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CASE REPORT

Methylenedioxymethamphetamine (MDMA)-induced toxic
leukoencephalopathy: a case report
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aNeuropsychiatry Program, Department of Psychiatry and Behavioral Sciences, McGovern Medical School, The University of Texas Health
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ABSTRACT
In recent years, ecstasy has become a very popular recreational drug. To date, very little data is
available regarding its toxic side effects. Specifically, reports relating ecstasy use to the clinical
diagnosis of leukoencephalopathy are quite rare. In this report, we present an interesting case of
a 33-year-old female with a recent history of ecstasy abuse who presented with delirium and
cognitive impairment. In addition, we review published case reports that explore the
connection between MDMA and leukoencephalopathy.
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Introduction

A 33-year-old Caucasian female patient presented to
an inpatient psychiatric hospital with fluctuating levels
of orientation, disorganized behaviour, and apathy.
Regarding orientation, she was noted to be particularly
frustrated by her inability to recall simple information
such as the date. She was not able to remember recent
events and described “missing pieces” in her memory.
According to her, this was the first time she had
experienced such symptoms. Apart from cognitive
impairment, initial neurological examination was
unrevealing. She had previously been diagnosed with
bipolar disorder and had given birth to a healthy
child eight weeks prior to her admission. Upon initial
interview, the patient reported a past history of opiate
abuse and recent use of methylenedioxymethampheta-
mine (MDMA).

The attending clinicians considered hypotheses of
delirium and/or puerperal psychosis and conducted a
comprehensive workup in the inpatient setting. Her
lab results, which included a complete blood count,
metabolic panel, lipid profile, thyroid function tests,
and serum toxicological screen, were all unrevealing.
A magnetic resonance imaging (MRI) of the brain
(Figure 1) showed diffuse, extensive confluent T2
hyper-intensity of the periventricular deep and subcor-
tical white matter. There was sparing of subcortical U-
fibres with associated patchy areas of abnormal
restricted diffusion/cytotoxic oedema, predominantly
along the deep and subcortical white matter. There

was also signal abnormality that involved the bilateral
caudate heads and lentiform nucleus. To a lesser extent,
there was also involvement of the bilateral thalami.
Subtle T2 hyper-intensity involving the left insular cor-
tex and left amygdala was noted. Based on these find-
ings, the diagnosis of delirium due to toxic
leukoencephalopathy was strongly suspected. The
patient was sent to an inpatient neurology setting for
further investigation and management.

On the neurology service, the diagnosis of toxic
encephalopathy was confirmed. An EEG showed nor-
mal findings for the patient’s age. A comprehensive
serological panel was sent. This included Hepatitis A,
Hepatitis C, HIV, and an autoantibody workup
(AChR ganglionic neuronal antibody, AGNA-1,
Amphiphysin Antibody, ANNA-1,-2,-3, Calcium chan-
nel antibody N- and P/Q- types, CRMP-5 antibody,
Neuronal K-channel antibody, Paraneoplastic antibody,
PCA-1 and -2, ACHr binding antibody, striated muscle
antibody). The results all came back negative. In
addition, cerebrospinal fluid analysis which included
a virology profile (VDRL, CMV, EBV, VZV, HIV,
HSV1, HSV2, Enterovirus, Cryptococcus, Streptococcus
pneumonia) was also unremarkable. After a few days,
the patient’s condition remained unchanged. She con-
tinued to demonstrate apathy and cognitive impairment.
She was discharged from the hospital and will likely
require lifelong assisted-living.

3,4-Methylenedioxymethamphetamine (MDMA),
commonly known as ecstasy or Molly, an exceptionally
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popular synthetic amphetamine-like drug that alters
mood and perception. Its physiologic effects overlap
those of stimulants and hallucinogens. MDMA can
produce feelings of increased energy, pleasure,
emotional warmth, and distorted perceptions of time
and sensation [1].

