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SUMMARY
Central pontine myelinolysis (CPM) develops due to 
acute hypernatremia from a normal baseline serum 
sodium in the setting of electrolyte abnormalities induced 
by topiramate use. Topiramate is a commonly used 
medication with several indications including migraines, 
myoclonic jerks and seizures. It has been reported to 
cause renal tubular acidosis and severe electrolyte 
abnormalities, which in turn predispose patients to 
neuropathology via renal concentration defects and 
osmotic shifts. Our patient is a 55-year-old woman 
with a history of multiple sclerosis and myoclonus 
on topiramate for several years who presented with 
weakness and was found to be profoundly hypokalemic. 
She went on to develop changes in mental status, 
motor deficits and evidence of CPM on MRI during 
her hospitalisation. Surprisingly, the patient never had 
hyponatremia; however, she had an acute rise in serum 
sodium from a normal baseline after fluid resuscitation 
with normal saline for hypotension during her admission.

BACKGROUND
Central pontine myelinolysis (CPM) is a rare neuro-
pathology typically associated with rapid correction 
of hyponatremia.1–3 The pons is especially sensi-
tive to osmotic changes and neurological symp-
toms can occur within 2–3 days. Symptoms can 
progress within days to include paralysis, ‘locked 
in syndrome’ and even coma and death. Thus, it 
is of utmost importance to prevent significant 
morbidity and mortality in patients who are predis-
posed to this condition, especially when disability 
can be permanent. Interestingly, there has been 
some controversy regarding other causes and risk 
factors for CPM which are not widely consid-
ered in the medical community. CPM in setting of 
hypokalemia, hypoglycaemic, malnutrition, hypo-
phosphatemia and alcoholism have been increas-
ingly recognised but seldom reported in absence 
of hyponatremia. Theoretically, rapid alteration of 
serum osmolality, as in acute hypernatremia, can 
overwhelm brain adaptive mechanisms and induce 
osmotic demyelination syndrome (ODS) regardless 
of the specific measurement of sodium. In 2015, 
a case of ODS presenting with hypernatremia was 
published by Han et al.2 Overall, 50 cases have 
been reported in the literature, 20 case reports and 
1 case series of 30 patients.1–3 It is possible that the 
true incidence of CPM in setting of all the above-
mentioned predisposing factors is actually higher 
than previously believed.

CASE PRESENTATION
A 55-year-old woman with a history of multiple 
sclerosis (MS), gastric bypass, bipolar disorder and 
myoclonic jerks treated with topiramate presented 
to an outside hospital with complaints of generalised 
weakness. She was found to be markedly hypoka-
lemic at <1.5 mEq/L. The patient had a history of 
MS flares with similar presentations, last of which 
was 1 year prior. However, recent follow-up MRI 
had not shown any new MS-related demyelin-
ated brain lesions. The patient did not have any 
vomiting or diarrhoea to explain hypokalemia and 
had reported that she was recently told to decrease 
topiramate dose due to side effects, rendering topi-
ramate the likely culprit for her severe hypokalemia 
despite being on potassium supplementation. In 
addition to metabolic work up for her weakness, 
hypokalemic periodic paralysis and MS flare were 
also on the differential for this presentation.

The patient’s potassium was aggressively repleted 
at the outside hospital both orally and intrave-
nously. She had also received 3 L of intravenous 
normal saline for hypotension. In review of transfer 
records, her sodium on day of admission was 137 
mEq/L, but rose to 164 mEq/L on day 3 of admis-
sion, a change of 27 mEq/L in 72 hours. She was 
also making around 2.5–3 L of urine per day during 
this time, thus raising concern for diabetes insip-
idus (DI) due to a remote history of lithium use 
for bipolar disorder. The patient never had issues 
with hypernatremia or polyuria in the past. Her 
measured urine osmolality was 400 mOsm/kg, see 
table 1 for details.

The patient then developed acute onset encepha-
lopathy and left hemiparesis on day 3. The unilateral 
upper and lower extremity weakness necessitated 
ruling out stroke as cause of symptoms and then 
she was transferred to our hospital for neurological 
evaluation and higher level of care due to concern 
for exacerbation of MS versus neurologic vascular 
event. Neurology did not feel that her presentation 
was consistent with MS flare or a vascular event. 
She had an unremarkable lumbar puncture and 
cerebral imaging.

