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Background: Dexmedetomidine (DEX) is a sedative with greater preservation

of cognitive function, reduced respiratory depression, and improved patient

arousability. This study was designed to investigate the performance of DEX during

anesthesia induction and to establish an e�ective DEX induction strategy, which

could be valuable for multiple clinical conditions.

Methods: Patients undergoing abdominal surgery were involved in this

dose-finding trial. Dixon’s up-and-down sequential method was employed to

determine the e�ective dose of DEX to achieve the state of “loss of consciousness”,

and an e�ective induction strategy was established with continuous infusion of

DEX and remifentanil. The e�ects of DEX on hemodynamics, respiratory state, EEG,

and anesthetic depth were monitored and analyzed.

Results: Through the strategy mentioned, the depth of surgical anesthesia was

successfully achieved by DEX-led anesthesia induction. The ED50 and ED95 of

the initial infusion rate of DEX were 0.115 and 0.200 µg/kg/min, respectively, and

the mean induction time was 18.3min. The ED50 and ED95 of DEX to achieve the

state of “loss of consciousness” were 2.899 (95% CI: 2.703–3.115) and 5.001 (95%

CI: 4.544–5.700) µg/kg, respectively. The mean PSI on the loss of consciousness

was 42.8 among the patients. During anesthesia induction, the hemodynamics

including BP and HR were stable, and the EEG monitor showed decreased α and

β powers and increased θ and δ in the frontal and pre-frontal cortices of the brain.

Conclusion: This study indicated that continuous infusion of combined DEX

and remifentanil could be an e�ective strategy for anesthesia induction. The EEG

during the induction was similar to the physiological sleep process.

KEYWORDS

dexmedetomidine, anesthesia induction, e�ective dose, electroencephalogram, patient

state index
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Introduction

Dexmedetomidine (DEX) is a highly selective α2 adrenergic

receptor agonist with sedative, hypnotic, and anxiolytic effects,

which are widely used in ICU for sedation and in clinical

anesthesia during surgical procedures (1). DEX could alter the

patient’s state of arousal through its actions on presynaptic α2

receptors on neurons projecting from the locus coeruleus. DEX’s

binding of α2 receptors hyperpolarizes locus coeruleus neurons

and decreases norepinephrine release, which results in loss of

inhibitory inputs to the preoptic area of the hypothalamus (2).

The preoptic area sends GABAergic and galanergic inhibitory

projections to the major arousal centers in the midbrain, pons,

and hypothalamus. Hence, loss of the inhibitory inputs from

the locus coeruleus results in sedation due to the activation

of these inhibitory pathways from the preoptic area to the

arousal centers (3, 4). Studies have indicated that DEX-induced

deep sedation neurophysiologically approximates non-rapid eye

movement (NREM) sleep (5). Anesthesia induction led by DEX

may lead to a process that approximates natural sleep-related

electroencephalogram (EEG) dynamics and becomes a natural

and valuable induction strategy. Furthermore, DEX could also

contribute to the prevention of postoperative cognitive dysfunction

(POCD) (6).

Induction of general anesthesia is often accompanied by

fluctuations in hemodynamics which may result in perioperative

organ hypoperfusion that increases the postoperative morbidity

and mortality risks (7), especially for patients with tumors whose

tolerance to stress is worse. Commonly used anesthetic propofol

induces cardiovascular depression with a decrease in blood

pressure (BP), and 22.6% of patients undergoing propofol-led

anesthetic induction experienced pre-incision severe hypotension

(MAP ≤ 55 mmHg) (8). Intravenous DEX induces a biphasic BP

response through peripheral vasoconstriction. Modest declines in

heart rate (HR) and BP are observed at lower DEX concentrations,

but bradycardia and hypertension at higher concentrations (9).

Meanwhile, the central inhibition of the sympathetic system by

DEX could minimize perioperative patient stress and BP instability

and improve hemodynamic control (10). DEX produces sedation

and anxiolysis through its inhibitory effect on α2 receptors, and

it has minimal effects on respiratory drive (11). Respiratory

depression and restlessness are rare during DEX sedation, and DEX

has potential benefits for patients with a difficult airway. Michael

et al. (12) reported that DEX could complete anesthesia induction

in difficult airway patients without a significant oxygen saturation

decrease. Furthermore, DEX could affect neuroinflammation in

the hippocampus through the glial cell and TLR4 inhibition,

thereby preventing neuronal apoptosis and POCD. Thus, DEX

has potential benefits for patients with neurodegenerative diseases

such as Alzheimer’s disease (13, 14). DEX also has minimal

impact on evoked potential monitoring and unique advantages for

neurosurgical procedures which require neurological examination

(15). Based on the above advantages, DEX-led anesthesia induction

protocols could be valuable for multiple contexts and patients.

