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SYSTEMATIC REVIEW

Pharmacotherapy to Improve Cognitive
Functioning After Acquired Brain Injury:
A Meta-Analysis and Meta-Regression
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Cognitive impairments, common sequelae of acquired brain injury (ABI), significantly affect rehabilitation and

quality of life. Currently, there is no solid evidence-base for pharmacotherapy to improve cognitive functioning

after ABI, nevertheless off-label use is widely applied in clinical practice. This meta-analysis and meta-regression
aims to quantitatively aggregate the available evidence for the effects of pharmacological agents used in the
treatment of cognitive impairments following ABI. We conducted a comprehensive search of Embase, Medline Ovid,
and Cochrane Controlled Trials Register databases for randomized controlled and crossover trials. Meta-analytic
effects were calculated for each pharmaceutical agent and targeted neuromodulator system. Cognitive outcome
measures were aggregated across cognitive domains. Of 8,216 articles, 41 studies (4,434 patients) were included.
The noradrenergic agent methylphenidate showed a small, significant positive effect on cognitive functioning in
patients with traumatic brain injury (TBI; k=14, d=0.34, 95% confidence interval: 0.12-0.56, P=0.003). Specifically,
methylphenidate was found to improve cognitive functions related to executive memory, baseline speed, inhibitory
control, and variability in responding. The cholinergic drug donepezil demonstrated a large effect size, albeit based
on a limited number of studies (k=3, d=1.68, P=0.03). No significant effects were observed for other agents.
Additionally, meta-regression analysis did not identify significant sources of heterogeneity in treatment response. Our
meta-analysis supports the use of methylphenidate for enhancing cognitive functioning in patients with TBI. Although
donepezil shows potential, it warrants further research. These results could guide clinical decision making, inform
practice guidelines, and direct future pharmacotherapeutic research in ABI.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THIS
TOPIC:?

M Cognitive functioning is a critical aspect of recovery
after acquired brain injury (ABI), including traumatic brain
injury (TBI) and stroke. However, the use of pharmacother-
apy for cognitive deficits in this context is predominantly
off-label, with existing evidence being fragmented and
inconclusive.

WHAT QUESTION DOES THIS STUDY ADDRESS?
M The study addresses the effectiveness of various pharmaco-
logical agents in improving cognitive functioning post-ABI. It
involves a comprehensive meta-analysis and meta-regression of
available randomized controlled trials.

WHAT DOES THIS STUDY ADD TO OUR
KNOWLEDGE?

M This study provides robust evidence for the beneficial effect
of methylphenidate in enhancing cognitive functioning in pa-
tients with TBI. It also suggests the potential of donepezil, war-
ranting further research.

HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY ORTRANSLATIONAL SCIENCE?

M The findings support the use of methylphenidate for cogni-
tive improvement in patients with TBI and guide clinical deci-
sion making. The study informs practice guidelines and directs
future research in ABI pharmacotherapy, highlighting the need
for precision medicine approaches in neurorchabilitation.
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SYSTEMATIC REVIEW

Cerebrovascular accidents and traumatic brain injury (TBI) are
the most common causes of acquired brain injury (ABI), affect-
ing an estimated 85 million people annually around the world."?
Patients with ABI are at risk of debilitating long-term impair-
ments in a wide range of function domains, such as physical,
neurocognitive and behavioral functioning,s’4 Patients with ABI
are typically referred for neurorchabilitation treatment in order
to optimize recovery, limit the consequences of ABI, and maxi-
mize independency in daily living.S Cognitive impairments are
particularly common after ABI and can have a profound impact
on a patient’s ability to engage in neurorchabilitation therapy.é
Moreover, persisting cognitive impairments beyond the window
of treatment severely threaten societal participation and quality of
life.” Therefore, providing patients with effective interventions to
improve cognitive functioning is a pivotal aspect of rehabilitation
after ABI.

The treatment of cognitive impairments in patients with ABI is
challenging due to the complex interplay between factors that de-
termine the nature and severity of cognitive impairment after ABI,
such as injury characteristics (e.g., type, severity, and location), de-
mographic characteristics (e.g., age and educational level), and pre-
morbid functioning (e.g., comorbid conditions).&9 Nevertheless,
therapeutic options for cognitive impairments are available, includ-
ing both non-pharmacological (e.g., cognitive rehabilitation)lo’11
and pharmacological approaches. Pharmacotherapy has shown
to be an effective intervention for the improvement of cognitive
functioning in a range of psychiatric and neurological disorders,
including attention-deficit/hyperactivity disorder,!? major depres-
sive disorder," schizophrc:nia,14 and Alzheimer’s disease.’

Pharmacotherapy is a promising treatment option for cogni-
tive impairments following ABI, with multiple agents available
that target neuromodulating systems implicated in cognitive

functioning.16 7 Cholinesterase inhibitors, such as donepezil
and rivastigmine, are examples of agents that primarily modulate
the cholinergic system. Similarly, the dopaminergic system can
be targeted with agents such as Levodopa-carbidopa and aman-
tadine, whereas methylphenidate and atomoxetine can be used
to modulate the adrenergic system. Selective serotonin reuptake
inhibitors, such as fluoxetine and sertraline, are examples of phar-
macotherapeutic options that can affect the serotonergic system.
Nevertheless, the state of the literature regarding the efficacy of
pharmacotherapy for the treatment of cognitive impairment after
ABI is inconclusive. Existing systematic (Cochrane) reviews from
2015 and 2016 concluded that there was insufficient evidence to
determine whether pharmacotherapy is effective for chronic cogni-
tive impairment in patients with TBI or stroke, 17 primarily due
to a lack of randomized controlled trials (RCTs) with adequate
sample size. Despite the absence of a solid evidence-base and guide-
line recommendations, pharmacotherapy is widely used as an oft-
label therapeutic option in clinical practice to improve cognitive
functioning in patients with ABL

This meta-analysis and meta-regression of RCTs aims to quan-
titatively aggregate the available evidence for the effects of phar-
macological agents used in the treatment of cognitive impairments
following ABI. Cognitive functioning encompasses a wide range of
domains, each with its unique sensitivity to ABI and responsiveness

to treatment. In this meta-analysis, we chose to aggregate different
cognitive domains to provide an overarching perspective on cogni-
tive functioning. Although this approach might overlook specific
effects on specific domains, it offers a broader understanding rel-
evant for clinical decision making. In addition, in-depth analysis
at the level of cognitive domains was performed when data avail-
ability were sufficient. The results will contribute to a more com-
prehensive and reliable view on the fragmented evidence available,
which can aid in clinical decision making for patients with ABI
and cognitive impairments, contribute to the development of prac-
tice guidelines, and inform future research into promising pharma-
cological agents and involved neuromodulating systems.

METHODS

Protocol and registration

This systematic review was registered in the international prospective
register of systematic reviews PROSPERO (#CRD42022150220), per-
formed according to the Cochrane Library Handbook for Systematic
Reviews of Interventions™ and reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidclines.ZI

Identification and selection of studies

Eligibility criteria. Studies were considered eligible if the study design
was an RCT or crossover trial (XOT) that compared a pharmacological
intervention to a control condition consisting of cither (i) no pharmaco-
logical treatment or (ii) placebo treatment. Studies had to enroll pediatric
or adult participants with ABI (e.g., TBI or stroke). Studies with an onset
of treatment during acute phase (<24hours) were excluded. The inter-
vention had to consist of pharmacological agents that are (i) registered
with the US Food and Drug Administration (FDA) and/or the European
Medicines Agency (EMA), (ii) are supposed to act on the central nervous
system through modulation of one or more neurotransmitter systems,
and (iii) were aimed at improvement of cognitive functioning. Studies
had to use cognitive performance outcome measures that have been stan-
dardized in a healthy or brain injured population. Studies that were pri-
marily focused on the treatment of a single symptom or condition were
excluded (e.g., post-stroke depression, aphasia, and neglect).

