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Abstract.
Background: While deep brain stimulation of the subthalamic nucleus (STN-DBS) significantly improves motor deficits in
patients with Parkinson’s disease (PD), it is still unclear whether it affects personality functioning.
Objective: The objective of the present study was to examine personality changes in patients with PD after STN-DBS from
the perspectives of both the patients and caregivers. Moreover, by assessing the premorbid personalities of the patients, we
tried to determine individual vulnerability to STN-DBS-induced personality changes.
Methods: In total, 27 patients and their caregivers participated in our retrospective observational study. They were asked
to assess the patients’ personality changes with the Iowa Scale of Personality Changes (ISPC) and the patients’ premorbid
personalities with the Big Five Inventory (BFI).
Results: Caregivers reported significant personality changes in the ISPC domains of Executive Disturbance (p = 0.01) and
Disturbed Social Behavior (p = 0.02). Most of the ISPC domains were positively correlated with Conscientiousness, while
Executive Disturbance was negatively correlated with Neuroticism of the BFI scale.
Conclusion: Our results show that executive and social functioning are the two most vulnerable domains in patients with PD
after STN-DBS, especially in those patients who score higher for neuroticism and lower for conscientiousness on the BFI
scale. The results of our study may provide movement disorder specialists with better counseling options and better selection
of DBS candidates. Caregivers’ perspective might contribute significantly in understanding postoperative personality changes.
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INTRODUCTION

After Alzheimer’s disease, Parkinson’s disease
(PD) is the second most common neurodegenera-
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jana, Slovenia. Tel.: +386 40 217 432; E-mail: simon.brezovar
@kclj.si.

tive disease worldwide [1]. PD progressively destroys
neurons in the substantia nigra, resulting in the classic
tetrad of parkinsonian signs: tremor, rigidity, bradyki-
nesia, and disturbances in posture and gait in later
stages [2]. While PD is traditionally described as a
movement disorder, a plethora of recent studies have
shown that non-motor symptoms (e.g., mood disor-
ders, sleep disturbances, and cognitive complaints)
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are a constituent part of PD and may play an impor-
tant role in the symptomatic treatment of the disease
[3, 4].

Patients with PD are traditionally treated with
dopamine replacement therapy which, in some cases,
fails to offer stable relief of motor symptoms or
is associated with intolerable side effects [5]. Deep
brain stimulation of the subthalamic nucleus (STN-
DBS) has been established during the last 25 years
as a highly effective therapy for advanced PD [6].
Numerous studies have consistently shown that STN-
DBS significantly improves motor deficits in patients
with PD [7]. An association between STN-DBS and
non-motor symptoms in patients with PD has also
been widely studied over the past two decades. There
is strong evidence, that STN-DBS has beneficial
effect on non-motor symptoms, which in turn is asso-
ciated with an improvement in quality of life [8, 9].
For example, several studies on the cognitive con-
sequences of DBS in patients with PD have shown
that deterioration of one or more cognitive functions
after STN-DBS is rare and unremarkable, with no
negative impact on quality of life [10, 11]. When
cognitive deterioration is observed after STN-DBS,
it is usually mild to moderate and affects psychomo-
tor speed, memory, attention, executive function, and
verbal fluency [12]. It appears that globus pallidus
stimulation leads to less neurocognitive impairment
than STN-DBS [12], but studies are not entirely con-
sistent [13].

Although cognitive abilities remain mostly unaf-
fected after STN-DBS, it is still unclear whether this
surgical procedure could affect other psychological
domains such as mood or personality, in patients
with PD. Combs et al. found that STN-DBS resulted
in lower levels of depressive symptoms post-surgery
[12]. STN-DBS was found to have a positive effect
on subjective sleep/fatigue symptoms, while there
were no significant changes in mood/apathy at 36
months after STN-DBS [8]. In a recent study, we
also observed an overall improvement in non-motor
symptoms, as well as improvement in anxiety, depres-
sion, sleep, and health-related quality of life up to 48
months after STN-DBS [9]. On the other hand, in a
prospective study, Funkiewiez et al. found a slight
increase in symptoms of apathy, a slight increase
in depression, and rare transient behavioral changes
[14].

