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Abstract

Purpose—To inquire into clinical practices perceived to mitigate patients’ intraoperative distress 

during awake craniotomies.

Methods—This mixed-methods study involved administration of Amsterdam Preoperative 

Anxiety and Information Scale and PTSD Checklist prior to the awake craniotomy to evaluate 

anxiety and information-seeking related to the procedure and symptoms of PTSD. Generalized 

Anxiety Disorder Scale and Depression Module of the Patient Health Questionnaire were 

administered before and after the procedure to evaluate generalized anxiety and depression. Patient 

interviews were conducted 2-weeks postprocedure and included a novel set of patient experience 

scales to assess patients’ recollection of intraoperative pain, overall distress, anxiety, distress 

due to noise, perception of empowerment, perception of being well-prepared, overall satisfaction 

with anaesthesia management, and overall satisfaction with the procedure. Qualitative data were 

analysed using conventional content analysis.

Results—Participants (n = 14) had undergone an awake craniotomy for tissue resection due to 

primary brain tumours or medically-refractory focal epilepsy. Validated self-report questionnaires 
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demonstrated reduced levels of generalized anxiety (pre mean = 8.66; SD = 6.41; post mean=4.36; 

SD = 4.24) following the awake craniotomy. Postprocedure interviews revealed very high 

satisfaction with the awake craniotomy and anaesthesia management and minimal levels of 

intraoperative pain, anxiety, and distress. The most stressful aspects of the procedure included 

global recognition of medical diagnosis, anxiety provoked by unfamiliar sights, sounds, and 

sensations, a perception of a lack of information or misinformation, and long periods of 

immobility. Important factors in alleviating intraoperative distress included the medical team’s 

ability to promote patient perceptions of control, establish compassionate relationships, address 

unfamiliar intraoperative sensations, and deliver effective anaesthesia management.

Conclusion—Compassion, communication, and patient perception of control were critical 

in mitigating intraoperative distress. Clinical practice recommendations with implications for 

all clinicians involved in patient care during awake craniotomies are provided. Use of these 

interventions and strategies to reduce distress are important to holistic patient care and patient 

experiences of care and may improve the likelihood of optimal brain mapping procedures to 

improve clinical outcomes during awake craniotomies.
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Introduction

Awake craniotomies (ACs) are a well-established and safe technique to maximize lesion 

resection while optimizing postoperative function.1–4 During ACs, intraoperative functional 

mapping using direct electrical stimulation (DES) affords a real-time investigation of 

cortical and white matter function. The objective of DES is to mimic a transient lesion 

by disrupting a neural subcircuit for a few seconds.5 During this stimulation, cognitive 

testing can be conducted to assess for associated disruption in cognitive function with the 

purpose of localizing function to predict potential deficits that might result from resection 

of the stimulated area. Cognitive testing can also be conducted without DES throughout 

the resection, providing surgeons with continuous real-time feedback regarding patients’ 

cognitive processing and informing intraoperative decision-making. Patients undergoing an 

AC for lesion resection, when compared to those who receive general anaesthesia, have 

fewer postoperative neurological and cognitive deficits, shorter hospital stays, and lower 

total inpatient costs.2,3,6,7

The success of intraoperative functional mapping during ACs requires a high level of 

patient participation during a lengthy surgical procedure, and this prolonged patient 

involvement comes with challenges.8,9 The patient is exposed to a range of preoperative 

and intraoperative stressors, including the recent diagnosis of a potentially malignant brain 

tumour, hospital admittance, and the intraoperative discomfort and distress that may occur 

due to clamp head fixation, immobility, cranial drilling, evoked seizures, and loss of 

functioning during DES mapping.10 Though previous studies indicate that ACs are generally 

well-tolerated by patients, it is also reported that up to 20–50% of patients report moderate 

to severe intraoperative distress,11,12 10–15% report severe intraoperative anxiety,13,14 and 
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up to 12% report sequel symptoms of post-traumatic stress disorder (PTSD). Intraoperative 

distress, specifically anxiety and fear, can reduce a patient’s ability to collaborate and 

impede optimal brain mapping procedures, and may result in a failed AC in which the 

patient must be converted to an asleep procedure.15,16

To increase optimal brain mapping during ACs, and therefore improve clinical outcomes, 

intraoperative distress should be proactively minimized. Understanding the patient’s 

perspective is key to achieving this clinical objective.17 To date, however, there are 

no studies that have reported patients’ perspectives on clinical practices for alleviating 

intraoperative distress. To fill this knowledge gap, we conducted a mixed-methods study 

using patient-reported outcome measures to explore the subjective experiences of patients 

undergoing ACs, and specifically inquired into clinical practices and processes that were 

perceived to mitigate intraoperative distress.

Methods

Design

This mixed-methods study involved the administration of patient-reported outcome 

measures both before and after AC, as well as semi-structured interviews conducted with 

patients two weeks after AC. Participant recruitment and data collection occurred at Oregon 

Health & Science University from January 2018 to January 2019. Data collection ended 

after 14 postoperative interviews.

Participants

Study participation was offered to all patients between the ages of 18 and 89 who were 

scheduled for an AC with author AR or SJH for tissue resection due to primary brain 

tumours or medically-refractory focal epilepsy. Patients were informed about the study 

during a routine preoperative neuropsychological evaluation conducted one to four days 

prior to the AC. Individuals who identified as a member of a vulnerable population (e.g. 

pregnant women, decisionally-impaired adults, prisoners) or patients unavailable for a 

follow-up interview were excluded from participation. All participants provided written 

informed consent via a process approved by the Oregon Health & Science University 

Institutional Review Board. No compensation was provided.

