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LAY ABSTRACT
Several drugs, administered in combination with reha-
bilitation, have been found to increase the amount of 
physical recovery achieved by a stroke survivor. This pa-
per reviews the published literature to investigate which 
drugs have the best evidence of efficacy and safety to 
promote motor recovery after stroke. However, many 
studies investigating these drugs lack rigor and have 
little consistency between how trials were performed. 
Consequently, it is difficult to make a definitive judge-
ment on how safe and effective these drugs are, or to 
compare drugs to determine superiority. To overcome 
this, a reporting standard must be developed for trials 
of these particular drugs. In addition, stricter adherence 
is necessary to already established reporting standards, 
including those that outline how parallel group randomi-
zed trials and physical interventions embedded within 
them are described (the Template for Intervention De-
scription and Replication checklist and the Consolidated 
Standards of Reporting Trials statement, respectively).

Objective: To investigate the efficacy and safety of 
drug interventions to promote motor recovery post-
stroke.
Data sources: CENTRAL, CINAHL, Embase, MEDLINE, 
SCOPUS and Web of Science.
Study selection: Published human randomized con-
trolled trials in which the primary intervention was a 
drug administered to promote motor recovery post-
stroke, vs placebo.
Data extraction: Standardized pro forma used to ex-
tract safety and efficacy data; Cochrane Collabora-
tion risk of bias assessment tool performed to assess 
risk of bias.
Data synthesis: Fifty randomized controlled trials 
from 4,779 citations were included. An overall trend 
of high risk of attrition (n = 27) and reporting bias 
(n = 36) was observed. Twenty-eight different drug 
interventions were investigated, 18 of which de-
monstrated statistically significant results favouring 
increased motor recovery compared with control in-
tervention. Forty-four studies measured safety; no 
major safety concerns were reported. 
Conclusion: Candidate drug interventions promoting 
motor recovery post-stroke were identified, specifi-
cally selective serotonin reuptake inhibitors and le-
vodopa; however, the high risk of bias in many trials 
is concerning. Drugs to improve motor function re-
main an important area of enquiry. Future research 
must focus on establishing the right drug interven-
tion to be administered at an optimal dose and time, 
combined with the most effective adjuvant physical 
therapy to drive stroke recovery.

Key words: pharmaceutical preparations; stroke; rehabilita-
tion.
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Drug interventions are known to be effective for 
primary and secondary stroke prevention, and 

to promote reperfusion of penumbra within hours 
of stroke onset (1, 2). Neuroprotective drugs seem 

promising, but outcomes have failed to translate in 
human trials (2). As many people lack access to time-
sensitive stroke interventions targeting prevention and 
reperfusion, drug interventions that mediate recovery 
beyond the window for effective reperfusion are im-
portant research targets. The treatment window for 
recovery-promoting drugs (RPD) ranges from days to 
years post-stroke, increasing the potential for survivors 
to be eligible, and benefit from treatment (3–5). Whilst 
rehabilitation has been proven to be of great benefit, 
RPDs may have a place in enhancing recovery in in-
stances where stroke survivors receive little therapy 
and have low levels of physical activity (6).

Recovery-promoting drug interventions have been 
investigated for many years; however, there has been 
little consistency in clinical trials to allow for rigorous 
comparison or meta-analysis of outcomes across dif-
ferent drug classes. To date, systematic reviews of 
RPDs have been limited to specific classes of drugs. 
A Cochrane Review investigating the effect of am-
phetamine treatment (compared with placebo) in 10 
trials (n = 287 patients) found no evidence to support 
routine use in stroke survivors to reduce death or 

http://crossmark.crossref.org/dialog/?doi=10.2340/16501977-2536&domain=pdf
mailto:nerida.firth@my.jcu.edu.au
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320 N. Firth et al.

national Classification of Functioning, Disability and Health 
(ICF) (11). Non-English publications and aphasia trials were 
excluded, the latter being a language disorder, not attributable 
to motor function.

Titles and abstracts were reviewed and shortlisted by author 
NF, and by author JB if inclusion was unclear. Eligibility was 
determined through independent assessments of full-text ver-
sions of shortlisted articles by authors NF and KH, while author 
JB confirmed eligibility when necessary.

Data extraction and analysis, and risk of bias assessment 

Study details (sample size, time post-stroke, age, sex, stroke 
severity), experimental design descriptors (drug and control 
intervention details, adjuvant physical therapy, treatment/
follow-up endpoints), outcome measures and corresponding 
measures of central tendency were extracted by author NF and 
corroborated by author KH utilizing standardized pro forma 
(12). Authors of included studies were emailed for missing data. 

Physical rehabilitation interventions within each trial were 
recorded as “adjuvant therapies”. The endpoint was defined as 
final assessment of outcome; whether occurring at final dose 
of drug intervention or end of follow-up was noted, along with 
whether primary outcome measures were designated. The extent 
of safety monitoring and adverse events were recorded, and 
whether they were pre-specified outcomes or general obser-
vations. Safety assessment was based on mortality and severe 
adverse events (SAEs) associated with drug intervention, e.g. 
haemorrhage, neurological deterioration. Risk of bias was asses-
sed by NF and KH using the Cochrane risk of bias assessment 
tool (13). Between-group endpoint estimates and change scores 
were extracted for motor outcomes. When statistically signi-
ficant p-values were noted, effect sizes were calculated (NF) 
from raw data using Cohen’s d method, where possible (14). 

RESULTS 

Database searching yielded 1,548 results, with 29 
studies eligible for inclusion. These studies contained 
3,231 references, used to identify further studies, which 
led to the inclusion of a further 21 studies (Fig. 1). 
Therefore, a total of 50 studies (n = 5,643 participants) 
were included. Duplicate citation (25%) or not RCT 
(40%) were the most common reasons for exclusion. 

Included studies were published between 1973 and 
2017 (Table SI). Methodologies varied, including cros-
sover trials (n = 10) (15–24) and short-term studies with 
outcomes measured ≤ 24 h post-RPD administration 
(n = 11) (16–26). Sample sizes ranged from 8 to 1,099 
participants (median: 40, IQR: 18.5–83), mean age 
spanned 53 (25) to 78 years (27). Participants were 
predominantly male (range 32–100%); only 12 (24%) 
studies had ≥ 50% females. 

Twenty-eight different RPDs were investigated (Ta-
ble I). Four studies compared 2 drug intervention arms 
with placebo (28–31). Four studies evaluated MLC 
601 (NeuroAid™) and involved the largest proportion 
of participants (n = 2,099, 37.2%) (32–36). The most 
frequently studied pharmacological interventions were 

disability when taking risk of harm into account (7). 
The number of patients included in the studies was too 
small to be able to draw firm conclusions regarding the 
effect of amphetamines on recovery from stroke (7). 
Conversely, another Cochrane Review (n = 52 trials, 
4,059 patients) provided “tantalizing evidence” that 
selective serotonin reuptake inhibitors (SSRIs) appear 
to improve dependence, disability, neurological impair-
ment, and anxiety and depression after stroke (8). Both 
reviews recommended larger, well-designed trials be 
undertaken to clarify efficacy, and to overcome issues 
with heterogeneity and methodology seen in studies 
across both drug classes. 

As both reviews targeted singular drug classes, 
neither could provide judgement comparing the outco-
mes of the drugs with each other. To address this gap, 
the aim of this systematic review was to investigate 
the efficacy and safety of drug interventions trialled to 
enhance motor recovery post-stroke (3, 4).

METHODS

Protocol and registration 

This systematic review was registered on PROSPERO (refe-
rence number: CRD42016048035). Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis (PRISMA) state-
ment provided the framework for the article (9). 