Compared with midazolam, DEX provided similar sedative

effects and better analgesic effects (16). A previous study indicated

that continuous DEX infusion reduced the propofol requirement

to achieve the same anesthetic depth (17), which suggested

that DEX has the potential to become a major part of general

anesthesia strategy. As a dose-dependent sedative, if enough dose is

provided, DEX could produce deep sedation or general anesthesia,

but a higher dose of DEX may also lead to an increased risk

of bradycardia and hypertension (18). Numerous factors such

as hypoalbuminemia, liver dysfunction, reduced cardiac output,

and hemodynamic alterations affect metabolic clearance and

distribution volume, thereby influencing the DEX dosage (19,

20). Therefore, the doses of DEX in anesthesia induction and

the individual variations of DEX doses could both be large and

need investigations. In the present study, we sought to clarify the

feasibility of DEX for anesthesia induction and tried to establish

an induction strategy led by DEX, and the primary aim was to

determine whether the depth of anesthesia induction dominated by

DEX is sufficient for surgical operation, and further determine the

effective dose of DEX to achieve “loss of consciousness (observer’s

vigilance/sedation assessment, OAA/S score=1)” during induction.

The cardiovascular effects of DEXwere controlled through infusion

rate modification and combination with remifentanil, and the

secondary aim was to establish an effective strategy for DEX-led

anesthesia induction, to investigate the suitable infusion rate,

induction time, hemodynamics, EEG characteristics, and patient

state index (PSI) changes during DEX induction.

Methods

The study was conducted at the Cancer Hospital, Chinese

Academy of Medical Sciences from April to July 2022. After we

obtained approval from the ethics committee of the National

Cancer/Cancer Hospital, Chinese Academy of Medical Sciences,

and Peking Union Medical College (Approval No. 21/024-2695),

we registered the study at the Chinese Clinical Trial Registry

(Registration No. ChiCTR2200055246). A total of 36 patients

aged 28–59 years and ASA physical status I or II undergoing

abdominal surgery for gastric, colorectal, and gynecologic tumors

were recruited after gaining written informed consent. The patients

were excluded if one of the following criteria is true: BMI <

18.5 or > 30 kg/m2, sinus bradycardia (HR < 50 bpm), severe

heart block (third-degree heart block or type II second-degree

heart block), cardiac insufficiency (LVEF < 50%), severe valvular

heart disease, systemic or important organ infection, severe anemia,

severe liver, renal or thyroid dysfunction, neurological disease

or having received central nervous system drugs, preoperative

cognitive dysfunction (mini-mental state examination, MMSE <

24), long-term use of α adrenergic receptor-blocking drugs, and

allergy to the anesthetic drugs used in this study. The age, sex, body

weight, height, temperature, levels of ALT, AST, creatinine, urea,

Hgb, MMSE, personal history, ASA grade, and comorbidities were

collected and recorded on the case report forms before surgery.

All patients had no premedication. Upon arrival at the

operating room, monitors including electrocardiography, pulse

oximetry, and BP were applied. SedLine electroencephalograph

sensors (SedLine Sedation Monitor, Masimo Co., USA) were

attached to the forehead area to monitor the patient state Index

(PSI) and reflect the anesthetic depth. PSI scores of 50–100
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indicate light sedation or being awake, 25–50 indicate surgical

anesthesia, and 0–25 indicate an overdose or deep sedation. General

anesthesia was performed for all patients. Approximately 6 L/min

of oxygen was provided with facemasks for all patients during

induction. To improve the induction process and tolerability of

tracheal intubation, anesthesia induction was started with 0.3

µg/kg sufentanil, and 30 s later, continuous DEX (Yangtze River

Pharmaceutical Group Co., Ltd, Jiangsu, China) and remifentanil

infusion (Silugao CP-730 TCI pump, Silugao Med Tech, Beijing,

China) were performed. The infusion rate of remifentanil was set at

0.1 µg/kg/min.

