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Visual Abstract
IMPORTANCE Intraoperative electroencephalogram (EEG) waveform suppression, often
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suggesting excessive general anesthesia, has been associated with postoperative delirium.

Supplemental content
OBJECTIVE To assess Whether EEG-guided anesthetic administration decreases the incidence
of postoperative delirium.

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial of 1232 adults aged 60 years
and older undergoing major surgery and receiving general anesthesia at Barnes-Jewish Hospital
in St Louis. Recruitment was from January 2015 to May 2018, with follow-up until July 2018.

INTERVENTIONS Patients were randomized 1:1 (stratified by cardiac vs noncardiac surgery and
positive vs negative recent fall history) to receive EEG-guided anesthetic administration
(n = 614) or usual anesthetic care (n = 618).

MAIN OUTCOMES AND MEASURES The primary outcome was incident delirium during
postoperative days 1through 5. Intraoperative measures included anesthetic concentration,
EEG suppression, and hypotension. Adverse events included undesirable intraoperative
movement, intraoperative awareness with recall, postoperative nausea and vomiting,
medical complications, and death.

RESULTS Of the 1232 randomized patients (median age, 69 years [range, 60 to 95]; 563 women
[45.7%]), 1213 (98.5%) were assessed for the primary outcome. Delirium during postoperative
days 1to5 occurredin 157 of 604 patients (26.0%) in the guided group and 140 of 609 patients
(23.0%) in the usual care group (difference, 3.0% [95% Cl, -2.0% to 8.0%]; P = .22). Median
end-tidal volatile anesthetic concentration was significantly lower in the guided group than the
usual care group (0.69 vs 0.80 minimum alveolar concentration; difference, -0.11[95% Cl, -0.13
to-0.10), and median cumulative time with EEG suppression was significantly less (7 vs 13
minutes; difference, -6.0 [95% Cl, -9.9 to -2.1]). There was no significant difference between
groups in the median cumulative time with mean arterial pressure below 60 mmHg (7 vs 7
minutes; difference, 0.0 [95% Cl, -1.7 to 1.7]). Undesirable movement occurred in 137 patients
(22.3%) in the guided and 95 (15.4%) in the usual care group. No patients reported intraoperative
awareness. Postoperative nausea and vomiting was reported in 48 patients (7.8%) in the guided
and 55 patients (8.9%) in the usual care group. Serious adverse events were reported in 124
patients (20.2%) in the guided and 130 (21.0%) in the usual care group. Within 30 days of surgery,
4 patients (0.65%) in the guided group and 19 (3.07%) in the usual care group died.
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CONCLUSIONS AND RELEVANCE Among older adults undergoing major surgery, EEG-guided
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anesthetic administration, compared with usual care, did not decrease the incidence of
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postoperative delirium. This finding does not support the use of EEG-guided anesthetic
administration for this indication.
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lder adults often become delirious after major surgery.'
Delirium is a reversible state of impaired cognition, in-
attention, and altered level of consciousness.! It is as-
sociated with poorer functional recovery, longer intensive care
stay, and increased use of health care resources; delirium is also
distressing to patients, family members, and clinicians.! The UK’s
National Institute for Health and Care Excellence, the American
Geriatric Society, the American College of Surgeons, and the
American Society of Anesthesiologists have all identified the pre-
vention of postoperative delirium as a public health priority.®
Meta-analyses of randomized trials have reported that elec-
troencephalography-guided anesthetic administration re-
duced postoperative delirium incidence by one-third to
one-half.!'° A mechanism for delirium reduction might be the
avoidance of burst suppression, an electroencephalographic
pattern suggesting excessively deep anesthesia. Burst sup-
pression is characterized by isoelectric periods (suppression)
punctuated by large-amplitude waves (bursts).!! Burst sup-
pression also occurs with coma and brain injury, but not dur-
ing sleep.!? Electroencephalogram suppression during
surgery has been associated with postoperative delirium.'*
However, causality has not been established. Patients who are
susceptible to delirium could coincidentally be prone to elec-
troencephalogram suppression during general anesthesia.!*
The pragmatic Electroencephalography Guidance of An-
esthesia to Alleviate Geriatric Syndromes (ENGAGES) trial was
designed to investigate whether reducing anesthetic admin-
istration and minimizing electroencephalogram suppression
during surgical anesthesia decreases the incidence of postop-
erative delirium.

Methods

Design, Setting, and Ethics

This was a single-center, pragmatic, patient- and evaluator-
blinded, randomized clinical trial at Barnes-Jewish Hospital in
St Louis, Missouri. The study was conducted at 3 Barnes-
Jewish Hospital facilities (South, Southwest Tower, and
Parkview Tower). There were 5 separate groups of operating
rooms, and surgical procedures for patients enrolled in this trial
were conducted in 48 different operating rooms across these
locations. The ethics committee at the Washington Univer-
sity School of Medicine approved the study, and all patients
provided written informed consent. The protocol and statis-
tical plan for the trial (Supplement 1), which includes a de-
scription of its pragmatic elements, has been published.'
A manual of operations is also included (Supplement 2).

Study Population

Eligible patients were aged 60 years and older and undergoing
major surgery with general anesthesia. Patients were excluded
ifthey were unable to provide informed consent, delirious, blind,
deaf, illiterate, not fluent in English, had a history of intraopera-
tive awareness, or were scheduled for a second surgery within
5 days of the initial surgery. Sociodemographic information
(eg, race, employment status, income) was collected to ensure
that the study population was broadly reflective of the patient
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Key Points

Question Does electroencephalography-guided anesthetic
administration decrease the incidence of postoperative delirium
in older patients undergoing major surgery?

