Original Paper

Cerebrovascular
Discases

L "

Cerebrovase Dis 2001;12:2563-257

Received: February &, 2001
Accepted: April 20, 2001

A Double-Blind Placebo-Controlled
Study of the Effects of Amphetamine
and Physiotherapy after Stroke

Lars Sonde Maria Nordstrom Carl-Gustav Nilsson Johan Lokk

Matti Viitanen

Division of Geriatric Medicine, Department of Clinical Meuroscience, Occupational Therapy and Elderly Care

Research (NEUROTEC), Karolinska Institutet, Stockholm, Sweden

KeyWords
Amphetamine - Stroke - Rehabilitation

Abstract

Major therapeutic advances in the rehabilitation of sub-
acute stroke are lacking. One promising approach is
treatment with amphetamine in combination with phys-
iotherapy so as to promote motor function. In a random-
ized, double-blind, placebo-controlled clinical trial, the
effect of 10 sessions with 10 mg of amphetamine com-
bined with physiotherapy during a 5-week period was
investigated in 39 geriatric patients who had been admit-
ted to a stroke rehabilitation unit. Motor function (Fugl-
Meyer motor performance score) and activities of daily
living (ADL; Barthel's index) were assessed at baseline
and at the end of treatment. All patients improved signifi-
cantly over the intervention period. Amphetamine-
treated patients did not show any increase in mator func-
tion or ADL as compared to the control group. Rehabilita-
tion with amphetamine at this dosage and interval, com-
bined with physiotherapy, did not promote motor recov-
ery or functional capacity in patients suffering from
stroke.
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Introduction

Studies by Feeney [1] have shown that modulation of
brain catecholamines with amphetamine may influence
recovery after stroke, but only when given together with
‘symptom-relevant experience’, that is, concomitant
training sessions. Positive results from several animal
studies in the form of increased motor function after
stroke [2—4] were followed by smail-scale human studies
where amphetamine in combination with physiotherapy
has been reported to further improve motor recovery. Cri-
sostorno et al. [5] showed that four stroke patients treated
with a single dose of 10 mg of amphetamine 3-10 days
after stroke paired with physiotherapy had significantly
greater improvement in motor function as compared to a
placebo group. In another randomized controlled study
by Walker-Batson et al. [6], 10 hemiplegic stroke patients
with severe motor deficits received either 10 mg of dex-
troamphetamine or placebo orally every 4th day for 10
sessions paired with physiotherapy. The first session
started 16-30 days after stroke. The motor performance
in the therapy group had increased significantly as com-
pared to the placebo group 1 week after the treatment ses-
sions were finished [6]. Two other reports, including 20
and 25 patients, respectively, were not able to reproduce
these findings [7, &].
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It is difficult to conclude which is the most effective
study since there is a great variation in the type of design,
such as the start of treatment and concomitant physio-
therapy. Also, the power is low due to the low number of
pratients. Here, we conducted a randomized, double-
blind, placebo-controlled clinical trial with a similar de-
sign to that used by Walker-Batson et al. [6]. The objective
o f our study was to investigate the effect of 10 sessions of
am oral dose of amphetamine combined with physiothera-
pY, starting 5-10 days after stroke.

Patients and Methods

During the period from November 1998 to June 2000, 364
patients were admitted to the geriatric rehabilitation ward at Hud-
dinge University Hospital because of an acute stroke. Patients were
examined by the physician in charge (J.L.). The medical examination
included a medical history, assessment of somatic and neurological
status, laboratory analysis and CT scan.

Patient Selection

Geriatric patients (65 years or over) with a paretic arm and/or leg
following a stroke which had occurred 5-10 days previously and who
could follow instructions were included. The presence of hemiplegia
was defined as an arm motor score of 0-50 and a leg motor score of
0—30 on the Fugl-Meyer (FM) motor scale at baseline screening.
Patients were excluded if they had had an earlier cerebral lesion with
a documented need for care and remaining paretic symptoms and/or
a serious disease, such as psychiatric, neurological, cardiovascular,
respiratory, musculoskeletal, gastrointestinal, hematological or onco-
logical disease, as assessed by the responsible physician. Patients
receiving e-adrenergic antagonists or agonists, neuroleptics, benzodi-
azepines or antidepressants were also excluded. Forty patients were
included in the study after their informed consent had been ob-
tained.

Drug Administration and Randomization

Study patients and all other people involved were blinded to the
treatment type. Drug treatment was given in the form of identical
white tablets of 2 x 5 mg of cither 4, /-amphetamine or placebo
60 min before the training session. The drugs were supplied by the
pharmacological company Recip AB, Stockholm, Sweden. The am-
phetamine/placebo was randomly distributed in boxes labeled 1-40.
Patients received the boxes in consecutive order. All side effects dur-
ing the intervention period were registered.

