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Applied Neuropsychology: child

The benefit of long-term methylphenidate in childhood brain injury 
survivorship: A review

T. J. Harrisona , P. Pornsukjantraa , A. J. Hagana  and S. J. Veritya,b 
aclinical health psychology, great North children’s hospital, royal Victoria infirmary, Newcastle upon Tyne, uK; bNewcastle university centre for 
cancer, Newcastle upon Tyne, uK

ABSTRACT
Survivors of childhood Acquired Brain Injury (ABI) often report chronic and debilitating neurocognitive 
late effects. While short-term clinical trials have demonstrated the efficacy of methylphenidate in 
improving neurocognitive performance within the early phases of recovery, its effectiveness over 
longer treatment periods remains largely unexplored. The present systematic review aims to evaluate 
whether methylphenidate may serve as a beneficial long-term rehabilitative strategy for improving 
neuropsychological outcomes in childhood ABI. Database searches were conducted in MEDLINE, 
PsycINFO, EMBASE, and Cochrane Library from their inception to March 2023. Studies containing a 
neurocognitive, psychosocial, or quality of life outcome measure were included. A purpose-developed 
evaluation tool was used to assess the quality of the evidence base. Six of the 1926 identified 
articles were included within this review. Results drew upon three clinical populations; brain tumor 
(n = 76), acute lymphoblastic leukemia (n = 33), and epilepsy and other EEG abnormalities (n = 166). 
Study durations ranged between six to 12 months. Methylphenidate was associated with sustained 
improvements in attentional functioning, processing speed, social skills, and quality of life, with 
benefits extending beyond the initial recovery phase and into future development. Side effects of 
methylphenidate use were reported to be mild and temporary.

Introduction

Childhood acquired brain injury

Childhood Acquired Brain Injury (ABI) is a leading cause of 
mortality and morbidity globally. Beyond the acute neuro-
logical trauma, childhood survivors of ABI often experience 
chronic and multifaceted late effects that significantly impede 
age-appropriate cognitive, emotional and social development. 
Understanding this phenomenon is crucial not only for 
improving long-term outcomes but also for identifying effec-
tive rehabilitative interventions.

The term ABI encompasses any form of brain damage 
occurring after birth and not related to congenital, develop-
mental, or neurodegenerative disorders (Spreij et  al., 2014). 
Despite the wide variation in underlying causes, survivors of 
childhood ABI often experience comparable long-term physi-
cal, cognitive, and psychosocial consequences (Davis et  al., 
2019; De Ruiter et  al., 2013; Gulati et  al., 2014). Whilst the 
trajectory of these difficulties is dictated by the underlying 
mechanism of injury and age at time of injury, the longer-term 
neurocognitive profiles share several common features across 
ABI subgroups (Gordon & di Maggio, 2012; Greene et  al., 

2022; Keetley et  al., 2020). Of these features, deficits in atten-
tional function, executive function, and processing speed are 
frequently reported in traumatic brain injury (Gilboa et  al., 
2015; Gorman et  al., 2015), brain tumor (Palmer et  al., 2013), 
encephalitis (Gadian et al., 2022; Wilkinson-Smith et al., 2022), 
and epilepsy (Campiglia et  al., 2014; Lopes-Santos et  al., 2023).

Conceptual models suggest that difficulties with attention, 
memory, and processing speed contribute to broader systemic 
deficits in higher-order cognitive domains, which in turn 
lead to the plateauing of intellectual development (Mulhern 
et  al., 2004; Palmer et  al., 2007, Palmer, 2008). These deficits 
impede academic achievement (De Netto & McKinlay, 2020; 
Spiegel et  al., 2021), future employment (Remes et  al., 2021; 
Sato et  al., 2018), adaptive functioning (Ashford et  al., 2014; 
Neumane et  al., 2021; Pulsifer et  al., 2018; Vago et  al., 2011), 
and self-esteem (Khan et  al., 2023; Rosema et  al., 2012), 
often leading to poorer quality of life outcomes (Puhr et  al., 
2021; Ryan et  al., 2019). While appreciating the distinct 
pathophysiology of childhood ABI (e.g., brain tumor vs trau-
matic brain injury) is crucial for guiding appropriate treat-
ment, the overlap in long-term neuropsychological outcomes 
across ABI subgroups suggests the potential advantages of 
exploring interventions that offer mutual benefits.
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Methylphenidate & childhood ABI

Psychostimulant medications, such as methylphenidate, are 
increasingly utilized in managing post-ABI neurocognitive 
impairment (Hagan & Verity, 2023a). With an established 
role in the management of Attention Deficit Hyperactivity 
Disorder (ADHD) (Storebø et  al., 2018, 2023), methylpheni-
date has demonstrated effectiveness in improving attention, 
memory, inhibitory control, processing speed, and the man-
agement of behavioral symptoms (Coghill et  al., 2014; 
Vertessen et  al., 2022). As many of the neuropsychological 
difficulties associated with childhood ABI share a degree of 
overlap with those observed in ADHD, recent research has 
aimed to evaluate the rehabilitative potential of methylphe-
nidate in childhood ABI.

