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OBJECTIVE The COVID-19 pandemic has forced many countries into lockdown and has led to the postponement of 
nonurgent neurosurgical procedures. Although stress has been investigated during this pandemic, there are no reports 
on anxiety in neurosurgical patients undergoing nonurgent surgical procedures.
METHODS Neurosurgical patients admitted to hospitals in eastern Lombardy for nonurgent surgery after the lockdown 
prospectively completed a pre- and postoperative structured questionnaire. Recorded data included demographics, 
pathology, time on surgical waiting list, anxiety related to COVID-19, primary pathology and surgery, safety perception 
during hospital admission before and after surgery, and surgical outcomes. Anxiety was measured with the State-Trait 
Anxiety Inventory. Descriptive statistics were computed on the different variables and data were stratified according 
to pathology (oncological vs nononcological). Three different models were used to investigate which variables had the 
greatest impact on anxiety, oncological patients, and safety perception, respectively. Because the variables (Xs) were of 
a different nature (qualitative and quantitative), mostly asymmetrical, and related to outcome (Y) by nonlinear relation-
ships, a machine learning approach composed of three steps (1, random forest growing; 2, relative variable importance 
measure; and 3, partial dependence plots) was chosen.
RESULTS One hundred twenty-three patients from 10 different hospitals were included in the study. None of the pa-
tients developed COVID-19 after surgery. State and trait anxiety were reported by 30.3% and 18.9% of patients, respec-
tively. Higher values of state anxiety were documented in oncological compared to nononcological patients (46.7% vs 
25%; p = 0.055). Anxiety was strongly associated with worry about primary pathology, surgery, disease worsening, and 
with stress during waiting time, as expected. Worry about positivity to SARS-CoV-2, however, was the strongest factor 
associated with anxiety, even though none of the patients were infected. Neuro-oncological disease was associated with 
state anxiety and with worry about surgery and COVID-19. Increased bed distance and availability of hand sanitizer were 
associated with a feeling of safety.
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The COVID-19 pandemic has forced many countries 
in the world into lockdown,1–3 including Italy,4–7 
and has led to postponement of nonurgent surgi-

cal procedures to allow for reorganization of hospitals and 
ICUs. Furthermore, data from different research groups 
have demonstrated that COVID-19 is strongly associated 
with an increased risk of surgery-related mortality and 
complications, thus justifying a delay of surgery when the 
risk of infection is high.8–10

Italy is now in the post-lockdown phase of the 
COVID-19 pandemic. In Lombardy, which has been the 
most affected region, nonurgent neurosurgical procedures 
are now being scheduled, but surgery remains at a maxi-
mum 70% of prepandemic activity.

Although stress and anxiety during the COVID-19 pan-
demic is being investigated and dealt with in the general 
population,11 in neurosurgeons,12–14 and in some neurosur-
gical patients,15,16 to the best of our knowledge there are no 
reports on anxiety in neurosurgical patients who require 
nonurgent surgical procedures. The aim of this study was 
to investigate anxiety in neurosurgical patients undergo-
ing nonurgent surgical procedures in the post-lockdown 
phase of the COVID-19 pandemic. Different data, includ-
ing pathology, type of surgery, and trait and state anxi-
ety, were collected in several hospitals, mainly located in 
eastern Lombardy, which is the area in Italy most affected 
by COVID-19. The primary objective of the paper was to 
quantify reported anxiety in neurosurgical patients; the 
secondary objectives were to investigate anxiety and its 
possible association with different factors, including fear 
of COVID-19 and underlying pathology.

Methods
Inclusion criteria for the study were as follows: adult pa-

tients undergoing nonurgent neurosurgical procedures who 
consented to study participation. Exclusion criteria were 
as follows: urgent/emergency surgery and age < 18 years 
or unable to provide consent. The study was approved 
by the local ethics committee (study no. 4290; COVID-
SAFENSG). Data were prospectively collected in a 1- to 
4-week period in the different participating hospitals.

Collected Data: Questionnaires and Clinical Data
Each patient filled in 4 questionnaires: 3 before surgery 

and 1 after. Clinical data were provided by the neurosur-
geon in charge of the patient in an additional data set.

