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Hyponatremia, serum sodium <135 mEq/L, is the most
common electrolyte abnormality affecting ∼30% of hospital-
ized patients [1]. An infrequent yet serious complication of hy-
ponatremia is hyponatremic encephalopathy. Hyponatremia
can result in an influx of water to the intracellular space.
This results in cellular swelling that can lead to cerebral edema
and encephalopathy. Patients at highest risk of developing hy-
ponatremic encephalopathy in the hospital setting are post-
operative patients and patients with SIADH receiving hypo-
tonic fluids [2]. Hyponatremic encephalopathy in the outpati-
ent setting is usually seen as a complication due to medications
such as thiazide diuretics or SSRIs, or can result from exercise-
associated hyponatremia or psychogenic polydypsia [3]. A
significant risk factor for developing hyponatremic encephalo-
pathy is female gender, with the majority of cases of death or
permanent neurological injury from hyponatremic encephalo-
pathy reported in females [4]. An increasingly common cause
of hyponatremic encephalopathy in the outpatient setting is
use of the recreational drug ecstasy (3,4-methylenedioxy-
methamphetamine [MDMA]) [5]. In this issue of NDT, van
Dijken et al. [6] report on the high incidence of hyponatremia
in females using ecstasy.

Ecstasy is an illegal synthetic amphetamine that was initially
developed as an appetite suppressant but never used for this
purpose. It first emerged as a recreational drug in the 1980s
popular with young adults at night club parties referred to as
‘rave parties’ [7]. A rave is typically a commercially arranged
elaborate all-night dance party that combines electronic music
played by disc jockeys with a laser light show. Rave parties are
extremely popular in North America and Europe, with thou-
sands of people in attendance at rave events. An annual New
Year’s Eve rave party in Los Angeles is reported to have almost

50 000 attendants [8]. Ecstasy is frequently taken on such
occasions for its mood-enhancement properties. Users experi-
ence feelings such as euphoria, increased empathy and sociabil-
ity, happiness and a sense of well-being, and increased energy
[9]. Ecstasy exerts its effect by the release of neuroactive com-
pounds in the central nervous system, including serotonin,
dopamine and norepinephrine [10]. With the rise in popularity
of ecstasy, medical complications began to be reported includ-
ing hyponatremia, non-traumatic rhabdomyolysis, seizures,
acute kidney injury, hyperthermia, cardiac tachyarrhythmia and
sudden death, to name a few [5, 11, 12]. Ecstasy is believed to be
the third most commonly used illicit drug, following marijuana
and amphetamines, and ahead of cocaine, with an estimated
consumption of over 28 million tablets yearly [7]. Emergency
medical services are frequently on site at large, commercially or-
ganized rave parties [8].

One of the most serious medical complications associated
with ecstasy use is hyponatremic encephalopathy [11]. There
are over 25 reports of ecstasy-associated hyponatremic encepha-
lopathy in the literature, and over half of them are fatalities.
Almost all cases are reported in young females between the ages
of 15 and 30 with a serum sodium of ≤130 following the inges-
tion of just one dose of ecstasy [5]. Symptoms typically develop
within 2–12 h of ecstasy ingestion. Presenting symptoms are
headache, nausea and vomiting followed by altered mental
status, coma, seizure, cardio respiratory arrest, brainstem her-
niation and death [5]. A common yet frequently unrecognized
presenting feature in these patients is neurogenic pulmonary
edema, also referred to as Ayus–Arieff syndrome (Figure 1).
This complication was first reported in females with post-oper-
ative and exercise-associated hyponatremia [11, 13, 14]. This is
a particularly dangerous complication as hypoxia impairs brain
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cell volume regulation, decreases cerebral perfusion and in-
creases the probability of developing neuronal lesions [2, 15].

A variety of factors contribute to the development of
ecstasy-associated hyponatremia, the two main factors being
high fluid intake (associated with ecstasy use) and the inap-
propriate secretion of arginine vasopressin (AVP), which is
induced by ecstasy metabolites. Ecstasy induces transient car-
diovascular effects with markedly elevated body temperature,
tachycardia, profuse sweating, hot flashes, dry mouth and in-
creased thirst [9]. In response to these side effects, rave parties
typically have ‘chill out’ areas where party goers have easy
access to fluids in order to hydrate themselves as they feel
compelled to do. Ecstasy has been demonstrated both in
experimental models and in case reports to stimulate AVP
secretion [16–18]. Ecstasy metabolites are known to increase
the synaptic concentration of serotonin and dopamine, both
of which are involved in the release of AVP and other pituitary
hormones. Ecstasy ingestion has been demonstrated to in-
crease the secretion of AVP, oxytocin, prolactin, ACTH and
cortisol [17, 19]. The combination of high fluid intake with
drug-induced SIADH affects place club goers at high risk of
acute symptomatic hyponatremia.

In 1992 Ayus and Arieff made the seminal observation that
young hospitalized females were at particularly high risk
of developing as well as dying from symptomatic hyponatremia,

despite having a similar incidence and magnitude of hyponatre-
mia to their male counterparts (Figure 2) [4]. This association
has subsequently been confirmed in a variety of settings
(Table 1) [14, 20]. This disparity appears to be the result of two
separate mechanisms: (i) estrogens appear to impair brain cell
volume regulation by reducing Na+-K+-ATPase pump activity
and thereby inhibit sodium extrusion from brain astrocytes and
(ii) the vasoconstrictive effects of AVP are more pronounced in
the female brain, which results in increased cerebral vasocon-
striction with corresponding decreased oxygen delivery [21].
Therefore, it is not surprising that majority of reported cases of
deaths from ecstasy-associated hyponatremia have occurred in
females.

