
45The Southwest Respiratory and Critical Care Chronicles 2021;9(37):45–53

MICU roUnds

Hyponatremia, osmotic demyelination syndrome, and the 
importance of the patient’s history

Dominique G. Gagnon MD, PhD

AbstrAct

Central pontine myelinolysis (CPM), first described in 1959, is a symmetrical non-inflammatory 
demyelinating disease with loss of oligodendrocytes that occurs most often following a rapid 
correction of severe hyponatremia (i.e., <120 mmol/L). It presents as a biphasic disease with initial 
seizure or encephalopathy, followed by clinical improvement and subsequent rapid deterioration 
with bulbar dysfunction, oculomotor dysfunction, various degree of paresis, and even locked 
in syndrome. Its occurrence is rare (≈0.6% of severe hyponatremia), it is diagnosed clinically 
and confirmed with brain imaging, ideally with magnetic resonance image, and it is reversible in 
approximately half the patients. Lesions are classically identified in the pons but extra pontine 
lesions (in basal ganglia, cerebellar white matter, thalamus, and hippocampus) have also been 
identified. The most commonly accepted molecular mechanism involves brain cell volume 
regulation with a rapid shift of osmole following brain edema which establishes during the chronic 
hyponatremic phase. For these reasons, osmotic demyelination syndrome (ODS) is a better term. 
The most identified risk factor is severe hyponatremia, but other electrolyte abnormalities can 
contribute, in particular, if the patient is an alcoholic or malnourished. This diagnosis should also 
be suspected in post-op patients with nausea and headache non-responsive to antiemetic and 
analgesic drugs. An essential step is an appropriate medical history, a list of medications, physical 
examination, and basic initial lab tests with the goal of identifying possible easily reversible causes 
of hyponatremia. Correction of severe hyponatremia with neurological symptoms should be done 
using rapid boluses of hypertonic saline solution in rapid succession with goals of increasing 
serum sodium by 5–6 mEq/L in the first two hours, which should be stopped if the level has risen 
by 10 mEq/L in the first five hours, and with the overall correction goal not to exceed 15–20 mEq/L 
in 48 hrs. This method has been shown safe in all hospital settings studied. Serial measurements 
of electrolyte levels and neurological examinations are recommended, as are correction of all 
electrolyte abnormalities, in particular magnesium and potassium. Thiamine should be given to all 
patients with chronic alcohol use who present with hyponatremia and encephalopathy.
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IntroductIon

Hyponatremia is arguably the most common 
electrolyte disorder in hospitalized patients.1–5 In the 

general population the prevalence is estimated at 
1–2%; with women, the elderly, and those with comor-
bidities being more at risk.3 Hyponatremia has been 
associated with a wide variety of adverse outcomes: 
delirium, falls, prolonged hospitalizations, and death. 
A U-shape relationship was found between relative 
hazard ratio for all-cause mortality and serum sodium 
levels, and a quasi linear relationship between dura-
tion of hyponatremia in months and mortality.2,3 While 
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the exact ranges of serum sodium levels can vary 
slightly, mild hyponatremia can be defined as serum 
sodium ranging from 130–135 mmol/L and is gen-
erally asymptomatic. Non-specific symptoms, such 
as fatigue, malaise, nausea, and unsteadiness, may 
start to be noticed in patients with serum sodium lev-
els ranging from 120–130 mmol/L.1 Severe hypona-
tremia, i.e., serum sodium level <125 mmol/L (though 
a majority of the ODS cases reviewed had sodium 
levels <120 mmol/L), can be asymptomatic, provoke 
headaches, render patients lethargic or obtunded, 
and can lead to severe neurological symptoms, such 
as seizures, coma and respiratory arrest requiring 
immediate attention.2,3,5,6 Overly rapid correction of 
hyponatremia, i.e. a rate faster than 15–20 mmol/L/
day, has been linked with development of central 
pontine myelinolysis (CPM), renamed osmotic demy-
elination syndrome (ODS), which can be fatal. To our 
knowledge and to this date, there is no risk calculator 
for ODS, but a calculator for prediction of overcor-
rection of severe hyponatremia has recently been 
proposed.7 This review considers and discusses 
historical cases, clinical studies and risk factors, the 
physiology and pathophysiology of ODS, and guide-
lines for correction of severe hyponatremia, and 
finally hyponatremia in the context of an alcohol use 
disorder due to the higher risk for ODS in this patient 
population.