Findings In this randomized clinical trial involving 1232 patients
aged 60 years and older undergoing major surgery, postoperative
delirium occurred in 26.0% of the electroencephalography-guided
anesthetic group and 23.0% of the usual care group, a difference
that was not statistically significant.

Meaning These findings do not support the use of
electroencephalography-guided anesthetic administration for the
prevention of postoperative delirium among older adults
undergoing major surgery.

population at the hospital. Participants indicated their race using
fixed categories from a list. Preoperative evaluations included
a delirium assessment; the Eight-item Interview to Differenti-
ate Aging and Dementia to screen for dementia (score range:
O to 8; O-1 indicates normal cognition and >2 indicates that
cognitive impairment is likely present); the handgrip strength
test (kg) and timed up-and-go (seconds) to measure frailty; a de-
pression screen using the 8-question Personal Health Question-
naire Depression Scale (PHQS) (score range: 0-24 score; >10 in-
dicates major depression and >20 indicates severe major
depression); the Short Blessed Test to measure cognition (score
range: 0-28; 0-4 indicates normal cognition, 5-9 indicates ques-
tionable impairment, and >10 indicates impairment consistent
with dementia); the Veterans Rand 12-Item Health Survey (physi-
cal and mental score ranges: 0-100; 50 represents the popula-
tion average) to measure quality of life; and history of falls within
6 months. The Consolidated Standards of Reporting Trials guide-
lines for pragmatic trials and for nonpharmacological treat-
ments were followed when reporting results.'®”

Randomization and Blinding

Patients were randomized 1:1 in blocks of 20 in 4 strata, using
computer-generated assignment to usual anesthesia care (usual
care group) or to electroencephalography-guided anesthesia
(guided group).” The strata were based on cardiac vs noncar-
diac surgery and a positive vs negative history of falling in the
past 6 months.'® Preoperative falls and cardiac surgery have been
associated with increased risk for both postoperative delirium
and falls.*'® Randomization was communicated to anesthesia
clinicians after the patient was transported to the operating
room. To minimize bias, all patients and the researchers assess-
ing outcomes and adverse events were blinded to randomiza-
tion assignments, except for the clinicians reporting the ad-
verse event of undesirable intraoperative patient movement.'®

Procedures

A Bispectral Index Quatro (Medtronic) frontal electroencepha-
logram sensor was applied to the forehead of each enrolled pa-
tient. This device employs a proprietary algorithm to display
anesthetic depth on a scale of O to 100; values below 40 sug-
gest excessive depth.'® In the usual care group, clinicians were
blinded to all electroencephalogram waveforms and derived
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values, except the signal quality index. In the guided group,
the electroencephalogram waveforms and derived para-
meters (suppression ratio, spectral edge frequency, electro-
myography, signal quality index, and bispectral index) were
displayed. In the guided group, clinicians were encouraged to
decrease volatile anesthetic administration based on electro-
encephalogram information and their clinical judgment.

Clinicians received education regarding typical electro-
encephalogram morphology during volatile anesthetic-
based general anesthesia.!®29-2! They received reinforce-
ment instruction regarding the conduct of the study (eFigure 1
in Supplement 3) and links to online educational modules.?!
Clinicians were encouraged to minimize, primarily, epochs of
electroencephalogram suppression and, secondarily, periods
with bispectral index values below 40. During surgical proce-
dures, researchers provided feedback to anesthesia clini-
cians on the cardinal features of the electroencephalogram
waveforms (eFigure 2 in Supplement 3). In both groups, cli-
nicians were discouraged from administering nitrous oxide and
intravenous hypnotic agents (eg, midazolam, propofol, ket-
amine, dexmedetomidine) during the maintenance period of
general anesthesia.

Patients in both groups also received a multicomponent
safety intervention, including review of their baseline medi-
cations by a geriatric psychiatrist who provided recommen-
dations to participants’ physicians regarding changes in medi-
cations with the potential to increase risk of falls or confusion.
All patients were provided with information on improving
safety in the hospital after surgical procedures and educa-
tional material about making the home environment safer to
decrease the risk of falls and related injuries. Patients with a
history of falls were eligible to receive a home occupational
therapy visit, with the aim of increasing daily activity perfor-
mance, improving safety, and preventing falls.

Outcomes

The primary outcome was delirium incidence on postopera-
tive days 1 through 5. As prespecified exploratory objectives,
we compared (1) additional delirium outcomes, including se-
vere delirium incidence (defined as a score =10 on the Confu-
sion Assessment Method [CAM]?? or 26 on the Confusion As-
sessment Method for the Intensive Care Unit [CAM-ICU]),
duration of delirium, time to onset of delirium, delirium inci-
dence on the day of surgery, and delirium incidence in the ran-
domization strata (cardiac surgery with no history of falls, car-
diac surgery with history of falls, noncardiac surgery with no
history of falls, noncardiac surgery with history of falls);
(2) intraoperative measures, including anesthetic concentra-
tions, electroencephalogram suppression time, and hypoten-
sion duration; and (3) adverse events, including undesirable
intraoperative movement, awareness with recall, nausea and
vomiting, postoperative medical complications, and 30-day
rate of death, between the groups. As prespecified explor-
atory objectives, we also compared 30-day outcomes be-
tween groups, including falls and measures of quality of life,
functionality, and cognitive impairment. Prespecified second-
ary end points included health-related quality of life and falls
at 1 year, which are not reported in this study.
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Delirium Assessments

