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Abstract

 Introduction—The frequency and causes of hypertrophic olivary degeneration (HOD) are 

unknown. We compared the clinical and radiological characteristics of unilateral HOD and 

bilateral HOD.

 Methods—We performed a search of a radiologic report database for patients who were 

radiologically diagnosed as having HOD. This database includes the patients examined at the 

Mayo Clinic in Florida and Arizona. We used the search terms “hypertrophic olivary 

degeneration,” “HOD,” and “olivary” in the reports recorded from 1995 to 2015. Pertinent medical 

records and magnetic resonance imaging (MRI) scans of the brain for those with HOD were 

reviewed retrospectively.

 Results—We identified 142 MRI studies on 95 cases who had radiologically proven HOD, 39 

cases had unilateral HOD and 56 with bilateral HOD. In symptomatic cases, the most common 

symptom was ataxia. Palatal tremor was observed in almost half of all HOD cases. While 
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cerebrovascular diseases were the most frequent etiology in both types of HOD (n=24, 62% in 

unilateral; n=17, 30% in bilateral), more than half of bilateral HOD cases had an unknown 

etiology (52%, n=29), whereas only 13% (n=5) of the unilateral cases had an unknown etiology 

(χ2 test, P<0.001). The lesions of unilateral HOD had a tendency to improve radiologically over 

time, whereas those associated with bilateral HOD were likely to worsen (χ2 test, P<0.05).

 Conclusions—Our study showed that bilateral HOD is more common than unilateral HOD. 

Half of bilateral HOD cases had no obvious cause and some worsened over time. This may 

implicate a possible primary neurodegenerative process.
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 1. Introduction

Hypertrophic olivary degeneration (HOD), also known as inferior olivary hypertrophy, is a 

rare condition affecting the inferior olivary nucleus (ION) in the medulla [1]. Transsynaptic 

degeneration caused by the loss of afferent signals into ION is considered to cause the 

characteristic hypertrophic changes that are unique to HOD [1]. Pathologically, vacuolation 

in the ION and enlargement of the cell bodies represent the hypertrophic appearance of 

HOD [1]. These changes are well demonstrated by magnetic resonance imaging (MRI), 

which typically shows that the affected side of the ION is enlarged and has increased 

signaling on T2-weighted images (T2WI) [2, 3]. HOD usually develops following a lesion 

involving the dentato-rubro-olivary pathway within the triangle of Guillain and Mollaret. 

Afferent fibers derived from the dentate nucleus of cerebellum ascend through the 

dentatorubral tract in the superior cerebellar peduncle (SCP) and reach the contralateral red 

nucleus in midbrain across midline. The afferent fibers from the red nucleus descend to the 

ipsilateral ION through the central tegmental tract (CTT) [4]. Any lesions involved in any 

components of this pathway from dentate nucleus to ION can cause HOD [3]. Olivodentate 

fibers within the inferior cerebellar peduncle, the remaining element of the triangle, do not 

participate in the formation of HOD because they are deafferent fibers leading from the ION 

to the contralateral dentate nucleus [3, 4]. HOD is classified as unilateral or bilateral. 

Bilateral HOD is considered rare because both sides of the afferent fibers into ION from 

dentate nucleus are damaged [5]. Several gene mutations in addition to structural lesions 

contribute to bilateral HOD [6–11].

The epidemiology and etiology of HOD are not fully understood, and the differences 

between the unilateral and bilateral forms of HOD require further elucidation. We performed 

a clinico-radiological analysis on 95 radiologically proven HOD cases and focused on the 

characteristic differences between unilateral and bilateral HOD.
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 2. Methods

 2.1. Searching patients and extracting data

We searched the radiologic report database of Mayo Clinic Florida (MCF) and Arizona 

(MCA) for patients who had radiologically proven HOD using the terms “hypertrophic 

olivary degeneration,” “HOD,” and “olivary.” We limited the search to only MRI scans. All 

MRI scans were recorded from April 1, 1995 to April 20, 2015 at either MCF or MCA. 

These study materials were entirely separate from those used in previous studies by the 

Mayo Clinic Rochester group [12, 13]. The definition of HOD used in this study included 

the presence of a hyperintense signal in the ION on T2WI or on fluid-attenuated inversion 

recovery images (FLAIR) [3]. Patients who did not have any evidence of HOD were 

excluded. Pertinent medical records were reviewed. The data was then tabulated. This study 

was approved by the Mayo Clinic Institutional Review Board Committee.