Procedures

Preoperative evaluation—A clinical psychologist (CP; author DDC) or a speech-

language pathologist (SLP; author BP) conducted a cognitive evaluation one to four days 

prior to the surgical procedure. Preoperative evaluations established baseline performance 

in expressive and receptive language, attention and concentration, auditory and visual 

working memory, visual-spatial and visuo-constructional processing, executive functioning, 

processing speed, calculation, visual field loss, and colour blindness. The clinical interview 

included a battery of mental health screeners for anxiety, depression, PTSD, and procedure-

related anxiety and information-seeking, as well as an assessment of risk factors for 

failed AC (Table 1). During the evaluation, the clinician described AC and intraoperative 

mapping procedures and administered the testing paradigms to be used during intraoperative 
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functional mapping. The CP or SLP described the goals of the medical team, including 

ensuring the patient’s comfort, clear communication, minimal movement, and optimal 

mapping and monitoring, and explained the patient’s role in accessing control and 

empowerment during the procedure through communication. The clinician and patient 

discussed stress management techniques (e.g. slow breathing, distraction, visualization, 

prayer) to be used during the procedure, and patients’ priorities for post-procedure outcomes 

(e.g. to play the guitar, preserve or improve speech or language, maintain independent 

ambulation to allow walks in the woods with a spouse, or live long enough to see a child 

graduate from high school). The preoperative evaluation provided an opportunity for the 

CP or SLP to establish a therapeutic rapport with the patient, with the goals of increasing 

both the patient’s comfort with the procedure and the probability of optimal mapping and 

monitoring.30,31

A summary of the evaluation results, along with additional information obtained from 

a review of the patient’s medical records, was provided to the surgical team prior to 

the procedure, including neurosurgeons, the neuro-monitoring team, stereotactic surgery 

coordinators, operating room nurses, and attending anaesthesiologists. The summary 

informed the medical team’s decision regarding the propriety of the patient as a candidate 

for an AC vs. a conventional craniotomy under general anaesthesia, provided valuable data 

for the anaesthesiologists to tailor the anaesthetic plan to a given patient, and apprised the 

team of important individual differences that may affect the procedure (e.g. trauma history, 

cognitive or sensory impairment, post-surgical priorities, previous experiences during an 

AC, preferred stress management techniques, and personal strengths and interests).32,33

Surgical procedure—Our group’s protocol does not include administration of general 

anaesthesia with endotracheal intubation to protect the airway and control of ventilation 

to regulate arterial PCO2. Instead, patients were variably sedated by a combination of 

intravenous infusions of sedative hypnotic agent dexmetetomidine with or without propofol, 

and analgesic opioids sufentanil and/or remifentanil, with or without small boluses of 

propofol or fentanyl; titrated to effect according to the patient’s requirement. In general, 

we used a ‘sleep-awake-sleep’ protocol, in which sedation was titrated from deep sedation 

for more stimulating aspects of the procedure that did not require patient cooperation. 

Sedation was initially deeper for cannulations and percutaneous needle placement including 

scalp nerve blocks, then lightened for patient positioning to ensure that the patient was 

comfortable in the fixed position in which they would be held during the subsequent critical 

‘awake’ component of the procedure, then deepened again for skin incision and initial 

extradural dissection including raising of the craniotomy bone flap. Once the bone flap was 

removed, tumour boundaries were identified using neuronavigation, the dura was opened, 

and sedation was minimized to allow recovery to an awake state in a cooperative patient.

Once the patient had recovered to an awake state, a series of multimodality mapping 

techniques were performed, beginning with SSEP N20/P20 phase reversal to identify the 

central sulcus, followed by passive gamma mapping for motor sites or language sites 

using the cortiQ mapping system (g.tec medical engineering GmbH, Austria).34 Finally, 

an Ojemann bipolar stimulator (Integra Life Sciences, Plainsboro, NJ, USA) was used 

during active stimulation mapping and in conjunction with electrocorticography (ECoG) to 

Colgan et al. Page 4

Br J Neurosurg. Author manuscript; available in PMC 2024 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



allow detection of after-discharges or early epileptiform activities which may be induced 

by DES. A bipolar electrode delivering a 2–3 s pulse at 60 Hz was applied to the brain. 

The current intensity used for individual patients started at a baseline of 2 mA for cortical 

stimulation or 4 mA for subcortical simulation, and was progressively increased by 1 mA 

increments until a functional response was elicited or a maximum of 4 mA (cortical) or 

8 mA (subcortical) was reached. ECoG recorded from the cortical surface helped to rule 

out triggered after-discharges and seizures that result in false mapping results, as well 

as to identify the limits of current delivery to prevent those complications. After cortical 

stimulation, tissue was removed with continuous cognitive monitoring and/or alternating 

resection and cognitive testing without DES. Once the critical awake phase of the procedure 

was completed, sedation was deepened for the third stage duration of the surgical procedure 

although the patient’s airway was never instrumented. After skin closure, sedation was 

discontinued and the monitored awake patient was transferred directly to the neuro-intensive 

care unit.

Data collection and analysis

Preoperative evaluations were conducted one to four days prior to the surgical 

procedure. Post-operative interviews were conducted at each patient’s two-week follow-

up appointment, which is standard clinical practice in the Department of Neurosurgery 

following an AC.

Quantitative—Quantitative data were collected using four widely-used patient-reported 

outcome measure questionnaires and a novel set of experience scales designed specifically 

for AC patients. The four existing questionnaires were chosen for their ease of use, quick 

administration, and usefulness in assessing the mental state of patients before and after AC.

The Generalized Anxiety Disorder Scale (GAD-7)27 is a validated seven-item scale 

designed to assess levels and severity of generalized anxiety. Scores of 5, 10 and 15 

represent cut-off points for mild, moderate and severe anxiety, respectively.27 The GAD-7 

was administered by the interviewer pre and postoperatively and demonstrates excellent 

reliability (a = 0.91).

The Depression Module of the Patient Health Questionnaire (PHQ-9)26 is validated 

nine-item scale designed to assess levels and severity of depression. Scores of 5, 10, 15 and 

20 represent cut-off points for mild, moderate, moderately-severe, and severe depression, 

respectively.26 The PHQ-9 was administered by the interviewer pre and postoperatively and 

demonstrates excellent reliability (a = 0.89).