Studies addressing a relationship between STN-
DBS and personality changes are scarce. Pham et al.
found increased levels of impulsivity in patients with
PD after STN-DBS and that relatives were more sen-

sitive to personality changes than patients [5]. In the
study by Houeto et al., personality traits improved
in eight patients, remained unchanged in seven, and
worsened in eight. Among the worsened patients, the
most impaired personality domains were lack of ini-
tiative, lack of persistence, and lack of planning [15].
It is not yet clear whether these STN-DBS-induced
personality changes are transient or long-term. Some
studies have found that STN-DBS does not pro-
duce long-term changes of patients’ personality
[16]. By using personality disorder assessment tools,
Castelli et al. found significant improvements in para-
noid and obsessive-compulsive personality disorder
symptoms in patients with PD after STN-DBS. Con-
versely, the level of thought disorder was significantly
higher after STN-DBS [17].

The objective of the current study was to exam-
ine the personality changes in patients with PD
after STN-DBS. Moreover, by assessing premorbid
personality, we tried to determine individual suscep-
tibility to personality changes after the operation. We
hypothesized that (i) caregivers are more critical and
aware of personality changes than patients and that
(ii) patients with more maladaptive preoperative per-
sonality traits (e.g., high levels of neuroticism) are
more vulnerable to personality changes after STN-
DBS than patients with normal preoperative values.

MATERIALS AND METHODS

Subjects

Initially, 42 patients with PD who had been treated
with bilateral STN-DBS were identified as poten-
tial candidates for our retrospective observational
study. Exclusion criteria were (a) serious postop-
erative or medical complications, (b) presence of
severe cognitive impairment (i.e.,≤2SD in more than
one cognitive domain), (c) severe untreated mental
disorder (e.g., major depressive disorder, psychosis,
bipolar disorder), and (d) language problems. Of the
42 patients, seven patients refused to participate, and
eight patients were excluded due to postoperative or
other medical complications (i.e., two cases of post-
operative intracerebral hemorrhage at the electrode
puncture site, one case of postoperative depression,
two cases of severe agitation, two cases of neurostim-
ulator site infection and one case of scalp infection
at the site of connection between the cable and the
lead). 27 patients (11 women) and their caregivers
finally participated in the study (see detailed informa-
tion on their demographic and clinical characteristics
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Table 1
Clinical and demographic characteristics of patients with PD

Age in years, mean (SD) 61.7 (6.5)

Duration of disease in years, mean (SD) 15.1 (4.6)
Modified Hoen-Yahr stage:

Stage 2, number of patients 16
Stage 2.5, number of patients 11

LEDD before DBS in milligrams, mean (SD) 1520.7 (692.6)
LEDD after DBS in milligrams, mean (SD) 636.9 (404.6)
LEDD reduction in milligrams, mean (SD) 785.6 (755.5)

in Table 1). Sixteen patients from our cohort had their
STN-DBS implanted at Ludwig-Maximilian Univer-
sity Münich, Department of neurosurgery (between
years 2008 and 2014) while 11 other patients had
their implantation done at Ljubljana University Clin-
ical Centre Ljubljana, Department of neurosurgery
(between years 2015 and 2016). All participants
provided written informed consent. The study was
approved by the Medical Ethics Committee of the
Republic of Slovenia.

We assessed the severity of PD symptoms before
the surgical procedure using the Modified Hoehn-
Yahr Scale. 16 patients (57%) were assigned stage
2 and 11 patients (43%) stage 2.5. All patients had
at least moderate troublesome motor fluctuations,
≥1 h of troublesome dyskinesia/day and/or≥2 h “off”
symptoms/day, and most of them had ≥5 oral lev-
odopa doses/day [18]. We calculated the levodopa
equivalent daily dose (LEDD) [19, 20] (in mg/day)
before and at least 6 months after surgery, when phar-
macotherapy and DBS stimulation parameters had
stabilized. The reduction of LEDD after the operation
was 53.5% (SD = 28.9%), which was comparable to
other studies [21–23].