Through preliminary experiments, we noticed that starting

with a high DEX infusion rate had a larger effect on HR and BP.

Thus, the initial DEX infusion rate was set at a relatively low rate for

the first 9min. Then, the infusion rate of DEX was adjusted at two

times the initial rate for the second 9min, and three times the initial

rate for the third 9min, and continued this cycle until achieving

the state of “loss of consciousness” (OAA/S scores = 1). Based on

the preliminary experiment, this strategy would not significantly

affect HR, BP, and spontaneous breath during induction, and there

was a ceiling effect for the vasoconstriction effect of DEX (21).

Furthermore, we prepared appropriate vasoactive drugs and laid

down a criterion to call off the trial for the occurrence of severe

and uncorrectable bradycardia. OAA/S score was assessed every

3min on a scale from 5 (readily responds to name spoken in

normal tone) to 1 (no response to mild prodding or shaking,

Supplementary Table 1). If OAA/S score > 1, the infusion of DEX

and remifentanil was continued. If OAA/S score = 1, the state

of “loss of consciousness” was diagnosed. The initial infusion rate

and total dose of DEX to achieve the state “loss of consciousness”

were recorded and calculated. 3min interval was relatively short,

but if the assessment interval was prolonged, the DEX dose would

be larger than the actual situation. HR, BP, and PSI were recorded

every 3min during the induction process.

The initial infusion rate of DEX was determined using

Dixon’s up-and-down sequential method. Based on the preliminary

experiment, the initial infusion rate of the first subject was set at

0.15 µg/kg/min. If the state of “loss of consciousness” was achieved

within 18min, the initial infusion rate of the next subject stepped

down by 0.03 µg/kg/min, and if the state of “loss of consciousness”

was achieved more than 18min, the initial infusion rate of the

next subject stepped up by 0.03 µg/kg/min. The study and patient

recruitment were continued until there were at least six crossover

pairs (a successful induction within 18min followed by a failed

induction within 18min) and 30 subjects were finished.

When OAA/S = 1, adequate anesthesia depth was achieved for

intubation and 0.8mg/kg rocuroniumwas infused, and the infusion

rate of DEX was adjusted to the initial rate of the current subject to

maintain anesthesia. Endotracheal intubation was performed, then

HR, BP, and PSI were recorded at 1 and 5min after intubation.

During anesthesia induction, 0.5mg of atropine was infused if

bradycardia (HR < 45 bpm) occurred, 100 µg of nitroglycerine

was infused if systolic BP (SBP) > 180 mmHg occurred, and jaw

thrust or assisted ventilation was performed if SpO2 < 95%. These

situations were recorded.

Anesthesia maintenance was performed with 0.75–1.5 MAC

desflurane, 0.1–0.3 ug/kg/min remifentanil, and 0.3–0.6 mg/kg/h

rocuronium. PSI was maintained in the range of 25 to 50. At

the end of the surgery, anesthetics were stopped. Approximately

2 mg/kg sugammadex was infused to reverse neuromuscular

blockade. Endotracheal extubation was performed when the

patients opened their eyes spontaneously or by verbal commands,

and adequate tidal volume and respiratory rate were recovered.

When consciousness and respiration were stable, the patients were

transferred to the postanesthetic care unit. On the 1st postoperative

day, a modified Brice interview (Supplementary Table 2) (22) was

performed to evaluate the occurrence of intraoperative awareness.

Statistical analysis

The statistical analyses were performed using SPSS 25 (SPSS

Inc., Chicago, USA). Data were collected and presented as mean

± SD or number (%). Up-and-down sequences were analyzed by

the probit test, which enabled the ED50 and ED95 of the initial

infusion rate and total dose of DEX in anesthesia induction with

95% confidence limits (CI). The ED50 of the initial infusion rate

was also calculated as the mean of the independent crossovers of

the initial infusion rate. HR, mean arterial pressure (MAP), and PSI

changes were analyzed using one-way ANOVA.

Results

The participants’ flow during the study is shown in Figure 1.

Thirty-six patients were assessed for eligibility, two patients did not

meet the inclusion criteria and were excluded, and four patients

were eligible but not recruited due to the postponement of surgery.

