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IMPORTANCE Levodopa enhances dopaminergic signaling and may stimulate neuroplasticity,
which could potentially enhance motor recovery after stroke. Levodopa is used in stroke
rehabilitation despite mixed evidence for its effectiveness.

OBJECTIVE To determine whether levodopa compared with placebo, administered in addition
to standardized rehabilitation based on active task-oriented training, is associated with
enhanced motor recovery in patients with acute stroke.

DESIGN, SETTING, AND PARTICIPANTS A double-blind, placebo-controlled randomized clinical
trial at 13 stroke units and centers and 11 collaborating rehabilitation centers in Switzerland.
Between June 14, 2019 (first patient, first visit), and August 27, 2024 (last patient, last visit),
610 patients with acute ischemic or hemorrhagic stroke with clinically meaningful hemiparesis
(ie, a total score of �3 points on the following National Institutes of Health Stroke Scale items:
motor arm, motor leg, or limb ataxia) were randomized 1:1 to receive levodopa or placebo.
Statistical analyses were conducted from November 2024 to August 2025.

INTERVENTION Patients received levodopa/carbidopa (100 mg/25 mg; n = 307) or placebo
(n = 303) 3 times daily for 39 days, alongside standardized rehabilitation therapy based on
active task-oriented training.

MAIN OUTCOMES AND MEASURES The primary outcome was the adjusted mean
between-group difference in the Fugl-Meyer Assessment (FMA) total score (range, 0-100
points; fewer points indicate worse motor function; 6-point difference considered
patient-relevant) at 3 months.

RESULTS Among the 610 participants (median [IQR] age, 73 [64-82] years; 252 [41.3%]
female; median baseline FMA total score, 34 [14-54]), 28 participants died by 3 months,
leaving 582 (95.4%) participants eligible for the primary analysis. At 3 months, the median
(IQR) FMA total score was 68 (42-85) points in the levodopa group and 64 (44-83) points in
the placebo group. The mean difference in the FMA total score between the levodopa and
placebo groups was −0.90 points (95% CI, −3.78 to 1.98; P = .54). There were 126 serious
adverse events in the levodopa group and 129 in the placebo group; the most common was
infection (levodopa, n = 55; placebo, n = 44).

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, among patients receiving
inpatient rehabilitation for acute stroke, levodopa added to standardized rehabilitation
did not significantly improve motor function at 3 months compared with placebo plus
standardized rehabilitation. These results do not support the use of levodopa as an adjunct
to rehabilitation therapy for enhancing motor recovery after acute stroke.
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N ovel therapeutic approaches are needed to improve re-
covery after stroke.1,2 Pharmacological interventions
have the potential to enhance motor recovery.3-7 Dopa-

mine modulates motor learning, reward signaling, and brain
plasticity,8-10 rendering levodopa—a precursor to dopa-
mine—a promising candidate for this approach.3,6

In 2001, a small randomized clinical trial (RCT) including
53 patients with stroke indicated that levodopa administered
in combination with physiotherapy enhanced motor recovery.11

Although a beneficial effect was not found in subsequent
trials,12-16 levodopa has often been used for this purpose in
clinical rehabilitation practice,17 indicated by an exploratory
study across 4 Swiss rehabilitation centers, in which 114 of
464 patients (25%) received levodopa, nearly exclusively with
the idea to aid stroke rehabilitation in the absence of an oth-
erwise established indication.18 A meta-analysis of 6 RCTs
including 795 participants11-16 showed a nonsignificant point
estimate favoring levodopa for motor stroke recovery.19 In
the absence of safety concerns, these data indicated that le-
vodopa may hold the potential to enhance motor recovery in
patients with stroke.19

Given the discrepancy between clinical practice and evi-
dence, the Enhancement of Stroke Rehabilitation With Levodopa
(ESTREL) trial was designed after reviewing strengths and weak-
nesses of the aforementioned levodopa trials and taking into ac-
count experiences from studies using selective serotonin
reuptake inhibitors as pharmacological enhancement in pa-
tients with stroke.20,21 ESTREL tested levodopa vs placebo ap-
plied in addition to standardized rehabilitation therapies based
on task-oriented training, formerly referred to as the principles
of motor learning.19

Methods
Trial Design and Oversight
ESTREL was an investigator-initiated, placebo-controlled,
double-blind, multicenter RCT using a parallel-group superi-
ority design to study the benefits and harms of levodopa/
carbidopa in addition to standardized rehabilitation therapy
to enhance motor recovery after acute stroke. The trial was
co-led by the Department of Rehabilitation and Neurology
within the University Department of Geriatric Medicine FELIX
PLATTER of the University of Basel and the University Hospi-
tal Basel. The trial rationale and design have been described
previously19 (see trial protocol in Supplement 1).

