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	 Background:	 Emergence agitation, or delirium, occurs during early recovery from general anesthesia and involves disorien-
tation, excitation, and uncontrolled physical movements. Dexmedetomidine is an alpha agonist that has sed-
ative, anxiolytic, analgesic, and sympatholytic activities and is used as a continuous infusion to prevent emer-
gence agitation. This study aimed to evaluate patients aged 65 years and older undergoing general anesthesia 
to determine the 90% effective dose (ED90) of dexmedetomidine continuous intraoperative infusion to prevent 
emergence agitation.

	 Material/Methods:	 We enrolled 44 patients aged 65 years and older undergoing spinal surgery under general anesthesia. 
Dexmedetomidine administration commenced 30 minutes before surgery completion, with a predetermined 
infusion dose (μg/kg/h), without a loading dose. The initial dose was 0.2 μg/kg/h, and subsequent step size 
was ±0.05 μg/kg/h. We tried to find ED90 of dexmedetomidine using the biased-coin design. Vital signs, extu-
bation quality scores, extubation-related complications, and postoperative outcomes were monitored.

	 Results:	 Dexmedetomidine ED90 for smooth emergence in older patients was 0.34 μg/kg/h. Peri-extubation vital signs 
remained within 20% of baseline values, without requiring pharmacological intervention. No hypoxia, hypoven-
tilation, or post-extubation agitation occurred. In the recovery room, 1 patient briefly exhibited excitement 
but quickly calmed. Nine patients initially unresponsive in the recovery room fully awoke and were promptly 
discharged.

	 Conclusions:	 For older patients who are vulnerable to adverse effects of anesthetics and opioids, dexmedetomidine enables 
gentle awakening without adverse vital sign changes, respiratory depression, excessive sedation, or emergence 
agitation (ED90=0.34 μg/kg/h). Further studies should involve a larger patient cohort, considering diverse med-
ical conditions in older individuals.
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Introduction

During emergence from anesthesia, patients often exhibit an 
airway reflex response, such as coughing, apnea, and laryngo-
spasm, in response to laryngeal stimulation, primarily due to 
the presence of an endotracheal tube [1]. This response tends 
to be more severe and prolonged compared with that in the 
awake state [1]. Furthermore, it is frequently accompanied by 
hypertension and tachycardia [2] and can lead to increased 
intracranial and intra-abdominal pressures [2-4]. This height-
ened physiological response is especially concerning in older 
patients with multiple medical comorbidities, resulting in a high 
incidence of perioperative complications [5,6]. Therefore, the 
need to achieve a smooth emergence to mitigate this stress 
response in older patients becomes apparent.

Age ³65 years was revealed to the risk factor for emergence 
agitation [7]. Emergence agitation involves restlessness, dis-
orientation, and non-purposeful movement during early re-
covery from general anesthesia, and the incidence of emer-
gence agitation varies with age from approximately 0.25% to 
90.5% in previous studies [8]. Dexmedetomidine has been 
shown to have a decreased risk of delirium in mechanically 
ventilated patients, and prevents emergence agitation in chil-
dren and adults [9,10].

Among the medications studied for achieving a smooth emer-
gence, dexmedetomidine stands out due to its favorable prop-
erties, including arousable sedation without respiratory de-
pression, cough suppression, or sympatholytic effects [11]. 
Therefore, dexmedetomidine may be useful for the smooth 
emergence of older patients. However, the dose of dexme-
detomidine required for smooth emergence in older patients 
has not been clearly established due to differences in study 
designs [12]. Continuous infusion of dexmedetomidine with-
out a loading dose has been used to reduce sudden hemo-
dynamic changes caused by a loading dose [13]. Therefore, it 
can be easily applied during surgery and is particularly safe for 
older patients with stable hemodynamics. Consequently, this 
study evaluated 44 patients aged 65 years and older under-
going general anesthesia for spinal surgery to determine the 
90% effective dose (ED90) of dexmedetomidine continuously 
without a loading dose to prevent emergence agitation and 
to reduce unfavorable respiratory complications.

Material and Methods

Ethics Statement

This study was based on anonymous data obtained from the 
Department of Anesthesiology and Pain Medicine at Ajou 
University School of Medicine. This study protocol was reviewed 

and approved by the Institutional Review Board of Ajou 
University Hospital, approval number AJIRB-MED-OBS-18-331. 
Written informed consent was obtained from all patients.

