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In 2010 it was estimated that >688 000 Americans were living with a primary brain tumor (PBT) corresponding to a U.S. prevalence
rate of approximately 221.8 per 100 000 people. Five-year survival is 96.1% in nonmalignant PBTs, 34% in malignant PBTs for all ages,
and 71% in children [1985-2005]. Case fatality rates have decreased in the U.S. since the 1970’s for nonmalignant PBTs and for me-
dulloblastoma, oligodendroglioma, and astrocytoma. Statistics of increasing survival highlight the importance of rehabilitation inter-
ventions to improve function and quality of life in survivors. PBT motor dysfunction is multifactorial, occurring as a result of direct
effects of tumor and/or swelling or as a result of treatments; etiologies include encephalopathy, myopathy, neuropathy, infection,
poor nutrition, metabolic factors, emotional factors, impaired perception/vision/cognition and complications of immobility. Motor dys-
function may lead to: impaired mobility, impaired activities of daily living, risk for complications of immobility, falls, pain, anxiety/
depression, and loss of functional independence and quality of life. Rehabilitation treatment strategies target specific causes of
motor dysfunction to improve functional independence and quality of life. This article reviews current knowledge and controversy re-

garding the role of rehabilitation for motor disorders in PBT patients.
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In 2010 it was estimated that >688 000 Americans were living
with a primary brain tumor (>138 054 with a malignant tumor
and >550 042 with a nonmalignant tumor), corresponding with
a U.S prevalence (benign and malignant) of approximately 221.8
per 100 000 people.’ These statistics do not include the preva-
lence of patients surviving with metastatic brain tumors. Average
5-year survival is 34% in malignant primary brain tumors for all
ages and 71% in children [1985-2005]. In contrast, the average
5-year survival is 96.1% in most nonmalignant PBTs.? Case fatal-
ity rates have decreased in U.S. since the 1970s for nonmalignant
primary brain tumors; and for medulloblastoma, oligodendro-
glioma, and astrocytoma.” Statistics of increasing survival high-
light the importance of rehabilitation interventions to improve
function and quality of life in survivors.

Motor deficits, including unilateral or bilateral weakness, atax-
ia, spasticity, and loss of complex movement execution due to
multiple possible etiologies, can occur during any brain tumor ill-
ness. Tumor location, treatment effects, and medications contrib-
ute to these deficits. Motor dysfunction has been associated with
significant deterioration in health-related quality of life in people
with primary and metastatic brain tumors. Significant decrease in

median overall survival has been reported in people with motor
deficits, possibly due to the complications of immobility, although
the exact reasons for this finding are unclear.

Motor deficits, particularly gait impairment, contribute to sig-
nificant symptom burden at end of life, and are the most
common reason for initiation of hospice care. Rehabilitation inter-
ventions focus on prevention and amelioration of motor dysfunc-
tion throughout the disease course in order to preserve quality of
life. Rehabilitation improves quality of life and helps in the preven-
tion of the medical complications of immobility, but the impact of
these interventions on long-term functional independence and
the prolongation of survival remains controversial, particularly
in malignant brain tumor patients. This article will review the cur-
rent knowledge regarding the rehabilitation of motor dysfunction
in primary brain tumor patients and address the role of rehabili-
tation in malignant tumor patients.

Motor Deficits and Primary Brain Tumors

Table 1 shows the incidence rates of the most common primary
brain tumors. Primary and metastatic brain tumors may occur
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Table 1. Distribution of common primary brain tumors by
histological subtype

Meningiomas: most common, 34% of all brain tumors

Gliomas: 30% of all brain tumors and 80% of all malignant tumors
Glioblastomas: 17% of all brain tumors and 54% of gliomas
Astrocytomas: 7% of all brain tumors

Nerve sheath tumors: 9% of all brain tumors

Pituitary tumors: 13% of all brain tumors

Lymphomas: 2% of all brain tumors

Oligodendrogliomas: 2% of all brain tumors

Medulloblastomas: 1% of all brain tumors

anywhere in the brain and cross neuro-anatomic boundaries.
Motor dysfunction in primary brain tumor patients may be multi-
factorial, occurring as a result of direct effects of tumor location
and/or swelling, and/or as a result of treatments such as surgery,
chemotherapy, radiation, steroids and/or other pharmacotherapy.

Table 2 summarizes potential impairments that may contrib-
ute to motor dysfunction in primary brain tumor patients. The
most common impairments include cognitive deficits, weakness,
visual-perceptual deficits, and sensory loss, followed by cranial
neuropathies, diplopia and ataxia. In one study three or more def-
icits were seenin 75% of patients and five or more deficits in 39%,
highlighting the multifactorial etiology of motor dysfunction in
these patients.”

