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Stress, Anxiety, and Depression Associated With

Awake Craniotomy: A Systematic Review

BACKGROUND: Awake craniotomy (AC) enables real-time monitoring of cortical and
subcortical functions when lesions are in eloquent brain areas. AC patients are exposed to
various preoperative, intraoperative, and postoperative stressors, which might affect their
mental health.

OBJECTIVE: To conduct a systematic review to better understand stress, anxiety, and
depression in AC patients.

METHODS: PubMed, Scopus, and Web of Science databases were searched from January
1, 2000, to April 20, 2022, in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guideline.

RESULTS: Four hundred forty-seven records were identified that fit our inclusion and ex-
clusion criteria for screening. Overall, 24 articles consisting of 1450 patients from 13 countries
were included. Sixteen studies (66.7%) were prospective, whereas 8 articles (33.3%) were
retrospective. Studies evaluated stress, anxiety, and depression during different phases of AC.
Twenty-two studies (91.7%) were conducted on adults, and 2 studies were on pediatrics (8.3
%). Glioma was the most common AC treatment with 615 patients (42.4%). Awake-awake-
awake and asleep-awake-asleep were the most common protocols, each used in 4 studies,
respectively (16.7%). Anxiety was the most common psychological outcome evaluated in 19
studies (79.2%). The visual analog scale and self-developed questionnaire by the authors
(each n = 5, 20.8%) were the most frequently tools used. Twenty-three studies (95.8%)
concluded that AC does not increase stress, anxiety, and/or depression in AC patients. One
study (4.2%) identified younger age associated with panic attack.

CONCLUSION: In experienced hands, AC does not cause an increase in stress, anxiety,
and depression; however, the psychiatric impact of AC should not be underestimated.

KEY WORDS: Anesthesia, Anxiety, Awake craniotomy, Brain mapping, Psychiatry, Stress, Tumor
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wake craniotomy (AC) is a safe and well-
established neurosurgical technique pro-

viding maximal lesion resection in

ABBREVIATIONS: AC, awake craniotomy; APAIS,
Amsterdam preoperative anxiety and information
scale; BDI, Beck depression inventory; DSM, diag-
nostic and statistical manual of mental disorders; GA,
general anesthesia; GAD, generalized anxiety
disorder; HADS, hospital anxiety and depression
scale; HGG, high-grade glioma; LGG, low-grade
glioma; PASS, pain anxiety symptoms scale; PCL-
C, PTSD checklist civilian; PCLS, post-traumatic stress
disorder checklist scale; PHQ, patient health
questionnaire; PSS, perceived stress scale; PTSD,
post-traumatic stress disorder; STAI, state-trait anx-
iety inventory; VAS, visual analog scale.

Supplemental digital content is available for this article at
neurosurgery-online.com.

eloquent brain areas while preserving optimal
neurological functions.'™” The eloquent areas of
the brain have been defined as the areas associated
with critical neurological functions, such as
language, sensory, motor, visual, cortical, and
subcortical regions.'%'> AC can also be per-
formed for different lesions, ranging from pri-
mary tumors'>'¥ and metastases'>'°  to
epilepsy'”'® and cavernomas.!?*!

AC provides many advantages compared with
surgery under general anesthesia (GA) by en-
abling real-time cortical and subcortical brain
mapping under local anesthesia.*?>>® In the
awake-awake-awake approach, the patient is se-
dated at light, moderate, or deep levels with
spontaneous ventilation during craniotomy and
closure.®?739 Although in the asleep-awalke-
asleep approach, the patient is under GA with
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a laryngeal mask airway/endotracheal intubation during craniotomy
and closure and awakened and extubated during the mapping and
resection step in.*??*" Fully awake protocol avoids the contrain-
dications related to airway management and intubation while
shortening the waking period.”'*> By contrast, the asleep-awake-
asleep procedure can provide patients with more comfort because
they are fully asleep during the opening and closure phases of the
surgery. Advantages of AC would however need to be balanced
against the potential adverse events associated because patients, awake
during the entire or part of the operation, are exposed to circum-
stances which might generate stress, anxiety, and depression. These
can include uncertainty about the surgical outcome, anesthesia-
associated risks, pain, and feeling uneasy during the procedure.**
Although there are many shared stressors between AC and GA, some
additional factors, such as stress and anxiety during mapping and
awake surgery, can be specific to the AC procedure.”>

Preoperative stress and anxiety levels can determine whether
patients are suitable candidates for AC.%*”+*% Considering that
cognitive performance is an important step in AC, stress and
anxiety may impair patients’ cognitive abilities and cooperation in
the mapping and resection phase of AC, thus reducing the
prospects of achieving the desired outcome.*-*?> Postoperative
stress, anxiety, and depression may also affect the long-term
quality of life and prognosis of the patient.*?

We aimed to obtain a better understanding of these factors among
patients undergoing AC which can help health care providers to
better manage the stressors to suit individuals to improve their
psychiatric outcomes, thereby providing holistic patient-centered
care.*t To the best of our knowledge, this is the first systematic
review that accomplishes a synthesis of the published peer-reviewed
literature on stress, anxiety, and depression associated with AC.

METHODS
Search Strategy

PubMed, Scopus, and Web of Sciences databases were searched from
January 1, 2000, to April 20, 2022, according to the Preferred Reporting

(Continued from previous page)

*School of Medicine, Dentistry and Biomedical Sciences, Queen’s University Belfast, UK;
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Ttems for Systematic Reviews and Meta-Analyses guidelines.*> Details of
search terms for each database are presented in Supplementary Table S1,
heep://links.Iww.com/NEU/D453. Three authors (M.M., M.S.M., and
S.A.) screened for relevant articles through the reference lists of selected
articles.