A number of short-term clinical trials have substantiated 
the role of methylphenidate in improving neurocognitive 
performance during the early stages of recovery post-ABI. 
The use of methylphenidate has been associated with 
improved attentional functioning in childhood traumatic 
brain injury (Ekinci et  al., 2017; Mahalick et  al., 1998), cere-
brovascular complications (Daly et  al., 2012), as well as 
improved cognitive flexibility, attention and processing speed 
in childhood survivors of brain tumor (Conklin et  al., 2007; 
Verity et  al., 2022a). Similarly, methylphenidate has been 
associated with improved self-esteem, emotional wellbeing 
and quality of life outcomes in childhood ABI (Johansson 
et  al., 2020; Verity et  al., 2022b; Yoo et  al., 2009).

Long-term use of methylphenidate

While previous research has demonstrated the rehabilitative 
benefits of methylphenidate during the initial phases of 
recovery following childhood ABI, there has been limited 
robust investigation into whether these benefits extend 
beyond the “acute phase.” Based upon previously proposed 
conceptual models of intelligence, the long-term use of 
methylphenidate may help preserve age-appropriate intellec-
tual and academic development by enhancing the underpin-
ning functions of attention, working memory, and processing 
speed (Palmer, 2008). The role of methylphenidate in pre-
serving the functionality of attention and higher-order cog-
nitive functions is particularly important for childhood 
survivors of ABI characterized by “intermittent” disease (i.e., 
epilepsy) or children who undergo long-term multimodality 
treatment (i.e., malignant brain tumors) in which survivors 
may be exposed to recurrent neurological insult. Specifically, 
childhood epilepsy is characterized by chronic neurocogni-
tive difficulties, including attentional difficulties and impaired 
psychomotor ability (Piccinelli et  al., 2010; Rathouz et  al., 
2014; Verche et  al., 2018). Similarly, childhood survivors of 
brain tumor often show a trajectory of emerging neurocog-
nitive impairment in the years following diagnosis and treat-
ment (Wagner et  al., 2020), with deficits persisting beyond 
5 years post-diagnosis and impairing age-appropriate intellec-
tual development (Palmer et  al., 2013).

Examining the long-term benefits of methylphenidate is 
valuable for several reasons. Firstly, it may provide insights 
into whether continued use can offer sustained symptom 

relief and improvement in the core cognitive functions (e.g., 
attention) that underpin broader intellectual functioning 
(Palmer, 2008). While prior research has predominately 
focused on short-term outcomes, exploring the extended 
utility of methylphenidate can offer insight into it’s potential 
to support age-appropriate intellectual, cognitive, and psy-
chosocial development. Additionally, understanding 
long-term effects helps balance the knowledge of therapeutic 
benefits against adverse effects that may accumulate over 
time. This comprehensive perspective of longer-term use of 
methylphenidate is essential for developing guidelines and 
recommendations that ensure the safe and effective use of 
methylphenidate as a treatment option in childhood ABI.

Aim

The current systematic review aims to evaluate the long-term 
utility of methylphenidate in alleviating neurocognitive late 
effects and improving quality of life in childhood ABI. 
Specifically, the review examines whether the use of methyl-
phenidate for a minimum treatment period of six months 
offers a safe rehabilitative strategy for supporting age-appropriate 
cognitive development in childhood brain injury.

Method

This review was reported in accordance with the recommen-
dations of the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines (Page 
et  al., 2021).

Search strategy

A comprehensive literature search was performed in March 
2023 using the following databases; PsycINFO, MEDLINE, 
EMBASE, and the Cochrane Library. Electronic search strat-
egies combined MeSH terms and relevant keywords 
(Appendix A). Search terms consisted of an injury term 
(e.g., “brain tumour”), a treatment term (e.g., “methylpheni-
date”) and an outcome term (e.g., “processing speed” or 
“quality of life”). No filters or limits were set when conduct-
ing the search. Relevant reference lists were hand-searched 
to identify eligible articles. Review articles with any rele-
vance to pediatric neurorehabilitation or neurocognitive out-
comes in childhood ABI were advanced to full-text review 
for the purpose of “snowball referencing.”

Study selection

Articles were selected for inclusion based upon the following 
inclusion criteria:

Population
Children and young people aged ≤18 years old diagnosed 
with any form of acquired brain injury later than the peri-
natal period, and unrelated to an underlying congenital, 
developmental, or neurodegenerative disorder.
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Intervention
Participants must be in receipt of any form of methylpheni-
date (e.g., immediate or sustained release).