centrAl pontIne myelInolysIs 
hIstorIcAl perspectIve

The first known cases of a “new demyelinating dis-
ease” named central pontine myelinolysis (CMP) were 
described in 1959 by Adams and colleagues.8 The 
affected patients were alcoholic and/or malnourished. 
Half of them exhibited symptoms, such as quadriplegia 
and pseudobulbar palsy, and the others were relatively 
asymptomatic. Pathology reported “myelin sheaths 
of all the nerve fibers in the central part of the basis 
pontis had been destroyed in a single, large, symmet-
ric focus.” Similar cases are frequently encountered 
in the ICU setting. These cases illustrate many of the 
now better known and identified risks factors and clin-
ical course of this disease, which was later renamed 
osmotic demyelination syndrome (ODS). 

Case 1 was an alcoholic man hospitalized for delir-
ium tremens. On admission, he was septic and hypo-
tensive. He was found to have pneumonia (dullness 
to percussion, increased bronchial breath sounds with 
egophony, and fine inspiratory rales in his left lower lobe, 
WBC 11,000/µL, and a CXR with left lower lobe consol-
idation); he had normal cranial nerve examination but 
his deep reflexes were absent below the knees. He was 
treated with penicillin, and he received 3L of saline daily. 
On day 5, he had a fever of 105° F, became confused, 
and had worsening leukocytosis. He appeared to have 
difficulty swallowing which was attributed to his mental 
status. He then received tetracycline and improved, but 
his swallowing difficulties worsened. An ECG showed a 
QT interval of 350 ms on day 11 of hospitalization, and 
serum potassium was low at 3.1 mEq/L, which was cor-
rected with 30 meq KCl. His quadriplegia and difficulty 
swallowing worsened, and he ended up with total paral-
ysis and loss of all CN reflexes and respiratory drive 
prior to death from respiratory failure on day 22. 

Case 2 was an alcoholic and malnourished woman 
with altered mental status hospitalized for severe 
dehydration and anemia. Prior to hospitalization, she 
had been drinking heavily and eating poorly, had 
vomited extensively, and had intractable hiccups. On 
examination, she was uncooperative but had normal 
vital signs except for hypotension. Her skin was pale, 
her nail beds cyanotic, her tongue was dry and red, her 
lips dry and fissured, and she had hepatomegaly; her 
neurological examination was normal. A urine culture 
showed E. coli. She was treated with antibiotics and 
received dextrose and saline infusions. Her overall sta-
tus improved until day 12 when she became confused, 
restless, and incontinent of urine and complained 
of calf and foot pain. On day 18, she was unable to 
speak, and her neurological examination was rele-
vant for impaired swallowing, absent gag reflex, ina-
bility to protrude her tongue, neck muscle weakness, 
and severe flaccid weakness of all limb muscles. Her 
DTRs were absent, and the plantar responses were 
abnormal. Her sensory examination was intact. She 
continued to deteriorate, became completely quadri-
plegic on day 26, and had paralysis of the intercostal 
muscles. Knee and ankle jerks were still absent, but 
she had a positive Babinski sign. She died on day 39 of  
hospitalization. 
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Case 3 was a malnourished alcoholic man who 
drank 15–20 glasses of beer daily. He was admitted 
for difficulty walking and lower extremities weakness, 
in addition to a persistent, productive cough and 
intermittent fever. On admission, he was also septic 
likely due to pneumonia and had a dry and beefy-red 
tongue, absent reflexes below the knee, and a positive 
Babinski sign bilaterally. The details of his treatment 
were not stated in the report. It was concluded that he 
had a long-standing Wernicke’s disease and tubercu-
losis concurrent with but not causing the illness. He 
died 11 days after admission. 

In all three cases, post mortem pathology identi-
fied symmetrical lesions involving the base of pons 
and involving demyelination of all nerve tracts, which 
seemed to have originated from the center and spread 
radially. These lesions were remarkable for lack of oli-
godendrocytes. Nerve cells and the axis cylinder were 
preserved, and blood vessels were free of disease in 
all cases. Other demyelinating diseases, such as mul-
tiple sclerosis, were considered as possible causes but 
excluded based on one pathological feature, namely, 
inflammation was absent in the three cases. 

