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ABSTRACT
We herein describe a case of type 1 diabetes that presented with a pontine lesion during
two hyperglycemic crises accompanied by marked fluctuations in serum osmotic pressure
and blood pressure. Magnetic resonance imaging showed swollen pons with osmotic
demyelination syndrome characteristics accompanying cytotoxic edema at the first crisis.
The involvement of vasogenic edema was also assumed in the second crisis. Neurological
symptoms were milder than magnetic resonance imaging findings. The patient recovered
after 7 days without sequelae in both crises. Based on these findings, a pontine lesion
needs to be considered in patients with poorly controlled diabetes showing rapid
metabolic and blood pressure changes, as observed in hyperglycemic crises. Cytotoxic
edema leading to osmotic demyelination syndrome and vasogenic edema caused by
vascular endothelial cell damage might both be involved in the pathogenesis of a
pontine lesion.

INTRODUCTION
Central pontine myelinolysis was initially described in
alcoholic-malnourished patients and is now associated with the
rapid correction of hyponatremia. Similar lesions have been
detected in areas other than the pons and are called osmotic
demyelination syndrome (ODS)1.
ODS has been reported under conditions other than the

rapid correction of hyponatremia, suggesting that myelinolysis
is a more generalized injury pattern caused by fluctuations in
extracellular fluid osmolality2. Diabetes mellitus is a risk factor
for ODS2. Cases of ODS have been reported in poorly con-
trolled diabetes mellitus3–7.
The Na-K-ATPase pump system and the production of

organic osmolytes allow cells to adapt to changes in extracellu-
lar osmotic pressure. Patients with poorly controlled diabetes
cannot respond to rapid osmotic changes due to intracellular
metabolic disturbances, which ultimately result in cytotoxic
edema and the demyelination of oligodendrocytes2. Other than
typical ODS patients, atypical pontine lesions have been
reported in patients with diabetes8,9.

We present a case of type 1 diabetes that developed a pon-
tine lesion during two hyperglycemic crises. Clinical and mag-
netic resonance imaging (MRI) findings were suggestive of the
pathogenesis of a pontine lesion.

CASE REPORT
A 39-year-old man with type 1 diabetes for 10 years who
received irregular insulin treatments presented with impaired
consciousness after excessive intake of soft drinks. His con-
sciousness level was E3V4M6 on the Glasgow coma scale; other
than disorientation, there were no apparent neurological abnor-
malities. Blood pressure, heart rate, body temperature and body
mass index were 204/128 mmHg, 103 b.p.m, 37.6°C and
21.9 kg/m2, respectively. Metabolic control had been poor for
years, as shown by a blood glucose level of 569 mg/dL and gly-
cated hemoglobin of 9.9%. Serum creatinine, sodium and potas-
sium levels were 2.95 mg/dL, 128 mEq/L and 3.9 mEq/L,
respectively, and serum osmolality was 310 mOsm/L. An arte-
rial gas analysis did not show metabolic acidosis. Urine was
positive for ketone bodies. Fluid-attenuated inversion recovery
(FLAIR) MRI showed swelling of the pons with hyperintense
signals sparing the marginal area (Figure 1, upper row).Received 5 October 2022; revised 16 November 2022; accepted 18 November 2022
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Diffusion-weighed imaging showed a small, restricted diffusion
area in the pons with a reduced apparent diffusion coefficient,
indicating cytotoxic edema (Figure 1, upper row). Collectively,
these results suggested a demyelinating process, namely, ODS.
After fluid and insulin replacement, consciousness was restored
within 1 week.
Four months after the first hospitalization, the patient was

admitted with disturbed consciousness. His consciousness level
was E4V1M4 with snoring-like respiration, conjugated eye devi-
ation to the left, and hypokinesia of the right upper and lower
extremities. Blood pressure, heart rate and body temperature
were 157/131 mmHg, 113 b.p.m. and 36.1°C, respectively.
His blood glucose level was 1,056 mg/dL, total ketone body
level was 6,658 μmol/L, and serum creatinine, sodium and
potassium levels were 5.88 mg/dL, 120 mEq/L and 6.8 mEq/L,
respectively, and serum osmolality was 357 mOsm/L.
Arterial gas analyses showed metabolic acidosis: pH 7.167,
PCO2 27.0 mmHg, PO2 127.2 mmHg and HOC�

3 9.4 mEq/L.
Hyperintense signals extending from the swollen pons to the
cerebellar peduncle were observed on FLAIR images, diffusion-
weighed imaging showed no abnormalities and apparent
diffusion coefficient was slightly increased, indicating vasogenic
edema (Figure 1, middle row). A cerebrospinal fluid examina-
tion showed a normal protein content, no oligoclonal bands

and an elevated myelin basic protein level of 198 pg/mL (refer-
ence ≤102). Anti-nuclear and anti-aquaporin 4 antibody levels
were negative. Neurological symptoms resolved without seque-
lae after 1 week.
In the 4-week follow up after the second crisis, the swelling

of the pons was attenuated; however, hyperintense signals were
still observed on FLAIR images (Figure 1, lower row).

DISCUSSION
In the first hospitalization, MRI findings suggested a demyelina-
tion process in the pons1,2. ODS was attributed to significant
fluctuations in serum osmolality caused by irregular insulin treat-
ments and excessive intake of soft drinks. In the second admis-
sion with ketoacidosis, more severe neurological symptoms were
accompanied by an enlarged pontine lesion. MRI findings
showed a brainstem variant of posterior reversible encephalopa-
thy syndrome (PRES)10, which involves vasogenic edema. How-
ever, elevated myelin basic protein in the cerebrospinal fluid and
a prolonged high-intensity signal on FLAIR images persisting for
>1 month suggest a demyelinating process1,2.
Previous studies reported that patients with poorly controlled

diabetes developed pontine lesions consistent with ODS under
various conditions3–7. These patients showed marked fluctua-
tions in blood glucose levels, indicating the perturbation of

First
admission

Second admission
(Four months after
first admission)

Four weeks after
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FLAIR DWI ADC

Figure 1 | Magnetic resonance imaging of the brain. Upper row, the first admission. Fluid-attenuated inversion recovery imaging showed swelling
of the pons with hyperintense signals sparing the marginal area. Diffusion-weighed imaging showed a small, restricted diffusion area in the pons
with a reduced apparent diffusion coefficient, indicating cytotoxic edema. Middle row, the second admission (4 months after the first admission).
Hyperintense signal in swollen pons was observed on fluid-attenuated inversion recovery image, with slightly increased apparent diffusion coeffi-
cient, indicating vasogenic edema. Lower row, 4 weeks after the second admission. Left column, fluid-attenuated inversion recovery image (FLAIR);
middle column, diffusion-weighed imaging (DWI); right column, apparent diffusion coefficient image (ADC).
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serum osmolality. In the present case, a demyelinating process
and vasogenic edema were both present in brainstem lesions.
Both insufficient cellular adaptation to fluctuations in serum
osmolality and inadequate vascular endothelial cell adaptation
to rapidly elevated blood pressure seem to contribute to the
pontine lesion formation.
Reversible brainstem lesions in diabetes patients might be

diagnosed as ODS when marked osmotic changes are sus-
pected, and have been categorized as brainstem variants of
PRES in patients with elevated blood pressure8. PRES refers to
reversible vasogenic brain edema caused by the breakdown of
the blood–brain barrier due to endothelial cell injury10.
Although FLAIR imaging and apparent diffusion coefficient
suggested vasogenic edema in the present case, particularly in
the second crisis, prolonged MRI changes were not compatible
with PRES alone. Furthermore, MRI changes in ODS persist
for months1,2. The abrupt exacerbation of blood glucose and
blood pressure might occur in patients with poorly controlled
diabetes in hyperglycemic crises. The clinical course and MRI
findings of the present case indicated the coexistence of the
pathogenesis of both ODS and PRES, resulting in a prolonged
brainstem abnormality on MRI.
Similar pontine lesions might not be rare in hyperglycemic

crises, particularly in patients with neurological symptoms.
Evaluations of brain MRI will provide insights into the patho-
physiology of pontine lesions and their clinical meaning.
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