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age group have used amphetamines.3 Of
particular concern is emerging evidence of
serious long-term effects of amphetamine
use, including depression, anxiety, psychosis
and memory disturbance.4

Neuroimaging studies demonstrate
abnormalities in abstinent MA users.5-8 The
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ABSTRACT

Objectives:  To determine the prevalence of occult brain abnormalities in magnetic 
resonance imaging of active amphetamine users.
Design, setting and participants:  Prospective convenience study in a tertiary hospital 

gency department (ED). Patients presenting to the ED for an amphetamine-related 
n were eligible for inclusion. We collected demographic data, drug use data, and 
rmed a mini-mental state examination (MMSE).
 outcome measures:  The proportion of patients with an abnormality on their 
can.
lts:  Of 38 patients enrolled, 30 had MRI scans. Nineteen were male and their mean 

age was 26.7 ±5.4 years (range 19–41 years). The mean age of first amphetamine use was 
18 years (range 13–26 years). Sixteen patients used crystal methamphetamine (mean 
amount 2.5 g/week), nine used amphetamine (“speed”) (mean amount 2.9 g/week), and 
23 used ecstasy (mean amount 2.3 tablets/week). Marijuana was smoked by 26 (mean 
amount 5.9 g/week), and 28 drank alcohol (mean amount 207 g/week). The median 
MMSE score was 27/30 (interquartile range, 26–29). Abnormalities on brain MRI scans 
were identified in six patients, most commonly an unidentified bright object (n = 4).
Conclusion:  In this pilot study of brain MRI of young people attending the ED with an 
amphetamine-related presentation, one in five had an occult brain lesion. While the 
significance of this is uncertain, it is congruent with evidence that amphetamines cause 
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brain injury.
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ad
cauM
 amphetamine (MA) is a highly

dictive substance that has
sed serious public health prob-

lems globally.1,2 Recent population surveys
report that 16% of people in the 20–29-year

aim of this study was to determine the
prevalence of clinically occult cerebral
abnormalities in active amphetamine users
presenting to our emergency department
(ED).9

METHODS
This was a prospective convenience obser-
vational pilot study conducted in the ED at
the Royal Perth Hospital (RPH), Western
Australia, from 9 April 2008 to 27 July
2009. Patients with an amphetamine-related
presentation were eligible for inclusion.

Exclusion criteria included lack of suita-
bility to undergo a magnetic resonance
imaging (MRI) scan, and psychosis in
patients detained under the Mental Health
Act 1996 (WA).

All patients received standard clinical
management and a mini-mental state exami-
nation (MMSE) was performed.10 Detailed
data on their drug use were collected. When
possible, an MRI was performed during the
time of patients’ attendance in the ED, or
shortly after discharge. Any patient who was
identified on MRI as having an abnormality
was referred to the RPH neurology service
for assessment.

The MRI scans were performed on a
Siemens Sonata 1.5T MRI scanner (Siemens
Medical Systems, Erlangen, Germany). The
following sequences were undertaken: axial
proton density; T2 fast spin echo; fluid
attenuated inversion recovery (FLAIR); dif-
fusion weighted imaging; sagittal FLAIR;
three-dimensional magnetisation-prepared
rapid acquisition with gradient echo; and a
three-dimensional time-of-flight magnetic
resonance angiography of the circle of Willis.

The radiologist was not blinded to which
patients were participating in the study.

We aimed to screen 30 patients in this
pilot study. Also, we arbitrarily categorised
the patients into two patterns of drug use:
serious (injecting, snorting or smoking MA
and other illicit drugs) or recreational (oral
use only, including ecstasy, marijuana and
alcohol).

Data were recorded onto an Excel data-
base and analysed using SPSS version 17
(SPSS Inc, Chicago, Ill, USA). Descriptive
statistics were used to describe the cohort.

The study was approved by the RPH
Ethics Committee, and all participants gave
written informed consent.

RESULTS
Thirty-eight patients were enrolled, and 30
had MRI scans. Of these 30 patients, 19
were male, and their mean age was 26.7
years (SD, 5.4 years; range 19–41). The
median time from last amphetamine use to
ED attendance was 13.6 hours (interquartile
range [IQR], 5.8–33.2), and the median

time from last use to MRI scan was 2.8 days
(IQR, 1.8–4.9). Nineteen patients required
admission to hospital. Clinical presentations
of the 30 patients who had MRI scans are
shown in Box 1.

The demographic profile, clinical charac-
teristics and drug-use history of the eight
patients who did not have an MRI scan were
similar to those who did have a scan.

The mean age at which the 30 patients
who did have an MRI scan first started to
use amphetamines was 18.0 years (SD, 3.1
years; range 13–26). Twenty-three were clas-
sified as serious drug users, and the remain-
der as recreational users. Box 2 shows a
detailed history of their drug use. Other
drugs used included cocaine (n = 6), heroin
(n = 5), lysergic acid diethylamide (LSD;
“acid”) (n = 5) and hallucinogenic mush-
rooms (n = 1). Twenty-five patients were cig-
arette smokers (mean usage was 21
cigarettes/day for 11 years), and two were
ex-smokers.

