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Osmotic demyelination syndrome
due to hyperosmolar hyperglycemia
A 55-year-old man with a 20-year history 

of type 2 diabetes mellitus was admitted 
to the hospital after presenting to the emer-
gency department with an acute change in 
mental status. Three days earlier, he had begun 
to feel abdominal discomfort and dizziness, 
which gradually worsened. 
 On presentation, his Glasgow Coma Scale 
score was 13 out of 15 (eye-opening response 
3 of 4, verbal response 4 of 5, motor response 
6 of 6), his blood pressure was 221/114 mm 
Hg, and other vital signs were normal. Physi-
cal examination including a neurologic ex-
amination was normal. No gait abnormality or 
ataxia was noted. 
 When asked about current medications, he 
said that 2 years earlier he had missed an appoint-
ment with his primary care physician and so had 
never obtained refi lls of his diabetes medications.
 Results of laboratory testing were as follows:
• Blood glucose 1,011 mg/dL (reference 

range 65–110)
• Hemoglobin A1c 17.8% (4%–5.6%)
• Sodium 126 mmol/L (135–145)
• Sodium corrected for serum glucose 141 

mmol/L
• Potassium 3.2 mmol/L (3.5–5.0)
• Blood urea nitrogen 43.8 mg/dL (8–21)
• Calculated serum osmolality 324 mosm/kg 

(275–295). 
 Blood gas analysis showed no acidosis. 
Tests for urinary and serum ketones were nega-
tive. Computed tomography (CT) of the head 
without contrast was normal. 
 Based on the results of the evaluation, the 
patient’s condition was diagnosed as a hyper-
osmolar hyperglycemic state, presumably from 
dehydration and noncompliance with dia-

betes medications. His altered mental status 
was also attributed to this diagnosis. He was 
started on aggressive hydration and insulin in-
fusion to correct the blood glucose level. Re-
peat laboratory testing 7 hours after admission 
revealed a blood glucose of 49 mg/dL, sodium 
148 mmol/L, blood urea nitrogen 43 mg/dL, 
and calculated serum osmolality 290 mosm/kg.
 The insulin infusion was suspended, and 
glucose infusion was started. With this treat-
ment, his blood glucose level stabilized, but 
his Glasgow Coma Scale score was unchanged 
from the time of presentation. A neurologic 
examination at this time showed bilateral 
dysmetria. Cranial nerves were normal. Mo-
tor examination showed normal tone with a 
Medical Research Council score of 5 of 5 in 
all extremities. Sensory examination revealed 
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Figure 1. Axial T2-weight-
ed magnetic resonance 
imaging on hospital day 5 
showed a lesion with high 
signal intensity in the pons 
(arrow).

Figure 2. Axial diffusion-
weighted magnetic reso-
nance imaging on hospital 
day 5 showed multiple 
lesions with high signal 
intensity in both cerebral 
hemispheres (arrows).
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a glove-and-stocking pattern of loss of vibra-
tory sensation. Tendon refl exes were normal 
except for diminished bilateral knee-jerk and 
ankle-jerk responses. 
 On hospital day 5, T2-weighted magnetic 
resonance imaging (MRI) of the brain showed 
central pontine hyperintensity with peripher-
al sparing (Figure 1), while diffusion-weight-
ed MRI revealed multiple lesions with high 
signal intensity in both hemispheres (Figure 
2)—fi ndings consistent with osmotic demy-
elination syndrome.
 Over several weeks, his blood glucose level 
was gradually corrected from 300 mg/dL to a 
normal range. His altered mental status and 
dysmetria resolved, and repeat neurologic ex-
aminations over several months were normal. 
During this same time, the multiple bihemi-
spheric lesions seen on T2-weighted MRI 
normalized, but the fi ndings on diffusion-
weighted MRI remained almost unchanged 
(Figures 3 and 4).