The Amsterdam Preoperative Anxiety and Information Scale (APAI)28 is a validated 

6-item scale designed to assess procedure related anxiety and information seeking. A 

score greater than 11 represents the cut-off for clinically-elevated anxiety. The APAI was 

administered by the interviewer preoperatively and demonstrates good reliability (a = 

0.87).28

The Abbreviated Post-Traumatic Stress Disorder Checklist29 is a validated six-item scale 

designed to assess symptoms of PTSD. A score of 14 has been proposed for screening 
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positive for PTSD. The scale was administered by the interviewer preoperatively and 

demonstrates good reliability (a = 0.80).35

Due to the lack of existing tools specific to the unique experience of undergoing an AC, a 

novel set of patient experience scales were developed and administered by the interviewer 

to assess patients’ recollection of intraoperative pain, overall distress, anxiety, distress due 

to noise, perception of empowerment/agency during the procedure, perception of being 

well-prepared prior to the procedure, overall satisfaction with anaesthesia management, and 

overall satisfaction with the procedure (Table 2). Patients rated their experiences on a scale 

of 0 to 10, with higher scores indicating greater levels of the described phenomena.

Descriptive statistics, including mean, standard deviation, median, interquartile range (IQR), 

and percentages were used to summarize the data. Statistical comparisons (e.g. t-tests) were 

not conducted due to limited sample size.

Qualitative—A trained researcher and CP (author DDC) conducted one-on-one individual 

interviews using a semi-structured interview guide (Table 2). Patients were interviewed 

alone or accompanied by a family member, and were invited to ask questions and provide 

additional details or feedback throughout the interview. Interviews were de-identified, 

digitally audiotaped, and transcribed verbatim by a secure transcription service. Transcribed 

interviews were analysed by four researchers using a conventional content analysis. This 

method systematically examined material and obtained a condensed description of content, 

as described in Hsieh and Shannon; Triangulation was employed to increase the validity of 

the results.36

Results

Consecutive sampling was used and 17 participants were approached. One individual was 

not enrolled due to status as a member of a vulnerable population (i.e. prisoner). Two 

patients were unavailable for a follow-up interview due to postsurgical expressive aphasia 

(n = 1) or fatigue following medical appointments (n = 1). Participants that completed 

postoperative interviews (n = 14) had undergone an AC for tissue resection due to primary 

brain tumours (n = 12) or medically-refractory focal epilepsy (n = 2). Patient demographics 

and baseline characteristics are presented in Table 3. All patients tolerated the intraoperative 

functional mapping procedures. There were no failed ACs, no surgery-related mortalities, 

and no significant surgical complications. Among the 14 patients, all but one reported 

clearly remembering the procedure and could describe their experiences in detail. Twelve 

participants completed all pre- and postoperative questionnaires, while one did not complete 

the postoperative PHQ-9 and GAD-7 due to time limitations. The remaining participant did 

not like answering with a numeric rating scale, and instead, described his experience at 

length. The number of participants who completed each questionnaire is indicated in Table 

4. Missing data were handled using pairwise deletion.

Quantitative

Results from pre and postoperative standardized rating scales of generalized anxiety27 and 

depression26 and postoperative patient experience rating scales are displayed in Table 4 
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and in supplemental materials. Prior to the procedure, 46% of patients reported a trauma 

history, 75% reported clinically-elevated levels of anxiety regarding the procedure (APAIS 

score ≥ 11; mean = 15.46, SD = 7.27), 33% reported moderate to severe generalized anxiety 

(GAD-7 score ≥ 10; mean = 8.55, SD = 6.41), and 33% reported moderate to severe 

symptoms of depression (PHQ-9 score ≥ 10; mean = 6.16, SD = 4.78). Following the 

procedure, 20% reported moderate to severe generalized anxiety (GAD-7 score ≥ 10; mean 

= 4.36, SD = 4.24), and 20% reported moderate to severe symptoms of depression (PHQ-9 

score ≥ 10; mean = 6.00, SD = 4.02). Patients reported very high satisfaction with the AC 

(median = 10.0; IQR = 1) and anaesthesia management (median = 10.0; IQR = 1). Patients 

reported feeling well-prepared (median = 9.0; IQR = 2.75), though approximately 20% (n 
= 3) noted that they would have liked more information regarding what to expect during 

the post-procedure recovery. Of the 14 patients interviewed, 12 (86%) reported experiencing 

stress and/or discomfort, while only 2 (14%) denied any stress or discomfort during the 

procedure. Patients reported minimal levels of intraoperative pain (median = 0; IQR =2), 

intraoperative anxiety (median = 0; IQR = 1.75), and overall intraoperative distress (median 

= 0; IQR = 2.75) and moderate levels of agency (median = 8; IQR = 8). Half of patients 

reported that the noise of the cranial drill was bothersome, but ratings of distress due to 

noise remained low (median = 1.0; IQR = 5.75).

Qualitative

Interview duration ranged from 36 to 68 min. Two main themes emerged from data analysis.

Theme one: the most stressful aspects of the procedure—Patients reported that 

the most stressful aspects of the procedures included: (1a) global recognition of their 

medical diagnosis and prognosis, (1b) anxiety provoked by unfamiliar sights, sounds, and 

sensations experienced in the operating room (e.g. sound of the cranial drill, seeing blood on 

the plastic drapes that surrounded the patient), (1c) a perception of a lack of information or 

misinformation before or during the procedure, and (1d) long periods of immobility.

Theme two: clinical practices and procedures that alleviated intraoperative 
distress—Three factors that alleviated intraoperative distress included the medical team’s 

ability to: (2a) promote patient empowerment and perceptions of control, (2b) establish 

compassionate and authentic relationships during pre-surgical appointments and in the 

surgical suite, and (2c) deliver effective anaesthesia management. Examples of patients’ 

statements supporting our interpretation are displayed in supplemental Appendix 4.

