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ARTICLE INFO ABSTRACT
Keywords: Background: Dexmedetomidine is known for its selective action on a2-adrenoceptor sites and is
Dexmedetomidine recognized for its neuroprotective capabilities. It can improve postoperative cognitive function.

Anesthesia maintenance Commonly used anesthetics, such as sevoflurane and propofol, have been reported to affect

postoperative cognitive function. Therefore, it could be valuable to explore dexmedetomidine-led
anesthesia strategy. This study was designed to assess the performance, safety, and effective
infusion rate in anesthesia maintenance, to explore a feasible dexmedetomidine-led anesthesia
maintenance protocol, and to provide a foundation for potential combined anesthesia.

Methods: Thirty patients aged 18-60 years, classified as ASA I or II, undergoing abdominal surgery
were involved. The anesthesia maintenance was achieved with dexmedetomidine, remifentanil
and rocuronium. Dixon up-and-down sequential methodology was utilized to ascertain the ED50
of dexmedetomidine for maintaining Patient State Index (PSI) 25-40 (depth of stage III anes-
thesia). Intraoperative HR, BP and depth of anesthesia were monitored and controlled. The wake-
up time from anesthesia, the incidence of intraoperative awareness and postoperative delirium,
and the patients’ satisfaction were assessed.

Results: The results indicated that dexmedetomidine-led anesthesia could maintain the depth of
stage III anesthesia during abdominal surgery. The ED50 and ED95 of dexmedetomidine infusion
rates during anesthesia maintenance were 2.298 pg/kg-h (95%CI: 2.190-2.404 pg/kg-h) and
3.765 pg/kg-h (95%CIL: 3.550-4.050 pg/kg-h). Continuous infusion of dexmedetomidine and
0.1-0.3 pg/kg-min remifentanil could maintain PSI 25-40, and provide appropriate anesthesia
depth for abdominal surgery. Perioperative bradycardia and hypertension could be rapidly cor-
rected with atropine and nitroglycerin. The median wake-up time after anesthesia was 4.8 min,
the perioperative maximum HR had significant correlation with wake-up time and intraoperative
dexmedetomidine dose. No intraoperative awareness and postoperative delirium occurred; the
patients were satisfied with dexmedetomidine-led anesthesia.
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Conclusions: dexmedetomidine-led strategy could maintain stable depth of anesthesia throughout
surgery, and the ED50 of dexmedetomidine infusion rates was 2.298 pg/kg-h. Intraoperative HR,
BP and depth of anesthesia require monitoring, the bradycardia and hypertension could be
rapidly corrected.

1. Introduction

Dexmedetomidine, renowned for its high affinity to a2-adrenergic receptors, is endowed with sedative, analgesic, sympatholytic,
and anxiolytic effects, rendering it an safe and potent agent for anesthesia in the perioperative milieu [1,2]. It exhibits neuroprotective
effects by attenuating inflammation, mitigating cell apoptosis and autophagy, safeguarding the blood-brain barrier, and fortifying
cellular structure [3-5]. Dexmedetomidine has been associated with a diminished occurrence of post-surgical confusion and an
enhancement in cognitive recovery post non-cardiac procedures in the geriatric population [6]. Commonly used anesthetics, such as
sevoflurane and propofol, have been reported to induce neurogenesis alteration and apoptosis, reduce proliferation of neural stem cells
[7,8], and affect postoperative cognitive function. Our study showed that dexmedetomidine-led induction strategy could achieve the
depth of stage III (surgical stage) anesthesia [9]. Therefore, dexmedetomidine-led strategy could also be feasible in anesthesia
maintenance and provide advantages in cognitive function protection and postoperative recovery, especially for elderly or critically ill
patients with cognitive impairment.

Although dexmedetomidine-led anesthesia has advantages, there are still issues need to be considered and explored. Firstly,
dexmedetomidine does not directly affect myocardial contractility, but causes a dose-dependent decrease in heart rate (HR) and
variations in blood pressure (BP) [10,11]. Therefore, the effect of dexmedetomidine-led maintenance strategy (with high dexmede-
tomidine infusion rate) on HR and BP needs to be explored. Secondly, low-dose dexmedetomidine induces a distinctive sedative
response and has been described as "awake sedation", which exhibits sleep-like sedation properties and allows for prompt awakening
upon stimulation [12]. Therefore, the characteristics of high-dose dexmedetomidine also needs to be explored. Diligent monitoring
and precise control of anesthetic depth are necessary during the process [13]. Thirdly, the distribution half-life (t1/2a) of dexme-
detomidine is 6 min, and elimination half-life (t1/2f) is approximately 2 h, and the duration of continuous infusion half-life (t1/2CS)
extends with increasing infusion time. There was a potential for rebound excitation and withdrawal symptoms after long term dex-
medetomidine infusion [14], so the safety of patients after dexmedetomidine anesthesia needs to be observed.

