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Introduction

Hypertrophic olivary degeneration (HOD) is an uncommon 
trans-synaptic degenerating disease characterized by 
hypertrophy of the inferior olivary nucleus (ION). The 
disease typically results from interruptions of connections 
in the dentato-rubro-olivary pathway (DROP) or Guillain-
Mollaret triangle (GMT), which encompasses the ipsilateral 
red nucleus (RN), ipsilateral ION, and contralateral dentate 
nucleus (DN). Before the advent of magnetic resonance 
imaging (MRI), HOD was only detectable by autopsy; 
however, MRI now makes it possible to diagnose HOD in 
vivo. Most reports about HOD are based on conventional 
MRI, with only one report using susceptibility-weighted 
imaging (SWI) (1), and no reports on combined application 
of SWI and diffusion tensor imaging (DTI). This report 
presents a case of unilateral HOD in a 66-year-old male  
4 years post-cerebellar hemorrhage, who was examined with 
both SWI and DTI.

Case report

A 66-year-old man with a history of hypertension and type 
2 diabetes mellitus presented with sudden-onset dizziness 
and vomiting. Computed tomography (CT) at admission 
on November 28, 2015, showed hemorrhage in the right 
cerebellar hemisphere (Figure 1). The patient’s blood 
pressure was 180/110 mmHg at this time, and he presented 
with ataxia on neurological examination. The patient was 
subsequently admitted to the Department of Neurology 
for medical treatment for 2 weeks. Six months later, the 

patient was readmitted due to palatal tremor. On June 3, 
2016, the first MRI scan revealed an oval lesion in the right 
cerebellum, T1-weighted image (T1WI) and T2-weighted 
image (T2WI) both showed hypointensity, which was 
consistent with chronic hemorrhage (Figure 2). A round-
like focus was also observed in the left ION, T2WI and 
diffusion-weighted imaging (DWI) showed hyperintensity. 
Eleven months after cerebellar hemorrhage, the patient 
developed slurred speech, vertigo, gait instability, and 
hypotonia of the right upper limb. Neurological examination 
revealed dysarthria, palatal tremor, and right dysmetria 
on finger-to-nose and heel-to-shin tests. On November 9, 
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Figure 1 A CT scan showed a hemorrhage in the right cerebellar 
hemisphere.

https://crossmark.crossref.org/dialog/?doi=10.21037/qims-20-832


3372 Liu et al. Iron deposits in the RN at long-term follow-up after HOD

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2021;11(7):3371-3375 | http://dx.doi.org/10.21037/qims-20-832

2016, MRI showed enlargement of the left ION with T2WI 
hyperintensity and DWI isointensity without gadolinium 
enhancement (Figure 3), and SWI showed hypointensity 
in the right DN. HOD was diagnosed according to typical 
clinical and neuroimaging findings. Two years later, the 
patient developed deafness in the right ear and hearing loss 
in the left ear, with MRI showing gradual ION enlargement 
with persistent T2WI hyperintensity but isointensity on 
DWI. Four years later, the left ear hearing loss had increased 
in severity. On December 5, 2019, MRI showed ION 
hypertrophy, with persisting T2WI hyperintensity and DWI 
isointensity, and new right cerebellar atrophy (Figure 4).  
DTI showed reduced fractional anisotropy (FA) value in 
the left medulla oblongata compared to the contralateral 
side (left: 0.27; right: 0.30), and fiber tractography (FT) 
revealed reduced volume of the left central tegmental tract 
(CTT). SWI showed hypointensity in the right DN and 
showed reduced signal intensity in the left RN relative to the 
contralateral side, with an associated decreased phase value 
(left: −1.14 rad; right: −0.41 rad).

Discussion

Various etiologies of HOD have been described, including 
cerebrovascular disease, tumor, trauma, surgery, and toxicity. 
In this case, HOD developed from a hemorrhage in the right 
DN. The special trans-synaptic degeneration, which initially 
presents as hypertrophy rather than atrophy of the ION, is 
histopathologically characterized by enlarged and vacuolated 

neurons, astrocytosis, gliosis, and demyelination (2).
Anatomical knowledge of the Guillain-Mollaret triangle 