The first questionnaire (see Supplemental Question-
naires) collected demographic data (age, sex, and highest 
academic degree); days surgical operation was postponed; 
and fear related to 1) disease, 2) COVID-19, and 3) hos-
pitalization. Most answers are reported on a Likert scale 
from 1 (not at all) to 10 (very), avoiding the middle neutral 
option of odd scales.

The second and third questionnaires were the State-

Trait Anxiety Inventory (STAI),17–19 each based on 20 
questions on a 4-point Likert scale. They measure two 
types of anxiety: 1) state anxiety (related to an event, e.g., 
a surgical procedure, in a specific moment in time; re-
ferred to henceforth as STAI-Y1); and 2) trait anxiety (the 
anxiety level usually perceived by the person; referred to 
henceforth as STAI-Y2). Each question is scored from a 
minimum of 1 to a maximum of 4 points. Hence, scores 
obtained from these 2 questionnaires (that measure the la-
tent construct of anxiety) range from a minimum of 20 to 
a maximum of 80. Higher scores are positively correlated 
with higher levels of anxiety. In detail: 
• 20 ≤ STAI score < 48: Normal
• 48 ≤ STAI ≤ 52: Mild Anxiety
• 52 < STAI ≤ 80: Severe Anxiety

These questionnaires are widely used and have been 
validated in many languages, including Italian.20,21

The last questionnaire (see Supplemental Question-
naires), collected patients’ impressions on safety from 
SARS-CoV-2 infection during hospitalization; perceived 
quality of the patient’s experience in the neurosurgery 
ward and improvements obtained after surgery were also 
queried. As for the preoperative questionnaire, most an-
swers were reported on a Likert scale from 1 to 10.

The two novel questionnaires were tested at the begin-
ning of June 2020 on an external and independent sample 
of 30 subjects in order to improve the questions’ semantics 
and, consequently, their comprehension. Compilation time 
was less than 5 minutes per questionnaire and answers 
were collected with REDCap (a secure web application 
for building and managing online surveys and databases).

Clinical data included pathology, any prolongation of 
time on the waiting list, any postponement of hospital ad-
mission, duration and type of surgery, postoperative com-
plications, surgical outcome, and days of hospitalization 
(Supplemental Table 6).

Statistical Methods
Descriptive statistics were computed on the different 

variables. In detail, the number of missing values (Nmiss); 
median; first quartile (Q1) and third quartile (Q3); range 
(minimum–maximum) for Likert scale; and additional 
mean and SD were calculated for quantitative variables; 
and the frequencies (absolute and percentage values) were 
computed for categorical variables.

Data were also stratified for pathology (oncological/
nononcological) to document any significantly different 
variables (p < 0.05) in the two subpopulations. The Wil-
coxon rank-sum test was used for Likert scales and quan-
titative variables; trend and chi-square tests were applied 
to ordered and qualitative variables,22 respectively. More-
over, the Pearson correlation coefficient (with 95% CI and 
p value) was used to measure linear relationships between 
quantitative variables23 (in detail, between STAI-Y1 [state] 
and STAI-Y2 [trait] scores).

CONCLUSIONS These data underline the importance of psychological support, especially for neuro-oncological pa-
tients, during a pandemic.
https://thejns.org/doi/abs/10.3171/2020.9.FOCUS20681
KEYWORDS pandemic; anxiety; machine learning
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Three different models were used to identify which 
variables (X) have the greatest impact on the outcomes 
(Y). Because the variables were of a different nature (qual-
itative and quantitative), mostly asymmetrical, and related 
to Y by nonlinear relationships, a machine learning ap-
proach was chosen: the random forest (RF),24 which is an 
ensemble method25–27 that combines thousands of regres-
sion trees.28 The idea behind the RF is quite simple: first, 
the algorithm perturbs the data set, generating many boot-
strap samples and growing, on each of them, an overfitted 
decision tree (i.e., each terminal node contains few obser-
vations). The result of this procedure is a large number of 
uncorrelated models (this is due to the tree instability) that 
may not be accurate, but which combined together (with a 
simple mean) produce predictions that are more accurate 
than the ones obtained by single trees24 (Fig. 1—Step 1 
shows, in a simple way, how the algorithm works; it should 
be read from the bottom to the top). This interesting effect 
is called “the wisdom of crowds”—each tree protects oth-
ers from their individual errors.