Promote patient empowerment and self-agency: Patient empowerment is the process and 

result of patients being educated, informed, and empowered to actively participate in their 

own care.37, 38 Self-agency is the perception of having some sort of control over one’s own 

actions or the confidence that one can successfully execute a course of action to produce 

a desired outcome.39,40 In this sample, thorough preoperative counselling and a sense of 

purpose and teamwork promoted patient empowerment and self-agency. One patient stated, 

‘I felt like it [self-agency] started in the preoperative appointment… between what Dr. X and 

yourself had told me beforehand about the exercises we would be going through and what 

I could expect from it. I felt very involved and prepared for both what we were going to be 
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doing, why were we going to be doing it and…that felt very empowering and like I was part 

of it…and that continued into the surgery where I knew why we were doing each part of it 

and I felt involved and respected in all of that. So that was very positive.’

Providers’ responsiveness in the surgical suite also aided in promoting a sense of 

empowerment and perceptions of control. Most patients acknowledged the responsiveness 

in anaesthesia management by describing providers responding quickly and administering 

additional medication as requested. Other examples of provider responsiveness included 

medical staff providing water, consistent feedback during testing, and giving reassurance in 

response to distress as needed. One patient responded to the question about what fostered a 

sense of intraoperative agency as, ‘I think just the quick responses from people when I asked 

for water. I felt immediately that I was getting some water. And the anaesthesiologist too. It 

felt like he was responding right away when I said something.’

Finally, patients described the benefit of having tasks and timeframes presented to them. 

Tasks included neuropsychological tests, breathing practices (if identified in the pre-surgical 

evaluation and usually prompted by the CP, SLP, or anaesthesiologist), requesting and 

receiving the moist oral swab as needed for a dry mouth, and focusing on what was 

communicated to them by the providers. These tasks were reported as a means of diverting 

focus from their experience of stress and/or pain. One patient noted, ‘I think being tasked is 

really important, even if they’re simplistic things that are meaningless to the team and to the 

surgeon, it sure meant a lot to me psychologically, being in that process of, ‘Okay, what’s 

next? What do you need me to do? You need me to count, say words, count backwards, 

name the days, whatever…’ so that I’m focused on something other than the pain, and the 

discomfort, and the anxiety. The little sponge water actually was a really successful thing for 

me because I felt like it was something I could depend on, you know, it was a system that we 

had going of like, ‘okay, I need a little bit water’ and I could focus on that and think about 

that and forget about some of the other things.’

Creating and communicating time frames was also helpful in fostering a sense of control. 

As stated by one patient, ‘If I know that that’s the timeline, I can set my mind for that, I 

can make it through that process. But if there’s some indefinite, you know, period of really 

open-ended here, that’s hard for me. That’s very challenging. But I think I can make a 

process better when I know it’s going to be like there’s a timeline associated to it. And 

then I feel like I can kind of just make it through the bank because it’ll end. Right, that 

predictability, that control.’

Establish compassionate and authentic relationships: Patients reported that the medical 

team’s ability to establish compassionate and authentic relationships was significant in 

reducing intraoperative distress. Multiple patients reported that the reliable and attentive 

presence of a provider (e.g. a CP, SLP, or anaesthesiologist stationed near the patient and 

within his/her field of view) elicited a sense of calm and safety that was critical in promoting 

patient comfort and compliance. One patient stated, ‘Thank you for allowing me to hold 

your hand. It was just very comforting to have a human there that was very present with me. 

Yeah, made me feel safe in, like, an environment where there’s a lot going on and there’s a 

lot of machines connected to me and a lot of people not necessarily paying attention to me, 
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but doing a lot of different things. To have that connection with one other person was a very 

positive part of it, and that was not insignificant. I remember that this was very significant 

in feeling safe through the surgery process.’ Another noted, ‘Your calmness was good. I 

realized when I was getting scared that I think you were holding my hand and that helped 

me…kind of bring me back… to be like ‘Okay, if she’s this calm, it can’t be an emergency 

situation.”

Thorough and frequent communication was described as an important aspect of the 

compassionate and authentic relationship and a significant factor in alleviating distress. 

One patient stated, The communication between myself and the team I thought was really 

positive. I felt pretty calm for the most part and I think that’s attributable to the team again, 

of just keeping me in a spot of knowing what’s happening, what’s about to happen, and then 

what’s going on as it happened.’

Finally, patients perceived the frequent inquiries about their comfort level as evidence that 

team members truly understood the patient’s remarkable situation, which created a more 

humanized experience. One patient noted, ‘It was really helpful for me to almost have a 

more humanized experience with people in the room who are here to help you [when they 

told me] ‘We understand this is tough. We understand that you’re not comfortable. What can 

we do to help you?”

Deliver effective, patient-centred anaesthesia management: Patients reported high levels 

of satisfaction with anaesthesia management. One patient noted, ‘The anaesthesiologists 

were remarkable. If there was any slight issue and I spoke up, they were on it.’ Most patients 

acknowledged the responsiveness in anaesthesia management by describing providers 

responding quickly and administering additional medication as requested. Notably, provider 

responsiveness was described as helpful not just in alleviating the physical pain, but 

importantly, fostered a perception of being heard. One patient noted, ‘It was just a reassuring 

that they’re listening to me’, underscoring the importance, and even possible analgesic 

effects, of acknowledging the patient’s pain, even if no additional anaesthetic medicine can 

be administered in that moment.

Discussion

The success of intraoperative functional mapping during ACs requires that the patient 

is comfortable, calm, and able to fully attend to and participate in cognitive testing. 

Yet previous studies indicate that many patients report moderate to severe intraoperative 

distress, increasing the risk of sub-optimal brain mapping and even failed procedures.11 

Previous studies that have investigated patient-reported experiences during ACs, discussed 

the importance of adequate preoperative counselling and described the critical nature of 

multidisciplinary communication; however, less is known about patients’ perspectives on 

how to mitigate intraoperative distress. Therefore, the aim of this mixed-methods study 

was to explore the subjective experiences of patients undergoing ACs and gain insight into 

clinical practices and procedures that were perceived to mitigate intraoperative distress. 