Study Design

This study included older individuals aged ³65 years with an 
American Society of Anesthesiologists physical status classifi-
cation system of I to II, who were expected to undergo spine 
surgery under general anesthesia. The exclusion criteria were: 
patient rejection, difficult airway to intubate, gastroesophage-
al reflux disease, severe obesity with a body mass index >35 
kg/m2, upper respiratory tract infection within 2 weeks, mod-
erate-to-severe asthma or chronic obstructive pulmonary dis-
ease, drug treatment with cognitive impairment such as demen-
tia or Parkinson’s disease, history of cerebrovascular disease, 
and risk of aspiration.

Anesthesia Protocol and Clinical Measurement

Upon entering the operating room, patients were monitored 
using electrocardiography, blood pressure measurement, pulse 
oximetry, and bispectral index (BIS) (BIS™, Covidien LLC, USA). 
For anesthesia induction, thiopental (4 mg/kg) and fentanyl 
(1 mcg/kg) were administered intravenously, and when the 
patient lost consciousness, rocuronium 0.6 mg/kg was ad-
ministered. After loss of consciousness, the patient was sup-
plied with 3-5 vol% sevoflurane until endotracheal intubation. 
Following intubation, sevoflurane was adjusted to maintain a 
BIS of 40-60 at 1.5-2.5 vol%. Blood pressure (BP) and heart 
rate (HR) were maintained within 20% of baseline values, and 
mechanical ventilation was controlled to maintain end-tidal 
carbon dioxide values at 35-40 mmHg. Blood pressure mea-
surements, pulse oximetry, and BIS were checked and record-
ed 7 times in the operating room (before anesthesia, dexme-
detomidine starting point, dexmedetomidine stopping point, 
sevoflurane stopping point, just before extubation, 1 minute 
after extubation, and 5 minutes after extubation) and 3 times 
in the recovery room (arrival in the recovery room, 10 minutes 
after arrival, and 20 minutes after arrival).

The administration of dexmedetomidine was initiated at a 
predetermined infusion rate (μg/kg/h) 30 minutes before the 
end of the operation and was stopped 5 minutes before the 
end of the operation (at the start of skin closure). The prede-
termined dose was determined based on the response of the 
previous patient. However, the first patient received a fixed 
dose of 0.2 μg/kg/h as per the biased-coin design. After the 
operation, sevoflurane was discontinued, and 0.004 mg/kg gly-
copyrrolate and 0.02 mg/kg neostigmine were administered. 
Extubation was performed when muscle relaxation returned to 
normal, and tidal volume and respiratory rate were restored. 
The emergence time was defined as the time from the end of 
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sevoflurane administration to extubation. Vital signs (BP, HR, 
oxygen saturation), BIS, emergence agitation, and post-extuba-
tion airway complications were observed while supplying the 
patient with 100% oxygen with a mask. After confirming sta-
bility, the patient was transferred to the post-anesthesia care 
unit (PACU). Five minutes after arriving in the PACU, postop-
erative nausea and vomiting (PONV), sore throat, hoarseness, 
and pain index using the numeric rating scale (NRS) were mea-
sured. If the pain index was ³5, rescue fentanyl (1 μg/kg) was 
administered intravenously to the patient. The consciousness 
level was evaluated using the Ramsay sedation scale (RSS), 
which was measured 5 minutes after arrival and just before 
leaving the PACU. The RSS scores were: 1 – patient anxious 
and agitated, restless, or both; 2 – patient co-operative, ori-
ented, and tranquil; 3 – patient responds to commands only; 
4 – a brisk response to a light glabellar tap or loud auditory 
stimulus; 5 – a sluggish response; and 6 – no response [14].

The primary endpoint in this study was the presence or ab-
sence of smooth emergence, and the secondary endpoints 
were emergence time; the presence or absence of hypoxia, 
hypoventilation, or emergence agitation; and occurrence of 
hypotension or hypertension.

Biased-Coin Design

In this study, we aimed to determine the ED90 (effective dose 
for 90% of patients) of dexmedetomidine in older patients us-
ing a biased-coin design [15,16] designed to establish an ef-
fective drug dose in >90% of patients. The biased-coin design 
was a modification of up-and-down methods, and it has been 
used for determination of the concentration or dose of anes-
thetic agents along the dose-response curve. In the biased-
coin design, the response of the first patient determines the 
dose level for the second patient [16].