This study aimed to investigate a feasible dexmedetomidine-led anesthesia maintenance strategy, and to determine the effective
infusion rate of dexmedetomidine to maintain stage Il anesthesia, the impact of high dexmedetomidine infusion rates on perioperative
HR and BP, and the wake-up time following dexmedetomidine-led anesthesia. Additionally, the study assessed patient satisfaction,
intraoperative awareness, and postoperative delirium in dexmedetomidine-led anesthesia, and examined the relationships among
perioperative HR, dexmedetomidine dosage and wake-up time. These insights offer an anesthesia protocol with potential advantages
for both healthy and elderly patient populations and establish the groundwork for the formulation and application of future combined
anesthesia strategies.

2. Materials & methods
Ethical approval

This study obtained approval from the Institutional Review Board (IRB) of National Cancer Center/Cancer Hospital, Chinese
Academy of Medical Sciences (No. 21/024-2695) and registered the study at Chinese Clinical Trial Registry (No.
ChiCTR2200058005). Prior to the commencement of the study, written informed consent was secured from all individuals partici-
pating in the trial.

2.1. Study design

The study was conducted between August and November 2022. 34 patients aged 18-60 years, ASA I or II, undergoing abdominal
surgery for gastric, colorectal and gynecologic tumors, were recruited. Patients with following criteria were excluded: BMI <18.5 or
>30 kg/m2; sinus bradycardia (HR < 50 bpm); severe heart block, cardiac insufficiency (LVEF <50%); systemic or important organ
infection; severe anemia; severe liver; renal; or thyroid dysfunction, neurological disease or use of central nervous system drugs;
preoperative cognitive dysfunction (MMSE <24); long-term use of « adrenergic receptor blocking drugs, or allergy to the anesthetic
drugs used in the study. Patient characteristics, including age, sex, body weight, height, temperature, ALT, AST, creatinine, urea, Hgb
levels, MMSE scores, personal history, ASA grade and comorbidities, were recorded prior to surgery.

2.2. Anesthetic procedure
For the preoperative period, no patients received premedication. Monitoring devices such as electrocardiographs, pulse oximeters,

and blood pressure gauges were utilized. Additionally, SedLine EEG sensors (SedLine Sedation Monitor, Masimo Co., USA), were
employed for the assessment of the Patient State Index (PSI). PSI scores 50-100 indicate light sedation or being awake; 25-50 indicate
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stage III anesthesia (surgical anesthesia); and 0-25 indicate deep sedation [15]. During anesthesia induction, 6 L/min oxygen was
provided with facemasks. Anesthesia induction was started with intravenous 3 pg/kg sufentanil. 30 s later, dexmedetomidine (Yangtze
River Pharmaceutical Group Co. Ltd, Jiangsu, China) and remifentanil were continuous infused (Silugao CP-730 TCI pump, Silugao
Med Tech, Beijing, China), this dexmedetomidine-led anesthesia induction has been described in our study [9]. After sufficient depth
of anesthesia was achieved (Observer’s Assessment of Alertness/Sedation Scale = 1, Supplementary Table 1), 0.8 mg/kg rocuronium
was infused, intubation was performed. For maintaining anesthesia, a continuous administration of dexmedetomidine and remi-
fentanil was implemented, alongside a dosage range of 0.3-0.6 mg/kg-h for rocuronium.

For dexmedetomidine-led anesthesia maintenance, the initial administration velocity of dexmedetomidine for first patient was 1.5
pg/kg-h based on preliminary study. In order to keep patients at appropriate depth of anesthesia, PSI was evaluated every 10 min
during maintenance. Previous study indicated that Bispectral Index was relatively lower when using dexmedetomidine compared to
propofol for equivalent sedation level [16]. Based on these results and the preliminary experiment, the intraoperative PSI was
maintained within the range of-25-40, lower than the recommended criteria for stage III anesthesia criteria (PSI 25-50). If PSI <25, the
dexmedetomidine infusion rate was reduced by 0.3 pg/kg-h. Guided by initial experimental findings, the baseline administration
velocity for dexmedetomidine was established at 0.9 pg/kg-h. With this rate, patients woke up soon after the infusion was dis-
continued. Further reduction of administration velocity could increase the risk of intraoperative awareness and are unnecessary. If PSI
>40, the dexmedetomidine administration velocity was increased by 0.3 pg/kg-h. At any time, if PSI >45, 0.3ug/kg dexmedetomidine
was infused, and the dexmedetomidine administration velocity increased by 0.3 pg/kg-h (Table 1). Based on preliminary experiment,
0-50 min after intubation was the adjustment period for infusion rate from initial rate to appropriate maintenance rate. Thus, 60-100
min after intubation was treated as the stable maintenance period for dexmedetomidine infusion and anesthesia. The average value
during the period was calculated and considered as the maintenance infusion rate for stage III general anesthesia. Maintenance
infusion rate was compared with initial rate. If maintenance administration velocity was less than or equal to the initial rate, initial
administration velocity of next patient decreased by 0.3 pg/kg-h. If maintenance administration velocity was greater than initial rate,
the initial administration velocity of next patient increased by 0.3 pug/kg-h. Patient recruitment was continued until there were at least
six crossover pairs and at least 30 patients were completed. Crossover pair was defined as: maintenance infusion rate less (greater) than
initial rate in one patient, and maintenance infusion rate greater (less) than initial rate in next one.

