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Abstract.
PURPOSE: Pediatric cerebellar mutism syndrome (pCMS) can occur following resection of a posterior fossa tumor and,
although some symptoms are transient, many result in long-lasting neurological deficits. A multi-disciplinary rehabilita-
tion approach is often used in cases of pCMS; however, there have been no clinical trials to determine gold standards in
rehabilitation practice in this population, which remains a research priority. The purpose of this study was to identify and com-
pare intervention practices used in pCMS throughout the disciplines of occupational and physical therapy, speech-language
pathology, and neuropsychology across geographic regions.
METHODS: A 55-question e-survey was created by an international multidisciplinary research group made up of members
of the Posterior Fossa Society and sent to rehabilitation professionals in pediatric neuro-oncology centers in the US, Canada,
and Europe.
RESULTS: Although some differences in the type of intervention used in pCMS were identified within each discipline,
many of the targeted interventions including dose, frequency, and intensity were similar within disciplines across geographic
regions. In addition, there were common themes identified across disciplines regarding challenges in the rehabilitation of this
population.
CONCLUSION: These results provide a foundation of current practices on which to build future intervention-based clinical
trials.
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1. Introduction

Pediatric cerebellar mutism syndrome (pCMS)
occurs in 8–31% of children who undergo surgi-
cal resection of a tumor in the posterior fossa [1].
Results from a Delphi analysis were interpreted dur-
ing a consensus meeting among an international
group of professionals representing the disciplines of
neurology, oncology, neuroradiology, neurosurgery,
psychiatry, physiatry, neurolinguistics, neuropsy-
chology (NP), speech-language pathology (SLP) and
physiotherapy leading to the current definition of
pCMS [2]:

Postoperative pediatric CMS is characterized by
delayed onset of mutism/reduced speech and emo-
tional lability after cerebellar or 4th ventricle tumor
surgery in children. Additional common features
include hypotonia and oropharyngeal dysfunction
/ dysphagia. It may frequently be accompanied
by cerebellar motor syndrome, cerebellar cogni-
tive affective syndrome and brainstem dysfunction
including long tract signs and cranial neuropathies.
The mutism is always transient. But recovery from
CMS may be prolonged. Speech and language may
not return to normal; and other deficits of cognitive,
affective and motor function often persist.

Despite the extent of rehabilitation involvement
in pCMS, there is a gap in the literature regard-
ing the efficacy of therapeutic approaches used with
this population [3] as well as rehabilitation in gen-
eral pediatric neuro-oncology [4]. In order to lay the
foundation for future interventions studies, current
rehabilitation practices in pCMS must be identified.
The purpose of this study was to establish a clearer
understanding of current rehabilitation approaches
and dose of intervention being used in children with
CMS across rehabilitation disciplines as well as chal-
lenges to rehabilitation and resources needed for
more efficacious treatment.

2. Materials and methods

2.1. Participants and recruitment

A database was created using contacts from the
Posterior Fossa Society and an internet search of
neuro-oncology and pediatric rehabilitation centers
in the United States, Canada, and Europe, including
the United Kingdom. A total of 484 emails and phone
calls were placed to reach rehabilitation professionals
in the fields of including occupational therapy (OT),

NP, physical therapy (PT), and SLP. The survey link
was distributed via email. Inclusion criteria for the
participants were 1) experience in providing service
to children with posterior fossa tumor resection with
and/or without pCMS and 2) licensure and/or cer-
tification in a specific discipline. If neither of these
criteria were met, the participants were excluded from
the survey. If deemed eligible to participate, the sur-
vey automatically took respondents to the e-consent
page of the survey.

2.2. Survey design

A multidisciplinary research group of members
of the Posterior Fossa Society created a 55-question
e-survey in REDCap for rehabilitation profession-
als in the fields of SLP, OT, PT, and NP. The
previous ASPECT study survey was used as a
model [15]. It consisted of four parts: 1) demo-
graphic information including geographic region,
primary clinical setting, gender, years of experi-
ence, and experience working with children with
posterior fossa tumors; 2) aspects of intervention for
children who had undergone posterior fossa tumor
resection; 3) intensity, frequency and duration of
treatment; and 4) goal-writing and discharge pro-
cedures. Survey questions included multiple choice,
select all that apply, ranking, and rubric response
options.