 ■ OSMOTIC DEMYELINATION SYNDROME

Osmotic demyelination syndrome is a rare 
but life-threatening neurologic disorder 
caused by damage to the myelin sheath of 
brain cells.1 It is well recognized to occur 
particularly in rapid correction of severe hy-
ponatremia.2 It was fi rst described by Adams 
et al in 1959 in patients with alcoholism or 
malnutrition.3

 The syndrome includes 3 variations of my-
elinolysis: central pontine myelinolysis alone, 
extrapontine myelinolysis alone, and the 2 
together.4 Although the exact pathogenesis 
of osmotic demyelination syndrome is still 
unclear, rapid correction of chronic hypona-
tremia, alcoholism, cirrhosis, malnutrition, 
liver transplant, and severe burns have been 
described as triggers.4

 Central pontine myelinolysis is a pivotal 
manifestation of the syndrome and is charac-
terized by progressive lethargy, quadriparesis, 
dysarthria, ophthalmoplegia, dysphasia, atax-
ia, and refl ex changes. Clinical symptoms of 
extrapontine myelinolysis are variable.4 
 Although CT may underestimate osmotic 
demyelination syndrome, the typical radio-
logic fi ndings on brain MRI are hyperintense 
lesions in the central pons or associated extra-
pontine structures on T2-weighted and fl uid-
attenuated inversion recovery sequences.4

 A precise defi nition of hyperosmolar hy-
perglycemia does not exist. The Joint British 
Diabetes Societies for Inpatient Care suggest-
ed the following features: a measured osmolal-
ity of 320 mosm/kg or higher, a blood glucose 
level of 541 mg/dL or higher,  severe dehydra-
tion, and feeling unwell.5

 Our patient’s clinical course and high 
hemoglobin A1c suggested prolonged hyper-
glycemia and high serum osmolality before 
his admission. After his admission, aggres-
sive hydration and insulin therapy corrected 
the hyperglycemia and serum osmolality too 
rapidly for his brain cells to adjust to the 
change. It was reasonable to suspect a hy-
perosmolar hyperglycemic state as one of the 
main causes of his mental status change and 
ataxia. This, along with lack of improvement 
in his impaired metal status and new-onset 
ataxia despite treatment, led to suspicion of 
osmotic demyelination syndrome. His di-
minished bilateral knee-jerk and ankle-jerk 
responses more likely represented diabetic 
neuropathy rather than osmotic demyelin-
ation syndrome.
 Osmotic demyelination syndrome has sel-
dom been reported as a complication of hyper-
osmolar hyperglycemia.6–13 And extrapontine 
myelinolysis with hyperosmolar hyperglyce-
mia is extremely rare, with only 2 reports to 
date to the best of our knowledge.6,10

Figure 3. Axial T2-weighted 
magnetic resonance imag-
ing repeated several months 
after presentation showed 
an improved lesion in the 
pons (arrow).

Figure 4. On diffusion-
weighted magnetic resonance 
imaging several months after 
presentation, the multiple 
lesions in both hemispheres 
(arrows) were almost un-
changed.
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 There is no specifi c treatment for osmotic 
demyelination syndrome except for supportive 
care and treatment of coexisting conditions. 
Once an osmotic derangement is identifi ed, 
we recommend correcting chronically ele-
vated serum glucose values gradually to avoid 
overtreatment, just as we would do with ele-
vated serum sodium levels. Changes in neuro-
logic fi ndings, serum blood glucose level, and 
serum osmolality should be followed closely. A 
review showed that a favorable recovery from 
osmotic demyelination syndrome is possible 
even with severe neurologic defi cits.4

■ TAKE-AWAY POINTS

• Osmotic demyelination syndrome is a rare
but severe complication of a hyperosmolar
hyperglycemic state.

• Physicians should be aware not only of
changes in serum sodium, but also of chang-
es in serum osmolality and serum glucose.

• When a new-onset neurologic defi cit is
found during treatment of a hyperosmolar
hyperglycemic state, suspect osmotic demy-
elination syndrome, monitor changes in se-
rum osmolality, and consider brain MRI. ■
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