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Background: Emergence agitation (EA) is one of the most common complications in clinical general anesthesia during recovery in
adults. Remifentanil and propofol can reduce the incidence of EA, but with no randomized controlled trial to evaluate their
effectiveness for treating EA. This study aims to compare the effectiveness of remifentanil and propofol for treating EA following
general anesthesia.

Patients and methods: Among 152 randomized patients with a mean of 49.5 years, and 99 (65.1%) of them being male, 149 were
divided into two groups for subsequent analysis. The remifentanil group (Group R, n = 74) received a 0.5ug kg™' remifentanil infusion
followed by a 0.05pg kg ' min~! infusion until 15 minutes, after the onset of agitation. The propofol group (Group P, n = 75) received
a 1mg kg™' propofol infusion once agitation occurred. Emergence agitation was assessed using the Riker Sedation Agitation Score,
with a score of >5 defining emergence agitation. During the post—anesthesia care unit (PACU), the recurrence of emergence agitation,
time to extubation, and discharge from PACU were evaluated.

Results: The incidence of reoccurring emergence agitation was lower in Group R (29.7%) compared with Group P (49.3%), with an
odds ratio of 0.44 (95% CI 0.22-0.85; P=0.014). The time to extubation was shorter in Group R (mean 12min, range 8§—15 min)
compared with Group P (mean 17min, range 13-21 min) (P<0.001), as was the time discharge from the PACU (mean 30.5 min, range
25-40 min) vs Group P (mean 37.5 min, range 31-50 min) (P=0.001).

Conclusion: Treatment of emergence agitation in adults with remifentanil infusion is more effective than propofol, with a shorter
time to extubation and discharge from PACU.
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Introduction
Emergence agitation (EA) is an acute, self-limited, and nonfluctuating state of psychomotor excitement.' This hyper-
active state is confined to the emergence period after general anesthesia. Although the incidence rate of EA in adults
ranges from 0.25% to 21.3%” > and time of onset typically lasts for about 15 minutes.> Serious consequences can happen
if patients with EA are not treated promptly. For example, the agitated patients with uncontrolled combative limb
movements can result in various tubes removal, airway obstruction, self-injury (self-extubation, bleeding, or surgical
incision dehiscence), or even harm to healthcare workers.”> Increased risk of postoperative pulmonary complications
and postoperative delirium is also closely associated with emergence agitation.”? EA also inevitably increases medical
costs for patients and the workload of healthcare workers.

Various factors can lead to EA, and several studies have shown a strong association between emergence agitation with
perioperative relevant influential factors such as pain, adverse stimuli (such as catheter, tracheal tubes, nasogastric tubes,
and chest tubes), certain types of surgery (otolaryngologic surgery, oral, breast, and abdominal surgery), male gender, and
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inhalation anesthetics.>* A recent meta-analysis also indicated that smoking is a significant risk factor for EA in adults.®
Therefore, investigation of effective interventions for treating EA is of great urgency for anesthesiologists.

Various drugs and techniques have been proven effective in reducing the incidence of EA. In previous studies, many
kinds of strategies were widely utilized, such as remifentanil,’ magnesium sulfate,® dexmedetomidine,” " fentanyl,lz’13

1213 nalbuphine'®, dizocine,'® and regional anesthesia techniques.'® Among them,

117,18 19-21

propofol,lz’13 midazolam,lz’13 ketamine,

there have also been reports that droperido and dexmedetomidine can treat agitated adult patients. However, they
both have a slow onset time and longer time of accumulation in the body. Droperidol can cause extrapyramidal disorders and
also increase the risk of prolonging the QTs interval.”* Rapid injection of Dexmedetomidine can lead to severe hypertension
and bradycardia. The side effects of the above drugs limit their application in the treatment of EA. However, propofol and
remifentanil are the two alternative drugs for anesthesiologists because of rapid metabolism and shorter time of drug
accumulation in the body. Previous studies have shown that continuous infusion of small doses of remifentanil until the
tracheal catheter is removed can effectively avoid coughing and the occurrence rate of EA.”** Propofol is also the most
commonly used medication for the prevention and treatment of EA in pediatric patients.”*** However, only a few studies
investigated the effect of a single injection of propofol on EA in adult patients.