Personality assessments

Personality changes were evaluated by the offi-
cially translated Slovene version of the Iowa Scales
of Personality Change (ISPC) [24, 25]. The ISPC
provides a standardized assessment of 26 person-
ality characteristics that might change as a result
of a neurological condition. The assessed charac-
teristics refer to emotional functioning, social and
interpersonal behavior, decision-making and goal-
directed behavior, behavior control, and insight. In
the standard version of the ISPC, the information
is provided by an informant-the caregiver who has
regular and substantial contact with the patient.
The caregiver assesses patient on seven-point scales,
with 1 indicating very good functioning, 3 indicat-
ing the hypothetical average, 5 indicating that the

characteristic is present to a problematic degree,
and 7 indicating a severe problem. Ratings of per-
sonality functioning are provided for past (before
STN-DBS) and current functioning (after STN-
DBS). ISPC scales reflect personality disturbances
along the following five dimensions: (1) Execu-
tive Deficits (Lack of Planning, Perseverance, Lack
of Initiative, Lack of Persistence, Impulsivity, Poor
Judgment, and Indecisiveness); (2) Disturbed Social
Behavior (Social Inappropriateness, Insensitivity,
Inappropriate Affect, Lack of Insight, Inflexibility,
and Aggression); (3) Diminished Motivation/Hypo-
emotionality (Apathy, Blunted Affect, and Social
Withdrawal); (4) Emotional Reactivity/Irascibility
(Irritability, Emotional Lability, and Impatience); and
(5) Distress (Depression, Anxiety, Vulnerability to
Pressure, and Dependency).

Personality traits were assessed by the officially
translated Slovene version of the Big Five Inven-
tory (BFI) [26, 27]. The BFI contains 44 items that
measure personality traits defined by the Five Fac-
tor Theory of Personality (extraversion, neuroticism,
agreeableness, openness, and conscientiousness).
Caregivers were asked to assess patients’ personal-
ity characteristics on five-point scales (1: strongly
disagree, 2: slightly disagree, 3: neither agree nor
disagree, 4: slightly agree, 5: strongly agree).

ISPC and BFI were administered between Jan-
uary and July 2017, at least 6 months after surgical
procedure when programming was completed, and
patients were on stable medications. The average
time between undergoing STN-DBS and personal-
ity diagnostics was 11 months. The aim of our study
was not only to measure the degree of personality
changes but also to assess potential discrepancies
between the personality assessments of patients and
caregivers. Therefore, ISPD and BFI were adminis-
tered to patients with PD as well as their caregivers.
For ISPC, both groups were asked to assess person-
ality functioning before and at least 6 months after
STN-DBS. For BFI, both groups were asked to assess
retrospectively the patients’ premorbid personality
traits (i.e., personality as it was before DBS treat-
ment).

Statistical analysis

All statistical analyses were conducted with PASW
Statistics 18, and alpha was set to p < 0.05. Since
the assumptions for using parametric statistical tests
were not fulfilled, non-parametric statistical tests
were used. The Wilcoxon signed-rank test was used
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Table 2
Comparisons of ISPC personality traits before and after STN-DBS from the caregivers’ ratings

Before treatment After treatment
M SD M SD Z a p d

Executive Disturbance 3.05 0.87 3.61 1.43 –2.321 0.010** –0.316
Disturbed Social Behavior 2.52 0.97 2.99 1.22 –2.095 0.021* –0.271
Irascibility 3.29 1.10 3.51 1.53 –0.855 0.393 –0.116
Diminished Motivation 3.10 1.17 3.46 1.28 –1.495 0.135 –0.203
Distress 3.25 1.12 3.50 1.47 –0.903 0.367 –0.123

aWilcoxon signed rank test; *p < 0.05, **p < 0.01, without correction for multiple testing; d = effect size.

Table 3
Comparisons of ISPC personality traits before and after STN-DBS from the patients’ ratings

Before treatment After treatment
M SD M SD Z a p d

Executive Disturbance 3.06 1.14 2.99 0.91 –0.228 0.819 –0.031
Disturbed Social Behavior 2.50 0.94 2.53 0.73 –0.071 0.943 –0.010
Irascibility 2.84 1.12 3.00 1.22 –0.374 0.708 –0.051
Diminished Motivation 2.96 1.13 2.87 1.04 –0.393 0.694 –0.053
Distress 3.13 1.27 3.01 1.35 –0.454 0.650 –0.062

aWilcoxon signed rank test, d = effect size.