During dexmedetomidine-led anesthesia maintenance, intraoperative remifentanil infusion was to reduce surgical pain and related
BP variation. The commencement rate for remifentanil administration was established at 0.2 pg/kg-min. When systolic blood pressure
(SBP) dropped below 90 mmHg, the medication’s infusion rate was decreased to 0.1 pg/kg-min. Conversely, for SBP exceeding 160
mmHg, the rate was raised to 0.3 pg/kg-min, and at SBP above 180 mmHg, 100 pug of nitroglycerine was administered. The infusion
rate reverted to 0.2 pg/kg-min once BP normalized. In cases of bradycardia (heart rate below 45 bpm), 0.5 mg of atropine was given,
and for persistent tachycardia (heart rate over 100 bpm), 10 mg of esmolol was administered (Table 1). When PSI was evaluated every
10 min, HR and BP were concurrently recorded.

During wake-up stage of dexmedetomidine-led anesthesia, the patients’ conditions were closely monitored and recorded. At the
end of surgeries, dexmedetomidine and remifentanil infusion was stopped. To counteract the neuromuscular blockade, a 2 mg/kg dose
of sugammadex was administered. Extubation of the trachea was carried out once patients could open their eyes in response to verbal
cues and had regained sufficient tidal volume and respiratory rate. The wake-up time (the time from stopping infusion of dexmede-
tomidine and remifentanil to patients’ opening eyes) was recorded. Then the patients were transferred to Post-Anesthesia Care Unit
(PACU), and oxygen was administered. HR, BP, SpO2 and postoperative complications were monitored and recorded. When the pa-
tients were fully awake, they were transferred to the ward, HR and BP were monitored and recorded. During postoperative period, if
bradycardia (HR < 45 bpm) occurred, 0.5 mg atropine was given. On the 1st postoperative day, modified Brice interview (Supple-
mentary Table 2) [17] was used to evaluate the occurrence of intraoperative awareness, Short Confusion Assessment Method (CAM-S,
Supplementary Table 3) was used to evaluate the occurrence of postoperative delirium, and Iowa Satisfaction with Anesthesia Scale’s
(ISAS, Supplementary Table 4) was used to assess the patients’ satisfaction with anesthesia.

2.3. Statistical analysis

The Dixon up-and-down sequential allocation method was utilized in this investigation, a recognized approach in anesthesiology
for establishing the effective dosage (ED) of pharmacological agents [18]. Depends on the method, this study required at least 6
crossover points and 30 patients for statistical analysis.

Table 1
Intraoperative DEX and remifentanil adjustment measures.
Indicators Measures Interval
PSI <25 DEX infusion rate reduced 0.3 pg/kg-h, 10 min
Minimum rate: 0.9 pg/kg-h
PSI >40 DEX infusion rate increased 0.3 pg/kg-h 10 min
PSI >45 0.3ug/kg DEX bolus infusion + Continuous
DEX infusion rate increased 0.3 pg/kg-h
SBP >160 mmHg Remifentanil infusion rate increased to 0.3 pg/kg-min 10 min
SBP >180 mmHg Remifentanil infusion rate increased to 0.3 pg/kg-min +100 pg nitroglycerine bolus infusion 10 min
SBP <90 mmHg Remifentanil infusion rate reduced to 0.1 pg/kg-min 10 min
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The statistical analyses were performed with GraphPad Prism 7.0 (GraphPad Software, San Diego, USA). Dose-response data of
dexmedetomidine were analyzed by Probit regression. The dose-response relationship of dexmedetomidine was evaluated using Probit
regression analysis, which involved constructing a dose-response curve with dose values on the X-axis and the percentage of re-
sponders on the Y-axis. The effective doses of dexmedetomidine for achieving Stage III anesthesia were derived from the linear
interpolation of the Probit regression plot, expressed as the mean and 95% confidence interval. Both the ED50 and ED95 values were
determined from this analysis, with the ED50 also calculated as the average from independent crossovers of the initial infusion rate.

The data with normal distribution, such as age, height, weight, HR, MAP, etc., were analyzed using the independent samples
Student’s t-test, with results reported as mean + SD, other data were analyzed using the Kruskal-Wallis test and the results were
presented as median (25th percentile, 75th percentile). Enumeration data were expressed as number (percentage). One-way ANOVA
was used for perioperative HR, mean arterial pressure (MAP), and PSI comparison. p < 0.05 indicated a statistically significant dif-
ference. The sequential graph was created using Microsoft Excel software.

3. Results

The flow of participants in the investigation is detailed in Fig. 1. Of thirty-four individuals evaluated for suitability, two failed to
satisfy the inclusion parameters and were subsequently omitted. In addition, surgery deferments resulted in the non-participation of
two otherwise eligible individuals. Consequently, 30 participants were enrolled and successfully completed the study. The patients’
characteristics before surgery were collected (Table 2), revealing an average age of 49.5 years and BMI of 23.7. Preoperative hepatic
and renal functions were within normal range. MMSE scores were greater than 24, indicating intact preoperative cognitive function.
Among the preoperative conditions, hypertension was noted in 8 patients, diabetes in 4, allergic rhinitis in 2, and one case of
emphysema. Additionally, 7 participants had a smoking history, and 5 reported alcohol consumption. All patients underwent major
abdominal tumor surgery, including 8 gastric surgeries, 15 colorectal surgeries, and 7 gynecologic surgeries.