F IGURE 1 : A depiction of the Ayus–Arieff syndrome. Hyponatre-
mia produces cytotoxic cerebral edema, which in turn leads to a neu-
rogenic pulmonary edema. Pulmonary edema leads to hypoxia,
which impairs brain cell volume regulation resulting in a vicious cycle
of worsening cerebral edema and pulmonary edema. This syndrome
can be reversed by the prompt administration of 3% NaCl.

F IGURE 2 : Effects of gender and menstrual status on brain damage
from hyponatremic encephalopathy. (A) The relative risk of dying or
developing permanent brain damage is 28 times higher for women
than for men. (B) The relative risk of dying or developing permanent
brain damage is 26 times higher for menstruant women than for me-
nopausal woman. (Reproduced from Annals of Internal Medicine.
1992;117:891–897.).
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Van Dijken et al. [6] have made the novel finding that
females are at significantly increased risk of developing ecstasy-
associated hyponatremia compared with males. They prospec-
tively measured serum sodium values in partygoers at a rave
event who did and in those who did not use ecstasy. They found
the incidence of hyponatremia, sodium <136 mEq/L, in females
using ecstasy to be 26.7% compared with 3% for males, with no
cases of hyponatremia in those who did not take ecstasy. An
additional interesting finding was that even among non-ecstasy
users, serum sodium was significantly lower in females com-
pared with males. No other factors could be identified to
explain this increased incidence of hyponatremia in females
using ecstasy, such as fluid intake or amount of ecstasy taken.

This study of van Dijken et al. lends support to other
reports suggesting that the incidence of outpatient hyponatre-
mia may in fact be greater in females [22, 23]. The authors put
forward a variety of plausible reasons why females may be at
increased risk of developing ecstasy-associated hyponatremia.
Females appear to be more susceptible to the effects of ecstasy
than males due to a stronger serotoninenergic response [24].
It has been demonstrated that ecstasy increased levels of circu-
lating copeptin, a marker of AVP secretions, in females but not
in males [25]. Females may also be more prone to the develop-
ment of hyponatremia as (i) estrogen, but not progesterone,
stimulates AVP secretion [26] and (ii) females may have
greater sensitivity to ADH with increased expression of renal
vasopressin receptors [22].

There are a variety of measures that can be taken to prevent
hyponatremia in both the inpatient and outpatient setting, but
it is unlikely that any of these measures will be successful for
ecstasy-associated hyponatremia. The most important measure
to prevent hospital-acquired hyponatremia is the avoidance of
hypotonic intravenous fluids [27, 28], but this clearly does not
apply in the outpatient setting. The condition that is most
similar to ecstasy-associated hyponatremia is exercise-associ-
ated hyponatremia. Both conditions disproportionately affect
young females and are usually connected with a commercially
staged event. Two measures have been taken to prevent com-
plications from exercise-associated hyponatremia: (i)

educating high-endurance athletes on the dangers of overhy-
drating and (ii) educating and equipping emergency personnel
on the recognition and treatment of exercise-associated hypo-
natremia [29, 30]. Clearly, the best method of avoiding
ecstasy-associated hyponatremia would be to curtail the use of
ecstasy at rave events, but this is unlikely to happen. Educating
ecstasy users on the dangers of overhydrating also may not be
practical as ecstasy raises body temperature and stimulates
thirst, and the users are in a euphoric state that impairs appro-
priate judgment.

The only practical measure that can be taken to prevent
complication from ecstasy-associated hyponatremia is to
educate and equip on-site medical personnel and emergency
rooms in the recognition and treatment of this condition. We
propose that a protocol be followed by emergency personnel
for the management of ecstasy-associated hyponatremia that is
similar to that put forward by the Second International
Exercise-Associated Hyponatremia Consensus Development
Conference [30], as the two conditions are very similar. First,
on-site medical personnel should be available at any large rave
event. Second, medical personal should be equipped to do
on-site analysis of [Na+] in any partygoer with symptoms sug-
gestive of ecstasy-associated hyponatremia, such as headache,
nausea, vomiting, lethargy, confusion, altered mental status or
seizure. Any partygoer with ecstasy-associated hyponatremic
encephalopathy, with either mild or advanced symptoms,
should be immediately treated with a 100 mL bolus infusion of
3% NaCl [31, 32]. A single bolus would result in at most a 2
mEq/L acute rise in serum sodium, which would quickly
reduce brain edema. The bolus could be repeated 1–2 times if
symptoms persist. No harm could come from using this ap-
proach as cerebral demyelination is not a complication of
acute symptomatic hyponatremia (48 h duration). The use of
the 100 mL NaCl bolus provides a safe, effective and simple
method of treating ecstasy-associated hyponatremia when it de-
velops. It results in an acute and controlled rise in serum
sodium without the need for complex formulas or special
equipment and minimizes the risk of overcorrection. This ap-
proach was initially proposed by us in 2005 [31], and has sub-
sequently been used successfully in marathons and should
prove to be equally successful at rave events. With the growing
popularity of rave events and the increasing use of ecstasy,
otherwise healthy young females are at risk of a potentially fatal
complication that could easily go unrecognized and untreated.
Efforts should be made to disseminate this information to
emergency personnel at the time of a rave event as has success-
fully been done for high-endurance sporting events.
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Table 1. Relationship between female gender
and risk of developing hyponatremia or
hyponatremic encephalopathy

Setting Hyponatremia Hyponatremic
encephalopathy
in females

Post-
operative

− ++

Ecstasy ++ ++

Exercise +/− ++

Desmopressin + ++

SSRI + ++

Thiazide − ++
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