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Purpose: Although pain after laparoscopic surgery is assumed to be minor, many women 
still suffer from unexpected postoperative pain. Thus, we aimed to assess whether additional 
intraoperative administration of sufentanil could help to improve postoperative pain and 
related agitation, stress, and inflammation response in patients undergoing laparoscopic 
myomectomy.
Patients and Methods: Forty female patients with uterine myoma scheduled for laparo-
scopic myomectomy under general anesthesia were randomized to receive sufentanil (group 
T, n=20) or normal saline (group C, n=20) 1h before the end of the surgery. The post-
operative pain, agitation, stress, inflammation, and adverse effects were measured.
Results: As the primary outcome, the visual analog scale (VAS) pain score was significantly 
reduced in group T as compared with group C at each measured time point in a post- 
anesthesia care unit (PACU), VAS 5 min (31.5 ± 2.7 vs 40.6 ± 5.6) (P<0.001), VAS 30 min 
(36.5 ± 4.5 vs 46.0 ± 2.9) (P<0.001), VAS 1h (37.8 ± 4.0 vs 48.6 ± 5.5) (P<0.001). The 
secondary outcomes, including the sedation agitation scale (SAS) scores, plasma concentra-
tions of epinephrine and norepinephrine, and the levels of plasma interleukin-6 (IL-6), 
interleukin-8 (IL-8), and tumor necrosis factor-alpha (TNF-α) in group T were remarkably 
lower than those in group C (P < 0.001). The cough cases in group T also showed 
a significant reduction in comparison with group C (P < 0.05). In addition, the anesthetic 
recovery time, including the spontaneous breathing recovery time and extubation time, were 
not significantly different between the two groups, as were the cases of respiratory depres-
sion and postoperative delirium (P > 0.05).
Conclusion: For patients undergoing laparoscopic myomectomy, administration of sufenta-
nil 1 h before the end of surgery shows excellent analgesic and sedative effects, alleviated 
postoperative stress and inflammatory responses, reduced incidence of cough, without 
prolonging anesthetic recovery time and increasing adverse reactions.
Keywords: anesthesia, laparoscopic myomectomy, postoperative outcomes, sufentanil

Introduction
In the past few decades, laparoscopic surgery has played an ever-increasing impor-
tant role in the gynecological treatment of many benign and malignant diseases.1 

Uterine myoma is the most common benign tumors in the female reproductive tract, 
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with a lifetime risk of approximately 70% to 80%.2 

Especially for women who want to retain the uterus and 
fertility, if surgery is required, uterine myomectomy must 
be performed without removing the entire uterus.3 

Therefore, the laparoscopic myomectomy under general 
anesthesia is a preferred option for uterine myoma treat-
ment instead of laparotomy.4,5

Compared with laparotomy, laparoscopic surgery 
shows many advantages, such as lower perioperative mor-
bidity, quicker recovery, and shorter hospital stay without 
reducing efficacy.6 However, pain after laparoscopic sur-
gery is often underestimated, pain control is comparatively 
inadequate.7–9 It has been reported that pain is mainly 
resulted from nerve injury, central sensitization, and 
inflammatory damage.10 Incisions in the skin and subcu-
taneous tissue, stretching of the abdominal wall structures, 
combined with transabdominal suture and laparoscopic 
tacks applied during the procedure, may stimulate the 
peripheral nociceptors, leading to pain sensation. 
Furthermore, ischemia-reperfusion–inflammation pro-
cesses in the peritoneum also arouses the pain receptors 
to increase pain sensation.11–13 In addition, women are 
more sensitive to pain; many women patients who under-
went laparoscopic surgery may suffer unexpected consid-
erable postoperative pain.14

