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Abstract: The clinical efficacy of spectral entropy monitoring in improving postoperative recovery
remains unclear. This trial aimed to investigate the impact of M-Entropy (GE Healthcare, Helsinki,
Finland) guidance on emergence from anesthesia and postoperative delirium in thoracic surgery.
Adult patients undergoing video-assisted thoracoscopic surgery for lung resection at a medical
center were randomly allocated into the M-Entropy guidance group (1 = 39) and the control group
(n = 37). In the M-Entropy guidance group, sevoflurane anesthesia was titrated to maintain response
and state entropy values between 40 and 60 intraoperatively. In the control group, the dosing of
sevoflurane was adjusted based on clinical judgment and vital signs. The primary outcome was time
to spontaneous eye opening. M-Entropy guidance significantly reduced the time proportion of deep
anesthesia (entropy value <40) during surgery, mean difference: —21.5% (95% confidence interval
(CI): —32.7 to —10.3) for response entropy and —24.2% (—36.3 to —12.2) for state entropy. M-Entropy
guidance significantly shortened time to spontaneous eye opening compared to clinical signs, mean
difference: —154 s (95% CI: —259 to —49). In addition, patients of the M-Entropy group had a lower
rate of emergence agitation (absolute risk reduction: 0.166, 95% CI: 0.005-0.328) and delirium (0.245,
0.093-0.396) at the postanesthesia care unit. M-Entropy-guided anesthesia hastened awakening
and potentially prevented emergence agitation and delirium after thoracic surgery. These results
may provide an implication for facilitating postoperative recovery and reducing the complications
associated with delayed emergence and delirium.

Keywords: chest surgery; delirium; depth of anesthesia; electroencephalography; emergence
agitation

1. Introduction

In thoracic surgery, the procedure of thoracotomy results in pneumothorax and many
physiology disturbances, including ventilation—perfusion abnormalities and hypoxia [1,2].
Additionally, one-lung ventilation (OLV) is a common method to facilitate surgical expo-
sure in video-assisted thoracic surgery. Nevertheless, OLV potentially produces significant
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respiratory and hemodynamic changes, including pulmonary barotrauma and profound
hypotension [1,2]. Hemodynamically unstable patients are predisposed to a nonoptimal
depth of anesthesia and relevant complications, such as delayed emergence and postopera-
tive delirium [3,4]. Despite recent advances in surgical and anesthesia techniques, patients
are particularly susceptible to delayed and complicated recovery following thoracic surgery
due to invasive procedures and concomitant morbidities [5,6].

Electroencephalography-based monitoring enables real-time measurements of anes-
thetic depth and guides the use of intravenous or inhalational general anesthetics during
surgery [7,8]. Mounting evidence has indicated that bispectral index guidance might accel-
erate the return of consciousness from general anesthesia among surgical patients compared
to usual practice [9]. However, it remains unclear whether spectral entropy monitoring
facilitates emergence from general anesthesia and protects against postoperative delirium
following thoracic surgery [10-16]. Previous studies focused on abdominal [11,15], gyneco-
logical [11,12], orthopedic [11,13], cardiac [14], and miscellaneous types of surgery [10,16].
Little is known about the clinical benefits of spectral entropy guidance on anesthetic dosing
in the recovery after thoracic surgery.

In this randomized controlled trial, we aimed to investigate the putative impact of
spectral entropy monitoring on the emergence from sevoflurane anesthesia and the rate
of delirium in patients following thoracic surgery. In this study, an M-Entropy™ module
(GE Healthcare, Helsinki, Finland) was used to continuously evaluate depth of anesthesia.
Based on the current evidence, we hypothesized that M-Entropy guidance shortened times
to emergence from anesthesia and reduced postoperative delirium in thoracic surgery [8-16].

2. Materials and Methods
2.1. Clinical Settings

This trial was reviewed and approved by the research ethics committee of Taipei
Medical University in Taiwan (TMU-JIRB-N202004045). It was registered in an international
online registry, ClinicalTrials.gov (Identifier: NCT04414228; date of registration: 4 June
2020). All participants gave written informed consents before randomizations. All research
methods were conducted in accordance with the standards of the Declaration of Helsinki
and related regulations. This trial conformed to the recommendations of the Consolidated
Standards of Reporting Trials (CONSORT) statement [17].

