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Introduction

Osmotic Demyelination Syndrome (ODS) is a disabling, iat-
rogenic disorder associated with rapid correction of hyponatre-
mia [1-4]. The original case series in 1959 described non-inflam-
matory demyelination of the central pons in a group of patients 
with alcoholism and malnutrition, leading to pseudobulbar 
palsy, quadriplegia and death [5]. In the 1970s an association 
with hyponatremia was reported [4,6]. Subsequent case stud-
ies have denoted a broad clinical spectrum, and extension of 
disease to include extra-pontine foci [2,7]. There may also be 
clinico-radiological paradox, with more dramatic myelinolysis 
on imaging compared with clinical severity [8,9]. A large sys-
tematic review reported that although mortality can reach 25%, 
outcomes have improved since earlier descriptions, and more 
than half of patients make a good recovery [8,10,11]. Although 
factors such as alcoholism, hypokalemia, malnutrition and liver 
transplantation are associated with ODS, it is rapid correction of 
hyponatremia which is of principal significance [1,3,7,9,11,12]. 
Sterns et al reported in 1986 that a rise in serum sodium by 

more than 12 mmol/L over 24 hours in patients with critical 
hyponatremia (<106 mmol/L) resulted in adverse neurological 
outcomes [2].

Chronicity of hyponatremia is integral to the risk of devel-
oping ODS [13]. This relates to the concept of cerebral adapta-
tion, which is achieved within 48 hours of hyponatremia onset 
[1]. Efflux of cerebral intracellular osmolytes maintains osmotic 
equilibrium between intra and extra-cellular spaces, and is 
necessary to reduce harmful outcomes from cerebral edema. 
In ODS, rapid correction of hyponatremia once cerebral adap-
tation is completed, precipitates water movement out of cells, 
resulting in brain shrinkage and demyelination, with damage to 
astrocytes and glial cells [1,14,15].

Hyponatremia is frequently encountered in the hospital en-
vironment, and improved treatment protocols have resulted in 
iatrogenic ODS being uncommon [13,16]. In this case report we 
describe the presentation, diagnosis and clinical trajectory of a 
patient with ODS. We hope this case can serve as a reminder of 
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the gravity of this disorder, the necessity of hypervigilance in 
its prevention and recognition, and the importance of clinical 
cautiousness in the management of hyponatremia.  

Case presentation

A 45-year-old man presented to the Emergency Department 
in an Australian quaternary referral hospital on 9th of March 
with a 3-day history of lethargy, confusion and reduced mobil-
ity, in the context of subacute decline over 3 months with an-
orexia and weight loss. He had a history of alcohol abuse and as-
sociated cardiomyopathy, diagnosed 8 years prior. Medications 
included bisoprolol, bumetanide, spironolactone and ramipril. 
The patient denied recent alcohol consumption. He had no oth-
er co-morbidities, nor family history. On examination, he was 
hypotensive with blood pressure 71/35 mmHg, heart rate was 
84 in sinus rhythm, and temperature measured 36.3°C. He ap-
peared cachectic and dehydrated. Biochemistry revealed criti-
cal hyponatremia; sodium measured 102 mmol/L, hypokalemia 
2.8 mmol/L and hypochloremia 60 mmol/L. Serum osmolality 
was 215 mmol/Kg, urine sodium < 10 mmol/L and urine osmo-
lality 119 mmol/kg. Blood glucose was 5.4 mmol/L. Renal im-
pairment was present, with serum creatinine 184 micromol/L 
and eGFR 38 ml/min/1.73 m2; baseline renal function was un-
known. Venous lactate measured 1.6 mmol/L. GGT was 52 U/L, 
ALP 138 U/L. Transaminases were within normal range as was 
thyroid function. Serum cortisol measured the following morn-
ing was 289 nmol/L. The patient’s confusion and lethargy was 
attributed to hyponatremia and 70 mls hypertonic 3% saline 
was administered by the emergency physician. The case was 
discussed with the admitting nephrologist; considering the in-
sidious onset of symptoms, concurrent alcoholism and malnu-
trition, a provisional diagnosis of chronic hypovolaemic hypona-
tremia with total solute depletion was made. The patient was 
admitted to the Intensive Care Unit for further management. 
It was advised to correct the hyponatremia cautiously with iso-
tonic saline solution (0.9% NaCl) at a rate of 80 mL/hour with 
biochemistry sampled every 4 hours, aiming for no more than 
1mmol rise per every 2-3 hours, and no more than 8-10mmol/L 
total over the first 24 hours.

During the first 14 hours of admission the sodium increment-
ed appropriately from 102 mmol/L to 107 mmol/L. The rate of 
correction then accelerated and reached 113 mmol/L by the 24-
hour mark and 124 mmol/L by 48 hours; a total increase of 22 
mmol/L (Figure 1). This was despite attempts to slow the rate of 
rise by changing from isotonic saline to a 5% dextrose infusion. 
However, the patient clinically improved, his acute kidney injury 
resolved, and he was transferred to a medical ward 48-hours 
after admission. 

