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Purpose: This study was designed to investigate the effects of different doses of butorphanol on postoperative shivering and quality 
of recovery in elderly patients.
Patients and Methods: A total of 147 elderly patients (aged 60 or older) scheduled for elective transurethral resection of the prostate 
were enrolled in the current study. Patients were randomly and evenly assigned into four groups: Group C (0.9% normal saline), Group 
B1 (butorphanol 0.01 mg/kg), Group B2 (butorphanol 0.02 mg/kg) and Group B3 (butorphanol 0.03 mg/kg). All drugs were diluted to 
5mL and injected intravenously slowly 5 min before induction of anesthesia. The primary outcome measure was the incidence of 
postoperative shivering in the post-anesthesia care unit. Quality of Recovery-40 (QoR-40) scores were assessed on postoperative day 
(POD) 1, 2 and 3. Perioperative core and skin temperature, extubation time and adverse events were also recorded.
Results: Patients among the four groups had comparable baseline characteristics. Compared with Group C, the incidence of shivering 
was significantly lower in Group B2 and B3 (P = 0.006 and P = 0.005, respectively). The QoR-40 scores on POD1 were significantly 
higher in all butorphanol groups than that in Group C (P < 0.0083). In Group B2 and B3, patients experienced lower pain intensity 
(P < 0.001). In addition, the incidence of catheter-related bladder discomfort (CRBD) was lower in all butorphanol groups than in 
Group C (P < 0.0083).
Conclusion: Butorphanol 0.02 or 0.03 mg/kg could effectively prevent the occurrence of postoperative shivering in elderly patients 
scheduled for transurethral resection of the prostate, provided effective postoperative recovery and postoperative analgesia.
Keywords: butorphanol, elderly patients, postoperative shivering, recovery quality, postoperative pain

Introduction
Postoperative shivering is a common complication during recovery from general anesthesia, with a reported incidence 
ranging from 20% to 80%.1,2 Shivering is a thermoregulatory mechanism to core hypothermia, but it can cause a lot of 
harm to patients during the perioperative period. It can increase metabolic rate and oxygen consumption, induce lactic 
acidosis, increase the release of catecholamines and the incidence of cardiovascular complications. Shivering can also 
increase intracranial and intraocular pressures.2,3 In addition, it may cause discomfort and increase the risk of post-
operative complications such as infection, pain and bleeding, resulting in a prolonged hospital stay.4 These are especially 
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dangerous for elderly patients with multiple comorbidities and low cardiopulmonary reserves. Furthermore, with the 
increasing clinical application of perioperative mild hypothermia, the prevention and treatment of shivering have become 
increasingly important, which are also beneficial to improve the safety and comfort of elderly patients during the 
recovery period and accelerate postoperative rehabilitation.

The causes of postoperative shivering are not clearly understood. Existing studies suggested the following possible 
reasons: anesthetics inhibit the thermoregulation system and reduce the threshold of shivering; redistribution of body 
heat; intraoperative heat loss; release of thermogenic medium; pain.5,6 Postoperative shivering can also occur in patients 
with normal body temperature, and they may not feel cold.7,8 The above causes provide various ideas of resistance to 
shivering, and also show that physical measures alone are not enough to prevent postoperative shivering.

Previous studies have confirmed the effectiveness of various drugs in preventing and treating postoperative shivering, 
but the ideal drug is still not conclusive. The most used drug is meperidine, but it has different degrees of inhibition of 
respiratory and circulatory functions, resulting in nausea, vomiting, obvious drowsiness, dizziness and other adverse 
reactions. In addition, its metabolites can cause central nervous system symptoms of excitement.4,9,10 Butorphanol is 
a mixed agonist and antagonist of the opioid receptor. It produces analgesic and shivering resistance effects for moderate 
affinity to the κ opioid receptor (KOR), with partial antagonism to the μ opioid receptor (MOR), so it has little effect on 
respiration and circulation with minor adverse reactions. Furthermore, it is mainly metabolized to inactive hydroxybu-
torphanol in the liver.11–13 Butorphanol has been widely used for perioperative analgesia, however, its ideal dose to 
prevent postoperative shivering has not been studied.