Nephrology was consulted due to refractory 
hypokalemia. Review of outside hospital records 
revealed admission sodium of 137 mEq/L and 
normal anion gap metabolic acidosis. She had 
normal renal function, a urine potassium-to-creatine 
ratio of 100 mmol/g and a transtubular potassium 
gradient of 16 indicating renal potassium wasting. 
Urine output after resuscitation with intravenous 
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normal saline was  >3 L/day. Her presentation was consistent 
with renal tubular acidosis (RTA) induced by topiramate. It was 
concluded that hypernatremia developed due to hypokalemia-
induced renal concentrating defect that leads to polyuria rather 
than lithium-induced DI. The patient was also noted to be hypo-
phosphatemic and folate deficient in the setting of prior gastric 
bypass predisposing her to ODS. It was highly suspected that the 
altered mental status was due to ODS rather than MS or stroke 
given that her acute hypernatremia of 164 mEq/L was slowly 
corrected over several days rather than rapidly. Repeat MRI of 
the brain was pursued and showed a pontine lesion consistent 
with demyelination (figure 1).

Thereafter, aggressive free water supplementation was imple-
mented to quickly decrease her sodium down to normal range. 
Her mental status gradually improved after that. She also had 
resolution of her left arm weakness and was discharged to a 
short-term physical rehabilitation programme.

INVESTIGATIONS
For encephalopathy work up, CT scan and angiogram of the 
head were obtained as part of stroke evaluation and were nega-
tive for acute intracranial abnormalities. Initial MRI on day 3 of 
admission showed multifocal areas of abnormal T2 prolonga-
tion in periventricular and subcortical white matter and upper 
cervical cord, consistent with the history of MS. No active 
demyelinating lesions were noted. Electroencephalogram (EEG) 
on day 5 suggested a moderate-to-severe generalised encepha-
lopathy, with significant right-sided slowing greater than left, 

and right-sided focal lesion should be ruled out, no epilepti-
form features were seen. EEG the next day redemonstrated the 
moderate generalised encephalopathic process; however, the 
asymmetric slowing noted on the prior EEG was not reflected, 
again no lateralised or epileptiform features were noted. As 
mentioned previously, lumbar puncture and the Mayo Clinic 
encephalopathy-autoimmune evaluation panel were negative. 
Repeat MRI of the head on day 5 now noted a hypointense 
lesion on T1-weighted image and corresponding hyperintense 
lesion on T2-weighted image was identified in the right pons 
consistent with CPM.

In terms of her hypokalemia work up, clinical history and 
absence of diarrhoea excluded gastrointestinal losses of potas-
sium. Refractoriness to potassium supplementation suggested 
renal loss. Renal potassium wasting was confirmed by measuring 
24 hours potassium excretion (125 mmol/24 hours), calcu-
lating urine anion gap of  +29, potassium-to-creatine ratio of 
100 mmol/g and transtubular potassium gradient of 16 all in the 
setting of normal anion gap metabolic acidosis and preserved 
renal function leading to the diagnosis of proximal RTA. Collec-
tion of 24 hours urine potassium is often impractical, our first 
result was borderline elevated at 125 mmol/24 hours. In the pres-
ence of profound hypokalemia, normal renal response would 
be to conserve potassium and decrease excretion to less than 
25 mEq per day. Excretion of over 30 mEq per day is consis-
tent with renal potassium wasting. A spot urine potassium-to-
creatine ratio is an acceptable estimate and a result greater than 
13 mEq/g creatine (1.5 mEq/mmol) points to inappropriate renal 
potassium loss. The spot urine potassium by itself has limitations 
in polyuria and can sometimes be misleading. For an accurate 
estimate, the urine sodium has to be greater than 30 mEq/L 
and urine osmolality greater than plasma osmolality suggesting 
that the patient is not polyuric, hence resulting in the use of 
potassium-to-creatine ratio to eliminate effect of urine volume. 
A study by Lin et al in 2004 showed that urine potassium-to-
creatine ratio was a reliable tool to distinguish between hypo-
kalemic periodic paralysis and other causes.4 It was noted that 
potassium-to-creatine ratio was significantly lower in patients 
with periodic paralysis compared with RTA for example.4 In 
addition, patients with periodic paralysis had normal acid-base 
balance compared with patients without periodic paralysis who 
often had metabolic alkalosis or metabolic acidosis. Paralysis 
patients require smaller amount of potassium supplementation 
as hypokalemia is caused by redistribution of potassium and runs 

Table 1  Laboratory values, intake/output measurements and interventions during hospital course

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10

Sodium (mEq/L) 137 148 157 164 163 153 152 146 138 145 143

Potassium (mEq/L) <1.5 2.2 2.5 2.4 3.6 2.8 3.3 3.5 3.9 3.7 2.8

Bicarbonate (mEq/L) 11 13 12 11 12 12 12 13 12 15 19

Urine osmolality 
(mOsm/kg)