Although MDMA is often regarded as a safe drug by
its users, reports of persistent psychosis are increasing.
This outcome is being documented even with sporadic
or isolated occasional use of the substance [2,3].
MDMA has two primary mechanisms of action. First,
it causes serotonin “5-hyroxytryptamine: 5-HT” surge
in the synapses of the brain. This leads to central sero-
tonin depletion, and it takes several days for restoration
of normal levels. Because of this, users often experience
a protracted period of depression and low energy after
using the drug [4]. Second, MDMA leads to dopamine

and noradrenaline release. The stimulant properties of
the drug can be attributed to this change.

Toxic leukoencephalopathy is a structural alteration
of the white matter caused by drugs. In this condition,
insults can appear to be relatively symmetric on MRI.
Characteristic distribution includes symmetrical invol-
vement of the posterior limbs of the internal capsules
that extends inferiorly into the pontine corticospinal
tracts and superiorly into the peri-rolandic subcortical
white matter. Also found is a symmetrical butterfly
wing pattern of involvement of the cerebellar white
matter and sparing of adjacent grey matter structures.
Notably, there is sparing of subcortical U-fibres. Causes
of such insults include, but are not limited to, che-
motherapy, immunosuppressive therapy, select antimi-
crobial medications, carbon monoxide, and drugs of
abuse [5].

Figure 1. Magnetic resonance imaging of the brain showing diffuse white matter changes. (a) T2-weighted diffuse hyper-intensity
involving the midbrain, insula, and basal ganglia bilaterally. (b) Bilateral symmetric reduced diffusion in periventricular white matter
as seen on diffusion-weighted imaging (DWI). (c,d) FLAIR extent was graded severe.
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Here, we report a case that presented to the psychia-
tric ward with delirium and cognitive decline due to
toxic encephalopathy. The patient’s condition was
eventually attributed to MDMA abuse.

Discussion

This case presented a diagnostic challenge. The patient
had a long-standing history of bipolar disorder and was
in the puerperal period. However, her unique presen-
tation of fluctuating cognition, inability to care for
self, and memory gaps made it difficult to attribute
her condition solely to her psychiatric diagnosis and
drug abuse history. In addition, symptoms related to
drug intoxication would be expected to remit in the
hospital setting due to abstinence. In this case, the
report of recent “Molly” abuse provided a hint to a
possible underlying pathophysiological cause for her
presentation.

Studies linking the development of leukoencephalo-
pathy with MDMA use are sparsely reported in the lit-
erature. Originally named “Methylsafrylamin,”
MDMA was first developed as a side product in 1912
by Merck’s German chemist Köllisch. He was trying
to discover a substance that would control abnormal
bleeding by enhancing clotting [6]. The compound
was abandoned at the time in favour of others. How-
ever, reports of the substance re-emerged in the
1950s. In 1952, Dr Albert van Schoor, the first to con-
duct a toxicological experiment using flies, reported an
interesting outcome related to MDMA exposure. He
noted that flies laid in the supine position and later
died. In 1954, the US Army conducted animal studies
on five species using MDMA at the University of
Michigan [7]. In 1959, Dr Wolfgang Fruhstorfer intro-
duced MDMA as a novel stimulant. The first official
scientific paper on MDMA synthesis was published
in 1960 [8], and the year 1970 marked its first known
appearance as a street drug in Chicago. In 1976, Dr
Alexander Shulgin popularized its usage as a human
stimulant [9,10]. Officials in California noted the emer-
gence of “Ecstasy” as MDMA’s first street name in
1984. The following year, it became a schedule I con-
trolled substance in the United States and banned in
most other countries [11].