Therefore, clinical practice indicates that propofol and remifentanil are widely applied, and their benefit effects for
patients have been proven in perioperative period. However, the lack of detailed application scenarios and concrete
clinical trial evidence in treating EA in adults are two of the vital questions tackled. In this study, we aim to compare the
therapeutic effect of propofol and remifentanil on adult patients diagnosed with EA after general anesthesia, providing

several application values during clinical anesthesia practice.

Materials and Methods
Ethics and Participants

We conducted a prospective, randomized, controlled, single-blind trial at a single center with a 1:1 allocation ratio. The
study was approved by the Medical Research Ethics Committee of the First Affiliated Hospital of University of Science
and Technology of China (Ethics Approval Number: 2022KY [028]). This study was also registered in the Chinese
Clinical Trial Registry (Registration Number: ChiCTR2200057412). The trial report strictly followed the Consolidated
Standards of Reporting Trials (CONSORT) guidelines and complied with the Declaration of Helsinki. Participants who
met the inclusion criteria provided informed consent before the surgery.

Between March 22, 2022 and September 16, 2022, a total of 152 adult patients aged 18-65 years old, with
a body mass index (BMI) of 18-30 kg m > and American Society of Anesthesiologists (ASA) physical status
classification I-III, who underwent elective surgery and developed emergence agitation in the PACU, were
enrolled in the study. Patients who were unable to communicate properly before surgery, had a history of mental
disease, had second-degree or higher AV block, bradycardia (heart rate <50 beats/min), hypotension (blood
pressure <90/60 mmHg), or poorly controlled hypertension (systolic blood pressure >160 mmHg or diastolic
blood pressure >110 mmHg), were allergic to propofol or opioid, or had a history of opioid addiction, or recent
use of muscle relaxants within 30 minutes at the end of the surgery were all excluded from the study.

Randomization and Blinding
One investigator generated a randomization list based on a 1:1 allocation ratio and provided allocation concealment by
using sequentially numbered, sealed opaque envelopes. Two standardized training evaluators would evaluate the patient’s
level of agitation to decide whether the patient was eligible for enrollment or not. If there were any discrepancy in the
assessment, the patient would not be enrolled correspondingly. Following enrollment, one evaluator would open the
envelope and the trial medication was given intravenously. Subsequently, the two evaluators assessed the effectiveness of
medication and collected all data.

Evaluators knew the patient group allocation because of the administration of drugs, so they did not participate in
follow-up assessments and trial design. Participants, investigators, statisticians, and other study staff were blinded to the
enrollment in this study.
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Trial Procedure

Electrocardiogram (ECG), non-invasive blood pressure (NBP), pulse oxygen saturation (SpO,), mean arterial pressure
(MAP), and heart rate (HR) were monitored once the eligible patient entered the operating room. General anesthesia
would be administered with etomidate 0.2-0.4 mg kg ', sufentanil 0.2-0.4 ug kg ', and rocuronium 0.6-0.9 mg kg .
After intubation, anesthesia was maintained with propofol, remifentanil, and sevoflurane according to the guidelines of
bispectral index (BIS) target ranging from 40 to 60. All medications were stopped 5 minutes before the end of surgery,
and the patient was transferred to the post-anesthesia care unit (PACU). After being admitted to the PACU, the patient
was closely and dynamically monitored for ECG, NBP, SpO,, MAP, and HR, continuously.

A trained anesthesiologist and a trained PACU nurse evaluated the patient’s level of agitation during the emergence
period using the Riker Sedation Agitation Scale (RSAS), respectively. Once agitation was identified, patients were divided
into propofol or remifentanil groups according to previous design. Furthermore, patients allocated in Group R received
remifentanil intravenously, with a dose of 0.5ug kg ' at a concentration of 10pg mL ™', administered over 30 seconds,
followed by continuous pumping for 15 minutes at a rate of 0.05 pg kg ™' min~'. The RSAS was assessed after 1 minute of
continuous remifentanil pumping, and if the RSAS score of patients reached 5 or more, additional treatment with propofol
at a dose of 1 mg kg ' was administered correspondingly. Patients allocated to Group P received 1 mg kg™ propofol.

