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Abstract

Purpose
To identify pre-, intra-, and postoperative factors influencing the improvement of the activities of daily
living (ADL) in newly diagnosed patients with glioblastoma (GBM), we investigated the characteristics
and variable factors and overall survival.

Methods
A total of 105 patients with GBM were retrospectively analyzed and categorized into three groups
according to the quartile of change of Barthel index score from admission to discharge: deterioration (n =
25), no remarkable change (n = 55), and good recovery (n = 25). We compared with the characteristics,
variable factors, and overall survival of patients with deterioration and good recovery after tumor
resection.

Results
There was statistically different in the pre-, intra-, and post-operative factors between the groups. Multiple
regression analysis identified four significant predictor variables that may influence the improvement of
ADL after surgery: the improvement of motor paralysis after surgery, mild fatigue during
chemoradiotherapy, poor Karnofsky performance status at admission, and length up to early walking
training onset. The median overall survival was significantly different between the patients with
deterioration (10.6 months, 95% CIs, 5.19–16.00) and good recovery (18.9 months, 95% CIs, 8.61–29.18)
(p = 0.025).

Conclusion
This study identified four factors influencing the improvement of ADL after surgery. In addition, a
structured inpatient rehabilitation programs can be performed safely and improve functional outcomes,
which may contribute to the survival prognosis.

Introduction
Glioblastoma (GBM) is the most common and aggressive brain tumor, with a median age of 65 years at
diagnosis [1], and is reportedly diagnosed in 12% of all brain tumor patients [2]. The initial treatment
consists of a safe surgical resection followed by concurrent radiotherapy and temozolomide (TMZ)
followed by another 6 months of adjuvant TMZ [3]. Therapeutic advances in oncology have prolonged
the survival of individuals with brain tumors even if these individuals are often left with residual
neurological deficits and psychological impairments [4]. However, patients with GBM suffer from longPage 2/14

term physical and psychological impairments that limit their daily activities and participation because of
factors related to the tumor or the treatment they receive [5-7].
Some studies have demonstrated that the prognostic factors that are important for survival in patients
with GBM are the age at surgery, the location of tumor, multifocal or bilateral tumor, and the extent of
resection [8, 9]. The prognostic factor of functional outcome has been studied in patients with brain
tumors using the performance status (PS), which is considered a functional assessment tool [10, 11].
Notably, the patient’ performance and function are usually assessed using the Karnofsky performance
status (KPS) as a general assessment of patients with cancer [12]. Several studies have determined that
a KPS score of 60 or 50 or less usually denotes a poor functional status in the clinical setting [11, 13].
Therefore, preoperative PS has long been recognized as major independent prognostic factor in patients
with GBM [11]. However, some patients with a good preoperative PS will become functionally impaired
because of perioperative complications and surgically acquired neurologic deficits [11, 14]. In contrast,
some patients with poor preoperative PS show an improvement in their functional status after surgery
[11]. Our anecdotal clinical experience seems to be associated with the pre-, intra-, and postoperative
factors for the improvement of the patient’ performance and functional status after surgery. However, few
studies have investigated the pre-, intra-, and postoperative factors influencing the improvement of the
functional status such as activities of daily living (ADL) in patients with GBM. Therefore, this study
focused on identifying the factors influencing the improvement of the ADL in patients with GBM after
tumor resection.
As patients with newly diagnosed GBM can be sources of significant functional impairments, they need
rehabilitation to improve their disability after tumor resection. Several studies have demonstrated that
patients with brain tumors who received inpatient rehabilitation improved their functional status during
the course of the treatment [4, 5, 10, 15–17]. Exercise rehabilitation can maintain or improve the
functional performance and quality of life (QOL) in patients with GBM, even during medical treatment
regimens [18]. In addition, clinical research has established the efficacy of appropriate exercises in
counteracting physical impairments including fatigue and functional decline, cognitive impairment, and
psychological effects such as depression and anxiety in patients with brain tumors [19]. Furthermore,
significant improvements in the functional status and health-related QOL during inpatient rehabilitation
have been associated with longer survival after discharge [5, 10]. In contrast, Roberts et al. [17] reported
that no statistical difference in the overall survival was found in GBM patients who did and did not
receive inpatient rehabilitation. Therefore, whether functional recovery during inpatient rehabilitation
influences the overall survival is controversial. Although the improvement of the functional outcome
during inpatient rehabilitation was not associated with survival after discharge, the palliation of
symptoms and improvement of the functional outcome, including ADL may be attributed to an
improvement of the health-related QOL, which are important goals for the treatment of patients with GBM
[20].
However, few investigations have been conducted to compare newly diagnosed patients with GBM who
had aggravated or improved functional status in inpatient rehabilitation after tumor resection. To the best
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of our knowledge, one study reported a comparison between inpatient rehabilitation responders and nonresponders by the functional gains from admission to discharge using the functional independence
measure (FIM) [17]. In our hospital, almost patients with GBM receive rehabilitation services after surgery
to improve the neurological deficits or ADL such as locomotion. Therefore, we focused on the
improvement of ADL from admission to discharge of patients with GBM using Barthel index (BI) scores.
The BI score is correlated with the KPS of patients with brain tumors [21] and is easy to use for medical
staff. In addition, it is reliable and sensitive to change and a well-validated scale of ADL, which is widely
used in patients with neurological disability after stroke [22].
The present study aimed to identify the pre-, intra-, post-operative, and rehabilitation-related factors
influencing the improvement of ADL from admission to discharge in newly diagnosed patients with GBM.
Therefore, we investigated the characteristics, variable factors, and overall survival of patients with
deterioration and good recovery after tumor resection.

