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Abstract

OBJECTIVE—Maximal safe tumor resection in language areas of the brain relies on a patient’s
ability to perform intraoperative language tasks. Assessing the performance of these tasks during
awake craniotomies allows the neurosurgeon to identify and preserve brain regions that are critical
for language processing. However, receiving sedation and analgesia just prior to experiencing an
awake craniotomy may reduce a patient’s wakefulness, leading to transient language and/or
cognitive impairments that do not completely subside before language testing begins. At present,
the degree to which wakefulness influences intraoperative language task performance is unclear.
Therefore, the authors sought to determine whether any of 5 brief measures of wakefulness
predicts such performance during awake craniotomies for glioma resection.

METHODS—The authors recruited 21 patients with dominant hemisphere low- and high-grade
gliomas. Each patient performed baseline wakefulness measures in addition to picture-naming and
text-reading language tasks 24 hours before undergoing an awake craniotomy. The patients
performed these same tasks again in the operating room following the cessation of anesthesia
medications. The authors then conducted statistical analyses to investigate potential relationships
between wakefulness measures and language task performance.

RESULTS—Relative to baseline, performance on 3 of the 4 objective wakefulness measures
(rapid counting, button pressing, and vigilance) declined in the operating room. Moreover, these
declines appeared in the complete absence of self-reported changes in arousal. Performance on
language tasks similarly declined in the intraoperative setting, with patients experiencing greater
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declines in picture naming than in text reading. Finally, performance declines on rapid counting
and vigilance wakefulness tasks predicted performance declines on the picture-naming task.

CONCLUSIONS—Current subjective methods for assessing wakefulness during awake
craniotomies may be insufficient. The administration of objective measures of wakefulness just
prior to language task administration may help to ensure that patients are ready for testing. It may
also allow neurosurgeons to identify patients who are at risk for poor intraoperative performance.
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THe ultimate goal of the surgical management of low- and high-grade gliomas is to achieve
maximal safe resection.11:1517 While there is ample support in the literature for improved
overall and progression-free survival with greater extent of resection, the survival benefits of
tumor cytoreduction decline in patients with lasting neurological deficits.13 For this reason,
neurosurgeons employ awake craniotomies before glioma resection to map out and
subsequently preserve, in real time, regions of the brain that are responsible for language,
cognitive, and sensorimotor processing.34819 An estimated 46%-61% of gliomas are
located within presumed eloquent regions of brain. Therefore, awake craniotomy has
become an increasingly common and necessary neurosurgical procedure.>22

Although there are several methods for performing an awake craniotomy, the most common
approach invokes the asleep-awake-asleep technique.?! Here, the patient is awakened during
surgery as sedating medications used for the initial induction of anesthesia are reduced or
stopped completely based on drug metabolism. Performance on language, motor, and
cognitive tasks during direct electrical stimulation (DES) mapping informs the removal of
noneloquent areas of the brain, with lasting effects on seizure control, cognition, and
survival 14

Adequate patient wakefulness and cooperation during the awake stage of the procedure is
critical. However, the use of sedatives, opiates, and anxiolytics to improve patient comfort
during the procedure may make the delivery and interpretation of intraoperative language
tasks a difficult undertaking.2:10

Previous findings suggest that once a patient is taken off anesthesia, the cognitive effects of
the drug are eliminated (i.e., an “on-off” phenomenon).1® However, deficits in short-term
working memory, language, and attention processing have been reported for up to 3 hours
after propofol administration, and drug elimination from the body does not necessarily
correlate with cognitive performance.20 Accounts of awake craniotomy performed with
dexmedetomidine have further shown discrepancies in patient performance on cognitive
tasks (i.e., poor performance on counting and sentence completion tests).2 DES mapping
relies on the patient being fully cooperative and alert with a low baseline error rate. The risk
of commencing intraoperative mapping for a patient who remains at least partially under the
influence of sedation is that functional areas will not be properly identified. This could result
in poor functional outcomes following surgery.
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These considerations suggest it could be useful to incorporate an objective measure of
intraoperative wakefulness to ensure that patients are ready for language testing. For
example, since the performance of language tasks varies with arousal, the surgical team may
want to assess a patient’s arousal with objective measures before functional mapping begins.
6 Commercial measures of arousal such as the bispectral index (BIS) are of limited utility
given their poor sensitivity (44%) and relatively modest specificity (74%) for predicting
arousal during intraoperative brain mapping procedures.:” Further, to the best of our
knowledge, no prior studies have sought to quantify intraoperative wakefulness during
asleep-awake-asleep craniotomy, especially as it pertains to language processing. We
therefore investigated whether performance on any brief wakefulness tasks following the
cessation of anesthesia predicts subsequent performance on intraoperative language tasks
that guide glioma resection.

