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had two episodes of transient loss of consciousness. He was sent 
to the emergency department of an outside hospital. At presen-
tation, the patient had no sign of dehydration like poor skin 
turgor, orthostasis or decreased urine output, nor sign of vol-
ume overload including peripheral edema, ascites or elevated 
jugular vein pressure. Serum sodium of 102 mmol/L, potassium 
of 3.9 mmol/L and phosphate of 1.08 mmol/L were reported. 
The complete blood count and the remainder of metabolic 
panel including serum glucose, creatinine, albumin, amino-
transferase and bilirubin were within normal limits. The mea-
sured serum osmolality was 213 mosm/L. Intravenous hyper-
tonic saline was given with an average correction rate of 8  
mmol/24 h. Despite slow rate of correction, neurologic symp-
toms including restlessness and irritability developed. In the 
following days, the patient developed apathy, confusion and ob-
tundation, followed by dysarthria, dysphagia, paraparesis, be-
havioral disturbances and disorientation. Endocrine studies re-
vealed a serum cortisol concentration (8 : 00 a.m.) of 62.4 nmol/
L (normal, 138–635 nmol/L), plasma adrenocorticotrophin 
(ACTH) of 1.03 pmol/L (normal, 2.2–17.6 pmol/L). The serum 
thyrotrophin (TSH) level was 1.37 mIU/L (normal, 0.55–4.78 
mIU/L); serum free thyroxine (FT4) was 6.91 pmol/L (normal, 
11.5–22.7 pmol/L), and serum total thyroxine (T4) was 43.0 

INTRODUCTION

Osmotic demyelination syndrome (ODS) including central 
pontine myelinolysis (CPM) and extrapontine myelinolysis 
(EPM) following overly rapid correction of hyponatremia has 
been well recognized5,15). Although ODS occurring after transs-
phenoidal resection of pituitary adenoma has been reported 
occasionally11,16,18), to our knowledge, few preoperative EPM 
cases with pituitary adenoma have been reported14). Unfortu-
nately, the outcomes of patients with ODS are often disappoint-
ing with high rate of mortality and irreversible neurological 
deficits5). Here, we report a case of preoperative EPM with non-
functional pituitary macroadenoma who made a great clinical 
recovery after supportive therapy and transsphenoidal adenoma 
resection.

CASE REPORT

A 38-year-old man was admitted to our hospital in Decem-
ber 2012 because of nausea, malaise, altered mental status, be-
havioral disturbances, dysarthria and dysphagia. The patient 
had been well until 2 months before admission, when nausea 
and malaise developed. His wife also reported that the patient 
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day. Prednisone and levothyroxine supplements were contin-
ued. Quetiapine and clonazepam were given and the frequency 
of episodic agitation decreased gradually. Other supportive 
therapies including parental nutrition, aspiration precaution 
and physical therapy were provided. 

Three weeks after admission, the patient was verbally respon-
sive and ambulant. Dysphagia also resolved. The decision of 
surgery was made then based on the improved general state of 
the patient and the intent to remove the underlying cause of hy-
popituitarism and hyponatremia. Transsphenoidal surgery for 
pituitary adenoma was performed. Pathologically, the mass was 
confirmed to be nonfunctional adenoma by hematoxylin and 
eosin (H&E) staining and immunohistochemical examination. 
Pseudorosette patterns were found on H&E staining and nucle-
ar division was less than one per 10 high power field. The tu-
mor cells were scattered positive for p53 and Ki-67. And Ki-67 
index was <1%. The immunostainings for ACTH, FSH, LH, 
PRL, TSH and GH were negative. 

After discharge, the patient followed up regularly. Serum so-
dium was tested every week after discharge and later every 
month. No hyponatremia developed again after surgery. Pred-
nisone and levothyroxine were tapered gradually. Recent hor-
mone studies showed normal level of ACTH, cortisol, TSH, 
FT4 and T4. Neurological symptoms including agitation, dysar-

nmol/L (normal, 65–155 nmol/L). Prednisone and levothyrox-
ine was administered. Hyponatremia was completely corrected 
after that. However, neurological deficits persisted. Cranial 
magnetic resonance imaging (MRI) was performed and a pitu-
itary macroadenoma (Fig. 1A, B, C) measuring 18×29×20 mm 
was reported. No other abnormalities including CPM or EPM 
were found. One week before admission, MRI was repeated and 
EPM was detected at bilateral basal ganglion and thalamus (Fig. 
1D, E, F). 

The patient was referred to our hospital because of persistent 
neurologic deficits. On physical exam, he was unresponsive to 
verbal or pain stimuli. Eye tracking and spontaneous head and 
limb movements were present. Pupils were of equal and normal 
size and reactive to light. Superficial and tendon reflexes were 
present and pathologic reflexes were negative. The general 
physical examination was normal. Metabolic panel results were 
normal. Hormone studies showed normal ATCH, cortisol, 
TSH, T4, and FT4, decreased growth hormone and insulin-like 
growth factor 1, normal prolactin, decreased gonadotrophin 
(follicle-stimulating hormone and luteinizing hormone), estro-
gen and testosterone. The diagnosis of nonfunctional pituitary 
macroadenoma, hypopituitarism and extrapontine myelinolysis 
were made. The patient had several episodes of restlessness and 
agitation with shouting and fighting lasting 10 minutes every 