Three RFs were grown:
1. RF1—state anxiety: state anxiety was modeled [YRF1 = 

STAI-Y1 score (20 ≤ YRF1 ≤ 80)] to investigate which 
concerns have a primary role for it. The matrix of co-
variates (X) and corresponding questions of preopera-
tive questionnaires are reported in Table 1.

2. RF2—pathology: pathology was divided in a dicho-

tomic variable (oncological/nononcological) and mod-
eled [YRF2 = pathology]. An RF of 10,000 regression 
trees was grown, because when Y is dichotomic, re-
gression instead of classification can be used.29 The aim 
was to identify what concerns, collected by the preop-
erative questionnaire, most discriminate oncological 
from nononcological patients. The covariates and cor-
responding questions are reported in Table 2.

3. RF3—protection: in this model the covariates that are 
associated with the protection from SARS-CoV-2 dur-
ing hospital admission in neurosurgery were investigat-
ed. The covariates and corresponding questions from 
the postoperative questionnaire are reported in Table 3.
The RF algorithm was not used in predictive terms, but 

rather to highlight the relationships between covariates 
and outcomes. To clarify these relationships, two addi-
tional methods were used: 1) relative variable importance 
measure24 (VIM) and 2) partial dependence plots30 (PDPs).

The VIM identifies the covariates that most impact on 
the prediction of Y and helps to make variable selection. In 
particular, the VIM called mean decrease in accuracy24,31 
(MDA) was used. The algorithm assigns a score of 100 to 
the variable most associated with the outcome, ordering 
the remaining variables from the most to the least impor-
tant. The VIM, however, does not provide information on 
how the model predictions change according to X values.

Therefore, the covariates with a VIM > 50 were select-

FIG. 1. The three-step procedure based on RF, VIM, and PDP. For each model that was estimated, a three-step procedure was 
followed. 1) An RF of 10,000 regression trees was grown. The figure should be read from the bottom to the top. The red box 
represents the data set. The algorithm perturbs the data set by means of bootstrap samples (procedure represented by a gray 
oval, where many samples of the same dimension of the original data set are repeatedly drawn, with replacement, from it) and, 
on each of them, grows a regression tree (gray rectangle) extracting single predictions (colored circles). These forecasts obtained 
by uncorrelated models are then combined with a simple mean, which produces predictions that are more accurate than the ones 
obtained by the single trees. 2) Using VIM, the MDA was extracted: this is a measure of variable importance that identifies which 
variables (Xs) are associated with the outcome (Y) of the model. The MDA was also used to select the most significant variables 
(i.e., only those Xs with a VIM > 50). 3) For each selected variable the relationship between X and Y was visualized by a PDP. This 
2D plot reports the values of the selected variable on the x-axis and the values of the predictions on the y-axis. A smoothing func-
tion (linear, nonlinear, monotonic, nonmonotonic, etc.) is added to the graph (blue lines).
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ed and by means of PDPs (a 2D plot), the functional re-
lationship between the selected covariates and predictions 
obtained from the model could be visualized.32 The PDP 
graph reports on the x-axis the covariate under inspection 
and on the y-axis the predictions. A smoothing function 
was added to the graph, because it is frequently performed.

Figure 1 provides a visual summary of this three-step, 
machine learning procedure based on RF, VIM, and PDP. 
All the analyses were performed with R 4.0.1 software.

Results
After exclusion of 11 patients due to significant missing 

data, 123 subjects (M/F, 64/59; mean age 60.28 years [SD 
15.08 years]) were included in the study, with 114 vari-
ables for each (Supplemental Tables 3–6). Data on treating 
hospitals, highest education qualification, and previous 
admissions to neurosurgery are reported in Supplemental 
Tables 1–2.

Hospital admission to neurosurgery was postponed for 
a mean of 49.72 days (median 30, range 0–150 days). The 

median values related to stress during the waiting time and 
anxiety about worsening were 7/10 and 6/10, respectively. 
The waiting time was reported as very long or long by 61% 
of patients, increasing to 73% when patients whose admis-
sion was not postponed (n = 35) were excluded. There 
were no statistically significant differences in perception 
of these features between nononcological and oncological 
patients; the latter had a significantly shorter waiting time 
for admission (median 121 vs 39 days; p = 0.019).