Inclusion and Exclusion Criteria

Eligibility criteria were (1) original articles published between
January 1, 2000, and April 20, 2022; (2) English only; (3) focused on
the psychiatric aspects of AC, such as “stress,” “anxiety,” or “de-
pression” and by using psychiatric tools and evaluations; and (4)
involved human subjects only. The exclusion criteria were (1) case
report articles with <4 subjects; (2) qualitative psychiatric studies; (3)
studies which inferred stress, anxiety, and depression from nonpsy-
chiatric parameters (ie, heart rate, blood pressure, and blood com-
ponents); and (4) studies which investigated neurosurgical
interventions other than AC, for example, burr holes in deep brain
stimulation. 47

Data Extraction

Extracted data are presented in Tables 1, 2, and 3 and Supplementary
Tables S2, heep://links.lww.com/NEU/D454; 83, htep://links.Iww.com/
NEU/D455; and 84, htep://links.Iww.com/NEU/D456. All calculations

were performed on Microsoft Excel (version 2016; Microsoft).

RESULTS
Our search yielded 440 results: 55 from PubMed, 283 from

Scopus, and 102 from Web of Science. After screening reference
lists, 7 records were added. Duplicate records (n = 157) were
removed, the remaining studies (n = 290) were screened based on
their titles and abstracts, and nonrelevant studies (n = 151) were
removed. The remaining articles (n = 139) were then fully read for
eligibility. Overall, 24 studies met the eligibility criteria for the
final review (Figure).

Literature Search Results Overview

An overview of studies included is presented in Supplementary
Table S2, htep://links.lww.com/NEU/D454,>3243:48-68 Of 24
studies included, 17 (70.8%) were from Europe,5’52’48'5(”5&(’0’61’(’3’(’5’68
4 (16.7%) from Asia,*3-°9-¢%67 and 3 (12.5%) from North
America.’”°2% Sixteen studies (66.7%) were conducted prospec-
tively, and 8 studies (33.3%) were retrospective. Twenty-one articles
(87.5%) focused on brain tumors only,s’32’43’48'53’35’57’68 whereas
the other 3 studies (12.5%) had a mixture of lesions.”*>%¢4

Anesthesia Protocols, Operation Time, and Follow-up
Although AC is a well-established surgical approach, consid-
erable differences exist in surgery, anesthesia, and stimulation
techniques used in different centers depending on multiple fac-
tors, such as team preference, lesion type and location, patient
characteristics, and comorbidities.*®” The most common pro-
tocols were the awake-awake-awake>>!>*>" and the asleep-
awake-asleep protocols,*>¢*0304 each reported in 4 studies

neurosurgery-online.com
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TABLE 1. Summary of Studies Characteristics

Mean age (y) range at

Lesion type

mo

the surgery Tumor
Total
Mean AC operation patient Glioma (HGG/LGG) Epilepsy  Other

Study Protocol time (min) Follow-up number AC GA (%) Other (%) (%)
Whittle et al*® Asleep-awake-asleep or 62 (range, 10-105; NS 15 45 (25-67) NA NS NS 0 0

asleep-awake-awake awake phase)
Hol et al*® NS 275 + 56 SD NS 40 44 48 NS NS 0 0
Klimek et al*° NS 275 + 56 SD NS 40 48 44 NS NS 0 0
Goebel et al’’ Awake-awake-awake NS Yes—3-7 d 25  46(23-71) NA 0 25(100) O 0
Santini et al*’ NS NS NS 21 NS (25-76) NA 21 (13/8) (100) 0 0 0
Santini et al> NS NS Yes—3-6 mo 22 NS NA 22 (8/14) (100) 0 0 0
Milian et al** Awake-awake-awake 360.0 + 108.2 (range, Yes—4 wks for 3 16 38 (28-55) NA 15 (8/7) (93.8) 0 1(6.25) 0

210-634) patients

Beez et al”® Asleep-awake-asleep 76 (20-137; awake No 105 46 (18-76) NA 105 (0/105) (100) 0 0 0

and asleep-awake-awake phase)
Zemmoura Hypnosis/asleep-awake- NS Yes—NS 37 41 (18-67) NA 37 (0/28) (100) 0 0 0
et al*? asleep for 6 patients who

did not tolerate hypnosis
Joswig et al’® Sedated-awake-asleep 205 (range, 90-300)  Yes—7-25 mo 22 50 (17-72)" NA 16 (10/6) (72.8) 0 0 6 (27.3)

variable
Goettel et al®’ Awake-awake-awake 121 (109-142 IQR) NS 48 57 (27-88) NA 23 (47.9) 16 (333) O 9 (18.8)
Riquin et al’® Hypnosis/asleep-awake NS Yes—3 and 6 mo 7 NS (8-16) NA NS NS NS NS
Wu et al*® NS NS NS 38 40 NA NS NS NS NS
Ruis et al® Awake-awake-awake NS No 70 53 (18-81) NA 70 (36/34) (100) 0 0 0
van Ark et al®® Asleep-awake-asleep NS No 272 NS NS 80 (29.4) 161 (59.2) 0 31 (11.4)
Hejrati et al®! Awake-awake-asleep NS Yes—3 mo 20 56 (20-72) NA NS NS NS NS
Cathey et al®? NS NS No 31 60 NA 15 (12/3) (28.4) 12(387) 0 0
Huguet et al® Asleep-awake-asleep NS Yes—3,6,and 12 17 15 (9-18) NA NS NS NS NS
mo
Colgan et al* Asleep-awake-asleep NS Yes—2 wks 14 44 (27-83) NA 10 (7/3) (71.4) 2 (14.3) 2(143) 0
Staub-Bartelt et al®> NS NS No 54  55(29-81) 59 (40-83) AC 31 (57.4) 4AC(74) O 0
GA 14 (25.9) 5GA
(9.26)
Kamata et al®® Asleep-awake-?° NS No 405  PA 34, NPA NA NS NS NS NS
40
Bakhshi et al®’ NS NS Yes—NS 9% 42 44 +12  AC37(29/8) (385) 0 0 0
GA 59 (34/25) (61.5)

