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Effects of Ecstasy (MDMA) on
the Brain in Abstinent Users:
Initial Observations with
Diffusion and Perfusion MR
Imaging1

PURPOSE: To evaluate the effects of 3,4-methylenedioxymethamphetamine
(MDMA, ecstasy) on the human brain by using diffusion and perfusion magnetic
resonance (MR) imaging.

MATERIALS AND METHODS: Eight abstinent ecstasy users and six ecstasy non-
users underwent diffusion and perfusion MR imaging. Apparent diffusion coefficient
and relative cerebral volume maps were reconstructed. Differences in apparent
diffusion coefficient values and relative cerebral volume ratios between the groups
were analyzed with the Mann-Whitney-Wilcoxon test. The relationship between
apparent diffusion coefficient and relative cerebral volume and the extent of previ-
ous ecstasy use was investigated with Spearman rank correlation.

RESULTS: Apparent diffusion coefficient values (0.84 vs 0.65 3 1025 cm2/sec, P ,
.025) and relative cerebral volume ratios (1.22 vs 1.01, P , .025) were significantly
higher in the globus pallidus of ecstasy users compared with nonusers, respectively.
Increases in pallidal relative cerebral volume were positively correlated with the
extent of previous use of ecstasy (r 5 0.73, P , .04).

CONCLUSION: Ecstasy use is associated with tissue changes in the globus pallidus.
These findings are in agreement with findings in case reports, suggesting that the
globus pallidus is particularly sensitive to the effects of ecstasy.

3,4-Methylenedioxymethamphetamine (MDMA, ecstasy) is an amphetamine congener
that has gained marked popularity as a recreational drug. MDMA induces release of
serotonin (5-hydroxytryptamine) from serotonin neurons. However, it has become in-
creasingly apparent that MDMA use eventually can lead to toxic effects on brain serotonin
neurons in animals and humans. In animals, damage to serotonin neurons has been
demonstrated by reductions in various markers unique to serotonin axons, and these
markers include brain serotonin, 5-hydroxyindoleacetic acid, and the density of serotonin
transporters (1–5). Anatomic studies in MDMA-treated animals indicate that these neuro-
chemical changes are secondary to a distal axotomy of serotonin neurons (6,7). Findings
in recent positron emission tomography, or PET, and single photon emission computed
tomography, or SPECT, studies have shown decreases in the number of central serotonin
transporters in human MDMA users, findings which are similar to those observed in
MDMA-treated primates (8–10).

Few functional consequences of MDMA-induced neurotoxicity have been identified,
however, in either animals or humans (11). Because MDMA-induced serotonergic damage
may lead to impairment of functions in which serotonin is involved, it is important to
study the potential consequences of MDMA-induced neurotoxicity. The brain microcir-
culation is of particular interest, since considerable evidence (12,13) has been accumulated
in past years that strongly suggests that serotonin is involved in the regulation of brain
microcirculation. It is, therefore, of interest to note that findings in several case reports
(14–18) have linked the abuse of MDMA to the occurrence of cerebrovascular accidents, as
a result of MDMA-induced effects on brain serotonin concentrations.

611



Diffusion-weighted magnetic resonance
(MR) imaging provides a form of contrast
that enables the quantitative measure-
ment of diffusional motion of water mol-
ecules in biologic tissue, especially axons
(19). Cellular structures, such as highly
organized myelinated axons in white
matter, restrict water molecular motion,
and the apparent diffusion coefficient
(ADC) is reduced compared with diffu-
sion in bulk water (20–24). Any process
that results in changes in structural ele-
ments of tissue, such as removal of some
of the restricting barriers, can result in in-
creased ADC values. It is, therefore, thought
that diffusion-weighted MR imaging is a
promising approach for the evaluation of
tissue changes in degenerating brain and
nerve matter (25–27). Moreover, the use
of dynamic contrast-enhanced perfu-
sion-weighted MR imaging has made it
possible to study the brain vasculature by
means of calculation of relative cerebral
blood volume (rCBV) maps (28).

The purpose of our study was to eval-
uate the effects of ecstasy on the human
brain with diffusion and perfusion MR
imaging techniques.

MATERIALS AND METHODS

Participants

This study was carried out at the Aca-
demic Medical Center in Amsterdam, the
Netherlands, from October through De-
cember 1998. Eight ecstasy users (seven
men, one woman; mean age, 27.6
years 6 4.9 [SD]; age range, 22–35 years)
were compared with six ecstasy nonusers
(three men, three women; mean age,
22.3 years 6 0.8; age range, 21–23 years)
who were using other drugs. Subjects
were recruited with flyers distributed at
venues associated with the “rave scene”
in Amsterdam with the help of UNITY,
an agency that provides harm reduction
information and advice. Ecstasy user and
nonuser groups were thus recruited from
the same community sources.