Diagnosis of incident delirium was based on established cri-
teria according to the CAM?? or CAM-ICU?2 assessments or chart
review. All researchers were trained in CAM and CAM-ICU de-
lirium assessment, and reliability among them was
demonstrated.'>2%:2> Patients were assessed daily, prefer-
ably with the CAM, after 1 PM on postoperative days 1 through
5, unless patients were discharged or sedated (Richmond Agi-
tation and Sedation Scale score < -3). Delirium severity was
based on the CAM-S or the CAM-ICU-7 instruments.?*?” When
aresearcher was uncertain regarding the scoring of a compo-
nent of the CAM or CAM-ICU, the delirium assessment was dis-
cussed at a weekly research meeting, and, if uncertainty re-
mained, the assessment was referred to an external expert
panel for adjudication. A random selection of assessments was
also adjudicated. Because delirium is a fluctuating condition
that often manifests late at night, CAM assessments were
supplemented with medical record review.' A trained re-
searcher, blinded to treatment allocation and CAM/CAM-ICU
determinations, completed a structured chart review for evi-
dence of delirium.?® All indeterminate chart reviews were re-
ferred to the expert panel.

Intraoperative and Postoperative Measures, Exploratory
Outcomes, and Adverse Events

Anesthesia clinicians documented undesirable patient move-
ment during surgical procedures (eFigure 3 in Supplement 3).
Patients without delirium were assessed for intraoperative
awareness with recall 24 to 48 hours after tracheal extuba-
tion, and patients with delirium were assessed following de-
lirium resolution. Approximately 30 days after the surgical pro-
cedure, patients were contacted by phone, email, or letter to
complete the Veterans RAND 12-Item Health Survey to asses
quality of life, the Lawton Instrumental Activities of Daily Liv-
ing Scale and Barthel Activities of Daily Living Scale to mea-
sure functionality, the Eight-item Informant Interview to Dif-
ferentiate Aging and Dementia and the Short Blessed Test to
assess cognitive impairment, and to report any falls after sur-
gery. Intraoperative measures (ie, anesthetic concentration,
electroencephalographic data, hemodynamic data), postop-
erative measures, and 30-day adverse event data were ob-
tained from patients’ electronic medical records. Death was
determined through chart review, phone calls to family, sur-
veys returned by family members, and obituaries.

Sample Size Calculation and Statistical Analysis

On the basis of meta-analyses of randomized trials, we
assumed an incidence of postoperative delirium in the usual
care group of 25%>1%1> and a relative reduction in delirium
with electroencephalography-guided anesthesia of greater
than one-third.?!° Based on a 2-sided a <.05 and 1232
patients, we estimated greater than 90% power to detect an
absolute decrease in delirium incidence of 8%.'> Continuous
variables were presented as mean (SD) or median (interquar-
tile range [IQR]), depending on their distributions. x2 or
Fisher exact tests were used for comparisons of discrete data.
Unpaired t or Mann-Whitney U tests were used for compari-
sons of continuous data, depending on their distributions. CIs
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for median and between-proportions differences were calcu-
lated using Hodges-Lehmann estimates and Newcombe’s
method with continuity correction, respectively.

For the primary outcome, we compared the proportion of
patients with incident postoperative delirium between the
groups. Patients were assessed based on their randomization
groups (guided or usual care). Patients who could not be as-
sessed for delirium were excluded from the primary outcome
analysis. In 2 post hoc sensitivity analyses, the patients who
could not be assessed for delirium (unless they died during the
surgical procedure) were all either assumed to have had inci-
dent delirium or not to have had incident delirium. We con-
ducted 3 post hoc sensitivity analyses to assess whether im-
proved clinician fidelity to the guided protocol might have
altered the primary outcome. We excluded 25% of cases in each
of the 4 strata within the guided group with the most electro-
encephalogram suppression, the most time with bispectral in-
dex less than 40, and the highest median volatile anesthetic
concentrations. We performed a post hoc sensitivity analysis
using covariate adjustment, including likely risk factors for de-
lirium, using 2 methods: logistic regression and standardized
estimator combined with bootstrapped 95% ClIs.?°

To compare time to delirium onset between groups, we
constructed Kaplan-Meier curves for each group, conducted
alog-rank test, and tested for proportionality of hazards using
the Cox model, which included patients’ age and group as-
signment as well as their interaction. We compared delirium
incidence between groups in a post hoc analysis, segregated
by Charlson Comorbidity Index categories, and tested for its
interaction with the randomization groups. We conducted the
following post hoc per protocol analysis: for cases in which cli-
nicians in the usual care group insisted on viewing electroen-
cephalogram data, these patients were included in the guided
group and for cases in which there were technical difficulties
in viewing electroencephalogram data in the guided group,
these patients were included in the blinded group. Adverse
events and 30-day outcomes were compared between groups.
We compared preoperative characteristics between respon-
dents and alive nonrespondents to 30-day postoperative sur-
veys. No imputation was performed for missing baseline pa-
tient characteristics or any outcomes. Results were presented
with 95% CIs. All significance testing was 2-sided, with Pvalues
<.05 considered as providing suggestive evidence and P values
<.005 as providing a more stringent threshold for statistical
significance.?° The statistical analyses were performed with
SAS, version 9.4 (SAS Institute), and STATA, version 14.2
(StataCorp LP). A data and safety monitoring committee re-
viewed the study biannually, and an independent safety offi-
cer reviewed all serious adverse events.