Motor deficits may impair quality of life, functional indepen-
dence, and safety and may result in falls and injuries and/or the
complications of immobility such as venous-thromboembolism
(VTE), pneumonia, skin ulcerations and joint contractures, all of
which may contribute to mortality. The subsections below will out-
line the potential causes of motor dysfunction in patients with pri-
mary brain tumors, as well as VTE, which is the most common
complication of immobility resulting in hospital readmissions and
mortalities. Motor dysfunction etiologies and manifestations in
primary brain tumor patients are targeted for rehabilitation
interventions.

Tumor Location

Various motor dysfunction syndromes may occur as a direct re-
sult of tumor location. The effects of hemisphere tumors may
vary depending on whether the right or left side of the brain is af-
fected, and depending on the lobar location. Frontal lobe involve-
ment may cause impaired executive functions, impulsiveness,
apraxia, and emotional lability. Parietal tumors may cause hemi-
neglect, spatial disorientation, apraxia, impaired vision (optic
pathway involvement), and/or contralateral proprioceptive agno-
sia and other sensory impairments. Temporal lobe involvement
may cause impairments of visual fields (optic pathway), memory,
comprehension, and behavior. Occipital effects involve various vi-
sion impairments. Suprasellar tumors in the area of the pituitary
may also result in visual field impairments such as bitemporal
hemianopsia.

Motor effects of tumors of the thalamus may vary. For exam-
ple, tumors of the supra-posterolateral portion of the thalamus
may result in astasia, the inability to stand in the absence of
motor weakness or marked sensory loss, causing a tendency to
fall backwards or toward the side contralateral to the lesion.

Table 2. Possible etiologies for motor dysfunction in brain tumor patients

Muscle weakness
Central weakness
Myopathy-related weakness
Neuropathy-related weakness
Cognitive impairments
Memory for task
Comprehension
Apraxia
Attention/Concentration
Impaired executive function
Psychomotor Delay/Delayed response time
Emotional Impairments
Depression
Anxiety
Fear of Falling
Apathy/Abulia
Abnormal Tone/Spasticity
Abnormal synergy patterns
Abnormal range of motion
Sensory Impairments
Numbness
Impaired Proprioception
Impaired Perception
Visuospatial impairments
Hemineglect
Impaired vision/Hemianopia
Physical Impairments
Pain
Fatigue
Contractures
Ataxia/Incoordination/Imbalance

Interestingly, midline cerebellar tumors could present with symp-
toms similar to those seen with supra-posterolateral thalamic
lesions.® In addition, because thalamic tumors may involve all
of the thalamus or various nuclei within the thalamus, other find-
ings may include impairments of arousal, high-level cognition,
mood and motivation, and/or contralateral pain, sensory loss,
ataxia, hemiparesis, and hemineglect.”®

Tumors occurring in the region of the basal ganglia may vari-
ably cause apathy, abulia, hemiparesis, dystonia, and impaired
cognition.® Brainstem tumors may variably cause deficits that
correspond with involvement of various ascending and descend-
ing white matter pathways producing ataxia, incoordination,
weakness and/or sensory loss; and involvement of cranial nerve
nuclei may cause diplopia, imbalance, dysphagia and other find-
ings that would correspond with the specific cranial nerve. Cerebel-
lar tumors may cause ipsilateral or midline ataxia/incoordination,
dysmetria, and dysarthria, but also may result in cognitive and
affective symptoms.®

Steroid Myopathy

Corticosteroids reduce brain tumor-associated edema and relat-
ed neurologic deficits while minimizing side effects and/or the risk
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of encephalopathy in patients undergoing radiation therapy.*®
However, corticosteroids may cause multiple potential side
effects including steroid myopathy, which causes weakness that
predominantly affects the proximal limb musculature and impairs
ability to stand up from sitting as well as stair climbing. Reported-
ly 10% of primary brain tumor patients receiving daily dexame-
thasone for 2 or more weeks are at risk for developing steroid
myopathy, particularly if they develop Cushingoid features.'®!
Corticosteroids may also cause osteoporosis, which makes falls
from motor dysfunction more likely to result in fractures.

Radiation Therapy Encephalopathy

Radiation is commonly used in the treatment of patients with
high-grade gliomas, as this has been shown to improve survival.'?
However, there is a risk of radiation encephalopathy, which may
manifest with neurocognitive deficits and/or radiation-induced
necrosis. The exact incidence of radiation necrosis may range
from 7% to 24% particularly following stereotactic radiosur-
gery.*? =1 pathophysiology of radiation necrosis of the brain in-
volves coagulative and fibrinoid necrosis and cortical irritation
with associated vasogenic cerebral edema that impairs surround-
ing brain function.** Radiation encephalopathy may occur as an
acute, subacute, or chronic complication. It may be reversible
when it is a complication of recent radiotherapy, however it
may also result in permanent neurologic impairments. Acute ra-
diation encephalopathy is often treated with steroids for the
edema. Motor dysfunction may be one of the manifestations of
radiation encephalopathy in brain tumor patients.