Given that perioperative comfort depends primarily on 
the patient’s self-reporting, providing timely, safe, and 
adequate analgesia remains a topic of concern for anesthe-
siologists. Various interventions, such as medication 
patches and percutaneous pump devices, have been used 
to alleviate postoperative pain after laparoscopic surgery, 
but the effect is limited. Therefore, exploring a preferable 
way to improve postoperative pain has been the focus of 
laparoscopic surgery.15,16 Sufentanil, a cheap synthetic 
opioid with a high therapeutic index and a quick response, 
is an attractive drug for postoperative pain.17,18 Sufentanil 
has been widely used for general anesthesia induction due 
to its potent analgesic properties, quick onset, and excel-
lent cardiovascular stability.19 Recently, sufentanil has 
been proved effective in some laparoscopic surgery stu-
dies, but rarely in laparoscopic myomectomy.15,20,21 

Intraoperative sufentanil has been reported has certain 
advantages for the patients undergoing laparoscopic cho-
lecystectomy, including reducing stress response, improv-
ing recovery effect, and decreasing adverse reactions.21 

Hence, we hypothesized that, except for the administration 
in anesthesia induction, additional intraoperative adminis-
tration of sufentanil might be a preferable choice for the 

patients undergoing laparoscopic myomectomy. This study 
was designed to explore whether additional intraoperative 
administration of sufentanil 1h before the end of the sur-
gery is beneficial to reduce postoperative pain, stress, and 
inflammatory response in the patients with laparoscopic 
myomectomy.

Patients and Methods
This prospective, randomized, and double-blind, placebo- 
controlled clinical trial was approved by the Ethics 
Committee of Renmin Hospital of Wuhan University 
(WDRY2018-K009) and registered at the Chinese 
Clinical Trial Registry (ChiCTR) with registration number 
ChiCTR1800019949. The trial was conducted in accor-
dance with the Declaration of Helsinki. We included 
female patients with the American Society of 
Anesthesiologists (ASA) class I and II, aged between 35 
and 55 years, diagnosed as uterine myoma by the history 
of present illness and combined with ultrasound, scheduled 
for laparoscopic myomectomy under general anesthesia. 
The trial was performed at Renmin Hospital of Wuhan 
University during the period of January 1, 2019 and 
April 30, 2019. Informed consent was obtained from all 
patients prior to enrollment in the study.

Exclusion criteria were patients with other systemic 
diseases; serious brain injury; stroke or other central ner-
vous system diseases; severe adverse events happened 
during the operation, such as cardiac arrest or cardiopul-
monary resuscitation; a history of hypertension; patients 
were unable to communicate correctly; patients with 
a reactive airway disease (asthma, or a history of chronic 
coughing); a history of mental illness, alcohol addiction or 
drug abuse.

The standard visual analogue scale (VAS), ranging 
from 0 to 10 cm (0 means no pain;10 cm describes the 
worst pain imaginable),22 was explained to the patients 
during the preoperative visit and the patients should slide 
the ruler every time the pain is assessed. A statistician who 
was unaware of the design of the study randomly and 
equally divided patients into two groups by using 
a computer-generated random number table: Test group 
(group T), 0.2μg/kg sufentanil (prepared by 
a independent anesthesiologist and diluted into 10mL) 
was given 1h before the end of the surgery; and Control 
group (group C), an equivalent volume of normal saline 
(prepared by the independent anesthesiologist and diluted 
into 10mL). (n=20 each). After allocation, both patients 
and investigators were blinded to the interventions. 
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Sufentanil takes nearly 45 minutes to achieve a steady- 
state between plasma concentrations and effect-site con-
centrations, so we chose to administrate sufentanil 1h 
before the end of the surgery (usually when the last myo-
mas was begin to be removed)23,24

Patients were sent to the operation room without any 
premedication, then the left lower limb peripheral veins 
were opened and compound sodium lactate solution 
4–6 mL/kg/h was infused. Standard monitoring, including 
five-lead electrocardiography (ECG), pulse oxygen satura-
tion (SpO2), and noninvasive blood pressure (NBP), was 
performed. The participating anesthesiologists, surgeons, 
and nurses were blinded to the study. All data were col-
lected by trained observers who were blinded to the study 
and were not involved in patient care.