2.3. Procedure

The research team sent an introductory email that
described the nature of the study and a direct link to
the survey to individuals in the database. The Institu-
tional Review Board (IRB) deemed the study exempt
from IRB approval due to the design. The survey was
constructed in REDCap which also included an e-
consent process. Survey completion was estimated
to take between 25–30 minutes.

2.4. Data analysis

There was a total of 55 questions asked in this sur-
vey and responses from 19 were used in this analysis
(Table 1). Although not all respondents completed the
entire survey, all responses for questions were utilized
in this analysis. As such, all responses were recorded
and analyzed regardless of completion. The questions
that required a selection of a response from a given list
were analyzed by simply calculating the percentage
for each discipline. To better understand the rela-
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Table 1
Survey questions chosen for this analysis

Survey question Disciplines
NP OT PT SLP

Which type of therapy intervention do you use to treat children with posterior fossa
tumors? Choose all that apply from a list.

X X X X

Which of the therapy interventions do you use most often in children with posterior fossa
tumors? Choose one from a list.

X X X X

Rank the top three interventions you think are most effective for this population. X X X X

What adjuncts to therapy intervention do you use in children with posterior fossa tumors?
Choose all that apply from a list.

X X X

Which adjuncts do you use most often? Choose one from a list. X X X

Do you base your intervention on any clinical guidelines specifically for the treatment of
children with posterior fossa tumors? Yes/No If yes, specify in textbox.

X X X X

Do you base your intervention on any research evidence? Yes/No If yes, specify in textbox. X X X X

How often do you typically treat these children in an inpatient setting? Choice of
frequency.

X X X X

How often do you typically treat these children in the outpatient/community/school
setting? Choice of frequency.

X X X X

What is the length of a typical intervention session? Choice of session length. X X X X

What is the mode of delivery used for intervention? X X X

Do you feel therapy sessions are optimally timed with regard to frequency, session length,
and duration? Yes/No If no, describe barriers.

X X X

Are there any frequent problems/challenges you encounter when treating children
following surgical resection of posterior fossa tumor? Yes/No If yes, describe.

X X X X

Please list any common problems you have identified in relation to therapy management
with the transition from inpatient to outpatient setting.

X X X X

Please list any common problems you have identified in relation to therapy management
regarding reintegration into the school setting.

X X X X

How beneficial do you believe your intervention to be in this population? If no, what is
needed to improve the benefit?

X X X X

Do you administer neuropsychological assessments to children with posterior fossa
tumors? Yes/No If yes, choose all that apply from a list.

X

Which area of functioning do you assess in children with posterior fossa tumors? Choose
all that apply from a list.

X

Do you use a specific model or approach to intervention for children with posterior fossa
tumors? Yes/No If yes, specify.

X

tionships between scaled variables and demographic
(ordinal) variables, Spearman’s rank correlation anal-
ysis was conducted and, where appropriate, factorial
analysis of variance was used to determine main
effect and interaction. The questions requiring a writ-
ten narrative response were transcribed into an Excel
database and reviewed by the research team to create
themes or categories of responses.

3. Results

There were a total of 134 respondents across all
disciplines, 84 (63%) of whom fully completed the
survey and 49 (36%) of whom completed a portion.
Sample sizes per discipline can be found in Table 2.

