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Extrapontine Myelinolysis in a Patient 
with Primary Adrenal Insufficiency 
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Abstract
Purpose: To report the development of extrapontine myelinolysis (EPM) in a patient with adrenal 

insufficiency and review similar cases in the literature. 
Case Report: A 49-year-old female with adrenal insufficiency presented with acute dysarthria, stuttering, 

and parkinsonism. She received isotonic saline hydration for adrenal crisis and hyponatremia 18 
days before the onset of symptoms. The brain MRI and MRS showed demyelination at bilateral basal 
ganglia and the thalamus, which was compatible with EPM and resolved within 3 months after steroid 
treatment. 

Conclusion: Development of acute parkinsonism after rapid correction of hyponatremia may indicate the 
occurrence of EPM and underlying adrenal insufficiency should be excluded in these patients.
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to myelinolysis involving centropontine or extrapontine 
regions or both (4). 

 Isolated EPM without CPM is relatively rare. In a 
study of 58 patients with ODS (3), 27(45%) were pure 
CPM, 13(22.4%) were pure EPM and the remaining 18 
(31%) were combined CPM with EPM. Isolated EPM 
without CPM accounted for 20% of all ODS cases in 
another study(4). Herein, we report a patient with adrenal 
insufficiency that had developed acute parkinsonism at 
presentation. Without the initial history of hyponatremia 
and rapid sodium replacement, the final diagnosis of 
EPM was delayed until confirmation by brain magnetic 

INTRODUCTION
 
Central pontine myelinolysis (CPM) is a severe, life-

threatening neurological condition that is characterized by 
demyelination in the basis pontis, sparing the tegmentum. 
CPM was first described in 1959 and was linked to 
alcoholism and malnourishment initially (1). Later, rapid 
correction of hyponatremia was regarded as the main 
culprit (2). A similar syndrome with demyelinating lesions 
outside of the pons was first reported in 1962, and named 
"extrapontine myelonolysis". We now use the collective 
term osmotic demyelination syndrome (ODS) to refer 
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resonance imaging (MRI) and spectrometry (MRS). The 
diagnostic pitfalls of EPM are discussed. Based on a 
literature review, we also propose a possible link between 
adrenal insufficiency and EPM. 

CASE PRESENTATION

A 49-year-old female was admitted to Taipei Veterans 
General Hospital in March 2013 due to acute dysarthria 
and stuttering noted for 10 days. Besides adrenal 
insufficiency and thyroid multinodular goiter, she denied 
any systemic or neurological disease. She had been taking 
an oral steroid supplement with prednisolone 5 mg every 
other day for 3 years. 

On Feb 13, 2013, she was hospitalized in a local 
hospital because of herpes zoster at the right T4 
dermatome. She discontinued steroid on the day of 
admission and received intravenous acyclovir. Two weeks 
later, she was discharged in a stable condition. However, 
acute general weakness and irritability developed the 
day after discharge (Feb 26, 2013, referred to as Day 
1). She was taken to another local hospital and told she 
had hyponatremia (113 mmol/L). After normal saline 
hydration with 1000 mL/day and steroid re-introduction 
(intravenous hydrocortisone 100 mg Q12H), she regained 
full muscle power and other neurological functions, and 
was discharged on Day 15 with oral prednisolone 5 mg 
daily. However, on Day 19, she developed progressive 
dysarthria and stuttering, so she was admitted to Taipei 
Veterans General Hospital on Day 29.

Neurological examinations revealed her speech 

was monotonous, reduced in loudness and impaired in 
fluency. She also had mild rigidity of the right limbs and 
generalized hyporeflexia. Consciousness, cranial nerve 
functions, muscle strength, coordination and sensation 
were all intact. Laboratory investigations revealed no 
abnormality in the complete blood count, biochemistry, 
electrolyte status, thyroid function, tumor markers, 
and autoimmune profiles. The ACTH stimulation test 
confirmed her primary adrenal insufficiency. 

The brain MRI at admission (Figure 1) revealed small 
T2 hyperintensities at the bilateral thalamus. Ischemic 
stroke was not likely because the lesion localization 
seemed incompatible with specific vascular territory. 
Moreover, hepatic and renal functions and serum glucose 
were all normal. A scalp electroencephalography revealed 
intermittent slowing at the bilateral frontotemporal regions, 
but no periodic discharges typical of Creutzfeldt-Jakob 
disease. A brain CT absent basal ganglia calcification 
excluded Fahr Disease. Analysis of cerebrospinal fluid 
showed normal cytology, cell counts (white cell count: 
4/cumm; red cell count: 240/cumm; protein 34 mg/dL; 
glucose 64 mg/dL) and negative culture studies for viruses, 
bacteria and tuberculosis. Ceruloplasmin was slightly 
decreased (at 20.3 mg/dL) and 24-hour urine copper was 
normal (at 25 ug); there were no Kayser-Fleischer rings. 