Stalnacke et al®® Asleep-awake-awake NS Yes—3-13 mo 7 51 (39-71) NA 7 (100) 0 0 0
Rahmani et al*? Asleep-awake-asleep NS Yes—1 moand 6 28 39 NA 28 (28/0) (100) 0 0 0

AC, awake craniotomy; GA, general anesthesia; HGG, high-grade glioma; LGG, low-grade glioma; NA, not applicable; NS, not specified.
*This study reported an age range 17-72 years, which overlaps with the children’s range determined in this review; however, because the mean age reported was 50 years, it was considered an adult study.
BThis study did not specify the full protocol.
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TABLE 2. Details of Psychiatric Evaluations from Studies Reviewed

Time between
surgery and
preoperative/

Psychiatric  Psychiatric  Preoperative Intraoperative Postoperative postoperative Psychiatric support and Other
outcome assessment psychiatric psychiatric psychiatric psychiatric coping strategy Intraoperative psychiatric
References measured tool assessment assessment nent ment provided complications assessment
Whittle Anxiety Self- No No Yes 4,5d Yes—The neurosurgeon None Fear,
et al*® developed provided counselling discomfort
questionnaire twice preoperatively. A
speech therapist, an
anesthetist, and a theatre
nurse provided
preoperative counseling
too.
Hol et al*®  Stress and  VAS Yes No Yes 1d NS NS Pain
anxiety
Klimek Stress and  VAS Yes No Yes 1d NS NS Pain
et al®® anxiety
Goebel Acute stress HADS, DSM-IV Yes No Yes 5+2d Yes—Preoperative Seizure (n = 2). Distress
etal® and anxiety consultation was provided
by neurosurgeons,
anesthesiologists, and
neuropsychologist a day
before the surgery.
Postoperative consultation
was provided by a
neuropsychologist.
Santini Anxiety and BDI, PASS-20, Yes Yes No NA NS NS Pain, fear
et al*? depression  STAI
Santini Anxiety and BDI, STAI Yes No Yes NS NS NS Memory,
et al’? depression affective
state
Milian PTSD Self- No No Yes 97.3 + 93.2 wks Yes—Postoperative NS Pain,
et al’* developed (mean and SD)  psychiatric support was general
questionnaire provided. health
Beez et al’®> Anxiety VAS No Yes (beginning, No NA Yes—Mainly by the Seizure (n = 14). Pain

middle, end)

neurosurgeon in a
preoperative session. In
some centers, specialized
nurses or speech
therapists joined for
additional support.

v 13 HILLV40W
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TABLE 2. Continued.

Time between
surgery and
preoperative/

Psychiatric  Psychiatric = Preoperative  Intraoperative = Postoperative postoperative Psychiatric support and Other
outcome assessment psychiatric psychiatric psychiatric psychiatric coping strategy Intraoperative psychiatric
References measured tool assessment assessment assessment assessment provided complications assessment
Zemmoura Stress PCLS, PSS, self- No No Yes NS Yes—Preoperative Nausea (n = 7), Hypnosis
et al*? developed preparation and training  vomiting (n = 5), experience
questionnaire. were provided by an seizure (n = 5).
anesthesiologist to
familiarise the patient with
the procedure and gain
the patient’s approval and
confidence in the method.
Joswig Stress Self- No No Yes NS Yes—Preoperative Failure of AC Fear
et al’® developed preparations and because of
questionnaire intraoperative support intraoperative
were provided by the seizure or limited
neurosurgeon, cooperation (n = 2).
anesthesiologist and
speech therapist.
Goettel Anxiety VAS No Yes Yes NS NS Supraventricular Pain
et al’’ tachycardia (n = 1).
Bradycardia and
hypotension (n = 1).
Intraoperative
psychomotor
agitation (n = 4).
Intraoperative
seizures in
dexmedetomidine
(n = 3).
Riquin PTSD and DSM IV or DSM Yes No Yes 1 wk-3 mo Yes—Preoperative NS Pain
et al*® acute stress  V counseling and support

were provided by a child
psychiatrist, a
neuropsychologist, and a
language therapist. A
meeting was provided for
the child to meet another
child who underwent AC
to share their experiences.
The patient visited the
operating room and met
the team beforehand to
become familiar with the
atmosphere.

HLTV3IH TVINIW ANV AWOLOINVYHD INVMY
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TABLE 2. Continued.

Time between
surgery and
preoperative/

Psychiatric  Psychiatric = Preoperative  Intraoperative = Postoperative postoperative Psychiatric support and Other
outcome assessment psychiatric psychiatric psychiatric psychiatric coping strategy Intraoperative psychiatric
References measured tool assessment assessment nent ment provided complications assessment
Wu et al®®  Anxiety STAI Yes No Yes 1d NS NS NS
Ruis et al’ Anxiety and HADS Yes No No 2 NS NS NS
depression
van Ark Anxiety Self- Yes No Yes NS Yes—Preoperative Local seizures Pain,
et al®® developed psychological preparation memory
questionnaire was provided.
Hejrati Anxiety and HADS, PHQ Yes Yes (fear and pain) Yes 3dand3mo NS NS Pain, fear
et al®' depression
Cathey Anxiety VAS Yes Yes No NS Yes—A dedicated NS Pain
et al®? operating room nurse
monitored the patient
during the administration
of lavender aromatherapy.
Huguet Stress, Structured Yes No Yes Uptoly Yes—A psychologist Seizure. Speech Pain
et al®® anxiety, psychological provided preparation arrest and
depression  analysis during several meetings  paraesthesia
with the patient. (n=1).
Colgan Stress, APAIS. GAD-7. Yes No Yes 2 wks Yes—A clinical None Pain,
et al** anxiety, PHQ-9. PCL-C psychologist or a speech- distress
depression language pathologist
counselled the patient 1 to
4 d before the surgery and
discussed stress
management techniques.
Staub- Anxiety, HADS Yes No No 1-2d Yes—Perioperative NS Distress
Bartelt depression psycho-oncological
et al®® support was provided. A

simulation of the awake
situation was provided 1 d
before surgery, and the
entire procedure was
practised with the patient.

v 13 HILLV40W
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TABLE 2. Continued.