Total years of experience and years of experience
providing service to children with brain tumors are
reported in Table 3, and geographic distribution can
be found in Table 4. The majority of NP respondents
were evenly divided between inpatient and outpatient
facilities at 38% each. All OT respondents reported
working in an inpatient facility. Of the 75 PT respon-
dents, 89% worked in an inpatient setting, 64% an
outpatient setting, 64% in clinics, 6% in commu-
nity, and 10% in schools. Some respondents reported
working across more than one setting. Fifty-seven
percent of SLP respondents reported their primary
setting to be inpatient with 26% reporting an out-
patient setting and one reporting working in a clinic
setting. None of the SLP respondents worked in com-
munity or school settings.
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Table 2
Sample size distribution by discipline. Number of individuals who completed the survey

across disciplines of neuropsychology (NP), occupational therapy (OT), physical
therapy/physiotherapy (PT), and speech-language pathology (SLP)

NP OT PT SLP TOTAL

Total Respondents 21 11 75 26 134
Incomplete Survey 5 2 33 9 119
Complete Survey 16 (76%) 9 (81%) 42 (56%) 17 (65%) 84

Table 3
Reported years of experience across disciplines

Discipline Total years of experience Years of brain tumor care experience
0–2 years 3–5 years 6–9 years >10 years 0–2 years 3–5 years 6–9 years >10 years

Neuropsychology 0 14.3% 28.6% 57.1% 4.8% 33.3% 19% 42.9%
Occupational Therapy 9.1% 9.1% 36.4% 45.5% 18.2% 27.3% 45.5% 9.1%
Physical Therapy 2.6% 13.3% 24% 60% 13.3% 29.3% 14.6% 42.6%
Speech-Language Pathology 0 19.2% 23.1% 53.8% 23.1% 26.9% 11.5% 34.6%

Table 4
Geographic representation by discipline across neuropsychology
(NP), occupational therapy (OT), physical therapy/physiotherapy

(PT), and speech-language pathology (SLP)

NP OT PT SLP
N = 21 N = 11 N = 75 N = 26

Austria 1 0 0 0
Belgium 4 0 2 1
Denmark 1 0 2 0
England 2 2 16 9
France 0 1 1 0
Hungary 0 0 1 0
Ireland 0 1 5 1
Israel 1 0 0 0
Italy 1 0 5 2
Malta 0 0 1 0
Netherlands 0 1 0 0
Portugal 1 0 0 0
Russia 2 0 0 0
Scotland 0 0 2 0
Spain 1 0 4 3
United States 7 6 36 10

3.1. Types of interventions used across
disciplines

3.1.1. NP
Neuropsychologists responded to questions

regarding types of assessments and interventions
provided to children with CMS. NP respondents
reported 1) types of assessment used to be neu-
ropsychological tests (100%), interview (94%), and
parent-reported questionnaires (94%) and 2) areas
of assessment to be intelligence (94%), attention
(94%), memory (94%), working memory (94%),
executive functions (88%), visuomotor functioning
(88%), emotional (88%), language (81%), visu-
ospatial (81%), social (81%), motor functioning
(69%), and academic (69%). When asked to identify

one intervention they used most often, responses
revealed psychoeducation (81%) followed by
school interventions (69%), cognitive remediation
(61%), cognitive behavioral therapy (CBT, 38%),
supporting parent-child interaction (25%), and to a
lesser extent, play therapy, problem-focused therapy,
computerized cognitive training, group therapy, and
psychodynamic or interpersonal therapy (less than
20%; Fig. 1). None of the participating neuropsy-
chologists reported using neurofeedback training.
When asked to rank the top three interventions
thought to be most effective in this population,
pooled responses indicated school interventions,
followed by CBT and psychoeducation (Table 5).
The main goals of interventions were providing
management strategies for parents (94%), support-
ing daily living (75%), training of neurocognitive
functions (82%), supporting academic functioning
and dealing with behavioral problems (69%), sup-
porting emotional and social functioning (62%), and
training of metacognitive skills (50%). Respondents
reported the focus of neurocognitive training to
be executive function (82%), attention (75%), and
working memory (69%). With a small, unbalanced
sample, comparisons in types of assessments and
interventions used across geographic regions were
unable to be conducted.