The initial starting dose of dexmedetomidine was 0.2 μg/kg/h, 
and the subsequent dose was determined based on the effec-
tiveness of the dose (success) or ineffectiveness (failure) as as-
sessed by the extubation quality score. The step size for dose 
adjustment was 0.05 μg/kg/h. If the dose was found to be in-
effective and considered a failure, the dose for the next pa-
tient was increased by +0.05 μg/kg/h. Conversely, if the dose 
was effective and categorized as a success, the next subject 
received the same dose with a 90% probability, or a dose of 
-0.05 μg/kg/h was chosen with a 10% probability.

The criteria for smooth emergence, which determined success 
or failure, were based on the extubation quality score. An ex-
tubation quality score of 1 or 2 was considered successful, 
whereas 3 to 5 indicated failure. The extubation quality score 
is as follows: (1) no cough and easy breathing; (2) mild cough 
(defined as a cough mild enough that it did not cause patient’s 

head to lift from the bed, with an increase in blood pressure 
and heart rate during coughing of <20%) and easy breathing; 
(3) moderate cough (1 to 3 of loud coughs that were force-
ful enough to lift patient head in bed); (4) severe cough (4 or 
more consecutive loud coughs that caused the patient’s head 
to lift in bed) and difficulty breathing; and (5) laryngospasm 
and difficulty breathing [17,18].

Statistical Analysis

According to a statistical reference [15], the up-and-down 
method was applied until 6 intersections were reached, typi-
cally requiring 35-40 subjects.

Statistical analyses were performed using R version 4.1.0. (The 
R Project for Statistical Computing; https://www.r-project.org). 
To obtain the ED90, the pooled-adjacent-violators algorithm 
(PAVA) was used, and a 95% confidence interval (CI) was ob-
tained using bootstrapping.

Results

Basic Patients Characteristics and Anesthesia Profiles Data

We enrolled 44 patients aged ³65 years who underwent spi-
nal surgery under general anesthesia. The mean age of the 
patients was 72.8 years. Among the 44 patients, 23 (52.27%) 
were female and 21 (47.73%) were male. The mean opera-
tion time was 140.2 minutes, and the mean anesthesia time 
was 200.2 minutes. The time from the completion of surgery 
to extubation, known as the mean emergence time, was 9.36 
minutes (shown in Table 1). No significant differences in pa-
tient characteristics or basic operative data were observed be-
tween patients in whom smooth emergence succeeded and 

Age (years) 72.8

Sex (Female/Male, n) 23/21

Height (cm) 159.39

Body weight (kg) 62.04

ASA status (I/II, n) 8/36

Comack-Lehane grade (I/II, n) 36/8

Intubation trial number (n) 1

Operation time (min) 140.23

Anesthesia time (min) 200.23

Emergence time (min) 9.36

Table 1. Patient characteristics and basic operative data.

Data are expressed as number or mean. ASA – American Society 
of Anesthesiologists.
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those in whom it failed. No instances of hypoxia, hypoventila-
tion, or emergent agitation were observed following extubation.

Clinical Results for Effective Dose of Dexmedetomidine

The success and failure responses of each patient at the as-
signed dose of dexmedetomidine were expressed graphical-
ly, with the patient sequence on the x-axis and each assigned 
dose on the y-axis (shown in Figure 1). In this study, the ED90

 

of dexmedetomidine, calculated using isotonic regression, was 
determined to be 0.34 μg/kg/h (95% CI, 0.26-0.38) for older 
patients undergoing general anesthesia to achieve smooth 
emergence. The frequency of trials for smooth emergence at 
each specific dexmedetomidine dose and the observed and 
PAVA-adjusted response rates for the subjects are present-
ed in Table 2.