With implications for all clinicians involved in patient care during ACs (e.g. neurosurgeons, 

anaesthesiologists, clinical neuropsychologists, speech-language pathologists, neurologists, 
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members of the neuro-monitoring team, stereotactic surgery coordinators, and pre-operating 

and operating room nurses), results from this mixed-methods study suggest that promoting 

patients’ perception of control, establishing compassionate and authentic relationships, 

addressing unfamiliar intraoperative sensations, and delivering patient-centred anaesthesia 

are critical to diminish intraoperative distress.

Overall, patients in the current study reported high levels of satisfaction with the procedure 

and anaesthesia management, described feeling well-prepared, and, compared to previous 

studies, reported low intraoperative anxiety, pain, and overall distress.11 Patients reported 

diminished levels of anxiety at postprocedure, thereby, complementing data from semi-

structured interviews. Similar to previous studies, we found that the long period of 

immobility was one of the most stressful aspects of the procedure.11,12,41 In addition 

to immobility, cognitive-affective factors were the most frequently reported causes of 

intraoperative distress.

Interestingly, no patient reported pain as the most distressing experience and no patient 

described more than mild intraoperative pain. Current results are in contrast to previous 

studies that reported up to 30% of patients undergoing ACs recalled at least moderate 

pain.11 Current theories of pain emphasizes that pain perception is not necessarily related 

to noxious input, but is strongly influenced by psychological variables, including anxiety, 

fear, catastrophizing, and self-agency.42–47 Relatedly, in this sample, only 17% of patients 

endorsed moderate anxiety and no patients reported severe anxiety (See supplemental 

materials). Findings are in contrast to Danks et al.48 and Whittle et al.11 who reported 

10%–14% of interviewed patients endorsed severe levels of intraoperative anxiety. We argue 

that proactively promoting patient empowerment and perceptions of control, establishing 

compassionate and authentic relationships prior and during the procedure, and addressing 

unfamiliar intraoperative sensations will likely contribute to reduced intraoperative distress 

and pain, limit the need for additional sedation to mitigate pain, and result in improved 

participation during brain mapping procedures.

Promote patient empowerment and perceptions of control

Patient empowerment and perceptions of control have been previously associated with 

increased patient satisfaction, better clinical outcomes,37,38 reduced anxiety,42 fear,49 and 

pain severity,50 and predict how much effort and persistence individuals exhibit within the 

context of aversive experiences.51 A sense of control is especially important for individuals 

with a trauma history, as it is not only associated with lower distress and anxiety, but also 

reduces the probability of sequel symptoms of post-traumatic stress.52

In this sample, patient empowerment and perceptions of control were promoted by 

thoroughly preparing the patient, cultivating a sense of purpose and teamwork prior to and 

during the procedure, and responding quickly to the patient’s intraoperative needs. Thorough 

preoperative counselling is the key to successful awake surgery, is essential to gaining 

the patient’s confidence and trust, and has been shown to facilitate a faster recovery.53–58 

Notably, provider responsiveness was described as helpful not just in alleviating patients’ 

intraoperative pain, but importantly, fostered a perception of being heard. In this way, 
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provider responsiveness may increase a sense of self-agency, thereby, potentially reducing 

intraoperative anxiety,42 fear,49 and pain.50

Establish compassionate and authentic relationships

There is strong evidence supporting the importance of provider compassion in medical 

care.59 Patients easily sense compassionate behaviour by providers and exhibit measurable 

physiologic responses to compassionate interactions.60 Provider compassion has been 

shown to be significantly associated with patient empowerment, the ability to cope with 

illness,61 positive clinical outcomes,62,63 and even reduced perceptions of experimental 

pain.43,44 Expressing compassion does not require providers to join and share in patients’ 

suffering or distress, which may lead to provider distress or burnout and threaten personal 

boundaries crucial for clinical objectivity. Instead, compassion is demonstrated through 

an awareness of another’s experience64 and paired with meaningful action to relieve the 

observed suffering.65 Success is achieved when the patient no longer feels isolated by their 

situation and takes comfort in providers’ motivation to improve their experience. In this 

study, providers’ compassion and authenticity were experienced and described by patients as 

a sense of support, an attentive and reliable human presence, and thorough and frequency 

intraoperative communication.

It is also important to note that patients present with various coping styles. For some 

patients, receiving too much detailed information during the procedure can unintentionally 

provoke anxiety. To inquire into our patients’ diverse coping styles, during the preoperative 

evaluation, the CP or SLP assesses the patient’s need for information using the APAIS.28 

If a patient identifies as a non-information seeker on this two-item subscale, the CP or SLP 

will subsequently inquire into the patient’s desired amount of information provided during 
the procedure. Previous studies suggest that individuals who identified as a non-information 

seeker may benefit from receiving no more information than legally required during the 

procedure, unless they specifically ask for the information.28,66 For non-information seekers, 

necessary, but conservative, amounts of information provided intraoperatively may reduce 

the likelihood of an overload of information that provokes anxiety. This, of course, does 
not preclude trauma-informed care in which providers directly answer patients’ questions 

and concerns and always inform them of new sensations they are about to experience (e.g. 

muscle contractions due to phase reversal, movement of the table, new noises introduced to 

the room).