401 409 431 326

Urine sodium (mmol/L) 34 99

Urine creatine (mg/dL) 53 48 29

Urine potassium 
(mmol/L)

53 32

Intake/output (24 hours 
net) (L)

1.7/1.47
(+0.23)

1.2/2.3
(−1.1)

1.2/2.0
(−0.8)

1.6/2.7 
(−1.1)

2.6/1.4 
(+1.2)

1.1/1.6 
(−0.5)

3.5/1.2
(+2.3)

3.5/1.6
(+1.9)

3.2/3.0
(+0.2)

2.0/1.77 
(+0.23)

0.34/2.5 
(−2.16)

Desmopressin given 1 mg 1 mg

Events Resuscitation with 
0.9% saline

Switch to 
Dextrose 
5% Water

Switch to 75 mEq 
bicarbonate

Figure 1  Hypointense lesion on T1-weighted image (A) and 
corresponding hyperintense lesion on T2-weighted image (B) located in 
the right pons. Flair (C).
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the risk of developing hyperkalemia with excess supplementa-
tion. Our patient was non-diabetic and had a normal anion gap 
metabolic acidosis with renal potassium wasting, narrowing 
her diagnosis to proximal RTA triggered by topiramate with its 
carbonic anhydrase inhibitor effect. Additional work up included 
Sjogren syndrome A (SSA) and Sjogren syndrome B (SSB) anti-
bodies to assess for other processes such as Sjogren’s and were 
negative. The development of hypernatremia was attributed at 
least in part to severe hypokalemia-induced renal concentrating 
defect but cannot rule out previously undiagnosed underlying 
chronic lithium injury although this is less likely and lithium had 
not been used by the patient in years.

DIFFERENTIAL DIAGNOSIS
Encephalopathy was thought to be multifactorial due to MS 
pseudoflair in setting of electrolyte derangements with high 
suspicion of ODS. The clinical picture associated with the 
changes in MRI could not only represent ODS but can also be 
seen with subclinical seizures and autoimmune encephalitis. 
Given that Mayo Clinic encephalopathy-autoimmune evalua-
tion panel was negative, lumbar puncture was unremarkable; 
lack of history of seizures with an unremarkable EEG, relatively 
quick recovery of symptoms compared with stroke or MS flare, 
makes ODS the more likely explanation for this case. This case is 
important because if the conventional thinking regarding CPM 
is not broadened or challenged, cases such as this one, out of 
the context of overcorrection of hyponatremia, will be missed 
in our daily practice. Reporting this case aims to encourage 
thinking outside the box and to broaden our horizons as medical 
specialists.

TREATMENT
The patient had already received high-dose methylprednisone 
as part of empiric treatment for MS flare prior to her transfer 
from the outside hospital, which has been noted to have protec-
tive effect on ODS in experimental animal model.5 However, 
the corner stone of treatment was to discontinue topiramate use 
and replete potassium deficit aggressively to correct the under-
lying pathology leading to the renal concentration defect and 
free water loss. Simultaneously, we diligently replenished the 
patient’s free water deficit to correct her sodium levels quickly 
back to normal range and ameliorate the effect of osmotic 
change on the pons. The metabolic acidosis was corrected with 
oral sodium bicarbonate administration as well until serum 
bicarbonate level was greater than 24 mmol/L. Other routine 
supportive care measures, including enhancing nutritional status 
with protein supplements and multivitamins, were implemented 
and a physical medicine and rehabilitation referral was made to 
help reverse the neurologic deficit caused.

OUTCOME AND FOLLOW-UP
Topiramate was indefinitely discontinued and the patient 
was given extensive education regarding avoiding use in the 
future. She spent 2 weeks in the hospital before discharge to 
short-term rehab where she spent 2½ additional weeks before 
returning home. Her sodium on discharge from the hospital 
was 140 mEq/L, bicarbonate was 21 mmol/L and potassium 
was 4.2 mEq/L. She had several levels checked during her 
rehab stay which were all within reference range. She had a 
repeat basic metabolic panel 2 months post discharge from 
rehab, which showed sodium of 139 mEq/L, bicarbonate of 
24 mmol/L and potassium of 3.1 mEq/L. The patient was seen 
in the neurology office for follow-up 1 month post discharge 

and was becoming stronger and feeling gradually better. She 
was ambulating with a walker despite slight residual weak-
ness in her left leg. Her topiramate was not restarted and her 
myoclonic jerks have not reoccurred. It is unclear if she was 
restarted on potassium supplementation, but hypokalemia is 
not unexpected as the renal tubular dysfunction can outlast 
the treatment.