Outcome
Studies must employ a neurocognitive, psychosocial, or qual-
ity of life outcome measure at baseline and follow up. The 
assessment period (from baseline to follow up assessment) 
must span a minimum of six months.1

Articles that did not meet the above outlined criteria 
were excluded. Studies solely including adult participants 
(aged ≥19 years), animal studies, letters to editors, and con-
ference abstracts were excluded. Case studies were excluded 
as these often focus on unique and complex clinical scenar-
ios that lack generalizability. Two reviewers independently 
assessed the eligibility of articles. Discrepancies between 
authors were uncommon. Where disagreements occurred, 
they were resolved through a two-stage process: (1) the 
reviewers engaged in discussions to reconcile conflicting 
articles and reach a consensus, and (2) in instances where 
consensus was unattainable, a third independent author set-
tled the disagreement.

Data extraction and quality assessment

The following information was extracted from eligible arti-
cles: authors, year of publication, article title, location of 
study, sample size, sample characteristics (e.g. age, sex, eth-
nicity of participants), dosage of methylphenidate, duration 
of intervention, and outcome measure(s) used.

Assessment of risk of bias
The quality of included studies was assessed using the Risk 
of Bias In Non-randomised Studies of Interventions 
(ROBINS-I) tool (Sterne et al., 2016). The ROBINS-I assesses 
seven domains of bias, measured in three dimensions, 
pre-intervention, at intervention and post-intervention. The 
interpretation of risk of bias judgments in ROBINS-I can be 
classified as “low risk,” “moderate risk,” “serious risk,” “critical 
risk of bias” or “no information.”

Study quality assessment
The study quality was assessed using an adapted version of 
the Quality of Evidence Screening Tool: Methylphenidate 
and Attentional Performance (QuEST:MAP) (Appendix B) 
(Hagan & Verity, 2023b; Watts et  al., 2016). For each crite-
rion, a four-category system was utilized to evaluate the 
articles; “Excellent,” “Satisfactory,” “Poor,” and “Not 
Reported.” Overall, papers were classified as “Decisive,” 

 1. For the purpose of the current review, ‘long-term’ outcomes 
were defined as a minimum of six months post-baseline based 
upon the underlying trajectory of neurocognitive difficulties 
commonly reported in childhood ABI (Kurowski et  al., 2019; 
Yeates et  al., 2005).

“Convincing,” “Fair,” or “Questionable” evidence (Appendix 
C) (Hagan & Verity, 2023b). Interrater reliability for the 
quality of evidence assessments was reported as high 
(α=.77).

Results

Electronic database searches yielded 1926 articles, of which 
six articles met inclusion criteria and were included within 
the current review (Figure 1).

Characteristics of the evidence base

The main characteristics and QuEST:MAP ratings of each 
study are presented in Table 1. This review drew upon 275 
participants2 treated with methylphenidate across three clin-
ical populations: epilepsy and other EEG abnormalities 
(n = 166) (Gucuyener et  al., 2003; Ray et  al., 2019), brain 
tumor (n = 76) (Conklin et  al., 2010; Netson et  al., 2011; 
Verity et  al., 2022a; 2022b) and acute lymphoblastic leuke-
mia (n = 33) (Conklin et  al., 2010; Netson et  al., 2011). Of 
these participants, 195 (70.9%) were male, 80 were female 
(29.1%). The average age at study inclusion was 10.34 years 
(range = 5-18 years). The duration of methylphenidate inter-
vention ranged between six − 12 months. Two articles 
included within the review drew upon the same participant 
population at different assessment points (Conklin et  al., 
2010; Netson et  al., 2011).

For participants within the acute lymphoblastic leukemia 
and brain tumor groups, all oncological treatments (e.g. che-
motherapy and proton beam therapy) were completed at 
least 12 months before the study commenced. Of the two 
studies that assessed the utility of methylphenidate in child-
hood epilepsy, only one detailed the anti-epileptic medica-
tions prescribed to participants. In this study, 80.9% of 
patients used valproate, 12.8% used carbamazepine, and 
6.3% used other forms of antiepileptic medication (Ray 
et  al., 2019).

Methylphenidate intervention

Immediate-release methylphenidate was used in two studies 
(Gucuyener et  al., 2003; Verity et  al., 2022a) whilst 
extended-release methylphenidate was used exclusively in 
one study (Ray et  al., 2019). Both immediate-release and 
extended-release methylphenidate was used in three studies 
(Conklin et  al., 2010; Netson et  al., 2011; Verity et  al., 
2022b). The dosage of methylphenidate across studies ranged 
between 5 mg − 72 mg daily. The dosage was titrated in all 
six studies (Conklin et  al., 2010; Gucuyener et  al., 2003; 
Netson et  al., 2011; Ray et  al., 2019; Verity et  al., 
2022a; 2022b).

 2. To avoid overinflating results, pooled sample sizes excluded 
Netson et  al. (2011) since this population was included within 
Conklin et  al. (2010).
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Attention

Five studies assessed attentional functioning, using a version 
of the Conner’s Rating Scales (Gucuyener et  al., 2003; Ray 
et  al., 2019) or Conner’s Continuous Performance Test 
(Conklin et al., 2010; Netson et al., 2011). One study assessed 
attentional functioning using the Test of Everyday Attention 
and SNAP-IV questionnaire (Verity et  al., 2022b). 
Methylphenidate was associated with significant improve-
ments in attentional performance across all five studies.