Chemotherapy Encephalopathy

Chemotherapy for malignant brain tumors, and other cancers,
may result in neurocognitive impairments and somatoform
symptoms including fatigue, malaise, depression, and anxiety.'®
Impaired memory, attention, and executive control are the most
common of the cognitive manifestations that have been correlat-
ed with gray and white matter volume reductions and altered
white matter tract microstructure on neuroimaging studies.'®
Motor dysfunction may also be one of the indirect manifestations
of chemotherapy encephalopathy in brain tumor patients.

Venous Thromboembolism (VTE)

Malignant brain tumor patients are at a high risk for VTE compli-
cations,’” particularly following craniotomies for high-grade oli-
godendroglioma, high-grade glioma, lymphoma, and lesions of
metastatic or mixed pathology.'® The reported incidence of VTE
in this post-surgical group reportedly ranges from 3.0% to
13.7%."®19VTE is one of the main reasons for unplanned hospital
readmissions in brain tumor patients; rates of readmission for VTE
range from 19.7% to 22%.°%?* Patients readmitted to a hospital
within 30 days of a craniotomy for reasons that may include VTE
had twice the risk of mortality compared with patients who were
not readmitted?®; and readmitted glioblastoma patients had
shorter overall survival rates than those not readmitted.”* Immo-
bility and pre-operative motor deficits increase the risk for VTE.'?
Early post-craniotomy mobilization therapies in combination with
mechanical and/or pharmacologic prophylaxis have been shown
to reduce VTE complications.? Evidence-based VTE prophylaxis in

compliance with American College of Chest Physicians (ACCP)
guidelines during inpatient rehabilitation have been shown to re-
duce the incidence of symptomatic VTE by 6-fold in at-risk
patients.??

Rehabilitation

Most patients are referred to rehabilitation following neurosur-
gery, initial or subsequent to recurrence, for motor and/or cog-
nitive impairments. Though still controversial,?* rehabilitation
has been shown to be useful in improving motor and cognitive
function, and/or survival and quality of life in malignant primary
brain tumor patients, although mostly in observational studies
rather than randomized controlled studies (RCTs) or clinical
controlled trials (CCTs).*®%> =33 Motor dysfunction leads to impair-
ments of mobility and activities of daily living, risk for complica-
tions of immobility and falls, pain, anxiety and/or depression,
loss of functional independence, and reduced quality of life. Reha-
bilitation targets the causes of motor dysfunction as well as its
effects on physical function, well-being, and quality of life. Daily
functional gains made by primary brain tumor patients undergo-
ing inpatient rehabilitation may be similar to those made by trau-
matic brain injury and stroke patients matched by age, gender,
and admission functional status. 2> Perioperative motor defi-
cits in glioblastoma patients have been demonstrated to have a
deleterious impact on mobility and quality of life, contributing to
decreased survival.?”?® However, a recent CCT showed that ma-
lignant glioma survivors at a median time of 2 years since initial
diagnosis can improve function with multidisciplinary rehabilita-
tion, with some gains maintained up to 6 months, particularly
in the Functional Independence Measure (FIM) domains of
sphincter control, communication, and cognition.?° Motor FIM
score gains averaging 10 points during rehabilitation is a signifi-
cant predictor of longer survival in patients with brain metastases
and glioblastomas.?!