Study Population

Adult patients aged 18-85 years with frontal, temporal, and parietal gliomas were recruited
with informed consent for this study in accordance with the University of California, San
Francisco (UCSF) institutional review board for human research (UCSF CHR 17-23215).
We excluded patients from the final analysis if, during the intraoperative testing period, the
surgery team was unable to completely withhold all sedating, anxiolytic, and systemic
analgesic medications according to established clinical protocol.13

Tumors were volumetrically analyzed by measuring hyperintense regions on axial T2-
weighted FLAIR images for low-grade gliomas and T1-weighted contrast-enhanced MR
images for high-grade gliomas. In each case, the tumor was segmented manually across all
slices to compute the volume in cubic centimeters using Brainlab software.22 Determination
of tumor volume was made without consideration of the patient’s clinical outcome.

The preoperative and intraoperative workflow is summarized in Fig. 1.

Wakefulness and Language Assessments

Baseline wakefulness and language assessments were collected preoperatively within 24
hours before surgery to ensure patient comfort and familiarity during the procedure.* The
wakefulness measures (“wakefulness tasks”) consisted of 5 components as follows: 1) self-
reported level of arousal on a 7-point Likert scale (Fig. 2); 2) visual assessment of the
patient’s ability to keep their eyes open for 5 seconds without being prompted (“eyes open™)
(Fig. 3A); 3) rapid button pushing on a handheld device over a 5-second period (“button
pressing”) (Fig. 3C); 4) counting aloud from 1 to 20 (by ones) as quickly as possible without
skipping numbers (“rapid counting”) (Fig. 3B); and 5) designation over 10 trials whether a
rapidly flashed box was located on the top or the bottom half of the screen, selecting button
1 for the top half and button 2 for the bottom half of the screen (“vigilance”) during each
trial (Fig. 3D). We used Matlab 9.2.0.556344 to record response times, task completion
times, and accuracy in each task.
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Next, patients were given standardized picture-naming and text-reading language tasks from
the Quick Aphasia Battery (QAB).23 In each trial of the text-reading task, the patient sees
and tries to read aloud one of 27 words. In each trial of the picture-naming task, the patient
sees and tries to name one of 48 common objects. The tasks were coded such that the order
of the stimuli (pictures and text) was always randomized.

Scoring was performed by a speech-language pathologist using the QAB rubric for both
picture-naming and text-reading tasks.2® It was not possible for the speech-language
pathologist to perform a blinded review of the language tasks given the obvious differences
in preoperative and intraoperative settings within the recordings. During the baseline
preoperative testing period, patients were permitted to repeat each task multiple times to
increase familiarity and to ensure that scores reflected best performance.

Intraoperative Awake Craniotomy Workflow

In the operating room, patients were given low-dose propofol to allow for Mayfield head
holder pin placement and insertion of the Foley catheter. According to protocol, the propofol
dose was 50-100 pg/kg/min, the dexmedetomidine dose was 0.7-2.0 pug/kg/min, and the
remifentanil dose was 0.05-0.1 pg/kg/min.13 We titrated each dose based on patient comfort.
In light of established recommendations in the literature, for the propofol-based anesthetic
regimen, all medications were withheld for a minimum of 10 minutes prior to intraoperative
wakefulness and language testing, while for the dexmedetomidine-based anesthetic regimen,
all medications were withheld for a minimum of 15 minutes. Accordingly, even if a patient
was found to be clinically ready for testing based on the current standard of care (i.e., able to
spontaneously open eyes, respond to surgery team, and subjectively rate their level of
wakefulness) before the 10- or 15-minute desired time delay, we still deferred testing until
the time threshold was crossed.

Upon awakening, patients were administered the same computerized wakefulness and
language tasks that were used during preoperative evaluation. Finally, the neurosurgeon
proceeded with stimulation mapping, tumor resection, and closure using a previously
published protocol.14

Statistical Analysis

Results

Descriptive statistics are reported as mean value (+ standard deviation) for continuous
variables. We used the Wilcoxon signed-rank test, the Spearman rank correlation test, and
multivariate ANOVA for tests of significance wherever appropriate. All statistical analyses
were performed with R Studio 1.1.419.