We enrolled patients who underwent video-assisted thoracoscopic surgery for lung
resections at Shuang Ho Hospital, Taipei Medical University, from June 2020 to October
2021. Exclusion criteria included age <20 years, cerebral vascular disease or trauma, use of
sedative or antipsychotic drugs within preoperative 30 days, stage 5 chronic kidney disease
(estimated glomerular filtration rate <15 mL-min-1.73 m~2), New York Heart Association
functional class 4, presence of circulatory shock needing vasoactive agents before surgery,
emergency surgery, planned postoperative admission to intensive care unit for mechanical
ventilation, pregnancy, and patient refusal (Figure 1). All surgeries were performed by the
same team of physicians, using the same method of surgery.
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+ Time to spontaneous eye opening, + Time to spontaneous eye opening,
obeying commands, tracheal obeying commands, tracheal
extubation, and leaving operating room extubation, and leaving operating room
(n=39) (n=37)

+ Emergence agitation or drowsiness + Emergence agitation or drowsiness
(n=39) (n=37)

+ Postoperative delirium (n=38) + Postoperative delirium (n=36)

+ Intraoperative recall or awareness + Intraoperative recall or awareness
(n=38) (n=36)

+ Level of end-tidal sevoflurane (n=39) + Level of end-tidal sevoflurane (n=37)

+ Response and state entropy values + Response and state entropy values
(n=39) (n=37)

Figure 1. Consolidated Standards of Reporting Trials flow diagram. + Not mutually exclusive because
patients can have more than one exclusion criterion.

2.2. Randomization Process

In this prospective, two-arm, randomized controlled trial, patients were randomized
into two groups in a 1:1 ratio: the M-Entropy guidance group or the clinical sign group.
We used the random-number function of statistical software to generate random permuted
blocks of four. After giving the informed consent, each subject was assigned a unique
identifier and a group allocation by the principal investigator (Y.-H.T.). The assignment
was enclosed in an opaque envelope. After patients arrived at the operating theater, an
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independent attending anesthesiologist (J.-T.C. or C.-C.L.) opened the prepared envelope
and delivered the assigned intervention.

2.3. Anesthesia Protocol

Patients were given fentanyl 1-2 ug-kg~! and propofol 1-2 mg-kg~! for induction of
anesthesia. An intravenous bolus of rocuronium 0.8 mg-kg~! was used to facilitate the
placement of a 35 or 37 Fr double-lumen endotracheal tube (Mallinckrodt Endobronchial
Tube, Covidien, Ireland). Sevoflurane was used to maintain general anesthesia with a fresh
gas flow of 6 L-min~! during the first 5 min and 1.5-2 L-min ! thereafter. The vaporizer
was set at 2 vol% during the first 5 min. An intravenous bolus of fentanyl 50 pug was
administered before the surgical incision. Pressure-controlled ventilation was utilized with
a peak pressure lower than 30 cm H,O and a positive end-expiratory pressure of 5 cm H,O.
To maintain peripheral oxygen saturation > 92%, the inspiratory oxygen fraction of 60%
was applied during two-lung ventilation, and 80-100% was used during OLV. For two-lung
ventilation, tidal volumes up to 8 mL-kg~! and a respiratory rate of 10-15 min~! were used
to ensure end-tidal carbon dioxide below 45 mm Hg during surgery. For OLV, tidal volumes
up to 6-7 mL-kg~! with a respiratory frequency of 10-15 min~! were used. In all patients,
sevoflurane was discontinued after the wound closure, and the fresh gas flow was increased
to 6 L-min~! with an inspiratory oxygen fraction of 100%. Once the train-of-four count
recovered to >1, patients were decurarized using sugammadex dosed at 2 mg-kg’l. To
maintain end-tidal carbon dioxide lower than 45 mm Hg, manual ventilation was applied
until patients regained spontaneous ventilation. On-demand intravenous analgesia with
morphine 3-10 mg and/or ketorolac 15-30 mg was used to relieve postoperative pain at
the postanesthesia care unit (PACU) [18].

2.4. Spectral Entropy Monitoring and Guidance

Before induction of anesthesia, an M-Entropy sensor (GE Healthcare, Helsinki, Finland)
was applied to the patient’s forehead according to the manufacturer’s recommendations.
The M-Entropy monitor was concealed from the patients and surgeons. In the M-Entropy
guidance group, the dosing of sevoflurane was titrated to maintain the response and state
entropy numbers between 40 and 60 throughout the surgery. In the clinical sign group,
sevoflurane anesthesia was adjusted based on vital signs and clinical judgment. This was
typically to maintain heart rate and mean arterial pressure within the 20% range of the
baseline values. In case of inadequate anesthesia signs (e.g., swallowing, movement, and
cough), the dosage of sevoflurane was increased. M-Entropy monitoring was continued in
the clinical sign group, but the entropy numbers were concealed from the anesthetists. The
data of entropy numbers and expiratory gas were recorded in a 5 min interval.

