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Central pontine myelinolysis: a 
rare finding in hyperosmolar 
hyperglycemia
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Central pontine myelinolysis (CPM) is a heterogeneous nervous system disease 
of pontine demyelination, usually caused by rapid correction of hyponatremia. 
In the present study, we  report a unique case of a 46-year-old man with a 
hyperglycemic state complicated with CPM. MRI demonstrated a high signal on 
T2 and symmetric restricted diffusion in the pontine. In conclusion, the clinical 
case described confirmed that the hyperosmolar state inherent in hyperglycemia 
was a likely cause of CPM.
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1. Introduction

Osmotic demyelination syndrome (ODS) is a rare complication of hyperglycemia and refers 
to central pontine myelinolysis and extrapontine myelinolysis manifesting with quadriparesis 
and neurocognitive changes with characteristic changes in magnetic resonance imaging (MRI) 
(1). The clinical manifestations range from low level of consciousness to dysarthria and then to 
quadriplegia (2). ODS is usually associated with myelin destruction in the central pontine 
basement, also known as central pontine myelinolysis (CPM). Here, we report a unique case of 
a 46-year-old man with a hyperglycemic state complicated with CPM.

2. Case report

A previously healthy 46-year-old man presented with limb weakness and dysarthria for 
20 days. There was no history of malnutrition, a known diagnosis of diabetes, alcohol abuse, or 
smoking. Medical examination showed the patient presented with a body temperature of 36.6°C, 
respiratory rate of 18 breaths/min, normal resting heart rate of 76 beats/min, and blood pressure 
of 116/68 mm Hg. No abnormalities were found during heart and lung auscultation, and the 
patient presented with a soft abdomen and no swelling in either lower limb. A neurological 
examination revealed that he had mild dysarthria. His muscle tone was normal, with bilateral 
severe limb weakness and power was grade 2–3 in all of his limbs. Limb reflexes were mildly 
decreased and plantar flexor and sensation were normal. The blood results showed the following 
a blood glucose level of 49.7 mmol/L (894.6 mg/dL) and a normal range of 4–7 mmol/L. The 
hemoglobin A1c was 16.34%, 3-hydroxybutyric acid was 0.5 mmol/L, and he had 1+ ketone 
(20–29 mg/dL) in his urine. Notably, at presentation, his serum sodium was 128 mmoL/L 
(128 mEq/L), with a normal range of 133–146 mmol/L, but his serum potassium was markedly 
low at 2.8 mmol/L (2.8 mEq/L), with a normal range of 3.5–5.0 mmol/L. The calculated serum 
osmolality was 325 mosm/kg. Normal saline (0.9% NaCl) and insulin therapy (0.1 U/kg/h) were 
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started and provided symptomatic treatment with potassium and 
sodium supplementation. After 6 h of admission, his blood glucose was 
43.4 mmol/L (781.2 mg/dL) and serum sodium was 130 mmoL/L 
(130 mEq/L), whereas over the first 24 h of admission, his blood glucose 
reduced to 36.6 mmol/L (658.8 mg/dL), serum sodium increased to 
135 mmoL/L (135 mEq/L), and 3-hydroxybutyric acid was 
0.3 mmol/L. His blood glucose reduced to 25.6 mmol/L (460.8 mg/dL) 
over 48 h of admission and his serum sodium increased from 128 to 
141 mmol/L (128 to 141 mEq/L). Over the first 48 h of admission, the 
patient’s serum potassium increased from 2.8 to 4.9 mmol/L (2.8 to 
4.9 mEq/L), 3-hydroxybutyric acid was 0.05 mmol/L with negative 
ketonuria, and the calculated serum osmolality was 327 mOsm/kg. The 
blood glucose level is shown in Figure 1. In order to exclude peripheral 
nerve diseases, including acute inflammatory demyelinating 
polyneuropathy, lumbar puncture and electromyography were 
performed, and the results showed no abnormalities. The patient 
gradually became sleepy after admission, and the Glasgow Coma Score 
fluctuated between 13 and 14. However, there were no significant 
changes in his limb muscle power assessment. Because of the 
neurological symptoms, the patient subsequently underwent a cerebral 
MRI, which demonstrated features of CPM (Figure 2). The patient’s 
condition became stable and he was discharged to a rehabilitation 
institution. His blood glucose level was controlled with long-acting and 
short-acting insulin. In the following 6 months, his symptoms gradually 
improved and the power returned to grade 5  in all his limbs. The 
patient gradually resumed his daily activities without any residual 
symptoms (modified Rankin Scale [mRS] score = 0). Considering the 
clinical improvement of the patient and the absence of new neurological 
impairments, no repeated brain imaging was performed.