The two evaluators in the PACU reassessed the patient’s agitation within 15 minutes after treatment. In case of
inconsistent results, the assessment indicating the presence of agitation was taken into consideration. The tracheal
catheter was removed when the patient was able to respond to commands clearly, had a tidal volume greater than
6 mL kg ™', and was breathing regularly.

Measurements and Study Outcomes

The primary outcome of the study was the recurrence rate of emergence agitation within 15 minutes after medication
intervention. The agitation score of each patient was recorded on a scale from 1 to 7 as follows: 1 represents minimal or
no response to noxious stimuli; 2 represents arousal to physical stimuli but does not communicate; 3 represents difficulty
in arousal but awakens to verbal stimuli or gentle shaking; 4 represents calm and follows commands; 5 represents
anxious or physically agitated and calms to verbal instructions; 6 represents requiring restraint and frequent verbal
reminding of limits; and 7 represents pulling at tracheal tube, trying to remove catheters, or striking at staff.” Emergence
agitation was defined as a score of >5 on the RSAS.

The secondary outcomes included RSAS at 1 minute (T,), 15 minutes (T;), and 30 minutes (T,), as well as the patient’s
vital signs (BP, HR, SpO,) before and after intervention. In addition, postoperative nausea and vomiting (PONV) was
measured using a four—point score (0 = no nausea; 1 = mild nausea; 2 = severe nausea requiring antiemetics, and 3 =
retching, vomiting, or both), and the coughing response during emergence was evaluated by a four—point scale (0 = no
cough, 1 = single cough, 2 = persistent cough lasting 5 seconds, and 3 = persistent cough lasting >5 seconds or bucking).”

In addition to monitoring the patient’s agitation, pain was also assessed using the Numerical Rating Scale (NRS) in the PACU,
and the total amount of sufentanil used as a rescue medication was recorded; If a patient’s score of NRS >4 or they requested
analgesics, sufentanil 0.05 pg kg™' was administered, and the total amount of sufentanil administered was recorded. The total
amount of administration of vasoactive drugs (ephedrine, norepinephrine, atropine), propofol, and remifentanil was also recorded.

The time to remove the tracheal catheter (calculated from the moment of first agitation to the removal of the tracheal
catheter) and the time to discharge from the PACU (calculated from the moment of first agitation to the moment of leaving
PACU) were also recorded. Adverse events such as hypotension, bradycardia, hypoxemia, and chest wall stiffness were
monitored in the PACU. Patients were discharged from the PACU when their Steward scores were more than 4.

Statistical Methods

According to previous studies, the sample size calculation was based on a literature report that the recurrent rate of EA after
the intervention by propofol was approximately 20%.%° By contrast, the proposed EA recurrence rate for patients after
remifentanil administration was 3.3%.” To perform the sample size calculation with a power of 80% and a two—tailed
significance level of 5%, a 10% dropout rate was also considered. As a result, the final sample size was 152 patients.
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For the statistical analysis, SPSS software was used (version 23.0; SPSS Inc., IBM, Chicago, IL, USA). The data for
continuous variables were presented either as mean + standard deviation (SD) or median (interquartile range) depending
on the normal distribution as determined by the Shapiro—Wilk test. The differences between the groups were analyzed
using either an independent #-test or Mann—Whitney U-test depending on the data distribution. Meanwhile, categorical
variables such as the recurrence rate of EA, and the incidence of adverse events were analyzed using the chi-squared test
or Fisher’s exact test. For repeated measurement data, such as vital signs, repeated measurement ANOVA was used.
Finally, a P value < 0.05 was regarded as statistically significant.

