
1Salathe C, et al. BMJ Case Rep 2018. doi:10.1136/bcr-2018-224731

Case report
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Summary
Recreational drug use is a significant societal issue 
and remains a clinical challenge in emergency and 
critical care departments. We report on a 19-year-
old woman admitted to hospital semiconscious and 
with severe hyponatraemia. Urinalysis was positive 
for methamphetamine and supported a diagnosis of 
hyponatraemia related to ecstasy use together with 
a syndrome of inappropriate antidiuretic hormone 
secretion (SIADH). The woman was transferred to an 
intensive care unit, where a hypertonic saline infusion 
was started. Three hours postadmission she developed 
polyuria. Follow-up urinalysis at this point was consistent 
with water intoxication. This case is a reminder that 
hyponatraemia is a potentially fatal complication after 
the ingestion of 3,4-methylenedioxymethamphetamine, 
illustrates the sequential nature of an SIADH and water 
intoxication and highlights the importance of considering 
the sequence of onset of hyponatraemia, as the patient 
may be admitted at any stage.

Background 
3,4-Methylenedioxymethamphetamine  (MDMA), 
commonly known as ecstasy, has been a popular 
synthetic recreational drug on the nightclub and 
dance scene since 1980.1 2 It is a psychostimu-
lant drug which increases emotional sensitivity 
and empathy, provides a feeling of pleasure and 
euphoria and reduces anxiety and defensiveness.2 3 
However, common negative symptoms related to 
MDMA use are tachycardia, hypertension, nausea, 
vomiting, sweating, blurred vision and muscle 
cramps.1 4 The central nervous system’s reaction is 
complex. Ecstasy has major effects on serotonin, 
norepinephrine and dopamine.2 3 After oral use, the 
onset of action is about 30–60 min and its effects 
last for 3–6 hours.1 3 

Fortunately, in Switzerland, despite being widely 
used, severe intoxication remains rare.3 Medical 
statistics from Swiss hospitals report 0.1–0.5 acute 
and chronic hospitalisations per 100 000 inhabitants 
aged 15 years or more. The Swiss Federal Statistical 
Office has recorded no deaths related to any psycho-
stimulant drugs other than cocaine since 2001. In 
Switzerland, as in the rest of Europe, after a decline 
in MDMA use at the beginning of the millennium, 
its popularity has been increasing again since 2010. 
Analysis of the Swiss market has shown that pills 
sold now have higher concentrations of MDMA 
and more added substances—such as ketamine and 
atropine—than in past years. Severe intoxication 
may be under-reported. According to the European 
Monitoring Centre for Drugs and Drug Addiction 

and to different national health institutes, however, 
deaths related to ecstasy seem to be increasing in 
the UK and the Netherlands. Hyperthermia is the 
most dangerous manifestation of intoxication and 
has been related to several deaths.2 Hyponatraemia 
is another complication about which the literature 
raises concerns. Severe or fatal hyponatraemia has 
been reported in association with MDMA inges-
tion.5–11 Despite complications such as seizures, 
cerebral oedema and coma, most patients recovered 
fully. In this context, hyponatraemia seems to have 
numerous causes12 due to the syndrome of inap-
propriate antidiuretic hormone secretion (SIADH) 
associated with high water intake and dancing and 
sweating in a hot environment. Even in the late 
1990s, by which time all the different complications 
linked to MDMA intoxication had been very well 
described, there were few reports of hyponatraemia 
linked to water intoxication or to the combination 
of an SIADH and water intoxication. This report is 
a reminder that hyponatraemia is a potentially fatal 
complication after the ingestion of MDMA, and it 
is also proof that an SIADH and water intoxication 
can occur concurrently.

Case presentation
We report on a 19-year-old woman, admitted to 
an emergency room at 03:30 am for trouble with 
consciousness. Airways and breathing were normal 
(Respiration rate 12/min, saturation 94%). She had 
tachycardia of 96/min, good peripheral perfusion 
and blood pressure of 130/76 mm  Hg. Neurolog-
ically, she only reacted to pain and had bilateral 
reactive mydriasis. Temperature was 38°C, and the 
rest of examination was unremarkable. The patient 
was transferred to an intensive care unit for close 
monitoring of her neurological state and natraemia. 
A central line was placed and hypertonic saline 
infusion started.