These historic cases still to this date reflect the 
most common risk factors for CMP. While in none of 
these cases was the serum sodium level reported nei-
ther was its rate of correction, detailed neurological 
examinations were reported and are still relevant to this 
date. Since its original description in the late 1950s; 
knowledge of CMP has increased significantly as has 
our management of critically ill patients with sepsis and 
electrolyte abnormalities as discussed below.6,9,10

clInIcAl studIes

Between 1964 and 1996, the diagnosis of CMP 
depended on clinical information and was essentially 
confirmed with necropsy/pathology. After its original 
description, the most common identified risk factor for 
development of CPM was hyponatremia, and CMP 
is essentially a disease of chronic hyponatremia.6,9,10 
Rapid correction of acute hyponatremia (e.g., in mar-
athon runners, ecstasy use) has virtually no risk for 
ODS.11 Patients presented with encephalopathy 
(45%) followed equally frequently by seizures (12.5%) 

and paresis (12.5%).6,9,10 The affected patients were 
more frequently alcoholic (54%), cirrhotic, or status 
post liver transplantation (12–17%), and to a lesser 
extent patients with renal failure, known neoplasm, or 
malnutrition.6,9,10 It was hypothesized that an osmole 
shift happening after a rapid correction of hypona-
tremia increased the risk of developing CPM, which 
was renamed ODS due to pathophysiology and to the 
fact that lesions can be present outside of the pons. 

Since the mid-1980s, the standard approach for 
diagnosis of CPM uses radiological analysis, mag-
netic resonance imaging (MRI) being the most sen-
sitive. Studies have confirmed that the most common 
risk factor for CPM is hyponatremia (66%), and that 
the most common clinical presentation is encephalop-
athy (37%) followed by seizures (25%) and paresis 
(25%) consistent with earlier reports.6,9,10 The patient 
population described included alcoholics (52%), cir-
rhotic patients, patients with liver transplants (8–14%), 
patients with renal failure, and malnourished patients 
who had an osmole shift (rapid correction of hypona-
tremia).6,9,10 It was estimated that about 52% recov-
ered symptomatically, 25% died, and 23% had variable 
disability.6,9,10 

Recently, 1,490 cases of severe hyponatremia 
(<120 mEq/L) were reviewed at the Geisinger Health 
System, PA, from 2001 to 2017.9 Osmotic demyeli-
nation syndrome diagnosed by brain MRI had a very 
low incidence (0.6%, i.e., 9 patients out of 1,490), was 
nearly always associated with some episode of rapid 
correction of hyponatremia (7/9 cases), and was 
often also associated with other factors, such as alco-
holism (6/9 cases), hypokalemia, and malnutrition. In 
that study, five patients had good neurological recov-
eries from the osmotic demyelination. Overall, occur-
rence of CPM was very rare, 0.6% with 50% recovery. 
This very low incidence rate has been confirmed by a 
Swedish nationwide study.12

In 1994, Lorh reported a case of ODS associated 
with lung cancer admitted with concurrent hypokalemia 
(<2.8 mmol/L) and hyponatremia (<115 mmol/L).13 He 
reviewed 135 ODS cases diagnosed clinically or radi-
ologically following a rapid correction of hyponatremia 
(<126 mmol/L); 74 had reported serum potassium 
and sodium levels at initial presentation, and about 

TTUv9n37-Gagnon.indd   47 20/01/21   4:19 PM



48

Gagnon Hyponatremia, Osmotic Demyelination Syndrome, and the Importance of the Patient’s History

The Southwest Respiratory and Critical Care Chronicles 2021;9(37):45–53

half had concurrent hyponatremia and hypokalemia 
(<3.5 mmol/L). Only 20 had serial measurements of 
serum sodium and potassium levels, and none had 
resolution of hypokalemia prior to the correction of 
hyponatremia. Of note, of the eight ODS patients with 
normal potassium levels, 4 had adrenal insufficiency, 
and 3 had renal failure. Consistent with other reports, 
a large fraction of the patients (40/74) survived, some 
with complete recovery and some with variable but 
persistent neurological deficits. The author suggested 
that hypokalemia concurrent with hyponatremia is 
more likely in volume depleted patients or in patients 
on diuretics, and that these patients are more likely to 
undergo a rapid correction of their sodium levels thus 
leading to ODS. This is due to reversible impaired 
water excretion, which has various identifiable and cor-
rectable causes, such as hypovolemia, thiazide use, 
drug-, stress-, or nausea-induced SIADH, hypoxia, and 
cortisol deficiency.