Anesthesia induction was achieved with propofol 
2.5 mg/kg, sufentanil 0.4 µg/kg, and cisatracurium 
0.3 mg/kg. Anesthesia maintenance was intravenous- 
inhalation combined with 1% (inspiratory concentration) 
sevoflurane and a continuous intravenous infusion of remi-
fentanil 0.2 µg/kg/min. Before general anesthesia, patients 
were given 100% oxygen for pre-oxygenated before induc-
tion, which was delivered through a facial mask. General 
anesthesia was provided, as mentioned above. Manual face-
mask ventilation was continued for no less than 4 minutes 
until the jaw was relaxed, and the bispectral index (BIS) 
was less than 50. The endotracheal tube was inserted with 
the help of a direct laryngoscope. After intubation, 
a ventilator (Primus, Dräger, Germany) was connected 
immediately. Respiratory parameters were set at a tidal 
volume (TV) 8–10 mL/kg, respiratory rate (RR) 12–16 
times/min, and the fraction of inspired oxygen (FiO2) 
80% to maintain end-tidal carbon dioxide (ETCO2) in the 
normal range. The sevoflurane and remifentanil were 
adjusted if needed, to maintain BIS within 40–60, and 
keep the fluctuation of mean arterial pressure (MAP) and 
heart rate (HR) not exceed 20% of the baseline values.

When the final suture of the skin was completed, all the 
anesthetics were stopped to allow the patient to emerge 
from anesthesia. All the patients received dexamethasone 
5 mg and metoclopramide 5 mg before the end of surgery 
to prevent postoperative nausea and vomiting. Before the 
patient resumed spontaneous breathing and responded to 
simple commands, gentle manual ventilatory assistance 
was provided. The criteria of pulling out the endotracheal 
tube were: (1) recovery of consciousness, muscle tension 
returned to normal, fist clenched firmly according to the 
instruction; (2) steady spontaneous breathing, ETCO2 < 45 

mmHg, TV > 7 mL/kg; (3) SpO2 > 97% after stopping to 
receive oxygen for 5 min; (4) swallowing reflex recovered. 
The anesthetic recovery time, including spontaneous 
breathing recovery time and extubation time, were 
recorded, and the cases of cough and respiratory depres-
sion (RR <10 times/min and/or SpO2 < 90% for 1 min)25 

on emergence from anesthesia were also measured in two 
groups.

Following extubation, the patients were transferred to 
the post-anesthesia care unit (PACU) and monitored for 
60 min. The VAS score was used to evaluate postopera-
tive pain, and the sedation agitation scales (SAS) score 
was used to assess the agitation of the patients.26 CAM- 
ICU Scales (1, acute onset or repeated fluctuations of 
symptoms; 2, insufficient attention; 3, disorganized 
thinking; 4, abnormal consciousness levels. The patient 
was diagnosed with postoperative delirium when the 
symptoms were 1+2+3 or 1+2+4).27 The VAS and SAS 
scores were recorded at the following time points: T3, 5 
min in the PACU; T4, 30 min in the PACU; T5, 1 h in the 
PACU. CAM-ICU Scale was recorded at T5. Upon arri-
val at the PACU, 100 µg of sufentanil and 5 mg of 
dezocine diluted in 100 mL saline were started to infu-
sion with a flow of 2 mL/h by an intravenous analgesia 
device. If patients with VAS > 60 mm, 5 mg dezocine 
was intravenously injected for rescue analgesia. When 
patients back to the ward, diclofenac suppositories of 
no more than 150 mg per day were administered if 
needed.

Three milliliters of venous blood were collected at the 
following time points: T1 (baseline), T3 (5 min in the 
PACU), and T5 (1h in the PACU). The blood was added 
to tubes without anticoagulant, completely static until the 
serum separation, the serum precipitation was taken with 
centrifugal to centrifuge at 4000 rpm in 4°C for 10 min, 
and then the supernatant was sucked out to be placed in 
−80°C cryogenic refrigerator for the test of the levels of 
epinephrine, norepinephrine, interleukin-6 (IL-6), interleu-
kin-8 (IL-8) and tumor necrosis factor-alpha (TNF-α). All 
the detecting parameters were measured by enzyme-linked 
immunosorbent assay (Boster Biotechnology Co., Ltd).