2.5. Study Outcome

The primary outcome was time to spontaneous eye opening, defined as the time from
cessation of sevoflurane to patients’ spontaneous eye opening. The secondary outcomes
were time to obeying verbal commands (sustained handgrip or head lift for 5 s), time to
tracheal extubation, and time to leaving the operating theater. We also evaluated emergence
agitation and drowsiness during extubation, postoperative delirium, and intraoperative
recall or awareness. We used the Richmond Agitation-Sedation Scale (RASS) to quantify the
level of consciousness [19]. Agitation was defined as a RASS score +2 to +4 and drowsiness
as —2 to —5. The Confusion Assessment Method was used to evaluate delirium 30 min
after the arrival at the PACU and 2 h after transferal to the ward [20]. Intraoperative recall
or awareness was assessed with a modified Brice structured interview during the first
postoperative day [21]. For patients with an unanticipated transferal to the intensive care
unit, postoperative delirium and intraoperative recall or awareness were not assessed. An
independent attending anesthesiologist (Y.-M.W.), blinded to group allocation, determined
times to emergence from anesthesia, evaluated the level of consciousness during extubation,
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and adjudicated postoperative delirium and intraoperative recall or awareness. At the
PACU, medical and nursing staff were masked to group allocation.

2.6. Statistical Analysis

A prior meta-analysis demonstrated that the mean difference in time to awakening
was 5.42 min (approximately 325 s) between the M-Entropy group and the standard practice
group [22]. Accordingly, at least 12 patients in each group of M-Entropy guidance and
clinical signs are needed to detect a difference of 325 s in time to spontaneous eye opening
between groups, accepting a type I error of 5% and type II error of 10% with anticipated
time to spontaneous eye opening of mean 550 + standard deviation (SD) 250 s in the
clinical sign group [22,23]. After data were tested for normality of distribution using
the Shapiro-Wilk W test and Kolmogorov-Smirnov test, normally distributed data were
expressed as mean £ SD. Non-normally distributed variables were expressed as median
with interquartile range and range. Baseline patient attributes and study outcomes were
compared between the two groups using either independent t tests or Wilcoxon rank-
sum tests for continuous data and x? tests or Fisher exact tests for categorical data, as
appropriate. Intention-to-treat analysis was used for all study outcomes. A two-sided level
of 0.05 was considered statistically significant. All statistical analyses were conducted using
Statistics Analysis System (SAS), version 9.4 (SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Baseline Characteristics of the Participants

A total of 76 patients were randomized into the M-Entropy guidance group (n = 39)
and the clinical sign group (n = 37). The distributions of demographics, coexisting diseases,
pulmonary and cardiac functions, and laboratory test results were generally balanced be-
tween the two groups (Table 1). The distributions of surgical types, baseline entropy values,
doses of intravenous anesthetics, and intraoperative fluid volumes were also comparable
between the two groups, except for a slightly higher dose of fentanyl in the M-Entropy
guidance group (Table 2). There was no difference in surgical blood loss or anesthesia
duration between groups. One patient in the M-Entropy guidance group and one in the
clinical sign group had an unplanned admission to the intensive care unit for mechan-
ical ventilation. Intraoperative vital signs were generally comparable between groups
(Supplementary Table S1).

Table 1. Baseline characteristics of enrolled patients.

Entropy Guidance Clinical Signs
=39 n=37 P

Age, year 59.8 15.7 60.2 15.6 0.9122
Sex, male 18 46.2 19 51.4 0.6505
Body mass index, kg-m 2 23.9 (féﬁgﬁi) 23.0 é;gjgj) 0.2797
ASA physical status >0.9999

I 3 7.7 3 7.7

1I 36 92.3 34 91.9
Current cigarette smoking 11 28.2 10 27.0 0.9086
Current alcohol drinking 4 10.3 2 5.4 0.6752
Lung malignancy 14 359 12 324 0.7503
Coexisting disease

Hypertension 9 23.1 16 43.2 0.0614

Diabetes mellitus 5 12.8 4 10.8 >0.9999

Ischemic heart disease 3 7.7 5 13.5 0.4747

COPD 0 0 4 10.8 0.0515

Chronic kidney disease 1 2.6 1 2.7 >0.9999

Liver disease 4 10.3 1 2.7 0.3589

Carotid arterial disease 0 0 1 2.7 0.4868
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Table 1. Cont.