Subjects selected were group-matched
for age and sex, were otherwise healthy,
and had no history of psychiatric illness.
The six ecstasy nonusers reported no
prior use of ecstasy. Participants agreed to
abstain from use of psychoactive drugs
for at least 3 weeks before the study and
were asked to undergo a urine test for
drug screening (with an enzyme-multi-
plied immunoassay for amphetamines,
barbiturates, benzodiazepine metabolites,
cocaine metabolite, opiates, and Canna-
bis [marijuana]) before enrollment in the
study. After urine samples were tested,

subjects were excluded on the basis of the
following criteria: positive results of the
urine test for drug screening, pregnancy,
or a severe medical illness.

Subjects were interviewed with a struc-
tured automated diagnostic psychiatric in-
terview, or Composite International Diag-
nostic Interview (CORE, version 2.1; World
Health Organization, Geneva, Switzerland)
to screen for current axis I psychiatric di-
agnoses. A detailed drug history question-
naire was obtained, and in addition, sub-
jects were screened for left- or right-
handedness. Written informed consent
was obtained from all participants. The
institutional medical ethics committee
approved the study.

MR Imaging Methods

MR imaging was performed with a 1.5-T
machine (Magnetom Vision; Siemens, Er-
langen, Germany) with echo-planar imag-
ing capability. Before perfusion and diffu-
sion MR imaging, transverse T1- and T2-
weighted standard spin-echo sequences
were performed. Imaging parameters were
670/14 (repetition time msec/echo time
msec) with one signal acquired for T1-
weighted sequences and 3,500/90 with one
signal acquired for fast spin-echo T2-
weighted sequences. Section thickness was
5 mm; matrix, 256 3 192; and field of view
(FOV), 23 cm. T1- and T2-weighted images
were evaluated for the presence of edema-
tous changes.

Diffusion images were obtained by us-
ing echo-planar imaging with 700/118
and one signal acquired, an FOV of 23
cm, and a matrix of 96 3 200. Diffusion
gradients were applied independently on
each axis of the magnet. Nine diffusion-
weighted images were obtained along
each axis (bxi, byi, bzi, where i 5 1.9). The
b value is commonly used to describe the
amount of diffusion sensitivity of the se-
quence.

A baseline image with minimum diffu-
sion weighting was acquired first by us-
ing a small b value (b 5 0 sec/mm2).
Then, a second diffusion-weighted image
was acquired with extended diffusion
gradients to obtain a larger b value (b 5
1,000 sec/mm2). Although signal inten-
sity in the diffusion-weighted imaging is
affected by T1 and T2, the ADC map is
not. It is obtained by calculating the log-
arithmic ratio of the signal intensity at
each pixel according to the following
equation: ADC 5 ln(S1/S2)/(b2 2 b1),
where S1 and S2 are the signal intensity of
the baseline and diffusion-weighted im-
ages, respectively, and b1 and b2 are the b

values for the corresponding pulse se-
quences.

The ADC value is also dependent on
the direction in which diffusion is mea-
sured, which makes a comparison of
ADC values without taking into account
the measurement direction meaningless.
By measuring the ADC value in three or-
thogonal directions and then averaging
the results, with the equation ADC 5
(ADCx 1 ADCy 1 ADCz)/3, we are able to
measure diffusion that is independent of
the orientation of structures.

Echo-planar T2*-weighted dynamic
contrast-enhanced images (0.8/54, one
signal acquired, 23-cm FOV, 128 3 128
matrix) were obtained in 12 transverse
sections at 1.2-second intervals for 64
seconds immediately after intravenous
bolus injection of gadopentetate dime-
glumine (Magnevist; Schering, Berlin,
Germany) at 0.1 mmol per kilogram of
body weight. The contrast agent was
power-injected intravenously at a rate of
5 mL/sec through an 18-gauge antecubi-
tal needle with an MR-compatible power
injector (Spectris MR injector; Medrad,
Indianola, Pa).