Methylphenidate was associated with long-term improve-
ments in ADHD symptoms (inc., decreased hyperactivity, 
impulsiveness, emotional difficulties) reported by parents, as 
well as enhanced attentional performance on both teacher 
and parent rating scales at 12 months (Gucuyener et  al., 

2003). Similarly, methylphenidate was associated with higher 
mean Stroop scores (indicating better performance) at 
follow-up assessment (Ray et  al., 2019).

Childhood survivors of brain tumor and acute lymphoblas-
tic leukemia reported a significant benefit of methylphenidate 
on attentional functioning over a 12 month period (Conklin 
et  al., 2010; Netson et  al., 2011; Verity et  al., 2022b).

Processing speed

Methylphenidate was associated with significant improve-
ments in processing speed following methylphenidate in 
three studies (Conklin et  al., 2010; Netson et  al., 2011; Verity 
et  al., 2022b).

Figure 1. prisMA flowchart of the literature search.
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Table 1. characteristics of included studies.

Authors (date)
Title

location of 
study

Treatment group 
(sample size):
Mean age (sd)

sex
ethnicity

comparison 
group (sample 

size):
Mean age (sd)

sex
ethnicity

Methylphenidate 
intervention:

dosage
duration outcome measures

Assessment 
period

QuesT:MAp 
rating

ray et  al. (2019)
Methylphenidate treatment 

outcomes and gender 
differences in attentional 
deficit and hyperactivity 
disorder with epilepsy: a 
follow-up study

Turkey Adhd with epilepsy 
(47)

10.8 years (1.7)
30 males
17 females
No ethnicity 

information 
provided

Adhd without 
epilepsy (47)

10.8 years (1.7)
30 males
17 females
No ethnicity 

information 
provided

dose range: 
18-72mg/day 
once a day

conners’ Teacher 
rating scale

conners’ parent 
rating scale

stroop TBAg Form

6 Months Fair

conklin et  al. (2010)
long-Term efficacy of 

Methylphenidate in 
enhancing

Attention regulation, social 
skills, and Academic 
Abilities 
of childhood cancer 

survivors

united states 
of America

Brain tumor (35) and 
Acute 
lymphoblastic 
leukemia (33)

11.11 years (3.05)
37 males
31 females
White (57) 84%,
African American 

(10) 15%
other (1) 1%

Brain tumor (31) 
and acute 
lymphoblastic 
leukemia (23)

11.26 (3.16)
27 males
27 females
White (43) 80%
African American 

(11) 20%

Weight ≥ 30 kg
starting dose 18 mg 

extended-release 
daily, titrated 
upward to 
27 mg daily, 
possibly 36 mg 
daily.

Weight ≤ 30 kg
starting dose 5 mg 

once or twice a 
day, titrated 
upwards 
– immediate 
release

52 weeks

conners’ parent 
rating scale

conners’ Teacher 
rating scale

conners’ Adolescent 
self-report 
scale

conners’ 
continuous 
performance 
Test

Wechsler 
intelligence 
scale for 
children – Third 
edition

Wechsler Adult 
intelligence 
scale – Third 
edition

Wechsler individual 
Achievement 
Test

12 months decisive

gucuyener et  al. (2003)
use of methylphenidate for 

attention-deficit 
hyperactivity disorder in 
patients with epilepsy or 
electroencephalographic 
abnormalities

Turkey Adhd with either 
epilepsy (57) or 
eeg abnormalities 
without a defined 
seizure (62)

9.3 years (2.7)
98 male
21 female
No ethnicity 

information 
provided

No comparison 
group

0.3-1mg/kg/day
started once daily, 

titrated to twice 
a day.

conners’ parent 
rating scale

conners’ Teacher 
rating scale

12 months Fair

Netson et  al. (2011) parent 
and Teacher ratings of 
Attention during a 
year-long

Methylphenidate Trial in 
children Treated for 
cancer

united states 
of America

Brain tumor (35) and 
Acute 
lymphoblastic 
leukemia (33)

11.11 years (3.05)
37 males
31 females
White (57) 84%,
African American 

(10) 15%
other (1) 1%

No comparison 
group

Weight ≥ 30 kg
starting dose 18 mg 

extended-release 
daily, titrated 
upward to 
27 mg daily, 
possibly 36 mg 
daily.