. |
Results

Of 39144 patients screened for eligibility from January 16,
2015, to May 7, 2018, 1400 were enrolled. In total, 58 attend-
ing anesthesiologists, 12 anesthesiology fellows, 79 anesthe-
siology residents, 92 certified registered nurse anesthetists,
and 14 student registered nurse anesthetists managed the

JAMA February5,2019 Volume 321, Number 5

EEG Guidance of Anesthesia and Postoperative Delirium

anesthetic administration for patients in the trial. A total of
1232 patients undergoing diverse major surgeries (eg, cardiac,
gastrointestinal, thoracic, gynecologic, hepatobiliary-
pancreatic, urologic, vascular) were included in the trial
(Table 1; eTables 1, 2, 4, and 5 in Supplement 3), of whom 1213
(98.5%) were assessed for the primary outcome (Figure 1).
For 5 patients in the guided group, technical problems pre-
vented clinicians from viewing the electroencephalogram.
For 10 patients in the usual care group, clinicians considered
it necessary to view the electroencephalogram for periods
during the surgical procedure. The median duration of gen-
eral anesthesia and doses of midazolam, propofol, opioids,
and neuromuscular blocking agents were not significantly
different between groups (Table 2; eTable 6 in Supple-
ment 3). Median end-tidal volatile anesthetic concentration
was lower in the guided group than the control group (0.69
vs 0.80 minimum alveolar concentration; difference, —-0.11
[95% CI, -0.13 to —0.10], and median cumulative time with
electroencephalogram suppression (7 vs 13-minute; differ-
ence, -6.0 [95% CI, -9.9 to -2.1]) and bispectral index less
than 40 (32 vs 60-minute; difference, -28.0 [95% CI, -38.0 to
-18.0]) were less in the guided group (Figure 2). Although the
median duration of hypotension at various thresholds was
not significantly different between the groups (eTable7 in
Supplement 3), more phenylephrine was administered in the
usual care group (Table 2). There were no significant differ-
ences in postoperative measures between groups (Table 2).

Delirium: Primary Outcome

The delirium incidence during postoperative days 1 through
5was 157 of 604 patients (26.0%) in the guided group and 140
of 609 (23.0%) in the usual care group (difference, 3.0% [95%
CI, -2.0% to 8.0%]; P = .22). There were no missing delirium
determinations for patients who were alive, in the hospital, and
not comatose (eTables 8 and 9 in Supplement 3).

Delirium: Exploratory and Post Hoc Outcomes

There were no significant differences between the groups
with respect to the exploratory delirium outcomes. (Table 3;
eTable 10 in Supplement 3). These outcomes included
delirium incidence on the day of the surgical procedure, inci-
dence of delirium in each randomization stratum, time to
delirium onset, duration of delirium, and incidence of severe
delirium. When the patients who could not be assessed for
delirium because of death, coma, withdrawal from study, or
early hospital discharge (Figure 1) were all assumed to have
incident delirium, the difference between groups in delirium
incidence was 3.2% ([95% CI, —2.0% to 8.2%]; P = .22). When
these patients were all assumed not to have incident
delirium, the difference was 2.9% ([95% CI, -2.0% to 7.8%];
P =.26) (eTable 11 in Supplement 3). Three post hoc sensitiv-
ity analyses, which modeled improved clinician fidelity to
the guided protocol, demonstrated no significant differences
in delirium incidence between groups (Table 3). Time to
delirium onset was not significantly different between the
groups (log-rank P = .26) (eFigure 5 in Supplement 3). After
covariate adjustment, there remained no significant effect of
the intervention on incident delirium. The logistic regression
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Table 1. Preoperative Patient Characteristics

No. (%)

Guided (n = 614)

Usual Care (n = 618)

Age, median (IQR), y
Women
Men
BMI, median (IQR)
Race
White
Black
Other
Attended college
Lifetime tobacco use?
Current weekly alcohol use”
Current use of anticonvulsants
Regular use of opioids
Regular use of benzodiazepines
ASA physical classification >3¢
Marginal exercise tolerance (<4 METs)
Pulmonary hypertension
Aortic stenosis
History of or high risk for obstructive sleep apnea
History of delirium
No. of comorbidities, median (IQR)
History of depression
PHQ8, median (IQR)¢
Short Blessed Test for cognition score, median (IQR)¢
8-item Interview to Differentiate Aging and Dementia, median (IQR)f
Barthel Activities of Daily Living index, median (IQR)?
Handgrip strength score, mean (SD), kg
Timed up-and-go score, median (IQR), s
Lawton Instrumental Activities of Daily Living, median (IQR)"
VR-12 Component Score, mean (SD)'
Physical
Mental

69.5 (65.0-74.7)

69.4 (64.7-75.8)

282 (45.9) 281 (45.5)
332(54.1) 337 (54.5)
29.0 (25-33) 29.0 (25-33)
555 (90.4) 558 (90.3)
54 (8.8) 53 (8.6)
5(0.8) 7(1.1)
198 (36.3) 208 (37.3)
376 (61.2) 349 (56.8)
289 (47.1) 297 (48.1)
94 (15.3) 81(13.1)
154 (25.1) 149 (24.1)
86 (14.0) 102 (16.5)
209 (34.0) 221 (35.8)
297 (50.3) 295 (50.4)
97 (15.8) 95 (15.4)
90 (14.7) 108 (17.5)
230 (37.5) 219 (35.4)
78 (12.8) 79 (12.9)
5 (3-6) 5 (3-6)

85 (13.8) 83 (13.4)
3(1-6) 3(0-6)
2(0-4) 2(0-4)
0(0-1) 0(0-1)

15 (15-15) 15 (15-15)
26.4(11.0) 25.7(10.7)
10.5 (9.2-13.1) 11.0 (9.4-13.4)
8(7-8) 8 (8-8)
38.1(11.9) 38.2(11.8)
53.6 (10.6) 53.6 (11.0)

Abbreviations: ASA, American Society of Anesthesiologists; IQR, interquartile
range; MET, metabolic equivalent of task; PHQ8, Eight-Item Personal Health
Questionnaire; VR-12, Veterans RAND 12-Item Health Survey.