Data sources and searches

Six electronic databases (Cochrane CENTRAL, CINAHL, 
Embase, MEDLINE, SCOPUS and Web of Science) were 
searched from database inception to 2 May 2017. Reference 
lists of included studies were entered into the Web of Science 
to identify relevant studies from forward citations.

The search term “recovery-promoting drug” was not widely 
recognized. Relevant drug studies identified through a scoping 
search were mined for terminology describing the concept 
of “promoting neurorecovery”. The resulting search strategy 
was curated carefully, containing key words and MeSH terms 
associated with target pathways, anatomy and processes (e.g. 
“efferent pathways”, “motor cortex” and “neurogenesis”), and 
molecules involved in neural plasticity and neural repair (e.g. 
more broadly: “nerve growth factors”, “psychotropic drugs”; 
specifically “biogenic amines” and “dopamine”) with the in-
tention of selecting motor recovery-specific studies from the 
broader pool of neurorecovery trials (Figs S1–S7). 

Study selection 

Study inclusion criteria were: (i) randomized placebo-controlled 
trial design; (ii) commencement of 1 or more RPD intervention/s 
> 24 h post-stroke (10); and (iii) a measure of motor outcome 
of components of the motor system within the domains of body 
functions and structures and activity, as defined by the Inter-

1http://www.medicaljournals.se/jrm/content/?doi=10.2340/16501977-2536

www.medicaljournals.se/jrm
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321Recovery-promoting drugs after stroke: a systematic review

dexamphetamine (6 trials) (37–42) and levodopa (6 
trials) (15, 16, 19, 20, 29, 43).

Bias scores were mixed across studies (Table SII). 
Only 4 studies had a low risk of bias across all 6 cri-
teria, each study focused on a different RPD interven-
tion (36, 44–46). High risk of bias was observed most 
commonly in attrition bias (27 studies, 54%) (15, 21, 
27–30, 32, 33, 37–41, 43, 47–59) and reporting bias 
(36 studies, 72%) (15–19, 21–33, 37–43, 47, 49–52, 
56, 59–63) domains. 

Study endpoints ranged between 60 min (16, 22) and 
2 years (57) after the final RPD dose. Trial endpoints 
were split evenly between day of final RPD dose 
(15–26, 28, 44, 45, 47–49, 52–54, 56, 59, 60, 63) and 
beyond dosing completion (27, 29–43, 46, 50, 51, 55, 
57, 58, 61, 62, 64).

Fifty-six different efficacy outcome measures were 
used, with primary efficacy outcome measures desig-
nated in 23 studies (16, 20, 32, 35–40, 42–46, 48, 50, 
51, 53–56, 61, 62). Fourteen studies were described 
as safety and efficacy studies (31, 34–36, 40, 44, 46, 
50, 51, 58, 59, 61, 62, 64), but only 4 had designated 
primary safety outcome measures (31, 61, 62, 64). In 22 
studies safety was measured using outcome(s) specified 
in methods and reported in results (21, 29, 31, 33–36, 
40, 44, 46, 49–52, 56–59, 61–64), while mortality and 
adverse events were observed and reported in another 
22 studies (15, 17, 20, 22–28, 30, 37–39, 41, 43, 45, 

47, 48, 53, 55, 60). In 6 studies, no safety considera-
tions were reported (16, 18, 19, 32, 42, 54). No authors 
reported higher mortality or adverse events in drug in-
tervention groups compared with placebo (Table SIII).

Of the 28 RPDs identified, 18 (from 25 trials) sho-
wed recovery-promoting potential (Table I) (15–18, 
20, 22–24, 26, 29, 30, 32, 36, 42, 43, 45, 48, 52–54, 
56, 59, 60, 62, 63). Seventeen RPDs were single-drug 
interventions, and the final RPD was a combination 
of methylphenidate and levodopa (29). For 13 RPDs, 
favourable results were reported from a single trial only 
(17, 23, 26, 29, 30, 42, 48, 52–54, 56, 59, 62). Neutral 
or unfavourable results were reported in ≥ 1 other trial 
for 4 (of these 13) drug interventions (amphetamine, 
dexamphetamine, MLC 601 and selegiline) (27, 37–41, 
44, 47, 51, 57). Favourable effects on motor function 
were reported in ≥ 2 trials for Cerebrolysin®, citalo-
pram, fluoxetine, levodopa (+carbidopa) and methylp-
henidate (15, 16, 18, 20, 22, 24, 30, 32, 36, 43, 45, 60, 
63). However, a beneficial effect on the same outcome 
was not replicated for any given drug intervention. For 
example, in 6 studies investigating levodopa, 19 dif-
ferent efficacy outcome measures were used (15, 16, 
19, 20, 29, 43), with only 2 (9-Hold Peg Test; 9HPT 
(15, 19), Rivermead Motor Assessment scale (RMA) 
(15, 43)) utilized in > 1 study. Use of multiple outcome 
measures in any 1 trial, and variation between trials is 
shown in Table I (and Table SI). 

Fig. 1. PRISMA 2009 study selection flow diagram.

Sc
re

en
in

g 
In

cl
ud

ed
 

El
ig

ib
ili

ty
 

Id
en

tif
ic

at
io

n 

Full-text articles excluded,  

with reasons  
(n = 118) 

• Not a human study (n=2) 
• Not an RCT (n=38) 
• Participants are not strokes survivors  (n=22) 
• No pharmacological intervention (n=1) 
• No placebo control (n=11) 
• Pharmacological intervention not targeting 
 neuromodulation (n=10) 
• Not targeting motor function outcomes  (n=11) 
• Not reported in English (n=6) 
• Not able to access full-text (n=1) 
• Previously excluded (n=10) 
• Was a subgroup analysis (n=5) 
• Non-Invasive Brain Stimulation was a second
 factor in study design (n=1) 

Studies included in 
quantitative synthesis  

(n = 50) 

Records identified through database 
searching  

(n = 1,548) 

Additional records identified through 
other sources (n = 3,231) 

Records after duplicates removed  
(n = 3,602) 

Records screened  
(n = 3,602) 

Records excluded  
(n = 3,434) 

Full-text articles assessed 
for eligibility  

(n = 168) 

Studies included in 
qualitative synthesis  

(n = 50) 

J Rehabil Med 51, 2019

http://www.medicaljournals.se/jrm/content/?doi=10.2340/16501977-2536
http://www.medicaljournals.se/jrm/content/?doi=10.2340/16501977-2536
http://www.medicaljournals.se/jrm/content/?doi=10.2340/16501977-2536


JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

322 N. Firth et al.
Ta

b
le

 I
. 