Entropy Guidance Clinical Signs
n=39 n=37 P
Pulmonary function test
o . 78.2-103.9 76.8-93.0
FVC, % predicted 88.0 (56.3-127.3) 81.3 (54.2-158.4) 0.3501
o . 73.5-95.9 71.6-93.7
FEV1, % predicted 87.5 (49.0-131.1) 84.5 (40.3-162.3) 0.6979
Left ventricular ejection fraction, % 67 7 70 8 0.1341
Preoperative blood test
13.0-14.5 11.7-14.4
. . 71
Hemoglobin, g-dL 13.9 (9.0-15.8) 13.1 (10.6-17.2) 0.0553
0.64-0.94 0.79-1.08
. e . 71
Creatinine, mg-dL 0.80 (0.36-1.35) 0.86 (0.51-1.80) 0.0762
77.0-108.8 65.8-103.0
min- -2
eGFR, mL-min-1.73 m 90.1 (53.2-198.9) 80.0 (37.0-130.7) 0.1515
12-18 13-19
. . 71
Urea nitrogen, mg-dL 14 (6-27) 15 (9-23) 0.4323
138-141 138-140
. ) 71
Sodium, mmol-L 139 (135-143) 139 (129-145) 0.3705
3.6-4.0 3.6-4.1
. . _1
Potassium, mmol-L 3.8 (3.1-4.4) 3.8 (2.8-4.9) 0.7575
17-28 17-27
. . . 71
Alanine aminotransferase, U-L 22 (12-53) 22 (11-59) 0.9202
20-24 18-27
. ) 71
Aspartate aminotransferase, U-L 22 (11-80) 21 (11-95) 0.9349

Values are mean =+ standard deviation, median with interquartile range (range), or counts with percent. Abbre-
viations: ASA, American Society of Anesthesiologists; COPD, chronic obstruction pulmonary disease; eGFR,
estimated glomerular filtration rate; FEV1, forced expiratory volume in one second; FVC, forced vital capacity.

Table 2. Surgical and anesthetic parameters.

Entropy Guidance Clinical Signs
n=39 n=37 P
Surgical procedures 0.9642
Wedge resection 22 56.4 22 59.5
Segmentectomy 9 23.1 8 21.6
Lobectomy 8 20.5 7 18.9
. . 95-99 96-98
RE value before induction 98 (71-100) 97 (90-100) 0.8004
. . 86-89 86-89
SE value before induction 87 (70-91) 88 (79-91) 0.5127
Intravenous anesthetics
125-175 100-150
Fentanyl, ug 150 (50-250) 125 (50-200) 0.0320
110-150 100-140
Propofol, mg 120 (70-200) 105 (60-300) 0.1327
. 60-110 70-100
Rocuronium, mg 90 (40-140) 80 (40-140) 0.7226
120-160 120-150
Sugammadex, mg 130 (100-200) 130 (90-200) 0.7810
. . 500-900 600-1000
Amount of crystalloid fluids, mL 700 (350-1500) 800 (400-1400) 0.1754
Amount of colloid fluids, mL 0 0-0 0 0-0 0.2584

(0-500) (0-500)
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Table 2. Cont.

Entropy Guidance Clinical Signs
n=239 n=237 P
. 10-50 10-100
Surgical blood loss, mL 10 (10-350) 10 (10-500) 0.1641
. . . 135-285 145-247
Duration of anesthesia, min 190 (75-400) 210 (80-505) 0.9917

Values are median with interquartile range (range) or counts with percent. Abbreviations: RE, response entropy;
SE: state entropy.

3.2. Depth of Anesthesia

Patients in the M-Entropy guidance group had a higher time percentage of response
and state entropy values ranged from 40 to 60 compared to those in the clinical sign group,
mean difference: 19.1% (95% confidence interval (CI): 8.3-30.0, p = 0.0008) for response
entropy and 21.8% (95% CI: 10.6-33.0, p = 0.0003) for state entropy. The time percentage
of response and state entropy values below 40 was significantly reduced by M-Entropy
guidance, mean difference: -21.5% (95% CI: —32.7 to —10.3, p = 0.0004) for response
entropy and —24.2% (95% CI: —36.3 to —12.2, p = 0.0002) for state entropy). The average
response and state entropy values were significantly higher in the M-Entropy guidance
group compared to the clinical sign group (Table 3).