Table 4
Differences between caregivers and patients in ISPC scores changes

Caregivers Patients
M SD M SD Z a p d

Executive Disturbance –0.57 1.29 0.07 1.40 –2.072 0.038* –0.282
Disturbed Social Behavior –0.47 1.10 –0.03 0.99 –2.160 0.031* –0.294
Irascibility –0.22 1.41 –0.16 1.54 –0.202 0.840 –0.027
Diminished Motivation –0.36 1.43 0.09 1.42 –1.248 0.212 –0.170
Distress –0.25 1.63 0.13 1.50 –1.202 0.229 –0.164

aWilcoxon signed rank test; *p < 0.05, **, without correction for multiple testing; d = effect size.

to compare the ISPC test results pre- and post-STN-
DBS. The Spearman’s correlation analysis (ρ) was
used to analyze the relationship between personality
changes (ISPC) and personality characteristics (BFI).
Bonferroni correction was used to control for multiple
comparisons.

RESULTS

ISPC personality changes

First, we assessed postoperative changes according
to the caregivers’ ISPC ratings. Caregivers observed
the most significant changes in Executive Func-
tioning (p = 0.010), followed by Disturbed Social
Behavior (p = 0.021), whereas they did not observe
significant postoperative changes in personality func-
tioning for the Irascibility, Diminished Motivation
and Distress (Table 2). The changes in Executive
Functioning are statistically significant at 5 %-alpha-
level even after Bonferroni correction for multiple
tests. Virtually no changes were found in the assess-

ment of personality changes from the patients’ point
of view after STN-DBS (Table 3). There was also a
clear difference in effect sizes, which are between 0.2
and 0.3 for the caregivers’ perspective and around 0.0
for the patients’ perspective.

We also performed a direct comparison of ISPC
score changes between caregivers and patients.
Table 4 shows that caregivers reported statistically
larger changes in Executive Disturbance and Dis-
turbed Social Behavior compared to patients, but
there were no significant differences in the remain-
ing three ISPC domains. Although the differences
failed to reach statistical significance after Bonfer-
roni correction, Cohen’s effect size values suggested
small to moderate differences between caregivers and
patients.

Figure 1 shows the caregivers’ ratings for the
ISPC personality domains. The personality changes
most frequently observed by caregivers were in the
domains of Poor Judgment, Lack of Stamina, and Irri-
tability, in which personality functioning deteriorated
in more than 30% of patients. Conversely, minimal
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Fig. 1. The percentages of patients with changes in personality domains observed with ISPC. The ratings were provided by the caregivers.

Fig. 2. The percentages of patients with changes in personality domains observed with ISPC. The ratings were provided by the patients.

personality changes were observed in the domains of
Aggression, Vanity, and Manipulativeness, in which
personality functioning deteriorated in less than 10%
of patients. On the other hand, according to the
patients’ assessments, only Lack of Stamina was
negatively affected in 30% or more of patients. For
majority of the other personality domains, patients
reported no or even positive changes (Fig. 2).

The relationship between premorbid personality
traits and postoperative personality changes

Table 5 shows the relationships between person-
ality traits measured with BFI and postoperative
personality domains measured with ISPC. Due to
multiple comparisons, we set alpha level on 0.01.

According to the perspective of the caregivers, Con-
scientiousness is significantly related to Executive
Disturbance, Disturbed Social Behavior, Irascibil-
ity, and Diminished Motivation. Conscientiousness
was negatively correlated to these ISPC personal-
ity dimensions, indicating that patients who scored
higher on the Conscientiousness dimension were less
prone to personality changes. We also found signif-
icant positive correlation between Neuroticism and
Executive Disturbance. Patients who were perceived
to be more emotionally labile were more suscepti-
ble to difficulties in executive functioning according
to caregivers’ perspective. In contrast, when BFI and
ISPC patients’ ratings were compared, there were no
statistically significant correlations at the 1%-alpha-
level (Table 6).
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Table 5
Premorbid personality traits and postoperative changes (caregivers’ perspective)

Executive Disturbed Irascibility Diminished Distress
Disturbance Social Behavior Motivation

Extraversion –0.15 0.05 0.02 –0.24 0.01
Agreeableness –0.10 –0.19 –0.14 –0.03 –0.06
Conscientiousness –0.54* –0.58* –0.56* –0.58* –0.34
Neuroticism 0.45* 0.33 0.26 0.36 0.40
Openness –0.03 0.11 0.06 –0.10 0.14

Spearman correlation coefficient; *p < 0.01, without correction for multiple tests.