SARS-CoV-2 screening was considered useful and safe 
by the majority of patients (median 9/10 and 8/10, respec-
tively). Oncological patients considered screening signifi-
cantly less useful than nononcological patients (median 
8/10 vs 9/10, respectively; p = 0.041). All patients felt safe 
(median 9/10) in the neurosurgery ward.

The score extracted by STAI-Y1 and -Y2 questionnaires 
documented a median, which corresponds to “normal” (42 
and 40 of 80, respectively); mild anxiety was evident in 14 
and 12 patients in STAI-Y1 and -Y2; severe anxiety was 
documented in 23 and 11 patients, respectively. STAI-Y1 

TABLE 1. Definitions of covariates (XRF1) used in RF1 where the outcome (YRF1) is the STAI-Y1 score

XRF1 No. Covariate Definition Question No. in the Preop Questionnaire

1 Worried about positivity for coronavirus. 19 
2 How worried are you about the pathology for which you have been admitted? 20
3 How much are you worried about the surgical procedure? 21
4 How anxious were you about a possible worsening of your condition? 12
5 How stressed were you during the waiting time to admission? 11
6 Age. NA
7 Becoming positive for SARS-CoV-2 during hospitalization. 22
8 How many days would you have been willing to postpone your admission? 13
9 How safe do you feel in the neurosurgical ward? 17

10 Perception of time from neurosurgical evaluation to admission. 14*
11 How much did COVID-19 increase concern about neurosurgery admission? 10
12 How useful is the screening for SARS-CoV-2 performed preoperatively? 15
13 How safe is the screening for SARS-CoV-2 performed preoperatively? 16

NA = not applicable.
The table reports the 13 covariates that were investigated in RF1. Covariate definition is reported with the corresponding question number from the preoperative ques-
tionnaire. The question is reported in full when it is significantly different from the covariate definition.
* The time span from your neurosurgical evaluation to the present admission felt: very long; long; short; very short.

TABLE 2. Definitions of covariates (XRF2) used in RF2 where the outcome (YRF2) is the pathology

XRF2 No. Covariate Definition Question No. in the Preop Questionnaire

1 STAI-Y1 score. NA
2 How much are you worried about the surgical procedure? 21
3 What is the risk that you have been infected by SARS-CoV-2? 18
4 How anxious were you about a possible worsening of your condition? 12
5 Becoming positive for SARS-CoV-2 during hospitalization. 22
6 How much has COVID-19 increased concern about neurosurgery admission? 10
7 How worried are you about the pathology for which you have been admitted? 20
8 Worried about positivity to coronavirus. 19

The table reports the 8 covariates that were investigated in RF2. Covariate definition is reported with the corresponding question number from the preoperative ques-
tionnaire.

Unauthenticated | Downloaded 05/23/23 11:00 PM UTC

https://thejns.org/doi/suppl/10.3171/2020.9.FOCUS20681
https://thejns.org/doi/suppl/10.3171/2020.9.FOCUS20681
https://thejns.org/doi/suppl/10.3171/2020.9.FOCUS20681


Doglietto et al.

Neurosurg Focus Volume 49 • December 2020 5

and -Y2 were positively correlated (Pearson’s correlation 
coefficient ρ = 0.56; 95% CI 0.43–0.67; p < 0.01). This 
shows that patients with higher levels of STAI-Y1 (state 
anxiety) also have higher levels of STAI-Y2 (trait anxi-
ety). Whereas STAI-Y1 and -Y2 scores were comparable 
between nononcological and oncological patients, subjects 
with severe state anxiety were more frequent in the latter 
group: the difference did not reach statistical significance 
(16.30% vs 26.67%; p = 0.055).

Patients reported being worried mainly about their pa-
thology and surgery (median 7/10 for both), rather than 
the possibility of being positive for SARS-CoV-2 (me-
dian 2/10) or contracting the disease during hospitaliza-
tion (median 3/10). Oncological patients were significantly 
more worried about their pathology (p = 0.019) and sur-
gery (p = 0.005).

The perceived risk of being infected by SARS-CoV-2 
was quantified with a median of 15/100 (Q1, Q3: 1.00, 
40.00) of the entire sample, with higher, although not sta-
tistically significant, values reported by oncological com-
pared with nononcological patients (20 vs 10; p = 0.138).