Patients’ characteristics during dexmedetomidine-led anesthesia induction and maintenance are recorded (Table 3). The induction
dose of dexmedetomidine was 3.1 (3, 3.4) pg/kg, which was consistent with our previous study [9]. The duration of surgery was 3.1 +

Assessed for
eligibility (n=34)

r Ineligible (n=2)
v Eligible but not recruited (n=2)
Recruited
(n=30)

v

Allocated to initial infusion rate of
DEX was 1.5 pg/kg-h

v

Initial pumping rate
of DEX increased
0.3 pg/kg-h in the

next patient

Initial pumping rate
of DEX decreased
0.3 pg/kg-h in the

next patient

DEX maintenance
infusion rate was greater
than initial rate

NO—P>

NO

At least 6 crossovers
of responses

YES

Analysed for ED50
of DEX (n=30)

Fig. 1. Flow chart for this Dixon up-and-down sequential study.



C. Ni et al Heliyon 10 (2024) e26983

Table 2
Subject characteristics. Data are presented as mean + SD, median
(interquartile range), or number (percentage).

Sex (Male/Female) 15/15
Age (year) 49.5 £ 6.7
Weight (kg) 66.9 + 10.0
Height (cm) 167.9 + 8.3
BMI (kg/m2) 23.7 £ 27
ALT (U/L) 14.2 (11.6, 21.8)
AST (U/L) 19.7 (16.7, 24.4)
Creatinine (pmol/L) 55.6 (55.6, 77.7)
Urea nitrogen (mmol/L) 46 +1.3
MMSE 29 (28, 30)
Smoking (%) 7 (23.3%)
Drinking (%) 5 (16.7%)
ASA grade (I/1I) 19/11
Comorbidities
Hypertension 8 (23.3%)
Diabetes 4 (13.3%)
Allergic rhinitis 2 (6.7%)
Emphysema 1 (3.3%)
Types of surgery
Gastric surgery 8 (26.7%)
Colorectal surgery 15 (50.0%)
Gynecologic surgery 7 (23.3%)

0.7 h and the duration of anesthesia was 3.6 + 0.7 h dexmedetomidine, remifentanil and rocuronium were used for anesthesia
maintenance, and their doses during anesthesia (include induction and maintenance) were 3.23 + 0.76 pg/kg-h, 12.99 + 2.79 pg/kg-h
and 0.44 + 0.08 mg/kg-h respectively. Considered the effect of remifentanil on BP, we compared the intraoperative remifentanil
infusion rates for hypertensive and non-hypertensive patients (13.33 + 2.93 pg/kg-h and 12.86 + 2.72 pg/kg-h), and there was no
significant difference (p = 0.518). With verbal command, the patients regain their consciousness, and the PSI on that time point was
59.6 + 6.4. PSI on leaving the operating room was 87.8 + 5.4. No postoperative agitation, SpOs < 90%, nausea and vomiting were
observed. Postoperative shivering occurred in one patient.

The initial dexmedetomidine rates of the patients are shown in Fig. 2A. There were 12 crossovers according to Dixon up and down
method, and the mean rate of 12 initial infusion rates of crossover pairs was 2.05 pg/kg-h. The responder data for each dosage level was
utilized to construct a sigmoidal dose-response curve, which visually represents the relationship between the dose of a drug and the
magnitude of the response (Fig. 2B). We calculated the probability of achieving Stage III anesthesia depth at various dexmedetomidine
infusion rates (Table 4). The impact of dexmedetomidine demonstrated a correlation with dosage, with the frequency of achieving
Stage III anesthesia intensifying alongside elevated rates of administration. Probit regression was used to obtain the ED50 and ED95 of
dexmedetomidine infusion rate to maintain stage III anesthesia, which were 2.298 (95%CI: 2.190-2.404) ug/kg-h and 3.765 (95%CIL:
3.550-4.050) pg/kg-h respectively.

The minimum HR during anesthesia maintenance was 52.0 & 5.8 bpm. 2 patients had bradycardia (HR < 45 bpm), and their HR
normalized after 0.5 mg atropine infusion. The maximum HR during maintenance was 80.3 + 15.2 bpm. The maximum MAP during
maintenance was 117.8 + 12.8 mmHg, and maximum MAP variation percentage was 22.4 + 15.1%. 6 patients had hypertension (SBP
>180 mmHg), and their BP normalized after 100 pg nitroglycerin infusion. The minimum MAP during maintenance was 86.1 + 12.0
mmHg and minimum MAP variation percentage was —10.8 & 10.7%. Intraoperative PSI scores ranged from 25 to 40, HR decreased
and stabilized around 60 bpm, while MAP remained relatively stable during anesthesia maintenance (Fig. 2C-E). In PACU, the
minimum HR was 48.6 + 5.1 bpm, and 6 patients experienced bradycardia, which resolved with 0.5 mg atropine infusion. The
maximum HR was 57.3 £+ 7.2 bpm. The minimum and maximum MAP in PACU were 89.3 + 13.7 mmHg and 99.9 + 14.8 mmHg
respectively. The minimum and maximum HR during the first 3 postoperative hours in the ward were 53.9 + 8.3 bpm and 67.4 + 13.0
bpm respectively. One patient had transient bradycardia, which resolved without treatment. The minimum and maximum MAP in the
ward were 83.1 + 12.7 mmHg and 98.7 + 13.1 mmHg respectively. No postoperative tachycardia, hypertension, or hypotension was
observed. These results indicate that intraoperative dexmedetomidine infusion affected HR in the intraoperative and early post-
operative period, and could be corrected with vasoactive drugs such as atropine.