S
um

m
ar

y 
of

 p
ha

rm
ac

ol
og

ic
al

 in
te

rv
en

tio
ns

 a
nd

 o
ut

co
m

es
 in

ve
st

ig
at

ed
 in

 t
he

 s
tu

di
es

, 
cl

us
te

re
d 

by
 d

ru
g 

cl
as

sa

Ph
ar

m
ac

ol
og

ic
al

 
in

te
rv

en
tio

n

S
am

pl
e 

si
ze

: 
A
na

ly
se

d
(r

ec
ru

ite
d)

A
ut

ho
r

Ef
fic

ac
y 

ou
tc

om
e 

m
ea

su
re

s 
(P

ri
m

ar
y 

O
M

 -
 s

pe
ci

fie
d)

S
af

et
y 

ou
tc

om
e 

m
ea

su
re

s 
(S

O
M

):
 S

er
io

us
 a

dv
er

se
 e

ve
nt

s,
 

de
at

h

p 
<

 0
.0

5
p 

>
 0

.0
5

S
O

M
 

m
ea

su
re

d 
(*

pr
im

ar
y)

S
af

et
y 

ob
se

rv
ed

N
o 

sa
fe

ty
 

da
ta

C
N

S 
st

im
ul

an
t 

(7
5)

am
ph

et
am

in
e

47
 (

48
)

C
ri

so
st

om
o 

et
 a

l (
1

9
8

8
) 

(2
6

)
Fu

g
l-

M
ey

er
 A

ss
es

sm
en

t 
(U

L+
LL

)
-

✔

So
nd

e 
et

 a
l (

20
01

) 
(2

7)
-

Fu
gl

-M
ey

er
 A

ss
es

sm
en

t 
Ba

rt
he

l I
nd

ex
✔

de
xa

m
ph

et
am

in
e

17
3 

(1
85

)
G

la
ds

to
ne

 e
t 

al
 (

20
06

) 
(3

7)
-

Fu
gl

-M
ey

er
 A

ss
es

sm
en

t
Fu

nc
tio

na
l I

nd
ep

en
de

nc
e 

M
ea

su
re

C
he

do
ke

-M
cM

as
te

r 
D

is
ab

ili
ty

 I
nv

en
to

ry
 

C
lin

ic
al

 O
ut

co
m

e 
Va

ri
ab

le
 S

ca
le

C
he

do
ke

-M
cM

as
te

r 
Ar

m
 a

nd
 H

an
d 

Ac
tiv

ity
 I

nv
en

to
ry

✔

Pl
at

z 
et

 a
l (

20
05

) 
(3

8)
-

TE
M

PA
 u

ni
la

te
ra

l 
TE

M
PA

 a
ll 

Ta
pp

in
g 

tim
e 

Ai
m

in
g 

te
st

 
10

-m
et

re
 W

al
k 

Te
st

✔

Sc
hu

st
er

 e
t 

al
 (

20
11

) 
(3

9)
-

C
he

do
ke

–M
cM

as
te

r 
St

ro
ke

 A
ss

es
sm

en
t 

(C
M

SA
) 

- 
AD

L
C
M

SA
 –

 im
pa

ir
m

en
t 

 
C
M

SA
 –

 a
rm

C
M

SA
 –

 h
an

d
C
M

SA
 –

 le
g

C
M

SA
 –

 f
oo

t
C
M

SA
 –

 p
os

tu
ra

l c
on

tr
ol

✔

Sp
ri
gg

 e
t 

al
 (

20
07

) 
(4

0)
-

Fu
gl

-M
ey

er
 A

ss
es

sm
en

t 
(U

L)
M

ot
ri
ci

ty
 I

nd
ex

 (
U

L)
Sc

an
di

na
vi

an
 S

tr
ok

e 
Sc

al
e

Ba
rt

he
l I

nd
ex

m
od

ifi
ed

 R
an

ki
n 

Sc
al

e
ex

te
nd

ed
 A

ct
iv

ity
 o

f 
D

ai
ly

 L
iv

in
g

✔

Tr
ei

g 
et

 a
l (

20
06

) 
(4

1)
-

Ba
rt

he
l I

nd
ex

R
iv

er
m

ea
d 

As
se

ss
m

en
t 

Sc
al

e 
(R

M
A)

 –
 g

ro
ss

 f
un

ct
io

n
R
M

A 
– 

le
g 

an
d 

tr
un

k
R
M

A 
– 

ar
m

✔

W
al

ke
r-

B
at

so
n

 e
t 

al
 (

1
9

9
5

) 
(4

2
)

Fu
g

l-
M

ey
er

 A
ss

es
sm

en
t

-
✔

m
et

hy
lp

he
ni

da
te

10
6 

(1
29

)
G

ra
d

e 
et

 a
l (

1
9

9
8

) 
(6

3
)

m
od

ifi
ed

 F
u

n
ct

io
n

al
 I

n
d

ep
en

d
en

ce
 

M
ea

su
re

Fu
gl

-M
ey

er
 A

ss
es

sm
en

t
✔

Lo
kk

 e
t 

al
 (

20
11

) 
(2

9)
b

-
Fu

gl
-M

ey
er

 A
ss

es
sm

en
t 

Ba
rt

he
l I

nd
ex

 
N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 S
tr

ok
e 

Sc
al

e

✔

Ta
rd

y 
et

 a
l (

2
0

0
6

) 
(2

2
)

Fi
n

g
er

 t
ap

p
in

g
 t

es
t

H
an

dg
ri
p 

fo
rc

e 
Ta

rg
et

 p
ur

su
it 

ta
sk

 
✔

C
N

S 
st

im
ul

an
t 

(6
7,

 7
5)

/I
ne

rt
 m

et
ab

ol
ic

 d
op

am
in

e 
pr

ec
ur

so
r 

(7
5)

 (
+

 p
er

ip
he

ra
l d

op
a 

de
ca

rb
ox

yl
as

e 
in

hi
bi

to
r)

 (
75

)
m

et
hy

lp
he

ni
da

te
/l

ev
od

op
a 

(+
 

ca
rb

id
op

a)
39

 (
50

)
Lo

kk
 e

t 
al

 (
2

0
1

1
) 

(2
9

)b
B

ar
th

el
 I

n
d

ex
N

at
io

n
al

 I
n

st
it

u
te

 o
f 

H
ea

lt
h

 S
tr

ok
e 

S
ca

le

Fu
gl

-M
ey

er
 A

ss
es

sm
en

t 
✔

D
op

am
in

e 
ag

on
is

t 
(7

5)
ro

pi
ni

ro
le

33
 (

33
)

C
ra

m
er

 e
t 

al
 (

20
09

) 
(4

6)
 

-
Ti

m
ed

 5
0-

Fo
ot

 W
al

k 
Te

st
 

6-
M

in
ut

e 
W

al
k 

Te
st

 
Fu

gl
-M

ey
er

 A
ss

es
sm

en
t 

St
ro

ke
 I

m
pa

ct
 S

ca
le

-1
6 

Ba
rt

he
l I

nd
ex

✔

www.medicaljournals.se/jrm



JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

323Recovery-promoting drugs after stroke: a systematic review
Ta

b
le

 I
. 

C
on

t.
a

Ph
ar

m
ac

ol
og

ic
al

 
in

te
rv

en
tio

n

S
am

pl
e 

si
ze

: 
A
na

ly
se

d
(r

ec
ru

ite
d)

A
ut

ho
r

Ef
fic

ac
y 

ou
tc

om
e 

m
ea

su
re

s 
(P

ri
m

ar
y 

O
M

 -
 s

pe
ci

fie
d)

S
af

et
y 

ou
tc

om
e 

m
ea

su
re

s 
(S

O
M

):
 S

er
io

us
 a

dv
er

se
 e

ve
nt

s,
 

de
at

h

p 
<

 0
.0

5
p 

>
 0

.0
5

S
O

M
 

m
ea

su
re

d 
(*

pr
im

ar
y)

S
af

et
y 

ob
se

rv
ed

N
o 

sa
fe

ty
 

da
ta

Er
yt

hr
op

oi
et

in
 a

go
ni

st
s 

(7
5)

er
yt

hr
op

oi
et

in
40

 (
40

)
Eh

re
n

re
ic

h
 e

t 
al

 (
2

0
0

2
) 

(6
2

)
B

ar
th

el
 I

n
d

ex
Δ

 S
ca

n
d

in
av

ia
n

 S
tr

ok
e 

S
ca

le
S

1
0

0
β

 (
se

ru
m

 m
ar

ke
r 

of
 b

ra
in

 in
ju

ry
)