Methods
Study design
This study was designed to retrospectively review the impact of the characteristics and variable factors
and overall survival of patients with deterioration and good recovery of ADL from admission to discharge
in newly diagnosed patients with GBM who were enrolled in the database of the Medical Record of
Kagoshima University Hospital. The study was conducted in accordance with the Declaration of Helsinki
and was approved by the ethical committee of Kagoshima University Graduate School of Medical and
Dental Sciences.

Patients population
A total 110 patients with newly diagnosed GBM who were admitted to the neurosurgery department
between January 2011 and October 2016 were analyzed in this study. All the patients underwent surgical
tumor resection. Subsequently, they received rehabilitation services, including physical, occupational, and
speech therapies during hospitalization for neurologic, physical, and psychological impairments.
However, five patients did not receive inpatient rehabilitation after surgery. Therefore, a total of 105
patients with GBM were included in the study. First, we investigated the BI score of all patients at
admission, at 7 days after surgery, and at discharge. The median BI score of all patients was 65 at
admission (interquartile range [IQR]: 35 – 90), 30 at 7 days after surgery (IQR: 0 – 60), and 65 at
discharge (IQR: 20 – 90). Furthermore, we calculated the change of BI score from admission (preoperation) to discharge, and the median change of BI score was -5 (IQR: -20 – 5) (Supplementary Figure
1). Therefore, the present study was categorized into three groups by a quartile of change of BI score: the
1st quartile (≤ -25, n = 25, deterioration group), the interquartile range (n = 55, no remarkable change
group). the 3rd quartile (≥ 10, n = 25, good recovery group).