2 Lifetime tobacco use, which included current use, was obtained from patients’
electronic medical record. During their assessment before surgery, patients
were asked whether they have ever smoked tobacco.

b Obtained from patients’ electronic medical record. All patients were asked
about their average number of drinks per week if they responded that they
consume alcoholic drinks.

€ Range, 1to 6; Tindicates healthy, 2 indicates mild systemic disease, 3 indicates
severe systemic disease, 4 indicates severe systemic disease that is a constant
threat to life, 5 indicates not expected to survive without surgery, 6 indicates
neurologically deceased organ donor. In this study, the ASA physical status was
dichotomized for purposes of analysis, with a threshold for dichotomization set at
higher than 3, indicating severe systemic disease that is a constant threat to life.

dRange, O to 24; greater than or equal to 10 indicates major depression and

greater than or equal to 20 indicates severe major depression.

€ Range, O to 28; O to 4 indicates normal cognition, 5 to 9 indicates

questionable impairment, greater than or equal to 10 indicates impairment

consistent with dementia.

f Range, 0 to 8; O to 1indicates normal cognition and 2 or greater indicates
cognitive impairment is likely to be present.

8Range, 0 to 100; less than 20 indicates totally dependent, 20 to 39 indicates
very dependent, 40 to 59 indicates partially dependent, 60 to 79 indicates
minimally dependent, 80 to 100 indicates independent.

" Range, O (low function, dependent) to 8 (high function, independent).
' Standardized scale, O to 100; 50 represents the population average.

odds ratio for delirium was 1.21 ([95% CI, 0.90-1.64]; P = .21)
in the guided group with reference to the usual care group.
Using the standardized estimator method with bootstrap-
ping,?° the standardized marginal effect was 0.032 ([95% CI,
-0.019t0 0.082]; P = .22) (eTable 10 in Supplement 3). The per-
protocol analysis, based on actual treatment received, showed

jama.com

no significant difference in delirium incidence between the
guided and usual care groups (difference, 4.0% [95% CI, -1.0%
t0 8.8%]; P = .11) (eTable 12 in Supplement 3). The interaction
between Charlson Comorbidity Index categories and the ran-
domization groups was not significant (P = .06) (eFigure 6 in
Supplement 3).
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Figure 1. Recruitment, Randomization, and Patient Flow Diagram for the Electroencephalography Guidance

of Anesthesia to Alleviate Geriatric Syndromes Trial

39144 Patients assessed for eligibility

36580 Excluded because they did not meet
inclusion criteria or were unable to
provide informed consent

2564 Eligible

1164 Excluded
107 Met exclusion criteria
978 Declined participation
79 Not approached

1400 Enrolled

2 Died

168 Excluded

49 Deemed ineligible after enrollment
49 Surgery was canceled

31 Research team missed surgery

37 Withdrew

(1232 Randomized

614 Randomized to receive electroencephalography
guidance
177 Cardiac surgery with no fall history
58 Cardiac surgery with fall history
303 Noncardiac surgery with no fall history
76 Noncardiac surgery with fall history

609 Received intervention per protocol
5 Did not receive intervention per protocol
(electroencephalogram waves not
obtainable in operating room)

618 Randomized to receive usual anesthesia care
175 Cardiac surgery with no fall history
59 Cardiac surgery with fall history
308 Noncardiac surgery with no fall history
76 Noncardiac surgery with fall history

608 Received intervention per protocol
10 Did not receive intervention per
protocol (clinicians viewed the
electroencephalogram during surgery)

v v
10 Primary outcome not collected 9 Primary outcome not collected
6 Comatose 1 Died
2 Withdrew from study 5 Comatose
2 Early hospital discharge 1 Withdrew from study
l 2 Early hospital discharge
v

604 Analyzed for primary outcome of
postoperative delirium incidence

609 Analyzed for primary outcome of
postoperative delirium incidence

Adverse Events

Undesirable intraoperative movement was reported in 137 of
614 patients (22.3%) in the guided group and 95 of 618 (15.4%)
in the usual care group (difference, 6.9% [95% CI, 2.5%-
11.4%]). No patients reported intraoperative awareness. Post-
operative nausea and vomiting was reported in 48 patients
(7.8%) in the guided group and 55 (8.9%) in the usual care group
(difference, -1.1% [95% CI, —-4.3% t0 2.1%]). The number of pa-
tients experiencing serious adverse events was not signifi-
cantly different between the groups (124 [20.2%] in the guided
group vs 130 [21.0%] in the usual care group; difference, -0.8%
[95% CI, —5.5% to 3.8%]). Vital status was ascertained for all
randomized patients 30 days after the surgical procedure. The
30-day mortality rate was 4 of 614 patients (0.7%) in the guided
group and 19 of 618 (3.1%) in the usual care group (difference,
-2.42% [ 95% CI, -4.3% to -0.8%]) (eFigure 4 in Supple-
ment 3). Other adverse events occurred with similar frequen-
cies in the groups (Table 3; eTable 13 in Supplement 3).

JAMA February5,2019 Volume 321, Number 5

Thirty-Day Outcomes

There were 1209 patients (610 in the guided group and 599 in
the usual care group) who were alive and, therefore, eligible to
complete the 30-day survey. A total of 1036 patients (85.7%) com-
pleted at least part of this survey; 1006 completed the question-
naire on falls and 1010 completed the quality of life question-
naire. None of the 30-day outcomes were found to be statistically
significantly different between the groups (Table 3). The 173 non-
respondents had similar preoperative characteristics to those
who completed the survey (eTable 3 in Supplement 3). Mean
physical component scores of the Veterans Rand 12-Item Health
Survey were not significantly different between the groups (35.5
in the guided vs 35.6 in the usual care group; difference, -0.11
[95% CI, -1.2 to 1.4]). Similarly, the mean scores for the mental
component of the Veterans Rand 12-Item Health Survey were not
significantly different between the groups (54.0 in the guided
vs 53.4 in the usual care group; difference, 0.63 [95% CI, -0.7
t0 2.0]). Median Short Blessed Test scores (O [range, O to 2]) and
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Table 2. Perioperative Care Measures

Measure

Median (IQR)

Guided

Usual Care

Difference (95% CI)?