The Hemodynamic and Respiratory Variables

Significant changes in vital signs measured from the start of 
dexmedetomidine administration to 5 minutes after extuba-
tion are shown in Table 3. The vital signs were analyzed by 
dividing them into 2 time points centered around extubation: 
T1 and T2 (T1: dexmedetomidine starting point, dexmedeto-
midine stopping point, and sevoflurane stopping point; T2: im-
mediately before extubation, 1 minute after extubation, and 
5 minutes after extubation). The definition for these terms at 
these times were as follows: hypertension, systolic BP (SBP) 
>20% of baseline value or 150 mmHg, whichever was higher; 
hypotension, SBP <90 mmHg or mean arterial pressure (MAP) 
<60 mmHg, whichever was lower; tachycardia, HR >100 bpm; 
and bradycardia, HR <60 bpm. At T1, hypotension occurred in 
22.7% of patients and remained relatively stable, with values 
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Figure 1. �Determination of the ED90* of dexmedetomidine for smooth emergence in older patients. The patient sequence number 
(x-axis) represents the order of subject exposures using the biased-coin design. * ED90 – effective dose for 90% of patients.

Dose (μg/kg) Trials Events naiveProbability pavaProbability

0.15 3 2 0.6667 0.6667

0.20 3 2 0.6667 0.6667

0.25 8 7 0.8750 0.7692

0.30 5 3 0.6000 0.7692

0.35 21 20 0.9524 0.9523

0.40 4 4 1.0000 1.0000

Table 2. Response rates observed and adjusted by PAVA approach.

PAVA – pooled adjacent-violators algorithm.
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close to SBP of 90 mmHg, requiring no use of vasopressors. At 
T2, hypertension occurred in 47.7% of patients, but was >20% 
of the baseline value in only 1 patient, and even in this case, 
the blood pressure decreased to <20% of the baseline value 
within 1 minute. Tachycardia was reported in only 1 case, with 
HR remaining <120 bpm, and patients with bradycardia did 
not require pharmacological treatment. No significant differ-
ence in the incidence of hypertension, hypotension, tachycar-
dia, or bradycardia was observed between the patients who 
achieved smooth emergence and those who did not.

Patients Records in PACU

The postoperative data in the recovery room are presented 
in Table 4. The incidence of PONV was 4.5%, whereas that of 
sore throat and hoarseness was 22.7% and 20.5%, respectively. 
The mean NRS score was 4.09±1.82, and 11 patients (25.0%) 
required rescue fentanyl during their recovery. According to 
RSS records taken immediately after arrival at the PACU, most 

patients had an RSS score of 2 (34 patients, 77.2%). One pa-
tient (2.2%) had an RSS score of 1, and 9 patients (20.5%) had 
an RSS score of 3. These agitated or sedative patients recov-
ered to an RSS score of 2 within 5 minutes and were prompt-
ly discharged from the ward.

Discussion

This study determined that when a continuous infusion of 
dexmedetomidine without a loading dose was administered 
30 minutes before the end of the operation, the ED90 of dex-
medetomidine required to achieve smooth emergence from 
general anesthesia was 0.34 μg/kg/h in older patients (95% 
CI, 0.26-0.38). The infusion dose of dexmedetomidine used in 
this study ranged from 0.15 to 0.4 μg/kg/h, and no adverse 
effects were reported.

Dexmedetomidine is a selective a2-receptor agonist with sym-
patholytic, sedative, anxiolytic, and analgesic properties [19]. 
Furthermore, it is among the most effective agents for allevi-
ating cough during anesthesia emergence to obtain a smooth 
emergence [20]. However, owing to variations in target groups 
and regimens in small-series studies, the administration meth-
od and appropriate dosage have not been clearly determined, 
especially in older patients. In several clinical studies [21,22], 
the sedative and hemodynamic effects of dexmedetomidine 
were more pronounced in older patients, necessitating a reduc-
tion in the loading and maintenance dose [23]. Furthermore, 
omitting the loading dose is reportedly useful for lessening 
hemodynamic adverse effects [19,24], and a prolonged infu-
sion time of 15-30 minutes is also sufficient for the clinical ef-
fect of dexmedetomidine, such as sedation [25]. In the present 
study targeting older patients aged ³65 years, we adopted an 
infusion method without a loading dose that commenced 30 
minutes before the conclusion of the operation and ceased 5 
minutes before the end of the operation. This method is easi-
ly applicable and allows for a gradual onset of dexmedetomi-
dine with minimal hemodynamic effects, even when combined 
with various anesthetic drugs during general anesthesia. The 
choice of a dexmedetomidine starting dose of 0.2 μg/kg/h in 
this study was based on a previous study that demonstrated 
an absence of cardiovascular adverse effects when dexme-
detomidine infusion without loading dose was administered 
to patients with an average age of 60 years [13]. The infusion 
dosage range used in this study spanned from 0.15 to 0.4 μg/
kg/h, and no significant hemodynamic changes, such as hy-
pertension, hypotension, tachycardia, or bradycardia, were 
observed in relation to dexmedetomidine infusion within this 
range. In terms of clinical utility for achieving smooth emer-
gence, infusing dexmedetomidine within the range of 0.15 to 
0.4 μg/kg/h proved effective in mitigating cough during an-
esthesia emergence in older patients.