The median wake-up time from general anesthesia was 4.8 min, and most patients woke up within 5 min, but one patient woke up
31 min after discontinuing anesthesia. We further analyzed the perioperative data of this patient, and found that his intraoperative
maximum HR was 116 bpm and his postoperative maximum HR in the ward was 106 bpm. Then, we analyzed the relationship between
HR and MAP with wake-up time and intraoperative dexmedetomidine dose. The results indicated that both intraoperative and
postoperative maximum HR had significant correlation with wake-up time of patients after anesthesia (correlation coefficient, r =
0.451, p = 0.012 and r = 0.518, p = 0.003 respectively). Intraoperative, but not postoperative, maximum HR had moderate positive
linear relationship with intraoperative dexmedetomidine dose (r = 0.453, p = 0.012 and r = 0.310, p = 0.095 respectively). Neither
the minimum and average HR, nor the minimum, average and maximum MAP had the similar correlation (Fig. 3A-D). These results
indicated the relationship between perioperative maximum HRs and wake-up time/intraoperative dexmedetomidine dose.
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DEX-led anesthesia characteristics. Data are presented as mean + SD, median (interquartile range), or

number (percentage).

DEX induction dose (ug/kg) PSI on loss of consciousness 3.1(3,3.4)
45.5+ 7.7
Duration of surgery (h) 3.1+0.7
Duration of anesthesia (h) 3.6 £ 0.7
Awakening time from general anesthesia (min) 4.8 (3.5,7.2)
PSI on regain of consciousness 59.6 £ 6.3
Intraoperative DEX dose (ug/kg-h) 3.2+0.8
Intraoperative remifentanil dose (ug/kg-h) 13.0 £ 2.8
Intraoperative rocuronium dose (mg/kg-h) 0.44 + 0.08
Infusion volume (ml/kg-h) 6.6 £ 1.6
Urine volume (ml/kg-h) 1.3 (1.0, 2.2)
Bleeding volume (ml) 20 (20, 50)
PSI on leaving the operating room 87.8+5.4
Postoperative agitation 0 (0.0%)
Postoperative shivering 1 (3.3%)
Postoperative SpO2 < 90% 0 (0.0%)
Postoperative nausea and vomiting 0 (0.0%)
Numeric pain rating scale on postoperative day 1 1.8+1.5
Minimum HR during maintenance (bpm) 52.0 £ 5.8
Bradycardia (HR < 45 bpm) 2 (6.7%)
Maximum HR during maintenance (bpm) 80.3 + 15.2
Minimum MAP during maintenance (mmHg) 86.1 +12.0
Minimum MAP variation percentage (%)d -10.8 £10.7
Maximum MAP during maintenance (mmHg) 117.8 £12.8
Maximum MAP variation percentage (%) 22.4 + 15.1
Hypertension (SBP >180 mmHg) 6 (20.0%)
Minimum HR in PACU (bpm) 48.6 £ 5.1
Bradycardia (HR < 45 bpm) 6 (20%)
Maximum HR in PACU (bpm) 57.3+7.2
Minimum MAP in PACU (mmHg) 89.3 +£13.7
Maximum MAP in PACU (mmHg) 99.9 + 14.8
Minimum HR in ward for the first 3 postoperative hours (bpm) 53.9 + 8.3
Maximum HR in ward for the first 3 postoperative hours (bpm) 67.4 +13.0
Minimum MAP in ward for the first 3 postoperative hours (bpm) 83.1 +12.7
Maximum MAP in ward for the first 3 postoperative hours (bpm) 98.7 +13.1

Intraoperative awareness by Modified Brice interview
The last thing to remember before induction
Facemask pre-oxygenation

Call his/her name

The first thing to remember after emergence

Call his/her name in the operating room

27 (90.0%)
3 (10.0%)

24 (60.0%)

In the ward 4 (13.3%)
In the operating room 1 (3.3%)
Extubation 1 (3.3%)
Conscious or dreaming during anesthesia 0 (0.0%)
Other adverse reactions during anesthesia 0 (0.0%)
Diagnosis of delirium by Short CAM

Acute change in mental status 0 (0.0%)
Behavior fluctuation 0 (0.0%)
Difficulty in focusing attention 0 (0.0%)
Disorganized or incoherent thinking 0 (0.0%)