Outcome measures
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The patient characteristics, such as the patient’s age, sex, KPS at admission, extent of resection, type of
main treatment (TMZ, radiation, bevacizumab, TMZ concomitant radiation and bevacizumab), tumor
location/hemisphere/size, length of hospital stay, duration from initial symptoms to surgery, initial
symptoms (motor paralysis and weakness, cognitive dysfunction, headaches, visual field defect,
dysphagia, and fatigue), surgery (surgery time, bleeding and transfusion volume, infusion volume,
and fluid balance), adverse events during chemoradiotherapy, and duration from surgery to
chemoradiotherapy were determined from the hospital’s medical records. If we could not identify the data
of initial symptoms in the medical records, we determined by hearing it from the patients or their families.
However, the initial symptom data were missing in 5 and 3 patients in the deterioration and good recovery
groups, respectively. The extent of resection was defined as gross and near total (the entire or > 95% of
the enhancing tumor was resected), partial (< 95% tumor resection) and biopsy only. We excluded
patients with biopsy only (deterioration group, n = 5; good recovery group, n =2) in the analysis of
intraoperative factors.
With respect to the postoperative events, we defined the presence or absence of fever (≥ 38°C), infection,
pneumonia, intracerebral hemorrhage, and motor paralysis of the lower limb that occurred within 7 days
after surgery. Furthermore, the rate of interruption and discontinuation of chemoradiotherapy was
examined as a postoperative event. The Brunstrom recovery stage (BRS) of the lower limbs is used to
assess motor paralysis [23]. The deterioration of motor paralysis after the surgery was defined as a
decrease of ≥ 2 stages. The presence of postoperative events and motor paralysis was assessed by
rehabilitation medical doctors and physical or occupational therapists.
In addition, we examined rehabilitation-rerated factors (length up to rehabilitation onset after surgery,
length up to sitting and walking training onset, change of motor paralysis, severe cognitive disorder or
depression, and patients who discontinued rehabilitation).
The severity of the adverse effects was evaluated according to the Common Terminology Criteria for
Adverse Events (CTCAE) version 3.0 (grade 0: no adverse event, grade 1: mild, grade 2: moderate, grade 3:
sever or medical intervention is needed, grade 4: life-threatening, grade 5: death). Hematology and other
adverse events, including the cognitive function, constipation, and fatigue were assessed more than once
per week during chemoradiotherapy. Severe cognitive impairment and depressive symptoms were defined
as depression grade 1 or higher and severe cognitive impairment as grade 3 or higher.
Furthermore, we followed the overall survival of patients with GBM. Overall survival was defined as the
period from the time of surgery to the date of death or the date of the last follow-up for patients who were
still alive. The overall survival time was calculated in months for all the patients.

Treatment and inpatient rehabilitation
Standard radiation therapy was started within 2 weeks after tumor resection, and concomitant
chemotherapy (TMZ) was started on the first day of radiotherapy. Subsequently, adjuvant TMZ was
started 4 weeks after the end of radiotherapy and was delivered for a period of 5 days every 28 days. The
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rehabilitation intervention was performed for 40 minutes to 1 h a day for 5 days a week to improve the
functional impairment. Rehabilitation programs were provided by means of sitting, standing and walking
training as early as possible after resection based on the current trend of postoperative early mobilization
in the ICU [24, 25].