Results

Between March 22, 2022, and September 16, 2022, a total of 8664 patients were assessed for eligibility; at last, 8452 adult
patients were eligible for the study, with 152 patients (1.8%) experiencing emergence agitation in the PACU. A total of 152
agitated patients were randomized to Group P or Group R. Three patients were excluded from the analyses due to the use of
neostigmine, and none lost to follow—up. Finally, 149 patients [Group R (n = 74) and Group P (n = 75)] completed the study
(as shown in Figure 1). The baseline characteristics between the two groups were similar (as shown in Table 1).

The recurrence rate of emergence agitation within 15 minutes after drug intervention was found to be lower in Group
R compared with Group P (29.7 vs 49.3%, with an odds ratio of 0.44, 95% CI 0.22-0.85; P=0.014), as shown in Figure 2.

m Assessed for eligibility (n =8664)

Excluded (n = 212)

€ Not meeting inclusion criteria (n = 190)
€ Declined to participate (n =10)

4 Canceled to surgery (n=12)

Eligibility (n =8452)

» No emergence agitation (n =8300)

Randomized (n = 152)

Allocated to Group P (n=76)

Allocated to Group R (n=76) | Allocation

A4

A 4

Discontinued intervention (n=2) Discontinued intervention (n=1) )
€ Given muscle relaxants antagonist (n=2) ¢ Given muscle relaxants antagonist (n=1)

Analyzed (n=74) Analyzed (n=75)
€ Excluded from analysis (n=0) €@ Excluded from analysis (n=0)

Figure | Flowchart of the trail diagram.
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Table | Patient Characteristics and Type of Operation to Group R and Group P

Group R (n=74) | Group P (n=75) | P-value
Age (years) 50.5 (40.8-57) 54 (43-59) 0.089
Gender (M/F) 46/28 51/24 0.455
BMI (kg/m?) 23.9+3.0 24.2+2.8 0.326
ASA (I/11/111) 28/42/4 26/45/4 0918
Smokers (%) 12 (16.2) 20 (26.7) 0.120
Type of surgery 0917
General 22 (29.7) 22 (29.3)
Orthopedic 19 (25.7) 16 (21.3)
Thoracic 14 (18.9) 14 (18.7)
Otolaryngologic 7 (9.5) 8 (10.7)
Urologic 6 (8.1) 9 (12)
Gynecologic 6 (8.1) 6 (8)
Duration of surgery (min) 142.5 (90-195) 120 (75-190) 0.390
Duration of anesthesia (min) | 167.5 (113.8-220) | 150 (105-220) 0.440

Notes: Values are presented as mean + SD, median (interquartile range), or number of patients (%).
Abbreviations: M/F, male/female; BMI, body mass index; ASA, American Society of Anesthesiologists.

Other parameters related to the emergence from the PACU are represented in Table 2. The time from emergence
agitation to extubation and discharge from the PACU was shorter in Group R compared with Group P (12 min in Group
R virus 17min in Group P, P<0.001 and 30.5 min in Group R versus 37.5 min in Group P, P=0.001). The coughing
severity was also different between the two groups during emergence (1 [0-1] in Group R vs 1 [1-2] in Group P,

P<0.001). The incidence rate of hypoxemia and PONV was similar between the two groups (2 cases in the remifentanil

group versus 3 cases in the propofol group, P=0.660, and 8 cases in the remifentanil group vs 6 cases in the propofol

group, P=0.906). The pain NRS scores and the use of sufentanil as a pain reliever in the PACU were comparable between

the two groups (Table 2).

(%)

60

40

20

Recurrence Rate of EA

Group

B Group R
B Group P

Figure 2 Recurrence Rate of emergence agitation in the two groups. Odds ratio 0.44, 95% Cl 0.22-0.85; *P=0.014 compared with Group P.