Rehabilitation of Multifactorial Motor Symptoms

One of the roles for rehabilitation clinicians is to determine causes
of motor symptoms that may then be targeted for specific reha-
bilitation treatments. For example, in primary brain tumor pa-
tients, balance dysfunction may be caused by factors such as
impairments of vision, vestibular or sensory paths, brainstem or
cerebellar pathways; parasagittal or sensory cortex tumors;
poor nutrition; anemia; postural hypotension; dehydration; tem-
poral or posterior fossa radiation; and/or medication side effects.
Some of the potential causes for vestibular/balance dysfunction
may respond rapidly to an intervention, such as the discontinua-
tion of a particular medication, while other physical therapy inter-
ventions may gradually help in the recovery of balance. Vestibular
therapeutic regimens may include practical activities that chal-
lenge postural stability and balance, eye-hand-head coordination
activities, virtual reality techniques, and/or use of special equip-
ment/devices; progress may be tracked with FIM scores and/or
posturography.®*~3® Postoperative imbalance/vestibulopathy as-
sociated with certain tumors such as schwannomas or cerebellar
tumors may respond to vestibular therapies, particularly when
the treatment is initiated in the early postoperative period.>*®
Fatigue and poor endurance or exercise tolerance may
be caused by adverse effects of chemotherapy, radiation,
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medications, deconditioning, metabolic problems, infection, ane-
mia, depression, impaired sleep, and/or nutritional factors. Some
of these problems are more easily treated than others. Fatigue
occurs in approximately 80% of primary brain tumor patients
who undergo cranial irradiation, and in nearly 40% of low-grade
glioma survivors.?’~“° Fatigue, cognitive impairments, and
depression are common and often co-morbid symptoms,*’ all
of which may respond to various pharmacologic and nonpharma-
cologic therapeutic interventions. Nonpharmacologic interven-
tions for fatigue that have been proven to be effective in the
general cancer patient population include physical therapy and
exercise, psychosocial and nutritional interventions, pain man-
agement, and treatment of anemia, altered sleep hygiene, and
comorbid conditions, such as thyroid dysfunction.*”*>*! Rehabil-
itation exercise programs that were successful for fatigue treat-
ment in general cancer patients included mild-to-moderate
intensity walking and resistance training;*>*! however, random-
ized controlled trials in primary brain tumor patients have not
yet been performed.®’

Cognitive deficits that may impair motor function include
problems with comprehension, memory, attention, initiation,
apraxia, psychomotor delay, and/or perception. Approximately
80% of primary brain tumor patients may have cognitive impair-
ments.> Causes of impaired cognition may include: direct effects
of tumor, surgical resection, radiation, chemotherapy, medica-
tions, fatigue, depression, and/or anxiety, and medication side
effects. Depression and anxiety have been reported to occur in
16% to 50% of primary brain tumor patients,*? may be difficult
to distinguish from fatigue, and may interfere with concentration,
attention, and cognition. Cognitive multidisciplinary rehabilitation
treatment targets deficits in communication, comprehension,
expression, social interaction, problem solving and memory.
Gains in cognition may be maintained for up to at least 6 months
in malignant glioma survivors at median time of 2 years since
initial diagnosis per a recent CCT.?°

Rehabilitation in Acute Care

Rehabilitation interventions should begin in primary brain tumor
patients during an acute care hospitalization after the diagnosis
and/or treatment is established, any life-threatening problems
are controlled, and/or the patient is stabilized after surgery. The
highest priorities during acute care are the prevention of medical
complications; regulation and management of general health
functions such as nutrition, hydration, bowel/bladder function,
sleep, and homeostasis; and encouragement of early mobiliza-
tion and the resumption of self-care activities.** Therapeutic in-
terventions to encourage mobility may be started in stable
patients after neurosurgery. However, mobilization should be ap-
proached with caution or delayed in patients with altered con-
sciousness, evolving neurological signs, recent intracranial
bleeding, persistent orthostasis, and/or any other acute medical
complications.** Early mobilization in brain tumor patients helps
to prevent complications of immobility such as VTE, skin break-
down, contracture development, constipation, orthostasis, and/
or pneumonia, while promoting early ambulation and the perfor-
mance of activities of daily living. Self-care activities should
be encouraged in stable brain tumor patients because early par-
ticipation in self care increases strength, endurance, awareness,
communication, problem solving, and social activity.** Rehabilitation

goals prior to the discharge from acute care include: determining
the need for further rehabilitation, selecting the best post-acute
living environment or rehabilitation setting, and assisting with pa-
tient and family education on the clinical effects of the brain
tumor, potential complications, and the need and rationale for
further treatments and rehabilitation.

Post-acute Rehabilitation Settings

There are specific criteria that are used to determine further reha-
bilitation. For example, the threshold criteria for admission to any
active inpatient or outpatient rehabilitation program that would
involve active patient participation would include medical stabil-
ity, one or more persistent disabilities, the ability to learn, and the
endurance to sit supported for at least 1 hour per day.** Primary
brain tumor patients who would qualify for intense interdisciplin-
ary inpatient rehabilitation programs have the ability to tolerate
3 hours of therapy daily and would require total-to-moderate as-
sistance in either mobility or activities of daily living.*® Patients hav-
ing complex medical needs who are unable to tolerate 3 hours of
active therapy daily may benefit from subacute rehabilitation treat-
ment in a skilled nursing facility. Candidates for outpatient rehabil-
itation would require supervision to minimal assistance in mobility
and activities of daily living and would have limited functional def-
icits.>* Home health care therapy programs vary in capabilities and
services; advantages include the convenience and familiarity of
the home setting, while disadvantages include the potential of in-
creased burden on family caregivers.