Statistical analysis
Statistical analyses were performed using both parametric and non-parametric tests after the ShapiroWilk test. Subsequently, the three groups were compared using either a one-way analysis of variance
(ANOVA) or Kruskal-Wallis test, followed by Bonferroni’s post hoc tests for multiple comparisons. A oneway ANOVA was used to analyze the age, tumor size, and length of hospital stay. The Kruskal-Wallis test
was used to examine the KPS at admission and BI score. Comparisons between patients with
deterioration and good recovery groups were performed using Student's t-test or Mann-Whitney U test.
The student's t-test was used to analyze the length from the initial symptoms to surgery, surgery time,
bleeding volume, transfusion volume, infusion volume, fluid balance, length from surgery to
chemoradiotherapy, length up to rehabilitation onset, length up to sitting, and walking training onset. The
Friedman’s test was used to examine the BI score and motor paralysis at admission, after surgery, and
discharge followed by Bonferroni’s post hoc tests for multiple comparisons. The chi-square test or
Fisher's exact test was used for categorical variables. Cohen’s effect size was used to evaluate intergroup
differences [26]. Stepwise multiple regression analysis was employed to determine the predictor variable
associated with the improvement of ADL from admission to discharge. The independent variables were
adjusted for predictor variable (age, extent of resection, length from initial symptoms to surgery, KPS at
admission), intraoperative factors (fluid balance), postoperative factors (change in motor paralysis after
surgery, fever, and fatigue), and the rehabilitation factors (length up to walking training initiation). The
selection of these independent predictor variable was based on previous reports or the factors that were
observed to be statistically different between the deterioration and good recovery groups. As the data of
16 patients were missing, the data of a total of 89 patients were used for a stepwise multiple regression
analysis. The Kaplan-Meier overall survival time distributions were compared between patients in the
deterioration and good recovery groups using the log-rank test. The follow-up of the overall survival of 6
patients (deterioration group; n = 3, no remarkable change group; n =3) was not possible. Therefore, the
overall survival values of the 98 patients were analyzed. The 95% confidence intervals (CIs) and
corresponding p values were provided. The statistical significance was set at p < 0.05, and data are
expressed as mean ± standard deviation (SD). Statistical analyses were performed using SPSS version
26 (IBM, Armonk, NY, USA).

Results
Patients characteristics
The clinical and tumor characteristics of the patients are shown in Table 1. The median KPS at
admission in all patients was 70 or less, and the KPS was significantly different between the three
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groups, suggesting that the subjects of this study were patients with a poor performance status before
the surgery. Notably, the KPS at admission of the good recovery group was significantly decreased
compared with that of no remarkable change and the deterioration groups (p < 0.05).

Change of ADL level in deterioration and good recovery groups
In the deterioration group, the mean BI score at admission (72.2 ± 23.8) was significantly decreased after
surgery (18.4 ± 22.7) and at discharge (30.6 ± 26.2, p < 0.01, Supplementary Figure 2). In contrast, in the
good recovery group, the mean BI score at admission (44.2 ± 25.0) was not significantly decreased after
surgery (42.2 ± 25.0). The mean BI score was significantly improved at discharge (79.4 ± 19.3) compared
with that at admission and after surgery (p < 0.01).

Comparison of the deterioration and good recovery groups in the pre-, intra-, post-operative factors.
The pre-, intra-, and post-operative factors in both groups during inpatient rehabilitation are shown in
Table 2. The preoperative factors showed that the length from the initial symptoms to surgery was
significantly longer in the good recovery group than in the deterioration group (p < 0.01), and it had a
large intergroup effect size.
In the intraoperative factors, the fluid balance in the deterioration group was significantly increased
compared to that in the good recovery group, and had a moderate intergroup effect size.
In the postoperative factors, motor paralysis after surgery was significantly worse in the deterioration
group (36%) than in the good recovery group (4%, p < 0.01), which had a median intergroup effect size.

Comparison of the deterioration and good recovery groups in the rehabilitation-related factors.
The rehabilitation-related factors for both groups are presented in Table 3. The motor paralysis at
discharge was significantly worse in the deterioration group than in the good recovery group (p < 0.01),
which had a median intergroup effect size. The number of patients who had no motor paralysis at
discharge was significantly larger in the good recovery group than in the deterioration group (p < 0.05). In
addition, the severe cognitive disorder or depression were significantly different between the deterioration
and good recovery groups (p < 0.01); additionally, these factors had a high intergroup effect size.

Adverse event during chemoradiotherapy
The adverse events were classified as hematologic or treatment-related non-hematologic events (Table
4). In the hematologic toxicities, the majority of the patients were grade 0 or less than grade 2 in both
groups. In the non-hematologic toxicities, grade 1 or 2 fatigue and fever were more frequently observed in
the deterioration group than in the good recovery group. There was a significant difference in the fatigue
and fever between the groups (p < 0.01).