3. Discussion

CPM is a heterogeneous nervous system disease of pontine 
demyelination, usually caused by rapid correction of hyponatremia, 
and the correction speed exceeds 9 mmol/L/24 h (3, 4). In addition to 
rapidly correcting hyponatremia, other factors may be  chronic 

alcoholism, hypernatremia, hypokalemia, hypophosphatemia, 
anorexia nervosa, and diabetes (5). Although rapid correction of 
hyponatremia is often considered a cause of CPM, considering the 
speed of initial serum sodium and electrolyte correction, our patient 
was unlikely to undergo rapid correction. Although the patient 
reported here presented with a serum sodium growth rate of 
6.5 mmol/L/24 h, which did not exceed 9 mmol/L/24 h, we suggest 
that the inherent hypertonic state of hyperglycemia was more likely 
the cause of CPM. However, there are limited reports of associations 
between central pontine myelinolysis and derangement of glucose. It 
is reported that before the treatment of hyperglycemia and 
hyperosmolality (6, 7), there were cases of CPM, and our patient’s 
CPM may also have been caused by hyperosmolality before 
correction. Several reports have described patients with CPM in 
association with a hyperosmolar hyperglycemic state or its correction 
(8–17). Since there was no obvious change in osmotic pressure before 
and after correction, we consider that the CPM of our patient was 
related to the hyperosmolar state inherent in hyperglycemia. A 
diagnosis of CPM secondary to hyperglycemia was made.

Hyperglycemia and diabetes ketoacidosis are rare causes of 
CPM, and its physiopathology is uncertain (12). The pathophysiology 
of CPM may involve the sudden contraction of brain cells, especially 
oligodendrocytes, and demyelination caused by a rapid increase of 
serum osmotic pressure due to rapid correction of hyponatremia. 
Two theories have been proposed to explain oligodendrocyte 
contraction and myelinolysis, which are sometimes related to the 
rapid increase of serum osmotic pressure, whether due to the 
increase of sodium or other reasons, such as hyperglycemia: (i) local 
inflammatory demyelination caused by blood–brain barrier damage 
and (ii) oligodendrocyte apoptosis caused by hypertonic stress 
caused by changes in serum osmotic pressure, which occurs too fast 
to allow changes in specific molecules (11, 16). Research has shown 
that long-term episodes of severe hyperglycemia may lead to osmotic 
stress. Due to the poor control of diabetes, the unstable fluctuation 
of blood glucose may further lead to an unstable osmotic 
environment and the inability of normal cell compensation (18). 
MRI changes related to ODS typically include high signal lesions on 

FIGURE 1

Blood glucose level chart.
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T2-weighted MRI. The extension of T2-weighted signals can 
be explained by demyelination and edema (19).

Brain MRI remains the preferred diagnostic mode for CPM, and 
as described in the MRI results of this case, CPM may display a high 
signal on T2 and symmetric restricted diffusion in the pontine (10, 20). 
Despite reports of asymmetric lesions, pontine lesions are usually 
symmetrical (21). Our patient displayed the typical radiological and 
clinical findings of pontine myelinolysis with hyperglycemia, which is 
a rare phenomenon. Effective specific treatment methods have not yet 
been determined for the management of ODS cases. Therefore, the 
current treatment model includes general supportive care and 
treatment for potential causes, which is everything we  do to treat 
patients. Similarly, there is no clear recommendation for the optimal 
timing of MRI imaging. The degree of clinical features and/or 
radiological changes cannot reliably determine the prognosis. The 
results vary from recovery to near-normal functional levels and death. 
More than half of ODS cases have recovered well, and the mortality rate 
of ODS cases has decreased over time. Even with severe neurological 
manifestations, patients with ODS may have a good prognosis (22).

In conclusion, the clinical case described confirmed that the 
hyperosmolar state inherent in hyperglycemia was a likely cause of 
CPM. Clinicians should consider hyperglycemia in patients with 
diabetes mellitus who develop CPM.
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