Abbreviations: R, remifentanil; P, propofol; EA, emergence agitation.
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Table 2 Recovery Characteristics in PACU

Group R (n=74) | Group P (n=75) | P-value
Grade of cough during emergence (0/1/2/3) | 19/47/7/1 2/38/28/7 <0.001
NRS median (IQR) 4.5 (2-5) 4 (2-5) 0.580
Occurrence of PONV (%) 8 (10.8) 6 (8) 0.906
Extubation time (min) 12 (8-15) 17 (13-21) <0.001
Length of PACU stay (min) 30.5 (25-40) 37.5 (31-50) 0.001
Hypoxemia (%) 2(1.3) 3(20) 0.660
Dosage of sufentanil in PACU (ug) 1.5 (0,8.3) 0(0,7.2) 0.151

Note: Values are presented as median (interquartile range) or number (%).
Abbreviations: NRS, numeric rating scale; IQR, interquartile range; PONY, postoperative nausea and vomiting; PACU,
post-anesthesia care unit.

The MAP and HR during emergence are shown in Figure 3. The MAP and HR were similar in both groups, and the
changes in vital signs at the same time points were not statistically significant between the groups (MAP, P=0.267, HR,
P=0.526). Based on baseline vital signs, the treatment of hypotension and bradycardia was determined by the attending
physician, and no patient was deemed to require drug intervention.

No adverse events such as hypotension, bradycardia, and chest wall stiffness were observed. Two patients in Group
R and three patients in Group P experienced hypoxemia.

Discussion

Our findings showed that when emergence agitation occurs in adults, it can be treated with intravenous propofol or
remifentanil infusion, with remifentanil being more effective than propofol. Furthermore, the use of remifentanil infusion
can shorten extubation time and duration of PACU stay, without increasing the risk of other complications.

Various medications have been studied to reduce the incidence of EA. Among them, two meta-analyses showed that
compared to the placebo, propofol or opioids could reduce the incidence of EA.?’® Kim et al*’ compared the use of
propofol or fentanyl at the end of sevoflurane anaesthesia in children who underwent inguinal hernia repair and showed
that propofol or fentanyl had a similar prophylactic effect on EA. However, fentanyl caused a higher incidence of PONV
compared to propofol. A survey report on EA in children showed that the satisfaction of propofol treatment for EA was
higher than that of opioids,”® which was different from our results. The possible reason is that children are more prone to
crying and anxiety in unfamiliar environments, and opioids cannot effectively eliminate the status caused by psycholo-
gical factors. Propofol has an anti-anxiety effect and is more suitable for pediatric agitated patients. However, there were
only a few studies that explored the treatment of EA in adults. Recently, Feng et al*® conducted a randomized controlled
clinical trial to compare the effects of dexmedetomidine versus propofol for treating EA in adults. The clinical outcomes
are also promising.

Remifentanil is an ultra-short-acting agent, which offers rapid pain relief and no accumulation. Lee et al*' found that
different remifentanil loading doses injected over 30 seconds (0.25ug kg ', 0.5ug kg™', 0.75ug kg™') had varying onset
times for preventing injection pain from propofol and no desaturation in the three groups. Although the onset time was
lower in the remifentanil 0.75ug kg™' group than in the 0.5pg kg™’ group, remifentanil 0.5ug kg™ given within 10
seconds provided a decrease in ventilator, according to Gelberg et al.** So, we chose a 0.5ug kg ™' remifentanil for over
30 seconds as loading dose. Previous studies have also shown the efficacy of remifentanil infusion in reducing emergence
agitation. Cavaliere et al*®> found that a remifentanil infusion of up to 0.05pg kg ' min' reduced agitation without
affecting respiration in critically ill patients. Aouad et al’ also observed a less non-purposeful movement, as well as
a lower incidence and severity of coughing, in patients receiving remifentanil infusion at a rate of 0.014+0.011pg kg’
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Figure 3 Comparison of HR and MAP at different time points in the two groups. (A) HR at different time points in the two groups; (B) MAP at different time points in the
two groups. T, Baseline, before anesthetic induction; T,, | minute after administration; T3, 5 minutes after administration; T4, 10 minutes after administration; Ts, 15
minutes after administration; T, immediately after extubation; T, 5 minutes after extubation. Data are expressed as mean * SD.