The scarch strategy was designed together with a biomedical infor-
mation specialist and involved a combination of search terms and their
equivalents for “brain injury,” “drug therapy,” and “postacute.” The
search was performed on October 13,2022, in the electronic bibliograph-
ical databases Embase, Medline Ovid, and Cochrane Controlled Trials
Register (CENTRAL) using both simple search terms and hierarchical
family forms (e.g., Mesh, Thesaurus, and Emtree). Specific search queries
per database are documented in Table S1. The scarch was extended to
the reference lists of included studies and relevant review articles were
also screened for additional eligible studies.

In order to identify relevant studies, all titles and abstracts were
independently screened by two reviewers (authors RvdV. and S.B.).
Subsequently, the full text versions of the remaining studies were exam-
ined independently by the reviewers to reach a final decision on study
cligibility. In case of disagreement between reviewers, consensus was
reached through discussion.

Data extraction

The variables used in the meta-regression analysis were chosen based
on their potential to explain heterogeneity in the treatment effects
across the included studies and included sample demographics, clinical
characteristics, and treatment characteristics. The following data were
extracted: (i) publication year and country; (ii) sample demographics
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(mean age and percentage of female subjects), clinical characteristics,
(type of ABI, ABI severity, and time since ABI); (iii) pharmacological
agent(s) used; (iv) comparison condition type (no intervention, pla-
cebo); (v) timing, dosing, and duration of the intervention; (vi) and
outcome measures.

Data for meta-analysis were extracted from the articles by the first au-
thor (R.vdV.) and this procedure was carefully checked by a second author
(S.B.). The sample size, means, and accompanying SDs of all outcome
measures for each group at all timepoints were extracted. If this informa-
tion was not available, we extracted statistics describing the effect of the
intervention on the outcome measure(s) (e.g., F or ¢-statistic, P value, odds
ratio, and/or sample size of the experimental and control groups). If only
the median and interquartile ranges were reported, methods described by
Shi er al** were used to determine whether the data were skewed away
from normality before estimating the sample mean and standard deviation
in accordance with Luo ef 4/.*> and Wan et 2/** In instances where stud-
ies reported both intention-to-treat (ITT) and per-protocol approaches,
the ITT data were chosen for analysis to better reflect real-world clinical
outcomes.

Risk of bias analysis

Risk of bias was assessed by the 2 reviewers using the RoB 2,” a revised
version of the Cochrane Collaboration Risk-of-Bias Tool.2® The RoB
2 assesses bias arising from (i) the randomization process, (ii) devia-
tions from the intended interventions, (iii) missing outcome data, (iv)
measurement of the outcome, and (v) selection of the reported results.
Assessment led to judgments of “low risk of bias,” “some concerns,” or
“high risk of bias.” The judgments within each domain led to an overall
risk-of-bias judgment for the result being assessed. In case of disagree-
ment, consensus was reached through discussion.

Statistical analysis

Statistical analysis was performed using Comprehensive Meta-Analysis
software (CMA) version 3. Meta-analysis was performed at the level of
the targeted neuromodulator system and at the level of pharmacologi-
cal agent, if two or more studies were available. When we were unable
to retrieve the correlations between pre-post scores from the included
studies, we followed Rosenthal’s recommendation and assumed a con-
servative estimate of 7= 0.7.2” XO'Ts were handled as paired groups. If
carry-over was deemed problematic (e.g., an insufficient wash-out 8)
or a crossover design was deemed undesirable for other reasons (e.g., a
possible period effect™), only data from the first crossover period were
included, essentially treating the first period of the crossover study as
an RCT. Our primary effect size measure was the standardized mean
difference (Cohen’s d), interpreted as small (0.2 24 <0.5), moderate
(0.524<0.8), or large if (420.8), according to Cohen.*® Random-
effects models were used to account for clinical and methodological
differences between studies.” Cohen’s 4 was computed from pretreat-
ment to post-treatment (or timepoint closest to post-treatment). If a
study used multiple relevant outcome measures and/or assessments at
more than one timepoint, these data were combined into one effect-
size per study by calculating the average standardized effect across
outcome measures and timepoints using the built-in option in CMA.
This approach will expose the effects of treatment on cognitive func-
tioning in general, acknowledges that most cognitive functioning
measures rarely rely on a single aspect of cognitive function, and uti-
lizes all available evidence for estimation of the intervention effect.
The resulting study effect size reflects the overall intervention effect
across cognitive outcome measures and/or timepoints. Estimates and
95% confidence intervals (CIs) were graphically presented using forest
plots, constructed in Microsoft Excel using the templates developed by
Neyeloff ez al.>* We implemented a comprehensive, stepwise analyti-
cal approach. To specifically address the potentially distinct effects of
pharmacotherapy in different typers of ABI, we conducted subgroup
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analyses for stroke and TBI populations. Furthermore, if the available
number of studies (£ > 10) and diversity of cognitive measures used in
studies was sufficient, an in-depth analysis of the intervention effect
was executed at the level of cognitive domains. We categorized cogni-
tive outcome measures onto sgccific cognitive domains following the
framework by Vertessen ef al.>® In cases of uncertainty regarding the
mapping of cognitive outcome measures to cognitive domains, consen-
sus was reached through discussion amongauthors (R.vdV., M.K., and
J.O.). The resulting categorization is presented in Table S2.

Between-study heterogeneity was assessed using I° statistics.
Heterogeneitzf of 25% was interpreted as minimal, 50% as moderate, and
75% as large.” * Publication bias was assessed if more than six studies were
available, by visually inspecting funnel plots for asymmetry and perform-
ing Egger’s liberal one-tailed test of the intercept.”

Moderator variables with >10 observations that could explain the
heterogeneity in meta-analytic effect-sized were investigated using meta-
regression with restricted maximum likelihood using the Hartung-Knapp
method. Additional sensitivity analysis utilizing the one-study-removed
method assessed the impact of each individual study on the overall effect.
P values < 0.05 were considered statistically significant.

RESULTS

Selection of studies

A PRISMA flow diagram of the study search and selection is
provided in Figure 1. The search retrieved 11,797 records relat-
ing to 8,205 unique studies after removal of duplicates, whereas
11 records were identified through other sources. Screening
of titles and abstracts led to exclusion of 7,905 studies. A total
of 311 articles was assessed for eligibility based on full-text
review, of which 41 articles were included for meta-analysis.
There were 26 studies (63.4%) that included patients with TBI
(n= 1,221),28’29’36_57 whereas 15 studies (36.6%) included pa-
tients with stroke (7 = 3,213).58_7l
of the included number of studies (k) and participants (%) for

Table 1 provides an overview

each of the studied pharmacological agents, with pharmacolog-
ical agents sorted according to the neuromodulatory system in-
volved in the presumed mechanism of action. Table 2 provides
study characteristics of the included studies per pharmacologi-
cal agent assessed.