We recruited 25 patients with low- and high-grade gliomas within the frontal, parietal,
and/or temporal lobes of the dominant hemisphere. Four patients were excluded from final
analysis because we were unable to stop all anesthesia prior to intraoperative wakefulness
and language testing due to increasing anxiety (low-dose anesthesia continued during task
administration). Each patient completed all 5 wakefulness task measures during both
baseline presurgery and intraoperative testing periods. Wakefulness measures were
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administered over a mean of 4.88 minutes (SD 1.21 minutes). The preoperative and
intraoperative workflow is summarized in Fig. 1.

Glioma diagnoses included 2 patients (10%) with diffuse astrocytoma, 1 (5%) with
oligodendroglioma, 1 (5%) with anaplastic oligodendroglioma, 4 (19%) with anaplastic
astrocytoma, and 13 (62%) with glioblastoma multiforme. Nine patients (43%) had tumors
in the frontal lobe, 3 (14%) in the insula, 3 (14%) in the parietal lobe, and 6 (28%) in the
temporal lobe. The mean tumor volume was 22.4 cm?3 (SD 18.9 cm?3). The intraoperative
anesthetic regimen included 13 patients (62%) who received dexmedetomidine anesthesia
and 8 (38%) who received propofol (Table 1). For the entire study cohort, the time between
stoppage of all anesthetics and commencement of intraoperative wakefulness and language
testing ranged from 11 minutes to 72 minutes with a mean of 25.5 minutes (SD 15.5). The
mean durations between stopping dexmedetomidine or propofol anesthesia followed by
commencement of wakefulness assessments were 30.8 minutes and 17.6 minutes,
respectively. Neither the anesthetic agent used (propofol vs dexmedetomidine) nor the time
between medication stoppage and intraoperative testing was predictive of task performance
in the intraoperative setting (p = 0.0972 and p = 0.3477, respectively). Demographic details
are further summarized in Table 1.

Baseline and Intraoperative Wakefulness Task Performance

Subjective Wakefulness—Upon awakening from sedation, patients rated themselves, on
average, as “awake, somewhat fresh” with level of alertness rating 5.0. There was no
significant difference in subjective (i.e., self-reported) wakefulness between the preoperative
baseline and intraoperative testing environments, although there was a trend toward greater
subjective wakefulness during intraoperative testing (4.71 preoperative baseline vs 5.38
intraoperative testing, p = 0.0572; Fig. 4A).

Objective Wakefulness—Results for the 4 objective measures of wakefulness were as
follows. All of the patients could keep their eyes open for 5 seconds during both testing
periods. However, there were statistically significant declines between baseline and
intraoperative performance for the remainder of the wakefulness tasks, including rapid
counting (8.0 vs 10.1 seconds to count to 20, p < 0.001), button pressing (19.3 vs 14.0
presses within the 5-second time period, p < 0.01), and vigilance (recording worse accuracy
to response time ratio, p < 0.001) (Fig. 4B-D).

Language Task Performance

QAB scores for the picture-naming and text-reading tasks were higher in the baseline testing
environment than in the intraoperative testing environment (3.70 vs 3.30 with 10.8%
decrease, p = 0.032 for picture naming; 3.98 vs 3.87 with 2.8% decrease, p = 0.014 for text
reading; Fig. 5A). The bottom quintile of performers on picture naming in the preoperative
setting experienced more severe declines in performance on the same task intraoperatively
(Fig. 5B). This phenomenon was not observed for text reading as all study subjects were
readily able to read text during baseline and intraoperative settings after stopping sedation
(Fig. 5C).
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Associations Between Wakefulness and Intraoperative Language Task Performance

We next determined whether any measures of wakefulness correlated with intraoperative
language task performance. First, patients’ subjective assessments of their own wakefulness
in the intraoperative setting were not predictive of language task performance (p = 0.720).
Second, both rapid counting (Spearman’s rank correlation coefficient -0.56, p = 0.01) and
vigilance (Spearman’s rank correlation coefficient 0.45, p = 0.04) predicted intraoperative
declines in picture-naming performance (Table 2). Finally, we did not conduct similar
correlations for the text-reading task. This is because there were no statistically significant
declines in intraoperative text reading between baseline presurgery and intraoperative testing
periods.

