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Abstract
Hyponatremia is a commonly encountered electrolyte imbalance with varied etiology. Hyponatremia can be
broadly classified as hypotonic, isotonic, and hypertonic hyponatremia based on the tonicity of plasma.
Hypotonic hypovolemia is further classified as hypovolemic, euvolemic, and hypervolemic hyponatremia
based on the volume status. Gastrointestinal fluid and electrolyte losses, secondary to vomiting and
diarrhea, is an important predisposition to hypotonic hypovolemic hyponatremia. The renin-angiotensin-
aldosterone system (RAAS) and antidiuretic hormone (ADH) play a pivotal role in maintaining intravascular
volume and serum sodium concentration. Dexamethasone is a potent glucocorticoid with minimal
mineralocorticoid activity. It negatively affects the hypothalamic-pituitary-adrenal axis and the renin-
angiotensin-aldosterone system, particularly with prolonged administration. In the index case, acute severe
hypovolemic hyponatremia ensued on the third post-procedure (endovascular embolization of traumatic
carotico-cavernous fistula (CCF)) day while the patient was on intravenous dexamethasone. This case
underscores that even small fluid and electrolyte imbalance in the setting of dexamethasone therapy may
lead to severe hypovolemic hyponatremia, which requires specific therapy.
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Introduction
Hyponatremia is defined as a serum sodium concentration of less than 135 mmol/L [1]. A serum sodium level
of ≤120 mmol/L is generally regarded as severe hyponatremia [2]. Temporal evolution of the stated condition
within 48 hours constitutes acute hyponatremia [3]. Acute hyponatremia is a medical emergency and
manifests with confusion, seizures, brain edema, brain herniation, coma, and death [3]. In a given case,
assessment of fluid volume status is critical in the management of hyponatremia [3-5]. The renin-
angiotensin-aldosterone system (RAAS) in conjunction with antidiuretic hormone (ADH) plays a pivotal role
in the maintenance of sodium and fluid levels in the body. In a scenario of acute volume/fluid loss,
restorative homeostasis is achieved through the activation of the renin-angiotensin-aldosterone system and
the release of ADH from the posterior pituitary, which causes reduced renal excretion of sodium and water
[6]. Dexamethasone, an anti-inflammatory pharmacological agent, is a potent steroid with a predominant
glucocorticoid activity and a notably insignificant mineralocorticoid activity [7]. Dexamethasone-induced
hypothalamic-pituitary-adrenal axis suppression cascades to reduced adreno-corticotrophic hormone
(ACTH) and serum cortisol level. Abrupt withdrawal of dexamethasone after prolonged therapy may
precipitate acute adrenal insufficiency [8]. Besides, dexamethasone also suppresses aldosterone release from
the adrenal cortex [9,10]. In a setting of acute volume depletion, it is not inconceivable that dexamethasone
may precipitate hypovolemic hyponatremia attributable to its limited mineralocorticoid activity. We present
a case of acute severe hyponatremia in a 39-year-old female who underwent therapeutic embolization of
traumatic direct carotico-cavernous fistula (CCF) followed by intravenous dexamethasone therapy. The
patient developed acute hyponatremia following two bouts of vomiting and was managed to her recovery
with normal saline infusion. This case underscores the pathophysiological mechanism that may lead to acute
hyponatremia in patients on intravenous dexamethasone after relatively mild volume depletion. The
treating physician should be aware of such a possibility, which may be challenging to recognize otherwise.

Case Presentation
A 39-year-old female presented with left-sided proptosis of three days following a road traffic accident.
Following trauma, the patient developed left CN III and CN IV palsy resulting in left-sided external
ophthalmoplegia. The left pupil was dilated. Direct and consensual light reflexes were not demonstrated on
the left side. Also, the left pupil did not show reactivity on the performance of accommodation reflex.
Pulsatile bruit was discernible over the left globe. A clinical picture corollary to history was consistent with
the diagnosis of traumatic carotico-cavernous fistula (CCF). Computed tomography (CT) evaluation of the
brain showed an acute extradural hematoma in the left occipital region with a mass effect on the cerebellum
and a left cavernous sinus prominence (Figure 1A). Digital subtraction angiogram (DSA) demonstrated a left
direct carotico-cavernous fistula (Figure 2A), which was therapeutically embolized with coils and liquid
embolics. Post-procedure, complete obliteration of the fistula was achieved (Figure 2B). Post-procedure CT
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demonstrated no interval change in the size of the hematoma and was managed conservatively (Figure 1B).