N
at

io
na

l I
ns

tit
ut

e 
of

 H
ea

lth
 S

tr
ok

e 
Sc

al
e

Sc
an

di
na

vi
an

 S
tr

ok
e 

Sc
al

e
m

od
ifi

ed
 R

an
ki

n 
Sc

al
e

Δ
 N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 S
tr

ok
e 

Sc
al

e

✔
*

G
on

ad
ot

ro
ph

in
 (

67
, 
75

)/
er

yt
hr

op
oi

et
in

 a
go

ni
st

 (
67

)
hu

m
an

 c
ho

ri
og

on
ad

ot
ro

pi
n 

al
fa

/ 
er

yt
hr

op
oi

et
in

89
 (

96
)

C
ra

m
er

 e
t 

al
 (

20
14

) 
(6

1)
-

Δ
 N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 S
tr

ok
e 

Sc
al

e 
N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 S
tr

ok
e 

Sc
al

e
%

 m
od

ifi
ed

 R
an

ki
n 

Sc
al

e 
≤

2
Ba

rt
he

l I
nd

ex

✔
*

G
ra

nu
lo

cy
te

 c
ol

on
y–

st
im

ul
at

in
g 

fa
ct

or
 (

75
)

Fi
lg

ra
st

im
 (

G
-C

SF
)

29
0 

(3
72

)
R
in

ge
ls

te
in

 e
t 

al
 (

20
13

) 
(5

5)
-

m
od

ifi
ed

 R
an

ki
n 

Sc
al

e
N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 S
tr

ok
e 

Sc
al

e
✔

Sc
ha

eb
itz

 e
t 

al
 (

20
10

) 
(6

4)
-

m
od

ifi
ed

 R
an

ki
n 

Sc
al

e
N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 S
tr

ok
e 

Sc
al

e
Ba

rt
he

l I
nd

ex
in

fa
rc

t 
ev

ol
ut

io
n

✔
*

H
um

an
iz

ed
 m

on
oc

lo
na

l a
nt

ib
od

y 
(5

0)
G

SK
24

93
20

64
 (

13
3)

C
ra

m
er

 e
t 

al
 (

20
17

) 
(5

0)
-

Δ
 1

0-
m

et
re

 W
al

k 
Te

st
Δ
 1

0-
m

et
re

 W
al

k 
Te

st
 (

da
y 

18
0)

m
od

ifi
ed

 R
an

ki
n 

Sc
al

e
N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 S
tr

ok
e 

Sc
al

e
Bo

x 
an

d 
Bl

oc
k 

te
st

✔

H
yd

ro
ge

na
te

d 
Er

go
t 

Al
ka

lo
id

 (
67

)
hy

de
rg

in
e

21
 (

39
)

Bo
ch

ne
r 

et
 a

l (
19

73
) 

(4
9)

-
Li

m
b 

st
re

ng
th

H
an

dg
ri
p 

st
re

ng
th

 
#

 h
an

dg
ri
p 

in
 3

0s
ec

12
-f

oo
t 

W
al

k 
Te

st
Ti

m
ed

 s
it-

to
-s

ta
nd

Fe
ed

in
g 

ab
ili

ty
 a

ss
es

sm
en

t

✔

In
er

t 
m

et
ab

ol
ic

 d
op

am
in

e 
pr

ec
ur

so
r 

+
 p

er
ip

he
ra

l d
op

a 
de

ca
rb

ox
yl

as
e 

in
hi

bi
to

r 
(7

5)
le

vo
do

pa
 +

 c
ar

bi
do

pa
17

2 
(2

02
)

A
cl

er
 e

t 
al

 (
2

0
0

9
a)

 (
1

5
)

N
in

e-
H

ol
e 

P
eg

 T
es

t 
(a

ff
ec

te
d

 h
an

d
)

1
0

-m
et

re
 W

al
k 

Te
st

R
iv

er
m

ea
d 

As
se

ss
m

en
t 

Sc
al

e
Tr

an
sc

ra
ni

al
 m

ag
ne

tic
 s

tim
ul

at
io

n
✔

Fl
oe

l e
t 

al
 (

2
0

0
5

) 
(1

6
)

%
TM

S
-e

vo
ke

d
 t

h
u

m
b

 m
ov

em
en

t 
in

 
Tr

ai
n

in
g

 T
ar

g
et

 Z
on

e
M

ot
or

 T
hr

es
ho

ld
 (

ag
on

is
t)

M
ot

or
 T

hr
es

ho
ld

 (
an

ta
go

ni
st

)
M

ot
or

 E
vo

ke
d 

Po
te

nt
ia

l (
ag

on
is

t)
M

ot
or

 E
vo

ke
d 

Po
te

nt
ia

l (
an

ta
go

ni
st

)

✔

Lo
kk

 e
t 

al
 (

20
11

) 
(2

9)
b

-
Fu

gl
-M

ey
er

 A
ss

es
sm

en
t

Ba
rt

he
l I

nd
ex

 
N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 S
tr

ok
e 

Sc
al

e

✔

Re
st

em
ey

er
 e

t 
al

 (
20

07
) 

(1
9)

-
N

in
e-

H
ol

e 
Pe

g 
Te

st
  

Ac
tio

n 
Re

se
ar

ch
 A

rm
 T

es
t 

 
Tr

an
sc

ra
ni

al
 m

ag
ne

tic
 s

tim
ul

at
io

n

✔

R
os

se
r 

et
 a

l (
2

0
0

8
) 

(2
0

)
Δ

 in
 r

ea
ct

io
n

 t
im

es
N

u
m

b
er

 o
f 

er
ro

rs
Re

ac
tio

n 
tim

es
 t

o 
ra

nd
om

 e
le

m
en

ts
✔

S
ch

ei
d

tm
an

n
 e

t 
al

 (
2

0
0

1
) 

(4
3

)
R

iv
er

m
ea

d
 A

ss
es

sm
en

t 
S

ca
le

-
✔

J Rehabil Med 51, 2019



JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

324 N. Firth et al.
Ta

b
le

 I
. 

C
on

t.
a

Ph
ar

m
ac

ol
og

ic
al

 
in

te
rv

en
tio

n

S
am

pl
e 

si
ze

: 
A
na

ly
se

d
(r

ec
ru

ite
d)

A
ut

ho
r

Ef
fic

ac
y 

ou
tc

om
e 

m
ea

su
re

s 
(P

ri
m

ar
y 

O
M

 -
 s

pe
ci

fie
d)

S
af

et
y 

ou
tc

om
e 

m
ea

su
re

s 
(S

O
M

):
 S

er
io

us
 a

dv
er

se
 e

ve
nt

s,
 

de
at

h

p 
<

 0
.0

5
p 

>
 0

.0
5

S
O

M
 

m
ea

su
re

d 
(*

pr
im

ar
y)

S
af

et
y 

ob
se

rv
ed

N
o 

sa
fe

ty
 

da
ta

Ir
re

ve
rs

ib
le

 M
AO

-B
 in

hi
bi

to
r 

(7
5)

se
le

gi
lin

e
59

 (
71

)
Ba

rt
ol

o 
et

 a
l (

20
15

) 
(4

7)
-

N
at

io
na

l I
ns

tit
ut

e 
of

 H
ea

lth
 S

tr
ok

e 
Sc

al
e

Fu
nc

tio
na

l I
nd

ep
en

de
nc

e 
M

ea
su

re
✔

S
iv

en
iu

s 
et

 a
l (

2
0

0
1

) 
(5

6
)

S
ca

n
d

in
av

ia
n

 S
tr

ok
e 

S
ca

le
Ba

rt
he

l I
nd

ex
Fu

gl
-M

ey
er

 A
ss

es
sm

en
t

✔

M
et

hy
lx

an
th

in
e 

dr
ug

 (
21

)
th

eo
ph

yl
lin

e
18

 (
20

)
Sc

ha
m

br
a 

et
 a

l (
20

16
) 