3.1.2. OT
Types of interventions reported to be used with

children with CMS included access to educa-
tion (81%), accommodations (90%), activities of
daily living (ADLs; 100%), adaptive equipment
(90%), cognitive rehabilitation (100%), community
re-integration (82%), fatigue management (90%),
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Fig. 1. Types of interventions used with children with CMS reported by A) neuropsychologists B) occupational therapists C) physical
therapists/physiotherapists and D) speech-language pathologist across geographic regions. X axis represents the number of respondents; the
y axis represents the types of interventions reported. In the occupational therapy data, there was also one response for each: yoga, virtual
training and biofeedback. Education (Edu); Activities of Daily Living (ADLs); Neurodevelopmental Training (NDT); Range of Motion
(ROM); Augmentative and Alternative Communication (AAC).

Table 5
Top ranked interventions believed to be the most effective in children with cerebellar mutism

syndrome reported across the disciplines of neuropsychology (NP), occupational therapy (OT),
physical therapy/physiotherapy (PT), and speech-language pathology (SLP)

Ranking NP OT PT SLP

1 School Interventions Upper Extremity
Function

Gait Re-Training Swallowing
Intervention

2 Cognitive Behavioral Adaptive Equipment Balance Augmentative/
Alternative
Communication
(AAC)

3 Psychoeducation Activities of Daily
Living

Proximal Control
Activities

Articulation
Intervention

motivation (72%), orthotics (63%), psychosocial
adaptation (36%), recreation (72%), taping (36%),
upper extremity function (100%), and weighted
therapy (36%; Fig. 1). Yoga, virtual training, and
biofeedback were each reported once. When asked
to identify the one intervention they used most often
in this population, 72% reported ADLs and 27%

reported upper extremity activities. The top three
interventions identified as the most effective in this
population were upper extremity function followed
by adaptive equipment and ADLs (Table 5). With
a small, unbalanced sample, comparisons of types
of interventions used across geographic regions were
unable to be conducted.
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3.1.3. Physiotherapy/PT
The results indicated physiotherapists used a

range of interventions including aerobic (54%),
balance (90%), gait retraining (89%), hydrother-
apy (32%), manual therapy (22%), neck range of
motion (61%), neurodevelopment treatment (48%),
proximal control activities (86%), strength training
(81%), stretching (60%), and task-specific activities
(80%). A few respondents added a text response to
include other intervention types: bracing, wheelchair
training/management, caregiver education, sensory
integration, play therapy, and gross motor activities
(Fig. 1). The three intervention types reportedly used
most often were task-specific training (24%), bal-
ance exercises (21%), and proximal control activities
(22%; Fig. 2). When asked to rank the top three
interventions perceived to be the most effective in
this population, results revealed gait retraining to be
ranked as the most effective intervention followed by
balance and proximal control activities (Table 5).

Since the sample size for physiotherapists was
higher, practices in the UK (n = 21) and the US
(n = 36) were compared. Proximal control activities
were more commonly reported in the UK while bal-
ance exercises were more commonly reported by
physiotherapists in the US.

From a predetermined list of “adjuncts to therapy,”
respondents then selected which types they used in
this population (multiple responses were possible).
The adjunct therapy methods most often used were
walking/mobility aids (42%) followed by treadmill
training (12%) and weighted therapy (5%). Virtual
training and Lycra garments were each chosen by one
participant.

3.1.4. SLP
When asked to identify the type(s) of interventions

used for children with CMS, respondents reported
articulation (73%), augmentative/alternative commu-
nication (AAC; 76%), cognition (53%), expressive
language (84%), fluency (42%), prosody (57%),
receptive language (84%), resonance (42%), swal-
lowing (88%), and voice (46%; Fig. 1). When
asked to identify the intervention used most often,
65% reported swallowing therapy and 15% reported
expressive language therapy (Fig. 2); articulation
therapy and voice therapy each also received one
selection. Finally, when asked to rank the top three
interventions they perceived to be the most effec-
tive in children with CMS, swallowing therapy was
ranked number one, followed by AAC and finally
articulation therapy (Table 5).

When asked what adjunctive therapy was used
most often, respondents could choose one from a
predetermined list. The most common response was
“other” (61%) with write-in answers including sen-
sory integration, music therapy, co-treating with OT
and PT, electrical stimulation, and “no adjuncts
used/available.” Auditory discrimination was cho-
sen as the most common adjunct therapy by 22%
of respondents, with virtual reality training chosen
by two and biofeedback and aquatic therapy chosen
by one each. Differences in interventions used across
geographic regions could not be formally analyzed
due to a small and unbalanced sample.