Perioperative medications of interest

Received midazolam, No./total (%)

Received nondepolarizing
neuromuscular blocker,
No./total (%)

Intraoperative neuromuscular blocker

dose, mg/kg®

Intraoperative opioid dose, mg/kg®

Fentanyl dose, ug

Hydromorphone dose, mg

Intraoperative phenylephrine
dose, mg

Intraoperative measures

Duration of anesthesia, min

End-tidal volatile agent
concentration, MACY

Duration of BIS <40, min®

Time with SR >1%, minf

MAP, mean (SD), mm Hg
Duration of MAP <60 mm Hg, min

Postoperative measures

Admitted to PACU from OR,
No./total (%)

Time spent in the PACU, min
Admitted to ICU, No./total (%)
Time spent in the ICU, d

Time spent intubated, min

Hospital length of stay, d

306/614 (49.8)
570/614 (92.8)

0.82(0.55t0 1.22)

0.65 (0.39 t0 1.02)
400 (250 to 750)
0.20 (0 to 1.50)
1.37(0.20t0 5.14)

264.5 (192 to 344)
0.69 (0.62 t0 0.77)

32(9to81)
7 (1to23)
81.2(8.26)
7 (2to19)

326/614 (53.1)

143 (103 to 183)
322/614 (52.4)
3(2to5)

237.0 (175 to 317)
7(5to11)

328/618 (53.1)

560/618 (90.6)

0.78 (0.50 to 1.15)

0.58 (0.34 t0 1.02)
350 (250 to 750)
0.23 (0to 1.25)
2.02 (0.30t0 5.90)

264.0 (186 to 349)
0.80(0.71 t0 0.86)

60 (19 to 132)
13 (2t0 58)
79.6 (7.68)

7 (1t0 19)

339/618 (54.9)

147 (109 to 186)
297/618 (48.1)
3(2to5)
231.5(173t0 305)
7(5to11)

-3.2(-8.9t02.5)
2.2(-1.0t05.5)

0.03(-0.04t00.11)

0.06 (-0.02 t0 0.13)
50 (-4.45 to 104.45)
0(-0.18t00.18)

-0.63 (-1.22 t0 -0.03)

0.5 (-16.7 to 16.7)

-0.11 (-0.13 to -0.10)

-28(-38.0to -18.0)
-6(-9.9to-2.1)
1.5(0.63 t0 2.42)
0(-1.7t01.7)

-1.8(-7.5t03.8)

-3(-12.4t06.4)
4.4(-1.3t010.0)
0(-1to1)
5.5(-23.0to0 16.0)
0(-1to1)

Original Investigation Research

Abbreviations: BIS, bispectral
index; ICU, intensive care unit;
IQR, interquartile range;

MAC, minimum alveolar
concentration; MAP, mean arterial
pressure; OR, operating room;
PACU, postanesthesia care unit;
SR, electroencephalogram
suppression ratio.

2 All 95% Cls for difference between
medians were computed using
Hodges-Lehmann estimator with
asymptotic standard error.

®n rocuronium equivalents upper
dose limits for equivalents
calculation are rocuronium
(250 mg), vecuronium (50 mg),
atracurium (50 mg), and
cisatracurium (100 mg).

€ In morphine equivalents.

9 End-tidal volatile agent
concentration, in multiples of
minimum alveolar concentration,
where MAC of 1.0 is the
concentration at which patient
movement is prevented due to
supramaximal stimulus in 50% of
patients. Presented as an average
throughout the procedure.

€ BIS less than 40 is the manufacturer
cut-off for "deep anesthesia."'®

f Percentage of time over previous
63 s that the electroencephalogram
was suppressed.

Figure 2. Time With Electroencephalogram (EEG) Suppression and Low Bispectral Index (BIS)

E Electroencephalogram suppression

540+
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360+

300+

240+
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EEG Suppression Time, min

1204

60

0

‘ ["INo delirium [ Delirium

==

=

Bispectral index

540+

480+

420

360

300+

240+

180

Time With BIS <40, min

1204

60+

0

n=439 n=156
EEG-Guided Group

n=457 n=137
Usual Care Group

n=438 n=156
EEG-Guided Group

n=441 n=134
Usual Care Group

The box-and-whisker plots show the medians (thick horizontal lines) and
interquartile ranges (IQRs; boundaries of the box) and ranges. Whisker
boundaries are set at 1.5 x IQR. Outliers <3 x IQR are not shown. Outliers
shown are the most extreme values at >3 x IQR. The suppression time plots
depict the cumulative times in each of the study groups during which the
electroencephalogram suppression ratio was >1%. There was no imputation of
missing suppression ratio or BIS data. Suppression ratio and BIS data were
excluded when the EEG signal quality index was <50. In some cases, these data
were missing because of technical difficulties with the BIS equipment. In a few
cases, the EEG suppression ratio or BIS data were not stored in the electronic

health record. Of the 1213 patients who were assessed for delirium, EEG

suppression ratio data are shown for 595 of 604 patients (98.5%) in the guided

group and 594 of 609 (97.5%) in the usual care group. BIS <40 data are shown
for 594 of 604 patients (98.3%) in the guided group and 575 of 609 (94.4%) in
the usual care group. The overall median differences between the
randomization groups in times with EEG suppression (7 minutes in the guided
group and 13 in the usual care group; difference, 6 minutes [95% Cl, 2.2-9.9])
and BIS <40 (32 minutes in the guided group and 60 in the usual care group;
difference, 28 minutes [95% Cl, 18.0-38.0]) were significant (P < .001). These
comparisons between the groups were assessed with the Mann-Whitney U test.
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Table 3. Primary and Exploratory Outcomes and Adverse Events

No./Total No. (%)

Outcome Category Guided Usual Care

Primary outcome
Overall delirium incidence®
Exploratory delirium outcomes

Delirium incidence by
randomization stratum

Noncardiac
No fall history
Fall history
Cardiac
No fall history
Fall history

Delirium incidence sensitivity
analyses?