Altered level of consciousness
Satisfaction by ISAS

1 (3.3%) for vigilant

I threw up or felt like throwing up -21+1.2
I would want to have the same anesthetic again 3.0+0.2
I itched -3.0£0
I felt relaxed 2.8+ 0.5
I felt pain -19+1.1
I felt safe 3.0+ 0.2
I was too cold or hot -2.8+0.5
I was satisfied with my anesthetic care 3.0+0.2
I felt pain during surgery —-2.9+0.4
I felt good 2.8+ 0.6
I hurt —-29+0.2

The results of Modified Brice interview showed that the last thing patients remembered before induction was calling the name (3
patients) or being preoxygenated by facemask (27 patients). The first thing patients remembered after surgery was calling name (24
patients), extubation (2 patients), or in the ward (4 patients). No intraoperative dreaming, consciousness, or serious adverse reactions
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Fig. 2. (A) Sequence of initial infusion rate of DEX administered and subsequent response (comparison with average DEX infusion rate of 50-100
min after intubation). Success (Initial rate is greater than the average DEX infusion rate 50-100 min after intubation) — open circle; failure (Initial
rate is smaller than the average DEX infusion rate 50-100 min after intubation) - filled circle. (B) Rate-response curve for DEX plotted using probit
analysis. The ED50 and ED95 of DEX to achieve the state ‘maintain the depth of major surgical anesthesia’ were 2.298 nug/kg-h (95%CI:
2.190-2.404 pg/kg-h) and 3.765 pg/kg-h (95%CI: 3.550-4.050 pg/kg-h) respectively. The change trends of PSI (C), HR (D) and MAP (E) of patients

during anesthesia maintenance. *p < 0.05, **p < 0.01, ***p < 0.001 compared with baseline, ###p < 0.001 compared with intraoperative
average PSI.
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Table 4

Calculated probabilities of depth of anesthesia as stage III.
Probability DEX infusion rate (pg/kg-h) 95% CI
0.05 0.830 0.536-1.052
0.10 1.154 0.913-1.338
0.20 1.547 1.365-1.690
0.30 1.830 1.685-1.950
0.40 2.071 1.951-2.179
0.50 2.298 2.190-2.404
0.60 2.524 2.417-2.640
0.70 2.765 2.649-2.903
0.80 3.049 2.910-3.222
0.90 3.441 3.263-3.673
0.95 3.765 3.550-4.050

was reported. CAM-S showed that one patient was vigilant and rated as 1 point in ‘Altered level of consciousness’, and the patients
were rated as 0 point in other items. Therefore, no patient was diagnosed as postoperative delirium. Compared with previous study
results [6], we inferred that the low incidence of postoperative delirium could be related to the young population and the effects of
dexmedetomidine-led anesthesia strategy. ISAS satisfaction scale showed that the mean sores of ‘I threw up or felt like throwing up’
and ‘I felt pain” were —2.1 and —1.9 respectively. The scores of other 9 questions were close or equal to full score (3). Overall, the
patients were satisfied with dexmedetomidine-led general anesthesia, and the problems existed in postoperative pain and nausea
management, which was related to the intravenous analgesia alone, and a combination with nerve block analgesia could improve the
situation.

4. Discussion

This study showed that dexmedetomidine-led anesthesia could maintain the depth of stage III anesthesia during major abdominal
surgery. The duration of anesthesia was 3.6 + 0.7 h. The ED50 and ED95 of dexmedetomidine infusion rate during anesthesia
maintenance were 2.298 pg/kg-h and 3.765 pg/kg-h respectively. The minimum HR during anesthesia maintenance, in PACU, and in
ward were 52.0 &+ 5.8, 48.6 + 5.1 and 53.9 + 8.3 bpm respectively. There were 2 patients during anesthesia and 6 patients in PACU
developed bradycardia (HR < 45 bpm), and their HR returned to normal range after atropine infusion. 6 patients developed intra-
operative hypertension (SBP >180 mmHg), and their BP returned to normal range after nitroglycerin infusion. The median wake-up
time from general anesthesia was 4.8 min, and the perioperative maximum HR had significant correlation with wake-up time and
dexmedetomidine dose. Neither intraoperative awareness nor postoperative delirium were observed, and patients’ satisfaction with
dexmedetomidine-led anesthesia was notably high.

Previous study showed that dexmedetomidine at plasma concentrations of 0.37 ng/ml and 0.69 ng/ml reduced isoflurane MAC by
35% and 47%, respectively [19]. Our previous study showed that dexmedetomidine-led strategy could accomplish anesthesia in-
duction [9]. This study showed that dexmedetomidine-led strategy also ensured effective anesthesia maintenance and adequate depth
during abdominal surgery. To analyze the EEG signals during this maintenance phase, we utilized the density spectral array (DSA),
which provided brain electrical activity characteristics [20]. The typical perioperative DSAs were captured (Fig. 3E-H). The white
trend line represents the 95% spectral edge frequency (SEF), which reflects the sleep state of the patients [21]. The DSA before
anesthesia (PSI = 95) was characterized by B, a and 6 waves, and 95% SEF was around 15 Hz (Fig. 3E). The DSA during dexmede-
tomidine anesthesia maintenance (PSI = 35) exhibited higher level of § wave activity, which indicated a brain state resembling deep
sleep. The 95% SEF was around 3 Hz (Fig. 3F). The DSA after dexmedetomidine anesthesia (PSI = 92) was characterized by sustained
high frequency brain electrical activity. The 95% SEF was around 30 Hz (Fig. 3G). To compare the differences in brain electrical
activity between dexmedetomidine and propofol maintenance, we observed the DSA during propofol maintenance (PSI = 35), which
was characterized by a and 6 waves, and the 95% SEF was around 10-15 Hz (Fig. 3H). The 95% SEF during propofol maintenance was
much higher than during dexmedetomidine maintenance. The underlying mechanisms could be related with GABAA and NMDA re-
ceptors in the cortex, thalamus, brain stem and striatum, as well as a2-adrenergic receptor in the locus ceruleus and ventrolateral
preoptic nucleus [22], and required further investigation.