Risk of bias

Figure 2 depicts a summary of the risk of bias assessment.
Assessment of all individual studies can be found in Figure S1.
Among the included studies, risk of bias (cither some concerns or
high risk) was observed in bias arising from the randomization
procedure (21.1%); due to deviations from intended interventions
(23.7%); due to missing outcome data (50.0%) and measurement
of outcome (23.7%); and due to selection of the reported result
(34.2%). A total of 13 articles (31.7%) had low risk of bias. These
studies were classified as higher-quality studies and were used in
the sensitivity analysis that studied the impact of risk of bias on
the meta-analytic findings.

Main analysis

Meta-analytic effects were calculated according to the targeted
neuromodulator system of pharmacological agents and for each
individual pharmacological agent (Table 1; Figure 3). At the

level of neuromodulator systems, the meta-analytic effect of
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Figure 1 Prisma flow diagram.

noradrcncrgic agents on cognitive functioning was significant
and small-sized (k=22, 4=0.22, 95% CI: 0.10-0.35, P=0.001),
whereas the meta-analytic effects for all other neuromodulator
systems were not significant (P values >0.09, ds: 0.002-0.35).

Adrenergic agents. In the group of adrenergic agents, we found
asignificant and small-sized positive effect for methylphenidate
on cognitive functioning (k=16, 4=0.28, 95% CI: 0.11-
0.45, P=0.001). No significant effects were obtained for
dextroamphetamine (k=2, 4=0.313, 95% CI: —0.09 to 0.72,
P=0.62) and modafinil (=3, 4=0.05, 95% CI: —0.16 to
0.26, P=0.62). Meta-analysis was not possible for atomoxetine
because only one study was available.

Figure 4 displays the forest plot for the significant meta-analytic
effect observed for methylphenidate, with a moderate between-study

4

heterogeneity (I*=54.4%). The meta-analytic effect in a subgroup
analysis on studies that included patients with stroke®™® was not sig-
nificant (k=2, d=-0.14, 95% CIL: —1.03 to 0.73, P=0.74). In the
subgroup analysis on studies that included patients with TBI, a signifi-
cant and positive small-sized effect was obtained (k= 14, 4=0.34, 95%
CI: 0.12-0.56, P=0.003). In a sensitivity analysis with the one-study-
removed method, the meta-analytic effect remained significant after it-
erative exclusion of every single study. Likewise, the meta-analytic effect
was replicated when including only the higher-quality studies with low
risk of bias. #7454 (720,185, 95% CI: 0.028-0.341, P=0.021).
Finally, we found no evidence for publication bias in the visual inspec-
tion of the Funnel plot and Egger’s Regression intercept (P=0.15).
In-depth analysis of the meta-analytic effect size for methylphe-
nidate in patients with TBI revealed significant positive small-sized
effects of methylphenidate observed on Executive Memory (£ = 10,
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Table 1 Number of studies (k) and Meta-analytic effect sizes per neuromodulator system and pharmacological agent

Included trials (k) and

participants (n)

Neuromodulator

Meta-analytic effect size

system Pharmacological agent TBI Stroke d 95% CI P value 2
Adrenergic Atomoxetine k=1 n/a 0.07 -0.210 t0 0.351 0.62
n=55
Dextroamphetamine k=1 k=1 0.31 -0.09to 0.716 0.13 0.0
n=64 n=32
Methylphenidate k=14 k=2 0.28 0.107-0.451 0.001 51.7
n=385 n=50
Modafinil k=1 k=2 0.05 -0.158 t0 0.263 0.62 0.0
n=55 n=77
Overall effect size k=17 k=5 0.22 0.095-0.347 0.001 41.3
n=559 n=159
Cholinergic Donepezil k=2 k=1 1.68 0.187-3.167 0.03 78.1
n=44 n=14
Rivastigmine k=3 k=1 0.04 -0.112 to 0.186 0.63 0.0
n=355 n=50
Overall effect size k=5 k=2 0.35 -0.053 to 0.755 0.09 78.0
n=399 n=64
Dopaminergic Amantadine k=2 n/a 0.07 -0.539 t0 0.679 0.82 61.5
n=144
Levodopa-Carbidopa n/a k=2 0.01 -0.152 t0 0.138 0.89 0.0
n=633
Overall effect size k=2 k=2 0.002 -0.144 t0 0.148 0.98 0.0
n=144 n=633
Serotonergic (Es)citolapram n/a k=4 0.15 -0.128 t0 0.435 0.29 62.8
n=687
Fluoxetine n/a k=1 0.01 -0.098 to0 0.123 0.82
n=1,500
Paroxetine n/a k=1 0.24 —0.076 to 0.560 0.14
n=170
Sertraline k=2 n/a -0.28 -0.726 t0 0.177 0.23 0.0
n=119
Overall effect size k=2 k=6 0.07 -0.07 to 0.217 0.32 41.8
n=119 n=2,357
Total k=26 k=15 k=41
n=1,221 n=3,213 4,434

Cl, confidence interval; TBI, traumatic brain injury; n/a, not applicable.
P values in bold (P<0.05) denote significant effect sizes.

d=0.346, 95% CI: 0.133-0.559, P=0.001), Bascline Speed
(k=14, d=0.288, 95% CI: 0.126-0.450, P <0.001), Inhibitory
Control (£=10, 4=0.239, 95% CI: 0.012-0.466, P=0.04), and
Variability in Responding (k=4, 4=0.154, 95% CI: 0.007-0.301,
P=0.04). Effects on Cognitive Flexibility (k=7, 4=0.134, 95%
CI: -0.016 to0 0.285, P=0.08), and Non-executive Memory (£=5,
d=0.091, 95% CI: —0.184 to 0.366, P=0.516) were not statisti-
cally significant.

Cholinergic agents. In the group of cholinergic agents, we found
a significant and large-sized meta-analytic effect for donepezil
on cognitive functioning (k=3, d=1.68, 95% CI: 0.19-3.17,
P=0.03), whereas the meta-analytic effect for rivastigmine was
not significant (k=4, d=0.04, 95% CI: —0.11 to 0.19, P=0.63).
Figure S displays the forest plot for the significant meta-
analytic effect observed for donepezil, with a large between-study
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heterogeneity (I=78.14%). The meta-analytic effect in a sub-
group analysis on studies that included patients with TBI***® was
not significant (k=2,d=2.13,95% CI: —0.29 to 4.55, P=0.085).
Only one study was available for patients with stroke, precluding
meta-analytic aggregation.”® In a sensitivity analysis with the one-
study-removed method, the meta-analytic effect did not remain
significant after iterative exclusion of Chang e# 4.>® and Kim ez
al*® None of the studies assessing donepezil had low risk of bias.
Publication bias analysis was not conducted because an insufficient
number of studies was available.