Time between
surgery and
preoperative/

Psychiatric  Psychiatric = Preoperative  Intraoperative = Postoperative postoperative Psychiatric support and Other
outcome assessment psychiatric psychiatric psychiatric psychiatric coping strategy Intraoperative psychiatric
References measured tool assessment assessment nent ment provided complications assessment
Kamata Anxiety DSM-V No Yes No NA Yes—Intensive Seizure (n = 71), Panic attack
et al®® preoperative assessment  nausea and
and preparation were vomiting (n = 130)
provided by the
neurosurgeon,

anesthesiologist, and
nursing staff. A short
movie of the entire
procedure was shown to
provide a virtual
experience of the AC.

Bakhshi Depression  PHQ-9 No No Yes NS NS NS NS
et al®’
Stalnacke  Anxiety and HADS Yes No Yes Postoperative NS NS Quality of
et al®® depression 5.9 mo (SD, 7.5; life, mental
range, 2.2-12.9) fatigue

Rahmani PTSD, HADS, DSM-V Yes No Yes 1 wk before, 3 Yes—The senior NS NS
et al®® anxiety, and and 6 mo after neurosurgeon,

depression anesthesiologist, and

neuropsychologist
provided preoperative
counseling and support.

AC, awake craniotomy; APAIS, Amsterdam Preoperative Anxiety and Information Scale; BDI, Beck depression inventory; DSM, diagnostic and statistical manual of mental disorders; GAD, generalized anxiety disorder;
HADS, hospital anxiety and depression scale; NA, not applicable; NS, not specified; PASS, pain anxiety symptoms scale; PCL-C, post-traumatic stress disorder checklist civilian version; PCLS; post-traumatic stress
disorder checklist scale; PHQ, patient health questionnaire; PSS, perceived stress scale; PTSD, post-traumatic stress disorder; STAI, state-trait anxiety inventory; VAS, visual analogue scale.

HLTV3IH TVINIW ANV AWOLOINVYHD INVMY
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TABLE 3. Main Outcomes and Conclusions from Each Study Reviewed

References

Main outcomes

AC caused an increase in
Comment stress/anxiety/depression

Whittle et al*®

Hol et al*

Klimek et al*°

Goebel et al®'

Santini et al®?

Santini et al’*

Milian et al**

Beez et al”®

Zemmoura et al®?

A small group of patients reported more than minor anxiety
(29%), discomfort (20%), or fear (15%). Most patients can
tolerate AC well if they are well informed about the procedure
and some simple precautions are taken. Three patients (20%)
had little or no memory of the operation. None of the patients
was unhappy with the theatre staff numbers.

AC is physically and emotionally less stressful for patients
compared with GA. Both preoperative and postoperative
anxiety was lower for AC compared with GA (P < .05).
Hospitalization time was 4.53 + 2.12 for AC and increased
significantly for GA to 6.17 £ 1.62 (P = .012).

Postoperative anxiety and stress declined similarly in both the
AC and GA groups. AC does not cause a greater emotional
challenge compared with GA. Postoperative anxiety (P =.013)
and stress (P < .001) decreased in both the AC and GA groups.
A significant reduction in mean hospitalization time was seen
in AC patients leaving after 4.53 + 2.12 d and GA patients after
6.17 + 1.62 d (P = .012).

Preoperative and postoperative anxiety (P = .17) and
depression (P = .35) do not differ in AC. Combining AC and
intraoperative MRl is tolerable and reasonable for the patients.
Warning signs for the minor failure of AC are fear of pain and
anxiety. PASS CA (cognitive anxiety) correlated with BDI (P <
.05). There was no statistical significance in the psychological
questionnaire response of patients who had compliance in AC
vs those who did not (P > .05). Minor compliance was defined
as the inability to repeat the mapping tasks during AC because
of the patient’s emotional distress.

Cognitive assessment of patients undergoing AC in addition
to language testing before and after the surgery is essential for
evaluation. AC resulted in a significant reduction in anxiety.
Patients awaiting AC did not have a higher anxiety level
compared with those awaiting general anesthesia. Nine (41%)
of 22 patients had depressive moods in the preoperative
phase. Two patients (9%) improved, and 7 (32%) did not
postoperatively. Five patients (24%) had preoperative anxiety,
and 2 patients (14%) with postoperative anxiety (P < .05).
AC s a safe method and does not cause PTSD in patients. Two
(12%) of 16 patients reported postoperative PTSD symptoms.
One patient had chronic PTSD and the other had resolved
symptoms after 3 mo.

AC is well-tolerated among low-grade glioma patients.
Intraoperative anxiety levels did not change during different
phases of the procedure. Female patients had a higher anxiety
level compared with male patients (P = .0103). Patients
younger than 60 y had higher anxiety (P = .0145).

Hypnosis was not superior compared with asleep-awake-
asleep craniotomy for resection of low-grade gliomas.
Hypnosis can be suggested as an alternative for older patients
because of shorter waking periods and no management of
airway contradictions. Eight patients (22%) had a pathological
score of stress on PSS.