Table 6
Premorbid personality traits and postoperative changes (patients’ perspective)

Executive Disturbed Irascibility Diminished Distress
Disturbance Social Behavior Motivation

Extraversion 0.16 0.33 0.25 0.18 0.35
Agreeableness –0.05 0.08 –0.05 0.17 0.09
Conscientiousness 0.40 0.47 0.47 0.20 0.38
Neuroticism –0.26 –0.25 –0.32 –0.20 –0.29
Openness 0.12 0.16 0.02 0.09 0.11

Spearman correlation coefficient.

Table 7
Comparison of caregivers’ and patients’ ratings of BFI personality traits

Caregivers Patients
M SD M SD Z a p d

Extraversion 26.49 5.81 26.35 5.08 –0.131 0.896 –0.018
Agreeableness 34.32 6.65 36.58 4.22 –1.417 0.157 –0.193
Conscientiousness 32.34 5.35 33.96 4.59 –1.331 0.183 –0.181
Neuroticism 22.99 5.33 20.31 5.38 –2.320 0.020* –0.316
Openness 31.10 5.75 33.46 6.60 –2.301 0.021* –0.313

aWilcoxon signed rank test; *p < 0.05, without correction for multiple testing; d = effect size.

In our final additional analysis, we compared the
BFI ratings of caregivers and patients. After Bon-
ferroni correction for multiple comparisons, there
were no significant differences in BFI scores, indi-
cating that patients and caregivers rated premorbid
personality with similar scores. However, the small
to moderate effect size in Neuroticism and Openness
may suggest that these two traits may be perceived
differently to some extent by caregivers and patients
(Table 7).

DISCUSSION

The aim of our research was to examine possible
personality changes in patients with PD after STN-
DBS. We examined the personality changes observed
from both the perspectives of the patients and care-
givers and assessed possible differences in their
ratings. Moreover, we assessed possible relationships
between personality changes and premorbid person-
ality traits in patients with PD.

Regarding our first hypothesis, caregivers were
more sensitive in observing potential personality
changes. They reported the most significant changes
in executive and social functioning. In contrast,
patients did not observe any significant changes
in their own personality. Our results are consis-
tent with the findings of Pham’s study [5], who
also reported that relatives are more sensitive to
personality changes than patients. Consistent with
our second hypothesis, we found significant corre-
lations between conscientiousness and neuroticism
and postoperative personality changes as assessed by
caregivers.

According to the caregivers’ observations, per-
sonality dimension of Executive Disturbance (i.e.,
problems with planning, initiative, persistence, judg-
ment, decision-making, and impulsivity) were the
most affected by STN-DBS. Our results are in line
with previous studies in which higher levels of
impulsivity and greater problems with persistence,
planning, and executive functions were observed after
STN-DBS [5, 28]. One possible explanation for post-
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operative executive problems may be reduction of
dopaminergic medication after STN-DBS [29]. STN
stimulation can also lead to poor impulse inhibi-
tion and consequently a higher level of impulsivity
[30–32]. Furthermore, STN plays an important role
as a gating mechanism involved in response initiation
[30]. All these mechanisms can be involved in person-
ality changes after STN-DBS. The underlying cause
of potential personality changes in patients with PD
might be therefore directly related to the functional
neuroanatomy of the STN. The STN, a crucial part
of the basal ganglia circuitry, is not only an impor-
tant structure of the motor system of the brain, but is
also connected to the limbic and prefrontal regions of
the brain [33]. STN stimulation may therefore affect
patient behavior, observed as personality changes.
Another possible explanation might be related to the
number of microelectrode passes, which was signif-
icantly correlated to behavioral changes in a study
of Burdick et al.. [34]. According to their hypoth-
esis, personality changes are primarily the result of
microlesions and not of stimulation per se.

Furthermore, caregivers reported significant per-
sonality deterioration in the ISPC dimension of
Disturbed Social Behavior (i.e., aggression, insensi-
tivity, lack of insight, and inflexibility). Two previous
studies did not find any significant changes in social
functioning after STN-DBS [35, 36]. On the con-
trary, a recent study by Baumann-Vogel et al. revealed
that patients with PD became less prone to assume
common duties and daily activities despite exhibiting
better and more stable motor control. These changes
following DBS might lead to conflicts and problems
in interpersonal relationships and role allocations
[37]. Since Executive Disturbance and Disturbed
Social Behavior are closely intertwined dimensions,
it is possible that the same underlying cause (i.e.,
changes in the fronto-striatal loop) may be responsi-
ble for personality changes in both dimensions [38].