The trial was conducted across certified Swiss stroke
units and centers and collaborating stroke rehabilitation
centers.19 Ethical and regulatory approval for the study pro-
tocol was obtained from the relevant local ethics authorities
at each site (lead ethics committee, Ethikkommission
Nordwest- und Zentralschweiz; BASEC-ID 2018-02021) and
the Swiss Agency for Therapeutic Products (Swissmedic). The
study adhered to Swiss regulatory requirements, and written
informed consent was obtained from all participants or their
legal representatives.

The trial complied with the Good Clinical Practice guide-
lines of the International Council for Harmonisation E6 and the

Declaration of Helsinki.22 The Department of Clinical Re-
search at the University of Basel performed independent on-
site and centralized monitoring. Reporting of the trial follows
the CONSORT reporting guideline for RCTs.

The trial steering committee (full list of members in
Supplement 3) oversaw the trial design, data collection, and
statistical analysis plan. Site investigators were responsible
for data collection, and the trial statistician (S.S.) performed
the data analysis. The steering committee and investigators
confirmed compliance with the trial protocol, the complete-
ness of data, and the appropriate reporting of adverse events.
An independent data and safety monitoring committee (full
list of members in Supplement 3) monitored safety aspects
after enrollment of 200, 400, and 500 participants.

The trial adhered to the protocol, and the results are re-
ported in line with the statistical analysis plan, detailed in
Supplement 2. The statistical analysis plan was finalized, signed
(on September 27, 2024), and stored under version control at
the Department for Clinical Research at the University of Basel
before database closure on October 15, 2024.

Participants
Participants were eligible if they had (1) an acute (≤7 days)
ischemic (≥24 hours after thrombolysis or thrombectomy, if
applicable) or hemorrhagic stroke, (2) leading to a clinically
meaningful hemiparesis (ie, scoring a total of ≥3 points on the
following National Institutes of Health Stroke Scale [NIHSS]
items: motor arm, motor leg, or limb ataxia [distal arm pare-
sis was considered equivalent to 1 of these items and was
measured by an additional item derived from the NIHSS
Supplementary Scale]) (Supplement 3),23,24 (3) required
in-hospital rehabilitation, (4) were able to participate in reha-
bilitation, and (5) were previously independent in daily life.
eFigure 1 in Supplement 3 lists full eligibility and exclusion
criteria.

Trial Treatment
Participants received either active oral treatment with
levodopa 100 mg/carbidopa 25 mg or a matching placebo,
both administered for 39 days. The study medication

Key Points
Question Does levodopa therapy added to standardized
rehabilitation improve stroke recovery compared with
standardized rehabilitation alone?

Findings In this randomized clinical trial including 610
participants, motor function at 3 months (measured by the
Fugl-Meyer Assessment total score) was not significantly different
between the levodopa plus standardized rehabilitation group
compared with the placebo plus standardized rehabilitation group
(median, 68 points vs 64 points, respectively; adjusted mean
between-group difference, −0.90 points).

Meaning These results do not support routine use of levodopa for
motor recovery in unselected patients with stroke undergoing
rehabilitation.
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(ie, levodopa/carbidopa and placebo) was provided by Bich-
sel Pharma. The dosing regimen included 3 phases (with
notation reflecting the number of pills or tablets taken in
the morning-afternoon-evening): a dose escalation phase
(1-0-0 daily on days 1-3 and 1-1-0 daily on days 4-6), a full-
dose phase (1-1-1 daily on days 7-34), and a tapering phase
(1-1-0 daily on days 35-37 and 1-0-0 daily on days 38-39).19

The duration of trial treatment was set at a total of 39 days
to reflect the usual length of in-hospital rehabilitation in
Swiss neurorehabilitation centers and therefore to facilitate
the applicability of the study intervention in a controlled
inpatient setting. The intervention period also considered
prior assumptions on the mechanisms of recovery after
stroke and therefore the assumed optimal window of oppor-
tunity to enhance recovery through levodopa treatment. If
discharge from in-hospital rehabilitation was scheduled
before day 39 of the trial treatment, participants were asked
to continue the trial treatment as planned, including taper-
ing toward day 39.