Factors influencing improvement of ADL and overall survival
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The stepwise multiple regression analysis revealed four significant predictor variables: the change of
motor paralysis after surgery, fatigue during chemoradiotherapy, KPS score at admission, and the length
up to walking training onset after surgery (Table 5).
The median overall survival for the entire cohort was 13.6 months (95% CI, 10.52–16.66). The median
overall survival of the patients in deterioration group was 10.6 months (95% CI, 5.19–16.00) and those of
the patients in the good recovery group was 18.9 months (95% CI, 8.61–29.18). The median overall
survival was significantly longer the good recovery group than in the deterioration group (Figure 1, p =
0.025).

Discussion
Significant gains due to inpatient rehabilitation are observed in areas of mobility such as transfer or
locomotion and self-care [17]. Our results suggest that the presence of motor paralysis greatly contributes
to the improvement of ADL in patients with GBM. Motor deficits are one of the most important factors
affecting the ability to perform ADL in stroke patients [27]. Therefore, the presence of motor paralysis and
muscle weakness as the initial symptoms was observed to directly lead to ADL disorders and may require
early surgical treatment. Notably, the improvement of motor paralysis after surgery may be the most
important factor that influenced the gain of functional status of patients with GBM from admission to
discharge.
Furthermore, our results suggest that mild fatigue during chemoradiotherapy may contribute to the
improvement of the functional status of patients with GBM. Fatigue is a common and severe symptom in
patients with tumors, which often influences outcomes such as the functional status [28]; additionally,
severe fatigue correlates with poor physical function and QOL [29]. Chemotherapy-related fatigue peaks
on the day after chemotherapy, whereas radiation therapy-related fatigue gradually accumulates over the
course of the treatment [30]. However, aerobic exercise has shown consistent effects in alleviating cancerrelated fatigue [29]. Furthermore, walking is an appropriate exercise for physical and mental disorders
such as disuse atrophy, depression, and anxiety. The present study suggest that the intervention of early
walking training is important not only for the palliation of chemoradiotherapy-related fatigue but also for
improving the functional or mental status. However, it is difficult for some older patients to perform
monotonous walking training owing to fatigue and mental stress by chemoradiotherapy. Further studies
are needed to investigate the effects of early walking training during inpatient rehabilitation.
The preoperative KPS is one of the factors to positively influence the overall survival11. This study
focused on the change of the ADL from admission to discharge. Therefore, our analyses indicated that
poor preoperative KPS may contribute to the improvement of the ADL. The present study suggested that
rehabilitation intervention after surgery can be performed safely without severe adverse and structured
inpatient rehabilitation may be an important strategy to enhance the functional outcome of patients with
GBM in addition to standard therapy.
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The factors that positively influence the overall survival except preoperative KPS are the age at surgery,
tumor location, and extent of resection [9, 11, 31]. These tumor characteristics may be associated with
the onset of postoperative motor paralysis and functional status. Gliomas extending into the insular or
deep area are intricately related to functionally important structures such as the motor fibers of the
corona radiata and the internal capsule [32]. In addition, multifocal or bilateral tumors are important
factors for survival in patients with GBM [9]. Therefore, tumor characteristics, including the tumor location
and hemisphere, may be associated with the improvement of functional status. Further studies are
needed to investigate the factors that influence the improvement of functional status during inpatient
rehabilitation.
Regarding intraoperative factors, this study found that fluid balance was higher in the deterioration group
than in the good recovery group. Early negative fluid balance is associated with lower postoperative
mortality in clinically ill patients following cardiovascular surgery [33]. Similarly, our results suggest that
fluid balance may contribute to postoperative mortality and in clinically ill patients following brain tumor
resection. Therefore, the disorder of fluid balance might influence the functional status of patients with
GBM after surgery.
Despite surgical resection and radiation therapy with or without adjuvant TMZ, the median overall
survival of patients with GBM is less than 15 months [34]. A recent retrospective study reported that the
12-months -and 3 years survival rates are 40% and 10%, respectively [35]. Our results suggest that the
overall survival of patients with GBM may be affected by improvements in the functional status,
including ADL ability, during inpatient rehabilitation. Several studies have demonstrated that the overall
survival may be extended if rehabilitation intervention improves the physical function of patients with
stroke and brain tumors [5, 36].
There are a few limitations with respect to our single-hospital study. First, this was a retrospective study
with a relatively small sample size in both groups. Second, the QOL is the most important outcome in
patients treated for GBM. Recently, the QOL has increasingly come to focus as a key outcome parameter
in patients with brain tumors [37]. Therefore, further studies are needed to investigate the association
between the functional outcomes and QOL in patients with GBM. Third, this study focused on the gain of
ADL in patients with GBM. Our subjects differed in the preoperative functional status between the groups,
which may have affected the gain of functional outcome.