(2
1)

-
Pi

nc
h 

fo
rc

e 
dy

na
m

om
et

ry
 

– 
bo

th
 h

an
ds

N
in

e-
H

ol
e 

Pe
g 

Te
st

 (
tim

e)
  

– 
bo

th
 h

an
ds

N
in

e-
H

ol
e 

Pe
g 

Te
st

 (
#

 e
rr

or
s)

 
– 

bo
th

 h
an

ds
Re

st
in

g 
m

ot
or

 t
hr

es
ho

ld
 

– 
bo

th
 h

em
is

ph
er

es
Sh

or
t-

in
te

rv
al

 in
tr

ac
or

tic
al

 in
hi

bi
tio

n 
(I

SI
: 

1m
s)

 
– 

bo
th

 h
em

is
ph

er
es

Sh
or

t-
in

te
rv

al
 in

tr
ac

or
tic

al
 in

hi
bi

tio
n 

(I
SI

: 
2m

s)
 

– 
bo

th
 h

em
is

ph
er

es
Lo

ng
-i

nt
er

va
l i

nt
ra

co
rt

ic
al

 in
hi

bi
tio

n 
– 

bo
th

 h
em

is
ph

er
es

In
te

rh
em

is
ph

er
ic

 in
hi

bi
tio

n 
– 

bo
th

 h
em

is
ph

er
es

✔

M
oo

d-
st

ab
ili

se
r/

an
tim

an
ic

 (
76

)
lit

hi
um

 c
ar

bo
na

te
66

 (
80

)
M

oh
am

m
ad

ia
n

in
ej

ad
 e

t 
al

 
(2

0
1

4
) 

(5
3

)
á

≥
2

5
%

 F
u

g
l-

M
ey

er
 A

ss
es

sm
en

t
Δ
 m

od
ifi

ed
 N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 S
tr

ok
e 

Sc
al

e
Δ
 F

ug
l-

M
ey

er
 A

ss
es

sm
en

t 
- 

ha
nd

 a
ss

es
sm

en
t

✔

N
eu

ro
pe

pt
id

e,
 p

or
ci

ne
 b

ra
in

 e
xt

ra
ct

 (
67

)
C
er

eb
ro

ly
si

n®
1,

30
8 

(1
,5

13
)

A
m

ir
i-

N
ik

p
ou

r 
et

 a
l (

2
0

1
4

) 
(3

2
)

N
at

io
n

al
 I

n
st

it
u

te
 o

f 
H

ea
lt

h
 S

tr
ok

e 
S

ca
le

P
u

ls
at

ili
ty

 in
d

ex
 -

 r
ig

h
t 

m
id

d
le

 c
er

eb
ra

l 
ar

te
ry

Δ
 M

ea
n 

flo
w

 v
el

oc
ity

  
- 

ri
gh

t 
m

id
dl

e 
ce

re
br

al
 a

rt
er

y
Δ
 M

ea
n 

flo
w

 v
el

oc
ity

 
- 

le
ft

 m
id

dl
e 

ce
re

br
al

 a
rt

er
y 

Δ
 M

ea
n 

flo
w

 v
el

oc
ity

 
- 

ba
si

la
r 

ar
te

ry
Pu

ls
at

ili
ty

 in
de

x 
- 

le
ft

 m
id

dl
e 

ce
re

br
al

 a
rt

er
y 

Pu
ls

at
ili

ty
 in

de
x 

 
- 

ba
si

la
r 

ar
te

ry

✔

C
ha

ng
 e

t 
al

 (
20

16
) 

(3
3)

-
Fu

gl
-M

ey
er

 A
ss

es
sm

en
t 

(t
ot

al
, 
U

L,
 L

L)
D

iff
us

io
n 

te
ns

or
 im

ag
in

g 
– 

ax
ia

l d
iff

us
iv

ity
 

– 
af

fe
ct

ed
 h

em
is

ph
er

e
D

iff
us

io
n 

te
ns

or
 im

ag
in

g 
– 

ra
di

al
 d

iff
us

iv
ity

 
– 

af
fe

ct
ed

 h
em

is
ph

er
e 

D
iff

us
io

n 
te

ns
or

 im
ag

in
g 

– 
fr

ac
tio

na
l a

ni
so

tr
op

y 
– 

af
fe

ct
ed

 h
em

is
ph

er
e 

rs
fM

R
I

✔

H
ei

ss
 e

t 
al

 (
20

12
) 

(3
4)

-
G

lo
ba

l d
ir
ec

tio
na

l t
es

t:
 

(Δ
 B

ar
th

el
 I

nd
ex

 +
 m

od
ifi

ed
 R

an
ki

n 
Sc

al
e

+
 Δ

N
at

io
na

l I
ns

tit
ut

e 
of

 H
ea

lth
 S

tr
ok

e 
Sc

al
e)

✔

www.medicaljournals.se/jrm



JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

325Recovery-promoting drugs after stroke: a systematic review
Ta

b
le

 I
. 

C
on

t.
a

Ph
ar

m
ac

ol
og

ic
al

 
in

te
rv

en
tio

n

S
am

pl
e 

si
ze

: 
A
na

ly
se

d
(r

ec
ru

ite
d)

A
ut

ho
r

Ef
fic

ac
y 

ou
tc

om
e 

m
ea

su
re

s 
(P

ri
m

ar
y 

O
M

 -
 s

pe
ci

fie
d)

S
af

et
y 

ou
tc

om
e 

m
ea

su
re

s 
(S

O
M

):
 S

er
io

us
 a

dv
er

se
 e

ve
nt

s,
 

de
at

h

p 
<

 0
.0

5
p 

>
 0

.0
5

S
O

M
 

m
ea

su
re

d 
(*

pr
im

ar
y)

S
af

et
y 

ob
se

rv
ed

N
o 

sa
fe

ty
 

da
ta

La
ng

 e
t 

al
 (

20
13

) 
(3

5)
-

m
od

ifi
ed

 R
an

ki
n 

Sc
al

e
Δ
 N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 S
tr

ok
e 

Sc
al

e
Ba

rt
he

l I
nd

ex

✔

M
u

re
sa

n
u

 e
t 

al
 (

2
0

1
6

) 
(3

6
)

Δ
 A

ct
io

n
 R

es
ea

rc
h

 A
rm

 T
es

t
Δ

 N
at

io
n

al
 I

n
st

it
u

te
 o

f 
H

ea
lt

h
 S

tr
ok

e 
S

ca
le

Δ
 B

ar
th

el
 I

n
d

ex
Δ

 m
od

ifi
ed

 R
an

ki
n

 S
ca

le
Δ

 S
h

or
t 

Fo
rm

 3
6

 it
em

s 
H

ea
lt

h
 S

u
rv

ey
 

- 
p

h
ys

ic
al

 c
om

p
on

en
t 

Δ
 g

ai
t 

ve
lo

ci
ty

 
Δ
 N

in
e-

H
ol

e 
Pe

g 
Te

st
  

✔

N
or

ad
re

na
lin

e 
re

up
ta

ke
 in

hi
bi

to
r 

(7
5)

re
bo

xe
tin

e
10

 (
10

)
Zi

tt
el

 e
t 

al
 (

2
0

0
7

) 
(2

3
)

H
an

d
g

ri
p

 f
or

ce
Fi

n
g

er
 t

ap
p

in
g

 t
es

t 
(#

 t
ap

s)
N

in
e-

H
ol

e 
Pe

g 
Te

st
  

M
ot

or
 e

vo
ke

d 
po

te
nt

ia
l (

TM
S)