According to her friends, they were at a party 
where the patient drank a glass of vodka at 10:00 
pm and complained about feeling unwell at around 
midnight. She vomited, then rapidly lost conscious-
ness. An ambulance was called at 02:30 am. The 
patient was taking no regular medication and had 
no known allergies.

Investigations
Blood sugar level was 7.4 mmol/L, and ECG was 
unremarkable. On admission, her blood chem-
istry sodium level was 122 mmol/L and osmolality 
was 253 mOsm/kg. In urine, her sodium level was 
134 mmol/L and osmolality 404 mOsm/kg. Toxi-
cological screening of blood returned negative 
for ethanol, at  <2.2 mmol/L or  <0.10 g/L, and 
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urinalysis was positive for methamphetamine. A brain CT scan 
with contrast showed no abnormality.

Three hours after admission, at the onset of polyuria, urine 
osmolality dropped to 55 mOsm/kg, and urine sodium was 
measured at <20 mmol/L.

Differential diagnosis
Neurological presentation was suggestive of marked acute hypo-
natraemia. In hypotonic hyponatraemia, classification according 
to the patient’s volume status, combined with plasma and urine 
chemistry, are guides to possible aetiologies and their treatment. 
In euvolemic hyponatraemia, urine osmolality will distinguish 
between an SIADH and water intoxication. In our patient, exam-
ination and plasma and urine chemistry initially pointed towards 
an SIADH related to the consumption of ecstasy. The second 
analysis, performed 3 hours later, showed a low urine osmolality 
suggestive—at that moment—of a water intoxication resulting 
from high water intake during the episode of SIADH and a drop 
in the level of plasmatic antidiuretic hormone (ADH) in order 
of autocorrection of hyponatraemia. A urinary index may be 
difficult to analyse since in an MDMA intoxication, hypona-
traemia may be due to the combination of an SIADH and water 
intoxication.

Treatment
Initial hyponatraemia of 122 mmol/L was partially corrected 
using hypertonic 3% saline. Then the patient developed poly-
uria. Urine osmolality was 55 mOsm/kg, and urine sodium was 
below 20 mmol/L, consistent with one component of water 
intoxication. The hypertonic saline perfusion was replaced with 
a normal saline solution and natraemia rose to 133 mmol/L in 
2.5 hours and then returned to a normal 140 mmol/L 27 hours 
after admission. Retrospectively, natraemia correction seemed 
fast, even if hypertonic saline had been stopped as soon as 

polyuria had set in. Desmopressin could have been given to 
avoid overcorrection of natraemia.13

Outcome and follow-up
Clinically, the patient remained semiconscious for 4 hours after 
admission and then became arousable before getting agitated and 
needing sedation. On the following day, she was calm. Before 
being discharged, the patient insisted that she had not knowingly 
taken any drugs at all. However, she did remember being very 
thirsty and drinking lots of water.

Fortunately, our patient suffered no complications from the 
rapid correction of natraemia, such as osmotic demyelination 
syndrome (ODS). Patients with self-induced water intoxica-
tion tend to autocorrect hyponatraemia via the physiological 
suppression of ADH, which leads to an acute excretion of large 
volumes of urine, thus the risk of ODS in these situations seems 
to be low.13

Discussion
Hyponatraemia induced by an SIADH and water intoxica-
tion have been well described in association with MDMA use. 
Our case illustrates the sequential appearance of an SIADH 
and water toxicity in the same patient, as documented by 
blood and urinalyses. Direct and indirect mechanisms have 
been suggested to induce an SIADH in such a context, but 
neither have been well characterised. Pharmacodynamics 
explain increased levels of serotonin by enhancing extracel-
lular concentration and presynaptic depletion.3 14 15 Precisely 
how high serotonin levels influence the secretion of vaso-
pressin remains unclear, but it is regulated by the serotonin-
ergic pathway.14 Even a small dose of MDMA can be related 
to an increase in vasopressin.16 There is evidence of higher 
vasopressin levels after MDMA ingestion.17–19