The purposes of this study were to investigate the effect of butorphanol on the incidence of postoperative shivering 
during the recovery period from general anesthesia in elderly patients undergoing transurethral resection of the prostate 
and explore the dosage that can prevent shivering effectively with fewer side effects and improved quality of recovery.

Patients and Methods
This is a single-center, randomized, double-blind, placebo-controlled clinical trial and has been approved by the Ethics 
Committee of the Affiliated Hospital of Xuzhou Medical University (XYFY2022-KL035-01). The study was registered 
in the Chinese Clinical Trial Center (ChiCTR2200057411) and conducted at Affiliated Hospital of Xuzhou Medical 
University between March 2022 and October 2022. All patients were recruited after passing the ethical review, and they 
voluntarily chose general anesthesia due to fear of spinal anesthesia or surgical reasons. This research complied with the 
Declaration of Helsinki and CONSORT guidelines. Before enrollment, we obtained written informed consents from all 
patients or family authorized.

Patients
Patients scheduled for elective transurethral resection of the prostate under general anesthesia for benign prostatic 
hyperplasia were recruited for this study, with age 60 or older, BMI < 30 kg/m2 and American Society of 
Anesthesiologists (ASA) physical status II–III. The exclusion criteria were as follows: severe cardiovascular, respiratory, 
liver or renal dysfunction; an initial body temperature above 38.0°C or below 36.0°C; severe hypothyroidism or 
hyperthyroidism, metabolic disease and neuromuscular disease; long-term use of analgesics, sedatives and antidepres-
sants; language comprehension disorder or mental disorder; allergies to butorphanol tartrate; and refusing to sign written 
informed consent. Patients with intraoperative temperature below 36°C, operation duration more than 3 hours or those 
admitted to the intensive care unit (ICU) after operation were also excluded.

Randomization and Blinding
156 patients were randomly assigned to one of four groups in a 1:1:1:1 ratio according to a computer-generated random 
sequence (n=39): Group C (0.9% normal saline), Group B1 (butorphanol 0.01 mg/kg), Group B2 (butorphanol 0.02 mg/ 
kg), Group B3 (butorphanol 0.03 mg/kg). Group numbers were randomly placed in sealed opaque envelopes. After the 
patient entered the operating room, a nurse not involved in the study opened the envelope and prepared the appropriate 
medications, all of which were diluted to 5mL. And all the drugs are clear and colorless, with no difference in 
appearance. Both butorphanol and saline are colorless and transparent, with no difference in appearance. All observations 
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in the PACU and postoperative follow-up were performed by the same observer. All patients, anesthesia managers, 
outcome assessors and statisticians were blinded to the group allocation.

Anesthetic Management and Intervention
All patients fasted for 8 h and forwent water for 2 h before surgery. After participants entered the operation room, vital 
signs were routinely monitored, including electrocardiogram (ECG), pulse oxygen saturation (SpO2) and upper limb 
mean blood pressure (MBP). End-expiratory CO2 (PETCO2) and bispectral index (BIS) were monitored after induction of 
anesthesia. Upper extremity venous access was opened (liquid infusion speed was 10 mL/kg/h for the first 30 min and 5– 
7 mL/kg/h thereafter), and radial artery puncture and catheterization were performed local infiltration anesthesia with 2% 
lidocaine for measuring the arterial pressure and sampling the arterial blood gas.