Although premorbid function was poor, the patient initially 
made good progress with mobility and cognition. His condition 
deteriorated with new, frequent falls 9 days into admission. 
The serum sodium was 131 mmol/L at this time. Neurological 
examination revealed dysarthria, upper and lower limb rest-
ing tremor, and ataxia. He had full power in limbs and normal 
sensory examination. Severe dysphagia was demonstrated by 
video fluoroscopy. Given the significant rise in sodium that had 
occurred earlier in admission, concern was raised for ODS. Dif-
ferential diagnoses included alcohol withdrawal and alcohol re-
lated brain injury. 

A cerebral MRI on 20th March demonstrated abnormal re-
stricted diffusion within the central pons with sparing of the 
periphery. There was increased restriction on the left and corre-
sponding T1 hypointensity and T2/FLAIR hyperintensity. There 
were small foci of restricted diffusion in the right and left me-
sial temporal lobes inkeeping with extra-pontine myelinolysis. A 
background of cerebral atrophy was noted (Figure 2).

Osmotic demyelination syndrome was diagnosed and the 
patient underwent rehabilitation therapy. Neurology and func-
tion improved dramatically and he progressed to become inde-
pendently mobile and able to climb stairs 3 weeks after diagno-
sis. Dysarthria, dysphagia and tremor also resolved and he was 
discharged home.

Figure 1: Graph charting sodium rise between 9th March and 19th 
March 2020. 

Discussion

ODS is a rare clinical entity, however given its premise as pre-
ventable and iatrogenic in nature, with grave outcomes for the 
patient, this case provides several timely lessons for clinicians. 
Our case demonstrates three key points in the management 
of chronic hyponatremia and ODS. Firstly, slower correction 
of sodium over the initial 24 – 48 hours should be advocated. 
Whilst most clinical guidelines recommend correction of 8 – 10 
mmols/L over 24 hours [17], we suggest lower targets (i.e. 4 
– 6 mmol over 24 hours) particularly in patients likely to have 
chronic hyponatremia who are at high risk of ODS. Secondly, 
early recognition that a patient is at risk of ODS may reduce 
the clinician’s urge to correct hyponatremia. Our patient exem-
plifies an ‘at-risk patient’ in his history of alcoholism, malnutri-
tion and hypokalemia. Lastly, ODS is often delayed, in our case 
9 days after presentation, thus we advise monitoring of neuro-
logical status, in at-risk patients, for a prolonged period.

Figure 2: MRI Brain performed 20th March 2020.
Left: DWI. Right: T2
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This case also highlights some of the pitfalls encountered 
when treating hyponatremia and can offer practical guidance to 
clinicians. Guidelines for treatment often vary between centres, 
and clear cohesive agreement is frequently lacking [17]. As we 
found, the rate of increase in serum sodium can be difficult to 
predict; whilst our patient experienced only a modest rise after 
hypertonic saline, the sodium rose rapidly on the second day 
of admission, despite attempts to attenuate this by changing to 
a 5% dextrose infusion. This is consistent with a retrospective 
study which found that only 6 out of 83 patients were corrected 
at a rate of <8 mmol/L per 24 hours [11]. Close monitoring is es-
sential, even if initial biochemistry tracks as planned. In patients 
with critical hyponatremia, this should portend an extended 
critical care stay. 

ODS occurs more commonly in the context of co-morbid 
alcoholism, malnutrition and hypokalemia [5,12], all of which 
were present in our patient. In addition, the majority of patients 
have an initial serum sodium <120 mmol/L [10], with one ret-
rospective study demonstrating the mean sodium at presenta-
tion to be 104 mmol/L [11]. When encountering a patient with a 
concerning risk factor profile, targeting lesser increments in se-
rum sodium is advisable. Early recognition of these risk factors 
in the current case may well have led to less aggressive sodium 
replacement and prevention of ODS.

The interval between sodium correction and development 
of ODS has been well documented [3,7]. We have described a 
case of ODS occurring on day 9 of admission, and whilst this 
phenomenon is reported, it may not be common knowledge 
for clinicians. The relevance of this is multi-factorial. The serum 
sodium measured 131 mmol/L at the onset of ODS in our pa-
tient, and had been stable at this level for some days. Although 
evidence in rat studies suggest a role for re-lowering serum so-
dium in established ODS [18], data in humans is lacking, and 
we elected aggressive rehabilitation rather than attempting to 
re-precipitate hyponatremia. 

It is interesting to note that despite MRI revealing striking 
pontine abnormalities in our patient, plus corresponding clini-
cal symptoms, he progressed exceptionally well with rehabili-
tation, and was discharged with better function than his pre-
morbid status. This finding has been echoed in other recent 
literature, and is converse to the terminal prognoses outlined 
in earlier reports [10]. This emphasises the importance of con-
tinued good care following diagnosis and demonstrates that a 
favourable outcome can be achieved. We must not let our pre-
conceptions about the disorder lead to an overly pessimistic 
approach as, highlighted in this case, it is possible to make an 
excellent recovery. 
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