Weight ≤ 30 kg
starting dose 5 mg 

once or twice a 
day, titrated 
upwards 
– immediate 
release

52 weeks

conners’ 
continuous 
performance 
Test

conners’ rating 
scale-revised

conners parent 
rating scale

conners’ Teacher 
rating scale

12 months decisive

Verity et  al. (2022a)
“i Feel happy Again”: 

Methylphenidate supports 
health-related Quality of 
life in survivors of 
pediatric Brain Tumor

united 
Kingdom

Brain tumor (12)
13.3 years (3.29)
8 male
4 female
White British (22) 

100%

No comparison 
group

Weight 15-20kg: 
starting dose of 
2.5 mg twice a 
day

Weight 21-30kg:
5 mg twice daily
Weight ≥ 30 kg:
10 mg twice daily
Mean starting dose 

of Mph was 
0.19 mg per kg

pediatric Quality of 
life inventory

12 months convincing

(Continued)
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Quality of life

Two studies measured quality of life. Both of these studies 
used the Pediatric Quality of Life Inventory (PedsQL™; Varni 
et  al., 2003) (Verity et  al., 2022a; 2022b) and one study also 
used the Experience of Methylphenidate Treatment 
Questionnaire (Verity et  al., 2022a). Findings indicate signif-
icant improvements in quality of life outcomes across multi-
ple domains (inc., physical, emotional and social) with 
methylphenidate treatment over a 12 month assessment period.

Intelligence and academic performance

One study assessed intelligence over a 12-month period 
using the Wechsler Intelligence Scale for Children (Conklin 
et  al., 2010). Findings indicated no long-term benefit of 
methylphenidate on intellectual performance at follow-up. 
Findings also reported no significant effect of methylpheni-
date on academic performance as measured by the Wechsler 
Individual Achievement Test (Conklin et  al., 2010; Netson 
et  al., 2011; Verity et  al., 2022a).

Despite the non-significant effect of methylphenidate on 
academic performance, semi-structured interview findings 
described “improvement in academic performance” and an 
“increase in academic confidence” (Verity et  al., 2022a).

Social skills and behavioral problems

Two studies (Conklin et  al., 2010; Netson et  al., 2011) mea-
sured social skills and behavioral problems using Social 
Skills Rating System and Child Behavior Checklist. Findings 
indicate significant improvements in both domains in the 
methylphenidate group compared to the control group over 

a 12-month period. Social function (as measured by the 
PedsQL) also reported significant improvements with meth-
ylphenidate (inc., peer relationships, engagement in social 
activities) (Verity et  al., 2022a).

Side effects

Long-term side effects were measured in all included stud-
ies. Side effects observed included decreased appetite 
(Gucuyener et  al., 2003; Verity et  al., 2022b), stomach 
ache (Gucuyener et  al., 2003; Verity et  al., 2022b), head-
ache (Gucuyener et  al., 2003) and tics (Gucuyener et  al., 
2003). In one participant pool measured across two stud-
ies (Conklin et  al., 2010; Netson et  al., 2011), 23 child-
hood cancer survivors started a 12-month trial of 
methylphenidate, with eight discontinuing methylpheni-
date treatment due to adverse effects. Methylphenidate was 
not associated with any significant change in seizure 
threshold in patients with epilepsy or EEG abnormalities 
relative to baseline in one study (Gucuyener et  al., 2003).

Quality of evidence and risk of bias

Overall, the quality of evidence was classed as “satisfactory.” 
No study was classed as “critical” on the risk of bias tool 
(ROBINS-I). Studies with a higher quality rating provided 
greater detail on eligibility criteria, potential confounding 
variables, and conducted appropriate adjustment for con-
founding factors. Common limitations across the studies 
included the lack of the study’s power and lack of reporting 
certain statistical results such as certain effect sizes and con-
fidence intervals.

Authors (date)
Title

location of 
study

Treatment group 
(sample size):
Mean age (sd)

sex
ethnicity

comparison 
group (sample 

size):
Mean age (sd)

sex
ethnicity

Methylphenidate 
intervention:

dosage
duration outcome measures

Assessment 
period

QuesT:MAp 
rating

Verity et  al. (2022b)
Methylphenidate improves 

cognitive function and 
health-related quality of 
life in survivors of 
childhood brain tumors

united 
Kingdom

Brain tumor (29)
10.6 years (3.55)
22 male
7 female
White British (29) 

100%

No comparison 
group

Weight 15-20kg: 
starting dose of 
2.5 mg twice a 
day

Weight 21-30kg:
5 mg twice daily
Weight ≥ 30 kg:
10 mg twice daily
Mean starting dose 

of immediate 
release Mph was 
0.19 mg per kg.

once appropriate 
level of 
immediate 
release Mph 
identified, 
patietns were 
converted to 
equivalent 
modified-release.

Mean optimal dose 
was 0.34 mg per 
kg twice daily.

Test of everyday 
Attention for 
children, second 
edition

swanson, Nolan 
and pelham 
Questionnaire 
(sNAp-iV)

pediatric Quality of 
life inventory

12 months Fair

Table 1. continued.
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Discussion

Survivors of childhood ABI commonly experience enduring 
neurocognitive late effects and poorer quality of life, with 
difficulties persisting beyond treatment and recovery. Whilst 
several studies have substantiated the utility of methylpheni-
date in improving neuropsychological outcomes during the 
early phases of recovery, little work has explored the poten-
tial long-term rehabilitative benefit of methylphenidate 
within childhood ABI. This review systematically evaluated 
the utility of methylphenidate on neurocognitive and quality 
of life outcomes in survivors of childhood ABI over a min-
imum treatment period of six months.