Study medication was administered in addition to reha-
bilitation therapy based on active task-oriented training.
To align therapy across centers, it was characterized and
standardized in collaboration with Interessengemeinschaft
Physiotherapie in der Rehabilitation – Neurorehabilitation
(Community of Interests for Physiotherapy in Rehabilitation).25

As done in routine inpatient rehabilitation in Swiss rehabili-
tation centers, patients were expected to receive at least 3 ses-
sions of rehabilitative care per day. Ingestion of study medi-
cation was not timed to coincide with the rehabilitative therapy
sessions but was designed to follow a routine and fixed medi-
cation schedule (eg, 3 times daily at fixed time points in the
full-dose study phase).

Randomization
Participants were randomly assigned in a 1:1 ratio to either the
active treatment or the control group. Randomization was
stratified by study center and implemented by the Clinical Trial
Unit of the Department of Clinical Research at the University
of Basel using a Clinical Data Management application (secu-
Trial). A computer-generated minimization algorithm with an
allocation probability of 80% to the group minimizing imbal-
ance was applied to ensure treatment groups were balanced
within each center stratum. No block scheme was used be-
yond the minimization procedure.

Outcomes
Primary Outcome
The primary outcome was the between-group difference in the
motor function Fugl-Meyer Assessment (FMA) total score mea-
sured 3 months (±14 days) after randomization. The time point
of primary outcome assessment was set at 3 months rather than
to the end of study treatment at day 39. This design allowed
assessment of whether a potential effect of levodopa treat-
ment would be measurable not only during or close to the in-
tervention but also on a longer-term scale.

The FMA is recommended for assessing changes in
motor impairment after stroke26 and has excellent interrater
reliability.27-30 It comprises 50 items, which are scored as fol-

lows: 0 = movement not possible, 1 = partially possible, and
2 = completely possible.31 The FMA total score ranges from 0
to 100 points, with 66 points allocated to the upper extrem-
ity portion and 34 to the lower extremity portion. FMA
assessments were conducted by FMA-trained study person-
nel who had undergone in-person training and refresher ses-
sions provided by 2 FMA experts with academic teaching
experience.19

Secondary Outcomes
Secondary outcomes were (1) Patient-Reported Outcomes
Measurement Information System (PROMIS-29; 7 domains
with 4 items each; raw score range, 4-20 points per domain,
with higher scores reflecting better functioning in some
domains and worse in others; PROMIS-10 Global Health;
raw score range, 10-50 points, with higher scores indicating
better health32,33) and patient-reported assessment of the rel-
evance of motor improvement (2 custom items; interviewer-
administered, patient-reported measure [yes/no] assessing
perceived improvement and its relevance in daily life;
assessed in person during study visits) (Supplement 3),
(2) FMA upper and lower extremity scores separately,31

(3) the FMA total score for the unaffected side,31 (4) the
NIHSS (range, 0-42, with 0 indicating no symptoms and 42
indicating the most severe stroke; higher scores indicate
more severe impairment),34 (5) the modified Rankin
Scale (mRS; range, 0-6, with 0 indicating no symptoms and
6 indicating death; higher scores indicate more severe
disability),35 and (6) the Rivermead Mobility Index (range,
0-15, with higher scores indicating greater mobility; based on
15 yes/no items assessing functional mobility, from turning
in bed to running),36 all assessed at 3 months, and (7) the
FMA total score at 5 weeks.31 There were other motor assess-
ments planned to be obtained at a subset of the participating
centers and at other preplanned time points (eg, at 6 and 12
months) that are not reported. Details are provided in the
trial protocol (Supplement 1). Given the potential for type I
error due to multiple comparisons, findings from analyses
of secondary end points should be considered as purely
exploratory.