Dopaminergic agents. In the group of dopaminergic agents, the
meta-analytic effect sizes were not significant for the effect of
amantadine (k=2, 4=0.07, 95% CI: —0.54 to 0.68, P=0.82)
and levodopa-carbidopa (k=2, 4=0.012, 95% CI: —0.15 to
0.18, P=0.89).
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Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0% 25% 50% 5% 00%
l [ O somoconcoms [l +eness |
Figure 2 Summary of risk of bias assessment.
Effect size Sample size
Neuromodulator system d [95% CI]  P-value k 5td diff in means and 95% CI
Adrenergic 0.22 [ 0.095-0.347] 0.001 22 -O—
Chalinergic 0.35 [-0.053-0.755] 0.09 7
Dopaminergic 0.002 [ -0.144-0.148] 0.98 4
Serotonergic 0.07 [ -0.070-0.217] 0.32 8
. T : T T )
-2 -1 0 1 2
Favours placebo Favours pharmacotherapy
Figure 3 Forest plot of effect sizes on neuromodulator systems. Cl, confidence interval.
Effect size Sample size Weight
Study d [95% ClI] P-value n Std diff in means and 95% CI
Delbari 2011 0.250 [-0.380-0.880]  0.437 39 4.73% — 0
Dymowski 2016 -0.423 [-1.745-0.900]  0.571 10 1.49% {1
Grade 1998 ~0.654 [-1533-0.225]  0.145 21 2.95% —{—
Jenkins 2019 (high caudate) * -0.079 [-0.404-0.246] 0.634 22 8.91% —{—
Jenkins 2019 (low caudate) * 0.022 [-0.338-0.383]  0.903 18 8.30% —1+—
Kim 2006 0.566 [-0.389-1.522]  0.245 18 2.58% — T
Kim 2012 * 0.427 [ 0.065-0.788]  0.021 20 8.28% ——
LeBlond 2019 * 0.387 [-0.013-0.788]  0.058 25 7.65% ——
Lee 2005 0.155 [-0.731-1.042] ~ 0.731 20 2.91% ——
Johansson 2015 * 0.310 [ 0.075-0.545] 0.010 44 10.53% {1
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Total 0.279 [ 0.108-0.451]  0.001 100% <>
r . . . : : : . . )
-2 -1 0 1 2 3

Favours placebo Favours methylphenidate

Figure 4 Forest plot of effect sizes (SMD) of studies on methylphenidate. *Crossover trial. Cl, confidence interval.

Serotonergic agents (5-HT). In the group of serotonergic agents,
the meta-analytic effect sizes were not significant for the effect of
(es)citalopram (k=4, 4=0.15, 95% CI: —=0.10 to 0.12, P=0.287)
and sertraline (k=2,d=-0.28,95% CI: —0.73 t0 0.18, P=0.23).
Meta-analysis was not feasible for fluoxetine’® and paroxetine,”
because only one study was available per agent.

Meta-regression analysis

Considering the number of observations available, meta-
regression was only feasible for the meta-analytic effect of
methylphenidate, see Figures $2-S5. We found no signif-
icant relations between the magnitude of effect sizes and
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any of the following moderator variables: mean age (in years,
range = 10.7-71.3, p=-0.0074, P=0.51 df=14), sex (in per-
centage of female subjects, range=11%-58%, f=-0.0009,
P=0.90, df = 14), time since injury (in days, range = 18-2,993,
f=-0.0001, P=0.43, df = 13), or treatment duration (in days,
range = 1-210, $=0.0027, P=0.5073, df = 14). The moderator
variable dosage was not available for meta-regression due to dif-
ference in reporting between studies.

DISCUSSION
This meta-analysis and meta-regression representing 4,434 pa-
tients with ABI aimed to provide aggregations of the available
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Effect size Sample size Weight
Study d [95% CI] P-value n Std diff in means and 95% CI
Chang 2011 0.831 [-0.542-2.203] 0.235 10 31.56% R mm B
Kim 2009 0.969 [0.148-1.790] 0.021 26 38.11% —{—
Zhang 2004 * 3.447 [1.975-4.920] 0.000 18 30.33% Tt
Total 1.677 [0.187-3.167] 0.027 100%
r T T T T T T T T T T T r )
-2 -1 0 1 2 3 4 5

Favours placebo Favours donepezil

Figure 5 Forest plot of effect sizes (SMD) of studies on donepezil. *Crossover trial. Cl, confidence interval.

randomized controlled trials regarding the effects of pharma-
cotherapy on cognitive functioning. The results indicate that
methylphenidate has a small-sized beneficial effect on cognitive
functioning in patients with TBI. Thanks to the meta-analytic
approach, we were able to provide robust evidence for the benefi-
cial effect of methylphenidate based on a much larger sample than
prcviously reported, encompassing 12 RCTs representing 385 pa-
tients with ABI. Thereby, this study strengthens the evidence-base
from the fragmented literature to support the consideration of
methylphenidate for patients with TBI and cognitive impairment.
The results further suggest that cholinergic modulation with do-
nepezil may hold promising value, although no robust evidence
was found for beneficial effects of other neuromodulating agents.

In the group of adrenergic agents, we found a robust small-
sized meta-analytic effect of methylphenidate on cognitive func-
tioning in patients with TBIL In-depth analysis revealed that
small-sized positive effects of methylphenidate may be expected
for cognitive functions related to executive memory, baseline
speed, inhibitory control, and variability in responding. These
findings are in line with a recent narrative systematic review,
which reported that methylphenidate may improve cognitive
abilities, particularly working memory, processing speed, and/
or aspects of attention. Our findings relating to executive mem-
ory and inhibitory control also align with the findings of studies
showing that methylphenidate may enhance cognitive function-
ing by affecting neural networks related to working memory73
and inhibitory control.”* Two recent considerably smaller meta-
analyses that aggregated up to 6 studies representing up to 148
patients that previously reported a positive effect of methylphe-
nidate on processing specd,75 and attention.”®

In the group of cholinergic agents, we identified a large-sized and
statistically significant effect for donepezil, suggesting that donepezil
may be a promising pharmacological agent for the treatment of cog-
nitive impairment in patients with ABL. However, it should be noted
that this meta-analytic effect was based on only three very small stud-
ies (7=14-26) with substantial heterogeneity in terms of patient
characteristics (e.g., mean age, type of injury, and mean time since
ABI). The meta-analytic effect also showed considerable instability in
sensitivity analysis. Consequently, the results suggest promising value,
yet further research is needed to determine the efficacy of donepe-
zil in the treatment of cognitive impairment in ABL”78 Currently, a
large multicenter trial (NCT02255799) examines the effect of done-
pezil on memory impairments in individuals with TBI.

We found no evidence for beneficial effects of rivastigmine (4
studies), amantadine (2 studies), levodopa-carbidopa (2 studies),
atomoxetine (1 study), dextroamphetamine (2 studies), modafinil
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(3 studies), or any of the serotonergic agents (8 studies). Due to the
sparse literature for these pharmacotherapeutic options, our negative
findings do not rule out potential value for cognitive functioning, or
other treatment indications in this population. For example, a recent
systematic review suggests that levodopa may have positive effects
on motor function, mood, and promote wakefulness in stroke survi-
vors.”” Similarly, amantadine is the most commonly prescribed med-
ication for patients with prolonged disorders of consciousness after
TBI and is considered to promote functional recovc:ry.80

