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A B S T R A C T

Objective: Awake surgery emerges as a standard of care for brain tumors located in or near eloquent areas. Levels
of preoperative anxiety in patients are important, because anxiety can influence cognitive performance and
participation, hence altering the outcome of the procedure. In this study we analyzed the prevalence and
potential clinical predictors of anxiety in the pre-operative phase of an awake brain tumor surgery.
Patients and methods: Seventy consecutive candidates for an awake brain tumor surgery were included. All
patients received a neuropsychological pre-operative work-up. The Hospital Anxiety and Depression Scale
(HADS) was administrated to investigate symptoms of anxiety. Demographic and medical data were extracted
from patients’ charts. Linear regression analyses, multiple regression analyses, t-tests for parametric and Mann-
Whitney U tests for non-parametric data were used to analyze the relation between demographic and medical
variables and pre-operative anxiety.
Results: Mean score on the anxiety scale of the HADS was 6.1 (SD = 4.2, range 1–19) and 25% of the patients
scored on or above the cut-off for anxiety symptoms (score> 7). Women reported higher levels of anxiety than
men (p < 0.01). Furthermore, younger patient were more anxious than older patients (p < 0.05). No other
variables were significantly related to pre-operative anxiety.
Conclusions: Merely, one in every four patients reported significant anxiety symptoms in the pre-operative
phase. Besides gender and age, none of the other demographic or medical factors were significantly associated
with the level of anxiety.

1. Introduction

Intraoperative stimulation brain mapping helps maximize the extent
of resection and reduce the surgical risk present and is performed
increasingly in patients with brain tumors located in an eloquent area
[1,2]. An important part of the pre-operative phase of awake cranio-
tomies is the neuropsychological work-up, which evaluates the baseline
performance of the patient especially at tests that will be performed
during the surgery and patients’ suitability for the procedure. Anxiety is
an important factor herein for several reasons. First, the level of anxiety
may influence the decision whether a patient is suitable for awake brain
tumor surgery [4]. For example, a high suspicion or vulnerability for
panic attack may be an exclusion criterion or request a specific
preoperative work-up. Secondly, anxiety may influence cognitive
performances [5], in the pre-operative phase but also during surgery.
When a patient is anxious this will negatively influence the reliability of
the cognitive monitoring. Attention and concentration will be drawn
toward the anxiety with more mistakes and less focus on the cognitive
tasks as result. Because the results of the cognitive tests are less valid

the resection may be more conservative.
Previous studies have focused on quality of life and psychological

distress in patients with a brain tumor [6,7]. Few studies have analyzed
the pre-operative anxiety in this patient group. Most patients under-
going awake surgeries are usually quite positive when asked about their
experiences e.g. [8,9,10]. Nevertheless, anxiety is also reported in these
patients [3,11,12], as well as in other neurosurgical patients [13]. A
study of Palese et al. showed that pre-operative stress, anxiety and
depression were similar on the day before surgery for a brain neoplasm
in patients operated under general or under local anesthesia [14].
Unfortunately, the group size in this study was very small; only nine
patients with local anesthesia (awake surgery) were included.

Our study specifically focuses on the prevalence of pre-operative
anxiety while being candidate for awake brain tumor surgery. We focus
on anxiety and not on other psychological complaints like symptoms of
depression because of the course of those complaints in cancer patients.
Usually, in the first period of being ill, high anxiety levels are described
that decrease over time, whereas lower levels of depression in this
period increase over time [15,16]. Because we focus on the pre-
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operative phase with the awake procedure ahead, anxiety is most
relevant.

If we know what factors play a role in the increment of anxiety, the
pre-operative preparation could be more adjusted for individual
patients. Therefore, demographic and medical factors were studied in
relation to the level of anxiety. Demographic variables were gender,
age, educational level and having a support system or not. We expected
women to be more anxious than men [13], and younger patients to be
more anxious than older patients [17,18]. Social support of a partner
and/or children could decrease levels of anxiety [19]. Medical factors
were location of the tumor, having a suspected high or low-grade tumor
and time between diagnosis and operation. Increasing this time might
allow patients to cope with the situation and this could possibly
decrease the anxious feelings. On the other hand, waiting time can be
stressful and anxious [20]. We also expected patients with a frontal
tumor to be more anxious because of the involvement of the prefrontal
cortex in anxiety regulation [21,22], and suspected that being diag-
nosed with a potential high-grade tumor might also increase the anxiety
levels.

2. Patients and methods

2.1. Ethical statement

The study proposal was presented to the Medical Research Ethics
Committee UMC Utrecht, who concluded that The Medical Research
Involving Human Subjects Act (WMO) did not apply to this study and
therefore an official approval of this study by the Medical Research
Ethics Committee UMC Utrecht was not required.