Post-acute Rehabilitation Process

Regardless of the setting, a rehabilitation plan of care should be
developed for all primary brain tumor patients. A rehabilitation
plan of care would include a clear description of the patient’s im-
pairments, disabilities and strengths, explicit short- and long-term
functional goals, and treatment strategies to achieve goals and
prevent complications.** Goals in rehabilitation for motor dysfunc-
tion in primary brain tumor patients include the prevention of
secondary complications, treatment to reduce neurological impair-
ments, and the teaching of compensatory strategies for residual
disabilities. Tumor type, location, deficits, and time since diagnosis
are important considerations in setting the goals. Importantly,
even newly diagnosed glioblastoma patients who are status post
an initial resection craniotomy are likely to make significant gains in
mobility and self-care following a course of inpatient rehabilita-
tion.>° If prognosis is poor or there are severe cognitive deficits
that preclude learning, then the emphasis would be on caretaker
education, adjustments to a living environment to facilitate care,
and improving the patient’s capacity for bed transfers.

Goals may change over the clinical course and may be differ-
ent for benign versus malignant tumors. Initial concerns are spe-
cific impairments and functional abilities. Later concerns may
include survival, progression of impairments, and complications
of treatments. In regard to motor impairments, patients with
some voluntary motor control are encouraged to use an affected
limb in functional tasks. Patients with persistent functional defi-
cits are taught compensatory strategies. Absence of volitional
movement in a limb at more than four weeks post onset of deficit
suggests that recovery of volitional movement is unlikely.** Adap-
tive devices and braces are used if more natural methods are not
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available or cannot be learned. Lower extremity orthotic devices
are indicated in a patient having persistent weakness, such as
complete foot drop or knee instability, if ankle or knee stabiliza-
tion will help the patient to walk. Impairments of cognition and
perception also contribute to motor dysfunction in primary
brain tumor patients; treatments emphasize retraining, substitu-
tion of intact abilities, and compensatory approaches. Persistent
cognitive deficits that preclude learning are a contraindication to
active rehabilitation. Impairments of language, including expres-
sion, comprehension, and/or hemineglect, may also contribute to
motor dysfunction such as through an inability to express needs,
which can lead to falls; an inability to understand motor com-
mands, impairing motor rehabilitation; or a lack of awareness
usually of the left hemi-body and left visual field. Treatment of
aphasia is targeted at comprehension deficits, improving func-
tional communication, and using strategies to compensate for
persistent problems. Treatment for hemineglect and other right
hemisphere language disorders focuses on increasing awareness
of deficits, reinstating the pragmatics of nonverbal communica-
tion, and the teaching of compensatory strategies such as scan-
ning to the affected side.

Discharge planning begins at the time of admission to any ac-
tive rehabilitation program and it involves the interdisciplinary
team, the patient, and the family. Discharge planning concerns
are shown in Table 3. Discharge occurs when reasonable treat-
ment goals have been achieved, or if there has been an absence
of progress over 1 to 2 successive weeks, which would suggest the
need to reconsider the treatment regimen and/or the rehabilita-
tion setting. Patients who are unable to tolerate rehabilitation in-
terventions in an active rehabilitation setting may still benefit
from more passive interventions in another setting such as at
home with home therapies or in a skilled nursing center.

Potential Barriers for PBT Patient Access to Rehabilitation

In principle rehabilitation would seem to be a service easily pro-
vided to primary brain tumor patients, but in reality implementing
rehabilitation for people with brain tumors can be challenging
due to insurance coverage issues, potential physical/cognitive
barriers to participation, and absence of rehabilitation as a com-
ponent of a multidisciplinary clinical care pathway and/or lack of
a multidisciplinary care approach. Health insurance providers may
not cover rehabilitation services due to defined benefits and/or
lack of RCTs that demonstrate improved outcomes in malignant
primary brain tumor patients.?* RCTs that address long-term out-
comes or cost benefits of rehabilitation for those with malignant
brain disease are also lacking.?*

Table 3. Rehabilitation discharge planning concerns

Home accessibility needs

Home equipment needs

Driving issues

Handicap parking needs

Medical follow-up

Outpatient or home therapy needs

Caretaker education

Referral to appropriate community services and support groups

A second issue is that physical, cognitive and/or emotional
symptoms caused by the tumor and/or its treatment may
decrease a patient’s ability or motivation to participate in rehabil-
itation programs. Active patient participation, medical stability,
one or more persistent disabilities, the ability to learn, and the en-
durance to sit supported for at least one hour a day are minimum
requirements for admission to any active inpatient or outpatient
program.“? Patients that do not meet these criteria would not be
candidates for an active rehabilitation program.