Our primary outcomes were postoperative pain score 
assessed at 5min, 30min, and 1h in the PACU. We also 
calculated the mean pain score from these three measure-
ments, which represented the average pain score within the 
first hour after surgery in the PACU; the secondary out-
comes were postoperative agitation, stress hormones, and 
inflammatory markers levels, as well as the side effects. The 
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sample size was calculated based on the VAS score at T5, 
which is a commonly used method to evaluate the pain of 
patients. A pilot study of 5 patients undergoing laparoscopic 
myomectomy under the group T regimen showed that the 
mean ± standard deviation of the postoperative VAS score 
at T5 was 3.38 ± 0.6. To demonstrate one mean difference 
of the VAS score at T5 after operation between the two 
groups with a two-tailed α of 0.01 and β of 0.05, 13 patients 
per group were required. Finally, we recruited 20 patients 
per group for consideration of the possible dropout.

Statistical Analysis
The statistical analyses were performed with Statistical 
Package for Social Sciences (version 17.0 for Windows; 
SPSS Inc., Chicago, IL). The normal distribution of continuous 

data was first evaluated using the Shapiro–Wilk test (P >0.05). 
The normally distributed data were expressed as mean ± 
standard deviation (Mean ± SD) and analyzed using 
Independent-Samples t-test; the non-normally distributed 
data were expressed as Median (min, max) and analyzed 
using Mann–Whitney U-test. Independent-Samples t-test was 
used to compare the patients’ characteristic data, VAS score, 
levels of stress hormones and inflammatory cytokines, sponta-
neous breathing recovery time and extubation time; while the 
Mann–Whitney U-test was used for the SAS score. Categorical 
variables were presented as numbers. Pearson’s χ2 test was 
used to analyze cough cases, and the Fisher exact test was used 
to analyze the cases of respiratory depression and postoperative 
delirium. All reported P values were two-sided, and P values 
less than 0.05 were considered significant.

Figure 1 Flow diagram of patient recruitment. 
Abbreviations: Group C, placebo control group; Group T, the sufentanil test group.
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Results
During the study, 53 female patients (36–55 years old) 
were assessed for eligibility, of which seven patients did 
not meet the inclusion criteria, and six patients refused 
(Figure 1). Finally, 40 patients completed the study. 
Randomization produced two groups with similar charac-
teristics. All patients underwent their scheduled surgery 
procedure and received their assigned regimen of drug 
use. There were no significant differences between the 
two groups regarding age, height, weight, the number of 
removed myomas, and operative time (P > 0.05; Table 1).

A comparison of the postoperative VAS score between 
the two groups is shown in Table 2. We found that the 
VAS scores were gradually increased with the prolonga-
tion of postoperative time in the two groups. The group 
T showed a significant reduction of VAS pain score at all 
measured time points as compared with the group C (P < 
0.001). In addition, the mean overall VAS score in group 
T was significantly lower than that in group C (35.3 ± 4.6 
vs 45.0 ± 5.8, P < 0.001).

The postoperative SAS scores are listed in Table 3. The 
SAS score tended lower in group T as compared with 
group C at all measured time points (P < 0.001). 5min 
and 30min after patients’ arrivals in the PACU (T3, T4), 
the median SAS score was 3 in group T, while 4 in group 
C (P < 0.001). When reaching T5 (1h in the PACU), the 
median SAS was 4 in group T, while 5 in group C (P < 
0.001). Meanwhile, the median overall SAS score in the 
first 1h in the PACU in group T was significantly lower 
than that in group C (3 (2, 4) vs 4 (3, 6)) (P < 0.001).

The postoperative changes in stress hormones are dis-
played in Table 4. The levels of epinephrine and norepi-
nephrine were of no noticeable difference between the two 
groups at T1 and T3 (P > 0.05). However, when reaching 
T5, the level of epinephrine was lower in group T than that 

in group C (24.8 ± 2.7 vs 32.4 ± 2.5, P < 0.001). Meanwhile, 
the norepinephrine level was also significantly reduced in 
group T as compared with group C at T5 (302.3 ±17.6 vs 
485.5 ± 22.5, P < 0.001).

