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Abstract

Background There are few studies on the time to return to activities of daily living (ADL) after craniotomy in patients with
brain tumors. This study aimed to investigate the duration before returning to ADLs after craniotomy for brain tumors and
present data that can provide information and guidelines on the appropriate time needed.

Methods Patients (n =183 of 234) who underwent craniotomy for brain tumors between April 2021 and July 2021 capable
of self-care upon discharge were enrolled, and data of 158 were collected. The start time of 85 ADL items was prospectively
investigated for 4 months postoperatively, using the self-recording sheet.

Results Over 89% and 87% of the patients performed basic ADL items within a month and instrumental ADL items within
2 months (medians: within 18 days), except for a few. Regarding work, 50% of the patients returned within 4 months. Wash-
ing hair with a wound was performed at 18 days of median value, after 4 months of dyeing/perming hair, 6 days of drinking
coffee/tea, after 4 months of air travel, and 40 days of complementary and alternative medicine. In patients with infratentorial
tumors or surgical problems, return times were much later for various items.

Conclusions It is possible to provide practical information and guidelines on the duration to return to ADL after craniotomy
in brain tumor patients. These study findings also reduce uncertainty about recovery and daily life and help patients return
to their daily life at the appropriate time, thereby maintaining function and daily well-being after surgery.

Keywords Activity of daily living - Brain tumor - Craniotomy - Daily life - Time to return

Introduction

Primary brain tumor incidence in Korea increased from 11.7
per 100,000 in 2005 to 23.4 in 2013 [3]. Recently, the 5-year
survival rate of brain tumors was 41.5% [7], and the survival
rate for benign brain tumors after 15 years was over 80%
[14]; therefore, it is necessary to focus on patients returning
home after treatment. Being diagnosed with a brain tumor
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is the biggest event of a lifetime, and given the risk associ-
ated with brain tumors, it is natural for doctors and patients
to focus on treatment in the early stages, emphasizing the
choice of treatment method and risks [15]. However, despite
the focus being on treatment methods, such as surgery, due
to the diagnosis severity and urgency, the information the
patient needs is not limited to treatment [15]; therefore,
maintaining the patient’s function and daily well-being is as
important as extending the survival period [4].

Many patients with brain tumors contemplate the duration
before they return to their daily life postoperatively or when
they will functionally recover to pre-operative levels. How-
ever, there is insufficient information about recovery and
daily activity resumption postoperatively, and the patient’s
symptoms and the time required for recovery postoperatively
differ from the information provided by the medical staff
[15]. Reducing disease-related uncertainty in patients with
brain tumors improves symptoms and quality of life [8];
however, due to the heterogeneity in diverse and complex
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brain tumor diagnoses and treatment processes, it is chal-
lenging to provide guidelines for the time to return to daily
activities which apply to all patients, and evidence is lacking.
Considering studies conducted so far on time to return to
activities of daily living (ADL) postoperatively in patients
with brain tumors, work contents were most accounted for
among various ADL items [5, 10, 17, 21, 23], and there was
a study on shampoo timing [12]. Besides that, most studies
compared daily activities level or function pre- and post-
operatively [19, 20] or grasped the postoperative status of
single ADL items, such as complementary and alternative
medicine (CAM), sexuality, and air travel [6, 13, 18, 22].
As mentioned above, there are few studies on the time
required to return to comprehensive and specific ADL post-
operatively in patients with brain tumors. Therefore, it is
necessary to prepare a guideline for patients with brain
tumors to help them resolve the uncertainties concerning
their recovery processes and return to their daily activities in
the safest and fastest time (from their point of view) postop-
eratively. Therefore, in this study, we presented data that can
provide information and guidelines on the appropriate return
time by investigating the time to return to ADL postopera-
tively in patients who underwent brain tumor craniotomy.

Methods
Study design and population

A prospective study was conducted to determine the time
of return to ADL after craniotomy in patients with brain
tumors. The Institutional Review Board approved this
study, and patient consent was obtained (study number:
2021-03-113). The inclusion criteria were as follows: (a)
age > 18 years; (b) histologically confirmed primary or
metastatic brain tumor; (c) patients who underwent tumor
removal via craniotomy; (d) Eastern Cooperative Oncology
Group-Performance Status (ECOG-PS) <2 or Karnofsky
Performance Status (KPS) > 70 at discharge postoperatively;
(e) patients without communication challenges, who under-
stood the study purpose, and consented to participate; (f)
performance status not deteriorating below the criterion dur-
ing the study; (g) no re-craniotomy for tumor progression/
recurrence or residual tumor within the study period.

Data collection methods

Demographic and clinical characteristics of the patients
were obtained from the electronic medical record. A self-
recording sheet was developed to measure the time needed
for patients to return to ADL postoperatively, minimizing
the recall period. The ADL items in the self-recording
sheet reflected the list of basic and instrumental activities
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presented via clustering by Oort et al. [11] and the detailed
list of activities provided by the websites of 27 hospi-
tals or institutions. In addition, the items were confirmed
through discussions among clinical field expertise to meet
the patients’ information needs. It was designed to enter the
time to return for each ADL item. The content validity of
the developed self-recording sheet of the ADL items was
evaluated by a group consisting of five experts: a neuro-
surgeon, two head nurses in the neuro ward, a coordinator,
and a physician assistant. The scale-level content validity
index, universal agreement method (S-CVI/UA), was 0.78,
and the scale-level content validity index, averaging method
(S-CVI/Ave), was 0.94. The item-level content validity index
(I-CVI) was also 0.60-1.00.

ADLSs were divided into 15 items of basic (BADL) and
31 instrumental ADL (IADL), and each item was presented
in order of frequency. Four items each of BADL and IADL
were composed of detailed activities and a total of 85 items
(35 and 50 items, respectively). BADL included activities
that enable basic survival and well-being, such as bathing,
toilet use, dressing, and eating, whereas IADL involved
more complex activities, such as financial management,
chores, grocery shopping, phone calls, and medication use.
The time to return to ADL was when these abilities were
recovered postoperatively and ADL before diagnosis was
possible, meaning the time elapsed after surgery. If it had
not been performed preoperatively and there was no plan to
perform it in the future, it was marked as “not applicable.”

The self-recording sheets where the patients directly
filled out the time they returned to their ADL were collected
between April and November 2021. We checked whether the
patients had filled the execution time for each ADL item at
discharge, 1, 2, 3, and 4 months postoperatively, and encour-
aged them to fill in any omissions. Copies of the sheets were
kept at discharge and a month postoperatively (at the time
of visit) to provide in case of loss, and the final sheets were
collected 4 months postoperatively. When there was a sched-
uled hospital visit, the patient was contacted in advance and
reminded to fill and bring a self-recording sheet.

Statistical analysis

Data were processed using SPSS version 25.0 (IBM Corpo-
ration, Armonk, NY, USA). Frequency and percentage or
mean and standard deviation of demographic and clinical
characteristics were obtained. The Kaplan—Meier survival
analysis and percentile were performed to evaluate the time
to return to ADL. Additionally, the number and percentage
of each period were calculated to assess the ADL return
rate postoperatively. The difference in the time to return
to ADL according to the demographic and clinical char-
acteristics was analyzed using the Mann—Whitney U test,
Kruskal-Wallis test, independent samples #-test, ANOVA,
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Spearman’s correlation, and multivariable regression after
normality test using the Kolmogorov—Smirnov test and Sha-
piro—Wilk test. A statistician guided the statistical analyses.

Results
Participant characteristics

Consecutive patients (n=234) underwent craniotomy for
brain tumors between April and July 2021 at the Samsung
Medical Center in Seoul, Korea. Finally, 183 of the 234
patients were enrolled in the study, and 158 with complete
data were included in the final analysis (Fig. 1). Table 1 pre-
sents the demographic and clinical characteristics of patients
who underwent craniotomy for brain tumors. The mean age
of the patients during surgery was 53.5 years (19-80 years),
and there were 71 males (44.9%) and 87 females (55.1%).
At the time before surgery, 10 patients (6.3%) were smok-
ing and 31 patients (19.6%) were drinking alcohol. Nine
(5.7%) of the patients have received medication at an outpa-
tient clinic for psychological problems such as depression or
panic disorder and 49 patients (31.0%) had religions such as
Christianity or Buddhism. Of the patients, 78 (49.4%) were
employed preoperatively, and 46 (29.1%) were homemak-
ers or students. Histologically, meningioma was the most

234 screened

51 excluded:
- 49 poor performance”
- 2 refusal

183 enrolled

25 withdrawn:

- 19 clinical deterioration
- 5 reoperation

- 1 refusal

158 completed

Fig.1 Study enrollment. Schematic overview of the screening, enroll-
ment, and follow-up of the study participants. “Poor performance: East-
ern Cooperative Oncology Group-Performance Status (ECOG-PS)>2 or
Karnofsky Performance Status (KPS) <70

common in 64 patients (40.5%), followed by glioma in 36
(22.8%), and low and high grade were in 94 (59.5%) and 64
(40.5%) patients, respectively. Regarding the tumor location,
120 patients (75.9%) had tumors in the supratentorium and
38 (24.1%) in the infratentorium. Thirty patients (19.0%)
had challenges such as facial palsy, hearing impairment,
and swallowing difficulty postoperatively. Additionally, 35
(22.2%), 47 (29.8%), and 3 (1.9%) patients received post-
operative radiation therapy, chemotherapy, and ventriculo-
peritoneal shunt (VPS), respectively. Eight patients (5.1%)
took steroids intermittently or continuously during the post-
operative follow-up period (regardless of immediately after
surgery), and used dexamethasone 1-8 mg per day, mainly
around 2 months. Sixty patients (38.0%) mostly continued
to take antiepileptic drug during the postoperative follow-
up period, and mainly used levetiracetam 1000 mg per day.
Of the 52 patients (32.9%) who visited the hospital after
discharge, about 1/3 were hospitalized within 1 month post-
operatively, about 1/3 within 2 months, and the rest after
2 months, for an average of 6 days.

Time to return to ADL after surgery

Regarding the BADL items, 90% of the patients
required < 6 days to walk and have a meal, < 1 month to wash
their hair with a wound and take a shower, and < 13 days to
dress (Fig. 2 and Table 2). Among the representative BADL
items, over 89% of the patients returned within a month,
except for rubbing an incision when shampooing, lifting/
carrying/moving objects, and sexual activity, and the median
values were within 18 days. However, regarding rubbing an
incision when shampooing, lifting/carrying/moving objects,
and sexual activity, 3.2%, 1.9%, and 55.6% of the patients,
respectively, did not return until 4 months postoperatively
(Table 2).

Regarding the IADL items, approximately 2 months post-
operatively, 50% of the patients returned to part-time work,
and 25% returned to work 8 h/day. After approximately
1 month, 75% of the patients returned to chores, and 25%
returned to social activities (Fig. 2 and Table 2). Among
the representative IADL items, over 69% of the patients
returned within a month, and over 87% returned within
2 months except for work, social activities, leisure, driving a
car, living independently, and learning new things (median:
within 18 days). In the case of working 8 h/day, 50.0% of the
patients returned within 4 months. Regarding the items of
part-time/full-time work (8 h/day), social activities, and lei-
sure, 35.2%/50.0%, 37.5%, and 17.6-100.0% of the patients,
respectively, did not return until 4 months postoperatively.
Also, regarding driving a car, living independently, and
learning new things, 29.7%, 10.8%, and 52.7% of patients,
respectively, did not return until 4 months postoperatively. In
addition, dyeing/perming hair was performed after a median
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Table 1 Demographic and

.. . Variables n (%) / Mean + SD
clinical characteristics (N=158)

Variables n (%) / Mean + SD

Demographic data

Clinical characteristics

Age (years)
Mean +SD
19-29
30-39
4049
50-59
60-69
70-80

Sex
Male
Female

Smoking status
Smoker
Non-smoker

Alcohol consumption
Drinker
Non-drinker

Psychological challenges

w/ a history of psychological problem

w/o a history of psychological problem

Occupation
Employed
Homemaker
Student
Not employed

Marital status
Married
Not married
Unknown

Religion
Religious
Non-religious

Unknown

Histological type
53.5+14.26 Glioma 36 (22.8)
10 (6.3) Meningioma 64 (40.5)
14 (8.9) Schwannoma 16 (10.1)
34 (21.5) Metastasis 31 (19.6)
41 (25.9) Other 11 (7.0)
38 (24.1) WHO grade
21 (13.3) I 79 (50.0)
1T 15(9.5)
71 (44.9) I 12 (7.6)
87 (55.1) v 52(32.9)
Hemispheric location (mainly)
10 (6.3) Right 79 (50.0)
148 (93.7) Left 71 (44.9)
Bilateral or Midline 8(5.1)
31 (19.6) Location (mainly)
127 (80.4) Supratentorial 120 (75.9)
Infratentorial 38 (24.1)
9(5.7) Preexisting craniotomy 20 (12.7)
149 (94.3) Surgical complications 30 (19.0)
Postoperative seizure 8(5.1)
78 (49.4) Adjuvant treatment
42 (26.6) Radiation therapy 35(22.2)
4(2.5) Chemotherapy 47 (29.8)
34 (21.5) Gamma knife radiosurgery 28 (17.7)
Ventriculoperitoneal shunt 3(1.9)
128 (81.0) Wound revision 1(0.6)
27 (17.1) None 88 (55.7)
3(1.9) Postoperative steroid use 8(5.1)
Postoperative AED use 60 (38.0)
49 (31.0) Hospital revisit 52 (32.9)
83 (52.5) Postoperative hospital stay (days) 7.5+3.21
26 (16.5) Postoperative ICU stay (days) 1.2+0.99

AED antiepileptic drug, ICU intensive care unit, WHO World Health Organization

*Surgical complications: facial palsy, hearing impairment, swallowing difficulty, and motor weakness

of 4 months, 6 days of drinking coffee/tea, after 4 months of
air travel, and 40 days of CAM therapy (Table 2).

The difference in time to return to ADL based
on participant characteristics

Considering the differences in the time to return to ADL
postoperatively based on the demographic and clinical char-
acteristics of patients who underwent craniotomy for brain
tumors (Tables 3 and 4), patients with supratentorial tumors
were faster than those with infratentorial tumors in taking a
shower (p =0.004); however, they were slower in jogging/
running (p=0.029). Patients with surgical complications
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were slower than those without in having a meal (p=0.019),
general self-care (p =0.005), grooming (p =0.024), passive
mobility (p =0.003), chores (p =0.014), and climbing moun-
tains (p =0.004).

Among the BADL items, the timing of hair washing with
a wound was later in patients with a previous craniotomy
than in those without (p =0.002) and in patients with VPS/
wound revision than in those without (p =0.010). Further-
more, the grooming time was earlier in men than in women
(»p=0.031), and later in patients with surgical complications
than those without (p =0.024). Among the IADL items, the
timing of non-physical work was later in patients with a pre-
vious craniotomy than in those without (p =0.039), and the
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Fig.2 Percentage of return to ADL after surgery. The graph illustrates the return rates according to the time elapsed after surgery for representa-

tive BADL (A) and IADL (B) items

time taken for climbing mountains was later in patients with
surgical complications than in those without (p =0.004).

Discussion

This study attempted to present basic data to provide infor-
mation and guidelines to medical staff and patients on the
appropriate return period by prospectively investigating the
time to return to ADL postoperatively in patients who under-
went craniotomy for brain tumors.

Concerning time to return to BADL, over 89% of patients
returned within a month for most items except for rubbing
an incision when shampooing, lifting/carrying/moving
objects, and sexual activity. The overall functional capacity
of patients at discharge postoperatively was maintained in
a relatively good condition compared to that preoperatively
[19, 20]. Moreover, in this study, the performance status at
discharge was good; nonetheless, it required a long time for
most patients to return to BADL items. A previous study
was conducted to shorten the hair-washing period of neuro-
surgical patients to 3 days postoperatively [22]; however, in
this study, it took a median of 18 days for patients to wash
their hair with a wound by applying usual shampoo, and
90% of them took up to a month. Besides, after 4 months,
3.2% of the patients did not rub an incision when sham-
pooing. Regarding sexual activity, 55.6% of the patients did
not return until 4 months postoperatively. Considering that
sexual changes were observed in 53% of patients 3 years
postoperatively for low-grade glioma [22], it is necessary
to ensure that access to and management of sexual health
is not neglected.

Regarding IADL, it took up to 2 months for over 87%
of the patients to return to most items except for work,

social activities, leisure, driving a car, living independently,
and learning new things. Of the work items, an impor-
tant patient-centered outcome parameter, 25% of patients
returned within approximately 2 months and 50% within
4 months for 8-h work daily. In previous studies, based on
follow-up for at least 9 months after glioma surgery, 18-97%
of patients returned to work, and the higher the tumor’s
malignancy, the lower the return rate to work [9, 10, 17, 21].
Furthermore, in the case of meningioma, 57% of the patients
returned to work 2 years postoperatively [23]. Therefore, it
is necessary to increase the follow-up period in the future.
Regarding social activities, 25% of the patients returned
after about a month, whereas 37.5% did not return within
4 months. Key themes of life disrupted, navigating the new
reality of life, and social survivorship versus separation were
derived from the metasynthesis of qualitative research on
the effects of brain tumors on social networks [2]; therefore,
various changes can occur in the social network after a brain
tumor surgery. For leisure, 17.6-100% of the patients did not
return until 4 months postoperatively. Among them, regard-
ing mountain climbing, there was a difference in return time
depending on a complication postoperatively. The time to
return to sports differed by type; however, most required
over 4 months to return. Considering the results of another
study [16], where 50% of athletes with cranial lesions,
including those without surgery, returned after 6 months, it
is necessary to extend the follow-up period.

According to the results of this study, consistent with
previous studies [1, 5, 17, 19-21, 23], the return period dif-
fered for each item depending on the patient. Particularly,
there was a difference in the time to return postoperatively
depending on factors such as the supra- or infratentorial
tumor location and the presence or absence of surgical
complications. Although the supra- or infratentorial tumor
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Table 2 (continued)

&

Postoperative period (n, %)
25 50 75 90 100 Im 2m 3m 4m 4m-

10

N/A  Percentile of time to return (days)

(n, %)

Activities

Springer

155

37

Taking medicine

Managing own medication

(1.9)
35

(98.1)

123t 123* 64

0.0)

26

20

40

12

CAM therapy

(17.2)

(42.4) (23.2) (13.2) 4.0
26

123* 123* 101

44

17
(10.8)

79

21

Able to live independently

4.4)

(16.5) (4.4)

18

(63.9)

123% 123* 123% 123" 41

(0.0)

Learning new things

(52.7)

(12.0) (6.0) (2.0)

(27.3)

.1)

1237 after 123 days, ADL activities of daily living, CAM complementary and alternative medicine, N/A not applicable

location became less significant after applying multivariable
analysis, it was considered an important variable because it
was significant for many items of ADL in univariable analy-
sis, was related to both BADL and IADL, and was clinically
significant factor. Analyzing these factors in depth makes it
possible to suggest an appropriate return period. In addition,
it will provide useful information about the possible return
period to daily activities, including items that patients are
curious about in the clinical field, such as driving a car, dye-
ing/perming hair, drinking coffee/tea, air travel, and CAM
therapy.

This study had the following limitations. First, although per-
formance status did not significantly deteriorate below the cri-
terion during the study, return times may have been somewhat
delayed because some patients who were in various statuses
and displayed slow recovery and temporary worsening of their
condition were included. Second, each patient had a different
understanding of the item. Third, it seems that the measurements
were more conservative than the actual possible return time
because we asked patients to record the time when it was exe-
cuted, not the time when it was judged that it could be done, and
patients tend to hesitate or be hindered by caregivers. Fourth,
responses may be limited due to the influence of time limit,
seasonal factors, and the COVID-19 situation and may not have
been completed, especially for items such as sports or air travel.
This should be considered when interpreting the results, and it
is recommended to extend the postoperative research period in
the future. Considering the research period extension, it is neces-
sary to improve the research method, such as reorganizing the
tool and computerizing the data collection process. Finally, the
participants in this study were recruited from a single medical
institution in Korea; it is difficult to generalize the findings from
this study results. Nevertheless, this study was relevant because
it focused on the return times for comprehensive, specific, and
practical ADL, used a validated tool, approached it from the
patient’s point of view, and was conducted prospectively. This
research activity was an initial attempt to understand the recov-
ery process after craniotomy in patients with brain tumors.
Therefore, the results of this study can be used as basic data to
provide daily life management guidelines for patients with brain
tumors after craniotomy.

Conclusion

Return time to daily life after craniotomy in brain tumor
patients was measured for various ADL items, and the return
time differed for each patient and varied based on several fac-
tors. Therefore, it is possible to provide practical information
and guidelines regarding the time of ADL return after crani-
otomy in patients with brain tumors. It will also reduce uncer-
tainty about recovery and daily life and help patients return
to their daily life at the appropriate time, thereby maintaining
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function and well-being of daily life postoperatively. Further-
more, the results of this study are suggested to be used in
developing interventions related to daily life recovery.
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