The current study has limitations and strengths. According to
our knowledge, this is the first study to examine the effects of all
available pharmacotherapeutic agents aimed at improving cog-
nitive functioning following both TBI as well as stroke, whereas
aggregating the evidence across cognitive outcome measures. The
majority of studies included in this review was limited by moderate
to severe bias affecting the validity of their findings. Nevertheless,
the meta-analytic effect of methylphenidate was replicated when
including only those studies that had low risk of bias. Furthermore,
aggregating evidence from a fragmented research field with a rela-
tively large number of small and underpowered studies increases
the risk of publication bias. This risk may be particularly high in
the field of pharmacotherapy for TBI, as a recent analysis of regis-
tered trials on ClinicalTrials.gov found that the majority of com-
pleted trials had negative findings and only six were published.81
However, it should be noted that the majority of the included
methylphenidate studies in the current study also did not report
a statistically significant effect. Moreover, we found no evidence
of publication bias in the meta-analytic effect of methylphenidate.
Last, it has been hypothesized that placebo effects may imitate the
therapeutic effect of certain pharmacological agents, in particular,
dopaminergic agents used in ABI populations.82 Dopaminergic
cortical circuits may in fact be sufficiently upregulated by placebo
treatment alone to produce a therapeutic response, complicating
the effort to identify a medication-specific effect in patients with
TBI. Finally, it should be noted that the manifestation of cognitive
impairment after ABI as well as the response to treatment is not
only the result of the brain injury sustained, but is also influenced
by risk factors such as age, prior brain injury, exposure to neuro-
toxic substances, and pre-existing conditions. Such factors should
be taken into account when considering pharmacological treat-
ment for cognitive impairment after ABI

Future directions
The results of this study support the beneficial effects of meth-
ylphenidate for patients with TBI at the group level. Our

meta-regression analysis was an attempt to identify factors that

VOLUME O NUMBER O | Month 2024 | www.cpt-journal.com

ASULOI'] suowo)) danear) afqeorjdde oy £q paUIIA0S Al SA[IIIE V() (aSN JO SN 10§ AIeIQI] AUIUQ AS[IAY UO (SUONIPUOI-PUR-SULId)/W0d" KA[Im " KreIqrjaur[uo//:sdny) suonipuoy) pue suia ], ay) 29§ [$207/20/L0] U0 A1eiqry auruQ AA[IAN ‘SPUBLIAYIAN QUEIYd0D) Aq 981¢1do/Z001 0 1/10p/wod Ao[im  Areiqrourjuo-idase//:sdny woiy papeo[umoq ‘0 ‘SES9TEST


http://clinicaltrials.gov

SYSTEMATIC REVIEW

predict the heterogeneity in the treatment response across stud-
ies, revealing no evidence for a modulating influence of sex, age,
time since injury, or treatment duration. Indeed, meta-analytic
techniques do not allow thorough investigation of interin-
dividual differences in the treatment response. The distinct
heterogeneity in the ABI population, with regard to the type,
severity, and location of neuropathology, but also premorbid
functioning and genetic make-up, are likely to influence the
sensitivity of individuals to treatment with differential phar-
macotherapeutic agcnts.s3 Matching the treatment at an indi-
vidual level may therefore increase efficacy. Consequently, we
suggest that future studies aimed at the efficacy of pharmaceu-
tical treatments acknowledge that interindividual differences
between patients can importantly influence the treatment re-
sponse, and such differences should in fact be utilized to select
the optimal treatment at the individual patient level. For exam-
ple, the included study by Jenkins ez a/. stratified patients into
groups with a hypodopaminergic or normo-dopaminergic state
using neuro-imaging in an attempt to selectively target a sub-
group of patients with o4ptimal treatment response for a given
neuromodulating agent. * Other options could involve the use
of predictive and pharmacodynamic biomarkcrs,84 as well as
the integration of data from multiple sources, such as medical
history, phenotypic genetic, and imaging data in combination
with data-mining techniques. Likewise, careful stepwise dos-
age titration should also be considered in future studies, given
the emerging evidence for complex non-linear dose-response
relationships, which may also differ between patic:nts.33 Future
research might also look into the synergistic effects of combi-
nations of pharmacological agents and non-pharmacological
treatments. For example, the use of pharmacotherapy alongside
structured rehabilitation programs and combining pharmaco-

1 . . .
noninvasive brain

logical treatments with cognitive therapy,
60,86

stimulation tr:chniques85 or physical exercise programs.
Moreover, treatment of cognitive impairment may also involve
targeting other underlying factors, such as treating sleep distur-
bances through cognitive behavior therapy87 or pharmacologi-
cal agents,88 highlighting the multifaceted nature of handling
cognitive impairment in ABI. Last, future research should ex-
tend to understanding how pharmacological improvements in
cognition translate into daily life functioning and quality of life

for patients with ABLY

CONCLUSION

This study provides meta-analytic evidence for a small, bene-
ficial, and robust effect of methylphenidate on cognitive func-
tioning of patients with TBI. Donepezil may hold promising
value, but the evidence is based on a small number of studies
with heterogeneous results. We found no robust evidence for
positive effects of other neuromodulating agents in patients
with ABIL. Methylphenidate can be recommended as an effec-
tive treatment option for improving cognitive functioning in
patients after TBI. The results of this study may aid in clinical
decision making for off-label treatment options, can be used for
the development and updates of practice guidelines, and may
inform future pharmacotherapeutic studies.

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME O NUMBER O | Month 2024

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).

ACKNOWLEDGMENTS
The authors thank Wichor Bramer from the Erasmus MC Medical Library
for developing and updating the search strategies.

FUNDING
This work was supported by “Daan Theeuwes Fonds” and “Daan
Theeuwes Centrum voor Intensieve Neurorevalidatie.”

CONFLICT OF INTEREST
The authors declared no competing interests for this work.

AUTHOR CONTRIBUTIONS

R.vdV., M.K., A.vl., S.P.,, P.M.B., and J.0. wrote the manuscript. R.vdV.,
M.K., S.P., P.M.B., and J.0. designed the research. R.vdV. and S.B.
performed the research. R.dV., M.K., S.B., P.M.B., and J.0. analyzed
the data.

© 2024 The Authors. Clinical Pharmacology & Therapeutics published
by Wiley Periodicals LLC on behalf of American Society for Clinical
Pharmacology and Therapeutics.

This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits
use and distribution in any medium, provided the original work is
properly cited, the use is non-commercial and no modifications or
adaptations are made.

1. Mukherjee, D. & Patil, C.G. Epidemiology and the global burden of
stroke. World Neurosurg. 76(6 Suppl), S85-S90 (2011).

2. Dewan, M.C. et al. Estimating the global incidence of traumatic
brain injury. J. Neurosurg. 130, 1080-1097 (2019).

3. Ruet, A. et al. A detailed overview of long-term outcomes in severe
traumatic brain injury eight years post-injury. Front. Neurol. 10,
120 (2019).

4. Katzan, I.L., Thompson, N.R., Uchino, K. & Lapin, B. The most
affected health domains after ischemic stroke. Neurology 90,
e1364-e1371 (2018).

5. Jolliffe, L., Lannin, N.A., Cadilhac, D.A. & Hoffmann, T. Systematic
review of clinical practice guidelines to identify recommendations
for rehabilitation after stroke and other acquired brain injuries.
BMJ Open 8, e018791 (2018).

6. Williams, M.W., Rapport, L.J., Hanks, R.A. & Parker, H.A.
Engagement in rehabilitation therapy and functional outcomes
among individuals with acquired brain injuries. Disabil. Rehabil.
43, 33-41 (2021).

7. Boosman, H., Winkens, I., van Heugten, C.M., Rasquin, S.M.C.,
Heijnen, V.A. & Visser-Meily, J.M.A. Predictors of health-related
quality of life and participation after brain injury rehabilitation:
the role of neuropsychological factors. Neuropsychol. Rehabil. 27,
581-598 (2017).