 2.2. Statistical Analysis

We used student t test for comparison of continuous data. For comparison of categorical 

data, we performed χ2 test with Yates’ correction or Fisher’s exact test if appropriate. 

Residual analysis for χ2 test was applied when necessary. Significance was assigned at 

P<0.05.

 3. Results

 3.1. Demographic profiles

We found 172 MRI studies on 121 patients in our initial search of the Mayo Clinic 

radiologic database. Of these, we identified 142 MRI reports on 95 cases who had 

radiologically-proven HOD (Table 1); thirty-nine cases had unilateral HOD (41%; men, 

n=15; women, n=24), and fifty-six cases had bilateral HOD (59%; men, n=39; women, 

n=17). Age at onset in which HOD was initially detected by MRI was not significantly 

different between unilateral HOD and bilateral HOD cases (60±17 years [range 30–89] and 

63±13 years [range 31–82], respectively (P=0.31). Bilateral HOD was observed more 

frequently in men (P<0.01).

 3.2. Clinical findings

The clinical findings observed in the patients with HOD are shown in Table 1. The number 

of symptomatic cases were 9 (23%) out of 39 in unilateral HOD and 22 (39%) out of 56 in 

bilateral HOD. Frequently observed features in the symptomatic cases were as follows 

(unilateral; bilateral): ataxia (n=8, 89%; n=18, 82%), palatal tremor (n=4, 44%; n=11, 50%), 

dysarthria (n=5, 56%; n=11, 50%), tremor (n=2, 22%; n=11, 50%), pyramidal signs (n=6, 

67%; n=9, 41%), nystagmus (n=5, 56%; n=8, 36%), ophthalmoplegia (n=7, 78%; n=6, 27%) 

and dysphagia (n=1, 11%; n=5, 23%). Ocular myoclonus (n=3, 14%) and myoclonus (n=1, 

5%) were observed only in bilateral HOD patients. There were no significant differences in 

symptoms between unilateral and bilateral HOD, but ophthalmoplegia was observed more 

frequently in unilateral HOD (P<0.05). Ear clicking was seen in one case with bilateral 

HOD that had palatal tremor.

Konno et al. Page 3

Parkinsonism Relat Disord. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



 3.3. Etiologies of HOD

Causes of HOD are listed in Table 2. Cerebrovascular diseases including hemorrhage, 

infarction, and vascular malformations were the most frequent etiologies in both types of 

HOD, 62% (n=24) in unilateral and 30% (n=17) in bilateral HOD. Other causes included 

tumor, prior surgery of the posterior fossa, metronidazole intoxication, multiple sclerosis 

(MS), encephalitis, progressive multifocal leukoencephalopathy (PML), and Dandy-Walker 

variant. The inciting lesion involved the dentato-rubro-olivary pathway in 34 of the 39 

unilateral HOD cases (87%). All of these cases had a clear correlation between the location 

impacted by HOD and the location of the causative lesion. In one case, a focal lesion in 

medulla associated with MS was suspected to represent HOD. Cases who had bilateral HOD 

more frequently had an unknown etiology (52% [n=29] bilateral HOD vs. 13% [n=5] 

unilateral HOD [P<0.001]).

 3.4. Temporal changes of MRI findings in follow-up cases

There were 20 cases of unilateral HOD and 29 cases of bilateral HOD with at least two 

separate MRI records with various follow-up intervals (Table 3). We assessed temporal 

radiological changes of the HOD lesions between the first and the last MRI scans of these 

follow up cases regardless of whether the patient was symptomatic. They were classified 

into three categories; “worsened,” “improved,” and “unchanged.” We considered the cases to 

have “worsened” if their lesions had stronger signaling and/or were getting larger, but if the 

reverse was true then the cases fell into the “improved” category. The median follow-up 

duration was 35 months (range 4 – 140 months) for the unilateral HOD cases and 25 months 

(range 1 – 130 months) for the bilateral cases. While unilateral HOD lesions had a tendency 

to improve with time (P<0.05), bilateral HOD lesions were likely to worsen (P<0.01). Seven 

of the 13 bilateral HOD cases that worsened over time also had an unknown etiology. Only 

four of these seven cases were symptomatic. Three of the four cases were stable, but one 

case had a progressive clinical course throughout the follow-up period.