Reduction of dopaminergic medication after STN-
DBS can also affect mood and behavior. LEDD
reduction in our patients is comparable to other
studies [21–23]. In this regard the effect of LEDD
reduction on mood and behavior in our study should
not differ from other STN-DBS patient populations.

An important and still unanswered question
remains why disruptive personality changes occur
only in certain patients (see Fig. 1). This heterogene-
ity could be explained by differences in electrode
positions. Since motor, associative, and limbic parts
of the STN partially overlap anatomically, it is pos-
sible that in some patients the electrodes stimulate

the associative part of the STN, which belongs to
the dorsolateral and orbitofrontal loops of the basal
ganglia [39, 40]. The dorsolateral prefrontal loop
is closely related to executive functions, and the
orbitofrontal loop is responsible for social function-
ing [41]. In addition, the heterogeneity of patients
could be explained by the fact that some patients are
pre-operatively endowed with less adaptive person-
ality traits. High levels of neuroticism and low levels
of conscientiousness are related to poor stress coping
strategies [42]. Since emotional lability and conscien-
tiousness are significantly correlated with most ISPC
dimensions, it is possible that these premorbid per-
sonality traits could lead to unfavorable personality
changes.

As already mentioned, negative personality
changes are not uniformly observed in our study.
Nevertheless, we still observed negative personality
changes in six personality domains (i.e., poor judg-
ment, lack of stamina, irritability, lack of persistence,
impulsivity, insensitivity) in 30% of our PD patients.
These executive functions are widely recognized as
an important predictor of long-term cognitive and
social developmental outcomes [43], and thus play a
very important role with in an intact daily life. Since
our results are consistent with some previous studies
[5], we believe that this information can be part of
preoperative counseling.

In addressing the limitations of our study, it is note-
worthy to mention that the patients in our research
sample differ significantly in terms of disease dura-
tion. Since our study was retrospective, the interval
between STN-DBS and personality measurements
differed significantly amongst our patients. These two
factors could contribute to the interindividual vari-
ability in reported personality changes among study
participants. Another limitation refers to our sam-
ple size which is still relatively small and should be
increased in future studies. We used modified Hoehn
and Yahr Scale to assess the motor symptoms of the
disease. Unfortunately, we could not recuperate all
the MDS-UPDRS data before and after the opera-
tion. However our inclusion criteria for surgery were
not based on MDS-UPDRS scores, but on daily time
spent with troublesome dyskinesias and “off” peri-
ods and advanced stage of the disease [18]. Finally,
the retrospective nature of our study may have led
to errors in the personality assessment. It is still
questionable to what extent the post-operative BFI
assessment truly reflects the premorbid personality
in our operated patients. Therefore, future prospec-
tive studies are needed that include preoperative
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personality assessments, which would provide more
reliable and valid information about personality
changes and their influencing factors after STN-DBS.
An important line of research that has received much
attention recently is connectivity research [44]. By
exploring different connections with the neuromod-
ulation site one can explore changes in personality
related to stimulation. This can help plan precise tar-
geting and avoid the connections that lead to disturbed
personality after STN-DBS.

Despite improvements in motor and several non-
motor symptoms, changes in family roles, greater
patient autonomy, false pre-operative expectations
and, according to our study, behavioral and personal-
ity changes perceived by the caregivers are probably
the four most important factors that can negatively
influence social adaptation and interpersonal rela-
tionships in families after STN-DBS operation. All
these factors must be adequately addressed in pre-
operative counseling, since they can significantly
affect the overall success of the operation.

Conclusions

Although STN-DBS improves motor and even
non-motor symptoms, it might also cause signifi-
cant personality changes in some patients. Although
subjective, the caregivers’ perspective indicates that
executive and social functioning are the two most vul-
nerable personality domains, especially in patients
with PD who score higher on the neuroticism scale
and lower on the conscientiousness scale of the BFI.
The results from our study and future prospective
studies might help in recognizing patients who are
more vulnerable to negative personality changes after
DBS. Our results are in line with some previous
studies, too [5]. Therefore, we wish to propose the
integration of the assessment of behavior changes by
the caregivers, to the pre- and post-operative patients’
management.
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