testing of patients after
brain stem and cerebellar injury can help predict HOD.
HOD is a self-limiting disease in which the olivary nucleus
gradually atrophies and the symptoms are gradually relieved
without any targeted treatment. The drugs used to treat tremor
include clonazepam, carbamazepine, levodopa, artane, tiapride
and propranolol. Most drugs relieve but may not completely
control tremor. Severe tremor may also be amenable to deep
brain stimulation [24]. In case one, after oral administration of
clonazepam during hospitalization, nystagmus almost resolved,
trunk and extremity tremor was significantly reduced and independent sitting and standing position were restored. To our
knowledge, there has been no literature reporting the treatment of secondary extremity stiffness. Case 2 received oral gabapentin, levodopa, clonazepam and baclofen successively, but
the treatment effect was suboptimal. Since clinical manifestations of HOD often overlap with primary manifestations, sensory input, core trunk control, balance and ataxia training are
mostly performed in rehabilitation for common clinical manifestations [21]. Sensory disorders, balance disorders and ataxia
were the root causes of motor control disorders in the two de-
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scribed cases, and also created difficulties in rehabilitation.
Sensory disorders can be divided into superficial sensory
disturbance, proprioceptive and complex sensory disorders.
Clinically, mecobalamin, nerve growth factor, gabapentin, pregabalin, duloxetine and amitriptyline are often prescribed. Superficial sensory rehabilitation training is carried out through
physical therapy and occupational therapy such as Rood therapy, needle-tip stimulation, alternating hot and cold stimulation,
rapid brush and other methods, following the principle of eye
closing - eye opening - eye closing while stimulating the skin.
In proprioceptive sensory disorders, joint position and motion
influence motor function rehabilitation. In the early stage in our
cases, we mainly carried out good limb position, joint compression and proprioceptive neuromuscular facilitation to promote
sensory input to central and peripheral nervous systems. Subsequently, proprioception can be enhanced through balance
training and visual biofeedback training [25]. Motion control
training is used to improve posture disorders caused by proprioception and muscle tone abnormalities [26]. In addition, traditional Chinese medicine and acupuncture also have an effect
on the rehabilitation of sensory disorders [27,28] and include
flavored astragalus cassia twig decoction, angelica nourishing
blood decoction, and acupuncture (mainly in the heart meridian, pericardium meridian, and surface projection of posterior
central gyrus). The two cases had obvious sensory disturbance
and proprioceptive hypoaesthesia which were improved after
combined rehabilitation and drug treatment.
As well as proprioceptive dysfunction in the two cases, impaired visual and vestibular input contributed to balance dysfunction. Due to its importance in daily life, balance and coordination re-training (to correct procedural sensory information)
was a critical part of rehabilitation following the sequence of
motor development from sitting, to standing to walking training, rather than simple muscle strength training and reflex activity [29,30], which was considered vital in optimizing outcomes.
Through staged training, balance, coordination functions and
the ability of daily living activities was significantly improved.
Conclusion
The reported cases show neurological deterioration secondary to pons hemorrhage with interval development of bilateral
HOD during recovery. Comprehensive rehabilitation along with
drug therapy relieved tremor and ataxia and improved daily living ability. The effectiveness of sensory, balance and coordination rehabilitation in HOD patients needs to be considered by
clinicians in complex presentations such as the ones described
here. However, many mechanisms of the disease remain unresolved thus a gold standard of treatment remains unsolved.
Greater research effort is required to understand HOD and develop effective therapies.
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