2.2. Patients and inclusion criteria

Patients diagnosed with a suspected primary brain tumor in an
eloquent area and candidate for their first ever awake brain tumor
surgery (awake-awake–awake procedure, as described previously [12])
in the period between October 2013 and November 2015 in the
University Medical Center Utrecht were included in this study. Patients
who were candidate for a re-resection were excluded, because previous
experiences with awake surgery could influence anxiety levels. Patients
suffering from severe impaired language comprehension or no profi-
ciency in the Dutch language were also excluded, because this could
affect the validity of the anxiety questionnaire. A metastasis as
suspected diagnosis was also an exclusion criterion. Patients with a
suspected metastasis are already familiar with the status of being a
patient. For them, a metastasis in the brain is usually a progression of
the disease. In contrast, the sudden character of the diagnosis of a
primary brain tumor may increase anxiety levels more. Finally, in some
patients the awake brain tumor surgery was performed rather emer-
gently because of severe and very progressive clinical symptoms or
quick growth of the tumor. Those patients had a limited and focussed
neuropsychological work-up without the standard protocol including
the questionnaires on psychological aspects. Therefore, they were also
excluded. At time of inclusion in this study no patients were being
treated for an anxiety disorder.

2.3. Demographic and medical variables

Demographic and medical factors were retrieved from the patient’s
charts, as the considered factors are standard items of the medical chart
at our center. Based on the median, age<55 was categorized as young
and age ≥55 was defined as old. The educational level was recorded
based on the Dutch educational system using seven categories (1:< 6
years of education, 2: 6 years of education, 3: 7–8 years of education, 4:
9 years of education, 5: 10–11 years of education, 6: 12–18 years of
education, 7:> 18 years of education) [23]. Since a few decades,
children in the Netherlands must attend school from 5 years of age till

16, but for older patients it was possible to leave school after 6 years of
education. Categories 1–4 were defined as low education, categories
5–7 were defined as high education. Furthermore, we asked patients
about their support system (‘in a relationship: yes or no’ and ‘children:
yes or no’).

Tumor location was defined as left or right hemisphere, and as
involvement of frontal lobe or not (based on the radiology report).
Based on the preoperative Magnetic Resonance Imaging (MRI) scans
and preoperative multidisciplinary evaluations, the tumor was defined
as a suspected low or high-grade tumor. Patients were always formally
informed about this suspected diagnosis, but were also made aware of
potential differential diagnostics as well. Finally, time between radi-
ological diagnosis and surgery was measured in weeks. Three weeks or
less between diagnosis and surgery was defined as short time, more
than three weeks was defined as long time (according to guidelines for
neurosurgery from the department of Neurology and Neurosurgery of
the University Medical Center Utrecht).

2.4. Anxiety

To measure the level of anxiety in the pre-operative phase the
Anxiety Scale of the Dutch version of the Hospital Anxiety and
Depression Scale (HADS) was used [24,25]. The HADS was developed
to identify cases of anxiety disorders and depression among patients in
non psychiatric hospital clinics [24]. This questionnaire has a 7- item
anxiety scale and a 7-item depression scale. Answers are rated on a 4-
point Likert scale that ranges from 0 to 3. The maximum score on each
subscale is 21 points. The HADS was administrated during the pre-
operative work-up (clinical care as usual) within two weeks before
surgery. All patients were informed about undergoing awake brain
surgery at that moment. A cut-off score> 7 for the anxiety scale is used
as the most optimal sensitivity and specificity as a case finder for
anxiety disorders [26].

2.5. Statistical analyses

All factors were analyzed as both linear and nonlinear (dichoto-
mized) variables. First, as explorative analyses, simple linear regression
analyses were used to study the relation between anxiety and the
abovementioned factors (nominal variables were transformed in to
dummy variables). We used simple regression analyses because of the
size of our study group and the fact that we made use of many
predictors. In the next step, significant factors were analyzed in
multiple regression analyses. Then, as additional post-hoc analyses,
parametric (independent sample t-test) or nonparametric (Mann-
Whitney U test) tests were used to further study group differences.

3. Results

3.1. Patients

In a period of two years 125 patients underwent an awake brain
tumor surgery. Seven patients were excluded from this study because
the suspected diagnosis was a metastasis and eleven were excluded
because they had been operated before for the same lesion. Thirty-
seven patients were excluded because of severe impaired language
comprehension, no proficiency in the Dutch language or emergency
procedure. Seventy patients fulfilled our criteria and were included in
this study. Descriptive statistics of the demographic and medical
variables can be found in Table 1.

3.2. Anxiety

The mean score on the anxiety scale of the HADS was 6.1 (SD = 4.2,
range 1–19). Fig. 1 shows the distribution of the anxiety scores.
Twenty-five percent of all patients scored above 7, the threshold for
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