Discussion

The surgical management of gliomas requires the surgeon to balance the benefits of
cytoreduction against the consequences of violating functional cortical and subcortical areas.
To the best of our knowledge, no prior study has sought to assess patient performance during
intraoperative language tasks by appraising mixed (i.e., linguistic and nonlinguistic)
cognitive measures of wakefulness. In our study, we found that performance on 3 of the 4
objective wakefulness measures—button pressing, rapid counting, and vigilance—declined
in the intraoperative setting. Further, performance declines on 2 of these measures (rapid
counting and vigilance) correlated with performance declines during subsequent language
testing. In contrast, neither of the clinical measures that are commonly used—eyes open or
subjective wakefulness—correlated with language task performance in the intraoperative
setting. The correlations we observed are notable as all of the patients were allowed to repeat
the tasks multiple times during the initial training period, which tends to improve
performance and would therefore bias one to observe better (rather than worse) performance
in the intraoperative setting.

These findings are consistent with prior data indicating that anesthetics do not exert a simple
“on-off” effect on cognition. Certain cognitive domains (not limited to language) remain
impaired after patients are deemed clinically “awake” based on subjective measures and
drug half-life.29 While this may complicate to some extent the postoperative management of
any patient receiving anesthesia, we believe this effect to be exceedingly consequential for
patients who must participate in cognitive tasks that ultimately guide resection of brain
parenchyma.

It is important to mention that differences between baseline and intraoperative performance
did not vary with the two anesthetic agents we employed. Our interpretation of this finding
is, of course, limited by our inability to randomize the anesthetic regimen we administered.
Nevertheless, this finding is consistent with prior reports suggesting similar safety and
efficacy profiles of dexmedetomidine and propofol during awake craniotomies,16:21.23

It is also important to note that the time between anesthesia stoppage and the start of
intraoperative testing, which was determined by when the patient could be roused by
auditory/physical stimulation and consented to engaging in the tasks, did not predict
performance. These observations, along with the fairly wide range of time delays across our
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sample, imply that a prespecified delay following the cessation of anesthesia is likely
inadequate for ensuring optimal language task performance during awake craniotomy.

Within the language task itself, there was some divergence in scores. First, both overall
performance variability and the magnitude of the performance decline in the intraoperative
(vs preoperative) setting were greater for picture naming than for text reading. Second,
several of the patients experienced sharp declines for picture naming but not for text reading.
These findings may be explained, in part, by well-established reports in the literature
documenting greater time requirements for object naming than for text reading despite
rigorous training efforts aimed at achieving the contrary.? While performance of these two
tasks ultimately relies on some common motor and nonmotor neural pathways, picture
naming seemingly utilizes additional cognitive operations involving visual recognition and
lexical linkage via memory as opposed to graphemic processing.24 We speculate that these
additional cognitive operations may be more easily disrupted by changes in wakefulness.

We observed the greatest declines in picture-naming performance during the intraoperative
setting in the lowest quintile of performers (identified during the baseline preoperative
session). While our interpretation is limited by cohort size, this finding may indicate that
patients with lower baseline scores are more vulnerable to language declines during
intraoperative testing. If this effect persists in a more robust future study, it may provide an
opportunity to intervene and manage these patients differently, either by offering patients
more time to recover from sedation, or by avoiding the use of early sedation (i.e., by using
the awake-awake-awake approach as opposed to asleep-awake-asleep).12

Presently, common methods implemented by the neurosurgical team to assess a given
patient’s fitness to engage in intraoperative testing subsequent to anesthesia stoppage include
observing and instructing the patient to keep their eyes open for a predefined length of time,
asking them to count to a certain number by ones, and requesting them to rate their own
level of arousal. Our study demonstrates that some of these tests may be inadequate on their
own. Performance on eyes open was perfect across both testing environments for all patients
despite several experiencing stark declines in language task performance during
intraoperative testing (i.e., patients 8 and 13). Although the rapid counting task was
predictive of performance on intraoperative picture naming, without recording the time
required for task completion and comparing it to an established baseline or standard, it may
be difficult to appreciate whether or not a given performance is acceptable. Finally, patients
subjectively reported that they were actually more “awake” in the intraoperative setting
(although this finding was not statistically significant). This implies that self-reports of
wakefulness are not reliable.