Finally, absence of rehabilitation as a component of a multidis-
ciplinary clinical care pathway or lack of a multidisciplinary care
approach to identifying patients that might benefit from rehabil-
itation are other important barriers. A multidisciplinary team ap-
proach is resulting in improved patient access to surgery, better
post-surgical outcomes, shorter post-surgical, acute-care hospi-
tal length-of-stays, and improved coordination of chemotherapy
and/or radiation therapy treatments, but not access to rehabilita-
tion services.** =48

Currently, national data are unavailable regarding the proportion
of primary brain tumor patients who are referred to rehabilitation,
and of these, what proportions are accepted or rejected, and for
what reasons. Perhaps a survey of the Society of Neuro-Oncology
members about perceptions of potential barriers to rehabilitation
access might be useful in clarifying the most common of these
issues or other potential issues not discussed here.

Controversy Regarding Rehabilitation in PBT Patients

There is general agreement that rehabilitation is beneficial for
motor functional recovery and the prevention of complications
in patients with low-grade or benign brain tumors;*®2° 33 howev-
er, there is continued controversy regarding the benefits of reha-
bilitation for patients with high-grade malignant tumors and a
relatively short life expectancy. This controversy stems from a
paucity of RCTs that demonstrate improved functional outcomes,
survival, or cost benefits.?* Two recent studies, one RCT and one
CCT, have demonstrated that rehabilitation benefits glioblastoma
patients.?*3 Increasing survival rates for malignant glioma
patients have been reported,*??*> which highlights an increasing
need for rehabilitation in this population to improve motor func-
tion and quality of life while preventing the complications of im-
mobility such as VTE. Malignant brain tumor patients are at a high
risk of developing VTE,'”~*® and this risk may be reduced as much
as 6-fold by rehabilitation interventions to improve mobility in
combination with recommended ACCP guidelines.?>?? The lack
of RCTs and CCTs does not suggest the ineffectiveness of multidis-
ciplinary rehabilitation services but rather highlights the need for
well-designed studies in primary brain tumor patients to clarify
best practices, optimal settings, type, intensity, duration of
therapy, and cost-effectiveness.

Conclusion

Increasing survival highlight the importance of rehabilitation in-
terventions to improve function and quality of life in PBT survivors.
Motor dysfunction is common and occurs as the result of multiple
possible causes in PBT patients. Rehabilitation is beneficial in the
prevention of the medical complications of immobility such as
VTE and in improving motor function, cognition, and overall func-
tional independence for people having PBTs, including those
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patients having malignant brain tumors. Rehabilitation RCT studies
are needed in PBT patients to clarify best practices, optimal set-
tings, type, intensity, duration of therapy, and cost-effectiveness.

Funding

None.

Conflict of interest statement. The authors of this study have no other
disclosures or conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

No authors. Brain Tumor Statistics. American Brain Tumor Association.
http:/www.abta.org/about-us/news/brain-tumor-statistics/. Accessed
13 September 2014.

Porter KR, McCarthy BJ, Freels S, Kim Y, Davis FG. Prevalence
estimates for primary brain tumors in the United States by age,
gender, behavior, and histology. Neuro Oncol. 2010;12(6):520-527.

Woehrer A, Hackl M, Waldhér T, et al. Relative survival of patients
with non-malignant central nervous system tumours: a descriptive
study by the Austrian Brain Tumour Registry. Br J Cancer. 2014;
110(2):286-296.

Davis FG, Freels S, Grutsch J, Barlas S, Brem S. Survival rates in patients
with primary malignant brain tumors stratified by patient age and
tumor histological type: an analysis based on Surveillance,
Epidemiology, and End Results (SEER) data, 1973-1991. J Neurosurg.
1998;88(1):1-10.

Mukand JA, Blackinton DD, Crincolli MG, et al. Incidence of neurologic
deficits and rehabilitation of patients with brain tumors. Am J Phys
Med Rehabil. 2001;80:346-350.

Masdeu JC, Gorelick PB. Thalamic astasia: inability to stand after
unilateral thalamic lesions. Ann Neurol. 1988;23(6):596-603.

Schmahmann JD. Vascular syndromes of the thalamus. Stroke.
2003;34(9):2264-2278.

Herrero MT, Barcia C, Navarro JM. Functional anatomy of thalamus
and basal ganglia. Childs Nerv Syst. 2002;18(8):386-404.

Stoodley CJ, Schmahmann JD. Evidence for topographic organization
in the cerebellum of motor control versus cognitive and affective
processing. Cortex. 2010;46(7):831-844.