After surgery, most patients felt safe from SARS-
CoV-2 in the operating room (97.50%) and during hospi-
talization (median 8/10). The different features that were 
investigated for a feeling of safety (e.g., hand sanitizer, 
masks, distance between beds) were all scored high, with 
medians between 8/10 and 9/10 (Supplemental Table 5). 
Cleaning and sanitization of the hospital environment was 
scored significantly lower by oncological patients when 
they were asked how much it contributed to the feeling of 
safety (median 8/10 vs 9/10; p = 0.047).

The experience in neurosurgery was rated as high by 
all patients (median 9/10), and most patients felt improved 
after surgery (88.24%). Many were still worried about 
their pathology (median 7/10), and significantly more so 
if they had an oncological disease (median 8/10 vs 7/10; 
p = 0.002).

Surgical complications were relatively rare (6.5%), 
but significantly more frequent in oncological patients 
(16.67% vs 3.23%; p = 0.009). Surgical duration, days in 
the ICU, and days in hospital were significantly longer in 
oncological patients (Supplemental Table 7).

RF1—State Anxiety
In the first RF, 10,000 regression trees were grown, ob-

taining stable and accurate predictions. Applying step 2 of 
the machine learning approach, the relative VIM reported 
in Fig. 2 (left panel) was obtained, reporting 6 covariates 
that are associated with state anxiety. The most important 
variable associated with state anxiety is the worry for pos-
itivity to coronavirus (relative VIM = 100). The relation-
ship of the 6 covariates associated with state anxiety is vi-
sualized by means of PDPs in Fig. 2 (right panel). PDPs in 
Fig. 2A–E highlight nonlinear positive relationships: func-
tions are nonmonotonic, but it is evident that higher values 
of the selected covariate correspond to higher values of 
state anxiety. The only variable that did not change ac-
cording to state anxiety is age (PDP—Fig. 2F, right panel).

RF2—Pathology
In the second RF, the relative MDA VIM (left panel of 

Fig. 3) selected three variables as strongly associated with 
the pathology (i.e., oncological and nononcological), in or-
der of importance: 1) state anxiety (VIM = 100); 2) worry 
about the surgical procedure (VIM = 60.20); and 3) risk of 
SARS-CoV-2 infection (VIM = 53.13). In all three cases, 
PDPs highlight nonlinear positive relationships: higher 
values of selected Xs (x-axis) correspond to a higher prob-
ability of being oncological patients (on the y-axis) (Fig. 
3, right panel).

RF3—Protection
In the third RF, the relative MDA VIM (left panel of Fig. 

4) selected only two features as strongly associated with the 
feeling of protection, in order of importance: 1) distance 
between beds (VIM = 100); and 2) hand sanitizer gel (VIM 
= 66.07). In both cases, PDPs highlight nonlinear positive 
relationships (right panel of Fig. 4): if the importance attrib-
uted to distance between beds and use of hand sanitizer gel 
(both on the x-axis) increases, patients feel more protected.

Discussion
To the best of our knowledge, this paper is the first to 

systematically address anxiety in neurosurgical patients 

TABLE 3. Definitions of covariates (XRF3) used in RF3 where the outcome (YRF3) is the protection

XRF3 No. Covariate Definition Question No. in the Postop Questionnaire

1 Feeling of safety due to distance between beds. 8
2 Feeling of safety due to hand sanitizer gel available in hospital. 6
3 Feeling of safety due to health personnel following security protocols. 9
4 Feelings of safety due to the procedures to prevent infection from SARS-CoV-2. 12
5 Feeling of safety due to measurement of body temperature at hospital entrance. 4
6 Feeling of safety due to masks. 5
7 Feeling of safety due to a reassuring behavior of health personnel. 10
8 Feeling of safety due to sanitization of hospital environments. 7
9 In the operating room, did you feel safe from coronavirus? 2

10 Did the health personnel seem prepared for the postoperative period? 11

The table reports the 10 covariates that were investigated in RF3. Covariate definition is reported with the corresponding question number from the postoperative 
questionnaire. 
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FIG. 2. Modeling of state anxiety (RF1). Relative VIM and PDPs of the first RF (RF1) are reported in the left and right panels, 
respectively. In the left panel, the 6 variables most associated with state anxiety (i.e., VIM > 50%) are depicted by black bars with 
white dots, in order of importance: 1) worry about positivity to SARS-CoV-2; 2) worry about primary pathology; 3) worry about 
surgical procedure; 4) anxiety about clinical worsening; 5) stress of being on the waiting list; and 6) age. The other 7 variables that 
were less associated with state anxiety are reported in gray bars. In the right panel, the relationships between the 6 most associ-
ated variables and the predictions obtained by the RF1 are visualized by PDPs. Except for PDP (panel F, age), a nonlinear, positive 
relationship of each X (on x-axis) with respect to the estimated STAI-Y1 score (on y-axis) is evident. A smoothing function is added 
to the graphs as a blue line. 