Figure 1  Possible timing and changes of these different elements. ADH, antidiuretic hormone; MDMA, 3,4-methylenedioxymethamphetamine; Na, 
sodium.
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Women seem to be more at risk of developing hypona-
traemia18 and to be more symptomatic after MDMA inges-
tion. Most case reports, especially the fatal ones, concern 
women. van Dijken et al measured serum sodium concen-
trations in 63 ecstasy users and 44 controls at a rave party.20 
Results confirmed the difference between men and women. In 
the small study by Simmler et al,21 the significantly elevated 
copeptin plasma concentrations measured in women after 
MDMA ingestion, but not in the men tested, added further 
proof of this sex difference. Furthermore, they demonstrated 
that duloxetine blocks the AVP (Arginine vasopressin response 
to MDMA in women by preventing the transporter-mediated 
release of serotonin and norepinephrine. Women are also more 
at risk of developing symptomatic hyponatraemia in other 
situations, such as during medical treatments, sports or post-
operatively. Oestrogens seem to influence brain  cell volume 
regulation and stimulate vasopressin secretion.22 Furthermore, 
according to Juul et al, women may have greater numbers of 
vasopressin receptors and so respond more significantly to 
desmopressin, resulting in a larger antidiuretic response and 
more hyponatraemia.23

However, our patient’s first urine values were suggestive of 
an SIADH. The sudden change to polyuria, with low natri-
uresis and diluted urines, suggested the onset of water intox-
ication. As mentioned in the Introduction, ingesting MDMA 
and dancing in a hot environment both stimulate thirst and 
lead to the ingestion of large amounts of water. This happens 
in parallel with inappropriate vasopressin secretion, which 
also generates thirst. Awareness of the consumption of ecstasy 
and its side effects in nightclubbers led to prevention efforts, 
especially for hyperthermia, being based on encouraging 
ravers to drink lots of water.11 However, this worsens the risk 
of hyponatraemia by dilution.24 Even though today’s preven-
tion efforts have changed and clubbers are encouraged to 
drink less water and visit chill-out rooms, our patient was not 
aware that she had ingested MDMA and so could not know-
ingly act against side effects. As she stated at discharge, she 
only remembered being very thirsty and drinking lots of water 
before losing consciousness. Both vasopressin secretion and 
water intoxication contribute to rapid and massive dilution of 
the blood by water. The case reported by Brvar et al,25 of an 
18-year-old woman who took 300 mg of ecstasy in a suicide 
attempt, illustrated an SIADH followed by uncontrolled poto-
mania worsening symptoms 3 hours after ingestion. Simple 
water restriction enabled resolution of the symptoms. It is 
thus important to understand that a patient admitted with 
hyponatraemia after ingesting MDMA may either be in an 
initial phase corresponding to an SIADH or in a secondary 
phase corresponding to water intoxication. Figure 1 outlines 
the possible timings and changes of these different elements. 
When correcting severe symptomatic hyponatraemia in this 
context, first-line doctors must be aware of this evolution 
and the sudden drop in ADH. We recommend closely moni-
toring measurements of urine, plasma sodium and osmolality 
to adapt treatment. Often, as in the present case, the exact 
time of ingestion and the different components of the pill are 
unknown, especially if consumption is accidental.

Hyponatraemia induced by MDMA is a complex process 
involving pharmacokinetics, sex and the patient’s circumstances 
and behaviour. It has previously been suggested that water dilu-
tion and an SIADH both contribute to severe hyponatraemia in 
cases of MDMA ingestion but, to the best of our knowledge, this 
is the first case report to document both patterns in the same 
patient.

Learning points

►► Both syndrome of inappropriate antidiuretic hormone 
secretion and water intoxication can contribute to 
hyponatraemia, but spot urine samples may be difficult to 
analyse.

►► After 3,4-methylenedioxymethamphetamine ingestion, the 
chronology of the onset of hyponatraemia is essential to 
deciding on the correct treatment.

►► An overcorrection of natraemia following self-induced water 
intoxication is difficult to avoid since these patients tend 
to autocorrect hyponatraemia via rapid excretion of large 
amounts of urine.

►► Severe hyponatraemia may be fatal, but the majority of cases 
do recover.

►► Women are at a higher risk of hyponatraemia with regards to 
the frequency and gravity of symptoms.
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