Thus, 30 patients were recruited and completed the study. Patients’

characteristics before surgery and baseline data are presented in

Table 1, from which we can see the average age and BMI were 50.0

and 24.5, respectively. The average ALT, AST, creatinine, and urea

nitrogen were within the normal range. All patients had MMSE

scores >24, indicating that the preoperative cognitive function is

intact. For preoperative comorbidities, 10 patients had a history

of hypertension, three had diabetes, and one had obstructive sleep

apnea syndrome (OSAS).

The state of “loss of consciousness” was achieved within 18min

in 15 patients and was achieved more than 18min in another 15

patients. The average induction time was 18.3min. The consecutive

results of the initial infusion rate are shown in Figure 2. Probit

regression was used to obtain the ED50 and ED95 of DEX initial

infusion rate for the first 9min as 0.115 µg/kg/min (95% CI: 0.070–

0.160 µg/kg/min) and 0.200 µg/kg/min (95% CI: 0.157–0.625

µg/kg/min), respectively. In total, eight crossover pairs appeared

in this study, and the mean of the eight crossover pairs of initial

infusion rate was 0.111 µg/kg/min, which is consistent with the

result obtained by the probit regression. The dose of remifentanil to

achieve the state of “loss of consciousness” was 1.83± 0.52 µg/kg.

As shown in Figure 3, a sigmoid dose–response curve was

plotted by probit analysis with the number of responders at each

dose. The estimated ED50 of DEX dose to achieve the state of

“loss of consciousness” (OAA/S = 1) was 2.899 µg/kg (95% CI:

2.703–3.115 µg/kg) and the ED95 was 5.001 µg/kg (95% CI:
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FIGURE 1

Flow chart for this Dixon’s up-and-down sequential study.

4.544–5.700 µg/kg). Table 2 shows the calculated doses of DEX at

each probability of the state of “loss of consciousness”. The effect

of DEX was dose-dependent, and the incidence of the response

of “loss of consciousness” increased with the increasing dose.

Furthermore, the influences of gender, ASA classification, and age

on the effective dose of DEX were analyzed. The results indicated

that there was no significant difference in the effective dose between

male (3.26 ± 1.48 µg/kg) and female patients (3.08 ± 1.34 µg/kg,

p = 0.729), between patients of ASA I (3.17 ± 1.58 µg/kg) and

patients of ASA II (3.18 ± 1.04 µg/kg, p = 0.980), or between

patients aged ≤ 50 years (3.38 ± 0.41 µg/kg) and patients aged >

50 years (3.04± 0.33 µg/kg, p= 0.511).

To explore the situations and complications that may occur

during DEX induction, the patient’s characteristics in anesthesia

induction were recorded and analyzed (Table 3 and Figure 4).

The PSI scores at 3min to 27min after DEX pumping infusion

decreased significantly compared with the baseline level (p <

0.05 or p < 0001). The average PSI on the loss of consciousness

was 42.8 (< 50), which decreased significantly compared with

the baseline level (p < 0.001). The PSI score at 5min, but not

1min, after intubation, decreased significantly compared with

before intubation (p < 0.01, Figure 4A). The HR at 3 to 24min

after DEX pumping infusion decreased significantly compared

with the baseline level (OAA/S 1, p < 0.01 or p < 0001). The

average minimum and maximum HR during induction were 55.3

bpm and 78.2 bpm, respectively, and no bradycardia (HR <

45 bpm) occurred during the induction. The HR at 1min after

intubation increased significantly compared with before intubation

(p < 0.001, Figure 4B). There were no significant variations in

the average MAP of all patients during induction (Figure 4C), and

the average minimum and maximum MAP was 87.6 mmHg and

107.4 mmHg, respectively. Three patients developed SBP > 180

mmHg during induction; they all had a history of hypertension,

and their BP increases were <20% compared with the baseline.

Approximately 100 µg of nitroglycerin was given and their BP

returned to the normal range. No other vasoactive drugs were

used during induction. Then, 5 L/min oxygen was provided with

face masks during induction. Nine patients experienced SpO2 <

95% when they lost consciousness and the cause was considered

glossoptosis. One patient had a history of OSAS, and his SpO2

decreased before he lost consciousness. All SpO2 returned to

100% after their lower jaws were lifted, and assisted ventilation

was not necessary. A modified Brice interview was used on the

1st postoperative day to evaluate the occurrence of intraoperative

awareness during anesthesia induction. The results indicated that

the last thing to remember before induction was call name or
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facemask pre-oxygenation, and the first thing to remember after

emergence was call name or in the ward in these patients. No

intraoperative consciousness or dreaming was reported.

