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We report a rare case of hyperglycemia-related osmotic demyelination syndrome (ODS) with 
focus on the imaging findings. A 61-year-old man with diabetes was admitted for general weak-
ness and severe thirst. A few days later, he complained of dysarthria, dysphasia, and dysmetria. 
Laboratory examinations showed significant hyperglycemia, but normal electrolyte levels. 
Brain MRI revealed T2-signal abnormalities that were symmetrical, non-space occupying, and 
located in the central pons with a peripheral sparing pattern, which were suggestive of ODS. In 
addition, subsequent MRI revealed progression of signal hyperintensity; however, the patient’s 
symptoms improved. 

Index terms ‌�Demyelinating Diseases; Hyperglycemia; Magnetic Resonance Imaging

INTRODUCTION

Osmotic demyelination syndrome (ODS) is a non-inflammatory demyelinating dis-
ease that occurs in a variety of clinical settings, but most commonly in association with 
a rapid rise in plasma osmolality during correction of chronic hyponatremia (1). It has 
recently been reported that ODS can also occur in the context of a rapid increase serum 
osmolality in the absence of rapid changes in serum sodium levels (2). 

In this article, we report a rare presentation of ODS that occurred secondary to a hyper-
glycemic hyperosmolar state (HHS) with normal corrected serum sodium levels. 

Received  April 10, 2019
Revised  June 3, 2019
Accepted  June 6, 2019

*Corresponding author 
Noh Hyuck Park, MD
Department of Radiology, 
Myongji Hospital, 
Hanyang University 
College of Medicine, 
55 Hwasu-ro 14beon-gil, 
Deogyang-gu, 
Goyang 10475, Korea. 

Tel  82-31-810-7167
Fax  82-31-810-6537
E-mail  nhpark@mjh.or.kr

This is an Open Access article 
distributed under the terms of 
the Creative Commons Attribu-
tion Non-Commercial License 
(https://creativecommons.org/
licenses/by-nc/4.0) which permits 
unrestricted non-commercial 
use, distribution, and reproduc-
tion in any medium, provided the 
original work is properly cited.

ORCID iDs
Jong Hyuk Kim 
https://
orcid.org/0000-0002-9417-4989
Noh Hyuck Park 
https://
orcid.org/0000-0003-4716-3491
Ji Yeon Park 
https://
orcid.org/0000-0002-4933-0292
Seon-Jeong Kim 
https://
orcid.org/0000-0001-9064-7155

http://crossmark.crossref.org/dialog/?doi=10.3348/jksr.2020.81.1.243&domain=pdf&date_stamp=2020-01-30


jksronline.org244

Hyperglycemia-Related Osmotic Demyelination Syndrome

CASE REPORT

A 61-year-old man presented to the emergency department due to general weakness and 
severe thirst. He had a medical history significant for type II diabetes mellitus, hypertension, 
dementia, and liver cirrhosis. His compliance to medication was poor, especially prescribed 
insulin. The initial suspicion was HHS; therefore, he was admitted to correct hyperglycemia. 
In the following few days of hospitalization, he complained of progressive motor weakness and 
could not stand alone. Dysarthria, dysphasia, and dysmetria, which progressively worsened 
over the previous 10 days, also emerged despite adequate control of blood sugar levels. 

On admission, significant hyperglycemia [33.5 mmol/L (627 mg/dL)] was noted, and glycated 
hemoglobin level was 18.1%. Other investigations revealed a sodium level of 133 mEq/L, po-
tassium 3.8 mEq/L, blood urea nitrogen 43.9 mg/dL, with a calculated serum osmolality of 324 
mOsm/kg. 

MRI was performed 8 days after admission; at that time, his neurological symptoms appeared. 
Prominent high signal intensity was observed within the pons on subsequent fluid-attenuated 
inversion recovery (FLAIR) and T2-weighted imaging (Fig. 1A). These signal abnormalities were 
symmetrical, non-space occupying, and located in the central pons with peripheral sparing 
pattern, which are findings suggestive of ODS. Diffusion-weighted imaging (DWI) revealed sub-
tle increased signal intensity in the pons without definite low apparent diffusion coefficient 
values, findings consistent with T2-shine-through (Fig. 1B). The basal ganglia, thalami, and 
both cerebral hemispheres were within normal limits. No significant abnormalities were 
noted on magnetic resonance angiography.

 Follow-up MRI performed 10 days later revealed a newly developed lesion in the posterior 
tegmentum portion of the upper pons and bilateral brachium pontis (Fig. 1C). Additional fol-
low-up MRI performed 1 month later revealed no newly developed lesion; however, overall sig-
nal hyperintensity in the affected area was more conspicuous and confluent, suggesting le-
sion progression (Fig. 1D). 

The final diagnosis was ODS secondary to hyperosmolar hyperglycemia. Uncontrolled diabe-
tes mellitus was managed primarily by hydration and insulin infusion, with close blood glu-
cose monitoring. Other conservative therapies and physical rehabilitation were also implement-
ed. Under comprehensive therapy, the patient’s general condition and neurological symptoms 
improved. He slowly regained mobility over the course of several weeks. His swallowing, 
speech, and eye movement gradually recovered. 