Patients in Group B1, B2 and B3 received corresponding doses of butorphanol intravenously (0.01 mg/kg, 0.02 mg/kg 
or 0.03 mg/kg) 5 min before induction of anesthesia, whereas patients in Group C received the same volume of normal 
saline. Anesthesia induction was performed after pure oxygen inhalation for 5 min: midazolam (0.05 mg/kg), etomidate 
(0.3 mg/kg), sufentanil (0.5 μg/kg), and cisatracurium (0.15–0.2 mg/kg), tropisetron (2mg). When BIS < 50, the 
appropriate type of laryngeal mask was performed with muscle relaxation. Mechanical ventilation parameters settings 
were: respiratory rate (RR) 12–16 breath/min, tidal volume (VT) 6–8 mL/kg, the ratio of inspiratory and exhalation time 
(I: E) 1:1.5, fraction of inspired oxygen (FiO2) 60–80%, PETCO2 35–45 mmHg. Anesthesia was maintained with 2– 
5 mg·kg−1·h−1 propofol, 0.1–0.3 μg·kg−1·h−1 remifentanil and 1% sevoflurane. Cisatracurium was supplemented 
according to the TOF value and surgical progress. The infusion rate of intravenous anesthetics was adjusted during 
surgery to maintain the BIS value at 40–60, MAP and heart rate fluctuated within 20% of the basal value. Vasoactive 
agents would be used as appropriate. All intravenous and inhaled drugs were stopped after the prostate was removed and 
before a catheter was placed. The patient underwent bladder lavage with normal saline during the operation.

All patients were transferred to the post-anesthesia care unit (PACU) for resuscitation and further observation. When 
spontaneous respiration was restored and the ideal tidal volume was reached, the eyes could be opened upon call and the 
muscle tone is restored, the laryngeal mask would be removed. Neostigmine (30 μg/kg) and atropine (15 μg/kg) were 
used routinely to antagonize the residual muscle paralysis if there were no contraindications. After 30 minutes of 
observation after extubation and the modified Aldrete score reached 9 points, patients were returned to the ward.

The temperature in the operating room and PACU was kept at 22–23°C, and the humidity was kept at 50%-60%. All 
fluids used by the patients were at room temperature. Patients’ upper bodies were covered with quilts and their legs were 
covered with surgical drapes, and a forced-air warming system set at 38°C was used from the beginning to the end of 
surgery. In the PACU, all patients were monitored and covered with a cotton blanket to keep warm. If NRS ≥ 4, fentanyl 
1 µg/kg would be given intravenously, and additional drugs were given if necessary. The information about the drugs 
used in this study is shown in the Supplementary.

Primary and Secondary Study Outcomes
In this study, the primary outcome was the incidence of postoperative shivering in the PACU. Postoperative shivering 
was evaluated every 10 minutes over 30 minutes after extubation using Wrench’s shivering grade: “0”, no shivering; “1”, 
one or more of: piloerection, peripheral vasoconstriction, peripheral cyanosis without other cause, but without visible 
muscular activity; “2”, visible muscular activity confined to one muscle group; “3”, visible muscular activity in more 
than one muscle group; and “4”, gross muscular activity involving entire body.14 When the patient experienced severe 
postoperative shivering (shivering grade ≥ 3), dexmedetomidine was continuously infused at 0.5 ug/kg for 10 min, and 
a forced-air warming system set at 43°C was used for active heating.

The secondary outcomes included (1) the incidence of severe postoperative shivering; (2) the Quality of Recovery-40 
(QoR-40)15 scores on postoperative day (POD) 1, 2 and 3; (3) extubation time; (4) consumption of propofol, remifentanil 
and vasoactive drugs; (5) the Richmond Agitation Sedation Scale (RASS) score and the numerical rating scale for pain 
(NRS); (6) adverse events including somnolence, nausea, vomiting, respiratory depression and catheter-related blad-
der discomfort (CRBD, defined as the urge to void or a burning sensation in the suprapubic area).16 The QoR-40 scale 
provides a comprehensive assessment of the quality of recovery. It is rated on a 40–200 scale, with higher scores 
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representing better recovery quality. RASS is a 10-level scale that assesses agitation and calmness (+4 “combative” to −5 
“unarousable”).17 The NRS scale uses numbers to indicate pain levels (0 = no pain, 10 = worst imaginable pain).