Time periods T1 period T2 period

Hypertension, n 	 7	 (15.9%) 	 21	 (47.7%)

Hypotension, n 	 10	 (22.7%) 	 0	 (0.0%)

Tachycardia, n 	 1	 (2.3%) 	 1	 (2.3%)

Bradycardia, n 	 24	 (54.5%) 	 8	 (18.2%)

Total number of patients 44 44

Table 3. �Hemodynamic data from dexmedetomidine starting 
point to 5 min after extubation.

T1 period; dexmedetomidine start, dexmedetomidine stop, 
sevoflurane stop; T2 period; Just before extubation, 1 min after 
extubation, 5 min after extubation. Data are expressed as 
number (%).

Total number of patients 44

Ramsay sedation scale 
(1/2/3)

1 (2.2%)/34 (77.3%)/ 
9 (20.5%)

PONV (no/yes) 42 (95.5%)/2 (4.5%)

Sore throat (no/yes) 34 (77.3%)/10 (22.7%)

Hoarseness (no/yes) 35 (79.5%)/9 (20.5%)

NRS 4.09±1.82

Rescue fentanyl (no/yes) 33 (75.0%)/11 (25.0%)

Table 4. Postoperative data in the recovery room.

Data are expressed as number (%) or mean±SD. 
PONV – postoperative nausea and vomiting; NRS – numeric 
rating scale.
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The biased-coin design, a modification of the up-and-down 
method, can directly target a high-quantile effective dose rath-
er than a high-quantile effective dose estimated from ED50; 
therefore, the biased-coin design is reported to be more suit-
able if the dose we want to know is ED90 [16]. In this study, us-
ing a biased-coin design, the estimated ED90 of dexmedetomi-
dine to achieve smooth emergence from general anesthesia 
was determined to be 0.34 μg/kg/h in older patients. In chil-
dren, the estimated ED90 for preventing emergence agitation 
was 0.74 μg/kg/h [26]. Previous studies on adult patients aged 
<65 years have reported that administering 0.5 or 0.7 μg/kg for 
5 or 10 minutes before the end of surgery [27,28], or contin-
uously infusing at a rate of 0.4 or 0.6 μg/kg/h from anesthe-
sia induction [24,29], was effective in achieving smooth emer-
gence. Similar to our study, a previous study that administered 
an infusion 30 minutes prior to surgery without a loading dose 
reported that smooth emergence was achievable in 85% of pa-
tients using infusion rates of 0.4 or 0.6 μg/kg/h in patients with 
an average age of 56-58 years [12]. The infusion dosage mea-
sured in this study seems to be lower than those reported in 
previous studies and even lower than the dosage reported by 
Wan [12], which used a similar method. This difference may be 
attributed to 2 factors. Firstly, the infusion method without a 
loading dose, which allows for a slower onset of the effect, can 
reduce the amount of dexmedetomidine required, as observed 
in other studies [22,25]. Secondly, this study specifically target-
ed older patients with an average age of 71 years, who may 
require lower dosages because of age-related differences [21].

Tracheal extubation is associated with increased hemodynamic 
changes, such as hypertension and tachycardia, in both younger 
and older patients [30]. In this study, based on the occurrence 
of at least 1 of the first 3 points (dexmedetomidine starting 
point, dexmedetomidine stopping point, sevoflurane stopping 
point), hypertension was observed in 7 (15.9%), hypotension 
in 10 (22.7%), and bradycardia in 24 (54.5%), whereas tachy-
cardia was observed in only 1 patient (2.3%). Considering the 
time points during extubation (just before extubation, 1 min-
ute after extubation, and 5 minutes after extubation), hyper-
tension was found in 21 (47.7%) patients with no hypoten-
sion, whereas bradycardia was observed in 8 patients (18.2%), 
and tachycardia in only 1 patient (2.3%). In other words, bra-
dycardia was common during anesthesia with dexmedetomi-
dine infusion. However, during extubation, blood pressure in-
creased, and bradycardia decreased. Compared with a previous 
study [30], the use of dexmedetomidine in this study may have 
played a role in reducing the occurrence of tachycardia and less-
ening exaggerated hypertension associated with extubation.