Conclusion
The present study suggests that the improvement of motor paralysis after surgery, mild fatigue during
chemoradiotherapy, poor KPS at admission, and length up to early walking training onset after surgery
contributed to the improvement of the ADL from admission to discharge. Although patients with GBM
show poor functional status at admission, a structured inpatient rehabilitation program can be performed
safely and improve functional outcomes, which may contribute to the survival prognosis.

Page 9/14

Abbreviations
glioblastoma (GBM), activities of daily living (ADL), temozolomide (TMZ), performance status (PS),
Karnofsky performance status (KPS), quality of life (QOL), functional independence measure (FIM),
Barthel index (BI), Common Terminology Criteria for Adverse Events (CTCAE), Brunstrom recovery stage
(BRS)

Declarations
Funding:
The authors did not receive support from any organization for the submitted work.
Conflict of interest
The authors report no conflicts of interest in this work.
Availability of data and material (data transparency)
Available from the corresponding author upon reasonable request.
Code availability Not applicable
Authors’ contributions
All authors contributed to this study. This study is based on the original ideas of KN, HS. KK, AY. HY, KY,
and MS performed the review and editing. SA performed the obtained data and editing graphic. KN and
SH performed the literature review and wrote the manuscript. All authors read and approved the final
manuscript.
Ethics approval:
This study was conducted in accordance with the Declaration of Helsinki and was approved by the
ethical committee of Kagoshima University Graduate School of Medical and Dental Sciences (No. 2870).
Consent to participate: Not applicable
Consent for publication: Not applicable

References
1. Wrensch M, Minn Y, Chew T, Bondy M, Berger MS. Epidemiology of primary brain tumors: current
concepts and review of the literature. Neuro Oncol. 2002; 4: 278-299.
Page 10/14