Physiotherapy

The physiotherapy intervention was based on functional move-
ments including balance training, transfer training and more specific
motor function training of the parctic arm/leg. Because of the clinical
setiing, the training varied from each patient depending on the sever-
ity of their paresis. All patients underwent at Jeast 30 min of physic-
therapy 5 days a week in addition to the ward’s regular training pro-
gram, The first of 10 study sessions took place within 5-10 days from
the onset of stroke. Patients received amphetamine or placebo twice
a week. Tablets were given 1 h before the start of physiotherapy.
Patients discharged from the rehabilitation unit within 5 weeks con-
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Table 1. Baseline data of amphetamine-treated patients and place-
bo-treated controls

Mean age, years 80(6.2) 75 (4.4) 0.1
Range 71-91 66-83
Males/females 10/10 13/6 0.25
Infarct/hemorrhage 19/1 18/1 0.97
Right/left paresis 713 11/8 O.16
FM total motor score 33.6 (25.8) 409 (27.9) 0.40
FM arm motor score 17.2(15.9) 22.7(20.9) O.35
FM leg motor score 16.4(11.1) 18.2 (9.3) 0.58
Barthels ADL index 43.8(21.3) 50.8 (23.0) 0.33

p values were estimated with ANOVA. The figures in parenth eses
represent standard deviations.

tinued the combination treatment irrespective of where they were
discharged to. Patients discharged home were treated twice a week by
a physiotherapist (M.N.) from the rehabilitation unit. When further
rehabilitation was needed in a community rehabilitation unit, the
responsible physiotherapist was informed of the study both orally
and in writing, and he/she then continued the combination treatment
untif the 10th sesston. Compliance with the treatment was recorded
by the physiotherapist in a protocol which was collected after the
treatment period.

The study was approved by the Ethical Committee of Huddinge
University Hospital.

Assessments

Motor function and activities of daily living (ADL) were assessed
by a physiotherapist (L.S.) at baseline, at the end of the 10th session
and at follow-up, 3 months after stroke. Baseline motor scores were
obtained 1 day befere study initiation in all patients. The score at the
end of the treatment was determined the day after the 10th session.
The FM motor performance score was used to evaluate changes in
motor function. On this scale, a score of 0 points means no motor
function and a score of 100 points indicates normal motor function
(divided inte 66 points for normal arm motor function and 34 points
for normal leg motor function). This test is often used in stroke
research and its reliability and validity are both well documented [9,
101 Autonomy in ADL was evaluated with Barthel’s index [11, 12].
This scoring system involves a weighted scale, ranging from 0 to 100
in 5-point increments, thal measures performance in terms of self-
care (feeding, bathing, personal toilet, dressing, bowel and bladder
care), as well as locomotion (for instance moving between bed, wheel-
chair and toilet, ambulation and stair climbing). A score of 100 does
not imply normality but rather that the patient is functionally inde-
pendent in most ADL.

Study Size and Power

The variance and effect size needed to calcuiate the number of
patients were estimated from the study of Walker-Batson et al. [6].
This revealed that a sample of 32 patients was necessary to achieve
an 80% chance {power = 0.80) of detecting a mean difference of 20
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Fiig. 1. Flow chart describing the subjects included and randomized
in the amphetamine (AMPH) treatment study.

points in improvement between the two groups in the main outcome
m easure {(FM score). This number was increased to 40 in anticipation
of inevitable defaulters,

Statistics

The data are given as means *+ SD. The Mann-Whitney U test
was used to analyze the FM and Barthel data. Patients with iotal
baseline FM scores below 36 (indicating severe motor deficits) were
analyzed separately in order to compare results with those from the
study of Watker-Batson et al. [6]. The effects of age and motor func-
tion on improvement during the study were tested with MANCOVA.
All the anzlyses were done with SPSS statistic software.

Resuits

At baseline, the group treated with amphetamine did
not differ significantly from the placebo group with regard
to gender, side of paresis, motor function and ADL scores.
However, the patients in the amphetamine group were
significantly older than the controls (table 1).

Treatment with amphetamine or placebo was started
on average 8 days after stroke onset in both groups. For 1

Effects of Amphetamine and Physiotherapy
after Stroke

Fig. 2. Mean FM motor performance scale scores in patients treated
with amphetamine (AMPH) and physiotherapy and controls. Total,
arm and leg motor scores are shown.

patient in the control group, the treatment was discontin-
ued after the second session because of acute renal insuffi-
ciency and uncontrolled hypertension. Data for this pa-
tient were not included in the analysis. Three patients in
the amphetamine group died during the follow-up. They
had severe motor deficits at baseline and the causes of
death were a new cerebral infarction, bronchopneumonia
and myocardial infarction, respectively (fig. 1).