The extubation time in our study was 9.36 minutes, which 
showed no delay compared with a previous study that used 
0.4 μg/kg/h dexmedetomidine infusion in older patients (con-
trol group: 10.0 min, dexmedetomidine group: 11.7 min) [31]. 

This time was significantly shorter than in other studies that 
used remifentanil for achieving smooth emergence in older 
patients [32]. In this study, the extubation time was 17.2±4.1 
minutes in older patients and 14.0±3.0 minutes in adult pa-
tients. Therefore, dexmedetomidine not only avoids delayed 
emergence but also offers stable recovery.

The mean BIS at 5 minutes after extubation was 88.2. At the 
time of admission to the PACU, patient levels of sedation based 
on RSS were as follows: 1 patient was rated as anxious, agi-
tated, or restless; 34 patients were co-operative, oriented, and 
tranquil; 9 patients responded to commands only; and no pa-
tients were rated as having a deeper level of sedation. Only 1 
patient exhibited signs of excitement, but quickly returned to 
a tranquil state. Nine patients who only responded to com-
mands upon admission to the PACU became fully awake and 
were promptly discharged from the ward. The mean NRS was 
4.09, and 11 patients (25%) required rescue fentanyl for pain 
relief. Additionally, 10 patients reported experiencing sore 
throat, 9 reported hoarseness, and 2 reported PONV; however, 
they generally recovered quietly in the recovery room. Based 
on previous studies that examined the effectiveness of dex-
medetomidine on emergence agitation [24,31], the quiet and 
stable recovery observed in most patients in this study may be 
attributed to the use of dexmedetomidine. Even taking into ac-
count the previously available study indicating that spine sur-
gery is a high-risk factor for emergence agitation [8], the ED90 
value in this study would hold significance for patients who 
underwent surgery with a relatively lower risk of emergence 
agitation. This is considered a strength of the present study.

This study had several limitations. First, although it derived 
the ED90 for a specific age group, it could not distinguish dif-
ferences based on other variables that might have influenced 
the results. Emergence agitation in adults can be influenced 
by factors such as sex, type and duration of surgery or anes-
thesia, and postoperative pain [8]. For instance, emergence ag-
itation tends to occur more frequently in males, as observed in 
our study where 5 out of 6 patients with failed smooth emer-
gence were male. If we had classified patients by sex, we be-
lieve the ED90 value might vary accordingly. Furthermore, this 
study exclusively focused on patients undergoing spinal sur-
gery. Previous research has shown that the degree of postop-
erative pain can vary depending on the surgical site [33], and 
adequate perioperative pain control affects the onset of emer-
gence agitation [8]. Therefore, if the surgical sites differ, there 
may be a difference in the value of ED90. Second, a drawback 
of this study is the lack of information about whether the older 
patients who participated were taking medications that could 
have affected their smooth emergence. Older patients often 
take medications for various underlying conditions, but we 
did not collect data on their pre-surgery information. Finally, 
due to the absence of a universally agreed-upon definition for 
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smooth emergence, the determination of ED90 in older patients 
might differ from our study findings. We considered patients 
with no or mild cough as successful in achieving smooth emer-
gence; however, if only the absence of cough was deemed as 
the success criterion, the ED90 value would probably be higher.

Conclusions

Dexmedetomidine provides a gentle awakening for older pa-
tients who are susceptible to anesthetics and opioids, with an 
ED90 of 0.34 μg/kg/h, without causing adverse vital sign chang-
es, respiratory depression, excessive sedation, or emergence 
agitation. Further research targeting a larger patient cohort is 

necessary to establish optimal dosing regimens for dexmedeto-
midine in older patients, accounting for various medical con-
ditions, and considering factors such as sex and surgical site.
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