A retrospective review of her medical records before 
admission to our hospital revealed a history of fast 
correction of hyponatremia (from 113.0 to 127.0 mmol/
L within ~ 18 hours on Day 5). Under the impression 
of EPM, we repeated the brain MRI one week after 
admission (Fig. 2) and the results suggested demyelinating 

Figure 1.	The brain MRI on Day 30 
     	 T2-weighted imaging (Panel A) showed bilateral thalamic high-signal lesions. The 

diffusion weighted imaging (Panel B) and apparent diffusion coefficient map (Panel 
C) revealed a diffusion restriction pattern in the bilateral thalamus. The T2-weighted 
imaging revealed no abnormalities of the pons (Panel D). 
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lesions expanding from the bilateral thalamus initially 
to the bilateral striatum. The nature of the demyelination 
was further confirmed by MRS (Day 38) showing reduced 
NAA/Cr (1.031) and Cho/Cr (0.276) ratios. She did not 
receive specific treatment for EPM. However, steroid 
treatment was introduced for her adrenal insufficiency, 
starting from intravenous hydrocortisone 60 mg daily 
then shifting to oral cortisol acetate 75 mg daily 3 days 
later. She was discharged with no parkinsonism and her 
speech returned to normal around 2 months after symptom 
onset. After discharge, she was able to carry out daily 
activities by herself. She visited our neurology clinic for 
follow-up about 3 months after the onset of symptoms, 

and neurological examinations revealed no parkinsonism 
or dysarthria. A follow-up brain MRI on Day 112 (Fig. 3) 
showed resolved T2-hyperintensities, which correlated 
with clinical improvement. The follow-up brain MRS at 
the same time also revealed restored NAA/Cr (1.216) and 
Cho/Cr (0.3311) ratios. 

DISCUSSION 

    This patient presented with parkinsonism and 
dysarthria about 3 weeks after rapid correction of 
hyponatremia secondary to adrenal crisis. The serial 
brain MRIs and MRS of this patient showed bilateral 

Figure 3.	The follow-up brain MRI on Day 112 (3 months after symptoms onset)
	 The T2-weighted image (Panal A) revealed a residual high signal at the bilateral 

striatum, markedly decreased compared to the previous brain MRI on Day 30 of 
symptoms onset. The diffusion weighted image (Panal B) and apparent diffusion 
coefficient map (Panel C) revealed no diffusion restriction pattern at the bilateral 
thalamus and striatum. T1-weighted image (Panal D) revealed a high signal at the 
bilateral striatum, suggesting microhemorrhage or mineral deposits

Figure 2.	The brain MRI on Day 38 
	 The T2-weighted image (Panel A) revealed bilateral thalamus and a newly developed 

striatum high signal compared with the previous brain MRI. The diffusion weighted 
image (Panel B) and the apparent diffusion coefficient map (Panel C) revealed a 
diffusion restriction pattern at the bilateral thalamus and striatum.
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thalamic and striatal lesions, and the differential diagnosis 
included liver diseases, Creutzfeldt-Jakob disease, Fahr 
disease, Wilson disease, EPM, non-ketotic hyperglycemia, 
hypoglycemia, toxic poisoning (carbon monoxide, 
methanol, and cyanide), and CNS toxoplasmosis (5) . After 
a serial MRI, blood tests, cerebrospinal fluid analysis, and 
history taking, we confirmed EPM as the final diagnosis. 
Of note, our patient had no risk factors for ODS, such 
as alcoholism, malnutrition, prolonged diuretic usage, 
psychogenic polydipsia, burns, liver transplant, and 
pituitary surgery. After steroid treatment, the patient 
recovered well and follow-up brain MRI 3 months after 
symptom onset showed a return to normal.    

1. Diagnostic pitfalls of ODS
The present case implicates 3 pitfalls that may 

delay the diagnosis of ODS. The first is the diverse 
clinical presentations of ODS, which may mimic other 
neurological disorders. The clinical presentation of ODS 
varies with lesion localization. CPM usually presents 
with consciousness disturbance, tetraparesis, bulbar palsy, 
or a locked-in status. EPM may involve the cerebellum 
(55%), lateral geniculate body (41%), putamen (34%), 
thalamus (34%) or cerebral cortex/subcortex (34%), 
(2,4) and may develop a more diverse symptomatology, 
including emotional liability, ataxia, tremor, myoclonus, 
akinetic mutism, catatonia, dystonia, choreoathetosis or 
parkinsonism (6). The constellation of symptoms in our 
patient echoes the complex nosology of ODS.