3.2. Impact of experience on intervention

No significant relationship was found between
total years of experience and 1) number of interven-
tions used (r = −0.013, p = 0.88) or 2) number of
adjuncts used (0.007, p = 0.94). There was also no
significant relationship found between years of expe-
rience providing service to children with brain tumors
and 1) number of interventions used (r = 0.043,
p = 0.62) or 2) number of adjuncts used (0.106,
p = 0.29).

3.3. Dose of intervention and delivery method

As expected, the frequency of intervention visits
was higher in inpatient settings across disciplines
with the majority of respondents reporting a fre-
quency of 4–5 times per week and “other;” the latter
category included typed responses which ranged
from 6–7 days per week to twice per day 5–6 days per
week. In outpatient settings, NP, PT, and SLP com-
monly reported 4–5 visits per week and every other
day while OT in outpatient settings more commonly
reported every other day and one time per month
(Fig. 3). With such a small sample for NP, OT, and
SLP, differences in dose across geographic regions
were unable to be determined.

Responses for the typical length of therapy ses-
sions were aggregated across OT and PT disciplines.
This question was not asked of NP respondents, and
the SLP responses were not included in the exported
data, possibly due to an error in REDCap. Participants
reported the duration of intervention sessions to be
equally divided between 30–45 minutes (40.9%) and
45–60 minutes (40.9%) with another 4.5% report-
ing > 60 minutes and two participants < 30 minutes.

Raw data was aggregated across disciplines to
report the delivery method of intervention. The
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Fig. 2. Interventions used “most often’’ with children with CMS reported by occupational theraposts (top), physical therapists (middle) and
speech-language pathologists (bottom) in the UK (n = 9), US (n = 10), Spain (n = 3), Belgium (n = 1), Ireland (n = 1) and Italy (n = 2).
Range of Motion (ROM).

majority of respondents chose individual intervention
with therapist (86%), with 8.7% reporting multidis-
ciplinary intervention and 1.2% reporting individual
intervention with a therapy assistant.

3.4. Decision-making

The majority of respondents across disciplines
stated they did not base clinical decisions on clinical
guidelines (NP = 81.3%, OT = 90.9%, PT = 77.3%,
and SLP = 69.2%) because there are no clinical guide-
lines specific to children with CMS. Although a lesser
percentage reported they did not base their interven-
tion on scientific evidence (NP = 36.4%, OT = 45.5%,

PT = 33.3% and SLP = 42.3%), many respondents
stated they used research findings from related
areas including pediatric brain tumor, cerebral palsy,
cognitive rehabilitation, pediatric cancer, neuroplas-
ticity, and ataxia literature to guide decision-making,
and some reported utilizing a “treat by symptom
approach.”

3.5. Perceived benefit of intervention

Respondents were asked to rate their perception
of the benefit of intervention in this population as
exceptionally beneficial (12.5% NP, 24% PT, and
29% SLP), moderately beneficial (75% NP, 100%
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Fig. 3. Frequency of intervention visits across disciplines in an A) inpatient setting and B) outpatient setting. Neuropsychology (NP);
Occuapational Therapy (OT); Physical Therapy (PT); Speech-Langauge Pathology (SLP).

OT, 74% PT, and 71% SLP), or minimally benefi-
cial (12.5% NP and 2% PT). To better understand
the relationship between perceived benefit of inter-
vention and experience, responses across disciplines
were aggregated and a Spearman’s rho correlation
was conducted. Results revealed no relationship
between perceived benefit and 1) total years of
experience (r = −0.031, p = 0.78), 2) total years of
experience providing services to children with brain
tumors (r = 0.020, p = 0.858) or 3) cases of pCMS
per year (r = −0.032, p = 0.73). Results from a fac-
torial ANOVA revealed no main effect of number
of interventions used (F = 0.85, p = 0.57) or number
of adjunct interventions used (F = 1.90, p = 0.11) and

their perceived benefit, and no interaction between
number of interventions and number of adjunct ther-
apies used (F = 0.80, p = 0.67). Thus, results indicated
that the number of interventions and adjunct therapies
did not have an impact on the perceived benefit.