Figure 5 shows the typical patterns and the characteristic

changes of EEG in the frontal and pre-frontal cortices of the brain

during DEX induction. During the initial stage of DEX induction,

TABLE 1 Subject characteristics.

Sex (Male/ Female) 15 / 15

Age (year) 50.0± 7.8

Weight (kg) 70.4± 11.7

Height (cm) 169.0± 8.4

BMI (kg/m2) 24.5± 2.6

Temperature (oC) 36.3± 0.2

ALT (U/L) 22.0± 14.1

AST (U/L) 24.0± 14.0

Creatinine (µmol/L) 70.4± 19.5

Urea nitrogen (mmol/L) 5.1± 1.2

MMSE 29.0± 1.0

Smoking (%) 4 (13.3%)

Drinking (%) 5 (16.7%)

ASA grade (I/ II) 19 / 11

Comorbidities

Hypertension 10 (33.3%)

Diabetes 3 (10.0%)

OSAS 1 (3.3%)

Types of surgery

Gastric surgery 6 (20.0%)

Colorectal surgery 17 (56.7%)

Gynecologic surgery 7 (23.3%)

Data are presented as mean± SD or number (%).

when the depth of sedation was mild and PSI scores were high (96,

84, and 73), the typical EEG was mainly β and α waves. When

the depth of sedation achieved moderate (PSI 64 and 55), β and

α waves decreased, and θ wave increased gradually. When the

depth of sedation further achieved the level of surgical anesthesia

(PSI 45, 34, and 25), the EEG changed to θ wave and slow δ

oscillations, which were the symbol of NREM sleep stage N3. The

results indicated that the EEG changes during DEX-led anesthesia

induction approximated the physiological sleep process.

Discussion

This study indicated that continuous infusion of combined

DEX and remifentanil could be an effective strategy for anesthesia

induction. The ED50 and ED95 initial infusion rates of DEX were

0.115 and 0.200 µg/kg/min, respectively, for the first 9min, the

rate of DEX was adjusted two times and three times of initial

infusion rate, respectively, for the second and third 9min. The

mean time to achieve the state of “loss of consciousness” was

18.3min. The ED50 and ED95 of DEX to achieve the state of

FIGURE 3

Dose–response curve for DEX plotted using probit analysis. The

ED50 and ED95 of DEX to achieve the state of “loss of

consciousness” were 2.899 (95% CI: 2.703–3.115 µg/kg) and 5.001

µg/kg (95% CI: 4.544–5.700 µg/kg), respectively.

FIGURE 2

The sequence of initial infusion rate of DEX administered and subsequent response (loss of consciousness) within 18min. Success – open circle;

failure – filled circle.
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TABLE 2 Calculated probabilities of loss of consciousness.

Probability DEX dose (µg/kg) 95% CI

0.05 0.841 0.309–1.204

0.10 1.295 0.871–1.593

0.20 1.846 2.539–2.077

0.30 2.242 2.002–2.443

0.40 2.582 2.377–2.778

0.50 2.899 2.703–3.115

0.60 3.215 3.008–3.473

0.70 3.555 3.317–3.873

0.80 3.951 3.666–4.354

0.90 4.502 4.138–5.033

0.95 4.956 4.523–5.599

TABLE 3 DEX induction characteristics.

Induction time (min) 18.3± 5.2

PSI on loss of consciousness 42.8± 10.1

Minimum HR during induction (bpm) 55.3± 6.7 0

Bradycardia (HR < 45 bpm) (0.0%)

Maximum HR during induction (bpm) 78.2± 11.5

MinimumMAP during induction (mmHg) 87.6± 10.8

MaximumMAP during induction (mmHg) 107.4± 13.5 3

Hypertension (SBP > 180 mmHg) (10.0%)

SpO2 < 95% on loss of consciousness 10 (33.3%)

The last thing to remember before induction

Call his/her name 15 (50.0%)

Facemask pre-oxygenation 15 (50.0%)

The first thing to remember after emergence

Call his/her name in the operating room 18 (60.0%)

In the ward 12 (40.0%)

Conscious or dreaming during induction 0 (0.0%)

Adverse reactions during induction 0 (0.0%)

Data are presented as mean± SD or number (%).