 3.5. Case presentations

 Case 1—A 28-year-old woman had an episode of numbness on the left side of her face. 

She had a second episode of numbness a year later in which the numbness worsened and 

spread through her left arm and leg. She also had some difficulty with balance. At the age of 

29 years, she had a neurological examination that identified horizontal diplopia to extreme 

right lateral gaze and subtle hypesthesia in her left face and arm. Her gait was found to be 

steady but her tandem gait was performed with slight difficulty. Her brain MRI revealed a 

cavernous malformation extending from the right lower mesencephalon to the upper pons, 

and there was some evidence of bleeding. At that time, the ventral medulla appeared normal 

(Figure 1A, B). She underwent surgery for resection of the brainstem cavernous 

malformation. Two months after surgery, she developed ophthalmoplegia, nystagmus, and 

significant dysmetria on her left side and imbalance. A follow-up MRI scan four months 

after the surgery showed newly hyperintense lesion with enlargement of the right ION 

(Figure 1C, D). This woman was diagnosed as having unilateral HOD that developed after 

resection of the cavernous malformation.
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 Case 2—A 52-year-old, right-handed woman noticed tremor in her right hand. 

Subsequently, head shaking and voice tremors appeared. She visited our clinic at the age of 

53 years. Her previous medical history was unremarkable, and she was not on any 

medications. There was no family history of tremor. Upon examination, she had a mild 

tremor that was mainly postural in both of her hands, but it was more prevalent on her right 

side. She also had evidence of irregular head shaking, voice tremors, and occasional body 

jerking. Saccadic dysmetria, square wave jerks, nystagmus, dysarthria, palatal tremor, and 

wobbly and unsteady gait were also present. She had difficulty with visual focus due to her 

oscillopsia. She had bilateral eyelid twitching when she closed her eyes (Supplemental 

Video 1). Her brain MRI scan showed hyperintense T2WI/FLAIR signal and mild 

enlargement of the bilateral ION without gadolinium enhancement (Figure 1E, F). There 

were no detectable lesions within the dentato-rubro-olivary pathway. The results of 

laboratory tests for paraneoplastic neurologic syndromes, Wilson’s disease, thyroid 

dysfunction, and vitamin deficiency were all negative. GAD65 antibody, which could be 

associated with cerebellar ataxia, was also negative. Although MRI abnormalities were 

stable at her 16-month follow-up exam, her symptoms were slowly progressive. We 

diagnosed her as having progressive ataxia and palatal tremor (PAPT) with bilateral HOD 

[14].

 4. Discussion

This study is a retrospective clinico-radiologic analysis of cases with radiologically-proven 

HOD. We found more cases of bilateral HOD than unilateral HOD (56% vs. 44%) in our 

radiologic database. Similar to our results, a recent retrospective study reported that 76% of 

their cohort had bilateral HOD [12]. These results suggest that bilateral HOD is more 

common than previously expected [3]. We also found that bilateral HOD was more 

frequently seen in men. A reason for this difference is unknown; however, a similar 

observation has been previously described [13]. The frequency of symptomatic HOD was 

23% in unilateral and 39% in bilateral HOD, indicating that HOD was often asymptomatic 

and could be found incidentally on MRI scans. The factors that lead to development of the 

clinical signs associated with HOD remain unclear. The development of these features, their 

severity and extend may depend on the amount of residual functional neurons in the ION 

and their afferent fibers; or it may be related to the severity of initial insult. Classical 

presentations of HOD include palatal tremor, cerebellar ataxia (slurred speech, dysmetria 

and ataxic gait), ocular symptoms (nystagmus, ophthalmoplegia and ocular myoclonus), and 

other involuntary movements, such as tremor and myoclonus [15–17]. In our cohort, ataxia 

was the most frequent symptom and was associated with both types of HOD.

Palatal tremor was seen in almost half of the cases of unilateral and bilateral HOD. Palatal 

tremor has both essential and symptomatic forms, and the latter is mostly associated with 

HOD [18]. Among the 15 cases with symptomatic palatal tremor, only one case (6.7%) had 

ear clicking sounds in our study. Ear clicks are known to be common in essential palatal 

tremor, but they are rarely observed in cases of symptomatic palatal tremor; a frequency was 

reported as 90% and 8%, respectively [18]. Our observation is compatible with this well. 