Neuropsychological outcomes

Methylphenidate was associated with long-term significant 
improvement in processing speed and attentional function-
ing at six and 12-month follow-up assessments (Conklin 
et  al., 2010; Gucuyener et  al., 2003; Netson et  al., 2011; Ray 
et  al., 2019; Verity et  al., 2022b). Measures of quality of life 
(Verity et  al., 2022a; 2022b), social skills, and behavioral 
problems (Conklin et  al., 2010; Netson et  al., 2011) also 
indicated significant improvements with methylphenidate in 
childhood brain tumor survivorship. These findings support 
previous suggestions that improvements in higher-order cog-
nitive domains (i.e., processing speed) may mediate wider 
systemic benefits to functional outcomes, and in turn 
improve quality of life outcomes (Holland et  al., 2018). It 
may be that improvements in processing speed in brain 
tumor survivorship enhance a child’s ability to process social 
cues and information effectively, thus improving social inter-
actions (Verity et  al., 2022a).

However, the relationship between methylphenidate and 
academic performance presents a slightly different picture. 
Despite the reported cognitive benefits, no objective improve-
ment was measured on academic subtests (Conklin et  al., 
2010; Netson et  al., 2011; Verity et  al., 2022a). A possible 
explanation for this could be that included studies lack suf-
ficient power to detect subtle improvements in academic 
performance, which are often dependent upon improvements 
in multiple cognitive domains. Nonetheless, even in the 
absence of marked improvements in academic measures, 
childhood survivors receiving methylphenidate displayed 
increased engagement in academic-related behaviors (inc., 
increased academic confidence and exam preparation) 
(Verity et  al., 2022a). As such, it may be that methylpheni-
date acts to improve related behaviors which in turn pre-
serve academic ability and limit previously observed decline, 
rather than directly increasing performance on psychometric 
measures (Pelham et  al., 2022).

Conner’s rating scales

The Conner’s Rating Scales are robust measures of atten-
tional and cognitive difficulties, frequently used to monitor 
treatment outcomes (Conners et  al., 1998; Ekinci et  al., 2017; 

Helton et  al., 2006). Previous work suggests that parental 
ratings of attentional ability offer a useful method of screen-
ing for poorer working memory and lower intellectual ability 
in childhood cancer survivors (Hardy et  al., 2015). Of our 
findings, significant improvements on Conner’s Rating Scales 
were reported in three studies (Conklin et  al., 2010; 
Gucuyener et  al., 2003; Netson et  al., 2011). While these 
findings primarily indicate significant improvements in 
symptoms of attentional difficulties, they also potentially 
suggest a degree of stability in wider cognitive domains (i.e., 
working memory), which might otherwise be expected to 
decline following oncological treatment (Palmer at al., 2013; 
Stavinoha et  al., 2018).

One paper reported a greater benefit of methylphenidate 
on parent rating scales compared to teacher scales (Conklin 
et  al., 2010). One potential explanation for this may be that 
parents observe more subtle changes in their child’s behavior 
and daily functioning that may not be as apparent in a 
structured school environment, thus providing a more accu-
rate representation of a child’s attentional ability (Narad 
et  al., 2015). Nonetheless, findings may be influenced by 
parental expectations of methylphenidate and a greater 
desire for behavioral improvement, which could be a partic-
ularly important factor in open-label trials (Fageera 
et  al., 2018).

Quality of the evidence base

Due to the scarcity of the current evidence base, studies 
drawing upon less robust methodologies (i.e., open-label 
designs – Conklin et  al., 2010; Gucuyener et  al., 2003; 
Netson et  al., 2011) were included within this review. This 
in turn introduces several confounding variables, most nota-
bly the lack of blinding, which limits the validity and reli-
ability of our findings. In cases where blinding isn’t feasible, 
ensuring robust outcome measures is crucial (Kahan et  al., 
2014). Despite this, open-label studies do offer valuable 
insights into the real-world applicability of methylphenidate 
treatment and potential discontinuation rates.

This review included populations often receiving multiple 
concurrent therapies, most notably anti-epileptic medications 
(Gucuyener et  al., 2003; Ray et  al., 2019). Whilst methylphe-
nidate may offer several neuropsychological benefits, the 
potential contributory influence of anti-epileptic medication 
could not be evaluated within this review due to unclear 
reporting. For instance, although methylphenidate may 
enhance attention and processing speed, certain anti-epileptic 
medications (inc., zonisamide and topiramate) have been 
reported to negatively impact performance on attention and 
verbal fluency measures (Moavero et  al., 2017). This interac-
tion may diminish the positive benefit of methylphenidate in 
this patient group. In contrast, medications such as lamotrig-
ine have been associated with enhanced performance in 
selective attention tests (Moavero et  al., 2017). This com-
plexity underscores the importance of carefully considering 
drug interactions before evaluating the utility of methylphe-
nidate for certain clinical groups.
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Side effect profile