As early as 1975, the phenomenon of “Toxic
Ecstasy” in young men was proposed. This was the
first instance linking delirium and MDMA use [12].
The first report of toxic leukoencephalopathy that
developed after ecstasy use was documented in 1997.
The authors described a 19-year-old man who pre-
sented to the ER with loss of consciousness and respir-
atory insufficiency after using ecstasy for the first time.
A computed tomography of his head revealed multiple
hypodense lesions in the white matter. One month
later, he developed a vegetative state and his MRI
revealed diffuse bilateral extensive hypodense lesions
of the white matter [13]. In 1999, an Italian research
group reported delirium in three young adults after
recreational ecstasy ingestion, but this study did not
report brain image findings because the cases resolved
rapidly [14] (Table 1). In 2012, Sacks and colleagues
reported a case of 26-year-old male patient who pre-
sented with unconsciousness after an overdose with
“Europa = 2C-E,” an MDMA-related drug. His brain
MRI showed diffuse findings suggestive of toxic leu-
koencephalopathy [15]. In 2014, Narang and col-
leagues reported a case of a 22-year-old male patient
who was first diagnosed with meningoencephalitis,
but later developed upper motor neuron signs with
pupillary dilatation. These findings were then con-
firmed by MRI to be toxic leukoencephalopathy associ-
ated with MDMA intake [16]. In 2015, Ginat presented
the neuroimaging of a 17-year-old boy who presented
with headaches and alerted mental status after
“Molly” ingestion. His MRI showed diffuse leukoence-
phalopathy affecting the midbrain, insula and basal
ganglia bilaterally, and a lumbar puncture showed
mild lymphocytosis and high protein levels [17].

The mechanism by which ecstasy induces its toxic
effect is not fully understood. However, there is a
hypothesis that relates its potential to cause cerebral
toxicity to the disruption of the thermoregulation
mechanism with the excessive loss of sodium and inap-
propriate antidiuretic hormone release. Both of these
changes lead to accumulation of water in brain tissue
and cause epilepsy-like seizures, brainstem and cerebel-
lum compression at the foramen magnum, and even-
tually fatal disruption in respiration. A second
mechanism involving hypoxic injury to the cerebral

Table 1. Reported cases in literature of Ecstasy-induced leukoencephalopathy.

Reference
Number of

cases Sex, age Presentation
Previous
diagnosis Prognosis

Bertram et al. [13] 1 Male, 19 Unconsciousness, unresponsiveness and focal neurological
deficits

Drug toxicity Vegetative state

Aiciati et al. [14] 3 Males, 22, 21,
21

Delirium, paranoia auditory/visual hallucinations, agitation, and
memory problems

Drug toxicity Full recovery

Sacks et al. [15] 1 Male, 26 Unconsciousness, unresponsiveness and focal neurological
deficits

Encephalitis Patient died

Narang et al. [16] 1 Male, 22 Unconsciousness and unresponsiveness Menigio-
encephalitis

Full recovery

Ginat [17] 1 Male, 17 Headache, altered mental status, and double vision None Not mentioned
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white matter with sparing of the cortex is also hypoth-
esized [18].

In contrast to some other illicit substances, the long-
term effects of the ecstasy are not well understood.
Anecdotal evidence from users has reported extreme
and long-lasting depression and/or cognitive impair-
ment attributed to ecstasy. To date, there has been no
scientific consensus regarding possible long-term
damage to an MDMA user [18].

The development of leukoencephalopathy has also
been associated with other drugs of abuse. The inhala-
tion of heroin was linked to the “chasing the dragon”
syndrome. In this condition, toxic leukoencephalopa-
thy presents with findings of demyelination that affect
predominantly the occipital cortex, cerebellar, and
brainstem regions [19]. Cocaine-related toxic leukoen-
cephalopathy has been also reported in the literature.
Its toxic effect is mostly related to the substances
used in adulteration. Three categories of cocaine-
induced brain injury have been described. First, vascu-
lar pathology is seen due to ischaemia and haemorrha-
gic strokes. In addition, metabolic pathology is related
to mitochondrial dysfunction that leads to widespread
demyelination with vacuolar degeneration and axonal
loss. Notably, these changes tend to have a different
anatomical distribution than that seen with heroin.
Finally, acute and recurrent white matter lesions can
be seen. These are speculated to be caused by the
adulterant levamisole, now commonly found in
cocaine [20–23]. Numerous other drugs of abuse
have been associated with toxic leukoencephalopathy
to a lesser extent. These include the psychoactive
drug 2C-E “Europa” [15], oxycodone [24], and metha-
done [25,26].

In conclusion, toxic leukoencephalopathy is a
serious pathological finding that should be considered
in the differential diagnosis of patients that present
with the recent onset of cognitive deficits and are
known to have exposure to toxins or drugs of abuse.
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