In addition, forehead body temperature (BTF) was recorded as body surface temperature before anesthesia induction 
(time 0 [T0]), at the beginning of surgery (time 1 [T1]), at 30 minutes after T1 (time 2 [T2]), at 1 hour after T1 (time 3 
[T3]), at the end of surgery (time 4 [T4]), immediately after extubation (time 5 [T5]), at 30 minutes after extubation (time 
6 [T6]). Nasopharyngeal body temperature (BTN) was recorded as core body temperature at T1-T4.

Statistical Analysis
According to the result of the preliminary experiment, the incidence of postoperative shivering in elderly patients 
undergoing transurethral resection of the prostate was 40%, supposed the incidences in Group B1, B2 and B3 were 20%, 
15% and 10%, respectively. We calculated that 35 patients would be enrolled in each group with a power of 80% and an 
α risk of 0.05 by using PASS version 15.0. Considering a 10% dropout rate, 156 patients were eventually enrolled in this 
trial.

SPSS (Version 25.0, IBM SPSS, Chicago, IL, USA) and GraphPad Prism (Version 9, GraphPad Software, La Jolla, 
CA, USA) were used for statistical data analysis. For continuous data, data normality was tested by Shapiro–Wilk test 
and the homogeneity of variance was performed by Levene’s test. Normally distributed variables were presented as mean 
± standard deviation (Mean ± SD), one-way analysis of variance (ANOVA) and SNK-q test were used to compare the 
differences among the groups. Non-normally distributed data were presented as median (M) and inter-quartile range 
(IQR) and were analyzed by Kruskal–Wallis test and Bonferroni’s test. Enumeration data were expressed as frequency 
(%) and were analyzed with the chi-squared test or Fisher’s exact test. Multiple interpolations were made to the missing 
value. All P values were two-sided, and P < 0.05 was considered statistically significant.

Results
A total of 171 patients were screened for eligibility, and 156 patients ultimately met the inclusion criteria and underwent 
randomization. 9 participants were excluded during the test, including 4 cases with intraoperative body temperature < 
36°C and 5 cases with surgical duration > 3 hours. Ultimately, 147 patients were included in the analysis. There were no 
statistically significant differences in baseline characteristics among the four groups (Figure 1, Table 1).

The number of patients who experienced postoperative shivering in Group C, Group B1, Group B2 and Group B3 
was 13 (35.1%), 6 (16.2%), 3 (8.3%) and 3 (8.1%), respectively. Compared with Group C, the incidences of post-
operative shivering in Group B2 and B3 were lower, and the differences were statistically significant (P = 0.006; P = 
0.005, respectively, Figure 2). In addition, fewer patients in Group B3 experienced severe shivering requiring treatment 
compared to Group C (P = 0.003).

QoR-40 scores on preoperative (Pre) were comparable in the four groups. Compared with Group C, the global QoR- 
40 scores of Group B1, B2 and B3 increased significantly on POD 1, and the differences were statistically significant 
(P = 0.001; P < 0.001; P < 0.001; respectively). The same results were seen on POD 2, but the latter differences among 
the groups did not reach the minimal clinically important difference (MCID) of 6.3 points.18 The QoR-40 scores of 
Group B3 on POD 3 were higher than that in Group C (P = 0.034, after Bonferroni adjustment, Table 2), but the 
differences did not reach the MCID.

The consumption of remifentanil in Group B3 was lower than that in Group C (P = 0.003). The use of vasopressors 
was different among the four groups, but there was no significant difference in any pairwise comparison between groups 
(P > 0.0083). Consumption of propofol had no significant difference among the four groups (P = 0.216). The NRS scores 
during recovery from general anesthesia were significantly lower in Group B2 and B3 than in Group C (P < 0.001; P < 
0.001, respectively). More patients developed CRBD in Group C than in the butorphanol three groups (P = 0.006; P < 
0.001; P < 0.001, respectively). There was no significant difference in extubation time, RASS score and adverse events in 
PACU (including hyoxemia, somnolence, nausea or vomiting) among the four groups (P > 0.05, Table 3).