Of included studies, the reported side effects were predomi-
nately mild and led to the discontinuation of methylpheni-
date in 8.8% of participants in one participant sample 
measured across two studies (Conklin et  al., 2010; Netson 
et  al., 2011). Similar discontinuation rates (7%) have been 
reported within childhood brain tumor survivorship (Conklin 
et  al., 2007). Of note, longer-term use of methylphenidate 
has been associated with a decrease in side effects within 
childhood ADHD samples. Findings from Deng et  al. (2021) 
reported a greater proportion of children reported issues 
with height, weight and BMI within the first six months of 
treatment (Deng et  al., 2021). The decrease in the prevalence 
of side effects during the course of treatment potentially 
supports the use of methylphenidate as a longer-term reha-
bilitative strategy.

Whilst the treatment-related risks remain relatively mild, 
they must be considered carefully when prescribing psycho-
stimulants for long-term use in survivors of childhood ABI. 
Long-term methylphenidate use has historically been associ-
ated with reduced seizure threshold and increased seizure 
frequency (Feeney & Klykylo, 1997). However, this increase 
in seizure frequency was not reported by studies included in 
this review (Gucuyener et  al., 2003; Ray et  al., 2019).

Strengths and limitations

To the best of our knowledge this is the first review to 
explore the long-term utility of methylphenidate within the 
pediatric ABI population. This systematic review utilized a 
comprehensive search strategy and rigorous inclusion criteria 
drawing upon a range of clinical etiologies. A limitation of 
the present review is that included studies were relatively 
small, and two studies gathered data from the same sample. 
As such, the generalizability of the findings to the wider ABI 
sphere (i.e., TBI and CNS infections) should be interpreted 
cautiously. It is possible that database results may have been 
impacted by publication bias, with positive results concerning 
the utility of methylphenidate more likely to be published 
(Easterbrook et  al., 1991). A common limitation of systematic 
reviews is the potential for publication bias, where negative or 
non-significant findings are less likely to be published, result-
ing in an overestimation of positive results in the literature. 
This could perhaps distort the perceived efficacy of long-term 
methylphenidate use. Authors attempted to overcome this by 
intentionally keeping eligibility criteria broad in the hope of 
offering a balanced perspective. Also, despite our search 
including various terms for neuropsychological outcomes, it is 
possible that we did not account for every measure.

Another limitation of this systematic review is the vari-
ability in medication regimens used across different pediatric 
ABI populations. Children with ABI may be prescribed var-
ious medications alongside methylphenidate depending on 
specific medical needs and comorbid conditions. This het-
erogeneity in pharmacological interventions can complicate 
the interpretation of methylphenidate’s long-term effects. 
Examining the complex pharmacological interactions that 
may occur in this patient group sits beyond the scope of the 

current review, nonetheless we have attempted to acknowl-
edge this where possible.

Conclusion

This review systematically evaluates the current evidence 
base on the utility of long-term methylphenidate use in 
childhood ABI. Our findings indicate that methylphenidate 
may pose a beneficial long-term rehabilitative strategy by 
preserving neurocognitive function and improving quality of 
life outcomes. The review does however highlight a notable 
limitation in the current evidence base, with many pediatric 
ABI subgroups (inc., TBI and CNS infections) insufficiently 
represented. The current literature gap highlights the need 
for further research to assess the potential therapeutic bene-
fit of methylphenidate across a wider range of pediatric ABI 
etiologies. Compiling case series that describe patients’ expe-
riences of long-term methylphenidate use may offer valuable 
clinical insight and potentially enhance rehabilitation strate-
gies for these underrepresented clinical groups.
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Appendix A.  Database Search Results
search conducted 14.03.2024

database Treatment concept (or) outcome concept (or) Medical diagnostic concept (org) Age concept Number of studies identified

psycinfo Methylphenidate
concerta
ritalin

Fatigue
Function*
Ataxi*
Quality_of_life
iQ
cogniti*
Verbal_intelligence
ViQ
processing_speed
psi
social*

Brain_injury
ABi
TBi
Tumo*
epilep*
infectio*
stroke
Arteriovenous_malformation
Bleed*
hypox*
Anox*
hydrocephalus

child
young person
Adolescent
young Adult

138

Medline Methylphenidate
concerta
ritalin

Fatigue
Function*
Ataxi*
Quality_of_life
iQ
cogniti*
Verbal_intelligence
ViQ
processing_speed
psi
social*

Brain_injury
ABi
TBi
Tumo*
epilep*
infectio*
stroke
Arteriovenous_malformation
Bleed*
hypox*
Anox*
hydrocephalus

child
young person
Adolescent
young Adult

248

eMBAse Methylphenidate
concerta
ritalin

Fatigue
Function*
Ataxi*
Quality_of_life
iQ
cogniti*
Verbal_intelligence
ViQ
processing_speed
psi
social*