The postoperative changes of inflammatory cytokines are 
presented in Table 5. Plasma concentrations of IL-6, IL-8, and 
TNF-œ were of no marked difference between two groups at 
T1 and T3 (P > 0.05). However, there was a significant 
reduction of the three inflammatory cytokines (IL6, 10.4 ± 
0.8 vs 15.9 ± 1.1; IL8, 184.5 ± 15.5 vs 291.5 ± 18.5; TNF-α, 

Table 1 Patients’ Characteristics and Surgical Procedures

Parameters Group C 
(n =20)

Group T 
(n =20)

Age (years) 47.1 ± 5.0 46.3 ± 5.4

Weight (kg) 65.8 ± 7.0 63.4 ± 8.7

Height (cm) 162.2 ± 4.2 161.3 ± 3.7
Number of removed myomas 3.4 ± 1.31 3.65 ± 1.60

Operative time (h) 2.67 ± 0.23 2.74 ± 0.19

Notes: Values are presented as Mean ± SD. There were no significant differences in 
parameters between groups. 
Abbreviations: Group C, placebo control group; Group T, the sufentanil test 
group.

Table 2 The Postoperative VAS Scores in the Two Groups

Postoperative Pain Score 
(mm)

Group C 
(n=20)

Group T 
(n=20)

P-value

VAS score, T3 40.6 ± 5.6 31.5 ± 2.7 <0.001

VAS score, T4 46.0 ± 2.9 36.5 ± 4.5 <0.001

VAS score, T5 48.6 ± 5.5 37.8 ± 4.0 <0.001

Mean overall VAS score (T3, T4, 

and T5)

45.0 ± 5.8 35.3 ± 4.6 <0.001

Notes: Values are presented as Mean ± SD. P<0.05 was considered statistically 
significant. 
Abbreviations: VAS, visual analog scale; Group C, placebo control group; Group 
T, sufentanil test group; T3: 5 min in the PACU; T4: 30 min in the PACU; T5: 1 h in 
the PACU.

Table 3 The Postoperative SAS Scores in the Two Groups

Postoperative Agitation Score Group 
C 
(n=20)

Group 
T 
(n=20)

P-value

SAS score, T3 4 (3, 4) 3 (2, 3) < 0.001

SAS score, T4 4 (3, 5) 3 (2, 4) < 0.001

SAS score, T5 5 (4, 6) 4 (3, 4) < 0.001
Median overall SAS score (T3, T4, 

and T5)

4 (3, 6) 3 (2, 4) < 0.001

Notes: Values are presented as Median (min, max). P<0.05 was considered statis-
tically significant. 
Abbreviations: SAS, sedation agitation scale; Group C, placebo control group; 
Group T, sufentanil test group; T3: 5 min in the PACU; T4: 30 min in the PACU; T5: 
1 h in the PACU.

Table 4 The Stress Hormones in the Two Groups

Stress Hormone (ng/L) Group C Group T P-value

Epinephrine, T1 16.4 ± 2.1 15.4 ± 2.4 0.188

Epinephrine, T3 19.2 ± 2.9 20.9 ± 2.5 0.064
Epinephrine, T5 32.4 ± 2.5 24.8 ± 2.7 < 0.001

Norepinephrine, T1 226.5 ± 17.5 216.5 ± 14.5 0.055
Norepinephrine, T3 283.5 ± 17.5 278.5 ± 15.5 0.344

Norepinephrine, T5 485.5 ± 22.5 302.3 ±17.6 < 0.001

Notes: Values are presented as Mean ± SD. P<0.05 was considered statistically 
significant. 
Abbreviations: Group C, placebo control group; Group T, sufentanil test group; 
T1, baseline; T3, 5 min in the PACU; T5: 1 h in the PACU.
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11.7 ± 1.0 vs 19.5 ± 1.3) at T5 in group T in comparison with 
group C (P < 0.001).