There was no significant difference in BTN at the four time points during surgery among the four groups (P > 0.05, 
Figure 3A). What’s more, no significant difference was identified about the BTF at all recorded time points among the 
four groups (P > 0.05, Figure 3B).
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Discussion
In this prospective, double-blind, randomized controlled study, we found that butorphanol 0.02 or 0.03 mg/kg effectively 
prevented the occurrence of postoperative shivering in elderly patients with transurethral resection of the prostate 

Assessed for eligibility (n=171)

Group C
(n=39)

Group B1
(n=39)

Randomized (n=156)

Excluded (n=15)
 Not meeting inclusion criteria (n=10)
 Declined to participate (n=5)

Excluded (n=2)
 Intraoperative body tem-
 perature < 36  (n=1)
 Surgery took more than
 3 h (n=1)

Analyzed (n=37) Analyzed (n=37)Analyzed (n=36)Analyzed (n=37)

Excluded (n=2)
 Surgery took more than
 3 h (n=2)

Excluded (n=3)
 Intraoperative body tem-
 perature < 36  (n=2)
 Surgery took more than
 3 h (n=1)

Excluded (n=2)
 Intraoperative body tem-
 perature < 36  (n=1)
 Surgery took more than
 3 h (n=1)

Group B3
(n=39)

Group B2
(n=39)

Figure 1 Flow diagram of the study. 
Abbreviations: Group C, control group; Group B1, butorphanol 0.01 mg/kg group; Group B2, butorphanol 0.02 mg/kg group; Group B3, butorphanol 0.03 mg/kg group.

Table 1 Patient’s Characteristics and Surgical Data

Variables Group C (n=37) Group B1 (n=37) Group B2 (n=36) Group B3 (n=37) P

Age (y) 72.4±7.5 72.1±7.8 72.3±6.5 72.5±5.7 0.993

Height (cm) 170 (165–172.5) 165 (160–173) 169.5 (165–171.8) 168 (165–171.5) 0.396

Body weight (kg) 66.4±8.9 66±10.8 64.9±8.6 65.4±7.8 0.912

BMI (kg/m2) 23.3±2.5 23.7±2.9 22.9±2.3 23.0±2.1 0.519

ASA (II/III) 26/11 26/11 24/12 27/10 0.951

Hypertension (%) 11 (29.7) 13 (35.1) 8 (22.2) 14 (37.8) 0.492

Diabetes mellitus (%) 5 (13.5) 7 (18.9) 5 (13.8) 5 (13.5) 0.894

Duration of surgery (min) 82 (71.5–134.5) 90 (66.5–112.5) 90 (61.3–115) 85 (61.5–135) 0.957

Duration of anesthesia (min) 101 (91–146) 109 (82.5–125) 105 (75–130) 98 (77.5–147.5) 0.638

(Continued)
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compared with saline. Butorphanol 0.01 mg/kg decreased the incidence of shivering as well, but the difference was not 
statistically significant.

The elderly are less likely to shiver than the young because of their reduced ability to adjust to changes in body 
temperature.19–21 A regression analysis of 1340 patients found that age was the most important risk predictor of shivering 
after general anesthesia.7 The population selected for this study was elderly patients undergoing transurethral resection of 
the prostate, who received large amounts of lavage fluid to flush the bladder during surgery. This type of surgery caused 
a lot of body heat loss, although we used passive warmth and active heating measures for patients, it could not prevent 
the loss of body heat, which may have increased the incidence of postoperative shivering.

Butorphanol is a hybrid opioid that exerts its clinical effects through strong KOR agonism and weak MOR agonism- 
antagonism. Its effect on KOR activation is dose-dependent and has a ceiling effect.22 Previous studies have proved that 
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4

P=0.005

P=0.006
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Figure 2 The Incidence of Postoperative Shivering Among the Four Groups. 
Notes: Data are presented as percentage (%). “0”, no shivering; “1”, one or more of: piloerection, peripheral vasoconstriction, peripheral cyanosis without other cause, but 
without visible muscular activity; “2”, visible muscular activity confined to one muscle group; “3”, visible muscular activity in more than one muscle group; and “4”, gross 
muscular activity involving entire body. 
Abbreviations: C, control group; B1, butorphanol 0.01 mg/kg group; B2, butorphanol 0.02 mg/kg group; B3, butorphanol 0.03 mg/kg group.