Quantitative ADC and rCBV maps
were automatically derived on a voxel-
by-voxel basis by using software (Massa-
chusetts General Hospital, NMR Center,
Charlestown, Mass) (28,29). Regions of
interest of various brain regions (left and
right frontal cortex, occipital cortex,
white matter, putamen, and globus palli-
dus) were defined on ADC and rCBV
maps by a radiologist who was unaware
of the participant’s history. Mean signal
intensities were measured in the region
of interest on each ADC (expressed in 3
1025 cm2/sec) and rCBV (expressed in
arbitrary units) map. Since the suscepti-
bility–contrast rCBV mapping method
yields a relative rather than an absolute
rCBV value, comparison among subjects
is facilitated by reference to an internal
standard. Analogous to previous studies
(30,31), normal white matter was used as
this reference. Ratios were calculated by
dividing the mean rCBV of the brain re-
gion by the mean rCBV of white matter.

Verbal Intelligence Assessment

The Dutch Adult Reading Test (DART)
(32) was administered to obtain an esti-
mate of verbal intelligence. The DART is
the Dutch adaptation of the National
Adult Reading Test (33), a short reading
test for the estimation of the premorbid
verbal intelligence quotient (IQ) (popula-
tion mean IQ, 100; SD, 15). Results of this
test were used to describe the sample.
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Statistical Analysis

Differences between the two groups with
regard to demographic variables and expo-
sure to other drugs were analyzed by us-
ing the Mann-Whitney-Wilcoxon test.
Differences in ADC values and rCBV ra-
tios between both groups were also ana-
lyzed by using the Mann-Whitney-Wil-
coxon test. The relationship between ADC
values and rCBV ratios in specific brain
regions and the extent (lifetime number
of ecstasy tablets taken) of previous ec-
stasy and amphetamine use was investi-
gated with the Spearman rank correla-
tion, since it has the advantage that it is
not used to specifically assess a linear as-
sociation but a more general association.
To explore the effects that age, sex, and
DART-IQ test results may have on rCBV
ratios and ADC values, a correlation anal-
ysis was performed between these vari-
ables and ADC values and rCBV ratios.

Because of the small sample size, the
chance of a type I error was set at a .10,
with the use of two-tailed tests of signif-
icance. To correct for multiple compari-
sons, P values less than .025 (.10 4 4, for
four different brain regions) were consid-
ered significant. All data were analyzed
by using computer software (SPSS, ver-
sion 9.0; SPSS Software, Chicago, Ill).

RESULTS

No statistical differences between any of
the demographic variables were found
between both groups. Ecstasy users con-
sumed more alcohol and used more to-
bacco and marijuana than ecstasy nonus-
ers before this investigation (Table 1),
though this difference did not reach statis-
tical significance. Ecstasy users ingested
more amphetamine compared with ec-
stasy nonusers, and the difference was

statistically significant. All participants
were right handed.

In the ecstasy user group, participants
had generally ingested more than 150
tablets of ecstasy during a 2–3-year pe-
riod. Most of the ecstasy users had not
ingested the substance for several weeks,
and some indicated that they had not
ingested ecstasy for several months (Ta-
ble 1).

Imaging Findings

The conventional T1- and T2-weighted
images showed no edematous changes in
the brain of ecstasy users and ecstasy
nonusers. In both groups, the differences
between the left and right ADC values
and rCBV ratios were not statistically sig-
nificant. Because of this, and because we
did not expect left-right differences in
the effects of ecstasy, a mean of left and
right cerebral ADC values and rCBV ra-
tios was calculated for brain regions stud-
ied. Overall, mean ADC values were
higher in ecstasy users compared with
ecstasy nonusers. This difference was sta-
tistically significant only with regard to
values in the globus pallidus (0.65 3 1025

cm2/sec in ecstasy nonusers vs 0.84 3
1025 cm2/sec in ecstasy users) (Table 2)
(Figs 1, 2). Similar observations were
made for rCBV ratios. Overall, mean
rCBV ratios were higher in ecstasy users
compared with ecstasy nonusers, al-
though this difference reached statistical
significance only in the globus pallidus of
ecstasy users (mean, 1.22) compared with
nonusers (mean, 1.01) (Table 2) (Fig 3).

Correlations of Findings

No significant correlations were ob-
served between ADC values and extent of
previous ecstasy or amphetamine use.
Age, sex, and DART-IQ test results were
not significantly associated with rCBV ra-
tios or ADC values. However, a signifi-
cant association was observed between
extent of previous ecstasy use and rCBV
ratio in the globus pallidus (r 5 0.73, P ,
.04) (Fig 4). The higher the ecstasy expo-
sure, the higher the rCBV ratio in the
globus pallidus.