Brain_injury
ABi
TBi
Tumo*
epilep*
infectio*
stroke
Arteriovenous_malformation
Bleed*
hypox*
Anox*
hydrocephalus

child
young person
Adolescent
young Adult

1535

cochrane Methylphenidate
concerta
ritalin

Fatigue
Function*
Ataxi*
Quality_of_life
iQ
cogniti*
Verbal_intelligence
ViQ
processing_speed
psi
social*

Brain_injury
ABi
TBi
Tumo*
epilep*
infectio*
stroke
Arteriovenous_malformation
Bleed*
hypox*
Anox*
hydrocephalus

child
young person
Adolescent
young Adult
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Appendix B.  Adapted version of the quality of evidence screening tool: Methylphenidate and attentional 
performance (QuEST:MAP)

criterion Quality Assessment rating criteria

A) participants recruitment
1. eligibility criteria is reported: excellent eligibility criteria is comprehensively reported, including the key areas of; age at study 

inclusion, sex, iQ, clinical diagnosis.
satisfactory eligibility criteria is clearly reported but lacks one key area.
poor some information regarding eligibility criteria is provided, but at least two key areas are 

missing.
Not reported eligibility criteria is not clearly reported.

2. demographic information is 
provided:

excellent demographic information is comprehensively reported for the key areas of; age at diagnosis/
injury, age at study inclusion, sex, iQ, clinical diagnosis, and comorbidities (e.g., Adhd).

satisfactory demographic information is clearly reported, but lacks one key area.
poor demographic information is not clearly reported, and at least two key areas are missing.
Not reported No demographic information has been reported.

3. Where a matched control is 
employed, the matching process 
is detailed:

excellent The matching process is appropriately detailed and includes the key areas of; age at 
diagnosis/injury, age at study inclusion, sex, iQ, and diagnosis.

or, any potential confounds associated with the key areas have been appropriately 
acknowledged and controlled (e.g., appropriate use of post-hoc analyses).

crossover designs - eligibility criteria and demographic information relevant to the matching 
process is extensively outlined.

(Continued)
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criterion Quality Assessment rating criteria

satisfactory groups are matched on at least three key areas.
or, where matching of every key area is not possible, some attempt to control potential 

confounds is made.
crossover designs - eligibility criteria and demographic information is described but omits 

relevant finer details.
poor groups are not appropriately matched on any of the key areas.

or, while groups are matched on one key area, there is minimal evidence of attempts to 
control for relevant confounding variables (e.g., no evidence of post-hoc analyses).

crossover designs - minimal information is provided regarding relevant matching variables 
(e.g., iQ).

Not reported The matching process has not been reported.
Not applicable The study does not employ a matched control.

B) Appropriate adjustment for 
potential confounds

Appropriate adjustments are made 
as a result of potential confounds 
(e.g. discontinuation rates, bias 
from informed intervention and 
assessment, adherence of 
medication):

excellent Where appropriate, confounds are thoroughly discussed and adjustments applied (e.g. 
adjustment for discontinuation, blinding to intervention, blinding to assessment, 
adjustment for adherence of medication, etc.).

satisfactory confounds are appropriately addressed but differ from an “Excellent” rating due to the 
associated adjustments being less robust.

poor confounds are not discussed and no evidence of necessary management is provided.
c) Analysis process
The study is sufficiently powered: excellent Appropriate power analysis is comprehensively reported.

satisfactory power calculations are provided showing the study to be only moderately well powered/
powered only to detect a large effect.

poor power calculations are inadequately reported.
or, demonstrates the design to be insufficiently powered.

Not reported power calculations have not been reported.
d) statistical results
reporting of statistical results: excellent The results were described comprehensively and thoroughly allowing readers to gain a clear 

understanding of study finding (e.g., appropriate reporting of effect sizes).
satisfactory statistical reporting of outcomes is appropriately thorough but leaves out some key details 

that would have provided additional insight (e.g., effect sizes or confidence intervals).
poor only basic statistical outcomes are provided (e.g., means), providing very limited insight into 

study findings.
Not reported statistical findings are not reported.

Appendix C.  Summary table: Overall quality rating utilizing the quality of evidence screening tool: 
Methylphenidate and attentional performance (QuEST: MAP)

Key Area

participant recruitment
Appropriate adjustment for potential confounds
Analysis process
statistical results

decisive evidence The majority of key areas warrant an “excellent” rating. No key areas being evaluated as “poor.” Any areas assigned a 
rating of “Not reported” are highly unlikely to negatively influence the quality of evidence

convincing evidence The majority of key areas are covered to a “satisfactory” or “excellent” level. No key areas are evaluated as “poor.” Any 
areas assigned a rating of “Not reported” are highly unlikely to negatively influence the quality of evidence.

Fair evidence Most key areas warrant a “satisfactory” rating, but few attain “excellent.” There are few key areas evaluated as either 
“poor” or “Not reported.”

Questionable evidence Many key areas are “poor” or “Not reported.” The evidence provided is questionable.

Appendix B.  Continued
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