✔

Pe
ri
ph

er
al

 c
he

m
or

ec
ep

to
r 

ag
on

is
t 

+
 a

lk
al

oi
d/

 v
as

od
ila

to
r 

(6
7)

al
m

itr
in

e 
bi

sm
es

yl
at

e 
 

+
 r

au
ba

si
ne

74
 (

83
)

Li
 e

t 
al

 (
2

0
0

4
) 

(5
2

)
B

ar
th

el
 I

n
d

ex
N

eu
ro

lo
g

ic
al

 F
u

n
ct

io
n

al
 D

efi
ci

t 
S

co
re

-
✔

Se
le

ct
iv

e 
no

re
pi

ne
ph

ri
ne

 r
eu

pt
ak

e 
in

hi
bi

to
r 

(7
5)

at
om

ox
et

in
e

9 
(1

2)
W

ar
d 

et
 a

l (
20

17
) 

(5
8)

-
Fu

gl
-M

ey
er

 A
ss

es
sm

en
t 

Ac
tio

n 
Re

se
ar

ch
 A

rm
 T

es
t 

W
ol

f 
M

ot
or

 F
un

ct
io

n 
Te

st

✔

Se
le

ct
iv

e 
se

ro
to

ni
n 

re
up

ta
ke

 in
hi

bi
to

r 
(7

5)
ci

ta
lo

pr
am

28
 (

28
)

A
cl

er
 e

t 
al

 (
2

0
0

9
b

) 
(6

0
)

N
at

io
n

al
 I

n
st

it
u

te
 o

f 
H

ea
lt

h
 S

tr
ok

e 
S

ca
le

M
ot

or
 t

h
re

sh
ol

d
 

–
 u

n
af

fe
ct

ed
 h

em
is

p
h

er
e 

(T
M

S
)

In
tr

ac
or

ti
ca

l I
n

h
ib

it
io

n
 

–
 u

n
af

fe
ct

ed
 h

em
is

p
h

er
e 

(T
M

S
)

Ba
rt

he
l I

nd
ex

Li
nd

m
ar

k 
Sc

al
e

M
ot

or
 t

hr
es

ho
ld

 
– 

af
fe

ct
ed

 h
em

is
ph

er
e 

(T
M

S)
 

In
tr

ac
or

tic
al

 I
nh

ib
iti

on
 

– 
af

fe
ct

ed
 h

em
is

ph
er

e 
(T

M
S)

 
M

ot
or

 E
vo

ke
d 

Po
te

nt
ia

l 
– 

af
fe

ct
ed

 h
em

is
ph

er
e 

(T
M

S)
 

M
ot

or
 E

vo
ke

d 
Po

te
nt

ia
l

– 
un

af
fe

ct
ed

 h
em

is
ph

er
e 

(T
M

S)

✔

Zi
tt

el
 e

t 
al

 (
2

0
0

8
) 

(2
4

)
N

in
e-

H
ol

e 
P

eg
 T

es
t 

 
H

an
dg

ri
p 

st
re

ng
th

✔

es
ci

ta
lo

pr
am

10
 (

11
)

G
ou

ra
b

 e
t 

al
 (

2
0

1
5

) 
(1

7
)

V
el

oc
it

y-
d

ep
en

d
en

t 
p

la
n

ta
rfl

ex
io

n
 

st
re

tc
h

 r
efl

ex
es

 
- 

u
n

d
er

 p
as

si
ve

 c
on

d
it

io
n

s,
 a

t 
9

0
°/

se
c

M
ax

im
al

 a
nk

le
 is

om
et

ri
c 

st
re

ng
th

M
ax

im
al

 k
ne

e 
is

om
et

ri
c 

st
re

ng
th

Ve
lo

ci
ty

-d
ep

en
de

nt
 p

la
nt

ar
fle

xi
on

 s
tr

et
ch

 r
efl

ex
es

:
- 

un
de

r 
pa

ss
iv

e 
co

nd
iti

on
s,

 a
t:

  
  
 3

0°
/s

ec
, 
60

°/
se

c;
 1

20
°/

se
c

- 
du

ri
ng

 s
up

er
im

po
se

d 
m

ax
im

al
 v

ol
iti

on
al

  
  
 d

ri
ve

, 
at

:
  
  
 3

0°
/s

ec
, 
60

°/
se

c;
 9

0°
/s

ec
; 

12
0°

/s
ec

- 
af

te
r 

af
te

r 
su

pe
ri
m

po
se

d 
m

ax
im

al
 v

ol
iti

on
al

  
  
 d

ri
ve

, 
at

: 
  
  
 3

0°
/s

ec
, 
60

°/
se

c;
 9

0°
/s

ec
; 

12
0°

/s
ec

Fu
gl

-M
ey

er
 A

ss
es

sm
en

t 
– 

LL
6-

m
in

ut
e 

W
al

k 
Te

st
10

-m
et

re
 W

al
k 

Te
st

✔

J Rehabil Med 51, 2019



JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

326 N. Firth et al.
Ta

b
le

 I
. 

C
on

t.
a

Ph
ar

m
ac

ol
og

ic
al

 
in

te
rv

en
tio

n

S
am

pl
e 

si
ze

: 
A
na

ly
se

d
(r

ec
ru

ite
d)

A
ut

ho
r

Ef
fic

ac
y 

ou
tc

om
e 

m
ea

su
re

s 
(P

ri
m

ar
y 

O
M

 -
 s

pe
ci

fie
d)

S
af

et
y 

ou
tc

om
e 

m
ea

su
re

s 
(S

O
M

):
 S

er
io

us
 a

dv
er

se
 e

ve
nt

s,
 

de
at

h

p 
<

 0
.0

5
p 

>
 0

.0
5

S
O

M
 

m
ea

su
re

d 
(*

pr
im

ar
y)

S
af

et
y 

ob
se

rv
ed

N
o 

sa
fe

ty
 

da
ta

flu
ox

et
in

e
22

8 
(2

61
)

C
h

ol
le

t 
et

 a
ll 

(2
0

1
1

) 
(4

5
)

Fu
g

l-
M

ey
er

 A
ss

es
sm

en
t 

(F
M

A
) 

- 
to

ta
l 

FM
A

 –
 U

L 
FM

A
 –

 L
L 

N
at

io
n

al
 I

n
st

it
u

te
 o

f 
H

ea
lt

h
 S

tr
ok

e 
S

ca
le

 (
m

ot
or

 s
co

re
s)

 
m

od
ifi

ed
 R

an
ki

n
 S

ca
le

N
at

io
na

l I
ns

tit
ut

e 
of

 H
ea

lth
 S

tr
ok

e 
Sc

al
e 

(s
co

re
 0

-5
)

✔

D
am

 e
t 

al
 (

19
96

) 
(2

8)
b

-
H

em
is

ph
er

ic
. 
St

ro
ke

 S
ca

le
 

Ba
rt

he
l I

nd
ex

✔

M
ik

am
i e

t 
al

 (
2

0
1

3
) 

(3
0

)b
m

od
ifi

ed
 R

an
ki

n
 S

ca
le

Fu
nc

tio
na

l I
nd

ep
en

de
nc

e 
M

ea
su

re
✔

P
ar

ie
n

te
 e

t 
al

 (
2

0
0

1
) 

(1
8

)
H

an
d

g
ri

p
 s

tr
en

g
th

 
Fi

n
g

er
 t

ap
p

in
g

 
M

ot
or

 a
ct

iv
at

io
n

 –
 a

ct
iv

e 
ta

sk
 (

fM
R

I)

N
in

e-
H

ol
e 

Pe
g 

Te
st

 
M

ot
or

 a
ct

iv
at

io
n 

– 
pa

ss
iv

e 
ta

sk
 (

fM
R
I)