DISCUSSION

In the present study, we observed in-
creased ADC values and rCBV ratios in
the globus pallidus of ecstasy users. As we
have previously discussed, diffusion-
weighted MR imaging enables evaluation
of the random motion of water on a mo-
lecular level. ADC values are a rotation-

TABLE 1
Demographic Data and Characteristics of Ecstasy Nonusers and Users

Demographic Data and Characteristics
Ecstasy Nonusers

(n 5 6)
Ecstasy Users

(n 5 8)

Clinical factors
Mean age (y) 22.3 6 0.8 27.6 6 4.9
No. of men/no. of women 3/3 7/1
DART-IQ test results 112.2 6 5.8 98.3 6 14.3

Ecstasy use
Mean duration of use (y) NA 4.3 (1.4–6.4)*
Usual dose (no. of tablets) NA 2.4 (0.5–5.0)*
Lifetime dose (no. of tablets) NA 154 (30–500)*
Time since last dose (wk) NA 14.6 (3.0–52.0)*

Other drug and alcohol use
Mean no. of alcohol consumptions per week 7.1 6 5.9 10.5 6 17.6
Mean no. of cigarettes smoked per week 1.8 6 2.4 42.9 6 58.2
Mean no. of marijuana joints smoked per week 0.3 6 0.3 4.4 6 7.6
Mean no. of times amphetamine used in last 3 mo NA 2.9 6 4.5†

Note.—NA 5 not applicable. Unless otherwise specified, data are expressed as the mean 6 SD.
* Data in parentheses are ranges.
† Value demonstrates a statistically significant difference (P , .025).

TABLE 2
Mean rCBV Ratios and ADC Values in Brain Areas Studied

Diffusion and Perfusion Factors Ecstasy Nonusers (n 5 6) Ecstasy Users (n 5 8)

rCBV ratios
Frontal cortex 1.90 6 0.24 1.89 6 0.20
Occipital cortex 2.93 6 0.84 2.67 6 1.28
Putamen 1.48 6 0.17 1.50 6 0.27
Globus pallidus 1.01 6 0.15 1.22 6 0.14*

ADC values (3 1025 cm2/sec)
Frontal cortex 1.10 6 0.13 1.23 6 0.09
Occipital cortex 1.05 6 0.15 1.01 6 0.13
White matter 0.81 6 0.06 0.89 6 0.15
Putamen 0.72 6 0.02 0.78 6 0.12
Globus pallidus 0.65 6 0.03 0.84 6 0.22*

Note.—Data are expressed as the mean 6 SD.
* Value demonstrates a statistically significant difference (P , .025).
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ally invariant measurement of the amount
of total diffusion within a tissue (21,23,
34). The in vivo cellular environment
contains cell membranes that form a re-
strictive barrier to water diffusion. Find-
ings in experimental models (19,35) have
shown that the axonal cell membrane is
sufficient to account for most of the re-
striction of water diffusion in white mat-
ter. Diffusion is much more restricted in a
direction perpendicular to the axis of the
axon than in a direction parallel to the
axon (20–24). It is, therefore, not surpris-
ing that any process that disrupts the in-
tegrity of the axon or results in axonal
loss would change the diffusion of water
in this tissue.

The increase in ADC value in the glo-
bus pallidus of ecstasy users may be due
to axonal injury or loss or increased ex-
tracellular fluid (vasogenic edema). T2-
weighted MR images are more sensitive
to brain edema than are other measure-
ments. However, local brain edema was
not detected on the T2-weighted images
obtained in the ecstasy users. These re-
sults indicate that changes in the globus
pallidus of ecstasy users at diffusion-
weighted MR imaging are not due to an
increased water content in the extracel-
lular space but may reflect axonal loss.

In support of this idea, it is known that
extensive serotonergic axonal loss occurs
in various brain regions of animals

treated with MDMA. These results have
been demonstrated anatomically in nu-
merous studies with the use of immuno-
cytochemical methods for visualization
of axons that contain serotonin (6,7,36).
In MDMA-treated monkeys, serotonergic
axons have been shown to be reduced by
80%–90% in cortical brain areas, stria-
tum, and thalamus and by 60% in the
globus pallidus 2 weeks after MDMA ad-
ministration. In time, some axonal sprout-
ing also seems to take place, but reinnerva-
tion patterns up to 7 years after treatment
are abnormal, with some brain regions re-
maining denervated and others showing
evidence of reinnervation (37).