2. Crocetti E, Trama A, Stiller C, Caldarella A, Soffietti R, Jaal J, Weber DC, Ricardi U, Slowinski J,
Brandes A; RARECARE working group. Epidemiology of glial and non-glial brain tumours in Europe.
Eur J Cancer. 2012;48: 1532-1542.
3. Wann A, Tully PA, Barnes EH, Lwin Z, Jeffree R, Drummond KJ, Gan H, Khasraw M. Outcomes after
second surgery for recurrent glioblastoma: a retrospective case-control study. J Neurooncol. 2018;
137: 409-415.
4. Bartolo M, Zucchella C, Pace A, Lanzetta G, Vecchione C, Bartolo M, Grillea G, Serrao M, Tassorelli C,
Sandrini G, Pierelli F. Early rehabilitation after surgery improves functional outcome in inpatients with
brain tumours. J Neurooncol. 2012; 107: 537-544.
5. 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: 820-827.
6. Dutta D, Vanere P, Gupta T, Munshi A, Jalali R. Factors influencing activities of daily living using FIMFAM scoring system before starting adjuvant treatment in patients with brain tumors: results from a
prospective study. J Neurooncol. 2009; 94:103-110.
7. 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: 754-760.
8. Stark AM, van de Bergh J, Hedderich J, Mehdorn HM, Nabavi A. Glioblastoma: clinical characteristics,
prognostic factors and survival in 492 patients. Clin Neurol Neurosurg. 2012; 114: 840-845.
9. Fekete B, Werlenius K, Örndal C, Rydenhag B. Prognostic factors for glioblastoma patients--a clinical
population-based study. Acta Neurol Scand. 2016; 133: 434-441.
10. Huang ME, Wartella JE, Kreutzer JS. Functional outcomes and quality of life in patients with brain
tumors: a preliminary report. Arch Phys Med Rehabil. 2001; 82 :1540-1546.
11. Gállego Pérez-Larraya J, Ducray F. Treating glioblastoma patients with poor performance status:
where do we go from here? CNS Oncol. 2014; 3: 231-241.
12. Yates JW, Chalmer B, McKegney FP. Evaluation of patients with advanced cancer using the
Karnofsky performance status. Cancer. 1980;45: 2220-2224.
13. Marina O, Suh JH, Reddy CA, Barnett GH, Vogelbaum MA, Peereboom DM, Chao ST. Treatment
outcomes for patients with glioblastoma multiforme and a low Karnofsky Performance Scale score
on presentation to a tertiary care institution. Clinical article. J Neurosurg. 2011; 115: 220-229.
14. Chang SM, Parney IF, McDermott M, Barker FG 2nd, Schmidt MH, Huang W, Laws ER Jr, Lillehei KO,
Bernstein M, Brem H, Sloan AE, Berger M; Glioma Outcomes Investigators. Perioperative
complications and neurological outcomes of first and second craniotomies among patients enrolled
in the Glioma Outcome Project. J Neurosurg. 2003;98: 1175-1181.
15. Marciniak CM, Sliwa JA, Heinemann AW, Semik PE. Functional outcomes of persons with brain
tumors after inpatient rehabilitation. Arch Phys Med Rehabil. 2001; 82: 457-463.
16. Fu JB, Parsons HA, Shin KY, Guo Y, Konzen BS, Yadav RR, Smith DW. Comparison of functional
outcomes in low- and high-grade astrocytoma rehabilitation inpatients. Am J Phys Med Rehabil.
Page 11/14

2010; 89: 205-212.
17. Roberts PS, Nuño M, Sherman D, Asher A, Wertheimer J, Riggs RV, Patil CG. The impact of inpatient
rehabilitation on function and survival of newly diagnosed patients with glioblastoma. PM R. 2014;6:
514-521.
18. Hansen A, Søgaard K, Minet LR. Development of an exercise intervention as part of rehabilitation in a
glioblastoma multiforme survivor during irradiation treatment: a case report. Disabil Rehabil. 2019;
41: 1608-1614.
19. Cormie P, Nowak AK, Chambers SK, Galvão DA, Newton RU. The potential role of exercise in neurooncology. Front Oncol. 2015; 5: 85.
20. Taphoorn MJ, Stupp R, Coens C, Osoba D, Kortmann R, van den Bent MJ, Mason W, Mirimanoff RO,
Baumert BG, Eisenhauer E, Forsyth P, Bottomley A; European Organisation for Research and
Treatment of Cancer Brain Tumour Group; EORTC Radiotherapy Group; National Cancer Institute of
Canada Clinical Trials Group. Health-related quality of life in patients with glioblastoma: a
randomised controlled trial. Lancet Oncol. 2005; 6: 937-944.
21. Brazil L, Thomas R, Laing R, Hines F, Guerrero D, Ashley S, Brada M. Verbally administered Barthel
Index as functional assessment in brain tumour patients. J Neurooncol, 1997; 34: 187-192.
22. Mahoney FI, Barthel DW. Functional evaluation: The brain index. Md State Med J. 1965; 14: 61-65.
23. Brunnstrom S. Motor testing procedures in hemiplegia: based on sequential recovery stages. Phys
Ther. 1966; 46: 357-375.
24. Olkowski BF, Shah SO. Early Mobilization in the Neuro-ICU: How Far Can We Go? Neurocrit Care.
2017; 27: 141-150.
25. Tipping, C. J., Harrold, M., Holland, A., Romero, L., Nisbet, T., & Hodgson, C. L. The effects of active
mobilisation and rehabilitation in ICU on mortality and function: a systematic review. Intensive Care
Med. 2017; 43: 171-183.
26. Cohen J. A power primer. Psychol Bull.1992;112:155-1559.
27. Mercier L, Audet T, Hébert R, Rochette A, Dubois MF. Impact of motor, cognitive, and perceptual
disorders on ability to perform activities of daily living after stroke. Stroke. 2001; 32: 2602-2608.
28. Aprile I, Chiesa S, Padua L, Di Blasi C, Arezzo MF, Valentini V, Di Stasio E, Balducci M. Occurrence and
predictors of the fatigue in high-grade glioma patients. Neuroradiol J. 2012; 25: 57-66.
29. Given CW, Given B, Azzouz F, Kozachik S, Stommel M. Predictors of pain and fatigue in the year
following diagnosis among elderly cancer patients. J Pain Symptom Manage. 2001; 21: 456-466.
30. Schwartz AL, Nail LM, Chen S, Meek P, Barsevick AM, King ME, Jones LS. Fatigue patterns observed
in patients receiving chemotherapy and radiotherapy. Cancer Invest. 2000;18: 11-19.
31. Park JK, Hodges T, Arko L, Shen M, Dello Iacono D, McNabb A, Olsen Bailey N, Kreisl TN, Iwamoto FM,
Sul J, Auh S, Park GE, Fine HA, Black PM. Scale to predict survival after surgery for recurrent
glioblastoma multiforme. J Clin Oncol. 2010; 28: 3838-3843.

Page 12/14

32. Neuloh G, Pechstein U, Schramm J. Motor tract monitoring during insular glioma surgery. J
Neurosurg. 2007; 106: 582-592.
33. Li C, Wang H, Liu N, Jia M, Zhang H, Xi X, Hou X; Beijing Acute Kidney Injury Trial (BAKIT) Workgroup.
Early negative fluid balance is associated with lower mortality after cardiovascular surgery.
Perfusion. 2018; 33: 630-637.
34. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJ, Belanger K, Brandes AA,
Marosi C, Bogdahn U, Curschmann J, Janzer RC, Ludwin SK, Gorlia T, Allgeier A, Lacombe D,
Cairncross JG, Eisenhauer E, Mirimanoff RO; European Organisation for Research and Treatment of
Cancer Brain Tumor and Radiotherapy Groups; National Cancer Institute of Canada Clinical Trials
Group. Radiotherapy plus concomitant and adjuvant temozolomide for glioblastoma. N Engl J Med.
2005; 352 :987-996.
35. deSouza RM, Shaweis H, Han C, Sivasubramaniam V, Brazil L, Beaney R, Sadler G, Al-Sarraj S,
Hampton T, Logan J, Hurwitz V, Bhangoo R, Gullan R, Ashkan K. Has the survival of patients with
glioblastoma changed over the years? Br J Cancer. 2016; 114: 146-150.
36. Scrutinio D, Monitillo V, Guida P, Nardulli R, Multari V, Monitillo F, Calabrese G, Fiore P. Functional Gain
After Inpatient Stroke Rehabilitation: Correlates and Impact on Long-Term Survival. Stroke. 2015;46:
2976-2980.
37. Liu R, Page M, Solheim K, Fox S, Chang SM. Quality of life in adults with brain tumors: current
knowledge and future directions. Neuro Oncol. 2009;11: 330-339.

Tables
Due to technical limitations, tables are only available as a download in the Supplemental Files section.

Figures

Page 13/14

Figure 1
Kaplan-Meier estimates for mobility deterioration group (dotted line) and good recovery group (solid line).
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