Other sporadic cases of ODS have been described 
and associated with other minor risk factors. Those 
include metabolic acidosis, hypophosphatemia, hypo-
kalemia, diabetic ketoacidosis, renal failure/hemodi-
alysis.13–18 The importance of these other risk factors 
is highlighted by some rarer cases of ODS occurring 
after an appropriate rate of serum sodium level cor-
rection.17,19 Unfortunately, these risk factors were not 
identified in a large cohort study. The low incidence of 
ODS over the years probably contributes to low qual-
ity supporting evidence for minor risks factors.

Osmotic demyelination syndrome is even less 
common in pediatric patients with only 106 cases 
reported in the literature between 1960 and 2018.20 
Those cases, similar to adults, were thought to occur 
after an overly rapid correction of hyponatremia 
(>12 mEq/l over 24 hrs). Clinical presentation is highly 
variable as for adults with some neurological symp-
toms (dysarthria, bulbar or ocular focal defects, pare-
sis etc.). Of note, extrapontine lesions were also found 
in children and often presented with non-specific 
symptoms, such as altered mentation, seizure, deaf-
ness, altered gait, etc. Most cases occurred in children 
between age 1–5; up to 60% had either a complete or 
partial recovery, and 39% died. However, the number 
of children who passed from ODS after the year 2000 
is astonishingly lower at 9%.

presentAtIon And dIAgnosIs

The classic clinical presentation is a male patient 
with liver cirrhosis, encephalopathy, and seizures 
found to have severe hyponatremia on initial lab 
tests. Symptoms can occur 1 to 14 days following the 
trigger, usually an osmole shift after a rapid correc-
tion of hyponatremia.10 The disease evolves typically 
in a biphasic manner: 1) seizure or encephalopathy, 
followed by 2) clinical improvement, then 3) rapid 
deterioration with bulbar dysfunctions, such as dys-
arthria, dysphagia, oculomotor dysfunction, various 
degrees of paresis, and even locked in syndrome, 
the most feared complication of rapid correction of 
hyponatremia. Fortunately, total or near total remis-
sion can occur in up to 50% of the cases.6 This is due 
to improvement in clinical diagnosis (e.g., improved 
laboratory studies which lead to identification of elec-
trolytes abnormalities) and recognition of risk factors 
during recent decades. Liver transplant patients have 
lower chances of recovery from ODS, and this out-
come is unlikely to change until the pathophysiology 
becomes better understood.6

A brain MRI is considered the gold standard for 
diagnosing CPM with pontine demyelination being 
the hallmark. Extrapontine lesions are seen in 13% 
of cases; combined pontine and extra pontine lesions 
also occur in some cases, including in the basal ganglia 
(especially in the striatum, 34%), cerebellar white mat-
ter (33% to 55%), thalamus, or hippocampus. In those 
cases, osmotic demyelination syndrome might be a 
more appropriate denomination.6,10,21 Unfortunately, 
and perhaps more troublesome, is that the absence 
of identified lesions on MRI does not exclude the diag-
nosis, as its radiologic evidence can be delayed by 
1–2 weeks.6,10,21

physIology And pAthophysIology

The most serious complication of hyponatremia 
is cerebral edema (cell swelling) and a rapid osmole 
shift extracellularly following an overly rapid correc-
tion of chronic hyponatremia leading to hyponatremic 
encephalopathy and ODS.22 Diagnosing hypona-
tremic encephalopathy is difficult due to its vague and 
non-specific symptoms, such as headache, nausea, 
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vomiting, which vary from patient to patient and might 
not always correlate with the severity of the hypon-
atremia.2,3 However, symptoms can rapidly progress 
to coma, seizure, and neurogenic pulmonary edema 
that can lead to respiratory arrest or trans-tentorial 
herniation. Post-operative patients, water intoxication, 
use of ecstasy, and thiazide diuretics22 are risk factors 
for the development of hyponatremic encephalop-
athy. Since post-operative nausea and vomiting are 
common, when these symptoms are associated with 
a headache and do not respond to antiemetics and 
analgesics, physicians should suspect hyponatremia 
and check serum sodium levels. These symptoms 
can be preludes of cerebral edema and herniation. 