Single-center study with a small No
sample size.

Patients with surgeries after 11:00 No
am were excluded because of the

effect of the circadian rhythm.

Patients with endocrine problems

were excluded.

Patients with surgeries after 11:00 No
am were excluded because of the

effect of the circadian rhythm.

Patients with endocrine problems

were excluded too. Allocating

patients to AC or GA groups cannot

be randomised because of ethical

reasons.

Single-center study with a small No
sample size.

Small sample size. Patients were No

included if they did not have pre-
existing psychiatric disorders and
had Karnofsky Performance Scale
score <70.

Other factors such as personality No
traits and coping mechanisms were

not assessed.

Patients with long-lasting epilepsy

and/or antiepileptic therapy were

excluded.

The time between surgery and No
survey varied widely between 1 wk

and 284 wks. Self-developed PTSD

questionnaire which is not

validated.

Different AC protocols were used in No
each center.

Hypnosis is limited by access to an No
anesthetic team experienced in

both hypnotherapy and neuro-

anesthesiology. No control group

existed for psychological

assessments.
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TABLE 3. Continued.

AC caused an increase in

References Main outcomes Comment stress/anxiety/depression
Joswig et al’® 29% of patients had transient neurological deficits. AC was not  Single-center study with a small No
successful in 2 patients (9.1%), which switched to GA. sample size. Retrospective study

subject to bias. Patients with good
physical, cognitive, and affective
states and without language
barriers were included.

Goettel et al’” The quality of intraoperative brain mapping during AC for  The anesthetist was not blind to the No
supratentorial tumor resection and efficacy of sedation was medications. The brain mapping
similar in dexmedetomidine and propofol—remifentanil. VAS duration was short, and results
for anxiety was not different between different anesthetic could not be generalized to longer
groups (P < .05). and more complex procedures.

Patients with severe cardiovascular
or respiratory disease were

excluded.
Riquin et al’® Two patients had a higher level of preoperative anxiety. Single-center study with a small No
Patients experienced little preoperative anxiety. No patient ~ sample size.
had symptoms of post-traumatic stress disorder or acute
stress.
Wu et al’® Listening to music was associated with a decreased level of Single-center study with a small No

anxiety and distress among patients after AC. Not listening to  sample size.
music did not increase the anxiety level. Preoperative anxiety

in the music vs nonmusic group was not different (P = .311).

Postoperative anxiety was higher in the nonmusic group

compared with the music group (P < .01). Preoperative and

postoperative anxiety was not different in the nonmusic

group (P = .097). Preoperative and postoperative anxiety was

different in the music group (P < .001).

Ruis et al’ Anxiety of patients awaiting to undergo AC was not increased Other factors such as personality No
and was comparable with other surgical procedures. Only 25% traits, coping mechanisms, and
of AC patients showed significantly increased anxiety (HADS cognitive functions were not
>7) in the preoperative phase. A significant regression assessed.
equation (F = 123, P < .001) and R?=0.153 predicts anxiety
based on sex.

van Ark et al®° A significant correlation existed between anxiety after the Retrospective study; therefore, No
operation and the quantity of memories. Patients undergoing recall bias is possible. The self-
AC experienced less anxiety compared with general developed questionnaire was not
anesthesia (P = .02). There was no significant correlation validated. Patients requiring other
between age and anxiety in preoperative and postoperative types of surgeries during the study
phases (P = 417 vs P = .725). Preoperative anxiety was not period were excluded.
different between AC and GA groups (P = .096). Preoperative
anxiety was lower in AC compared with GA (P = .020).
Postoperative anxiety was not different in AC and GA groups
(0.564).
Hejrati et al®’ Mental health was not negatively affected in AC. Preoperative Treatment effect could not be No
and postoperative anxiety was related to pain intensity. calculated and selection bias was
Preoperative and postoperative stress and depression were  possible. Heterogeneity of
not related to pain intensity (P < .05). diagnosis was present. Age

heterogeneity was present in the
sample. The effect of adjuvant
therapies, such as chemotherapy
and radiotherapy, was not
investigated.

Patients with developmental
delays, significant communication
barriers, and obesity were excluded.
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TABLE 3. Continued.

References

Main outcomes

AC caused an increase in

Comment stress/anxiety/depression

Cathey et al®?

Huguet et al®®

Colgan et al**

Staub-Bartelt et al®®

Kamata et al°®

Bakhshi et al®”

Stalnacke et al°®

Patients were willing to complete lavender aromatherapy, and
this can be integrated into the operating room. Intraoperative
lavender aromatherapy did not reduce anxiety levels
significantly. After lavender aromatherapy, the trend toward
reduced anxiety did not reach statistical significance.

Professional psychological preparation and support from
families were the key elements for the successful completion
of AC in children. Only 1 patient showed persistent depressive
thoughts postoperatively in long-term follow-up.

General anxiety was reduced after AC. In the preoperative
phase, 75% of patients had high anxiety, 33% had moderate to
high generalized anxiety, and 33% had moderate to severe
depression. In the postoperative phase, 20% reported
moderate to high general anxiety and 20% had moderate to
severe depression.

The prevalence of distress, anxiety, or depression was not
significantly different in awake vs nonawake surgery. AC did
not affect anxiety and depression scores. Six patients (17%) in
AC reported increased anxiety compared with 6 patients in
the GA group (32%). Five patients in the AC group reported
depression (14%) compared with 3 patients (16%) in the GA
group. The prevalence of anxiety (P = .223) and depression (P
= .882) did not differ in AC and GA groups.