✔

Si
gm

a-
1 

Re
ce

pt
or

 A
go

ni
st

 (
31

)
cu

ta
m

es
in

e
57

 (
60

)
U

rf
er

 e
t 

al
 (

20
14

) 
(3

1)
b

-
Δ
 N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 S
tr

ok
e 

Sc
al

e 
m

od
ifi

ed
 R

an
ki

n 
Sc

al
e 

Ba
rt

he
l I

nd
ex

 
10

-m
et

re
 W

al
k 

Te
st

✔
*

Su
sp

ec
te

d 
pa

rt
ia

l N
M

D
A 

ag
on

is
t 

(2
5)

d-
cy

cl
os

er
in

e
20

 (
20

)
C
he

rr
y 

et
 a

l (
20

14
) 

(2
5)

-
St

ab
ili

ty
 p

la
tf

or
m

 t
as

k 
Si

m
ul

at
ed

 f
ee

di
ng

 t
ri
al

U
nt

ra
in

ed
 b

al
an

ce
 t

as
k 

✔

Tr
ad

iti
on

al
 C

hi
ne

se
 m

ed
ic

in
e 

(4
4,

 4
8,

 5
9)

D
i-

H
ua

ng
-Y

in
-Z

i (
D

H
YZ

)
87

 (
10

0)
Y

u
 e

t 
al

 (
2

0
1

5
) 

(5
9

)
Fu

g
l-

M
ey

er
 A

ss
es

sm
en

t
B

ar
th

el
 I

n
d

ex
-

✔

G
in

kg
o 

bi
lo

ba
57

 (
10

2)
O

sk
ou

ei
 e

t 
al

 (
2

0
1

3
) 

(5
4

)
Δ

 N
at

io
n

al
 I

n
st

it
u

te
 o

f 
H

ea
lt

h
 S

tr
ok

e 
S

ca
le

 ≥
 5

0
%

Δ
 N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 S
tr

ok
e 

Sc
al

e 
 

✔

M
LC

 6
01

 (
N

eu
ro

Ai
d™

)
18

03
 (

22
88

)
B

av
ar

sa
d

 e
t 

al
 (

2
0

1
1

) 
(4

8
)

Δ
 M

ea
n

 fl
ow

 v
el

oc
it

y
B

ar
th

el
 I

n
d

ex
m

od
ifi

ed
 R

an
ki

n 
Sc

al
e

✔

C
he

n 
et

 a
l (

20
13

) 
(4

4)
-

Δ
 m

od
ifi

ed
 R

an
ki

n 
Sc

al
e 

(m
R
S)

m
R
S 

0-
1 

m
R
S 

0-
2 

Δ
 N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 S
tr

ok
e 

Sc
al

e 
(N

IH
SS

) 
≥

5 
po

in
ts

 
Δ
 N

IH
SS

 (
to

ta
l s

co
re

 –
m

ot
or

 s
co

re
) 

Ba
rt

he
l I

nd
ex

✔

Ko
ng

 e
t 

al
 (

20
09

) 
(5

1)
-

Fu
gl

-M
ey

er
 A

ss
es

sm
en

t 
Fu

nc
tio

na
l I

nd
ep

en
de

nc
e 

M
ea

su
re

 
N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 S
tr

ok
e 

Sc
al

e

✔

Ve
nk

et
as

ub
ra

m
an

ia
n 

et
 a

l (
20

15
) 

(5
7)

-
m

od
ifi

ed
 R

an
ki

n 
Sc

al
e 

m
od

ifi
ed

 R
an

ki
n 

Sc
al

e 
≤

1 
Ba

rt
he

l I
nd

ex
 ≥

 9
5

✔

Te
tr

ac
yc

lic
 a

nt
id

ep
re

ss
an

t 
(6

7)
m

ap
ro

til
in

e
46

 (
52

)
D

am
 e

t 
al

 (
19

96
) 

(2
8)

b
-

H
em

ip
le

gi
c 

St
ro

ke
 S

ca
le

  
Ba

rt
he

l I
nd

ex
✔

Tr
ic

yc
lic

 a
nt

id
ep

re
ss

an
t 

(6
7)

no
rt

ip
ty

lin
e

61
 (

83
)

M
ik

am
i e

t 
al

 (
2

0
1

3
) 

(3
0

)b
m

od
ifi

ed
 R

an
ki

n
 S

ca
le

Fu
nc

tio
na

l I
nd

ep
en

de
nc

e 
M

ea
su

re
✔

a B
ol

d 
fo

nt
: 

st
at

is
tic

al
ly

 s
ig

ni
fic

an
t 

fin
di

ng
 in

 f
av

ou
r 

of
 R

PD
.

b T
hi

s 
st

ud
y 

co
nt

ai
ne

d 
m

or
e 

th
an

 1
 in

te
rv

en
tio

n 
ar

m
, 
as

 w
el

l a
s 

a 
pl

ac
eb

o 
ar

m
.∆

: 
ch

an
ge

; 
AD

L:
 a

ct
iv

iti
es

 o
f 
da

ily
 li

vi
ng

; 
fM

R
I:

 f
un

ct
io

na
l m

ag
ne

tic
 r

es
on

an
ce

 im
ag

in
g;

 I
SI

: 
in

te
rs

tim
ul

us
 in

te
rv

al
; 

LL
: 

lo
w

er
 li

m
b;

 r
sf

M
R
I:

 
re

st
in

g-
st

at
e 

fu
nc

tio
na

l m
ag

ne
tic

 r
es

on
an

ce
 im

ag
in

g;
 T

EM
PA

: 
U

pp
er

 E
xt

re
m

ity
 P

er
fo

rm
an

ce
 T

es
t 

fo
r 

th
e 

El
de

rl
y;

 U
L:

 u
pp

er
 li

m
b

www.medicaljournals.se/jrm



JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

327Recovery-promoting drugs after stroke: a systematic review

Adjuvant physical therapy was inconsistently repor-
ted and insufficient to allow for replication. There was 
extreme variation between therapy amount, type (i.e. 
Bobath vs Arm Ability training; physiotherapy vs oc-
cupational therapy, etc.) and duration. In 15 studies, no 
adjuvant therapy was reported (15, 17, 18, 21, 34, 35, 
48, 49, 51, 52, 54, 55, 61, 62, 64), while in another 13 
studies dose of adjuvant therapy was not reported (25, 
30–32, 40, 42, 44, 45, 50, 53, 56, 57, 63). In 3 studies, 
a total of ≤ 60 min of adjuvant therapy was provided 
over the duration of the trial (16, 22, 26).

It was deemed impossible to perform data syntheses 
(meta-analyses) to compare RPDs regardless of drug 
class, due to the large variability in design, duration 
and outcome measures.

DISCUSSION
Eighteen of 28 drug interventions identified in this 
review demonstrated recovery-promoting poten-
tial without associated increased rates of mortality 
or SAEs. Yet, there were high attrition rates and bias, 
and variable outcomes used, which prevented meta-
analysis. These issues are not isolated to RPD; the 
Stroke Recovery and Rehabilitation Roundtable group 
highlighted this as common in stroke rehabilitation 
trials (10, 65, 66). Nevertheless, several classes of 
RPDs should be discussed in more detail.

Three SSRIs were found to have some evidence 
of efficacy and safety: citalopram, escitalopram and 
fluoxetine (17, 18, 24, 30, 45, 60). Typically used 
as antidepressants, SSRIs inhibit serotonin reuptake 
into presynaptic neurones thereby enhancing nerve 
transmission. Motor excitability over the unaffected 
hemisphere is thought to be decreased, whilst neuro-
protective capacity and hippocampal neurogenesis is 
promoted (67). Of all SSRIs reviewed, fluoxetine was 
most extensively studied (4/7 SSRI trials with largest 
cohorts n = 8–118) (18, 28, 30, 45). It is therefore 
unsurprising that fluoxetine is involved in 3 current 
international trials (FOCUS, AFFINITY, EFFECTS, 
combined n =5,045 at May 2018), the results of which 
will provide reliable estimates of effect (68, 69). 