Hyponatremia is defined as serum sodium levels 
<135 mmol/L. It is due to a relative excess of body 
water compared with the total body stores of sodium 
and potassium. Urine production by the kidneys is 
essential to regulation of total body water content and 
affects, in return, serum level of sodium. The ability 
to produce concentrated urine and conserve water 
depends on hormonal control (by ADH) of aquaporins 
at the luminal membrane in the collecting duct,23 a reg-
ulation pathway that depends on a cAMP and protein 
kinase A. 

Total osmolality and effective osmolality or tonicity 
have distinct effects on water balance and ion move-
ment across biological membranes. Since only effec-
tive solutes create osmotic pressure gradients, only 
effective solutes lead to movement of water across 
cell membranes. Acute or chronic changes in osmotic 
pressure can lead to cell swelling and edema. 

Many membrane proteins have been involved in 
cell volume regulation. The complete molecular mech-
anisms for cell volume regulation are not fully under-
stood, even less for rapid changes, but a number of 
well-known membrane proteins are involved:24–29 the 
Na+/K+ ATPase (also called the “pump”), the Na+/H+ 
exchanger, the Na+/K+/2Cl− and K+/Cl− cotransport-
ers, several K+, Cl− channels, some of which respond 
to intracellular calcium or membrane tension, and  
the water channels aquaporins. The Na+/K+ pump 
(which utilizes intracellular ATP to generate the Na+ 
transmembrane gradient) is undoubtedly important. 
Magnesium is essential for proper functioning of the 

Na+/K+ pump that generates the sodium gradient 
across cellular membrane. In addition, the lack of 
potassium or ATP may slow down the pump, which 
in turn will impair other sodium-dependent secondary 
transport of essential elements, such as inorganic and 
organic osmolytes (namely inorganic phosphate, glu-
cose, etc.). Some of these channels and transporters 
are the targets of drugs commonly used. For exam-
ple, antiarrhythmic drugs often target non-specifically 
various calcium, sodium and potassium channels, 
digoxin inhibits the Na+/K+ pump, furosemide inhibits 
the Na+/K+/2Cl− channel in the thick ascending loop of 
Henle, etc. In addition, membrane protein expression, 
function, and regulation might be affected by acute 
and chronic changes of osmolytes in a cell-depend-
ent manner, which explains why complete brain adap-
tation to hyponatremia takes 36–48 hours.

guIdelInes for correctIon of 
severe hyponAtremIA

Due to many factors, including fear of ODS, 
hyponatremia is often mismanaged in the hospital.30,31 
The first essential step is an appropriate history that 
includes medication, physical examination, and basic 
initial lab tests to lead to an accurate diagnosis that 
will often guide the proper course of treatment. Mild 
hyponatremia has been shown to respond well to fluid 
restriction, infusion of normal saline, or treating the 
underlying cause (whether it is due to a medication or 
another treatable medical condition, which invariably 
will not lead to a uniform algorithm).32 Thereafter, the 
patient’s fluid status (euvolemic vs hypo- or hyper-
volemic) must be assessed as a criterion for the clas-
sification of hyponatremia.33,34 One should identify 
and treat any easily reversible cause of the hypona-
tremia, such as kidney failure, congestive heart fail-
ure, cirrhosis, nephrotic syndrome, adrenal and renal 
insufficiency, hypothyroidism, psychiatric disorder, or 
drug-induced hyponatremia.35 Numerous drugs are 
commonly associated with hyponatremia and include 
thiazide and loop diuretics, antipsychotic and antie-
pileptic medications, and calcium channel blockers, 
etc.35 In some patient, ADH is constitutionally inap-
propriately secreted despite low serum sodium lev-
els, leading to chronic hyponatremia. Vasopressin 
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antagonists (so called “vaptans”) have been used as 
a possible treatment of hyponatremia in the context of 
SIADH when water restriction has failed.36,37 Finally, 
identifying possible confounders, such as osmoti-
cally inactive solutes (glucose, alcohol), should be 
considered. 