Dietrich J, Rao K, Pastorino S, Kesari S. Corticosteroids in brain cancer
patients: benefits and pitfalls. Expert Rev Clin Pharmacol. 2011;4(2):
233-242.

Dropcho EJ, Soong SJ. Steroid-induced weakness in patients with
primary brain tumors. Neurology. 1991;41(8):1235-1239.

Laperriere N, Zuraw L, Cairncross G, et al. Radiotherapy for newly
diagnosed malignant glioma in adults: a systematic review.
Radiother Oncol. 2002;64(3):259-273.

Chao ST, Ahluwalia MS, Barnett GH, et al. Challenges with the

diagnosis and treatment of cerebral radiation necrosis. Int J Radiat
Oncol Biol Phys. 2013;87(3):449-457.

Fabiano AJ, Qui J. Post-stereotactic radiosurgery brain metastases: a
review. J Neurosurg Sci. 2015;59(2):157-167.

Wang XM, Walitt B, Saligan L, Tiwari AF, Cheung CW, Zhang ZJ.
Chemobrain: A critical review and causal hypothesis of link
between cytokines and epigenetic reprogramming associated with
chemotherapy. Cytokine. 2015;72(1):86-96.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

O’Dell MW, Barr K, Spanier D, Warnick RE. Functional outcome of
inpatient rehabilitation in persons with brain tumors. Arch Phys
Med Rehabil. 1998;79(12):1530-1534.

Pruemer J. Prevalence, causes, and impact of cancer-associated
thrombosis. Am J Health Syst Pharm. 2005;62(22 Suppl 5):54-S6.

Smith TR, Nanney AD, Lall RR, et al. Development of venous
thromboembolism (VTE) in patients undergoing surgery for brain
tumors: results from a single center over a 10 year period. J Clin
Neurosci. 2015;22(3):519-525.

Chaichana KL, Pendleton C, Jackson C, et al. Deep venous thrombosis
and pulmonary embolisms in adult patients undergoing craniotomy
for brain tumors. Neurol Res. 2013;35(2):206-211.

Dickinson H, Carico C, Nufio M, et al. Unplanned readmissions and
survival following brain tumor surgery. J Neurosurg. 2015;122(1):
61-68.

Nufo M, Ly D, Ortega A, Sarmiento JM, et al. Does 30-day
readmission affect long-term outcome among glioblastoma
patients? Neurosurgery. 2014;74(2):196-204.

Cassidy MR, Rosenkranz P, McAneny D. Reducing postoperative
venous thromboembolism complications with a standardized
risk-stratified prophylaxis protocol and mobilization program. J Am
Coll Surg. 2014;218(6):1095-1104.

Mayer RS, Streiff MB, Hobson DB, et al. Evidence-based venous
thromboembolism prophylaxis is associated with a six-fold
decrease in numbers of symptomatic venous thromboembolisms
in rehabilitation inpatients. PM R. 2011;3(12):1111-1115.

Khan F, Amatya B, Ng L, Drummond K, Oliver J. Multidisciplinary
rehabilitation after primary brain tumour treatment. Cochrane
Database Syst Rev. 2013;1:CD009509.

Greenberg E, Treger I, Ring H. Rehabilitation outcomes in patients
with brain tumors and acute stroke: comparative study of
inpatient rehabilitation. Am J Phys Med Rehabil. 2006;85(7):
568-573.

Geler-Kulcu D, Gulsen G, Buyukbaba E, et al. Functional recovery of
patients with brain tumor or acute stroke after rehabilitation: a
comparative study. J Clin Neurosci. 2009;16(1):74-78.

Chaichana KL, Martinez-Gutierrez JC, De la Garza-Ramos R, et al.
Factors associated with survival for patients with glioblastoma
with poor pre-operative functional status. J Clin Neurosci. 2013;
20(6):818-823.

McGirt MJ, Mukherjee D, Chaichana KL, Than KD, Weingart JD,
Quinones-Hinojosa A. Association of surgically acquired motor and
language deficits on overall survival after resection of glioblastoma
multiforme. Neurosurgery. 2009;65(3):463 -469.

Khan F, Amatya B, Drummond K, Galea M. Effectiveness of integrated
multidisciplinary rehabilitation in primary brain cancer survivors in an
Australian community cohort: A controlled clinical trial. J Rehabil
Med. 2014;46(8):754-760.

Roberts PS, Nufio M, Sherman D, et al. The impact of inpatient
rehabilitation on function and survival of newly diagnosed patients
with glioblastoma. PM R. 2014;6(6):514-521.

Tang V, Rathbone M, Park Dorsay J, Jiang S, Harvey D. Rehabilitation
in primary and metastatic brain tumours: impact of functional
outcomes on survival. J Neurol. 2008;255(6):820-827.