FIGURE 1: Computed tomography of the brain
(A) Acute extradural hematoma is noted in the left occipital region (black arrow) with a mass effect on the left
cerebellar hemisphere (white arrow). (B) Post-embolization of the carotico-cavernous fistula shows streak artifacts
due to coil mass and embosylate cast (black arrow). The extradural hematoma (white arrow) has not increased in
size.

FIGURE 2: Digital subtraction angiogram
(A) Lateral view of the digital subtraction angiogram shows evidence of direct carotico-cavernous fistula with
reflux of contract into the superior ophthalmic vein (black arrow) and into the superior petrosal vein (white arrow).
(B) Post-embolization of carotico-cavernous fistula. Coil mass and embosylate cast noted in the cavernous sinus
(black arrows). Note that there is no residual filling of the fistula, superior ophthalmic vein, or superior petrosal
sinus.

In view of cranial nerve palsies and per our institutional protocol, intravenous dexamethasone (4 mg IV q6h)
was initiated to mitigate the inflammation secondary to CCF’s thrombosis. On the second post-procedure
day, the patient had two bouts of vomiting of about 150-200 mL of vomitus. In the ensuing 2-3 hours, her
sensorium worsened, and she developed drowsiness and confusion. She was unable to obey any commands
and was not vocalizing. Serum electrolyte analysis revealed a serum sodium level of 114.7 mmol/L
confirming the diagnosis of acute severe hyponatremia. Acute encephalopathy with concurrent
hyponatremia warranted intervention, the serum sodium was alarmingly low, and intravenous infusion of
3% saline was initiated at the rate of 1.5 mL/kg/hour. Toward tailoring appropriate management, serum
osmolality, urine osmolality, and urine sodium levels were measured, as shown in Table 1.
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Laboratory parameters
At the time of
admission

Day 2 post-
procedure

At the time of discharge (five days post-
procedure)

Normal reference
range

Serum sodium (mmol/L) 136.7 114.7 136.2 136–145

Serum potassium (mmol/L) 4.45 3.48 4.28 3.5–5

Serum chloride (mmol/L) 101.7 81.3 100.3 98–107

Serum urea (mg/dL) 18 17 18 16.6–48.5

Serum creatinine (mg/dL) 0.7 0.8 0.7 0.5–0.9

Serum osmolality
(mOsm/kg)

- 260 282 275–295

24-hour urine osmolality
(mOsm/kg)

- 130 214 300–900

Urine sodium (mmol/L) - 36.2 122.10 40–220

Random blood glucose
(mg/dL)

138 121 130 70–140

TABLE 1: Summary of laboratory parameters for the diagnosis of hypovolemic hyponatremia and
posttreatment changes

Serum osmolality, urine sodium, and urine osmolality were 260 mOsm/kg, 36.2 mmol/L, and 130 mOsm/kg,
respectively. Taking into consideration the overall clinical picture and the pattern of electrolyte imbalance,
a diagnosis of hypovolemic hyponatremia was established. Repeat serum sodium level after six hours
revealed a serum sodium level of 123.8 mmol/L. As rapid correction of hyponatremia predisposes to osmotic
demyelination, 3% saline infusion was replaced with 0.9% saline, which was infused at a rate of 1.5
mL/kg/hour. Three days later, her serum sodium levels and serum osmolality were normalized.
Dexamethasone was tapered and stopped two days later. The patient’s clinical status and sensorium
improved, and she was subsequently discharged in a stable condition.

Discussion
Dexamethasone is a synthetic steroid with a predominant glucocorticoid activity with a longer duration of
action and is more potent than hydrocortisone and prednisone [11,12]. Dexamethasone suppresses the
hypothalamic-pituitary-adrenal axis, a characteristic exploited in diagnosing Cushing’s syndrome
(dexamethasone suppression test) [13]. Prolonged administration of dexamethasone induces adrenal
cortical atrophy, and abrupt discontinuation following protracted use may precipitate acute adrenal
insufficiency [8]. Additionally, dexamethasone suppresses the release of aldosterone from the adrenal cortex
[9,10].