“loss of consciousness” in 18min were 2.899 and 5.001 µg/kg,

respectively. The hemodynamics including BP and HR were

relatively stable among the patients, three patients (with a

history and baseline hypertension) developed SBP > 180 mmHg

during induction, and no patient developed bradycardia (HR

< 45 bpm). Respiratory function remained intact throughout

the process. Glosspotosis occurred in few patients and their

SpO2 returned to 100% after the jaws were lifted without

assisted ventilation. No intraoperative awareness or other

adverse reactions during the induction period were reported.

The mean PSI on the loss of consciousness was 42.8. EEG

showed that during DEX induction, α and β power decreased,

FIGURE 4

The change trends of PSI (A), HR (B), and MAP (C) of patients during

DEX induction. *p < 0.05, **p < 0.01, and ***p < 0.001 compared

with baseline; ##p < 0.01 and ###p < 0.001 compared with

OAA/S 1 (before intubation).
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while θ and δ power increased in the frontal and pre-frontal cortices

of the brain, which was similar to the physiological sleep process.

The purpose of this study was to establish an effective

strategy with DEX to achieve the state of “loss of consciousness”

in anesthesia induction. As a previous study reported, the

administration of a single bolus DEX has a 6.5 ± 3.4min

distribution half-life, and its anesthesia onset time is even longer

(23). Loading doses of 0.5–1.0 µg/kg DEX, followed by an infusion

at a rate of 0.2–0.7 µg/kg/h, could provide effective sedation

(Ramsay sedation score ≥ 3) and be well-tolerated (24). Our

preliminary experiment indicated that shortening the induction

time to <10min may trigger bradycardia (HR < 45 bpm) and

hypertension (SBP > 180 mmHg). Therefore, the threshold of

Dixon’s up-and-down method was extended to 18min. The initial

infusion rate was set at a relatively low rate for the first 9min

and increased gradually for the second and third 9min to control

hemodynamic changes during induction. With this strategy, the

dose of DEX was greater than the amount used in previous studies

or clinical practices but no patient experienced bradycardia.

The main reason for using the remifentanil combination

was that induction with DEX alone required a higher dose and

prolonged time, which raised the occurrence of hypertension in

the preliminary experiment (Up to 30%). This combination let

alone with a lower DEX dose and relatively shorter induction

duration. The opioids also help to improve the patient’s tolerance to

tracheal intubation, and a study showed that 0.025–0.15µg/kg/min

remifentanil could be safely used for birth pain relief, and no

patients experienced SpO2 ≤ 95%without oxygen supplementation

(25). Thus, combined with a low-rate infusion of remifentanil could

be an effective strategy to control the DEX dose during induction

without obvious respiratory depression. Remifentanil could also

decrease the occurrence of hypertension, and in this study, only

three patients with a history of hypertension developed SBP > 180

mmHg during induction, and their BP fluctuations were <20%

compared with the baseline level.

Dexmedetomidine induction took a longer time, the SpO2 was

stable until the state of “loss of consciousness” was achieved and

glossoptosis occurred. The SpO2 returned to 100% after the jaw was

raised without assisted ventilation, which indicated that DEX had

a respiratory-preserving property. Previous studies indicated that

infusion of 2 ug/kg DEX did not decrease the respiratory rate in

volunteers, although the tidal volumewas slightly reduced (26). The

effect of DEX on breathing is much less pronounced than opioids

and other intravenous sedation drugs, and the degree of breathing

is similar to that of deep sleep (27). Because of this feature, DEX-

induced cooperative sedation with minimal respiratory depression

provides safe and acceptable conditions during neurosurgical

procedures in awake patients and awake fiberoptic intubation (28).

Sleep is a rapidly reversible state of reduced responsiveness

and metabolism of the brain, which can be broadly segmented

into rapid eye movement (REM) sleep and non-REM (NREM)

sleep. NREM sleep comprises the majority of the total sleep time

in adults. It could be further divided into three sub-stages: stage

N1, stage N2, and stage N3. Stage N1 sleep is the transition stage

from wakefulness to sleep, which is characterized by decreased

α rhythm and low amplitude EEG pattern in the theta range.

During stage N2 sleep, spindle powers and K-complexes appear.