Table 3. End-tidal sevoflurane levels and entropy values.

Entropy Guidance Clinical Signs
n=39 n =37 P
Average level of end-tidal sevoflurane, % 1.49 ((1);2:;35) 1.58 (} 118:;82) 0.2660
Average level of end-tidal sevoflurane, aaMAC 0.78 (82;:(1)?5) 0.86 (822:2?3) 0.1499
Time percentage of RE > 60, % 145 (g:;jg:% 113 (fﬁi?ié) 03496
Time percentage of RE 40-60, % 77.8 (nggigijf) 71.1 2(%‘_19_ g g‘)g 0.0056
Time percentage of RE < 40, % 1.9 (00__269'% 10.0 ?06_;;05 0.0002
Average RE value 55 (ii:gg) 51 ég:gg) 0.0117
Time percentage of SE > 60, % 13.8 ?6:15?4? 94 ?('J:i_616‘.1;)} 0.2142
Time percentage of SE 40-60, % 81.5 (giz:gg:% 71.8 3(505%)2 0.0020
Time percentage of SE < 40, % 2.3 (0(27(;.52) 13.2 ?02__9‘;64? 0.0001
Average SE value 52 (i?:zg) 49 (;2:2;1) 0.0093

Values are median with interquartile range (range). Abbreviations: aaMAC, age-adjusted minimum alveolar
concentration; RE, response entropy, SE: state entropy.

3.3. Recovery from Anesthesia and Postoperative Delirium

Patients receiving M-Entropy guidance had a significantly shorter time to spontaneous
eye opening compared to those of the clinical sign group, mean difference: —154 s (95% CI:
—259 to —49, p = 0.0047) (Table 4). Times to obeying verbal commands, tracheal extubation,
and leaving the operating room were comparable between the two groups. M-Entropy
guidance was also associated with a lower incidence of emergence agitation, absolute
risk reduction: 0.166 (95% CI: 0.005 to 0.328, p = 0.0469) and number needed to treat: 7.
In addition, the risk of postoperative delirium was significantly lower in the M-Entropy
guidance group compared to the clinical sign group, absolute risk reduction: 0.245 (95%
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CI: 0.093 to 0.396, p = 0.0024) and number needed to treat: 5. There was no intraoperative
awareness or recall reported by the participants.

Table 4. Emergence from anesthesia and postoperative delirium.

Entropy Guidance Clinical Signs
=39 n=37 P
) . 270-530 395-736
Time to spontaneous eye opening, s 427 (56-830) 505 (209-1226) 0.0155
) . 388-644 445-823
Time to obeying commands, s 506 (95-1201) 550 (215-1310) 0.1006
) . 420-840 504-863
Time to tracheal extubation, s 565 (135-7116) 595 (256-11,927) 0.1685
) . . 804-1103 882-1200
Time to leaving operating room, s 885 (450-1744) 1030 (575-1590) 0.1178
Emergence agitation 3 7.7 9 24.3 0.0469
Drowsiness during tracheal extubation 2 5.1 6 16.2 0.1481
Postoperative delirium 1 2.6 10 27.0 0.0024
Intraoperative awareness or recall 0 0 0 0 NA

Values are counts with percent or median with interquartile range (range). Abbreviations: NA, not applicable.

4. Discussion

In this randomized clinical trial, we found that spectral entropy guidance on sevoflu-
rane dosing significantly shortened time to awakening and reduced the rates of emergence
agitation and delirium after pulmonary resection. The beneficial effects were related to
decreased time proportions of deep anesthesia during surgery. To our knowledge, the
present study was the first to specifically evaluate the potential benefits of M-Entropy-
guided anesthesia in facilitating emergence from anesthesia in thoracic surgery. These
findings may provide a clinical implication for mitigating the adverse effects of delayed
emergence and delirium and improving postoperative recovery following thoracic surgery.