Sixteen of 405 patients had a panic attack during AC.
Intraoperative anxiety (P = .0002) and age younger than 39 y
(P = .0328) are associated with a panic attack during AC.
Resection of tumors under AC did not increase postoperative
depression compared with GA. Twelve patients (12%) in AC
and 29 patients (30%) in GA groups had postoperative
depression. The median depression scale between AC and GA
groups was not different (P = .06).

Preoperative and postoperative anxiety and depression did
not change significantly. However, the postoperative anxiety
trend increased to above threshold level for 4 patients,
although this was not significant. Surgeries in eloquent areas
are safe and can be tolerated by patients.

A large placebo effect exists in No
conditions such as anxiety.
Potential benefits can be due to a
raised sense of control because of
lavender self-administration.
Patients with a history of asthma,
chronic obstructive pulmonary
disease, and pregnant patients
were excluded.

Single-center study with a small
sample size.

No

Single-center study with a small No
sample size. High-grade tumors are
associated with specific clinical
features. The questionnaire was not
specific to AC. The interviewer for
some was the same as the person
who interacted during the AC, so
answers might be influenced.
Pregnant patients were excluded.
A small sample size because of strict
inclusion criteria. Only patients with
full data set of psycho-oncological
testing were included. The size of
the 2 groups differed, which may
cause analysis bias. 74.65% of
patients were excluded because of
missing data due to the
retrospective design of the study.
This study was conducted single-
center and retrospectively.

No

No

The sample size in the AC group No
was smaller. Some patients
underwent other postoperative
treatments such as chemotherapy
and radiotherapy, which could
affect stress, anxiety, and
depression. Patients with a
confirmed diagnosis of depression
1y before the brain diagnosis were
excluded.

Women were over-represented in
the sample. The sample was
underpowered for identifying
minor or medium changes.

No
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TABLE 3. Continued.

References Main outcomes

AC caused an increase in

Comment stress/anxiety/depression

Rahmani et al*

male patients (P = .001).

There were no statistically significant changes in preoperative
and postoperative stress and anxiety. Patients with speech
disturbances, female patients, and those suspected of
glioblastoma had higher preoperative anxiety. Female
patients had significantly higher postoperative anxiety than

No control group of patients with No
similar lesions operated under GA.

Postoperative pharmacological and

psychological treatments could

bias the findings during the follow-

up. Patients with previous

craniotomy and/or cranioplasty

were excluded.

AC, awake craniotomy; BDI, Beck depression inventory; GA, general anesthesia; HADS, hospital anxiety and depression scale; PASS, pain anxiety symptoms scale; PSS, perceived

stress scale; PTSD, post-traumatic stress disorder; VAS, visual analog scale.

(16.7%; Table 1). Studies which used the awake-awake-awake
approach measured acute stress and anxiety,”! post-traumatic
stress disorder (PTSD), anxiety alone,”” and anxiety and de-
pression.” By contrast, studies which used asleep-awake-asleep
48.55,00; combination of stress, anxiety, and

measured anxiety
depression63’64; or combination of PTSD, anxiety, and

depression.*? Eight studies (33.3%) did not specify the anesthetic
protocol used.49:50:52:53,59.62:65.67

The shortest follow-up was 3 to 7 days,”’ and the longest
follow-up was 13 months.®® Postoperative anxiety was not
significantly different at the 1-month (P = .99) and 6-month
(P = .26) follow-up compared with preoperative anxiety.’

c Records identified through . .
S PubMed, Scopus, Web of Records identified through
8 Science other sources
E
o (n = 440) (n=7)
- |
l » Duplicate records removed
=y ) ) (n=157)
= Records identified after
3 duplicates were removed
3}
@ (n =290)
Articles excluded by title
l > and abstract
(n=151)
> Full text articles were
3 assessed for eligibility Reasons for exclusion
= Animal studies (n = 98)
iD (n=139) Literature reviews (n = 25)
Case reports (n = 22)
l Comments and letter to editors (n = 6)
- Articles included in
o systematic review
=}
E (n=24)
FIGURE. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart demonstrating search, screen, inclusion, and exclusion
process for this study.
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Similarly, postoperative depression at the 1-month (P = .79)
and 6-month follow-up (P = .95) was not statistically different
compared with preoperative depression levels.*’ Eight studies (33.3%)
did not specify the length of their follow-up,>5-20:52:57:59.67

Awake Craniotomy in Adults and Pediatrics

One thousand four hundred fifty patients were included in this
systematic review (Table 1). Kamata et al®® contained the largest
sample size with 405 patients (27.9%), followed by van Ark et al*
with 272 patients (18.8%). The smallest sample size was in Riquin
et al’® and Stalnacke et al,°® each with 7 patients (0.483%).
Apart from 2 studies (8.3%) which were conducted on pedi-
atrics,”®%3 all other articles (91.7%) had adult patient pop-
ulations (Supplementary Table S3, http://links.Iww.com/
NEU/D455). In total, 1426 patients (98.3%) were adults,
and 24 patients (1.7%) were pediatrics. Multiple factors, in-
cluding concerns about tolerance, case complexity, a higher risk
of postoperative neurocognitive deficits, and a lower frequency

of lesions in eloquent areas, make AC less widely used in
children.”%-73

Awake Craniotomy and General Anesthesia

Five studies (20.8%) compared stress, anxiety, and depression
among patients undergoing AC and GA (Supplementary Table
S3, http://links.lww.com/NEU/D455).49’50’60’65’67 Hol et al*’
reported that both preoperative and 12 hours postoperative
anxiety levels were higher in the GA group compared with AC
(P < .05). Supporting these findings, another retrospective study
comparing AC with GA found that preoperative anxiety was
significantly lower in the AC group compared with GA (P=.020).°°
By contrast, Staub-Bartelt et al®® did not find significantly dif-
ferent preoperative anxiety levels in AC compared with GA pa-
tients (P = .630). In another article, both the GA and AC groups
had significantly reduced postoperative stress (P < .001) and
anxiety (P = .013) compared with corresponding preoperative
levels.”® In the same study, the AC group had a significantly lower
12 hours postoperative anxiety when compared with the GA
group (P = .009). Van Ark et al°” showed that a significant re-
duction in postoperative anxiety compared with the preoperative
level was only seen in the GA group (P < .001) and not in the AC
group (P =.612). By comparing 37 AC patients (38.5%) with 59
GA patients (61.4%), Bakhshi et al®” did not find a statistically
significant difference in mean postoperative depression levels
between groups (P = .06), concluding that AC tumor resection
does not increase postoperative depression compared with tumor
resection under GA.