Measures of harm were all-cause mortality, recurrent stroke
(any), serious adverse events, and prespecified adverse events
of interest (ie, possibly related to levodopa therapy, accord-
ing to prior research) (eTable 9 in Supplement 3).15

Sample Size Estimation
The primary analysis aimed to determine the effect of le-
vodopa on motor recovery compared with placebo. We as-
sumed that the FMA scores would follow a normal distribu-
tion with an SD of 25 points (derived from a trial of fluoxetine
for motor recovery after acute ischemic stroke20). Accord-
ingly, a sample size of 548 participants was calculated (80%
power, 2-sided significance level of .05) to detect a mean dif-
ference of 6 points between the treatment groups at 3 months,
considered patient-relevant at the time of trial design.37,38 Over-
all, we aimed to enroll 610 participants, accounting for an an-
ticipated dropout rate of 10% (ie, at least 549 patients avail-
able for analysis).
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Statistical Analyses
Statistical analyses were conducted from November 2024 to
August 2025. The primary analysis followed a treatment
policy estimand analyzing participants according to their ran-
domized group. Participants who died before the 3-month
assessment were excluded from this analysis (full analysis
set). For survivors with missing or incomplete FMA scores at
3 months, multiple imputations with chained equations were
applied. A linear regression model was used to analyze the
primary outcome, adjusting for baseline FMA total scores
and including the treatment group (levodopa vs placebo) as
the primary variable of interest. The results were presented
as the estimated treatment effect with the corresponding
P value and 95% CI. The significance threshold was set at
α = .05 (2-sided).

We used 7 additional predefined estimands to address the
potential impact of the following 5 intercurrent events or fac-
tors on outcome assessment: (1) death before the 3-month as-
sessment, (2) serious adverse events causing motor impair-
ment (eg, recurrent stroke or fractures), (3) intake of less than
80% of the study medication, (4) fewer rehabilitation thera-
pies than foreseen in the protocol (ie, <5 rehabilitation ses-
sions per week), and (5) outcome assessments conducted out-
side the predefined time range (3 months ±14 days) (eTable 2
in Supplement 3).

We performed 2 post hoc analyses on the following esti-
mands: including all participants who died before the 3-month
visit, assigning them an FMA score of 0 (the worst possible
outcome), and including only participants who received at
least 80% of the study medication and attended at least 5 re-
habilitation sessions per week (eTable 3 in Supplement 3).

Table 1. Baseline Demographic and Clinical Characteristics Stratified
by Group

Characteristic

No. (%)
Levodopa group
(n = 307)

Placebo group
(n = 303)

Age, median (IQR), y 72 (62-81) 74 (64-84)

Median age ≥80 y 90 (29.3) 112 (37.0)

Sex

Female 119 (38.8) 133 (43.9)

Male 188 (61.2) 170 (56.1)

Prior mRSa score,
median (IQR)

0 0

Medical history

Hypertension 222 (72.3) 213 (70.3)

Hyperlipidemia 139 (45.3) 152 (50.2)

Diabetes 80 (26.1) 64 (21.1)

Atrial fibrillation 34 (11.1) 61 (20.1)

Smoking 68 (22.1) 59 (19.5)

Coronary heart disease 52 (16.9) 47 (15.5)

Depression 23 (7.5) 18 (5.9)

Dementia 11 (3.6) 9 (3.0)

Movement disorder 6 (2.0) 5 (1.7)

Prior stroke

Ischemic stroke 39 (12.7) 43 (14.2)

Hemorrhagic stroke 5 (1.6) 6 (2.0)

Prestroke living situation

Home 302 (98.4) 294 (97.0)

Nursing home 4 (1.3) 5 (1.7)

Otherb 1 (0.3) 4 (1.3)

Type of stroke

Ischemic 260 (84.7) 259 (85.5)

Hemorrhagic 47 (15.3) 44 (14.5)

Affected vessel territoryc

Anterior cerebral artery 37 (12.1) 31 (10.2)

Middle cerebral artery 230 (74.9) 230 (75.9)