3.6. Challenges to rehabilitation

Responses to the question “What are frequent
problems/challenges you encounter when treating
this population?” were categorized (Table 6) and
later coded for thematic analysis. Three overarching
themes emerged across all disciplines: 1) timing of
rehabilitation, 2) standards of care including training
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Fig. 4. Thematic interpretation of responses identifying challenges
to providing rehabilitation to children with Cerebellar Mutism
syndrome.

and mentorship, and 3) resources including staffing,
time, and space (Fig. 4). Regarding the timing of reha-
bilitation, 28% of all respondents across disciplines
reported fatigue, adverse behaviors, and difficulty
engaging the child in intervention as a barrier to
progress. Thirty-eight percent of all respondents
reported the behavioral impacts of cancer therapies
(specifically, chemotherapy and radiation) to be a
barrier to functional recovery. Some reported that tim-
ing of rehabilitation sessions around chemotherapy
and/or radiation schedules was a primary challenge
and rehabilitation sessions at their facility often got
canceled due to fatigue following radiation. Regard-
ing the second theme, 40.2% of all respondents
reported the need for standards of care, training,
and mentorship in providing rehabilitation services
to children with pCMS and their families.

When asked “What is needed to improve the effi-
cacy of rehabilitation in children with CMS?” the
majority of responses fit into the categories of 1) clin-
ical guidelines, 2) standard intervention approaches,
and 3) evidence. Additional responses included the
need for clinician training, more resources (staff,
time, space), continuity of services from hospitals
and clinics into the communities and schools, path-
ways for pre-and post-operative services, and finally
requests for a standardized rating scale to measure
progress.

4. Discussion

The need for provision of rehabilitation services
to individuals with a diagnosis of brain tumor is

well-established in adults [5–8] and pediatric patients
[4, 9–13]. In a recent review of brain tumor after-
care in adults, Sierpowska and colleagues reported
more institutions across Europe made referrals for
speech therapy and neuropsychological rehabilita-
tion than physiotherapy and OT, although a high
proportion identified physiotherapy to be essential
[14]. However, details regarding the type, intensity,
and frequency of rehabilitation have yet to be estab-
lished. In addition, children with CMS present a
unique challenge due to the constellation of complex
symptoms that accompany the diagnosis. The REha-
bilitation Approaches in CHildren (REACH) survey
was created to document current rehabilitation prac-
tices across disciplines and receive feedback about
challenges they face when providing services to this
population.

4.1. Type of intervention

Rehabilitation does lead to improved outcomes
following brain tumor resection in adults [15–17]
and pediatric patients [18]. Although functional out-
comes following rehabilitation were not the purpose
of this survey study, it is important to note interven-
tions reported by respondents were consistent with
those reported as beneficial in the literature. There
was agreement among respondents that there was
a lack of evidence in intervention approaches spe-
cific to children with CMS. Although evidence is
limited, range-of-motion exercise, progressive resis-
tive exercise, balance training, endurance training,
gait training, cognitive rehabilitation, upper extrem-
ity proprioceptive neuromuscular facilitation, and
ADL training appear to be efficacious in adults post
brain tumor resection [19] and children with ataxia
following a traumatic brain injury [20, 21]. Marsden
has suggested that intensive rehabilitation includ-
ing pharmacological interventions and noninvasive
electric stimulation of the cerebellum may be in
future rehabilitation plans for children who present
with cerebellar ataxia [22]. Dysphagia treatment
has been shown to be an effective intervention for
adults following brain tumor resection [23]. Although
reportedly used by few NP respondents, computer-
based cognitive rehabilitation programs have been
gaining recent attention due to the reported benefits
in children following brain tumor resection [24, 25].