Second, a history of hyponatremia with subsequent 
rapid correction is a typical reminder of ODS, but may 
be lacking or uncertain at the initial diagnosis. As in this 
case, heightened alertness plus confirmation of pertinent 
medical histories can prevent diagnostic delay.   

Third, there may be a time lag between symptom 
onset and significant MRI changes in ODS patients. In our 
patient, the brain MRI revealed only small DWI and T2 
hyperintensities in the bilateral thalamus at admission (10 
days after symptom onset), which progressed to explicit 
striatal demyelination one week later. The time sequence 
of the brain MRI changes was consistent with previous 
reports. In a United States study, brain MRI in ODS 
showed typical hyperintense lesions in traditional T2-
weighted and fluid-attenuated inversion recovery (FLAIR) 
images around 1-2 weeks after symptoms onset (7). Of 

note, recent evidence showed that DWI can detect the 
diffusion restriction of ODS within 24 hours of symptoms 
onset, which suggests DWI along with apparent diffusion 
coefficient (ADC) maps are useful for early diagnosis (8). 
Therefore, those patients with suspicious ODS warrant an 
early brain MRI with DWI sequences and ADC maps to 
reaffirm the early diagnosis of ODS.  

2. The benefit of brain MRS in the diagnosis of ODS 
It is unknown whether MRS is beneficial for early 

diagnosis of ODS since our patient did not undergo MRS 
studies within 2 weeks of disease onset. However, a study 
investigating MRS longitudinal changes in CPM after liver 
transplantation showed an abnormal pattern compatible 
with demyelination as early as 8 days after disease onset, 
which persisted and progressed in the follow-up study 
48 days after disease onset (9). In the present case, there 
was notable parallel improvement in clinical deficits and 
MRS abnormalities. It is thus worthwhile to elucidate the 
clinical value of MRS in clinical follow-up or prognostic 
prediction of ODS in future studies.

3. Adrenal insufficiency, hyponatremia and ODS
The pathophysiology of ODS is not clear to date. 

The risk factors associated with ODS include alcoholism, 
malnutrition, liver transplantation, prolonged diuretic use, 
psychogenic polydipsia, burns and post-pituitary surgery, 
most of which are linked to an underlying hyponatremia(4). 
In a hyponatremic status, brain cells pump out osmoles 
(potassium and sodium salts, and organic osmoles) to 
establish a new osmotic equilibrium (“adaptation status”) 
across the plasma membrane. Therefore, it is proposed 
that an overly aggressive therapy with hypertonic saline 
would abolish the adaptation status, which turns out to be 
the culprit of ODS (10). Osmotic change in rats can damage 
astrocytes and further disrupt the blood-brain barrier 
(BBB) or tight junctions of the brain (11-13). Subsequent 
extravasation of immunoglobulins, complement proteins, 
cytokines and vasoactive amines further results in 
oligodendroglial injury, which breaks down myelin basic 
proteins (MBP) leading to ODS (12,13).    

There have been 9 patients with adrenal insufficiency, 
including the present case, reported to develop ODS 
(Table). Although adrenal insufficiency is not designated as 
a risk factor for ODS (2), there may be a pathophysiological 
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link between adrenal insufficiency and ODS. In rat studies, 
steroid can prevent BBB disruption and subsequent MBP 
damage (13). Therefore, patients with adrenal insufficiency 
may be particularly vulnerable to ODS due to a lack of 
the protective effect of steroid during osmotic change 

(12,14). In line with this assumption, 2 reported patients with 
adrenal insufficiency (Table) still developed ODS despite 
a standard rate of sodium replacement.  

Of note, all 9 patients with adrenal insufficiency 
(Table) presented with EPM rather than CPM, with 
striatal involvement in all patients except for the 2 who 
lacked pertinent information of lesion localization (15). It 
is unknown whether patients with adrenal insufficiency 
are especially vulnerable to EPM rather than CPM. 
Nevertheless, previous studies on rat CNS revealed higher 

densities of glucocorticoid receptors at the basal ganglia 
and hippocampus than at the white matter and other 
cerebral regions (16) . Given the protective role of steroid on 
glia cells during osmotic disequilibrium, a heterogeneous 
distribution of glucocorticoid receptors may explain why 
patients with primary adrenal insufficiency tend to develop 
EPM rather than CPM in the ODS spectrum. 