The primary objective of this study was to determine whether objective measures of
wakefulness are able to predict intraoperative language declines during asleep-awake-asleep
craniotomy for glioma resection. Among the components of the wakefulness task, the
vigilance component was likely the most demanding. This task required the patient to
conduct rapid visuospatial processing of the stimulus, store it in short-term memory, ignore
irrelevant distractors, and make a decision regarding the correct motor response. It is likely
that other wakefulness measures (i.e., repetitive button pressing) were either too simple to be
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sensitive to the lingering effects of the anesthesia and/or relied on neural pathways that differ
greatly from those involved in language function. We foresee an opportunity moving
forward to assess patient wakefulness prior to brain mapping using assessments of rapid
counting and vigilance. Interpretation of these measures may offer better clarity of
intraoperative language-mapping results and enhance patient outcomes.

We note that our conclusions are limited by our sample size and our inability to standardize
the anesthetic agents used, perform blinded scorings of the tasks, and truncate the 24-hour
time delay between testing environments. We are therefore unable to offer a head-to-head
comparison of intraoperative picture-naming and text-reading task performance with the use
of propofol versus dexmedetomidine. Interpretations of these data are also limited by the
fact that baseline testing was not performed in the precise manner mimicking the operative
room given the inability to place a patient in the Mayfield head holder without first offering
intravenous analgesic medications. Furthermore, 4 patients were excluded from final
analysis due to clinical inability to stop all anesthesia for the requisite time prior to
intraoperative testing, which may have biased our analyses toward the null given the
prevalence of the ceiling effect among patients who were able to complete testing.
Mitigating the ceiling effect would potentially require the administration of more complex
language and cognitive tasks in future investigations (as opposed to those used in this study
intended to mirror current clinical practice). However, we acknowledge the possibility that
increasing task complexity may lead to higher rates of task failure and further limitations in
generalizability.

Conclusions

In the present study, we found that brief measures of wakefulness outperform standard
clinical assessments with regard to predicting a patient’s fitness for intraoperative language
testing during awake language-mapping craniotomy. The administration of objective
measures of wakefulness just prior to language task administration may help to ensure that
patients are ready for testing.
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The Level of Wakefulness Scale
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exhausted, tired, very tired, let down less than fresh somewhat responsive but wide awake
unable to difficult to fresh not at peak
function concentrate
effectively

FIG. 2.

Subjective level of wakefulness scale.
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A: Keep eyes open for 10 seconds and look at the center B: Count aloud 1-20 as fast as you can
of my eyes (plus sign)

A

— 12,34....20
® @ b Qﬂl

D: Vigilance task: Red box above plus sign- Press |

C: Press the button 1 as many times and as fast as you :
v y Red box below plus sign- Press 2

can within 5 seconds

[N
"" oy A
S ol ) %g&

FIG. 3.
Intraoperative wakefulness tasks assessing a patient’s ability to keep eyes open for 10

seconds (A), count aloud 1-20 by ones as fast as possible (B), press button 1 as many times
as possible over 5 seconds (C), and press button 1 when a red indicator box is in the upper
half of the screen and button 2 if the red indicator box is in the bottom half of the screen (D).
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Vigilance Accuracy to Response Time Ratio ()
=
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FIG. 4.
Bar plots showing mean preoperative performance compared to intraoperative performance

on 4 of the 5 wakefulness tasks with error bars indicating + standard error. The eyes-open
task was excluded from this figure because all patients were able to successfully complete it
in both testing environments. A: Self-reported arousal ratings were not significantly different
in the intraoperative setting. B: Patients required on average 2.1 more seconds (s) to count to
20. C: Patients pressed the indicated button on average 5.3 fewer times. D: Patients
experienced on average a 30.1% reduction in performance on the vigilance task. *0.01 <p <
0.05, **0.001 < p < 0.01, ***p < 0.001.
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QAB Score

baseline
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FIG.5.
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Subject Number

Subject Number
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Picture Naming

Page 15

2
QAB Score

Text Reading

2
QAB Score

Language task performance across baseline preoperative and intraoperative testing

environments. A: Bar plots showing a mean 10.8% decrease in performance on picture

naming (PN) and a mean 2.8% decrease on text reading (TR) intraoperatively, with error
bars indicating * standard error. B: Dumbbell plot indicating individual performances on
picture naming; the bottom quintile of performers on preoperative examination suffered

from the largest declines in intraoperative performance. C: Dumbbell plot of text reading

with a relatively small variation in performance. *p < 0.05.
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TABLE 2.

Factors predictive of decline in picture-naming performance from baseline

Predictor Correlation Coefficient (p) p Value
Subjective arousal rating -0.101 0.72
Rapid counting -0.56 0.01
Button pressing -0.35 0.10
Vigilance performance 0.45 0.04

Boldface type indicates statistical significance.
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