Vargo M. Brain tumor rehabilitation. Am J Phys Med Rehabil. 2011,
90(5 Suppl 1):S50-562.

Zucchella C, Capone A, Codella V, et al. Cognitive rehabilitation for

early post-surgery inpatients affected by primary brain tumor: a
randomized, controlled trial. J Neurooncol. 2013;114(1):93-100.

190

Neuro-Oncology Practice


http://www.abta.org/about-us/news/brain-tumor-statistics/
http://www.abta.org/about-us/news/brain-tumor-statistics/
http://www.abta.org/about-us/news/brain-tumor-statistics/
http://www.abta.org/about-us/news/brain-tumor-statistics/
http://www.abta.org/about-us/news/brain-tumor-statistics/
http://www.abta.org/about-us/news/brain-tumor-statistics/

Review

34.

35.

36.

37.

38.

39.

40.

41.

Thomeer H, Bonnard D, Franco-Vidal V, et al. Prognostic Factors of
Balance Quality After Transpetrosal Vestibular Schwannoma
Microsurgery: An Instrumentally and DHI-based Prospective Cohort
Study of 48 Patients. Otol Neurotol. 2015;36(5):886-891.

Cohen HS. Disability and rehabilitation in the dizzy patient. Curr Opin
Neurol. 2006;19(1):49 - 54.

Gill-Body KM, Popat RA, Parker SW, Krebs DE. Rehabilitation of
balance in two patients with cerebellar dysfunction. Phys Ther.
1997;77(5):534-552.

Boele FW, Douw L, de Groot M, et al. The effect of modafinil on
fatigue, cognitive functioning, and mood in primary brain tumor
patients: a multicenter randomized controlled trial. Neuro Oncol.
2013;15(10):1420-1428.

Powell C, Guerrero D, Sardell S, et al. Somnolence syndrome in
patients receiving radical radiotherapy for primary brain tumours:
a prospective study. Radiother Oncol. 2011;100(1):131-136.

Struik K, Klein M, Heimans JJ, et al. Fatigue in low-grade glioma. J
Neurooncol. 2009;92(1):73-78.

Armstrong TS, Gilbert MR. Practical strategies for management of
fatigue and sleep disorders in people with brain tumors. Neuro
Oncol. 2012;14(Suppl 4):iv65-iv72.

National Cancer Institute at the National Institutes of Health. Fatigue

(PDQ®), 2014. http://www.cancer.gov/cancertopics/pdg/supportivecare/
fatigue/HealthProfessional/pagel. Accessed April 2015.

42.

43.

4,

45,

46.

47.

48.

Rooney AG, Carson A, Grant R. Depression in cerebral glioma patients:
a systematic review of observational studies. J Natl Cancer Inst.
2011;103(1):61-76.

Kushner DS. Principles of neurorehabilitation. In: Weiner WJ, Goerz
CG, eds. Neurology for the Non-Neurologist. 6th ed. Philadelphida,
PA: Walters Kluwer/Lippincott Williams and Wilkins; 2010:551 -
571.

Price SJ, Guilfoyle M, Jefferies SJ, et al. Development of an integrated
subspecialist multidisciplinary neuro-oncology service. BMJ Qual
Improv Report. 2013;2:1-4.

Woehrer A, Lau CC, Prayer D, et al. Brain tumor epidemiology - a hub
within multidisciplinary neuro-oncology. Report on the 15th Brain
Tumor Epidemiology Consortium (BTEC) Annual Meeting, Vienna,
2014. Clin Neuropathol. 2015;34(1):40-46.

Guilfoyle MR, Weerakkody RA, Oswal A, et al. Implementation of
neuro-oncology service reconfiguration in accordance with NICE
guidance provides enhanced clinical care for patients with
glioblastoma multiforme. Br J Cancer. 2011;104(12):1810-1815.

Gallego Pérez-Larraya J, Delattre JY. Management of elderly patients
with gliomas. Oncologist. 2014;19(12):1258-1267.

Savion I, Porat N, Shoshan Y. Establishing the position of
neurosurgery nurse coordinator as a catalyst for advancing quality
of care in a tertiary hospital in Israel. J Neurosci Nurs. 2013;45(5):
E3-E12.

Neuro-Oncology Practice

191


http://www.cancer.gov/cancertopics/pdq/supportivecare/fatigue/HealthProfessional/page1
http://www.cancer.gov/cancertopics/pdq/supportivecare/fatigue/HealthProfessional/page1
http://www.cancer.gov/cancertopics/pdq/supportivecare/fatigue/HealthProfessional/page1
http://www.cancer.gov/cancertopics/pdq/supportivecare/fatigue/HealthProfessional/page1


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