Excluding EEG suppression
Excluding BIS <40
Excluding Highest MAC
Delirium duration, median (IQR),d®
No.
Incidence of severe deliriumf

Delirium on day of surgical

157/604 (26.0)

63/299 (21.1)
22/75(29.3)

47/173 (27.2)
25/57 (43.9)

103/445 (23.2)
105/445 (23.6)
127/451 (28.2)
1(1to3)

157

59/585 (10.1)
106/552 (19.2)

140/609 (23.0)

50/304 (16.4)
19/76 (25.0)

47/170 (27.6)
24/59 (40.7)

140/609 (23.0)
140/609 (23.0)
140/608 (23.0)
1(1to3)

140

51/591 (8.6)
123/561 (21.9)

procedure
Adverse events

Undesirable intraoperative
movement

137/614 (22.3) 95/618 (15.4)

0/563 (0.0)
48/614 (7.8)

0/568 (0.0)
55/617(8.9)

Intraoperative awareness

Postoperative nausea

and vomiting

Perioperative serious adverse 124/614(20.2) 130/618 (21.0)
events?

Mortality up to 30 days 4/614(0.7) 19/618 (3.1)

after surgical procedure
Exploratory 30-day outcomes
30-day fall incidence”

50/503 (9.9) 38/503 (7.6)

Short Blessed Test score, 0(0to2) 0(0to2)
median (IQR)

No. 418 395
8-item Interview to Differentiate 0(0to1) 0(0to1)
Aging and Dementia score, m
edian (IQR)

No. 474 451
VR-12 Physical Component Score, 35.5(10.3) 35.6 (10.0)
mean (SD)

No. 455 471
VR-12 Mental Component Score, 54.0(10.7) 53.4(1.6)
mean (SD)

No. 455 471

Difference, % (95% CI)® P Value®
Abbreviations: ADL, activities of
daily living; BIS, bispectral index;
SR ) 22 EEG, electroencephalogram;
IQR, interquartile range; MAC,
minimum alveolar concentration;
OSA, obstructive sleep apnea;
PONYV, postoperative nausea and
vomiting; VR-12, Veterans RAND
Ll ALY AZ 12-Item Health Survey.
4.3(-10.7t0 19.1) 55 295% Cls for difference between
medians were computed using
-0.5(-10.3t09.3) 92 Hodges-Lehmann estimated with
32(-15.5t021.6) 3 asymptotic standard error.
: . . : b pvalues were calculated using
¥ tests with Yates' correction
for categorical variables. For
0.2(-5.0t05.5) 95 differences between means,
0.6 (-4.6 t0 6.0) .82 P values were calculated with the
5.1(-0.3t010.6) 06 unpaired t test. For differences
between medians, P values
0(-1to1) 17 were calculated with the
Mann-Whitney U test.
1.5(-2.0t04.9) 39 € Any positive assessment by any
2.7 (-76t022) 26 method during postoperative
days1to5.
9 For the 3 sensitivity analyses,
patients in the guided group with
Sizsimillay Utk the highest quartile of
electroencephalogram suppression
DGR i) NA time, time with BIS less than 40,
-11(-43t02.1) 49 and median MAC of volatile
anesthetic were excluded in
-0.8 (-5.5t03.8) 72 all 4 strata.

€ Delirium duration was calculated
only for patients who experienced
delirium.

-2.42 (-4.3t0-0.8) .004

f Severe delirium was defined as a

2.3(-1.3t06.1) 18 score of 10 or greater on the CAM-S
0(-0.7t00.7) A8 (range, 0 to 19) or 6 or greater on
the CAM-ICU-7 (range, Oto 7).
Higher numbers indicate higher
0(-03100.3) 22 delirium severity.

8Serious adverse events are adverse

events that result in hospitalization

or prolong hospitalization, cause
87 persistent or significant disability,
are life threatening, or result in
death. Data are presented as the
proportion of patients with 1or
more events.

-0.11(-1.2t0 1.4)

0.63 (-0.7 to 2.0) .37

" patients who reported falling within
30 days of their surgical procedure.