Address unfamiliar intraoperative sensations

In this sample, half of patients reported that the noise of the cranial drill was mildly 

to severely bothersome, in-line with previously studies that reported most intraoperative 

memories recalled by patients are auditory.51,67,68 If the patient is awake during the bone 

flap removal, Hansen and colleagues suggest that, prior to the procedure, providers offer 

suggestions for ‘reframing’ noises based on patients interests or experience.69 For example, 

the noise of the cranial drill could be reframed as driving a motorcycle down a country 

road or riding in a motor boat on a beautiful lake. In this context, positive suggestions 

are given to introduce and propose the consideration of new or different views, ideas, or 

options. Alternatively, based on a patient’s previous history (e.g. significant trauma, chronic 
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pain, anxiety disorders) or specific request, the anaesthesiologist may deem it appropriate 

to provide slightly more sedation during bone flap removal. Finally, during positioning 

and draping, ensure that the patient will not see blood, surgical instruments, or any other 

potentially distressing items in their line of vison.

Deliver patient-centered anaesthesia management

While describing the anaesthesia management approach in detail is beyond the scope of this 

manuscript, our protocol does not include induction of general anaesthesia with endotracheal 

intubation. Instead, all patients in this study were sedated to a depth that was titrated 

according the needs of the patient and the surgical team for successful completion of the 

procedure. It is noteworthy that sedation was initiated in the preoperative suite even before 

transfer to the operating room to minimize anxiety. The light sedation periods were for 

patient positioning after the head frame was in place, and the critical awake period for 

functional localization and cognitive monitoring during resection, both of which required 

full patient cooperation for success of the procedure. Following resection, deep sedation 

was resumed for the duration of the surgical procedure. Modern fast-acting and short-acting 

anaesthetics, such as propofol, remifentanil, and dexmedetomedine, allow rapid recovery 

from sedation and control of stressful phases during surgery.69 Our protocol spares the 

patient unnecessary exertion during the craniotomy and may improve the patient’s ability 

to focus attention on cognitive tests.8 On the other hand, we have contraindicated sedative-

hypnotic anxiolytic benzodiazepines, which, although potentially useful as amnestics to 

prevent intraoperative recall, compromise ability of the patient to fully cooperate during the 

critical awake portion of the procedure. An important aspect of our anaesthesia management 

is the multi-disciplinary communication that takes place prior to the procedure between 

the CP or SLP and anaesthesiologists, which informs our patient-centred anaesthesia 

management.

Consideration of postoperative distress

Of note, while the aim of the interviews was to elicit patients’ views on intraoperative 

stressors and the mitigation of intraoperative distress, up to 20% of patients reported 

experiences in the post-procedure ICU as most stressful aspects of AC. One patient 

explained, ‘Then I was just put to one side for a few days. That was the hardest part for 

me, the follow-up. Because in there, nobody did anything wrong, I [just] didn’t feel any 

strong connectivity with anyone. People would come in and then go away and I wasn’t really 

sure. The attention kind of dissipated, [the attention] that was there before and during [the 

procedure] but then nothing.’ Findings again signify the importance of the patient-provider 

relationship and the critical role that compassionate, attentive, and responsive providers play 

in patients’ perceptions of well-being. Future research should investigate clinical practices to 

foster health, wellbeing, and recovery post-procedure.

Clinical practice recommendations

Clinical practice recommendations informed by patient interviews are listed below and 

summarized in Table 5.
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Preoperative recommendations

1. Describe the progression of the procedure in detail, from procedures in the 

preoperative waiting room to intraoperative positioning, infiltration of local 

anaesthesia, head pinning, bone flap removal (and associated noise), phase 

reversal (and associated sensation), the phases of brain mapping (in our program 

that includes passive gamma mapping using the cortiQ, cortical stimulation, 

and cognitive monitoring during resection) and closure. Patients should be 

provided with a realistic description of the operating room, expected discomforts 

(e.g. unchangeable position, aphasia during cortical mapping, dry mouth), 

potential risks, and safety precautions. Discuss the sounds the patient may 

hear in the operating room (e.g. monitor alarms, cranial drilling, elektroknife, 

ultrasonic surgical aspirator). Repeated reassurance and careful explanation of 

the procedure by multiple members of the clinical team may foster patients’ 

confidence and trust in their medical teams.

2. Explain to the patient the reason for the awake vs. asleep procedure. This 

conversation focuses on the value of the patient’s input to optimize the safety 

and extent of resection, creates a sense of purpose for the patient, and identifies 

the patient as a respected member of his/her medical team.

3. Administer testing paradigms to be used during intraoperative mapping to 

increase familiarity with instructions and expectations. A critical component 

of administering intraoperative testing paradigms is to explain the benefits of 

positive findings, or the temporary loss of cognitive function during active 

stimulus mapping (i.e. DES). Patients need to be aware that during this phase 

of surgery, loss of functioning (a) is temporary, (b) indicates a positive finding, 

and (c) informs the ‘brain map’ that guides the neurosurgeons. By sharing this 

information, the medical team promotes a sense of partnership and purpose 

within the patient and eliminates the unnecessary fear provoked by concern about 

a permanent deficit or worries about disappointing the medical team by not being 

able to perform tasks as a result of DES.

4. Elicit patients’ preferred stress management techniques to be used during the 

procedure.33 Examples of stress management techniques may include breathing 

practices, visualization, prayer, or even distraction via conversations about the 

patients’ interests or hobbies. It is important to note that for individuals with high 

levels of anxiety, an explicit focus on sensations of breath may actually trigger 

more, not less, anxiety.

5. Explicitly teach patients that they can assert a sense of control during the 

procedure through communication. Coach them to share their intraoperative 

experiences with the medical team so that members can respond accordingly.

6. Assess patients’ diverse coping styles, during the preoperative evaluation28 to 

adjust the amount and delivery of information to be provided to the patient 

throughout the procedure accordingly.

Colgan et al. Page 13

Br J Neurosurg. Author manuscript; available in PMC 2024 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Intraoperative recommendations

1. We suggest that the neurosurgeon(s), or other providers who will be speaking to 

the patient from the other side of the drape, introduce themselves to the patient 

face-to-face in the surgical suite, after the draping is complete and prior to the 

onset of the craniotomy. This one small act of pairing the voice with a face 

during this very stressful experience can be significant in establishing a human 

connection and cultivating a sense of trust within the surgical suite.