Physiologically, sodium and water loss stimulates the juxtaglomerular apparatus to secrete renin [14]. Renin
is an enzyme that converts angiotensinogen to angiotensin I. Angiotensin I is converted to angiotensin II by
angiotensin-converting enzyme 2 (ACE2), which is predominantly expressed in the lungs. Angiotensin II acts
at the level of renal glomeruli to constrict afferent and efferent arterioles and also triggers aldosterone
release from the adrenal cortex [15,16]. Aldosterone exerts an influence on the renal tubules, which leads to
increased sodium and water resorption with concomitant potassium excretion [14-16]. In short, the renin-
angiotensin-aldosterone axis is critical in maintaining the electrolyte milieu through multiple pathways. In
conjunction with the RAAS pathway, reduced plasma volume and sodium loss stimulate the secretion of
ADH, which acts on the distal renal tubular system to increase water resorption, thereby helping in the
restoration of the plasma volume [15]. Dexamethasone suppresses aldosterone release from the adrenal
cortex through a negative feedback mechanism on adreno-corticotrophic hormone (ACTH) release [9,10].
The suppression of aldosterone release by dexamethasone impairs the renin-angiotensin-aldosterone
pathway, thereby inhibiting the restorative actions on the sodium and fluid levels. Since dexamethasone
exerts negligible mineralocorticoid activity, it engenders a risk of hypovolemic hyponatremia. This explains
the acute severe hypovolemic hyponatremia caused by just two bouts of vomiting, leading to loss of
approximately 150-200 mL of gastrointestinal fluid, which, otherwise, in a person with no known comorbid
illness, would not lead to such a severe reduction of serum sodium levels.

Hyponatremia is etiologically diverse; a few relevant differentials were considered in our case. Syndrome of
inappropriate antidiuretic hormone (SIADH) is known to occur following head trauma [17]. However, in
SIADH, the urine osmolality remains high in conjunction with a urine sodium level of >40 mmol/L that
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remains uncorrected with normal saline infusion. However, this condition can be ameliorated through the
proper use of hypertonic saline and fluid restriction [18]. Another confounder following head trauma is
“cerebral salt wasting syndrome,” which is characterized by increased urinary sodium excretion due to
elevated brain natriuretic peptide level and polyuria [19]. The possibility of pseudohyponatremia was
excluded as the patient was euglycemic and did not have hyperlipidemia. A summary of the possible causes
of hyponatremia is presented in Table 2.

Hypovolemic hyponatremia

Gastrointestinal losses (diarrhea and vomiting), third space fluid depletion (hypoalbuminemia, small bowel obstruction, and acute
pancreatitis), osmotic diuresis (hyperglycemia and mannitol), diuretic agents, mineralocorticoid deficiency, cerebral salt wasting, salt-losing
nephropathy

Euvolemic hyponatremia

Syndrome of inappropriate antidiuretic hormone (SIADH), Addison’s disease, psychogenic polydipsia (potomania), drug induced
(desmopressin, oxytocin, selective serotonin reuptake inhibitors, tricyclic antidepressants, opioids, carbamazepine, vincristine,
cyclophosphamide, chlorpropamide, nonsteroidal anti-inflammatory drugs, drugs of abuse such as methylenedioxymethamphetamine
(MDMA) or ecstasy, etc.

Hypervolemic hyponatremia

Renal causes (acute renal failure, chronic renal failure, and nephrotic syndrome), cirrhosis, congestive cardiac failure, iatrogenic (medical
and surgical procedures such as cardiac catheterization, colonoscopy, transurethral resection of the prostate (due to excessive fluid
administration))

TABLE 2: Summary of various causes of hyponatremia

There are several reports iterating the therapeutic role of dexamethasone in hyponatremic conditions [20];
however, to the best of our knowledge, there is no report describing acute severe hyponatremia following
dexamethasone therapy. Our case underscores the possible contribution of dexamethasone to the
pathophysiology of acute hyponatremia in conditions predisposing to acute fluid and electrolyte loss.

Conclusions
Dexamethasone exerts an inhibitory effect on the hypothalamic-pituitary-adrenal axis and aldosterone
release from the adrenal cortex. Due to dexamethasone’s negligible mineralocorticoid activity, even
relatively mild fluid and electrolyte loss in a patient receiving dexamethasone may predispose the patient to
acute and severe hypovolemic hyponatremia. However, the condition is reversible if prompt fluid and
sodium correction is instituted to prevent the development of acute cerebral edema.
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