PAPT is known as a subgroup of symptomatic palatal tremor and is associated with bilateral 

HOD [14, 19]. HOD in PAPT does not usually accompany any insults to the dentato-rubro-
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olivary pathway. The etiology of PAPT is unknown; however, a degenerative process is 

presumed [14, 20]. In addition to palatal tremor, patients with PAPT present with 

progressive cerebellar ataxia and ocular movement abnormalities combined with mild 

cerebellar atrophy on MRI imaging. In this study, we identified six patients with bilateral 

HOD who could be clinically diagnosed as having PAPT (Case 2 is one example). All were 

sporadic, but one was suspected to have a family history of PAPT. All of these patients had a 

slowly-progressive course, indicating a neurodegenerative disease. On the other hand, there 

has been a single case report of PAPT that was associated with gluten sensitivity [21]. In this 

case, palatal tremor and MRI abnormalities in the ION were improved by a gluten-free diet, 

suggesting that an inflammatory process instead of degeneration may play a role. 

Pathological analysis could help us understand the underlying pathological process in PAPT; 

however, no autopsy cases have been reported so far.

Symptoms associated with the inciting lesions in the dentato-rubro-olivary pathway could 

not be fully excluded because they could overlap with symptoms related to HOD, such as 

ataxia and some ocular manifestations. This limitation could partially explain the high 

frequency of ataxia both types of HOD. As most of the preceding lesions associated with 

unilateral HOD involved in the brainstem, ophthalmoplegia might be more frequently 

observed in unilateral HOD cases. However, variable preceding lesions involving the 

dentato-rubro-olivary pathway could be a cause of HOD; for example, hemorrhage, 

infarction, tumor, trauma, prior surgery of a posterior fossa, inflammation, and 

demyelination [18]. In addition, abscesses [22], Wilson’s disease [23], gluten sensitivity 

[21], metronidazole intoxication [24] and PML [25] have been reported as rare causative 

conditions presenting HOD. In this study, cerebrovascular diseases including hemorrhage, 

infarction, and vascular malformations were the most common causes of both types of HOD.

Interestingly, three HOD cases were induced by metronidazole intoxication; one had 

unilateral HOD, and the other two had bilateral HOD. The olivary lesions in these cases 

were associated with lesions in dentate nucleus or CTT. In contrast to a previous report of 

HOD not improving after withdrawing metronidazole [24], the lesions in one of our cases 

almost completely resolved within a month after discontinuance of metronidazole.

We also identified rare cases of bilateral HOD caused by PML and Dandy-Walker variant. 

The case with PML had contiguous lesions throughout the dentate nucleus, SCP, and 

tegmentum of the brainstem bilaterally. These lesions were likely the cause of bilateral HOD 

in this case. In the case of the Dandy-Walker variant, bilateral ION lesions seemed to occur 

after marked thinning of the bilateral SCP related to marked enlargement of the fourth 

ventricle.

The majority of unilateral HOD had identifiable causes and had correlation between the 

affected side of the ION and the location of the causative lesion, whereas more than half of 

the cases who had bilateral HOD had no obvious cause. Similarly, Gu et al. showed that a 

majority of HOD patients without any structural lesions in the dentato-rubro-olivary 

pathway had bilateral HOD [13]. These results suggest that the underlying etiology may be 

different between unilateral HOD and some cases of bilateral HOD. In general, unilateral 

HOD occurs secondary to a lesion involving the dentato-rubro-olivary pathway. On the other 
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hand, bilateral HOD can develop as either a primary or secondary event. Nearly half of all 

bilateral HOD cases who had an unknown etiology worsened radiologically over time in this 

study. These observations imply that some of bilateral HOD cases may also have a 

neurodegenerative process. Indeed, some pediatric cases who had ION involvement were 

found to have neurodegenerative diseases [26].

To date, several gene mutations have been identified in patients presenting with bilateral 

HOD. POLG encodes a mitochondrial DNA polymerase and was identified firstly as a 

causative gene of progressive external ophthalmoplegias [27]. It is currently known that 

POLG mutations cause more heterogeneous clinical phenotypes, including bilateral HOD 

[6]. SURF1 is a causative gene of Leigh syndrome, which is a severe neurodegenerative 

disorder associated with cytochrome c oxidase deficiency usually affecting infants [28]. 