Eight-Item Interview to Differentiate Aging and Dementia scores
(0 [range, O to 1]) were the same in both groups. Fifty patients
in the guided group and 38 patients in the usual care group re-
ported falls (difference, 2.3% [95% CI, -1.3 to 6.1]).

|
Discussion

The primary finding of this trial was that electroencephalog-
raphy guidance of anesthesia in older adults undergoing ma-
jor surgery did not decrease the incidence of postoperative de-

JAMA February5,2019 Volume 321, Number 5

lirium, despite successfully reducing anesthetic exposure and
duration of electroencephalogram suppression. This finding
contrasts with recent meta-analyses that reported greater than
a one-third reduction in delirium incidence with electroen-
cephalography guidance of anesthesia.>!%-*! However, the evi-
dence from these meta-analyses has been appraised as mod-
erate in quality.’® The following methodological differences
between the current trial and trials comprising the meta-
analyses might partially explain the discrepant findings: an-
esthetic techniques, compliance with trial protocols, popula-
tion risk profiles, effect of electroencephalogram guidance on
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anesthetic management, rigor in delirium ascertainment, and
reporting of missing data. In the study by Chan et al,? 921 of
1000 patients undergoing noncardiac surgery were random-
ized, and 902 were assessed for delirium. In contrast to the cur-
rent trial, patients were healthier and on average underwent
shorter surgical procedures. Bispectral index guidance of an-
esthesia was associated with a significant reduction in anes-
theticadministration, bispectral index values, and delirium in-
cidence. However, the primary focus was postoperative
cognitive dysfunction, and delirium was a secondary out-
come only assessed daily with the CAM. Methodological de-
tails on the number of missing delirium assessments and train-
ing of raters were not reported. In the study by Radtke et al,*
1277 patients of 1600 patients undergoing noncardiac sur-
gery were randomized, and 1155 patients were assessed for de-
lirium. Patients were healthier than in the current trial. Bispec-
tral index guidance of anesthesia was not associated with a
significant decrease in average bispectral index values, but was
associated with a significant decrease in delirium incidence.
However, clinicians unblinded themselves for a quarter of the
patients in the control group. With per-protocol analysis, by
inclusion of these patients in the bispectral index guided group,
the difference in delirium incidence between groups was not
significant. Delirium was assessed twice daily in this study, but
the number of missing assessments was not reported. In the
study by Whitlock et al,® 310 patients undergoing mainly car-
diac surgery were examined and delirium was a secondary out-
come. In contrast to the study by Chan et al,? higher volatile
anesthetic concentration was associated with lower delirium
incidence.? Bispectral index guidance was not associated with
meaningful differences in median anesthetic concentrations
or bispectral index values between study groups. Trained in-
tensive care unit nurses assessed patients for delirium twice
daily with the CAM-ICU instrument; there were few missing
assessments and there was not a statistically significant dif-
ference in delirium incidence between groups.

The current trial had methodological strengths. First, bar-
riers to successful conduct of the trial were proactively iden-
tified and addressed in a pilot phase, where predetermined
milestones were achieved.?* Second, the intervention was suc-
cessful in modifying anesthetic exposure. This success is im-
portant because without demonstrable effect on anesthetic
practice parameters, the biological plausibility of a positive
finding (ie, a significant decrease in delirium incidence) would
be questionable, and the relevance of a negative finding
(ie, no significant decrease in delirium incidence) would be di-
minished. Third, delirium incidence was sufficiently high to
allow detection of clinically meaningful intervention effects.
Fourth, the CAM instrument has been validated against ref-
erence standard Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition and Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, Text Revision cri-
teria in multiple studies, and has been appraised as 1 of the 2
most reliable instruments for detecting delirium in a research
context.>? The CAM has been demonstrated to have excellent
psychometric properties for both hypoactive and hyperac-
tive delirium.?? Fifth, with programmatic training coupled
with highly structured use of the CAM, excellent inter-rater
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reliability of the researchers was demonstrated.?*2° Sixth, by
complementing the CAM with validated chart review,?® de-
lirium detection was bolstered and missed primary outcome
assessments were minimized.

The American Geriatric Society, the European Society of
Anesthesiologists, and the UK’s National Institute for Health
and Care Excellence all recommend that intraoperative elec-
troencephalogram monitoring should be considered to pre-
vent excessive anestheticadministration to patients at high risk
of postoperative delirium.>*3® The majority of UK anesthesi-
ologists have not adopted this recommendation.?” The re-
sults of the current trial challenge the evidence underpinning
the recommendation. Moreover, attempting to minimize an-
esthetic exposure is labor intensive, and may distract from
other priorities. Unintended negative consequences might oc-
cur, such as undesirable patient movement during surgery. On
the other hand, the lower 30-day mortality in the guided group
warrants further investigation.

Limitations

This trial had several limitations. First, particular practice pat-
terns at the study’s single center might have negated the ben-
efit of the intervention. Ongoing multi-center trials, like
ENGAGES-Canada (NCT02692300) and the Balanced Anesthesia
Study,*® might refine the interpretation of this trial. Second,
delirium can be difficult to diagnose,>® with no corroborative
biomarkers. Attempts to minimize this limitation included
following established methods for delirium assessment!>-24:25:39
and blinding assessors to treatment assignment. Third, delirium
is a fluctuating disorder and could be missed with interval
assessments. To address this issue, CAM assessments were
complemented with independent structured medical record
review for evidence of delirium. Fourth, enrollment in a clinical
trial focused on the prevention of delirium could have decreased
the likelihood of delirium occuring. However, the overall
delirium incidence (24.5%) was in accordance with the a priori
estimate for this patient population.’ Fifth, a multicomponent
intervention, including postoperative medication simpli-
fication, educational materials, and postoperative fall safety
planning was implemented' for all patients in the trial. This
implementation might have affected study outcomes,
especially falls and quality of life, but the effect should have
been the same in both groups. Sixth, the findings might not
apply to general anesthesia based on intravenous anesthetic
agents. Seventh, the bispectral index monitor’s suppression
ratio parameter might underestimate electroencephalogram
suppression.“° To mitigate this issue, clinicians were educated
to recognize suppression from the electroencephalogram
waveforms and not to rely on this derived parameter.

. |
Conclusions

Among older adults undergoing major surgery, electroencepha-
lography-guided anesthetic administration, compared with usual
care, did not decrease the incidence of postoperative delirium.
This finding does not support the use of electroencephalography-
guided anesthetic administration for this indication.
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