Posterior cerebral artery 27 (8.8) 33 (10.9)

Vertebrobasilar
(infratentorial)

63 (20.5) 45 (14.9)

Stroke severity,
median (IQR)

FMAd total score
on the affected side
at randomization

35.0 (14.8-55.3) 33.0 (13.0-52.8)

FMA upper extremity score
on the affected side
at randomization

20.0 (6.0-35.0) 17.5 (6.0-34.0)

FMA lower extremity score
on the affected side
at randomization

15.0 (6.0-21.0) 14.0 (7.0-21.0)

NIHSSe score
at randomization

7 (5-11) 8 (5-10)

mRS score
at randomizationa,f

0 2 (0.7) 0

1 0 2 (0.7)

2 6 (2.0) 3 (1.0)

3 37 (12.1) 32 (10.6)

4 170 (55.4) 169 (55.8)

5 92 (30.0) 97 (32.0)

(continued)

Table 1. Baseline Demographic and Clinical Characteristics Stratified
by Group (continued)

Characteristic

No. (%)
Levodopa group
(n = 307)

Placebo group
(n = 303)

Time from stroke onset to
randomization, median (IQR), d

3.0 (2.0-5.0) 3.0 (2.0-5.0)

Abbreviations: FMA, Fugl-Meyer Assessment; mRS, modified Rankin Scale;
NIHSS, National Institutes of Health Stroke Scale.
a mRS scores range from 0 (no symptoms) to 6 (death), with higher scores

indicating worse disability.
b Defined as any living arrangement outside of private homes or institutional

care (eg, assisted living or older adult residences).
c Determined by imaging; multiple territories could be affected in each

participant.
d FMA scores range from 0 to 100 points (upper extremity maximum, 66

points; lower extremity maximum, 34 points), with higher scores indicating
better motor function. A baseline total score of approximately 35 points
corresponded to moderate to severe motor impairment.

e NIHSS scores range from 0 (no stroke symptoms) to 42 (most severe stroke),
with higher scores indicating greater neurological deficit. Baseline scores of 7
to 8 points corresponded to moderate stroke severity, typically reflecting
partial hemiparesis, mild language or sensory deficits, and some functional
dependence.

f The majority of trial participants had a score of 4, reflecting moderately severe
disability, characterized by inability to walk without assistance and inability to
attend to bodily needs without help.
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Post hoc, we also repeated the primary analysis dichotomiz-
ing our population in participants with FMA scores of 35 or less
(severe) vs more than 35 points (mild to moderate impair-
ment) at baseline, applying a categorization used in prior
research.39

Secondary outcomes were analyzed using regression
models with adjustments for baseline measurements. If any
component of an outcome assessment was missing, the en-
tire summary score was imputed using multiple imputations.
For the mRS, we used an ordinal logistic regression model to
estimate the odds of achieving better or worse functional out-
comes across mRS categories. Missing data for the mRS and
patient-reported assessment of the relevance of motor im-
provement were not imputed.

A post hoc exploratory plot (eFigure 5 in Supplement 3)
was generated to assess treatment-effect heterogeneity across
centers, with smaller centers having fewer than 50 partici-
pants grouped into a single cluster.

In post hoc analyses, we evaluated potential nonlinearity
in the relationship between baseline and 3-month FMA score
using spline terms and tested for interactions between base-
line FMA score and treatment allocation.

Prespecified analyses were performed as outlined in the
statistical analysis plan, which was finalized before database
closure. While in line with the general statistical consider-
ations noted in the final version of the trial protocol, the sta-
tistical analysis plan also reflects emerging statistical con-
cepts (ie, estimands), which led to differences between the trial
protocol and the statistical analysis plan regarding statistical
terminology. All statistical analyses were conducted using
R version 4.3.1 (R Foundation). The main analysis code is pro-
vided in Supplement 5.

Results
A total of 610 participants were randomized (307 to the le-
vodopa group, 303 to the placebo group) in 13 Swiss stroke units

and centers (Supplement 3) between June 14, 2019, and May
21, 2024 (eFigure 3 in Supplement 3). The median (IQR) age
was 73 (64-82) years and 252 participants (41.3%) were female
(Table 1). The median (IQR) NIHSS score at randomization was
7 (5-10). The median (IQR) baseline FMA total score was 34 (14-
54) (Table 1) (eTable 1 in Supplement 3).