Amphetamine-treated patients showed lower scores at
baseline and at the end of treatment, but the difference
was not significant. At follow-up, the remaining 17 pa-
tients in the amphetamine group had similar mean scores
compared to controls (62.5 £ 27.8 vs. 65.2 + 23.3). All
patients improved significantly in motor function over
the intervention period. However, the amphetamine
group did not show a greater increase in motor function as
compared to the control group, either at the end of treat-
ment or at follow-up (fig. 2). Nor when a classical inten-
tion-to-treat analysis was used, including the last observa-
tion available for each subject, did the results change sig-
nificantly (fig. 3).

The effects of age and baseline FM score were analyzed
in a test of within-subject effects and these variables were
used as covariates or as split variables (median split: 76
years for age and 26 points for total FM motor score). Nei-
ther age nor initial FM score showed significant interac-
tions with treatment.

Patients with severe motor deficits (total baseline FM
score below 36) were analyzed separately. Motor function
did not show a greater increase in amphetamine-treated
patients as compared to controls. Baseline mean FM
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Fig. 3. Mean scores of the FM scale in patients randomized to
arnphetamine (AMPH) or the control group. Intention-to-treat anal-
ysis. Vertical lines denote the confidence interval.

scores were 18.2 + 10.3 in the amphetamine group and
17.6 £ 8.1 in controls. Scores at the end of treatment were
40.9 % 25,6 versus 41.8 + 15.8 and at follow-up, 47.2 +
28.9 versus 46.4 £ 15.3 in the amphetamine and control
group, respectively.

ADL functions graded on Barthel’s index improved
over the intervention period, but the improvements were
similar in the amphetamine group and controls. Amphet-
arnine-treated patients showed lower scores at each evalu-
ation time (Barthel scores at the end of treatment 62.8 +
25.9 vs. 72.6 + 23.4 and at the follow-up 69.1 £ 27.9 vs.
77.1 % 20.8, respectively), but the difference was not sig-
nificant.

Discussion

Our results showed that the treatment of stroke pa-
tients with amphetamine in combination with physiother-
apy at arehabilitation unit did not further improve motor
recovery or functional cutcome. A number of factors may
have influenced the results. Our study was carried cut in a
geriatric stroke ward and the mean age of the treated
patients was 80 years. This is a considerably higher age
than that for the patients investigated in the two studies
reporting increased recovery of motor function after am-
phetamine treatment [5, 6]. Our treatment group was also
on average 5 years older than the controls and about 19
years older than the patients treated in the study of Walk-
er-Batson et al. [6]. The amphetamine-treated patients in
the study of Walker-Batson et al, [6] showed approximate-

256 Cerebrovasc Dis 2001;12:253-257

ly similar motor scores as did the patients in the amphet-
amine group and the controls in our study at the end of
treatment. It seems reasonable to think that age may
influence the capacity for functional recovery. However,
we do not think that this can explain our results. Buell and
Coleman [13] showed that the loss of neurons in aging
humans is to some extent compensated for by selective
dendritic growth. Furthermore, the study by Ferrucei et
al. {14] showed that the extent of improvement in func-
tional status after a rehabilitation program was indepen-
dent of age, although older patients may be more likely to
employ compensatory strategies to overcome some of the
neurological impairment that remained after stroke. The
above-mentioned studies suggest a capacity for recrgani-
zation in aging humans.

Feeney [1] stressed the importance of administering
amphetamine together with some kind of physical train-
ing or stimulation. We combined the daily standard train-
ing at the ward with amphetamine, which was adminis-
tered 60 min before training twice a week for 5 weeks. The
training schedule varied depending on the severity of each
patient’s condition after stroke. Exercises included train-
ing in weight bearing, balance, transfer and functional
movement as well as facilitating the active use of the
affected Hmb.

We do not know the optimal daily dose of amphet-
amne, the length of the treatment period or when we
should start the treatment. The studies that are available
have used different dosages and frequencies as well as
intervention periods of different lengths. In our study and
in the other studies, no serious adverse effects were seen
during treatment {in line with the report of Unwin and
Walker-Batson [15] using 10 mg of dextroamphetamine).

The number of patients in the present study and other
studies was limited, which reflects the difficulties of
enrolling patients in t{rials and which also affects the
results. Although our present data are negative, amphet-
amine is the most extensively studied drug shown to pro-
mote recovery of function in animal models of stroke [1 6].
In order to find a possible and optimal regime of amphet-
amine to enhance motor recovery without adverse effects,
future clinical studies should use a higher and/or more fre-
quent dosage of amphetamine as well as a longer treat-
ment period together with a greater number of patients.
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