There are few studies investigating the effect of spectral entropy monitoring on emer-
gence from anesthesia among adult surgical patients [10-16]. Preceding studies included pa-
tients undergoing abdominal [11,15], gynecological [11,12], orthopedic [11,13], cardiac [14],
and mixed types of surgery [10,16]. Furthermore, most studies used propofol-based intra-
venous general anesthesia rather than inhalational anesthesia [10,12-14,16]. Therefore, it
is difficult to generalize these results to patients receiving inhalational general anesthesia
for thoracic surgery. Our results indicated that M-Entropy guidance was significantly
associated with faster awakening, in line with three studies [10,12,16] but not another [13].
Differences in surgical types, anesthetic protocols, and patient characteristics were possibly
responsible for the discrepancies. Dinu and colleagues recently reported that use of spec-
tral entropy monitoring to optimize the dosage of anesthetics reduced the incidences of
hypotension and bradycardia during surgery [3]. However, our study did not observe a
significant difference in intraoperative hemodynamic parameters between the two groups.
The discrepancy might result from the differences in surgical types and outcome definitions.
Of note, most of our patients were at low risk in terms of age, cardiopulmonary comorbidi-
ties, and baseline functional capacity. This might conceal the potential benefits of spectral
entropy monitoring in maintaining hemodynamic stability and accelerating postoperative
recovery. Importantly, our trial demonstrated that M-Entropy guidance might prevent
the occurrence of emergence agitation and delirium, which was not shown in previous
studies [10-16].

The Enhanced Recovery After Surgery (ERAS) Society and the European Society of
Thoracic Surgeons recently recommended a standard anesthetic protocol to improve recov-
ery after lung surgery, including lung-protective ventilation during one-lung ventilation,
coadministrations of regional and general anesthesia, and short-acting volatile or intra-
venous anesthetics [24]. However, the use of electroencephalography-guided anesthesia
was neglected in the guideline [24]. The present study indicated that an optimal range of
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anesthetic depth using the M-Entropy system could accelerate the return of consciousness
and reduce the risk of emergence agitation and postoperative delirium in the setting of lung
surgery. Although the difference in awakening times between the two groups was only
modest, these results might add important evidence to the ERAS protocol by elucidating
the efficacy of continuous spectral entropy monitoring for optimizing anesthetic depth
during thoracic surgery.

The incidence of delirium after thoracic surgery was reported to range from 5.3% to
6.7%, which was lower compared to that of our study [25,26]. This might be due to the
retrospective nature of prior studies [25,26]. Postoperative delirium represents an important
risk factor for both cognitive deficits and physical dysfunction after surgery [27,28]. It has
been reported that deep anesthesia and electroencephalogram suppression were associated
with the development of postoperative delirium [29]. However, it remains controversial
whether anesthetic depth monitoring protects against postoperative delirium and cognitive
function decline, with benefits reported in some studies [30-32] but not in others [33,34].
These contrasting results might be explained by the differences in the patient attributes,
anesthetic regimens, and protocol rigor [30-34]. Given the multiple contributing causes
and inadequate understanding of pathophysiology, it is challenging to prevent or treat
postoperative delirium in the high-risk population [35]. More efforts are required to explore
the interactions between delirium and other comorbidities.

There were some limitations to this study. First, the number of subjects in this trial
was small, which might generate underpowered statistics. Second, the consumption of
sevoflurane and the cost of general anesthesia were not evaluated in this trial [3,11,15].
Therefore, we could not examine the cost and benefit of M-Entropy guidance. Third, this
trial only assessed postoperative delirium during the first postoperative day. Consequently,
it remains unclear whether M-Entropy monitoring prevents delirium or cognitive decline
throughout the postoperative hospital stay. Fourth, M-Entropy guidance reduced time to
awakening by merely 2-3 min in this study. The clinical significance of spectral entropy
monitoring in daily practice awaits further investigations. Fifth, we did not evaluate
the intraoperative nociceptive state (e.g., surgical pleth index and analgesia nociception
index) and postoperative pain scores. Therefore, it remains unknown whether M-Entropy
guidance influences postoperative pain intensity and thereby modifies the development
of delirium. Finally, this is a single-center study, and the results may not be applicable to
hospitals with different clinical settings.

5. Conclusions

Intraoperative M-Entropy guidance on optimizing anesthetic depth effectively accel-
erated the emergence from sevoflurane anesthesia and decreased the rates of emergence
agitation and postoperative delirium among patients undergoing pulmonary resection.
These findings were related to a light depth of anesthesia and reduced anesthetic exposure.
Our results might provide a clinical implication for improving the recovery after thoracic
surgery. Future studies should focus on patients at high risk of delayed emergence and
delirium, such as those who have preexisting cognitive deficits or prolonged general anes-
thesia. Furthermore, large clinical trials are warranted to better understand the potential
effect of M-Entropy guidance on postanesthesia recovery.
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