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We present a case of hyperacute hyponatremia with stroke like symptoms on presentation. Symptoms included
confusion, left-sided facial droop, right-sided hemiparesis, dysarthria and aphasia, with an NIH stroke score of 5.
Sodium level at the time of presentation was 119 mmol/L which dropped acutely from 138 mmol/L seven hours
prior. Symptoms improved after treatment with 3% saline and no evidence of stroke, intracranial hemorrhage or
space-occupying lesionwas seenon imaging. Themost likely cause of the hyponatremiawas increased freewater
consumption and ADH surge. The patient remained symptom free after discharge with resolution of
hyponatremia. Acute hyponatremia can cause focal neurological complaints and deficits, mimicking acute ische-
mic stroke. We advise clinicians to be aware of this entity when considering interventions for possible acute is-
chemic stroke and evaluating a patient with focal neurological deficits.

© 2021 Elsevier Inc. All rights reserved.

1. Case report

A 67-year-old woman presented to the emergency departmentwith
altered mental status, facial asymmetry, and hemiparesis. Medical his-
tory was significant for hyperlipidemia. The morning prior, routine
serum and urine laboratory testingwas obtained for difficulty urinating.
The patient was instructed to increase fluid intake to at least 1.5 l of
water per day. She subsequently developed nausea and vomiting,
followed by confusion, left-sided facial droop, and right-sided
hemiparesis. Initial evaluation in the emergency department revealed
a blood pressure of 110/51 mmHg, pulse of 69 beats per minute, tem-
perature of 98 °F (36.7 °C), respiratory rate of 18 breaths per minute,
and room SpO2 of 97%. She was noted to be dysarthric and aphasic,
with left-sided facial droop and right-sided upper and lower extremity
drift. On further evaluation, she was found to be euvolemic. Initial GCS
was 14 (E4, V4, M6) for confusion, and the NIH Stroke Scale was 5 for
impaired response to level of consciousness questions, right-sided
weakness, left-sided facial palsy, and mild aphasia.

Initial morning outpatient laboratory workup revealed sodium of
138 mmol/L, calcium of 8.4 mg/dL, and glucose of 121 mg/dL. Seven
hours later, studies in the emergency department showed serum so-
dium of 119 mmol/L, glucose of 128 mg/dL, potassium of 3.6 mmol/L,

and osmolality of 261 mOsm/kg. Urinalysis revealed glucose of 100
mg/dL, potassium of 10 mg/dL, sodium of 37 mg/dL, chloride of 39
mg/dL, and a specific gravity of 1.005. Urine osmolality was 258
mOsm/kg and 112 mOsm/kg six and nine hours after arrival to the
emergency department, respectively. Antidiuretic hormone (ADH)
twelve hours after presentation was normal at <0.5 pg/mL. The
patient's lab results over a 24 hour period are reported. (See Table 1 .)
Computed tomography of the head did not reveal any acute intracranial
hemorrhage, and vessel imaging of the head and neck was unremark-
able. Magnetic resonance imaging of the brain did not show an acute is-
chemic stroke or any space-occupying lesion. She was diagnosed with
hyperacute hyponatremia mimicking symptoms of an acute stroke.

The patientwas given a bolus of 100ml of 3% saline, and after correc-
tion of serum sodium to 136 mmol/L and 140 mmol/L five and twelve
hours after treatment intervention, respectively, was given D5W since
her urine remained diluted. As a result, her mental status and focal neu-
rological deficits significantly improved. Three days after hospital dis-
charge, serum sodium level was stable at 139 mmol/L, with no
recurrence of symptoms.

2. Discussion

Hyponatremia is defined as a disorder of total body water and so-
dium imbalance [1]. It is the most common electrolyte disturbance
with a higher incidence in older patients and can be caused by either
solute loss or water retention with an excess of water in relation to
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solute [2,3]. Hyponatremia refers to a serum sodium level of less than
136 mmol/L and can be grouped into three different categories;
euvolemic hyponatremia, hypervolemic hyponatremia, and hypovole-
mic hyponatremia. Hypovolemic hyponatremia is a decrease in total
body water with greater decrease in total body sodium as is seen with
vomiting, diarrhea and sweating. Euvolemic hyponatremia is a decrease
in total body sodiumwith normal total bodywater. This category can be
further divided based on urine sodium concentration. Dilute urine so-
dium concentration can be seen in adrenal insufficiency, hypothyroid-
ism, excess free water intake, and beer potomania. Concentrated urine
is exhibited in syndrome of inappropriate antidiuretic hormone
(SIADH). Hypervolemic hyponatremia is an increase in total body so-
dium with a greater increase in total body water as is shown in heart
failure, liver failure and renal failure. Hyponatremia that develops
within 48 h is defined as acute [13].