Complex algorithms have been proposed to man-
age severe hyponatremia and often lead to various 
approaches in different institutions. In the absence of 
a risk calculator for ODS supporting decision making, 
the proper correction method will remain variable. 
Recently, a risk factor calculator for overcorrection 
of severe hyponatremia has been proposed, and it 
includes factors, such as age, symptomatology, vol-
ume status, severity of sodium and potassium levels, 
urine osmolality, and presence or absence of a chest 
tumor.7 Most efforts have been mostly focused of pre-
venting ODS rather than treatment, but the concept 
of “re-introduction of hyponatremia” when overcorrec-
tion has happened may prevent myelinolysis.38

An optimal treatment of severe hyponatremia, 
defined as a Na+ < 120 mmol/L with neurological 
symptoms, was adopted by the International Exercise-
Associated Hyponatremia Consensus Development 
Congress and the European Clinical Practice Guidelines 
and several societies, including the European Society 
of Intensive Care Medicine (ESICM), the European 
Society of Endocrinology (ESE), and the European 
Renal Association – European Dialysis and Transplant 
Association (ERA–EDTA).39–41 Treatment consists of 
rapid boluses of 100–150 ml of hypertonic 3% saline 
solution (osm 513 mEq/L) in rapid succession with 
goals of increasing serum sodium by 5–6 mEq/L in the 
first 1–2 hrs. The hypertonic saline infusion should be 
stopped if the level has risen by 10 mEq/L in the first 
5 hrs, and the overall correction should not exceed 
15–20 mEq/L in 48 hrs. It is valid for use in all types 
of hyponatremia, i.e., if hyponatremia is moderate or 
severe, is acute or chronic, and is associated with 
moderate or severe hyponatremic encephalopa-
thy. Vaptans have been considered by expert panel 
committees (European Society of Intensive Care 
Medicine, the European Society of Endocrinology, and 
the European Renal Association–European Dialysis 
and Transplant Association) not to be a valid treatment 

option for euvolemic hyponatremic patient with moder-
ate to severe symptomatology.36 

Despite some misconceptions, hypertonic saline 
can be administered by peripheral line and in a non-
ICU context.39 Indeed, it has been incorrectly stated 
that infusion of hypertonic saline is painful via periph-
eral line. Also, some institutions prefer the ICU set-
ting for its infusion to have staff available for frequent 
assessment of neurological status. Finally, the use of 
hypertonic saline boluses does not pose higher risk 
than other methods (fluid restriction, normal saline). 

Despite not being explicitly stated in the guide-
lines, serial measurement of serum electrolyte levels 
is critical to assess the rate of correction and reassess 
the proper course of action. Correction of all electro-
lyte abnormalities should be done as well; in particular, 
potassium, an effective osmole, should be corrected 
promptly as a deficit or excess can lead to cardiac 
arrhythmias.

specIfIc populAtIon: AlcoholIc pAtIents

Chronic alcohol consumption increases electrolyte 
abnormalities in several ways, from poor oral intake to 
renal and hepatic dysfunction.41 Chronic alcohol use 
can lead to liver cirrhosis, which adds a risk factor for 
CMP upon correction of hyponatremia. 

In ER or ICU settings, commonly, alcoholic patients 
present with nausea, abdominal pain, and emesis 
and are found to have anion-gap metabolic acido-
sis on initial labs. In these cases, metabolic acidosis  
is specified as alcoholic ketoacidosis is a conse-
quence of 1) diversion of the metabolism in favor of 
mobilization and delivery of long chain fatty acids 
to the liver, 2) decreased insulin/glucagon ratio, 3) 
increase in NADH/NAD+ ratio, all of which favor the 
ketogenic state but also create an inhibitory effect on 
hepatic gluconeogenesis that can predispose patients 
to hypoglycemia, which can be life threatening. 

Acute alcohol effects decrease ADH (vasopressin) 
levels, decreasing the amount of aquaporins channels 
at the luminal membrane in renal collecting duct, which 
increases clearance of free water. It thus increases 
urine volume production, decreases urine osmolality, 
and subsequently increases serum osmolality. This 
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can cause hypernatremia and lower the intravascular 
volume. However, in chronic alcohol intake, there is 
an adaption to lower ADH levels, and hyponatremia is 
thought to be secondary to poor diet and oral electro-
lytes intake.