At 3 months, 28 participants (4.6%; 11 [3.6%] from the le-
vodopa group and 17 [5.6%] from the placebo group) had died,
leaving 582 participants (95.4%) eligible for the primary analy-
sis (296 in the levodopa group, 286 in the placebo group)
(Figure 1).

Participants in the levodopa group underwent a mean (SD)
of 79 (35) rehabilitation therapy sessions (mean total dura-
tion, 45 [23] hours; 47 [22] sessions based on principles of mo-
tor learning). Participants in the placebo group underwent a
mean (SD) of 77 (37) rehabilitation therapy sessions (mean total
duration, 44 [23] hours; 47 [23] sessions based on principles
of motor learning). A total of 252 participants (82.1%) in the

Figure 1. Flow of Participants in a Trial of Levodopa Plus Standardized
Rehabilitation Therapy for Recovery After Stroke

296 Analyzed in the levodopa group
282 Complete cases
14 With imputed data

7 Withdrew
7 With incomplete 3-mo

FMA score

286 Analyzed in the placebo group
269 Complete cases
17 With imputed data

13 With incomplete 3-mo
FMA score

4 Withdrew

610 Participants randomized

17 Died prior to 3-mo visit11 Died prior to 3-mo visit

303 Randomized to receive placebo307 Randomized to receive levodopa

The number of individuals approached for participation was not systematically
recorded and is therefore not reported.

FMA indicates Fugl-Meyer Assessment.

Figure 2. Dot and Boxplot of Fugl-Meyer Assessment (FMA) Total Scores (Primary Outcome)
by Treatment Group
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The boxplot displays the primary
outcome (FMA total score; range,
0-100) for the levodopa and placebo
groups. The horizontal lines indicate
the medians, the boxes the IQRs, and
the whiskers extend to the most
extreme values within 1.5 times the
IQR from the lower and upper
quartiles (Tukey adjacent values).
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levodopa group and 244 (80.5%) in the placebo group re-
ceived 80% or more of the study medication.

Primary Outcome
At 3 months, participants in the levodopa group had a median
(IQR) FMA total score of 68 (42-85) points compared with 64
(44-83) points for participants in the placebo group. Adjusted
for the FMA baseline total score, the mean difference in the FMA
total score between the levodopa and placebo groups was −0.90
points (95% CI, −3.78 to 1.98; P = .54) (Figure 2) (estimand 1 in
eTable 2 and eFigure 4 in Supplement 3).

The additional 7 estimand analyses, as well as the post hoc
estimand analyses and a post hoc subgroup analysis with di-
chotomized baseline FMA (≤35 vs >35 points), yielded results
similar to the primary analysis (Figure 2) (eTables 2 and 3 and
eFigures 4 and 7 in Supplement 3).

Secondary Outcomes
At 3 months, the mean (SD) PROMIS-29 score was 66
(14) points in the levodopa group and 65 (14) points in the
placebo group, with an adjusted mean difference of −0.37
points (95% CI, −3.34 to 2.61). For PROMIS-10, the mean (SD)
scores were 28 (6) points in both groups, with an adjusted
mean difference of 0.18 (95% CI, −0.98 to 1.33). For the
patient-reported assessment of relevance of motor improve-
ment, 51 of 276 participants (18%) in the levodopa group
and 52 of 270 participants (19%) in the placebo group
reported no improvement or no relevant improvement. For
the FMA upper extremity score, the mean (SD) scores were 39
(19) points in both groups, with an adjusted mean difference
of −0.73 points (95% CI, −2.97 to 1.50). For the FMA lower
extremity score, the mean (SD) scores were 23 (7) points in
both groups, with an adjusted mean difference of −0.13
points (95% CI, −1.02 to 0.77). For the FMA total score on
the unaffected side, the mean (SD) scores were 90 (10) points
in the levodopa group and 89 (10) points in the placebo
group; the adjusted mean difference was 0.63 (95% CI, −0.72
to 1.99).