There is suggestive evidence (8,9) that
MDMA may also be neurotoxic to seroto-
nin neurons in humans, as well as to
serotonin neurons in animals and non-
human primates. These observations
support the suggestion that the increased

ADC values that we observed in the glo-
bus pallidus of ecstasy users, compared
with ecstasy nonusers, reflect a distal ax-
otomy or axonal injury of ascending se-
rotonergic projections to the globus pal-
lidus. In keeping with this idea, it has
been shown (27) that a disturbance in the
axonal integrity, produced by the toxic
action of dimethylmercury (methylmer-
cury), resulted in increased ADC values in
rats treated with methylmercury. Find-
ings in studies in patients with the demy-
elinating disease multiple sclerosis have
shown increased ADC values in multiple
sclerosis lesions and increased ADC val-
ues sometimes in normal white matter
(25,26,38). It is thought (39) that the pro-
nounced increase in diffusion in the
chronic stage of multiple sclerosis may
represent axonal loss and tissue destruc-
tion.

In addition to increased ADC values,

Figure 1. Graph shows the mean (bar) and individual ADC values in
the globus pallidus in ecstasy nonusers and ecstasy users. Data show
significantly higher ADC values in ecstasy users. p 5 statistically
significant difference in mean binding ratio between ecstasy nonusers
and ecstasy users.

Figure 2. Diffusion-weighted MR image obtained after voxel analy-
sis to compare mean ADC values between ecstasy nonusers (n 5 6)
and ecstasy users (n 5 8). The green regions represent regions with
significantly higher (P , .025) ADC values in ecstasy users compared
with ecstasy nonusers. These regions are located in the bilateral
globus pallidus (thick solid arrows), the cingulate gyrus (thin solid
arrow), the bilateral temporal cortex (small open arrows), and the left
parahippocampal gyrus (large open arrow). Diffusion imaging param-
eters were obtained by using echo-planar MR imaging (700/118, one
signal acquired, 23-cm FOV, 96 3 200 matrix). After registration in
the same orientation, an unpaired Student t test was performed on
each voxel of generated ADC maps.
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we observed increased rCBV ratios in the
globus pallidus of ecstasy users. Findings
in studies (40,41) have shown that ad-
ministration of the potent cerebral vaso-
dilator acetazolamide results in large in-
creases in the rCBV ratio. Furthermore, it
has been shown (42) that following ad-
ministration of cocaine, rCBV ratios in
brain pial arterioles were consistent with
the arteriolar diameter reduction. Thus, a
high rCBV ratio implies high regional
blood volume, or vasodilatation, whereas
a low rCBV ratio implies vasoconstriction
(42). Therefore, the increased rCBV ratios
in the globus pallidus of ecstasy users in
this study most probably reflect vasodila-
tation.

Considerable evidence (12) has accu-
mulated over the years that strongly points
to a vasoconstrictor role of serotonin in
the control of brain microcirculation. The
remarkable sensitivity of brain vessels to
serotonin has been paralleled by visual-
ization, as evidenced with radioautographi-
cal, biochemical, and immunocytochemical
methods, of a rich network of nerve fibers
around major cerebral arteries and pial ves-
sels that contain serotonin. In keeping with
this idea, it has been shown (43) that in-
duction of serotonin lesions with systemic
administration of 8-hydroxy-2-(di-n-propyl-
amino)tetralin (8-OH-DPAT) mediates a va-
sodilatory response in the cerebrovascula-
ture. It is thought that, because of re-
duced serotonin content, vasodilatation

occurs due to removal of serotonergic
constrictor effects. The increases in rCBV
ratios in the globus pallidus of ecstasy us-
ers in this study may result from a similar
mechanism.

As discussed previously, numerous
studies (6,7,36,37,44–46) have shown
that in animals and nonhuman primates
MDMA administration results in loss of
serotonergic axons and terminals, which
leads to persistent losses in serotonin.
Findings in studies in human ecstasy
users have shown selective neurotoxic
effects on the serotonergic system, as
indicated by decreases in 5-hydroxyin-
doleacetic acid in cerebrospinal fluid
(47,48) and in the number of serotonin
transporters (8,9). These findings in hu-
man ecstasy users are similar to findings
in MDMA-treated animals with docu-
mented serotonergic neurotoxic lesions
(10,49). There is, therefore, consistent
evidence that the increased rCBV ratios
in the globus pallidus of the ecstasy
users in this study may at least be at-
tributed to MDMA-induced serotonin
deficits. In the present study, the posi-
tive association between ecstasy expo-
sure and rCBV ratios further supports
this finding.