A clinical recovery at 2 months and a normal MRI 
follow up at 3 months of symptoms onset in the present 
case was a better outcome than that of other patients 
with ODS (17,18). In a recent case series of isolated EPM 
presenting with transient parkinsonism, the majority of 
patients did not show good recovery until follow-up at 4 
months to 4 years (18). The only patient who had recovered 
well at the 2-month follow-up also suffered from adrenal 

Table.  Review of cases presenting isolated EPM with adrenal insufficiency 
Case report	 Country	 Underlying 	 Rapid correction  	 Clinical 	 Brain Imaging
		  Condition	 of hyponatremia	 Presentation
			   (>10 mmol/L in 24 hr)
The present 	 Taiwan	 Primary adrenal 	 Yes	 Dysarthria, 	 Day 13 of symptom onset: 
case		  insufficiency		  parkinsonism	 T2 & DWI high signal in the
					     bilateral thalamus Day 21: T2
					     & DWI high signal in the
					      bilateral striatum and thalamus
Imam et al.,	 Oman	 Panhypopituitarism	 Yes	 Parkinsonism	 T2 & FLAIR high signal in the
2012(21)		  with rapid correction 			   bilateral striatum, thalamus and
		  of hyponatremia		   	 anterior temporal lobes 
Gujjar et al., 	 Oman	 Addison’s disease	 No, Na raised from 119	 Reversible	 Symptoms onset (Day 1): normal
2010(22)		  with systemic 	 to 124 mmol/L on Day 6,	 parkinsonism	 Day 21: T2 & FLAIR high
		  tuberculosis	 134 mmol/L on Day 14		  signal in the bilateral basal ganglia
Al-Mamari et 	 Oman	 Secondary adrenal	 Hyponatremia, how rapid	 Partially reversible	 On admission: normal
al., 2009(23) 		  insufficiency	 the correction was not 	 parkinsonism	 Two weeks later: T2 high signal
			   mentioned		   in tha bilateral basal ganglia 
Srimanee et 	 Thailand	 Secondary adrenal	 Yes	 Dystonia	 "Compatible with EPM" but 
al., 2009 (15) 		  insufficiency			   localization not described	  	
Srimanee et 	 Thailand	 Secondary adrenal	 Unknown	 Dystonia, 	 "Compatible with EPM" but 
al., 2009 (15) 		  insufficiency 		  dysarthria	 localization not described 
Okada et al., 	 Japan	 Secondary adrenal	 Yes, Na raised 15	 Reversible	 On admission (Day 1): normal
2005 (24)		  insufficiency	 mmol in one day	 parkinsonism, 	 Day 13: T2 high signal in the 
					     bilateral striatum 
Lasheen et  	 Kuwait	 Secondary adrenal	 Yes, Na raised 30	 Agitation, dysarthria	 T2 high signal in bilateral 
al., 2005 (25)		  insufficiency 	 mmol/L in 48 hours		  striatum
Sajith et al.,	 United	 Addison’s disease	 No, Na raised from 100	 Parkinsonism	 Initial: T2 high signal in the
2006 (26)	 Kingdom		  mmol/L to 130 mmol/L 		  bilateral striatum 
			   in 5 days		  Two months later: resolution
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insufficiency (Addison’s disease) once treated with steroid. 
Whether such a coincidence echoes the above-mentioned 
protective effect of steroid in ODS remains to be 
determined; however, some authors did suggest introducing 
steroids before sodium correction in severely hyponatremic 
patients to prevent the development of ODS (19). Further 
studies are needed to investigate if the beneficial effect of 
steroid can be faithfully translated to the treatment or even 
prevention of ODS in patients with or without adrenal 
insufficiency. The optimal dosing of steroid to prevent 
ODS, especially in patients with adrenal insufficiency, 
also merits further investigation since the present case 
developed ODS while she was taking oral steroid in an 
adequate dose for adrenal insufficiency per se (20). 

CONCLUSION 

Development of acute parkinsonism in patients with 
hyponatremia after rapid correction may indicate the 
occurrence of ODS, especially EPM, and underlying 
adrenal insufficiency should be excluded. EPM may 
develop in patients with adrenal insufficiency even in the 
absence of a history of rapid sodium replacement. Steroid 
may be beneficial for the treatment and prevention of ODS 
in susceptible patients with adrenal insufficiency.
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