Abbreviations: HR, heart rate; MAP, mean arterial pressure.

min' compared with the control group. The dosage of 0.05ug kg ™' min™' is more operable, with better analgesic effects
than the dosage of 0.014+0.011pg kg ' min™', so we chose the dosage of 0.05ug kg ' min™' as maintenance dose.

Our study found that remifentanil was effective in preventing emergence agitation in 70.3% of patients. This efficacy
is lowered compared with 97.3% reported in a previous study on ENT surgery.’ The difference in results could be due to
the complex influence factors contributing to emergence agitation in our study, compared with previous research that
only focused on one specific type of surgery or limited risk factors for emergence agitation. However, in our study, those
influencing factors are more complex resulting in a lower effect of treatment on EA than in previous studies. Our findings
align with a recent meta-analysis, which reported an efficacy of 63.85% for remifentanil in preventing agitation.'?

Propofol is one of the most used drugs to prevent and treat emergence agitation in children.?**> In our study, the
treatment efficacy of propofol for agitation was 50.7%, which was lower than the previous results.*® One possible reason
for the lower efficacy of propofol in our study may be due to the shorter observation period of only within 15 minutes,
and the influence of multiple risk variables affecting agitation than previously described in the literature.
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The incidence of PONV in our study was 9.2% (14/152), which was lower than reported in previous studies.* This
may be due to the administration of dexamethasone during anesthesia induction and dexmedetomidine during the
intraoperative procedure. Our study showed that PONV was not statistically significant between the remifentanil and
propofol groups. The incidence of PONV was associated with the dosage of remifentanil,* and low-dose remifentanil
has not been found to increase the incidence of nausea and vomiting.*>-¢

In this study, both propofol and remifentanil showed the potential to cause hypoxemia. Three cases of hypoxemia
occurred in the propofol group and two cases in the remifentanil group after the removal of the tracheal catheter.
Hypoxemia can be alleviated by holding up the jaw or using an oxygen mask. One case in the propofol group had a low
SpO, of 85%, but it was quickly corrected by supporting the mandible support and inhaling oxygen through a mask.
Because the residual effects of other drugs had synergistic effects with propofol, the possibility of hypoxemia increased.

However, our study has several limitations. Firstly, we did not use the double-blind method to compare the effects of
two groups of drugs on emergence agitation, which could introduce bias. To reduce bias, we made efforts to evaluate the
treatment’s effect by two medical staff members who received rigorous training in emergence agitation assessment.
Secondly, according to our results, we did not observe the side effects (bradycardia, hypotension, chest wall stiffness,
etc.) with either medication, which may be related to our slower medication administration speed. However, they may
still happen in our clinical practice. So, we should actively evaluate the patient’s respiratory and hemodynamic status,
and be prepared with vasoactive drugs and emergency airway equipment. Thirdly, in this study, we only investigated the
preliminary dosage of the two medications to treat EA. Due to the side effects of respiratory depression, the dosage of the
two medications for elderly patients needs to be treated carefully. Recently, Lee et al’’ found that a repeated verbal
reminder of orientation to patients during the postoperative recovery period could significantly reduce the incidence of
EA. The possibility of using a multimodal approach to treat EA is worth being investigated further.

Conclusion

In essence, remifentanil (0.5pg kg™ intravenous and 0.05ug kg™ min™' continuous infusion for 15 minutes) or propofol
(Img kg ") infusion can be used to treat emergence agitation in adults, with remifentanil being a more efficient
medication.

Abbreviations

EA, emergence agitation; IQR, interquartile range; BIS, bispectral index; PACU, post—anesthesia care unit; BMI, body
mass index; ASA, American Society of Anesthesiologists; ECG, electrocardiogram; SpO,, pulse oxygen saturation; HR,
heart rate; NBP, non-invasive blood pressure; MAP, mean arterial pressure; RSAS, Riker Sedation-Agitation Scale;
PONYV, postoperative nausea and vomiting; NRS, Numerical Rating Scale; IQR, interquartile range; CI, confidence
interval; ENT, ears, nose, and throat.
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