Bradycardia is a common adverse effect of dexmedetomidine, and its incidence varies from 10% to 30%, depending on dexme-
detomidine dose [1]. Therefore, in this study, we excluded the patients with bradycardia, severe heart conduction block and other
heart diseases. The results showed that 2 patients developed intraoperative bradycardia and 6 patients developed bradycardia in
PACU, but their HR recovered rapidly after atropine infusion. One patient experienced transient bradycardia in ward and the HR
recovered without treatment. There are multiple potential mechanisms for dexmedetomidine related bradycardia: 1. Dexmedetomi-
dine activates a2 receptor in vascular smooth muscle, causes peripheral vasoconstriction and baroceptor reflex related HR decrease
[23]. 2. Dexmedetomidine acts on central presynaptic and postsynaptic a2 receptors in specific brain regions involved in sleep and
wakefulness regulation, such as the locus coeruleus, and impacts endogenous sleep-promoting pathways [24,25]. 3. Dexmedetomidine
exerts calming and anti-anxiety effect, which is similar to the natural HR decrease during sleep [26]. 4. Dexmedetomidine induces
hypertension, inhibits neural firing activity in the pontine noradrenergic nucleus of locus coeruleus, and inhibits centrally mediated
sympathetic outflow. 5. Dexmedetomidine reduces the inhibition on cardiac vagus nerve and increases the excitability of
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Pearson correlation coefficient (r) and p value
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Intraoperative period
Minimum HR | Average HR | Maximum HR | Minimum MAP | Average MAP | Maximum MAP
Intraoperative =-0.097 =-0.041 r=0.453 r=0.105 =-0.004 =-0.053
DEX dose p=0.609 p=0.829 p=0.012 p=0.581 p=0.981 p=0.780
Wake-up time r=0.166 r=0.078 r=0.451 r=-0.008 r=-0.066 r=-0.003
from anesthesia p=0.381 p=0.681 =0.012 p=0.967 p=0.729 p=0.987
Intraoperative r=-0.233 r=0.310 r=0.202 r=-0.095
DEX dose p=0.216 p=0.095 p=0.285 p=0.619
Wake-up time r=0.314 r=0.518 r=-0.054 r=-0.171
from anesthesia p=0.091 p=0.003 p=0.778 p=0.365
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Fig. 3. (A-D) The Pearson correlation coefficient and P value between postoperative wake-up time and intraoperative DEX dose with intraoperative
average HR, maximum HR, minimum HR, average MAP, maximum MAP, minimum MAP. The density spectral array in the patient before anesthesia
(PSI = 95, E), during DEX anesthesia maintenance (PSI = 35, F), wake up after DEX anesthesia (G) and during propofol anesthesia maintenance (PSI

= 35, H). & waves: 0.5-4 Hz, 6 waves: 4-8 Hz, o waves: 8-13 Hz, § waves: 13-30 Hz.
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parasympathetic neurons projecting to heart [27], and dexmedetomidine related bradycardia could be the result of altered
sympathetic-parasympathetic balance [23]. 6. Dexmedetomidine modulates ion channels in cardiac cells, such as Na + channel
NaV1.5 in sinoatrial node, and results in HR decrease [28,29]. Considering the effect of dexmedetomidine on HR, when using
dexmedetomidine-led anesthesia, continuous HR monitoring is necessary, and the influence of other intraoperative factors need to be
considered for treatment strategy development [30]. Previous study indicated that low concentration of dexmedetomidine decreased
MAP by 13%, and higher concentration of dexmedetomidine progressively increased MAP (average peak increase = 12%) [31]. Our
study indicated that dexmedetomidine-led anesthesia induction and maintenance increased MAP, and the incidence of intraoperative
hypertension was even higher than bradycardia. Therefore, combined remifentanil infusion was used, and BP variations were
maintained at less than 20% during anesthesia maintenance.

The median wake-up time after dexmedetomidine-led anesthesia was 4.8 min, but one patient woke up 31 min after anesthesia. We
analyzed his perioperative data and found that his intraoperative and postoperative maximum HR was 116 and 106 bpm respectively.
We further found that perioperative maximum HR had moderate positive linear relationship between intraoperative dexmedetomidine
dose and wake-up time after anesthesia (r = 0.451, p = 0.012), which indicated that perioperative HR could be a reference factor for
dexmedetomidine dose adjustment and recovery management. The underlying mechanisms remain unclear. We speculate that certain
patients may exhibit a weak response to the aforementioned mechanisms, such as insensitivity to a2-receptor or NaV1.5 channel,
leading to relative high HR and high requirement of dexmedetomidine during anesthesia. Then, the high dose of dexmedetomidine
could activate a larger quantity of GABA receptor and 5-HT1A receptor, resulting in more pronounced residual effects and delayed
arousal [23,32].