The anesthetic recovery time (spontaneous breathing 
recovery time and extubation time) and the incidence of 
adverse effects (cough, respiratory depression, and post-
operative delirium) in the two groups are shown in Table 6. 
The anesthetic recovery time in group C and group T were of 
no remarkable differences (P > 0.05). There were four cases 
of respiratory depression and one case of postoperative delir-
ium occurred in group C while there were three cases of 
respiratory depression and zero case of postoperative delir-
ium occurred in group T (P = 1.000). However, the cough 
cases in group T was significantly reduced as compared with 
group C (12 vs 5, P = 0.025).

Discussion
In the present study, we have demonstrated that additional 
administration of sufentanil 1h before the end of the surgery 
is safe and effective for patients undergoing laparoscopic 
myomectomy. The additional intraoperative application of 
sufentanil showed significantly reduced pain and agitation, 
decreased occurrence of cough, alleviated stress and 

inflammatory responses, without the prolonged anesthetic 
recovery time and elevated adverse events during the early 
postoperative period.

Laparoscopic myomectomy is commonly recommended 
for the treatment of uterine myoma. Although laparoscopic 
surgery is a less invasive operative treatment, it may cause 
severe pain and anxiety.7 Postoperative pain is a common 
complaint of patients after the surgery. Adequate postopera-
tive analgesia can not only improve patient satisfaction but 
also reduce the incidence of postoperative complications and 
shorten the length of hospital stay.28 However, there is no 
consensus on the analgesics and anesthetic regimens during 
laparoscopic surgery. The most appropriate therapeutic regi-
men should provide adequate analgesia and sedation, as well 
as fast recovery and minimal adverse effects.26

Opioids can effectively relieve moderate to severe post-
operative pain. Sufentanil, a synthetic opioid analgesic that 
mainly acts at the μ receptor, shows some advantages over 
other opioids.29,30 It has been reported that sufentanil infu-
sion before extubation reduces the postoperative analgesic 
requirement without delaying extubation time.31,32 

Consistent with these studies, we found that patients in 
group T consistently showed lower VAS scores at the time-
point of 5min, 30min, and 1h and demonstrated significantly 
lower mean overall VAS scores compared with group C (45.0 
vs 35.3). Previous studies reported that “minimum clinically 
important difference” between 9.4 and 13 mm on a 10 cm 
VAS would cause changes in pain perception.16,33 In our 
present study, there is a difference of 9.7 mm on a 10 cm 
VAS, which indicates the clinical relevance of the result. 
Recently, combined spinal-general anesthesia applied in 
laparoscopic gynecological surgery has been reported to 
obviously decrease the pain severity and increase the quality 
of analgesic strategies.13 The application of this strategy into 
our regimen may further improve pain management in 
patients undergoing laparoscopic myomectomy.

Inadequate sedation may affect postoperative pain sensi-
tivity, thereby aggravating patients’ subjective perception of 
postoperative pain and leading to increased demand for post-
operative analgesics.34 In turn, insufficient pain control after 
surgery may adversely affect patients, leading to unnecessary 
physical and psychological manifestations.35,36 Favorable 
postoperative pain management makes for adequate analge-
sia and sedation.37–39 Our present study showed attenuated 
agitation as demonstrated by significantly reduced SAS score 
in the group T compared with group C, which was in line 
with our results of the postoperative pain score, indicating 
that additional intraoperative administration of sufentanil is 