8. Rabinowitz, A.R. & Levin, H.S. Cognitive sequelae of traumatic
brain injury. Psychiatr. Clin. North Am. 37, 1-11 (2014).

9. Mellon, L., Brewer, L., Hall, P., Horgan, F., Williams, D. & Hickey,
A. Cognitive impairment six months after ischaemic stroke: a
profile from the ASPIRE-S study. BMC Neurol. 15, 31 (2015).

10. Turner-Stokes, L., Pick, A., Nair, A., Disler, P.B. & Wade, D.T.
Multi-disciplinary rehabilitation for acquired brain injury in adults
of working age. Cochrane Database Syst. Rev. 2015, CD004170
(2015).

11. Sala, G. & Gobet, F. Cognitive training does not enhance general
cognition. Trends Cogn. Sci. 23, 9-20 (2019).

12. Hanwella, R., Senanayake, M. & de Silva, V. Comparative
efficacy and acceptability of methylphenidate and atomoxetine in
treatment of attention deficit hyperactivity disorder in children and
adolescents: a meta-analysis. BMC Psychiatry 11, 176 (2011).

15

ASULOI'] suowo)) danear) afqeorjdde oy £q paUIIA0S Al SA[IIIE V() (aSN JO SN 10§ AIeIQI] AUIUQ AS[IAY UO (SUONIPUOI-PUR-SULId)/W0d" KA[Im " KreIqrjaur[uo//:sdny) suonipuoy) pue suia ], ay) 29§ [$207/20/L0] U0 A1eiqry auruQ AA[IAN ‘SPUBLIAYIAN QUEIYd0D) Aq 981¢1do/Z001 0 1/10p/wod Ao[im  Areiqrourjuo-idase//:sdny woiy papeo[umoq ‘0 ‘SES9TEST


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

SYSTEMATIC REVIEW

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

16

Herrera-Guzman, |., Gudayol-Ferré, E., Herrera-Guzman, D.,
Guardia-Olmos, J., Hinojosa-Calvo, E. & Herrera-Abarca, J.E.
Effects of selective serotonin reuptake and dual serotonergic-
noradrenergic reuptake treatments on memory and mental
processing speed in patients with major depressive disorder.

J. Psychiatr. Res. 43, 855-863 (2009).

Stip, E. & Tourjman, V. Aripiprazole in schizophrenia and
schizoaffective disorder: a review. Clin. Ther. 32(Suppl. 1),
S3-S20 (2010).

Birks, J. Cholinesterase inhibitors for Alzheimer’s disease.
Cochrane Database Syst. Rev. 2006, CD005593 (2006).

Thiele, A. & Bellgrove, M.A. Neuromodulation of attention. Neuron
97, 769-785 (2018).

Avery, M.C. & Krichmar, J.L. Neuromodulatory systems and their
interactions: a review of models, theories, and experiments.
Front. Neural Circuits. 11, 108 (2017).

Dougall, D., Poole, N. & Agrawal, N. Pharmacotherapy for chronic
cognitive impairment in traumatic brain injury. Cochrane Database
Syst. Rev. (2015). https://doi.org/10.1002/14651858.CD009
221.pub2.

Liepert, J. Update on pharmacotherapy for stroke and traumatic
brain injury recovery during rehabilitation. Curr. Opin. Neurol. 29,
700-705 (2016).

Higgins, J.P.T., Thomas, J., Chandler, J. et al. Cochrane Handbook
for Systematic Reviews of Interventions (John Wiley & Sons,
Chichester(UK), 2019). https://doi.org/10.1002/97811
19536604.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G. & The PRISMA
Group. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. PLoS Med. 6, e1000097
(2009).

Shi, J., Luo, D., Wan, X. et al. Detecting the skewness of data
from the five-number summary and its application in meta-
analysis. Stat. Methods Med. Res. 32, 1338-1360 (2023).

Luo, D., Wan, X., Liu, J. & Tong, T. Optimally estimating the sample
mean from the sample size, median, mid-range, and/or mid-quartile
range. Stat. Methods Med. Res. 27, 1785-1805 (2018).

Wan, X., Wang, W., Liu, J. & Tong, T. Estimating the sample mean
and standard deviation from the sample size, median, range and/
or interquartile range. BMC Med. Res. Methodol. 14, 135 (2014).
Sterne, J.A.C. et al. RoB 2: a revised tool for assessing risk of
bias in randomised trials. The BMJ 366, 14898 (2019).

Higgins, J.P.T. et al. The Cochrane Collaboration’s tool for assessing
risk of bias in randomised trials. BMJ 343, d5928 (2011).
Rosenthal, R. Meta-Analytic Procedures for Social Science
Research (Sage Publications Sage CA, Thousand Oaks, CA,
1993).

Zhang, L., Plotkin, R.C., Wang, G., Sandel, M.E. & Lee, S.
Cholinergic augmentation with donepezil enhances recovery in
short-term memory and sustained attention after traumatic brain
injury. Arch. Phys. Med. Rehabil. 85, 1050-1055 (2004).
Meythaler, J.M., Brunner, R.C., Johnson, A. & Novack, T.A.
Amantadine to improve neurorecovery in traumatic brain injury-
associated diffuse axonal injury: a pilot double-blind randomized
trial. J. Head Trauma Rehabil. 17, 300-313 (2002).

Cohen, J. Statistical Power Analysis for the Behavioural Science
2nd edn., Vol. 3 (Lawrence Erlbaum Associates, Publishers,
Hillsdale, NJ, 1988).

DerSimonian, R. & Kacker, R. Random-effects model for meta-
analysis of clinical trials: an update. Contemp. Clin. Trials 28,
105-114 (2007).

Neyeloff, J.L., Fuchs, S.C. & Moreira, L.B. Meta-analyses and
Forest plots using a microsoft excel spreadsheet: step-by-step
guide focusing on descriptive data analysis. BMC. Res. Notes 5,
52 (2012).

Vertessen, K. et al. Meta-analysis: dose-dependent effects of
methylphenidate on neurocognitive functioning in children with
attention-deficit/hyperactivity disorder. J. Am. Acad. Child Adolesc.
Psychiatry 61, 626-646 (2022).

Higgins, J.P.T., Thompson, S.G., Deeks, J.J. & Altman, D.G.
Measuring inconsistency in meta-analyses. BMJ 327, 557-560
(2003).

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Egger, M., Smith, G.D., Schneider, M. & Minder, C. Bias in meta-
analysis detected by a simple, graphical test. Br. Med. J. 315,
629-634 (1997).

Kim, Y.W., Kim, D.Y., Shin, J.C., Park, C. & Lee, J.D. The changes
of cortical metabolism associated with the clinical response to
donepezil therapy in traumatic brain injury. Clin. Neuropharmacol.
32, 63-68 (2009).

Brawman-Mintzer, O. et al. Rivastigmine transdermal patch
treatment for moderate to severe cognitive impairment in
veterans with traumatic brain injury (RIiVET study): a randomized
clinical trial. J. Neurotrauma 38, 1943-1952 (2021).

Silver, J.M. et al. Effects of rivastigmine on cognitive function

in patients with traumatic brain injury. Neurology 67, 748-755
(2006).