Bilateral HOD is a characteristic finding of patients with SURF1 mutations [7, 8]. A 

nonsense mutation of TTC19 leads to mitochondrial respiratory chain complex III deficiency 

and neurodegeneration. Some patients with TTC19 mutations show bilateral HOD on MRI 

scans [9]. A male patient with an adult-onset mitochondrial disease associated with an 

AIFM1 mutation has recently been reported [10]. His brain MRI scan exhibited hyperintense 

lesions in the bilateral ION on proton density-weighted images. Given that all of these genes 

are associated with mitochondria, mitochondrial dysfunction may underlie the pathogenesis 

of cases of bilateral HOD without any obvious etiologies. Mitochondrial disorders were also 

suspected in some patients with PAPT because hearing loss was observed in some of them 

[14]. Interestingly, two of the six patients with PAPT had hearing loss in our cohort. 

Bilateral HOD has also been observed in patients with spinocerebellar ataxia (SCA) type 20 

[11]. If the patient with bilateral HOD has family history or physiological and neurological 

signs indicating mitochondrial disease or SCA, genetic analysis would be helpful for 

providing a correct diagnosis.

HOD is pathologically characterized by enlargement and vacuolation of neurons, astrocytic 

hyperplasia and proliferation with gliosis, and demyelination [1, 29]. These pathologies are 

considered transsynaptic degeneration secondary to loss of afferent input to the ION [1]. 

Pathologies in bilateral HOD with unknown etiology, including PAPT, might be different. 

Indeed, HOD observed in progressive supranuclear palsy showed severe neurofibrillary 

degeneration of the ION, indicating that direct neurodegeneration could occur rather than 

transsynaptic degeneration [30]. Thus, it should be noted that radiologically-proven HOD 

could include heterogeneous pathological conditions. A prospective study combined with 

pathological analysis is needed to verify our observation and to unveil the pathological basis 

of the radiological changes in the ION.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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 Abbreviations

HOD hypertrophic olivary degeneration

MRI magnetic resonance imaging

ION inferior olivary nucleus

T2WI T2-weighted images

SCP superior cerebellar peduncle

CTT central tegmental tract

PAPT progressive ataxia and palatal tremor

FLAIR fluid-attenuated inversion recovery images

PML progressive multifocal leukoencephalopathy

SCA spinocerebellar ataxia
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HIGHLIGHTS

Bilateral HOD is more common than unilateral HOD.

Half of the bilateral HOD cases we studied had no obvious cause.

Some of these bilateral HOD cases worsened radiologically over time.

Bilateral HOD may be caused by a primary neurodegenerative process.
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Figure 1. MR images of example cases who had unilateral and bilateral hypertrophic olivary 
degeneration (HOD)
(A–D): unilateral HOD. (E, F): bilateral HOD. On a day before surgery, there was no 

abnormal signals in the medulla (A), but a large cavernous malformation with evolving 

blood products was evident in right pontomesencephalic junction (B). Four months after 

resection of the cavernous malformation, a newly developed hyperintense lesion was 

observed in right ION (C), while there were only postoperative changes in 

pontomesencephalic junction (D). At age of 54 years, symmetrical hyperintense lesions were 

detected in bilateral ION (E, F). (A–E, T2-weighted images; F, fluid-attenuated inversion 

recovery image)
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Table 2

Causes of hypertrophic olivary degeneration in our cohort

Unilateral HOD Bilateral HOD

n % n %

Cerebrovascular diseases 24 62 17 30

 Hemorrhage 14a 36 5a 9

 Infarction 8 21 12 21

 Arteriovenous malformation 1 3 0 0

 Capillary venous malformation 1 3 0 0

Tumor 5b 13 3b 5

Prior surgery of the posterior fossa 3 8 1 2

Metronidazole 1 3 2 4

Multiple sclerosis 1 3 1 2

Encephalitis 0 0 1 2

Progressive multifocal leukoencephalopathy 0 0 1 2

Dandy-Walker variant 0 0 1 2

Unknownc 5 13 29 52

HOD: hypertrophic olivary degeneration, n: number

a
Including hemorrhages associated with cavernous malformations: 5 cases in unilateral HOD and 4 cases in bilateral HOD.

b
Three cases had glioma and two cases had metastatic tumors in unilateral HOD. All three cases who had bilateral HOD had glioma.

c
P<0.001 by χ2 test.
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