2. Repeat soothing statements (e.g. ‘The procedure is going very well’) and 

expressions of encouragement (i.e. ‘You’re doing really well’ or ‘Excellent job 

keeping your body still and relaxed’). Negative statements or sentiments of 

agitation or frustration should be avoided.8

3. Provide small nonverbal gestures, such as holding the patient’s hand or placing 

a hand on his/her shoulder, to assist in creating a sense of human connection. 

Employ non-verbal techniques to demonstrate compassion and understanding, 

such as keeping silent while sitting next to the patient, using a kind tone of voice 

and eye contact, nodding while listening, smiling, and talking while attending to 

the patient.70,71

4. Given the importance of establishing relationships, we recommend that the 

same CP or SLP who conducts the preoperative evaluation, also conducts 

the intraoperative cognitive testing. Such preoperative support, intraoperative 

coaching, and continuity of care from the CP or SLP has been shown to increase 

the overall success of surgery by increasing compliance and reducing fear.31 

In our program, the presence of the CP or SLP allows the anaesthesiologist 

to focus on his/her role of ensuring adequate sedation and anxiolysis during 

the surgical steps, preventing nausea, vomiting, and seizures, and assuring 

adequate ventilation, hemodynamic stability, and normal intracranial process. 

Further, if and when adverse events do take place (i.e. seizure activity), the 

anaesthesiologists can conduct necessary actions to cease seizure activity, while 

the CP or SLP can be attentive and present during and following the seizure 

activity to promote the patient’s sense of safety, emotional regulation, and a 

successful transition back to brain mapping procedures, as appropriate.

Limitations

First, though the results can be transferable, they cannot be generalized because they were 

taken from the singular experiences of a limited number of patients. Further, approximately 

60% of participants with tumours were diagnosed with high grade tumours, which are 

associated with distinct clinical presentations when compared to low grade or benign 

tumours.72 Nevertheless, it is important for medical teams to consider patients’ experiences, 

perceptions, and insights, in order to better understand how to reduce intraoperative distress. 

Second, the timing of patient questionnaire administration (before and two weeks after 

surgery) may have led to response bias and poor recall. Third, the authors did not find an 

applicable validated questionnaire for the central questions of this study, and therefore a 

new approach had to be chosen. Authors developed a novel set of patient experience scales 
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based on validated questionnaires, but these were not validated before this study. Fourth, 

for some patients, the CP who conducted the post-operative interview was also the primary 

person interacting with the patient during AC, which may have influenced their responses 

to questions about their AC experiences. Finally, the simple demonstration of interest in 

how the patient experienced the perioperative period may have produced a positive effect on 

patient satisfaction.

Summary

The current study describes patients’ perspectives of clinical practices that mitigated 

intraoperative distress during ACs. Previous studies have investigated patient-reported 

experiences during ACs, discussed the importance of adequate preoperative counselling, 

and described the critical nature of multidisciplinary communication; however, less is known 

about patients’ perspectives on how to mitigate intraoperative distress. Results from this 

mixed-methods study suggest that compassion, communication, and patient perception of 

control were critical. Use of the interventions and strategies presented above may improve 

the likelihood of optimal brain mapping procedures to improve clinical outcomes during 

ACs. Future research should evaluate patients’ perspectives intraoperatively, in addition 

to assessing post-procedure perspectives, and consider including physiological markers 

of intraoperative distress. Future studies should also evaluate post-procedural factors that 

promote a sense of wellness and recovery.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Appendix

Appendix

Appendix 1. Scores on validated measures of depression, generalized anxiety, and pre-operative 
anxiety
Notes. PHQ-9 = Depression module of the Patient Health Questionnaire (scoring range: 

0–27); GAD-7 = Generalized Anxiety Disorder-7 (scoring range: 0–21); APAIS: Amsterdam 

Preoperative Anxiety and Information Scale (scoring range: 6–30). Dots represent outliers.
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Appendix 2. 
Ratings on patient experience scales
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Appendix 3. 
Reported severity of intraoperative pain, anxiety, and distress due to noise as measured by 

the study-specific questionnaire
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Table 1.

Preoperative evaluation battery.

Tool Function or characteristic assessed

Edinburgh Handedness Inventory – Short Form18 Handedness

Boston Diagnostic Aphasia Examination – Short Form19 Conversational speech, auditory comprehension, oral expression, 
reading, confrontational naming

Pyramids and Palm Trees Test20 Semantic appreciation and reasoning

Montreal Cognitive Assessment21 General cognitive function

Forward, backward, and sequence digit span tasks from the Wechsler 
Adult Intelligence Scale – IV22

Auditory working memory

Trail Making Test, Parts A and B23 Visual attention, processing speed, executive function

Navon Figures24 Visual processing

Line Bisection Test25 Visual processing

Depression module of the Patient Health Questionnaire (PHQ-9)26 Depression

Generalized Anxiety Disorder (GAD-7)27 Generalized anxiety

Amsterdam Preoperative Anxiety and Information Scale (APAIS)28 Preoperative anxiety and need-for-information regarding the 
anaesthetic and surgical procedure

Abbreviated PTSD Checklist – Civilian (PCL-C), 6-item version29 Symptoms related to post-traumatic stress disorder

Clinical Interview Patients’ self-reported strengths, interests, and social supports
Frequently used stress management strategies
Description of chronic pain history, if present
Patients’ post-operative priorities
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Table 2.

Interview questions and patient experience rating scales.

Interview questions

Please tell me about your overall experience.

 Please describe your emotions and thoughts as best as you can remember.

Do you remember any loss of functioning during the procedure?

Do you remember the motor mapping? What was that experience like for you?

What was the most stressful or uncomfortable aspect of the procedure?

 Was anything helpful/beneficial in alleviating that stress or discomfort?

Did you experience any pain during the procedure?

 Was it addressed?

Did you experience any anxiety during the procedure?

 Was anything helpful/beneficial in alleviating or easing the anxiety?