Tenovuo, 0., Alin, J. & Helenius, H. A randomized controlled trial
of rivastigmine for chronic sequels of traumatic brain injury-what
it showed and taught? Brain Inj. 23, 548-558 (2009).
Hammond, F.M. et al. Amantadine did not positively impact
cognition in chronic traumatic brain injury: a multi-site,
randomized, controlled trial. J Neurotrauma. 35, 2298-2305
(2018).

Ripley, D.L. et al. Atomoxetine for attention deficits following
traumatic brain injury: results from a randomized controlled trial.
Brain Inj. 28, 1514-1522 (2014).

Hart, T., Whyte, J., Watanabe, T. & Chervoneva, I. Effects of
dextroamphetamine in subacute traumatic brain injury: a
randomized, placebo-controlled pilot study. J. Neurosci. Res. 96,
702-710 (2018).

Dymowski, A.R., Ponsford, J.L., Owens, J.A., Olver, J.H., Ponsford,
M. & Willmott, C. The efficacy and safety of extended-release
methylphenidate following traumatic brain injury: a randomised
controlled pilot study. Clin. Rehabil. 31, 733-741 (2017).
Jenkins, P.O. et al. Stratifying drug treatment of cognitive
impairments after traumatic brain injury using neuroimaging.
Brain 142, 2367-2379 (2019).

Johansson, B., Wentzel, A.P., Andréll, P., Mannheimer, C. &
Ronnback, L. Methylphenidate reduces mental fatigue and
improves processing speed in persons suffered a traumatic brain
injury. Brain Inj. 29, 758-765 (2015).

Kim, Y.H., Ko, M.H., Na, S.Y., Park, S.H. & Kim, K.W. Effects

of single-dose methylphenidate on cognitive performance in
patients with traumatic brain injury: a double-blind placebo-
controlled study. Clin. Rehabil. 20, 24-30 (2006).

Kim, J. et al. Methylphenidate modulates sustained attention
and cortical activation in survivors of traumatic brain injury: a
perfusion fMRI study. Psychopharmacology 222, 47-57 (2012).
LeBlond, E., Smith-Paine, J., Riemersma, J.J., Horn, P.S., Wade,
S.L. & Kurowski, B.G. Influence of methylphenidate on Long-
term neuropsychological and everyday executive functioning
after traumatic brain injury in children with secondary attention
problems. J. Int. Neuropsychol. Soc. 25, 740-749 (2019).

Lee, H., Kim, S.W., Kim, J.M., Shin, |.S., Yang, S.J. & Yoon, J.S.
Comparing effects of methylphenidate, sertraline and placebo on
neuropsychiatric sequelae in patients with traumatic brain injury.
Hum. Psychopharmacol. 20, 97-104 (2005).

Mahalick, D.M. et al. Psychopharmacologic treatment of
acquired attention disorders in children with brain injury. Pediatr.
Neurosurg. 29, 121-126 (1998).

McDonald, B.C. et al. Methylphenidate and memory and attention
adaptation training for persistent cognitive symptoms after
traumatic brain injury: a randomized, placebo-controlled trial.
Neuropsychopharmacology 42, 1766-1775 (2017).

Plenger, P.M., Dixon, C.E., Castillo, R.M., Frankowski, R.F.,
Yablon, S.A. & Levin, H.S. Subacute methylphenidate treatment
for moderate to moderately severe traumatic brain injury: a
preliminary double-blind placebo-controlled study. Arch. Phys.
Med. Rehabil. 77, 536-540 (1996).

Speech, T.J., Rao, S.M., Osmon, D.C. & Sperry, L.T. A double-blind
controlled study of methylphenidate treatment in closed head
injury. Brain Inj. 7, 333-338 (1993).

Willmott, C. & Ponsford, J. Efficacy of methylphenidate in the
rehabilitation of attention following traumatic brain injury:

VOLUME O NUMBER O | Month 2024 | www.cpt-journal.com

ASULOI'] suowo)) danear) afqeorjdde oy £q paUIIA0S Al SA[IIIE V() (aSN JO SN 10§ AIeIQI] AUIUQ AS[IAY UO (SUONIPUOI-PUR-SULId)/W0d" KA[Im " KreIqrjaur[uo//:sdny) suonipuoy) pue suia ], ay) 29§ [$207/20/L0] U0 A1eiqry auruQ AA[IAN ‘SPUBLIAYIAN QUEIYd0D) Aq 981¢1do/Z001 0 1/10p/wod Ao[im  Areiqrourjuo-idase//:sdny woiy papeo[umoq ‘0 ‘SES9TEST


https://doi.org/10.1002/14651858.CD009221.pub2
https://doi.org/10.1002/14651858.CD009221.pub2
https://doi.org/10.1002/9781119536604
https://doi.org/10.1002/9781119536604

SYSTEMATIC REVIEW

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

a randomised, crossover, double blind, placebo controlled
inpatient trial. J. Neurol. Neurosurg. Psychiatry 80, 552-557
(2009).

Whyte, J., Hart, T., Schuster, K., Fleming, M., Polansky, M. &
Coslett, H.B. Effects of methylphenidate on attentional function
after traumatic brain injury: a randomized, placebo-controlled
trial. Am. J. Phys. Med. Rehabil. 76, 440-450 (1997).

Zhang, W.T. & Wang, Y.F. Efficacy of methylphenidate for the
treatment of mental sequelae after traumatic brain injury.
Medicine 96, e6960 (2017).

Jha, A. et al. A randomized trial of modafinil for the treatment

of fatigue and excessive daytime sleepiness in individuals with
chronic traumatic brain injury. J. Head Trauma Rehabil. 23, 52-63
(2008).

Chang, W.H., Park, Y.H., Ohn, S.H., Park, C., Lee, P.K. & Kim, Y.H.
Neural correlates of donepezil-induced cognitive improvement in
patients with right hemisphere stroke: a pilot study. Neuropsychol.
Rehabil. 21, 502-514 (2011).

Narasimhalu, K. et al. A randomized controlled trial of
rivastigmine in patients with cognitive impairment no dementia
because of cerebrovascular disease. Acta Neurol. Scand. 121,
217-224 (2010).

Delbari, A., Salman-Roghani, R. & Lokk, J. Effect of
methylphenidate and/or levodopa combined with physiotherapy
on mood and cognition after stroke: a randomized, double-blind,
placebo-controlled trial. Eur. Neurol. 66, 7-13 (2011).

Ford, G.A. et al. Safety and efficacy of co-careldopa as an add-on
therapy to occupational and physical therapy in patients after
stroke (DARS): a randomised, double-blind, placebo-controlled
trial. Lancet Neurol. 18, 530-538 (2019).

Goldstein, L.B. et al. Effect of dextroamphetamine on poststroke
motor recovery: a randomized clinical trial. JAMA Neurol. 75,
1494-1501 (2018).

Grade, C., Redford, B., Chrostowski, J., Toussaint, L. & Blackwell,
B. Methylphenidate in early poststroke recovery: a double-blind,
placebo-controlled study. Arch. Phys. Med. Rehabil. 79, 1047-
1050 (1998).

Bivard, A. et al. MIDAS (modafinil in debilitating fatigue after
stroke): a randomized, double-blind, placebo-controlled, cross-
over trial. Stroke 48, 1293-1298 (2017).

Poulsen, M.B., Damgaard, B., Zerahn, B., Overgaard, K. &
Rasmussen, R.S. Modafinil may alleviate poststroke fatigue: a
randomized, placebo-controlled, double-blinded trial. Stroke 46,
3470-3477 (2015).