Fig. 1. Preoperative pituitary and cranial MRI. Pituitary coronal T1-weighted images (T1WI) and T2WI show an isointense lesion (18 mm×29 mm×20 
mm) in sella region which extends inferiorly into sphenoidal sinus and superiorly into suprasellar cistern with slight compression of optic chiasm (A 
and B). The mass is homogeneously enhanced (C). Cranial axial T2WI and fluid-attented inversion recovery (FLAIR) show bilateral basal ganglion and 
thalamus extrapontine myelinolysis (D and E). No obvious central pontine myelinolysis is found (F). 
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thria, dysphagia and paraparesis resolved completely. The pa-
tient was able to resume his work as a bank accountant three 
months after the surgery. The latest follow-up MRI was ob-
tained 7 months postoperatively, and these images showed de-
myelination at bilateral basal ganglions and thalamus resolved 
and pituitary adenoma resected (Fig. 2).

DISCUSSION

Among various etiologies of hyponatremia, endocrine disor-
ders, including adrenal insufficiency and hypothyroidism, are 
uncommon causes which may be overlooked1,7,12). While hypo-
natremia can be caused by hypopituitarism, severe hyponatre-
mia occurring as the presenting manifestation of pituitary ade-
noma is rare8). At the onset of hyponatremia, the patient was 
euvolemic. He had no history of systemic disease and medica-
tion use. Given the endocrine abnormality and histology-con-
firmed pituitary adenoma, we propose that secondary adrenal 
insufficiency and hypothyroidism resulting from hypopituita-
rism was the underlying cause of his hyponatremia. 

ODS following overly rapid correction of hyponatremia has 
been well recognized. Recommended rate of sodium correction 
is less than 10 mmol/L in any 24-hour period and less than 18 
mmol/L in any 48-hour period to prevent ODS6,17). However, 
demyelination can occur even with this correction rate (as in 
our case), especially in those with other ODS risk factors5). Ex-
cept for the rate of correction, serum sodium concentration at 
presentation and the duration of the hyponatremia are also im-
portant risk factors. On presentation, our patient had been 
symptomatic for 2 months and the serum sodium level was as 
low as 102 mmol/L. Therefore, patients with more than one risk 
factors for ODS may still be at risk for development ODS at 
“normal” rates of correction and may require slower rates.

If ODS does develop despite the steps taken to avoid overly 
rapid correction, effective management is rare. Although rein-
troduction of hyponatremia, plasmapheresis and corticoste-
roids has been used, most evidence comes from animal models 
and data in humans are limited to case reports2,5,13). The out-
come of patients with ODS are often disappointing. Initial case 
reviews showed mortality rate as high as 50–90%3). A more re-

cent review of 32 German patients with ODS showed a much 
better outcome with only 30% having irreversible and incapaci-
tating neurological deficits9). This review suggests that patients 
with ODS can survive if the nonspecific secondary complica-
tions of transient illnesses such as aspiration pneumonia, deep 
venous thrombosis, and pulmonary embolism can be avoided. 

Supportive therapy is extremely important to prevent sec-
ondary complication. Some patients with ODS can recover 
function after prolonged periods of severe neurologic impair-
ment5,9). As in our case, the patient had developed progressive 
neurologic symptoms for two months on admission to our hos-
pital. These symptoms improved significantly after another 
three weeks of supportive therapy. The patient was able to re-
sume the job as a banking account after surgery, indicating com-
plete recovery from neurologic and cognitive deficits. There-
fore, supportive therapy should be continued for at least six to 
eight weeks before concluding that the deficits are irreversible.

Surgery is the ultimate effective treatment for nonfunction-
ing adenoma, which not only removes the underlying cause of 
hypopituitarism, but also reverses or prevents vision impair-
ment. According to a systemic review and meta-analysis evalu-
ating the outcome of surgical treatment for nonfunctioning pi-
tuitary adenomas, pituitary hypofunction improved in as many 
as 30 percent after surgery10). While for patients with EPM, ap-
propriate surgical timing of adenoma resection is of great im-
portance. Neurologic deficits of preoperative EPM such as de-
creased level of consciousness, paraparesis, dysarthria and 
dysphagia, posed great challenge to the transsphenoidal opera-
tion of pituitary adenoma. Risk of complications such as aspira-
tion, respiratory failure, and deep vein thrombosis is much 
higher than patients without neurologic deficits4,9). To minimize 
the risk of surgery and to remove the underlying cause of hypo-
natremia, we selectively arrange the operation after dysphagia 
and dysarthria resolved, and the patient became ambulant and 
able to obey simple commands.

CONCLUSION

We report a case of preoperative EPM with nonfunctional pi-
tuitary macroadenoma who made a great clinical recovery after 

Fig. 2. Follow-up MRI 7 months after operation. Pituitary coronal and sagittal enhanced MR-images show no obvious residual adenoma (A and B). 
Cranial axial T2WI and FLAIR show extrapontine myelinolysis resolved at bilateral basal ganglion and thalamus (C and D).
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supportive therapy and transsphenoidal adenoma resection. 
Outcome can be good even with prolonged periods of severe 
neurologic impairment. More cases are required to clarify the 
prognosis of ODS and identify the factors associated with better 
outcome. 
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