DISCUSSION
The hypernatremia in this case was due to iatrogenic sodium 
load during resuscitation in addition to free water loss in 
a polyuric patient with renal concentration defect induced 
by topiramate. Topiramate is an antiepileptic medication 
that inhibits carbonic anhydrase in the proximal convo-
luted tubule. It leads to lower plasma bicarbonate levels by 
impairing its reabsorption. It also impairs excretion of acid 
by the distal renal tubule, causing mixed renal acidosis. This 
manifests as a hyperchloremic normal anion gap acidosis 
and alkaline urine.6 RTA can be acute or chronic and can 
cause severe illness, including electrolyte derangements and 
even demyelinating brain lesions as seen in this patient with 
risk factors for ODS including hypophosphatemia, hypogly-
caemic and hypokalemia.

Hypokalemia has been shown in animal and human studies 
to cause nephropathy by several mechanisms including 
renal vasoconstriction, medullary ischaemia and impaired 
renal angiogenesis as well as tubular brush border damage.7 
This leads to functional effects on the kidneys including 
vasopressin-resistant urinary concentration defect though 
aquaporin 2 channel defects in the collecting duct. Na–K–
Cl cotransporters and Renal Outer-Medullary Potassium 
(ROMK) channels also decrease in the thick ascending loop 
of Henle leading to decreased sodium reabsorption. Upreg-
ulation of angiotensin II, angiotensin I receptor and sodium 
hydrogen exchanger 3 channels in the proximal tubule also 
leads to sodium retention.

Clinical features of urinary concentration defect include 
low urine specific gravity, bland sediment and polyuria, 
all of which were present in our patient.7 While the urine 
osmolality was not severely dilute (in the 326–400 uOsm/kg 
range), it was more dilute than expected in response to the 
simultaneous plasma osmolality (maximum plasma osmo-
lality was 342 mOsm/kg). The onset of urinary concentra-
tion defects has been reported within 24 hours in animal 
studies. Potassium supplementation has also been shown to 
ameliorate the autophagic degradation of aquaporin 2 chan-
nels induced by potassium deprivation as demonstrated by 
Khositseth et al in 2015.8

Although the patient did not have hyponatremia, her 
sodium increased from 137 mEq/L to 164 mEq/L in less than 
72 hours. This rapid shift in osmolality may cause myeli-
nolysis in humans. Our patient had a typical radiographic 
evidence of CPM on MRI with a hyperintense lesion in the 
pons on T2, the location of the brain most susceptible to 
osmotic change. Changes have also been seen in extrapontine 
sites in other cases, these are associated with better recovery. 
Given the symptoms of unilateral paresis and encephalop-
athy corresponding to the time of serum sodium increase, 
her presentation is more consistent with ODS rather than 
stroke or MS flare. Fortunately, her symptoms improved 
with the correction of sodium back to the normal range at 
the rate of 1 mEq/L/hour.
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Our patient had also been started on steroids as treatment 
for possible MS flare. Steroids, especially dexamethasone, 
have been reported to improve the outcome of hyperna-
tremic demyelination in rats by offering protection against 
osmotic-induced demyelination through preventing disrup-
tion of the blood–brain barrier. It is yet unclear whether 
this played a role in the reversibility of symptoms and better 

prognosis in our patient. A follow-up MRI is needed to eval-
uate the resolution of the CPM lesion.
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Learning points

►► The clinical manifestations of acute hypernatremia, including 
altered mental status and paresis, are similar to those of 
hyponatremia that are rapidly corrected.

►► It is important to avoid overzealous fluid resuscitation, for 
example, in this case it would have been prudent to change 
to 5% dextrose when serum sodium was 148 mEq/L.

►► The osmotic stress rather than the absolute value of sodium, 
whether high or low, seems to correlate more with severity of 
symptoms.

►► The presence of other electrolyte derangements such as 
hypokalemia and hypophosphatemia certainly increase the 
risk for osmotic demyelination syndrome.

►► Central pontine myelinolysis (CPM) lesions seem to be more 
common in hyponatremia, while extrapontine lesions are 
more common in hypernatremia as reported by Ismail et al. 
They also mentioned that hypernatremic brain osmotic injury 
is far more common in children than in adults.

►► Our case presents a rare occurrence of CPM in a woman 
who developed CPM due to acute hypernatremia and who 
fortunately had a good outcome.
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