For the NIHSS, the mean (SD) scores were 4 (3) points in
both groups, with an adjusted mean difference of −0.14
points (95% CI, −0.61 to 0.33). For the Rivermead Mobility
Index, the mean (SD) scores were 10 (5) points in both
groups, with an adjusted mean difference of −0.33 (95% CI,
−1.04 to 0.37). The ordinal logistic regression analysis, evalu-
ating the odds of achieving better functional outcomes across
the mRS scale, showed an adjusted odds ratio of 0.93 (95%
CI, 0.69-1.23) for levodopa compared with placebo. The
median (IQR) mRS score at 3 months was 3.0 (2.0-4.0) in
both treatment groups.

At 5 weeks, the mean (SD) scores for the FMA total score
were 57 (27) points in the levodopa group and 56 (26) points
in the placebo group, with an adjusted mean difference of 0.02
points (95% CI, −2.81 to 2.84) (for secondary outcome results,
see eTable 4 in Supplement 3).

Adverse Events
A total of 255 serious adverse events occurred in 177 of 610
participants; 126 in the levodopa group and 129 in the pla-
cebo group. The most common serious adverse event was
infection (levodopa, n = 55; placebo, n = 44). A total of 146
prespecified adverse events of interest (ie, possibly related

Table 2. Adverse Events Stratified by Group

Events, No.
Levodopa
group
(n = 126)

Placebo
group
(n = 129)

Serious adverse events

Infection 55 44

Pulmonary 27 17

Urinary tract 15 15

Abdominal 5 7

Meningoencephalitis/encephalitis 0 2

Unspecified infection 1 2

Other infection 11 9

Stroke 16 19

Ischemic 15 18

Hemorrhagic 1 1

Major extracranial bleeding 5 10

Cardiac event 12 3

Acute coronary syndrome 5 1

Heart failure 5 2

Arrhythmia 2 0

Cancer/malignant neoplasm 4 7

Trauma 4 5

Fall 4 5

Kidney failure 6 2

Epileptic seizure 3 6

Deep vein thrombosis/pulmonary embolism 3 4

Electrolyte disorder 2 2

Fracture 1 3

Traumatic intracerebral hemorrhage 0 0

Other (none of the above) 32 34

Prespecified adverse events of interesta (n = 79) (n = 67)

Confusion 12 9

Nausea 11 7

Postural hypotension syncope 10 4

Hallucinations 3 10

Depression 6 9

Vomiting 8 5

Arrhythmias 5 3

Dizziness 4 4

Fatigue 4 2

Abnormal dreams 1 3

Anxiety 3 3

Insomnia 1 4

Dry mouth 3 2

Dyskinesia 3 1

Taste disturbances 3 0

Drowsiness (including sudden onset of sleep) 1 0

Psychoses 1 1

a Prespecified adverse events of interest were possibly related to levodopa
therapy, according to prior research.15 Data were collected through medical
chart review and patient self-report during study visits.
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to levodopa therapy, according to prior research15) occurred
in 115 of 610 participants. Seventy-nine prespecified adverse
events of interest were recorded in the levodopa group and
67 in the placebo group. The most common prespecified
adverse event of interest in the levodopa group was confu-
sion (n = 12) and in the placebo group, hallucinations
(n = 10). Classifications of the serious and prespecified
adverse events are described in Table 2. Additional informa-
tion about severity and outcomes of the adverse events can
be found in eTables 5 and 6 in Supplement 3.

Additional Post Hoc Analyses
Post hoc analyses revealed a nonlinear association between
baseline and 3-month FMA scores; however, this did not im-
pact the primary treatment effect and no interaction be-
tween baseline FMA and treatment was detected (eTables 7 and
8 and eFigures 6 and 7 in Supplement 3).

Discussion
In this RCT, levodopa/carbidopa treatment compared with
placebo—administered in addition to rehabilitation therapy
based on active task-oriented training—showed neither ben-
efit regarding motor recovery nor harm after acute stroke.