Neurotoxic effects of anesthetics are potential factors that can lead to cognitive and behavioral impairments, particularly in elderly
or cognitive decline patients [33]. Clinical studies indicated that the prevalence of postoperative delirium in elderly patients under
sevoflurane and propofol-led anesthesia was 23.3% and 33.0%. Mechanism studies indicated that neonates could exhibit brain
structural abnormalities following prolonged exposure to 2.5-4% sevoflurane [34]. Inhaled anesthetics related neurotoxicity included
neurogenesis alteration, increased apoptosis and reduced proliferation of neural stem cells [35,36]. Therefore, non-injurious anes-
thetics and anesthesia strategy need more research. Studies indicated that dexmedetomidine improved cognitive function, and reduced
isoflurane-related neuroinflammation and apoptosis through inhibiting TLR2-NF-kB pathway [37,38]. dexmedetomidine also
inhibited HIF-a-PKM2 pathway, promoted PI3K-AKT pathway, and regulated the balance between cell survival and apoptosis [39,40].
The combination of dexmedetomidine and 1% sevoflurane provided similar depth of anesthesia with 2.5% sevoflurane, and was
associated with reduced neuronal injury [34]. Therefore, dexmedetomidine-led anesthesia could be potential non-injurious anesthesia
strategy. The present study provided a feasible dexmedetomidine-led anesthesia strategy in healthy adults, and our preliminary
experiment indicated that elderly patients needed much lower dexmedetomidine infusion rate in anesthesia maintenance, and had
short postoperative wake-up time and better cognitive function than inhaled anesthesia. Additional research is imperative to refine the
dexmedetomidine-centered anesthesia approach for elderly patients or those with cognitive decline.

Previous study indicated that as an anesthesia adjunct, dexmedetomidine prolonged anesthesia emergence [41], but this study
indicated that the emergence time of dexmedetomidine-led anesthesia was 4.8 min, which was shorter than short-duration anesthetic
propofol (emergence time, 5.9 min) and desflurane (emergence time, 5.7 min) [42]. We provided intensive anesthesia depth moni-
toring during maintenance and no intraoperative awareness events occurred, but based on Wilson confidence interval calculation, the
upper confidence limit of occurrence rate of intraoperative awareness was 3.27% (sample size = 30). The current rate of intraoperative
awareness in clinical practice was 0.3% [43], and considered the rate of 3.27% and 0.3%, a non-inferiority study of intraoperative
awareness for dexmedetomidine-led anesthesia is further required, which needs at least 1131 candidates. The combination of dex-
medetomidine with low doses of sevoflurane or midazolam during maintenance could reduce the possibility of intraoperative
awareness, which requires verification by subsequent studies. Previous study indicated that combined 1.2 pg/ml (target plasma
concentration) propofol decreased the inhaled concentration of sevoflurane to 0.3 MAC in anesthesia maintenance and provided faster
awakening and extubation [44]. The combination of dexmedetomidine and inhaled anesthetic could provide faster awakening, as well
as better postoperative cognitive function and lower incidence of delirium [45], and it could be valuable for elderly and cognitive
decline patients. This study provided the ED50 of dexmedetomidine infusion rate in maintenance, which could be a dose reference for
potential combined anesthesia implementation.

There are several limitations. Firstly, this study revealed a dexmedetomidine-led anesthesia maintenance strategy with controllable
effects on HR and BP. But the results were limited in ASA I or II patients without surgical complications. Assessing the safety and
therapeutic effectiveness of this modality across diverse patient populations and clinical contexts is imperative prior to its integration
into routine clinical application. Secondly, anesthesia maintenance was achieved by infusing both dexmedetomidine and remifentanil,
so the outcomes reflect the effective dose in the combination rather than dexmedetomidine alone. Thirdly, short-CAM is a widely used
assessment tool for delirium, but it focuses on specific criteria, so a combination of CAM with other tools, such as DRS-R-98, Mini-Cog,
etc., could be better for delirium diagnosis. Fourthly, this study suggested that perioperative maximal heart rate could serve as a
reference for adjusting dexmedetomidine dosage and predict wake-up time in dexmedetomidine-led anesthesia. However, further
investigation is needed to reveal the underlying mechanisms.

5. Conclusion
This study showed that dexmedetomidine-led anesthesia could maintain the depth of stage III anesthesia during major abdominal
surgery. The ED50 and ED95 of dexmedetomidine infusion rate during anesthesia maintenance were 2.298 pg/kg-h and 3.765 pg/kg-h

respectively. Perioperative maximum HR had significant correlation with intraoperative dexmedetomidine dose and wake-up time
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from anesthesia. Further studies are required to assess the feasibility and benefits of dexmedetomidine-led anesthesia in elderly or
cognitive decline patients, and explore the valuable combined anesthesia strategies with dexmedetomidine.
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