Interventions reported to be used most often were
not always consistent with those thought to be “most
effective.” In NP, although CBT was reported as one
of the top three most effective modalities, it was
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Table 6
Categorized responses to qualitative questions regarding challenges and resources needed in the provision of services

in pediatric cerebellar mutism syndrome (CMS) across disciplines and geographic regions

Question Categories

Reported challenges providing Scheduling
services to children with CMS Patient behaviors and variability of symptoms associated with CMS

Access to rehabilitation and/or equipment
Behavioral and cognitive impact of chemotherapy and radiation
therapy
Availability of services
Lack of intervention evidence, practice guidelines, and professional
resources including training
Communication
Awareness/Support

Reported resources needed to improve Multidisciplinary approach
service provision for children with CMS More evidence, research, education

More funding, access to resources
Increased staffing
Standardized therapy approaches/strategies, rating scales for
diagnosis
More time
Family and patient education and community education; increased
awareness
More rehabilitation services
Specialized rehabilitation spaces
Transition/Continuity of care

reportedly used less than cognitive remediation. In
physiotherapy, gait retraining was ranked the most
effective intervention for children with CMS; how-
ever, only 18% of clinicians reported it as the most
commonly used intervention. This discrepancy could
be due to the high number of clinicians reporting
from inpatient facilities in which the children may
not yet be ready for gait training. In SLP, although
AAC and articulation therapy were reported as two
of the most effective interventions in pCMS, neither
were reportedly “used most often.” In fact, only one
respondent identified articulation therapy to be used
most often and no respondents reported AAC to be
used most often. Access to AAC technology/devices
and expertise could be a factor in this finding. Also,
clinicians reported using expressive language inter-
vention often. However, there was no opportunity for
them to specify if low-tech AAC approaches were
used, which are common in early stages of recov-
ery. In other words, AAC could have been used
but grouped in with expressive language therapy
by respondents. Although articulation therapy was
ranked the third most effective intervention, only one
clinician reported using this intervention most often.
Interestingly, this respondent reported working in an
outpatient facility where, more than likely, patients
are in the subacute to chronic/late stages of recov-
ery. This may explain the discrepancy between the
high ranking of effectiveness of articulation therapy

and the lack of reported use. Typically, during inpa-
tient rehabilitation, SLP prioritizes swallowing and
basic communication due to urgency. In addition,
children with CMS often do not have the endurance,
self-awareness, attention, and auditory/visual percep-
tion skills needed for articulation therapy in acute and
even subacute stages of recovery. Therefore, articu-
lation therapy may not have been reported as “used
most often” by SLP respondents working in inpa-
tient facilities. Interestingly, years of experience did
not have an influence on number of interventions or
adjuncts. Clinicians with different experience levels
chose similar number(s) of intervention types and
adjunct therapies for children with CMS.

Across all disciplines, not only the complex nature
of pCMS, but also the number of different inter-
vention approaches (and assessment areas in NP)
revealed the challenge faced by rehabilitation pro-
fessionals in prioritizing functional targets. In lieu
of clinical guidelines and standards of practice in
intervention for pCMS, clinicians reported using
a symptom-based approach, choosing interventions
that have been shown to be efficacious for other pedi-
atric and adult populations.

4.2. Dose of intervention

Dose of intervention is often dictated by clinical
models, facility resources, and third-party reim-
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bursement rather than evidence-based practice. A
standardized dose of behavioral neurorehabilitation
following brain tumor resection has not been identi-
fied. In the current study, respondents across OT, PT,
and SLP reported similar dose of intervention ses-
sions across disciplines, between 30–60 minutes per
session, 4–5 times per week or more during inpatient
care and 4–5 times per week or less during outpa-
tient care. Session duration was in agreement with
that reported across European institutions in adults
after brain tumor surgery [14]. This dose is similar
to past reports of positive outcomes. For example,
“high” intensity rehabilitation, defined as one hour
each of PT and OT five days per week, was found
to be beneficial in the recovery of adults following
brain tumor resection [19]. In the adult stroke liter-
ature, 30–60 minutes, 6–7 days per week has been
deemed an “effective dose” of physiotherapy [26].