A physiological response to increased free water intake is a decrease
in the release of ADH leading to excretion of excess water. Patients with
primary polydipsia may overwhelm the free water excretory capacity
of the kidneys, defined as 10 to 20 l of water per day, leading to
hyponatremia [4]. Water retention may also occur with normal water
intake and renal impairment. Most patients with hyponatremia have
an excess amount of ADH either due to (SIADH) or relative volume de-
pletion. ADH acts on the distal tubules and collecting ducts of the kidney
inducing expression of water transport proteins leading to increased
water reabsorption [2]. This can lead to a urine osmolality greater that
100 mOsmol/kg and an elevated urine sodium concentration above 40
meq/L [1]. Renal water excretion is impaired through effective circulat-
ing volume depletion as a result of diuretics use, hypoaldosteronism,
vomiting, diarrhea, or edematous states such as heart failure.

In this case, acute hyponatremia was likely caused by the patient's
free water intake following initial testing. This patient additionally had
severe nausea and vomiting, a trigger of ADH release, which could
have potentially led to an evenmore significant acute drop in serum so-
dium. Similar changes may occur with the recreational drug ecstasy
(3,4-methylenedioxymethamphetamine [MDMA]). Ecstasy use is
often associated with an increase in free water intake, and MDMA
metabolites are known to stimulate ADH secretion [10,11].

Vomiting secondary to cerebral edema can lead to excessive loss of
sodium and increased ADH secretion as well. Brain imaging in our pa-
tient did not reveal any evidence of edema. With a normal extracellular
fluid volume, appropriately concentrated urine at 258mOsm/kg, and
normal urine sodium concentration of 37 mg/dL, etiologies such as
hypothyroidism, diuretic use, and secondary adrenal insufficiency
were also excluded as potential etiologies. Renal impairment also
did not contribute to our patient's hyponatremia as she had no
prior renal disease with normal BUN and creatinine. Although our
patient did meet some of the criteria of SIADH, it is presumed she
had increased free water intake which would potentially disqualify
her from that diagnosis [4,6].

Although rapid correction of both hypernatremia and hyponatremia
in the hyperacute setting of less than 24 h has not been shown to be
harmful or cause Osmotic Demyelination Syndrome (ODS) [5,9], D5W
was eventually started since patient's sodium corrected to 132 mm/L

at two hours and urine remained dilute. The initial goal was to increase
the sodium concentration by 4–6 meq/L in the first six hours. Addition-
ally, if the initial bolus had not accomplished our sodium goal, 2 further
boluses of 3% saline could also have been given [5]. In the setting of
hyponatremia occurring within 24–48 h after initial correction of 4–6
meq/L in the first 6 h one should avoid increasing the serum sodium
concentration by more than 10 meq/L/day. If the hyponatremia is
chronic or of duration longer than 48 h, the initial sodium can be in-
creased by 4-6 meq/L in the first 24 h, but sodium should not be in-
creased by more than 8 meq/L/day [5,6]. This can be further
complicated by thewater diuresis that can occurwith hypertonic saline
infusion, leading to even higher corrected sodium concentrations in
some patients, as may have occurred in our patient [8]. In the setting
of chronic hyponatremia, if overcorrection occurs, lowering the sodium
should be considered, particularly in patients with a high risk for ODS
due to liver disease, alcoholism, thiazide diuretic use, or hypoxia. ODS
is related to cellular compensatory mechanisms than occur in the set-
ting of chronic hyponatremia. The cells excrete osmolytes, such as inor-
ganic ions and organic compounds in an effort to regulate cell volume.
When sodium is corrected too rapidly, the cells cannot reabsorb the or-
ganic compounds or produce inorganic ions quickly enough leading to
osmotic stress and apoptosis [7]. Evidence has also shown that methods
(such as Adrogue-Medias formula) used to calculate predicted sodium
concentration after hypertonic saline infusion often underestimate the
increase in sodium concentration for various reasons and can lead to in-
advertent overcorrection, therefore we advise clinicians to be cautious
about additional water diuresis [8].

It is also important to be aware that patients with neurologic symp-
toms in the context of hyponatremia are at risk for pulmonary edema
(Ayus-Arieff syndrome) secondary to cerebral edema. This occurs via
one of two mechanisms: 1) centrally mediated increased pulmonary
vascular protein permeability leading to interstitial edema, or 2) in-
creased catecholamine release leading to increased capillary pressure
and injury [12]. This often leads to hypoxia triggering a cycle of addi-
tional cerebral edema. Our patient fortunately did not exhibit any clini-
cal or radiographic evidence of cerebral or pulmonary edema.
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Table 1
Patient's lab results over a 24 h period.

Time Serum Osmo Na K Cl Ca Glucose Urine Specific Gravity Urine Osmo Urine Na Urine K Urine Cl

10:11 138 5.2 105 121
17:00 119 3.5 89 128
19:13 261 1.005 258 37 10 39
23:00 132 3.5 100 8.1 107 122 24 2.4 17
2:20 136 3.7 104 8.4 139
6:43 141 4.0 108 8.4 117
10:45 139 4.5 109 8.6 136
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