Interestingly, the finding of increased
rCBV ratios in the globus pallidus of ec-
stasy users in this study is in agreement
with the finding in a recent study by
Reneman and co-workers (50). Findings

in that study show that in specific brain
regions (particularly the globus pallidus)
high cortical serotonin 2 receptor densi-
ties, which are suggestive of low synaptic
serotonin levels, were correlated with
high rCBV ratios and implicated vasodi-
latation. On the other hand, low cortical
serotonin 2 receptor densities, which are
suggestive of high synaptic serotonin lev-
els, were correlated with low rCBV ratios,
indicating vasoconstriction.

Furthermore, findings in a study by
Chang and co-workers (51) show that in
subjects who received MDMA in a con-
trolled setting, larger decreases in cere-
bral blood flow, which implicated vaso-
constriction, were observed in subjects
who received MDMA more recently (on
average, 2–3 weeks before the examina-
tion). In addition, the authors observed
increased cerebral blood flow values,
which implicated vasodilatation, in sev-
eral subjects who underwent imaging af-
ter 2–3 months. The short-term effect of
MDMA involves excessive release of sero-
tonin. It, therefore, was suggested that,
with normalization of the excess of sero-
tonin or depletion of serotonin in some
regions at a later time, cerebral blood
flow may return to normal or increase to
greater than normal values, due to re-
moval of serotonergic constrictive ef-
fects. In this study, we observed signifi-
cant increases in rCBV ratios in the
globus pallidus in the ecstasy users with a
long period of abstinence from ecstasy
use, which was at least 3 weeks but on
average was 31⁄2 months.

Figure 3. Graph shows the mean (bar) and individual rCBV ratios in
the globus pallidus in ecstasy nonusers and ecstasy users. Data show
significantly higher rCBV ratios in ecstasy users. p 5 statistically
significant difference in the mean rCBV ratio between ecstasy non-
users and ecstasy users.

Figure 4. Scatterplot with linear regression line shows the correla-
tion between the rCBV ratio in the globus pallidus and the extent of
previous ecstasy use, suggesting that the effects of ecstasy on rCBV
ratios are dosage-related in this brain region.
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The ratio obtained in this study be-
tween cortical gray and white matter
rCBV in ecstasy nonusers, which was ap-
proximately 2.5, correlates well with re-
sults in other MR rCBV mapping studies
(30). The ADC values of approximately
1.1 3 1025 cm2/sec in gray matter in this
study are in agreement with those in the
literature (1.0 3 1025 cm2/sec) (52).

As with all retrospective studies, there
is a possibility that preexisting differ-
ences between ecstasy users and nonusers
underlie differences in rCBV ratios and
ADC values. Thus, people with high pal-
lidal rCBV ratios and ADC values may be
predisposed to use ecstasy. Another po-
tential limitation of the present study
may be that the samples were small. Nev-
ertheless, to our knowledge, there have
been few studies in which the effects of
ecstasy on the central nervous system
have been investigated with MR imaging
and no studies with diffusion-weighted
MR imaging. Age, sex, and results of the
DART-IQ test are not likely to have influ-
enced our findings, since they were not
significantly related to rCBV ratios or
ADC values. Finally, although most of
the ecstasy users in our study had more
experience with other recreational drugs
than did ecstasy nonusers, no statistically
significant differences in the use of drugs
other than amphetamine and ecstasy
were observed between the two groups in
this study and were, therefore, not likely
to account for changes in rCBV ratios or
ADC values.

We cannot, however, completely rule
out the possibility that the observed
changes in the globus pallidus of ecstasy
users were unrelated to amphetamine
use. Since amphetamine and the other
drugs that ecstasy users reported having
used are unknown serotonin neurotoxins
in human beings, it seems unlikely that
the findings in this study should be at-
tributed to substances other than MDMA.

In conclusion, we provide suggestive
evidence that ecstasy use is associated
with changes in rCBV ratios and ADC
values in the globus pallidus of human
ecstasy users. These findings are consis-
tent with findings of serotonergic axonal
loss and serotonin depletion in animals
treated with MDMA, data in humans
from other published reports, and find-
ings of cerebrovascular accidents in med-
ical histories of ecstasy users. Future stud-
ies with larger samples of ecstasy users
will help in a further evaluation of the
association between findings of cerebro-
vascular accidents in medical histories
and findings of MDMA-induced cerebro-
vascular accidents. Our data indicate that

MR imaging may be a valuable tool in the
investigation of the consequences of
MDMA use in brain tissue and the micro-
vasculature.
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