Kim, J.S. et al. Efficacy of early administration of escitalopram

on depressive and emotional symptoms and neurological
dysfunction after stroke: a multicentre, double-blind, randomised,
placebo-controlled study. Lancet Psychiatry 4, 33-41 (2017).
Cao, J.X., Liu, L., Sun, Y.T., Zeng, Q.H., Wang, Y. & Chen, J.C.
Effects of the prophylactic use of escitalopram on the prognosis
and the plasma copeptin level in patients with acute cerebral
infarction. Braz. J. Med. Biol. Res. 53, e8930 (2020).

Cao, J.X., Liu, L., Sun, Y.T., Zeng, Q.H., Yang, Z.D. & Chen,

J.C. Escitalopram improves neural functional prognosis and
endothelial dysfunction in patients with acute cerebral infarction.
Restor. Neurol. Neurosci. 38, 385-393 (2020).

Jorge, R.E., Acion, L., Moser, D., Adams, H.P. & Robinson, R.G.
Escitalopram and enhancement of cognitive recovery following
stroke. Arch. Gen. Psychiatry 67, 187-196 (2010).

Lundstrém, E. et al. Safety and efficacy of fluoxetine on functional
recovery after acute stroke (EFFECTS): a randomised, double-
blind, placebo-controlled trial. Lancet Neurol. 19, 661-669
(2020).

Pan, X.L. et al. Effects of paroxetine on motor and cognitive
function recovery in patients with non-depressed ischemic stroke:

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME O NUMBER O | Month 2024

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

an open randomized controlled study. Brain Impairment. 19,
228-234 (2018).

Barnett, M. & Reid, L. The effectiveness of methylphenidate

in improving cognition after brain injury in adults: a systematic
review. Brain Inj. 34, 1-10 (2020).

Manktelow, A.E., Menon, D.K., Sahakian, B.J. & Stamatakis, E.A.
Working memory after traumatic brain injury: the neural basis

of improved performance with methylphenidate. Front. Behav.
Neurosci. 11, 58 (2017). https://doi.org/10.3389/fnbeh.2017.
00058

Moreno-Lépez, L., Manktelow, A.E., Sahakian, B.J., Menon, D.K.
& Stamatakis, E.A. Anything goes? Regulation of the neural
processes underlying response inhibition in TBI patients. Eur.
Neuropsychopharmacol. 27, 169 (2017).

Chien, Y.J., Chien, Y.C., Liu, C.T., Wu, H.C., Chang, C.Y. & Wu, M.Y.
Effects of methylphenidate on cognitive function in adults with
traumatic brain injury: a meta-analysis. Brain Sci. 9, 291 (2019).
https://doi.org/10.3390/brainsci9110291.

Huang, C.H., Huang, C.C., Sun, C.K., Lin, G.H. & Hou, W.H.
Methylphenidate on cognitive improvement in patients with
traumatic brain injury: a meta-analysis. Curr. Neuropharmacol. 14,
272-281 (2015).

Florentino, S.A., Bawany, M.H. & Ma, H.M. Acetylcholinesterase
inhibitors to enhance recovery from traumatic brain injury: a
comprehensive review and case series. Brain Inj. 36, 441-454
(2022).

Bengtsson, M. & Godbolt, A.K. Effects of acetylcholinesterase
inhibitors on cognitive function in patients with chronic
traumatic brain injury: a systematic review. J. Rehabil. Med. 48,
1-5 (2016).

Moncayo, J.A., Yepez, M, Camacho, M, et al. Use of levodopa
after a stroke: a systematic review. Cureus 14, e24529 (2022).
https://doi.org/10.7759/cureus.24529

Giacino, J.T. et al. Placebo-controlled trial of amantadine for
severe traumatic brain injury. N. Engl. J. Med. 366, 819-826
(2012).

Ahmed, Z. Current clinical trials in traumatic brain injury. Brain
Sci. 12, 527 (2022). https://doi.org/10.3390/brainsci12
050527.

Polich, G., laccarino, M.A., Kaptchuk, T.J., Morales-Quezada,

L. & Zafonte, R. Placebo effects in traumatic brain injury.

J. Neurotrauma 35, 1205-1212 (2018).

Tyson, R.J. et al. Precision dosing priority criteria: drug, disease,
and patient population variables. Front. Pharmacol. 11, 420
(2020). https://doi.org/10.3389/fphar.2020.00420
Diaz-Arrastia, R. et al. Pharmacotherapy of traumatic brain

injury: state of the science and the road forward: report of the
Department of Defense Neurotrauma Pharmacology Workgroup.
J. Neurotrauma 31, 135-158 (2014).

Wang, Q.M. et al. Combination of transcranial direct current
stimulation and methylphenidate in subacute stroke. Neurosci.
Lett. 569, 6-11 (2014).

Robinson, A.M. & Bucci, D.J. Individual and combined effects of
physical exercise and methylphenidate on orienting behavior and
social interaction in spontaneously hypertensive rats. Behav.
Neurosci. 128, 703-712 (2014).

Pilon, L., Frankenmolen, N. & Bertens, D. Treatments for

sleep disturbances in individuals with acquired brain injury: a
systematic review. Clin. Rehabil. 35, 1518-1529 (2021).
Bhatnagar, S., laccarino, M.A. & Zafonte, R. Pharmacotherapy

in rehabilitation of post-acute traumatic brain injury. Brain Res.
1640, 164-179 (2016).

Wilson, L. et al. Understanding the relationship between cognitive
performance and function in daily life after traumatic brain injury.
J. Neurol. Neurosurg. Psychiatry 92, 407-417 (2021).

17

ASULOI'] suowo)) danear) afqeorjdde oy £q paUIIA0S Al SA[IIIE V() (aSN JO SN 10§ AIeIQI] AUIUQ AS[IAY UO (SUONIPUOI-PUR-SULId)/W0d" KA[Im " KreIqrjaur[uo//:sdny) suonipuoy) pue suia ], ay) 29§ [$207/20/L0] U0 A1eiqry auruQ AA[IAN ‘SPUBLIAYIAN QUEIYd0D) Aq 981¢1do/Z001 0 1/10p/wod Ao[im  Areiqrourjuo-idase//:sdny woiy papeo[umoq ‘0 ‘SES9TEST


https://doi.org/10.3389/fnbeh.2017.00058
https://doi.org/10.3389/fnbeh.2017.00058
https://doi.org/10.3390/brainsci9110291
https://doi.org/10.7759/cureus.24529
https://doi.org/10.3390/brainsci12050527
https://doi.org/10.3390/brainsci12050527
https://doi.org/10.3389/fphar.2020.00420

	Pharmacotherapy to Improve Cognitive Functioning After Acquired Brain Injury: A Meta-­Analysis and Meta-­Regression
	METHODS
	Protocol and registration
	Identification and selection of studies
	Eligibility criteria. 

	Data extraction
	Risk of bias analysis
	Statistical analysis

	RESULTS
	Selection of studies
	Risk of bias
	Main analysis
	Adrenergic agents. 
	Cholinergic agents. 
	Dopaminergic agents. 
	Serotonergic agents (5-­HT). 

	Meta-­regression analysis

	DISCUSSION
	Future directions

	CONCLUSION
	ACKNOWLEDGMENTS
	FUNDING
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS


