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Abstract

The purpose of the present study was to review the existing data on preoperative nonmedical factors that are predictive of
outcome in brain tumor surgery. Our hypothesis was that also the individual characteristics (e.g., emotional state, cognitive
status, social relationships) could influence the postoperative course in addition to clinical factors usually investigated in brain
tumor surgery. PubMed, Embase, and Scopus were searched from 2008 to 2018 using terms relating to brain tumors, craniotomy,
and predictors. All types of outcome were considered: clinical, cognitive, and psychological. Out of 6.288 records identified, 16
articles were selected for analysis and a qualitative synthesis of the prognostic factors was performed. The following nonmedical
factors were found to be predictive of surgical outcomes: socio-demographic (age, marital status, type of insurance, gender, socio-
economic status, type of hospital), cognitive (preoperative language and cognitive deficits, performance at TMT-B test), and
psychological (preoperative depressive symptoms, personality traits, autonomy for daily activities, altered mental status). This
review showed that nonmedical predictors of outcome exist in brain tumor surgery. Consequently, individual characteristics (e.g.,
emotional state, cognitive status, social relationships) can influence the postoperative course in addition to clinical factors.
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Introduction to predict outcome in brain tumor surgery. They usually con-

sidered clinical and surgical variables: the most used surgical

The prediction of surgical outcome is essential when treatment
decisions have to be made and this is particularly true in brain
tumor surgery, a neurosurgical specialty with high costs and
risk of complications. Moreover, the outcome prediction al-
lows to better inform the patient about the postsurgical course,
including the probability to worsen the clinical status or not
and the indication for adjuvant treatments. There are several
studies that developed preoperative scores and models in order
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outcomes are overall survival, progression-free survival, and
extent of resection [18], while the predictors of outcome usu-
ally investigated are tumor characteristics, age, and patient’s
neurological and functional state [8, 24]. On the contrary, the
evaluation of outcome in terms of postoperative psychologi-
cal, environmental, and social change and the use of patient-
reported outcome measures is scarce although they provide a
more complete picture of the patient’s functioning and a per-
spective of their health status different from the clinicians’ one
[28]. Nonmedical factors, that are all individual characteristics
different from medical and surgical ones, are also rarely stud-
ied as predictors of surgical outcome. They include variables
like family situation, socioeconomic status, personal charac-
teristics, relationships, and social support. Some studies inves-
tigated the impact of variables such as anxiety, depression,
cognitive status, personality traits, functional status, and the
presence of new deficits on quality of life (QoL) in brain
tumor patients [4, 14, 22]. Thus, it remains unclear which, if
any, preoperative nonmedical factors are predictive of out-
come evaluated by both the clinicians and patients themselves
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after brain tumor surgery. Nonmedical risk factors could be
used together with the existing prognostic clinical information
in order to plan more tailored clinical management of the
postoperative course. To our knowledge, no other literature
reviews exist on preoperative nonmedical predictors of out-
come in brain tumor surgery and most of the previous studies
focused on the prognostic value of clinical and surgical fac-
tors. The purpose of the present study was to review the
existing data on preoperative nonmedical factors, specifically
psychological, cognitive, and socio-demographic, that are pre-
dictive of outcome in brain tumor surgery.

Material and methods
Search strategy

PubMed, Embase, and Scopus were searched from January
2008 to December 2018 using medical subject headings and
free-text terms relating to brain tumors, craniotomy, and pre-
dictors. Specific search terms used in the Web sites for this
review are presented in the Online Resource.

Eligibility criteria

We included studies written in English, containing an abstract,
and indexed by at least one of the websites. The selection was
based on the following inclusion criteria: (1) clinical studies,
(2) sample composed of patients of any age with brain tumors
undergoing craniotomy, (3) surgical outcome measured by
clinicians or self-reported (e.g., neurological status, mortality,
QoL) with no limits in the length of postoperative outcome
assessment, (4) nonmedical preoperative predictors collected
by clinicians or self-reported (e.g., emotional status, cognitive
functions, working situation).

Papers considering only clinical or surgical predictors of
outcome or only age as socio-demographic variable, and those
where the treatment performed was other than craniotomy for
tumor resection were excluded.

Papers’ selection and data extraction

One researcher reviewed all abstracts to determine if they met
the inclusion criteria, and 20% of them were double-checked
by other researchers blinded to the decision of the first one.
The full texts were screened using the same procedure. All
disagreements between reviewers were discussed in order to
reach a joint decision.

The following data were extracted from each study: study
design, characteristics of the study population, surgical out-
come (clinical, cognitive, psychological), preoperative predic-
tors (socio-demographic, cognitive, psychological), and the re-
spective assessment scales; timing of surgical outcome
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assessment; relevant results of each study. Each predictor was
examined for the respective related outcomes, time of outcome
evaluation, methodological quality, and statistical proprieties
considering significant those with p < 0.05. The methodological
quality of all the selected studies was evaluated using criteria
adapted from previous publications [1, 9] and reported in
Table 1. Consistent with other literature reviews, a study was
evaluated as high quality if at least 60% of the criteria were met
(total score >5 out of 8). Only high-quality studies and the
results from predictive statistical analysis were described.
Finally, the number of studies founded for each predictor and
for the three types of outcome was counted.

Results

The results of study selection are shown in Fig. 1. Out of 6,288
records, 2,410 studies were removed because they were du-
plicated, case studies or reviews; thus, 3,878 abstracts were
screened. Full-text articles assessed for eligibility were 69, of
which 16 met our inclusion criteria [2, 3, 5-7, 10, 12, 13, 16,
17, 20, 21, 25-27, 29]. Most of the articles (76%) were ex-
cluded because they reported only a description of nonmedical
preoperative variables or their association with outcome with-
out a predictive analysis, and because only clinical variables
were considered as predictors. The remaining articles were
excluded for the following reasons: data were not reported;
the surgical outcome was not considered in the analysis; pre-
dictors were measured after surgery; the sample also involved
patients who did not undergo surgery; one article was written
in Spanish.

The characteristics of the selected studies are reported in
Table 2. The included studies involved 584,325 participants
with different types of brain tumors. Nine studies were retro-
spective (582,868 patients), 6 were prospective (965 patients),
and 1 was a combination of prospective and retrospective
studies (492 patients). The timing of outcome measurement
ranged from the discharge to 5 years after surgery, except for
one study that evaluated also the period immediately after
surgery [29].

Clinical outcomes were evaluated in 11 studies including the
following measures: mortality [2, 3, 5, 6, 12, 20], adverse dis-
charge disposition (discharge to facilities other than home/self-
care) [2, 12], postoperative risk of stroke [3], myocardial infarc-
tion [3], deep surgical site infection [3], return to operating
room [3], progression-free survival [5, 16], survival [5-7, 17,
20, 25, 26], length of stay [12], incidence of patient safety
indicators (PSIs), and hospital-acquired conditions (HACs)
[12]. Psychological outcomes were investigated in 4 studies,
specifically depressive and anxiety symptoms [5], QoL [10,
27], dependency [21], and posttraumatic growth [27]. Three
articles evaluated cognitive outcome: general cognitive func-
tioning [5, 29], language [13], attention, processing speed,
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Table 1 Criteria for the

evaluation of the methodological Criteria Points
quality of selected studies
Sample of Consecutive sample (complete: all eligible patients included), assembled at 1
patients common care pathway (e.g., first time
resection or recurrent).
Clinical and demographic characteristics fully described. 1
Prognostic Fully defined, including details of measurement methods if relevant, precisely 1
variables measured, but not reported or insufficient details (e.g., mean, range ...).
Measurement and reporting of potential prognostic factors with effect estimates 1
(e.g., proportions, OR probability ...).
Aim Prediction or the association between preoperative variables and outcome was the 1
primary aim of the study.
Outcome Objective, fully defined including the time from the surgical procedure, appropriate, 1
known for high proportion of patients.
Data analysis Univariate technique. 1
Multivariate technique: multivariate technique is used to adjust for other 1

prognostic factors and the number of predictors studied was less than 1/10 of the
number of patients.

Total score

>5 =high quality

executive function, learning and memory, visuo-construction,
and upper-extremity strength and dexterity [29]. Each study
may evaluate more than one type of outcome.

Regarding nonmedical predictors, socio-demographic pre-
dictors were considered by 14 studies [2, 3, 7, 10, 12, 13, 16,
17, 20, 21, 25-27, 29], psychological variables by 6 [3, 57,
16, 21], and cognitive variables by 5 studies [7, 13, 16, 21, 25]
(one study can focus on more than one type of predictors).
Specifically, socio-demographic predictors were age [2, 3, 7,

10, 13, 16, 20, 21, 25-27, 29], gender [2, 3, 13, 16, 20, 21, 25,
27], household income [2], socio-economic status [26, 27],
insurance [2, 12, 27], educational level [16, 29], marital status
[20, 27], and type of hospital (private or public) [17]; psycho-
logical predictors were depressive [6, 7, 16] and anxiety
symptoms [6], altered mental status [3], autonomy for daily
life [3], and personality types [5]; cognitive variables were
language deficits [7, 13, 21, 25], attention, executive function,
psychomotor speed, global cognitive functioning, working

Fig. 1 Study flow
PubMed, EMBASE and SCOPUS

N = 6.288 records identified through

i

N = 2.005 duplicated removed;

studies or review

N =405 records removed because case

l

N = 3.878 records screened

N = 3.809 records excluded at abstract check as they did
not deal with the topic

l

N = 69 full-text articles assessed for

eligibility

N = 53 full-text articles excluded for the following reasons:
- preoperative variables not studied in relation with

v

outcome (21);

- non medical predictors not evaluated (13);

- only association between preoperative variables and
outcome was analyzed without a predictive model (6);

- predictor variables measured after surgery (5);

- no surgical outcome (4);

- some patients of the sample did not undergo surgery (2);
- no data reported (1);

- article in Spanish (1).

synthesis

N = 16 papers included in the qualitative
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for daily activity was a predictor of independence at 1 year in
high-grade glioma (HGG) [21].

Finally, anxiety did not predict survival both in meningio-
ma and glioma patients [6], and no personality traits were
related to survival in glioma patients [5].

Preoperative cognitive predictors

Cognitive predictors were mostly investigated in relation to
clinical outcome [7, 16, 21, 25] and only in one study to the
postoperative language function [13]. Significant results were
found for patients with glioma. Specifically, in patients with
GBM, preoperative language deficits predicted poorer surviv-
al [7, 25] and the Trail Making Test part B (TMT-B) measur-
ing attention, executive functions, and psychomotor speed
was predictive of 6-month progression-free survival [16]; in
HGG and LGG, preoperative language deficits were predic-
tors of persistent aphasic disturbance [13].

Discussion

Most of the nonmedical factors analyzed in the selected arti-
cles were found to be significant predictors of the postopera-
tive outcome. Specifically, age, marital status, type of insur-
ance, gender, socio-economic status, type of hospital, preop-
erative language disturbance, cognitive deficits, performance
at TMT-B test, depressive symptoms, personality traits, auton-
omy for daily activities, and altered mental status were signif-
icant predictors of outcome in brain tumor surgery.

Considering the survival outcome, the following factors had a
negative predictive value: older age, not being married, male
gender, not having private insurance, surgery in public hospital,
language and cognitive deficits, poor performance at TMT-B
cognitive test, depressive symptoms, and altered mental status
and some types of personality. Older age was also associated
with increase adverse discharge disposition rate and stroke within
30 days, male gender with increase adverse discharge disposi-
tion, altered mental status with higher risk of myocardial infarc-
tion at 30 days, and not having private insurance with increase
adverse discharge disposition, length of stay, PSIs, and HACs.

Considering cognitive outcomes, older age and preopera-
tive aphasia were risk factors for postoperative language def-
icits, while openness personality predicted a better cognitive
status at discharge. Finally, considering psychological out-
comes, preoperative autonomy for daily activity was predic-
tive of a good autonomy at 1 year, high socioeconomic status
and social insurance were determinants of QoL at 1 month and
1 year, and low emotional stability negatively predicted de-
pressive and anxiety symptoms at discharge.

Some observations on the predictors identified in this re-
view are necessary. The predictive value of socio-demograph-
ic factors shows the negative impact of some social

conditions on surgical outcome and survival: older age
and being single were found to be risk factors of a worse
outcome. The influence of patient age on outcome in brain
tumor surgery has been widely reported in literature [11,
15, 19, 23] and it seems to be related to medical issues
(e.g., comorbidities, less favorable genetic profile in
GBM, less aggressive treatment, less adjuvant therapy),
while marital status may influence the way of dealing with
the disease and treatments (e.g., compliance with adjuvant
treatments, low family income) with a consequent impact
on outcome. These last characteristics are usually common
among people going to public hospital and this could indi-
rectly clarify the better surgical outcome that was found in
private hospitals [17]. Regarding socioeconomic status and
the type of insurance, their impact on outcome measures
could be related to the specific health system of countries
where the studies were conducted.

Some cognitive dysfunctions showed a prognostic value in
relation to the survival. In particular, preoperative language
deficits and poor performance at TMT-B were found to be
negative prognostic factors for survival in GBM patients.
Both studies concluded that these cognitive deficits are likely
indicative of a more infiltrative tumor and consequently their
evaluation should be integrated preoperatively in the prognos-
tic process. Among psychological factors, preoperative de-
pressive symptoms were found to be predictors of shortened
survival in meningioma, while conflicting results exist regard-
ing their impact in glioma patients. Some personality traits
were found to be predictive of survival, postoperative cogni-
tive status, and depressive and anxiety symptoms at discharge
in benign tumor, but further studies are needed to confirm their
role in influencing surgical outcome.

Some differences and similarities can be found in signifi-
cant predictors between patients with meningioma and glioma.
Our review showed that age, gender, type of insurance, and
depressive symptoms and autonomy for daily living are out-
come predictors among both diagnoses. It is plausible that
older age had a common influence due to the usually associat-
ed worse medical conditions independently from the type of
tumor, while the influence of depressive symptoms could be
similar because of the impact of the behavioral consequences
of depression on the health status. Regarding uncommon pre-
dictors, language deficits, TMT-B scores, type of hospital,
socio-economic situation, and marital status were found signif-
icant in glioma patients, while personality types and altered
mental status in meningioma. More studies would be necessary
to clarify these differences; however, it is plausible that cogni-
tive deficits were more evaluated in glioma patients due to their
implication in this disease, and that the presence of partner is
more important in glioma patients as support and help to fol-
low the treatments usually requested for this brain tumor.

Our study has some limitations mainly related to the variety
of the selected studies and to the review process. A formal
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meta-analysis was not possible due to the wide variety in the
outcome measures, statistical analyses, and factors considered
as potential predictors. Thus, only a qualitative synthesis of
the prognostic factors was performed, considering each study
mostly individually. In fact, the studies’ results were difficult
to compare due to the heterogeneity of outcomes and predic-
tors that were used. Most of the studies had a retrospective
design using data from clinical reports and notes, without
performing standard evaluations or employing specific scales.
Some studies did not specify how the variables were mea-
sured, e.g., the altered mental status [3] and language deficits
[7,21,25]. The comparison of the studies’ results was difficult
due to the heterogeneity between articles with respect to out-
comes and predictors investigated, patients’ population (only
meningioma, glioma or people with various diagnosis of brain
tumor), statistical analyses used, and time of outcome assess-
ment. Moreover, some studies reported only the unadjusted
effect estimates, while others performed also multivariable
analyses that, however, were adjusted using different variables
so that a comparison was not possible. The focus on the pre-
dictors that can be evaluated preoperatively probably reduced
the number of articles selected in this review, but our aim was
to find factors that can be investigated before surgery and
included in the prognostic process. Finally, the applicability
of this review may be affected by limited data for each indi-
vidual predictor and by the fact that outcome and predictor
assessments were performed differently.

The major strength of our study is that it represents the first
attempt to summarize data on the predictive value of nonmed-
ical factors in relation to the outcome in brain tumor surgery.
The hypothesis was that also the individual characteristics
(e.g., emotional state, cognitive status, social relationships)
could influence the postoperative course in addition to clinical
factors. Consequently, the results of this review could be taken
into account by researchers when investigating predictors of
surgical outcome and by clinicians for a more comprehensive
preoperative evaluation of risk factors with the aim to plan
additional treatments for modifiable predictors (e.g., occupa-
tional therapy, cognitive rehabilitation, psychological sup-
port). In particular, we suggested to consider the following
factors as the most important outcome predictors during the
prognostic process: preoperative language deficits and TMT-
B test scores with glioma patients, and depressive symptoms
and independence in daily living with both meningioma and
glioma patients. Additionally, more attention should be paid to
elderly and in general disadvantaged patients, such as people
with poor social support or low socioeconomic status, in order
to help them to better understand and follow care plans.

Future research is needed to confirm the predictive value of
most of the described variables in relation to the postoperative
outcome. This is particularly important for psychological and
cognitive factors because they could be modified by tailored
interventions with a consequent positive impact on

@ Springer

postoperative course and in general on patients’ life. For exam-
ple, if the effect of depressive symptoms on survival is evident,
they could be treated maybe working on the compliance with
the postoperative treatments and therapies that could be low in
patients with mood disorders. The impact of socio-
demographic variables on surgical outcome should be also fur-
ther investigated. Even if they are not modifiable factors, spe-
cific interventions can be planned to help patients with difficul-
ties related to their status, e.g., additional social support for
single patients with GBM and educational interventions for
elderly people or those with low educational level. Such inter-
ventions could improve the compliance during the postopera-
tive course and consequently the surgical outcome. There is
also a need to further explore whether the depressive symptoms
and personality types influence the surgical outcome differently
in glioma patients and in those with benign tumor, and to con-
firm which cognitive tests have a prognostic value and can be
used before surgery. Furthermore, future research should also
investigate the preoperative predictors of return to work and
work ability, two types of outcome that were not found in this
review but that are fundamental for patients with brain tumor
who usually are adult working age population. Finally, future
studies on prognostic factors in brain tumor surgery should be
done using prospective designs, standardized and validated
measures, populations of patients with specific diagnoses, and
controlling factors that could influence the surgical outcome.

Conclusion

This literature review summarizes the existing data on the
predictive value of preoperative nonmedical factors in relation
to the outcome in brain tumor surgery. Only a qualitative
synthesis of the prognostic factors was performed due to the
wide variety in the outcome measures, statistical analyses, and
potential predictors. Socio-demographic (age, marital status,
type of insurance, gender, socio-economic status, type of hos-
pital), cognitive (preoperative language and cognitive deficits,
performance at TMT-B test), and psychological factors (pre-
operative depressive symptoms, personality traits, autonomy
for daily activities, altered mental status) were found to be
predictors of surgical outcomes considering both clinical out-
come and cognitive, psychological, and social ones. Future
research should be done to confirm the predictive value of
these factors and to explore further potential nonmedical pre-
dictors in order to take into account also these variables in the
prognostic process before brain tumor surgery.
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