The adjusted mean difference in the FMA total score at 3
months was not statistically significant and less than 1 point
on a 100-point scale. The frequency of (serious) adverse events
or death was similar in both groups. Further, none of the sec-
ondary outcomes showed a difference between the treat-
ment groups. These findings are in line with the Dopamine
Augmented Rehabilitation in Stroke trial,15 which showed
that walking ability after stroke did not improve in patients
treated with levodopa compared with placebo. Study results
oppose the idea of a benefit of levodopa-enhanced motor re-
covery suggested by a recent meta-analysis19 and do not sup-
port the reported practice of using levodopa to enhance stroke
rehabilitation.18

Although animal studies clearly demonstrated that mo-
tor skill learning and recovery after experimental stroke are
impaired when dopamine receptors in the primary motor
cortex are blocked40,41 or when the dopaminergic projection
from the ventral tegmental area to the motor cortex is
destroyed,42 this trial suggests that in humans, the dopamin-
ergic system cannot be stimulated to enhance recovery.
Potential explanations may be that the system is already
operating at a ceiling level in the nonstimulated state; the
pharmacological stimulation is nonspecifically acting on dif-
ferent, potentially opposing dopaminergic brain systems at
the same time; or that after stroke, the dopaminergic system
is disrupted,43,44 leading to downregulation of dopamine
receptor genes for at least 1 week.45 These mechanisms could
lead to an insufficient response to exogenous dopamine
administration in this setting.

The lack of levodopa treatment effect in this trial con-
trasts with prior studies in healthy participants, who showed
better motor learning performances with levodopa com-
pared with placebo.46,47 Compared with these healthy indi-

viduals, participants in ESTREL were older and had a brain le-
sion and comorbidities, all of which may have impacted their
learning abilities.

Interindividual patient differences could potentially
modify the effect of levodopa in enhancing motor recovery.
It is possible that some patients might benefit from levodopa-
enhanced rehabilitation while others experience harm. This
idea is based on the observation of genetic polymorphisms of
the dopaminergic system, which influence learning and its
modulation by levodopa.48 To better understand the trial re-
sults in the context of the current evidence, subgroup analy-
ses using individual participant data, including previous trials
and analyses on recovery trajectories, would be valuable.49

Incorporating biomarker, genetic variant, and imaging data
(including whether or not there is evidence of injury to the
dopaminergic system) into these analyses will be useful.49

To the study investigators’ knowledge, this trial repre-
sents the largest RCT to date investigating the benefits and
harms of levodopa/carbidopa in motor stroke recovery. A key
strength of this study is its execution within established stroke
care pathways that strictly adhere to standardized rehabilita-
tion protocols, ensuring consistency in patient care. Addi-
tional strengths include high data completeness, with lim-
ited loss to follow-up and a focused rehabilitation approach
based on active, task-oriented therapy. Further, all additional
estimands showed results consistent with the primary esti-
mand, highlighting the robustness of the findings. Using the
FMA as the primary outcome is an additional strength, as it is
a well-established, validated, and clinically relevant tool for
quantifying motor stroke recovery.26

Limitations
This study has limitations. First, the study was conducted ex-
clusively in Switzerland, which may limit the generalizability
of the findings to different health care systems, rehabilita-
tion practices, and populations with different genetic back-
grounds. Second, the interrater reliability of the FMA was not
systematically assessed across the entire study population.
Third, levodopa serum levels were not measured in this trial,
leaving potential interindividual differences in pharmacoki-
netics unassessed, along with their possible impact on treat-
ment efficacy. Fourth, while concomitant rehabilitative therapy
was standardized across study centers, the assessment of the
homogeneity of the performed therapy in each center was be-
yond the means of the trial and thus was not performed. Fifth,
the study did not account for genetic variation possibly modi-
fying treatment response.48 Sixth, while motor recovery is a
critical outcome in stroke rehabilitation, it is only one facet of
poststroke recovery. It is unclear whether levodopa/
carbidopa could have beneficial effects on other poststroke con-
ditions, such as poststroke fatigue or depression, which could
impact long-term recovery and quality of life.

Conclusions
Among patients receiving inpatient rehabilitation for acute
stroke, levodopa added to standardized rehabilitation did not
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significantly improve motor function at 3 months compared
with placebo plus standardized rehabilitation. These results

do not support the use of levodopa as an adjunct to rehabili-
tation therapy for enhancing motor recovery after acute stroke.
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