Other electrolyte abnormalities are also com-
monly associated with alcoholism, and those include 
hypophosphatemia. This is typically due to poor die-
tary intake of phosphate-rich food but can also be sec-
ondary to metabolic acidosis leading to an increase in 
renal excretion of phosphate.41 Phosphate is essential 
for the generation of ATP, the energy of the cells, and 
its depletion favors lactic acid production and ischemia. 
As mentioned above, alcohol-induced tubular dysfunc-
tion and alcohol-induced myopathy which promote 
increased phosphorus renal excretion and release 
from the muscle, respectively.41,42 Hypokalemia is mul-
tifactorial; it can be due to poor dietary intake, GI loss, 
impaired renal reabsorption and is worsened by acido-
sis and other electrolytes abnormalities, in particular 
hypomagnesemia. Indeed, increased potassium wast-
ing by the ROMK (generating outward movement of 
potassium) channels occurs with reduced magnesium 
levels leading to decreased inhibition.43 Intracellular 
potassium is essential for muscular and neuronal 
activity; therefore, its repletion is crucial. 

Divalent ions, such as calcium and magnesium, act 
to stabilize cellular membrane potential, inhibit inward 
rectifier potassium channels, and reduce neuronal 
excitability. Their depletion increases risk for seizures. 
Hypomagnesemia can be due to inadequate dietary 
intake of magnesium-containing food, chronic diarrhea, 
and renal tubular dysfunction. Hypomagnesemia con-
tributes to the dysregulation of the parathyroid hormone 
release and generates persistence of hypocalcemia, 
which, in turn, contributes to decreased reabsorp-
tion of phosphate in the proximal tubule, worsening 
the hypophosphatemia. Finally, vitamin D deficiency, 
one of the most common vitamin disorders worldwide, 
leads to hypocalcemia and is often found in chronic  
alcoholics.40 

This population is at higher risk of developing 
ODS due to the complex interplay of electrolytes and 
metabolic abnormalities leading to multiple organ dys-
function. The recommendations for treatment include 

volume assessment and diagnosis of all electrolyte 
abnormalities. Infusion of dextrose 5% in 0.9% nor-
mal saline would be indicated if ketoacidosis, hypo-
volemia, and hypoglycemia are initially diagnosed. 
Restoration of intrinsic insulin release and correction 
of volume are essential, but insulin infusion is rarely 
necessary. Thiamine supplementation is highly recom-
mended as it is often deficient in these patients, and 
its infusion can prevent Wernicke’s encephalopathy or 
Korsakoff’s syndrome. Awareness of possible inges-
tion of other alcohols, such as methanol, ethylene 
glycol, and isopropanol, is important. Finally, if hypon-
atremia has not corrected itself with these measures, 
hypertonic saline infusion can be considered. Severe 
hyponatremia associated with neurological symptoms 
can be corrected initially with small boluses of hyper-
tonic saline and is safe.

conclusIons

1. A good history and assessment of all risk factors, 
chronic medical conditions, and medication are 
essential when managing a patient with hypona-
tremia and neurological symptoms. 

2. Osmotic demyelination syndrome is a rare compli-
cation of rapid correction of hyponatremia; it can 
be severe and deadly but is often reversible. 

3. Osmotic demyelination syndrome should be sus-
pected in post-operative patients with nausea, vom-
iting, and headache not resolving with antiemetic 
and analgesic drugs, particularly if they develop 
new neurological symptoms, including dysphagia or 
other bulbar symptoms.

4. Patients with chronic alcohol use are at higher risk 
of developing ODS, due to poor oral intake leading 
to multiple electrolytes abnormalities and impaired 
metabolism. These patients should receive thia-
mine, and all electrolytes and osmoles should be 
assessed promptly.

5. Guidelines for treatment are starting to emerge. 
Hypertonic saline solution infusion in small boluses 
of 150 ml, with the goal of increasing sodium levels to 
5–6 mEq/L in the first 5 hrs, and up to 15–20 mEq/L 
in 48 hrs is safe in most cases of true severe 
hyponatremia.  
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