Can you speak of your sense of agency/empowerment during procedure?

 Was there anything that fostered this sense of agency?

 Was there anything that may have diminished this sense of agency?

Did you use any of the stress management strategies we discussed before the procedure?

 Did you find them helpful/unhelpful?

If you had to do this again, would you rather an awake craniotomy or an asleep craniotomy?

Is there anything else you would like to share about this procedure?

Patient experience rating scales (all ratings on a scale of 0 to 10)

 Please rate the pre-operative preparation provided.

 Please rate your overall pain during the procedure.

 Please rate your overall anxiety during the procedure.

 Please rate your overall distress/discomfort during the procedure.

 Please rate how disturbing the noise was to your experience.

 Please rate your overall sense of agency/empowerment during procedure.

 Please rate how satisfied you were with the anaesthetic management.

 Please rate your overall satisfaction with the procedure.
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Table 3.

Participant demographics (n = 14).

Measure n %

Gender

 Cisgender male 11 79

 Cisgender female 2 14

 Transgender male 1 7

Race/ethnicity

 Non-Hispanic/Latinx 13 94

 Hispanic/Latinx 1 6

Age

 Mean 44

 Range 27–83

Diagnosis

 Refractory focal epilepsy 2 14

 Brain tumour 12 86

  Benign neoplasm 2

  Low grade 3

  High grade 7

Tumour/lesion location

 L frontal 5 36

 L temporal 6 43

 R frontal 1 7

 R temporo-occipital 1 7

 R parietal 1 7
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Table 4.

Summary of results on study specific validated measures and novel patient experience scales.

Range

Validated measures n M SD Median Low High IQR

PHQ-9 (pre-op) 13 6.16 4.78 5.00 0.00 14.0 9.00

PHQ-9 (post-op) 12 6.00 4.02 5.00 1.00 13.0 6.00

GAD-7 (pre-op) 13 8.66 6.41 7.50 0.00 21.0 11.00

GAD-7 (post-op) 12 4.36 4.24 2.00 0.00 12.0 8.00

APIAS (pre-op) 13 15.46 7.27 15.00 6.00 30.0 10.00

Patient experience scales

 Perception of preparedness 13 8.42 1.88 9.00 5.00 10.00 2.75

 Intraoperative self-agency 13 6.16 4.04 8.00 0.00 10.00 8.00

 Satisfaction, AM 13 9.41 .99 10.0 7.00 10.00 1.00

 Satisfaction, overall 13 9.36 .80 10.0 8.00 10.00 1.00

 Intraoperative anxiety 13 1.33 2.31 0.00 0.00 7.00 1.75

 Intraoperative pain 13 .87 1.34 0.00 0.00 3.50 2.00

 Intraoperative distress, drill noise 13 2.75 3.41 1.00 0.00 9.00 5.75

 Intraoperative distress, overall 13 1.35 2.35 0.00 0.00 7.00 2.75

Notes. SD: standard deviation; Med: median; PHQ-9: Depression module of the Patient Health Questionnaire (scoring range: 0–27); GAD-7: 
Generalized Anxiety Disorder-7 (scoring range: 0–21); APAIS: Amsterdam Preoperative Anxiety and Information Scale (scoring range: 6–30); 
AM: anaesthesia management.
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Table 5.

Summary of clinical practice recommendations for awake craniotomies.

Timing

Clinical Practice Recommendations Pre Intra

Promote perception of control Thoroughly prepare the patient

 Describe the progression of the procedure in detail X

 Describe the operating room, expected discomforts, and unfamiliar sights and sounds 
the patient may hear

X X

 Describe postoperative practices and procedures X

 Cultivate a sense of purpose and teamwork

 Explain the value of the patient’s participation during the AC X X

 Describe the goals of the medical team X X

 Administer testing paradigms to be used during intraoperative mapping X X

 Explain that loss of function during mapping is temporary and informative X X

 Elicit the patient’s preferred stress management techniques X X

 Assess the patient’s coping style and need for information X

 Teach and coach patients to assert control during the procedure through 
communication

X X

Be responsive to the patient’s intraoperative needs

 Administer additional medication as needed for pain management X

 Provide water and adjust temperature or positioning, when possible, at the patient’s 
request

X

 Acknowledge the patient’s experience, even if there is no action that can be taken to 
address their concern

X

Provide focused tasks and time frames

 Use focused tasks (e.g. neuropsychological tests, breathing exercises, requesting a 
moist oral swab) to divert attention from painful or stressful experiences

X

 Communicate expected time frames during the procedure X X

Establish compassionate and 
authentic relationships

Cultivate a sense of support

 Frequently inquire about the patient’s comfort level X

 Repeat soothing statements of support and encouragement and avoid negative 
statements

X

 For providers working behind the patient, introduce yourself face-to-face after 
draping but before onset of the procedure (or after the patient is awake)

X

 Use nonverbal gestures, such holding the patient’s hand or placing a hand on their 
shoulder, to demonstrate compassion

X

Provide an attentive and reliable human presence

 Station a provider (e.g. CP, SLP, or anaesthesiologist) near the patient and within 
his/her field of view

X

 If possible, have a CP or SLP conduct most direct patient interaction, allowing the 
anaesthesiologist to focus on anaesthesia management

X

 Provide consistency by having the same clinician conduct the preoperative 
evaluation and work with the patient in the OR

X X

Provide thorough and frequent communication
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Timing

Clinical Practice Recommendations Pre Intra

 Throughout the procedure, orient the patient what is happening, directly answer 
their questions and concerns, and inform them of new sensations they are about to 
experience

X

 Tailor the amount of detail provided to the patient’s coping style and need for 
information

X

Address intraoperative sensations Offer suggestions to “reframe” distressing noises based on patient’s interests X X

Ensure patient will not see potentially distressing items in his/her line of vison X

Provide patient-centred anaesthesia 
management

Engage in multidisciplinary communication when planning patient-centred anaesthesia 
management

X X
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