Stage N3 sleep, also referred to as “deep sleep” or “slow wave

sleep”, is characterized by low frequency but high amplitude δ

EEG waves (29). General anesthesia-induced unconsciousness has

been compared with sleep (30). The anesthetic state and sleep

have similarities and differences in EEG dynamics (31). In the

propofol-induced loss of consciousness process, an increase in low-

frequency power and the appearance of coherent frontal alpha

oscillations were observed, but with shorter periods of neuronal

firing and longer periods of silence than sleep slow waves (32),

which suggest a more profound degree of cortical impairment than

natural sleep. The present results showed that as anesthesia depth

increased during DEX induction, α and β power decreased, while θ

and δ power increased in the frontal and pre-frontal cortices of the

brain. Previous results showed that DEX-induced spectral power of

moderate sedation was larger at 0.75–6.5Hz and 12.5–15.5Hz and

smaller at 8.5–11Hz and 17.5–40Hz (33). DEX promoted N3 sleep

in a dose-dependent manner and did not impair performance on

the psychomotor vigilance test (5). These data indicated that DEX

anesthesia was more similar to NREM sleep stage N3 than propofol

anesthesia, and EEG pattern scores could be used to evaluate the

depth of DEX anesthesia.

About 25% of patients aged over 60 years experienced

POCD within 7 days after major noncardiac surgery (34). Dose-

related neurotoxic effects of inhaled anesthetics and propofol have

been reported in animal experiments (35–37). Studies suggested

that systemic inflammation response was a leading trigger

(38). DEX could suppress stress responses and accompanying

neuroinflammation (39), and reduce the emergence of delirium

in both adults and children (40). DEX could also induce EEG

changes similar to NREM sleep stage N3, but propofol could

produce burst suppression, a pattern of intermittent bursts of

activity punctuated by electrical silence, which is not observed

during natural sleep. Studies suggested that burst suppression or

low BIS values were associated with postoperative delirium (41, 42).

Therefore, DEX induction and even maintenance may lead to less

neurotoxicity and improved postoperative recovery, especially in

elderly or recognition-impaired patients.

There are several limitations to this study and induction

strategy. First, in the preliminary experiment, we found that

induction with DEX alone led to hypertension (SBP > 180

mmHg) in 30% of patients, then the induction was performed

with continuous infusion of both DEX and remifentanil. Thus,

the results were not the effective dose for the sole application

of DEX. Second, to avoid bradycardia, the induction time was

extended. Although the induction process and hemodynamics were

stable, 18min induction time was relatively long in clinical practice.

Third, this study was launched in relatively healthy patients (ASA

I or II, baseline HR > 50 bpm), and these patients were not

receiving any other common vasoactive agents (such as beta-

blockers, calcium channel blockers, etc.) that might potentiate the

hemodynamic effect of DEX. This alleviated the generalization of

the results to common practice. Additional studies with different

DEX loading doses in different disease settings are necessary.

Fourth, this study is an investigation of the clinical performance

of DEX-led anesthesia induction, and PD/PKmodels detection and

calculation would be necessary for future studies. Finally, the state

of “loss of consciousness” and depth of anesthesia were mainly
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FIGURE 5

The typical patterns and the characteristic changes of EEG when PSI scores were 96, 84, 73, 64, 55, 45, 34, and 25 during DEX induction.

measured with a subjective method ‘OAA/S’, and PSI was only used

as an indicator. Although no awareness was reported, the depth

of anesthesia still needs further investigations with more monitors,

including BIS and EEG.

Conclusion

This study indicated that continuous infusion of combined

DEX and remifentanil could be an effective strategy for anesthesia

induction. The ED50 and ED95 of DEX to achieve the state of

“loss of consciousness” were 2.899 and 5.001 µg/kg, respectively.

The initial infusion rate of DEX was 0.115 µg/kg/min and the

mean induction time was 18.3min. The hemodynamics including

BP and HR were stable among the patients, and the mean PSI on

the loss of consciousness was 42.8. EEG showed that during DEX

induction, α and β power decreased, while θ and δ power increased

in the frontal and pre-frontal cortices of the brain, which was

similar to the spontaneous sleep process. However, the application

of DEX in general anesthesia still needs further investigation, as

well as the mechanism and relationship between general anesthesia

and sleep.
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