(Figure 5) is important for understanding the disease process, 
which occurs through four potential mechanisms: (I) lesions 
in the RN that lead to ipsilateral HOD, through ipsilateral 
CTT (rubro-olivary pathway), descending from the RN 
to the ipsilateral ION; (II) lesions in the DN and superior 
cerebellar peduncle (SCP) which lead to contralateral HOD, 
through ipsilateral dentato-rubro tract and the SCP (dentato-
rubro pathway) decussating within the midbrain to enter the 
contralateral RN; (III) lesions that disrupt the afferent nerve 
fiber input for both the CTT and the dentato-rubro tract, 
or lesions that are restricted to the intersection of the SCPT, 
which lead to bilateral HOD; (IV) lesions in the ION which 
cross the midline superiorly through the inferior cerebellar 
peduncle (ICP) which lead to contralateral cerebellar atrophy, 
through disruption to the contralateral DN (olivary-dentato 
pathway). In this case study, hemorrhage in the right DN 
resulted in hypertrophy of left ION, through the dentato-
rubro pathway. Peters et al. (3) also observed cerebellar 
atrophy in a patient with HOD and suggested that climbing 
fibers that synapse with Purkinje cells originate from the 
ION, and proposed trans-synaptic degeneration as the most 
plausible explanation for cerebellar atrophy.

In this case study, the phase values of bilateral RNs 
were lower than healthy elderly people (−0.15±0.02 rad), 
which reported by Wang et al. (4) in a study of 14 healthy 
volunteers (mean age 64.3±12.7 years; range 41–85 years). 
This suggests that iron or other paramagnetic material 

Figure 2 MRI at 6 months post-cerebellar hemorrhage. T2WI and T1WI (A,B) showed hypointensity in the right cerebellum, representing 
chronic hemorrhage; T2WI showed hyperintensity in the left ION without hypertrophy (white arrow); DWI (C) showed increased signal 
(white arrow). ION, inferior olivary nucleus.
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deposition bilateral RNs were increased, and the deposition 
on the left side was more obvious. We speculated that the 
hemorrhagic lesion in the right DN caused microcirculation 
reduction, microglia aggregation, and further iron 
deposition in the left RN due to axonal degeneration in the 
dentato–rubro pathway; however, this hypothesis requires 
further confirmation.

Goyal et al. (5) described three distinct phases seen 
on MRI corresponding to the pathological changes of 
HOD. The first stage shows increased T2 signal in the 

ION without hypertrophy, which usually occurs within 
6 months of ictus. The second stage shows increased T2 
signal and hypertrophy of the ION and is usually resolved 
within 3–4 years. During the third stage, olivary shrinkage 
becomes apparent on MRI, although increased T2 signal 
can persist. In previous studies (6), DWI was considered to 
show no restricted diffusion; however, in this case, DWI 
hyperintensity was observed in the left ION 6 months after 
cerebellar hemorrhage, but isointensity was observed at 
11 months, 2 years, and 4 years, suggesting that signals on 

Figure 3 MRI at 11 months post-cerebellar hemorrhage. T2WI (A) showed enlargement of the ION and hyperintensity (white arrow); 
the lesion on T1WI (B) and DWI (C) demonstrated isointensity (white arrow); the lesion was non-contrast enhancement on contrast 
enhancement T1 (D) (white arrow). ION, inferior olivary nucleus.
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Figure 4 MRI 4 years post-cerebellar hemorrhage. Axial and coronal T2WI (A,B) showed enlargement and hyperintensity in the left ION 
persisted (white arrow), and right cerebellar atrophy. Susceptibility map (C) and phase map (D) showed that the iron deposition in the left 
RN (white arrow) had increased compared with the right; FT maps (E,F) showed the volume of the left CTT (red fibers in Figure 4E) at the 
level of the ION had decreased compared with the right CTT (yellow fibers in Figure 4E). ION, inferior olivary nucleus; RN, red nucleus; 
FT, fiber tractography; CTT, central tegmental tract. 
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DWI vary according to different periods of the lesion.
DTI allows the in vivo investigation of white matter 

fibers, which assists in analyzing and quantifying changes 
in DROP white matter fiber tracts in HOD patients. In 
this case study, the volume of the left CTT was decreased, 
which was consistent with previous studies (7). Moreover, 
FA value in the left ION was decreased, which might have 
been associated with demyelination.

In conclusion, SWI revealed the hypointensity of RN, 
and DTI showed decreased volume of CTT in this patient, 
suggesting that SWI and DTI could be valuable methods 
for understanding the complicated changes in HOD.
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