Table 5 The Inflammation Level in the Two Groups

Inflammatory Cytokine (ng/L) Group C Group T P-value

IL6, T1 7.0 ± 0.7 6.5 ± 0.64 0.055

IL6, T3 9.4 ± 0.7 8.9 ± 0.9 0.124

IL6, T5 15.9 ± 1.1 10.4 ± 0.8 < 0.001

IL8, T1 126.5 ± 10.5 133.1 ± 11.5 0.065

IL8, T3 166.5 ± 13.5 158.7 ± 12.7 0.069

IL8, T5 291.5 ± 18.5 184.5 ± 15.5 < 0.001

TNF-α, T1 5.9 ± 0.4 6.2 ± 0.5 0.068

TNF-α, T3 8.7 ± 0.7 9.1 ± 0.7 0.089

TNF-α, T5 19.5 ± 1.3 11.7 ± 1.0 < 0.001

Notes: Values are presented as Mean ± SD. P<0.05 was considered statistically 
significant. 
Abbreviations: Group C, placebo control group; Group T, sufentanil test group; 
T1, baseline; T3, 5 min in the PACU; T5: 1 h in the PACU.

Table 6 The Recovery Time and Adverse Effects in Two Groups

Parameters Group C 
(n =20)

Group T 
(n =20)

P-value

Spontaneous breathing recovery 

time (min)

7.65 ± 1.09 7.75 ± 1.16 0.781

Extubation time (min) 8.15 ± 1.09 8.30 ± 1.17 0.678

Cough cases 12 5 0.025*

Respiratory depression cases 4 3 1.000

Postoperative delirium cases 1 0 1.000

Notes: Data are given as Mean ± SD or number. P<0.05 was considered statistically 
significant. *Compared with group C, P < 0.05.
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helpful for proper postoperative pain management in patients 
undergoing laparoscopic myomectomy.

The release of stress factors and inflammatory mediators 
caused by surgical or anesthetic operations may directly 
cause pain and affect patients’ postoperative recovery.40–42 

Stress and inflammatory mediators play an essential role in 
pain sensitization.40 Proper analgesic regimens can prevent 
both peripheral and central sensitization, thereby attenuating 
the postoperative amplification of pain sensation and conse-
quently reducing postoperative stress and inflammatory 
response.43,44 The levels of stress hormones and inflamma-
tory mediators in our study were significantly lower in group 
T compared with group C at 1h in the PACU. This result is 
consistent with our findings of postoperative VAS pain 
scores. Patients in group T also showed significantly lower 
VAS pain scores in the first 1h of the PACU stay period. 
Therefore, our results suggest that the sufentanil adminis-
tered 1h before the end of surgery would be effective in 
reducing the stress and inflammatory responses, so that 
reduces postoperative pain sensitization.45

Given the safety must be considered to evaluate a novel 
treatment, we assessed the adverse effect of our regimen in 
the present study. We found that the sufentanil administra-
tion in group T reduced the occurrence of cough compared 
to group C during the recovery period after general anesthe-
sia. In recent studies, sufentanil has been reported to have 
a higher therapeutic index and a lower respiratory depressive 
property compared to other opioids.25,46,47 Consistent with 
these studies, patients in group T showed no apparent 
respiratory depression after extubation, and most of the 
patients could maintain oxygen saturation above 95% with-
out the oxygen mask. Additionally, the two groups showed 
no noticeable difference in the anesthetic recovery time, as 
well as the incidence of postoperative delirium. These phe-
nomena are in line with the previous studies.27,31

There are some limitations to this study. Firstly, only 
female patients with ASA class I or II were included in 
our study, it would be better if this study were performed 
on patients with various demographic and clinical character-
istics. Secondly, a single dose of sufentanil was used in our 
study. It is worth to further explore the relationship between 
the dose of sufentanil and postoperative pain. Thirdly, sufen-
tanil was intraoperatively administered at a single timepoint. 
The protocol with more time points will be helpful to con-
firm the optimal administration time in the future study. 
Fourthly, the generalizability of our study may be limited 
as it was a single-center study. Fifthly, due to its relatively 
small sample size, the study may have a potential bias. 

Therefore, studies with larger sample sizes and multicenter 
may help draw more definitive conclusions.

In summary, additional administration of sufentanil 1h 
before the end of the surgery improved postoperative pain 
and agitation, reduced inflammatory and stress responses, 
without delaying anesthetic recovery time and increasing 
adverse effects during the early postoperative period in 
patients underwent laparoscopic myomectomy surgery.
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