Levodopa (as single-drug intervention) was the 
subject of 5 studies in this review, 4 of which were 
favourable (15, 16, 19, 20, 43). Replenishing deple-
ted striatal dopamine, levodopa stimulates dopamine 
pathways to increase motor activity (67). Trials admi-
nistered immediate-release levodopa preparations just 
prior to motor retraining, in order to favourably exploit 
levodopa’s short duration of action, theoretically pri-
ming the brain and maximizing remodulation of neural 
pathways with minimal side-effects or potential dose 
tolerance (67). Timing of dose administration relative 
to physical rehabilitation is an important consideration. 

Current trials provide insufficient evidence to guide 
these decisions. Nevertheless, further exploration of 
levodopa as an RPD appears worthwhile. 

Safety measurement was inconsistent. When as-
sessed, mortality and AE were predominantly not 
different to placebo. Assessment of safety may have 
been overlooked, in part, due to dosages tested being 
consistent with dosages used for other indications, with 
previously established safety profiles. Implementation 
of standardized guidelines for measurement of safety 
e.g. International Council for Harmonisation Harmo-
nised Tripartite Guideline S7a – Safety Pharmacology 
Studies For Human Pharmaceuticals, would improve 
trial rigour and increase potential for meta-analyses 
in future (70). 

This review demonstrates the challenge of com-
prehensively and easily identifying all RPD studies, 
even with a robust systematic approach. While 1,548 
articles were identified for screening from the com-
prehensive database search, yielding 29 studies for 
inclusion in this review, a further 3,231 citations were 
identified from the references and forward citations 
of these included studies. This probably highlights 
the inconsistent categorization of RPD studies within 
research databases, which relies on several variables, 
including limitations of current non-specific MeSH 
and key terms to adequately tag publications, and the 
personal preferences and perspectives of the submitting 
authors when ascribing MeSH and key terms to their 
submissions (71). If RPD research is to continue to gain 
momentum as an important field of study, developing 
a dedicated MeSH term, such as “recovery-promoting 
drug”, is worth consideration.

Personalization of RPD intervention for stroke sur-
vivors based on individual recovery needs, medical 
profile, personal preferences and character traits is an 
exciting prospect. With several RPDs demonstrating 
potential efficacy, how and for whom they are prescri-
bed requires careful consideration. Coupling a more 
detailed understanding of RPD pharmacology and 
biological processes responsible for motor recovery 
may aid the development of a more ordered classifica-
tion system for RPDs based on their biological targets. 

Differing mechanisms of action and varied indica-
tions for use of the drugs in this review offer future 
possibilities of combining RPDs to exploit synergistic 
effects. Pilot testing of combination therapy would be 
necessary to establish safety. Based on this review, 
combined daily dosing of an SSRI, i.e. fluoxetine, and 
levodopa, administered 60–90 min prior to a clinician-
led rehabilitation regimen of evidence-based adjuvant 
physical therapy, has potential to maximize therapeu-
tic value by capitalizing on different mechanisms of 
action. The results of the fluoxetine mega-trials are 
awaited with interest. 
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15. Acler M, Fiaschi A, Manganotti P. Long-term levodopa ad-
ministration in chronic stroke patients. A clinical and neu-
rophysiologic single-blind placebo-controlled cross-over 
pilot study. Restor Neurol Neurosci 2009; 27: 277–283.

16. Floel A, Hummel F, Breitenstein C, Knecht S, Cohen LG. 
Dopaminergic effects on encoding of a motor memory in 
chronic stroke. Neurology 2005; 65: 472–474.

17. Gourab K, Schmit BD, Hornby TG. Increased lower limb 
spasticity but not strength or function following a single-
dose serotonin reuptake inhibitor in chronic stroke. Arch 
Phys Med Rehabil 2015; 96: 2112–2119.

18. Pariente J, Loubinoux I, Carel C, Albucher JF, Leger A, 
Manelfe C, et al. Fluoxetine modulates motor performance 
and cerebral activation of patients recovering from stroke. 
Ann Neurol 2001; 50: 718–729.

19. Restemeyer C, Weiller C, Liepert J. No effect of a levodopa 
single dose on motor performance and motor excitabi-
lity in chronic stroke. A double-blind placebo-controlled 
cross-over pilot study. Restor Neurol Neurosci 2007; 25: 
143–150.

20. Rosser N, Heuschmann P, Wersching H, Breitenstein C, 
Knecht S, Floel A. Levodopa improves procedural motor 
learning in chronic stroke patients. Arch Phys Med Rehabil 
2008; 89: 1633–1641.

21. Schambra HM, Martinez-Hernandez IE, Slane KJ, Boehme 
AK, Marshall RS, Lazar RM. The neurophysiological effects 
of single-dose theophylline in patients with chronic stroke: 
a double-blind, placebo-controlled, randomized cross-over 
study. Restor Neurol Neurosci 2016; 34: 799–813.

22. Tardy J, Pariente J, Leger A, Dechaumont-Palacin S, 
Gerdelat A, Guiraud V, et al. Methylphenidate modulates 
cerebral post-stroke reorganization. NeuroImage 2006; 
33: 913–922.

23. Zittel S, Weiller C, Liepert J. Reboxetine improves motor 
function in chronic stroke. J Neurol 2007; 254: 197–201.

24. Zittel S, Weiller C, Liepert J. Citalopram improves dexterity 
in chronic stroke patients. Neurorehabil Neural Repair 
2008; 22: 311–314.

25. Cherry KM, Lenze EJ, Lang CE. Combining d-cycloserine 
with motor training does not result in improved general 
motor learning in neurologically intact people or in people 
with stroke. J Neurophysiol 2014; 111: 2516–2524.

26. Crisostomo EA, Duncan PW, Propst M, Dawson DV, Davis 
JN. Evidence that amphetamine with physical therapy 
promotes recovery of motor function in stroke patients. 
Ann Neurol 1988; 23: 94–97.

27. Sonde L, Nordström M, Nilsson CG, Lökk J, Viitanen M. 
A double-blind placebo-controlled study of the effects of 
amphetamine and physiotherapy after stroke. Cerebrovasc 
Dis 2001; 12: 253–257.

28. Dam M, Tonin P, De Boni A, Pizzolato G, Casson S, Ermani 
M, et al. Effects of fluoxetine and maprotiline on functional 
recovery in poststroke hemiplegic patients undergoing 
rehabilitation therapy. Stroke 1996; 27: 1211–1214.

29. Lokk J, Roghani RS, Delbari A. Effect of methylphenidate 

In conclusion, RPDs are an important area for fu-
ture study. Greater collaboration between pre-clinical 
and clinical recovery scientists would increase the 
rate of translation in this field (72). Development of 
reporting standards for current trials and adherence to 
recommendations from the stroke recovery research 
community would significantly improve trial quality 
(65). Increased methodological rigor is imperative to 
allow comparison between recovery promoting drugs 
in future, and will be achieved through stricter adhe-
rence to the Template for Intervention Description 
and Replication (TIDieR) checklist and Consolidated 
Standards of Reporting Trials (CONSORT) statement, 
to adequately describe adjuvant rehabilitation interven-
tions and parallel group randomized trials, respectively 
(73, 74). Considered attention to the limitations of past 
RPD research may ultimately lead to discoveries with 
the potential to impact the global disability burden of 
stroke. 
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