Another factor of rehabilitation is the timing of
assessment points and intervention sessions, not
only in relation to post-surgery, but also around
chemotherapy/radiation and across disciplines. The
survey conducted by Sierpowska and colleagues
offers insight to current assessment timepoints being
most frequently reported within 10 days of surgery
and again between 2–5 months post-surgery and
one year post-surgery. Fewer institutions reported
assessments during the acute phase (defined as 11–60
days) and late phase (defined as 5–12 months) [14].
These authors also reported timing of the initiation of
rehabilitation within 1–2 weeks post-surgery across
disciplines. Optimal timing of rehabilitation, specifi-
cally cognitive rehabilitation has been identified as
a need in adults following brain tumor resection
[27]. Because rehabilitation progress can be nega-
tively impacted by the cognitive-behavioral effects of
chemotherapy [28, 29] and radiation therapy [30–32],
determining when intervention sessions should be
scheduled around these therapies is critical. The cur-
rent state of the literature and results from this survey
indicated that identifying optimal timing of rehabili-
tation sessions during and beyond cancer treatment
should be considered a research priority in reha-
bilitation planning following brain tumor resection.
In addition, no studies investigating the sequence
of discipline-specific interventions on recovery were
found for any population. For example, do individuals
perform better in speech-language therapy sessions
if they are preceded by PT? In other words, can one
intervention session act as a “primer” for neuroplas-
tic change? The principles of neuroplasticity need
to be applied to this population to ensure types of

intervention, dose, and timing of intervention pro-
mote true neuroplastic recovery versus maladaptive
neuroplasticity [33].

4.3. Challenges and perceived benefit

Establishing efficacy of intervention approaches
across disciplines and dose and timing of interven-
tion sessions across recovery stages is a critical step
in creating standards of care and clinical guidelines
for children with CMS. Results from open-ended
questions regarding challenges and resources needed
revealed a clear agreement of the need for clini-
cal guidelines for the rehabilitation of children with
CMS. While there are clinical guidelines for the
management of brain tumors, the few that include
rehabilitation are lacking the level of detail needed
for clinicians to utilize them [34]. Previously estab-
lished guidelines for rehabilitation in pediatric cancer
[35] and speech-language services in pediatric brain
tumor and leukemia [36] could serve as a framework
for creating guidelines across all rehabilitation dis-
ciplines providing services for children with CMS.
Without standards of care and clinical guidelines,
formal training and mentorship programs cannot be
established. Responses in this survey were in agree-
ment with the current literature regarding the need for
additional education and training to serve this popu-
lation [37]. While some multidisciplinary education
programs have been established for rehabilitation for
children with cancer, with a portion of training ded-
icated to content around children with CMS [38],
there are no known formal rehabilitation training pro-
grams specific to children with CMS at this time. It
could be hypothesized that the development of such
frameworks and training would improve clinicians’
perception of rehabilitation benefits.

5. Conclusion

The array of complex symptoms of CMS com-
bined with the impact(s) of cancer treatments pose
a unique challenge to rehabilitation professionals
charged with creating effective, evidence-based, indi-
vidualized treatment plans. At the 2018 Posterior
Fossa Society Consensus Meeting, a multidisci-
plinary subcommittee was formed to create a research
agenda to address the rehabilitation needs of chil-
dren with CMS. The survey results reported here
will be used to drive future work of the subcommit-
tee, including designing intervention studies that will
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provide much needed outcome data for standards of
care and clinical guidelines. Once established, struc-
tured, specific training and mentorship programs can
be created across disciplines.

Functional recovery of cognition, communica-
tion, and motor skills following posterior fossa
tumor resection resulting in pCMS can be negatively
impacted by obstacles to the rehabilitation process
such as the surgically induced injury, cranial radi-
ation, and the behavioral sequelae that accompany
both. The long-term goal of the rehabilitation work-
ing group of the Posterior Fossa Society is to create
clinical practice guidelines for the rehabilitation of
children with CMS by identifying efficacious inter-
ventions or combinations of interventions including
optimal timing.
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