FIG. 3. Modeling of pathology (RF2). Relative VIM and PDPs of the second RF (RF2) are reported in left and right panels, respec-
tively. The relative VIM extracted from RF2 shows the ranking from the most to least important variable and identifies the three 
covariates (black bars with white dots) that are strongly associated with pathology (oncological/nononcological patients). The gray 
bars describe the variables that are less associated (VIM < 50%) with the pathology. The relationships between the three most 
associated variables and the predictions obtained by the RF2 are visualized by PDPs (right panel): in all cases a nonlinear, positive 
relationship is evident. The smoothing function is represented by the blue lines.
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who undergo surgical treatment during the COVID-19 
pandemic. The study population comprised patients re-
quiring nonurgent neurosurgical procedures who under-
went treatment in 10 different hospitals located mainly in 
eastern Lombardy, an area that was severely involved in 
the COVID-19 outbreak in Italy. The study period is from 
2–3 months after the end of the lockdown phase of the 
pandemic. All patients filled in a pre- and postoperative 
questionnaire, together with an evaluation of state and trait 
anxiety (i.e., STAI-Y1 and -Y2); type of pathology, surgery, 
complications, and outcomes were also prospectively re-
corded (see Supplemental Questionnaires).

Surgery was significantly postponed in this cohort of pa-
tients, mainly due to organizational issues (83%) and only 
rarely (2/123) for positivity to SARS-CoV-2. The waiting 
time was perceived as long or very long by the majority of 
patients (73%). This is higher than previously reported, but 
the data are not really comparable because they are from 
other surgical specialties;33 no difference was documented 
between nononcological and oncological patients, even 
though the latter waited for a significantly shorter time. The 
stress due to the waiting time was reported as high (7/10): 
the fear of clinical worsening during the wait was scored 
as high as the worry for COVID-19 (6/10). The latter worry 
was indeed comparable to the one reported by the general 
population in the same study period.34

When state anxiety, measured by STAI-Y1, was con-
sidered, oncological patients were more severely stressed 
than nononcological patients (16% vs 27%). The differ-

ence between the two groups for severe stress was some-
what different, but did not reach statistical difference (p 
= 0.055): this might be due to the presence of patients 
affected by conditions such as vascular pathology35,36 or 
radiculopathy and disc herniation,37 which can both be 
associated with an increased state of anxiety. Modeling 
state anxiety (Fig. 2), it became evident that the patients’ 
condition was significantly associated with the worry of 
being positive for SARS-CoV-2. This was the first variable 
identified by VIM, followed by intuitive ones such as the 
concern for the primary pathology, surgery, and worsening 
of their condition, as well as waiting time (Fig. 2). Anxiety 
and distress have been increasingly investigated and docu-
mented in neurosurgical patients in the last decade.38–47

Fear of disease progression and related anxiety has 
been previously reported as frequent and of high clinical 
relevance for neurooncological patients.48–51 When pathol-
ogy was dichotomized (oncological vs nononcological) 
and modeled, anxiety was identified by VIM as the first 
associated factor, followed by the worry about surgery, and 
then the perceived risk of being infected by SARS-CoV-2. 
From a medical point of view, the increased stress for the 
pathology and surgery is justified by the recorded surgical 
time, ICU and hospital stay, as well as complications: all 
these were significantly higher in oncological compared 
to nononcological patients. The only factor that was not 
justified by medical data, because no patient was infected 
by SARS-CoV-2 in this series, was COVID-19—nonethe-
less, VIM identified it as the first factor associated with 