 

DISCUSSION

Central pontine myelinolysis (CPM) was first described in 1959 in a patient who exhibited 
distinctive myelin loss in the pons, which was attributed to alcoholism or malnutrition (3). This 
type of myelinolysis can affect areas outside the pons, a condition that is referred to as extra-
pontine myelinolysis. Basal ganglia and cerebral white matter and, less commonly, the periph-
eral cortex, hippocampi, and lateral geniculate bodies, were sites of extrapontine myelinosis. 
The phrase “osmotic demyelination syndrome” is preferred to account for both entities (4).

It is widely accepted that the most common cause of ODS is hyperosmotic stress resulting 
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from rapid correction of severe hyponatremia (5-7). Other conditions related to ODS include 
alcoholism, malnutrition, prolonged diuretic use, burns (in the context of hypernatremia), post-
liver transplant, AIDS, folate deficiency, and hypoglycemia (6, 8, 9). The association of ODS 
secondary to HHS has seldom been reported.

MRI findings in our patient revealed high signal intensity in the central pons on T2-weighted 
FLAIR and DWI, which was suggestive of ODS. Differential diagnosis included tumorous con-
dition, and other demyelinating diseases including multiple sclerosis.

The patient underwent MRI for evaluation of headache one month before admission, which 
confirmed unremarkable findings in the pons (data not shown). In this acutely developed 
pontine lesion, tumorous conditions were ruled out. Multiple sclerosis was excluded because 
there was no other signal abnormality at the site such as Dawson’s finger (T2 high signal in-
tensity propagating centrifugally along the medullary venules and arranged perpendicular to 
the lateral ventricles), which is a typical finding in multiple sclerosis (10).

Symmetrical high signal intensity with peripheral sparing is a characteristic finding of ODS 
on T2-weighted and FLAIR MRI. It is also called the “trident-shape” sign, resulting from spar-
ing of the ventrolateral pons and the pontine portion of the corticospinal tracts. Low signal in-
tensity throughout the affected areas on T1-weighted imaging and non-enhancement after the 

Fig. 1. Serial MR findings of hyperglycemia-related osmotic demyelination syndrome in a 61-year-old man.
A. Axial FLAIR and T2WI at the level of the pons reveal bilaterally symmetric high signal intensity in the central pons with sparing of the outer rim. 
B. DWI and ADC map at the level of the pons reveal signal abnormalities in the affected region. On the ADC map, there is no signal dropout in 
the region of hyperintensity, which is consistent with T2 shine-through.
C. Follow-up MRI 10 days later. Axial FLAIR MRI at the level of the upper (left) and lower pons (right) reveal newly developed high signal inten-
sity in the posterior tegmentum area (white arrow) and bilateral brachium pontis (black arrows). 
D. Follow-up MRI 1 month later. Axial FLAIR MRI at the level of the upper pons demonstrates no newly developed lesions; however, the previ-
ously detected signal abnormalities have become more conspicuous and confluent.
ADC = apparent diffusion coefficient, DWI = diffusion-weighted imaging, FLAIR = fluid-attenuated inversion recovery, T2WI = T2-weighted image
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administration of contrast material are the classic findings, and do not have a mass effect (10).
A newly developed lesion in the posterior tegmentum portion on follow-up MRI involved the 

medial longitudinal fasciculus, which correlated with our patient’s symptom of lateral gaze 
limitation. A bilateral brachium pontis lesion usually reflects the involvement of the ponto-
cerebellar fiber; however, gait ataxia could not be confirmed because of the patient’s inability 
to stand due to motor weakness.

The present case is special in several respects. First, ODS occurred only in conditions of hy-
perosmolality. In the absence of any proven hyponatremia, chronic hyperglycemia was the 
likely cause for CPM in this patient. However, liver cirrhosis may accelerate ODS because of 
limitations in the capacity of the liver for glucose disposal, and impairment of water shifting 
balance. Second, a clinical/radiological discrepancy was noted. Imaging findings of ODS reveal 
gradual progression on follow-up studies, despite the prompt correction of blood sugar levels 
and improvement of neurological symptoms.

We report a rare case of hyperglycemia-related ODS with a focus on the imaging findings 
and it is important that in patient with diabetes mellitus, hyperglycemia is one of the cause 
of the ODS.
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고혈당에 의한 삼투압성 탈수초화 증후군 환자의  
연속 자기공명영상 소견: 증례 보고

김종혁 · 박노혁* · 박지연 · 김선정

우리는 이전까지 드물게 보고된 고혈당 관련 삼투압성 탈수초화 증후군의 연속 자기공명영

상 소견을 보고하고자 한다. 당뇨병을 앓고 있는 61세 남자 환자가 전신쇠약과 심한갈증을 주

소로 내원하였고 며칠 후 구음장애, 삼킴장애, 운동조절장애를 보였다. 혈액검사상 고혈당을 

제외한 전해질 수치는 정상이었다. 뇌 자기공명영상에는 교뇌에서 대칭적이고 종괴 효과가 

없으며 주변 부위를 침범하지 않는 T2 신호 이상이 보여 삼투압성 탈수초화 증후군에 합당한 

소견이었다. 환자는 임상적인 증상의 호전을 보였으나 추후 촬영한 뇌 자기공명영상은 악화

되는 소견을 보였다.
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