Twenty-one patients reported problems
with their mood, 19 reported problems with
JA • Volume 193 Number 5 • 6 September 2010
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their concentration, 15 with their general
health, and 14 reported memory problems.
Nine reported having been admitted to a
psychiatric hospital, 14 reported a history of
depression, and seven reported a history of
psychosis. Six patients had been prisoners in
jail.

Twenty-one patients required sedation for
agitation in the ED, most commonly with
benzodiazepines. The median time from last
amphetamine use to interview was 27 hours
(IQR, 11–60 hours), and the median time
from last sedative dose to interview was 2
hours (IQR, 0–9 hours). The median MMSE

score was 27/30 points (IQR, 26–29). The
most common deficits were seen in the
questions on orientation, attention and cal-
culation, recall and language. Conditions in
patients’ medical histories that might be
associated with abnormalities seen on MRI
scans, such as migraine, were similar in
those with and without abnormalities.

Six patients had abnormalities showing on
their MRI scan. Four of these six were male,
with a median age of 29 years. The most
common MRI abnormality seen (n = 4) was
an unidentified bright object (UBO). This is a
T2 hyperintensity in subcortical white matter,
without a corresponding diffusion-weighted
imaging abnormality. Three of the four UBOs
seen were in the frontal lobes (Box 3). One
patient had cortical atrophy, and one had
hippocampal oedema and sclerosis.11 Five of
the 23 serious users had abnormalities show-
ing on their MRI scans.

DISCUSSION

In our pilot study we found that one in five
patients had abnormality on their MRI brain
scan, the most common being a UBO. Katz-
man reported only five UBOs as incidental
findings in 1000 asymptomatic volunteers
(mean age 30.6 years).12 Most UBOs in our
study were in the frontal region of the brain;
this finding is consistent with reports of fron-
tal abnormalities in MA users.5,13 Whether or
not these UBOs are associated with long-term
clinical effects is unknown, but our finding
supports the possibility of amphetamine use
being a risk for cognitive decline, and perhaps
an increased risk of stroke.

The main limitations of our study are the
small sample size, a patient group for whom
reliable follow-up was not possible, with no
age-matched controls, and the difficult type
of research (in that it is difficult to attribute
causation in users of multiple drugs). Many
of our patients are chaotic, poly-drug users
who access whatever is available, so other
drugs could be contributing to the changes
seen on MRI. Reporting bias is possible and
minor abnormalities in MMSE scores are
likely to have been influenced by the acute
effects of intoxication, and, for some, the
effects of sedation.

In this pilot study of MRI brain scans of
young people attending the ED for amphet-
amine-related reasons, one in five had an

1 Clinical presentations of the 
30 patients who had magnetic 
resonance imaging scans after 
using amphetamines

Clinical presentation Number 

Psychosis 7

Palpitations 4

Altered consciousness 4

Seizures 3

Anxiety 3

Headache 3

Insomnia 2

Fever 1

Agitation, requesting help for 
thoughts of self-harm

1

Pyelonephritis, requesting help 
to stop methamphetamine use

1

Suicidality 1

Total 30

3 Brain magnetic resonance imaging 
scan with unidentified bright 
object in the frontal lobe (arrow)

2 History of drug use of the 30 patients with amphetamine-related presentations who had magnetic resonance 
imaging scans

Drug (number of patients using)

Crystal methamphetamine (16) Amphetamine (9) Ecstasy (23) Marijuana (26) Alcohol (28)

Formulation Ice/rock Speed MDMA Leaves, resin/hash, 
flower heads

Beer, wine, spirits, 
combinations

Administration route (patients) IV (6)
Smoked (6)
IN (1)
Various (3)

IN (4)
IV (3)
Oral (1)
Various (1)

Oral (23) Smoked (26) Oral (28)

Frequency of use (patients) Daily–weekly (11)
< Weekly (3)
<Monthly (1)

Daily–weekly (4)
� Weekly (3)

> Twice/week–weekly (6)
Fortnightly (4)
Monthly (2)
� Monthly (10)

Daily–weekly (12)
Fortnightly (5)
Monthly (2)
� Monthly (6)

Daily–weekly (22)
Fortnightly (1)
Monthly (1)
� Monthly (2)

Mean use in last 30 days (range) 7.4 days (0–25) 6.7 days (0–21) 2.2 days (0–10) 6.3 days (0–30) 11.7 days (0–30)

Mean amount used (range) 2.5 g/week (0.4–7) 2.9 g/week (0–10) 2.3 tablets/week (0.5–8) 5.9 g/week (0–52) 207 g/week (4–800)

Mean duration of use (range) 7.5 years (1–22) 5.5 years (1–10) 5.7 years (0–14) 7.4 years (1–17) 11.1 years (2–26)

MDMA = 3,4-methylenedioxymethamphetamine. IV = intravenous. IN = intranasal. ◆
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occult brain lesion suggesting injury. While
the significance of this is uncertain, it is
congruent with evidence that amphetamines
cause brain injury, and therefore could have
public health implications.
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