FIG. 4. Modeling of safety perception (RF3). Relative VIM and PDPs of the third RF (RF3) are reported in left and right panels, 
respectively. In the left panel, the relative MDA VIM extracted from RF3 shows that only 2 of 10 variables are most associated 
with the feeling of protection from SARS-CoV-2 during hospital admission in neurosurgery (black bars with white dots). Positive, 
nonlinear relationships are visualized by PDPs (right panel) between the two variables and the feeling of safety. The smoothing 
function is represented by blue lines. 
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state anxiety. Interestingly, oncological patients consid-
ered screening for SARS-CoV-2 significantly less useful 
than nononcological patients; furthermore, cleaning and 
sanitization of the hospital environment was scored sig-
nificantly lower in oncological compared to nononcologi-
cal patients as a factor that transmitted a feeling of safety. 
These data might be explained by higher stress levels in 
oncological patients, leading to a more negative perception 
of the surrounding environment and, in this case, even of 
protective measures from the infectious disease causing 
the pandemic.

The association of anxiety with neuro-oncological 
disease and surgical intervention has been previously de-
scribed.52–55 This study confirms that association and docu-
ments the association of severe stress in neuro-oncological 
patients with COVID-19. Anxiety and increased level of 
psychological distress have indeed been recently demon-
strated in other oncological patients during the COVID-19 
pandemic.56–59 Some authors have also underlined how 
COVID-19 might delay diagnosis and influence treatment 
and decision-making in oncology.60–62

We believe that the high prevalence of stress document-
ed in this study, related not only to the neurosurgical dis-
ease but also to the pandemic, underlines the importance 
of dealing with it to improve patients’ quality of life. Pre-
operative anxiety might be reduced by procedural infor-
mation leaflets and behavioral training,63 but the pandemic 
should be recognized to best address the issue. Our data 
confirm that psychological support should be enhanced 
during outbreaks,62 possibly using novel solutions to pro-
vide follow-up care remotely during waiting times.58,60 
Access to counseling services may mitigate some of the 
anxiety and depression experienced,56 and should be pri-
oritized for those who might be experiencing distress even 
under normal circumstances.58

This study also investigated the feeling of safety con-
veyed by different features that were activated in all Italian 
hospitals during the pandemic. Interestingly, the increased 
distance between surgical beds was the first factor associ-
ated with a feeling of safety from SARS-CoV-2, followed 
by the availability of hand sanitizers. These data might be 
interpreted as a result of the ongoing social media commu-
nication on the importance of social distancing; we believe 
they might be important for hospital managers and to op-
timize communication with patients during this pandemic.

Finally, from a methodological point of view, it is im-
portant to note that the nonlinear and nonmonotonic re-
lationships highlighted in PDPs (Figs. 2–4) justify the 
choice of RF methodology to describe the collected data. 
In fact, in this study we dealt with extremely asymmetri-
cal variables of different natures (qualitative, ordinal and 
nominal, and quantitative): nonparametric methods are an 
effective and interesting alternative to extract information 
from such data.

Limitations of the Study
Anxiety was investigated only during the post-lock-

down phase of the COVID-19 pandemic in eastern Lom-
bardy, Italy; a control group before COVID-19 is not avail-
able. The recorded responses are probably influenced both 
by culture and the pandemic phase; they might change 

in different cultures and different phases of a pandemic. 
Nonetheless, even though the study was performed in the 
post-lockdown phase, and in a month that had experienced 
the fewest deaths due to COVID-19 since the first cases 
were recorded, anxiety in all neurosurgical patients was 
strongly associated with COVID-19; furthermore, anxiety 
was significantly higher in neuro-oncological patients. We 
believe this scenario might apply to different cultures, be-
cause reported anxiety before surgery is different but al-
ways relatively high in the general population in different 
countries.34 Unfortunately, psychological support was not 
systematically provided to our patients, which meant that 
this study could not quantify its potential benefit.

Conclusions
This study documented high levels of stress in neuro-

surgical patients undergoing nonurgent surgical proce-
dures during the post-lockdown phase of the COVID-19 
pandemic. Waiting time was perceived as long by most pa-
tients. Stress was associated with pathology, surgery, and 
fear of clinical worsening, but also, and most significantly, 
with fear of COVID-19. The distance between hospital 
beds and availability of hand sanitizers were associated 
with a feeling of safety. We believe that these data show 
the importance of psychological support that should al-
ways be part of neurosurgical practice, even more impor-
tantly during a pandemic.
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