Effect of Age and Sex in Psychiatric Outcome of Awake
Craniotomy Patients

The lowest reported mean age among AC patients was 15 years,®
and the highest was 60 years (Table 1).°% Patients younger than
50 years had a higher level of preoperative anxiety compared with
older patients (P = .037). Another study reported that

3
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intraoperative anxiety was higher in patients younger than
60 years (P=.0145).”> By contrast, Hejrati etal®! did not find any
differences in stress, anxiety, and depression levels of young
(younger than 35 years) and old (50 years or older) patients. Van
Ark et al®® also did not find any significant correlation between
anxiety and age before and after surgery. Four studies (16.7%) did
not specify the mean age.’>>?°%%0 A cavear was that the defi-
nition of young age varied between different studies. For example,
Beez et al’® considered younger than 60 years as young, whereas
Ruis et al’ considered younger than 55 years as young based on
the median of their sample. Moreover, patients younger than
39 years were considered young by Kamata et al,°° whereas Milian
et al>* did not define the young age cohort.

Ruis et al® reported that female patients had more preoperative
anxiety compared with male patients (P = .005). Similarly,
Rahmani et al®® reported that female patients had significantly
higher preoperative anxiety (P = .001) and depression (P =.001).
In addition, Beez et al>> found female patients had significantly
higher intraoperative anxiety compared with male patients
(P =.0103). Van Ark et al® found that only preoperative anxiety
(P = .032), and not postoperative anxiety (P = .87), was signif-
icantly elevated in female patients. Three studies (12.5) did not
specify sex of patients (Supplementary Table S3, http://links.
lww.com/NEU/D455).58:00:62

Lesion Characteristics
Glioma was the most represented lesion type, corresponding to

615 patients (42.4%; Table 1). Eight studies (33.3%) did not specify
the lesion type.8-70:58:59:01.63.66 Rahmani et al®® reported that
patients with glioblastoma had a higher preoperative anxiety level
compared with patients with anaplastic astrocytoma (P = .017).

Details of Psychiatric Assessments

Nineteen studies (79.2%) evaluated anxiety as one of their psy-
chiatric outcomes,>#>48-53:55,57,59-66.68 304 10 studies (41.7%)
measured stress or PTSD (Table 2).3%43:49-51,5450,58,63.64 Fqyyp
studies (16.7%) assessed depression as part of their psychiatric eval-
uations. 3036467 Only 3 studies (12.5%) evaluated PTSD. 435458

The visual analog scale’* and questionnaires developed by
investigators were the most common tools used in the articles
reviewed (Table 2). Five studies (20.8%) used visual analog
scale,49-50:5%:57:62 3nd another 5 studies (20.8%) used a self-
developed questionnaire.’>*8:7456:¢0 Among those who used a
self-developed questionnaire, Whittle et al*® developed a 10-item
questionnaire asking patients about their memories of operation,
sensation experience, level of fear, relaxation, comfort, adequacy
of preoperative explanation, awake phase length, their views on
the number of staff present, and recommendations for change.
Milian et al** developed a questionnaire inspired by DSM-IV to
ask patients about core aspects of PTSD during the initial phase of
the surgery and the AC phase. A questionnaire containing 11
items was designed with the help of a psychiatrist to complement
other assessment tools.?” Their questionnaire asked patients about
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their sensations, memories, feeling, sense of time, pleasant, and
unpleasant experiences. The 19-item questionnaire by Joswig
et al’® asked patients about their comfort, experience, instructions
received, and memories after AC. The questionnaire by Van Ark
et al®® asked patients about the quality and quantity of their
memories and experience.

Sixteen studies (66.7%) conducted psychiatric evaluations
during the preoperative phase,”4349-53:58-0568 and 18 studies

(75.0%) performed postoperative psychiatric evaluation
(Table 2)‘32,43,48-51,53,54,‘36-‘39,61,63,64,67,68 Only 5 studies
(20.8%) used intraoperative psychiatric evaluation,>%>%:57:62:66
Eleven studies (45.8%) did psychiatric evaluations at preoperative
and postoperative phases of AC.*349-51,53:58-61.63.08 Nt 4
studies investigated stress, anxiety, and depression in patients
undergoing AC in follow-up. Hejrati et al®! demonstrated that
AC does not affect stress, anxiety, and depression at the 3-month
follow-up. Similarly, Rahmani et al*® found that stress and anxiety
did not significantly change at the 6-month follow-up, although
the mean anxiety had a decreasing trend.

Fourteen studies (58.3%) specified psychiatric support and
coping strategies provided for AC patients (Table 2).%-%4318:51,54-66
Neurosurgeons and anesthetists were among the team involved in
counseling and psychiatric support for patients in 6 studies (25.0%)
each, respectively,?>4348:51:55:56.60  followed by psychiatrists/
psychologists/neuropsychologists in 5 studies (20.8%).%>>1:8:63:64
Psychiatric support was provided by nurses in 4 studies
(16.7%).48:7>:62:6¢ Some coping mechanisms provided were
mentioned. For example, Riquin et al’® offered meetings with
previous pediatric patients to share their experience of AC proce-
dures. They also arranged a preoperative visit to the operating room
and meetings with the entire team to familiarize patients with the
environment. A day before the surgery, a simulation of the awake
situation was provided, and the entire procedure was practiced with
the patient.”> Kamata et al°® reported that intensive preoperative
preparations were provided, and patients were shown a short movie
of the entire procedure to familiarize them with AC. Staub-Bartelt
et al®® reported that all patients were offered preoperative psycho-
oncological support at hospitalization, and 15 patients (27.8%)
accepted the offer. Another study reported that stress management
techniques were offered by a psychologist or a speech-language
pathologist.* In 1 study, 22 patients (88.0%) reported the care
and support received by the staff as the most positive aspect of their
experience during AC.”! Ten studies (41.7%) did not specify the
psychiatric support provided.5’495()’5253’5759’61’(’7’68

Intraoperative Complications

Eight studies (33.3%) reported intraoperative seizure as the
most common complication (Table 2).2:71:55-57:60:63.66 A i
traoperative seizure occurred in 13.6% of patients reported by
Beez et al’® with a mean duration of 12 seconds (range, 2-30
seconds), mainly in patients with a history of epilepsy; however, all
the surgeries were successfully continued as planned. In another
study, 5 patients (12.0%) experienced intraoperative focal
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seizures, which were resolved after irrigating the brain with cold
saline, while 7 patients (16.0%) had nausea and 5 patients
(12.0%) experienced vomiting.’” However, all their procedures
continued. Fourteen studies (58.3%) did not specify intra-

operative complications. 5,43,49,50,52-54,58,59,61,62,65,67,68

DISCUSSION

AC is a well-established surgical intervention for pathologies in
eloquent brain areas that maximize patient outcomes and minimize
neurological deficits. Several studies have shown evidence for positive
patient perception and tolerance of AC.>*">% AC requires mul-
tidisciplinary teamwork including, but not limited to, neurosur-
geons, neurologists, psychiatrists, psychologists, neurophysiologists,
speech and physical therapists, and specialized nurses.”” Multiple
biopsychosocial factors can influence mental health,®” and psychi-
atric outcomes after neurosurgery have been proposed to affect the
quality of life and even the S-year survival rate.®' The studies re-
viewed here showed that AC can be well-tolerated by patients and
does not result in elevated stress, anxiety, and depression (Table 3).

There is no assessment tool designed specifically for evaluating
psychiatric outcomes among AC patients. Therefore, different
centers used different psychiatric assessment tools, including
questionnaires developed by different groups. Such heterogeneity
can affect the findings. Therefore, a robust consensus psychiatric
assessment tool needs to be established to specifically examine
stress, anxiety, and depression in patients undergoing AC.

Different studies assessed stress, anxiety, and depression at
various phases of AC, namely preoperative, intraoperative, and
postoperative, with some studies focusing on a single phase and
others assessing multiple phases. Patients can be exposed to
multiple factors at different phases of AC. Some studies showed
that postoperative stress and anxiety of patients undergoing AC
could be significantly different compared with the GA group.
Anticipating surgery can be a stress factor for patients,”® and some
findings indicate that preoperative anxiety is lower among AC
patients.

Female sex and younger age were risk factors for a high level of
anxiety in AC in some studies, consistent with observations from
other neurosurgical procedures.®>** Multiple aspects of the op-
eration, such as the length of the operation, the extent of the blood
loss, lesion size and localization, craniotomy size, and the duration of
hospitalization, can impact stress, anxiety, and depression. Future
studies are required to address the importance of such variables in
stress, anxiety, and depression in AC.

Psychological support at follow-up can improve stress, anxiety,
and depression in patients who undergo AC. Such support can be
tailored to individual patients by identifying risk factors at the
preoperative stage that can make patients susceptible to elevated
stress, anxiety, and depression.

Although no randomized data exist, it is likely that such support
delivered by teams experienced in performing AC is critical in
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reducing psychiatric morbidity in patients. Such programs, in
general, are more commonly integrated within AC protocols than
GA craniotomy routines and might explain the lower psychiatric
burden reported with the former in some comparative studies.
These AC paradigms translated to GA surgeries might therefore
directly benefit patients undergoing craniotomy under GA.

Limitations

Our review was limited to articles published in English, and
there was heterogeneity in the articles reviewed. Eight studies with
a total of 830 patients (57.2%) were retrospective, which can
affect the level of the evidence available and the strength of an-
alyses. Furthermore, the number of patients in each study and
data collection period varied widely. No study evaluated stress,
anxiety, and depression at all preoperative, intraoperative, and
postoperative phases of AC. Therefore, future studies are required
to evaluate psychiatric outcomes during all AC phases. Other
factors such as personality traits, coping strategies provided, and
cognitive functions can also influence the level of stress and
anxiety, making their comparison more challenging. In addition,
the studies reviewed had different inclusion and exclusion criteria,
which can introduce selection bias. Some studies had a long and
varied interval between the time of surgery and survey, with
potential recall biases. Future studies are required to compare the
overall survival and progression-free survival of patients under-
going AC with different anesthetic approaches. Despite such
limitations, the current review can be a useful addition to help
understand mental health in neurosurgical procedures.

CONCLUSION

Based on the current report, AC can be regarded as a safe
neurosurgical approach which does not cause an increase in the
stress, anxiety, and depression of patients. The benefits of AC
outweigh its risks, and potential psychiatric challenges are man-
ageable by experienced teams with good psychiatric support for
patients. Comprehensive psychiatric assessments should be per-
formed during preoperative, intraoperative, and postoperative
phases of AC, using specific tools designed to improve patient
outcomes. Future large-scale, multicenter studies with a long-term
follow-up are required to address some of the outstanding questions.
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