Table 1 (Continued). 

Variables Group C (n=37) Group B1 (n=37) Group B2 (n=36) Group B3 (n=37) P

Surgery types, n (%)

TURP 4 (11.1) 2 (5.4) 3 (8.3) 3 (8.1) 0.346

PVP 10 (27) 15 (40.5) 8 (22.2) 17 (45.9) –

TUPKRP 23 (63.9) 20 (54.1) 25 (69.4) 17 (45.9) –

Intravenous fluid (mL) 900 (700–1100) 900 (750–1225) 900 (750–1100) 850 (600–1200) 0.745

Bladder flushing solution (L) 27 (18–45) 30 (21–42) 27 (18–33) 24 (21–39) 0.421

Bladder puncture fistula (%) 6 (16.2) 6 (16.2) 4 (11.1) 3 (8.1) 0.683

Notes: Data are presented as Mean ± SD, median (IQR) or number (%). 
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists; Group C, control group; Group B1, butorphanol 0.01 mg/kg group; Group B2, 
butorphanol 0.02 mg/kg group; Group B3, butorphanol 0.03 mg/kg group; TURP, transurethral resection of prostate; PVP, photoselective vaporization of prostate; TUPKRP, 
transurethral plasmakinetic resection of prostate.
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butorphanol can effectively treat shivering after spinal anesthesia, but there are few studies on general anesthesia and 
shivering prevention.23–25 In this study, we found that butorphanol can effectively reduce the occurrence and intensity of 
postoperative shivering, which is similar to the results of previous studies. Sujeet6 concluded that 2 mg of butorphanol 
administered intravenously before induction of anesthesia or performing the regional block reduced shivering after 
general anesthesia or intraspinal anesthesia. Vikramjeet26 observed that induction of anesthesia with 0.04 mg/kg 
butorphanol significantly decreased the incidence of shivering after laparoscopic cholecystectomy. In our study, the 
body temperature of the patients began to decrease after induction. The rate of decrease was faster in the first hour after 
induction and then became more gradual. In addition, there was no difference in BTN and BTF among the four groups at 
each time point, so we can speculate that the mechanism by which butorphanol resists shivering may be the reduction of 
postoperative shivering threshold rather than the promotion of thermogenesis.

Many studies have shown that remifentanil was associated with an increased incidence of postoperative shivering, 
which they believed was related to acute opioid tolerance and stimulation of N-methyl-D-aspartate (NMDA) receptors as 
in hyperalgesia.5,27,28 Butorphanol three groups used less remifentanil during surgery, and butorphanol has been 

Table 2 QoR-40 Score

Variables Group C (n=37) Group B1 (n=37) Group B2 (n=36) Group B3 (n=37) P

Pre 187 (186–187.5) 187 (186–188) 187 (185.3–188) 187 (186–188) 0.961

POD 1 174 (170–177) 179 (177–181)* 181.5 (179.3–182)* 181 (179–182)* <0.001

POD 2 183 (180–184) 184 (183–186)* 185 (184–186)* 184 (184–185)* <0.001

POD 3 187 (186–188) 188 (187–189) 188 (187–189) 188 (186.5–189.5)* 0.022

Notes: Data are presented as median (IQR). *Compared with Group C, P < 0.0083. 
Abbreviations: Group C, control group; Group B1, butorphanol 0.01 mg/kg group; Group B2, butorphanol 0.02 mg/kg group; Group B3, 
butorphanol 0.03 mg/kg group; Pre, preoperative day; POD 1, postoperative day 1; POD 2, postoperative day 2; POD 3, postoperative day 3; 
QoR-40, quality of recovery 40.

Table 3 Intraoperative Medication and Recovery Data After Extubation

Variables Group C (n=37) Group B1 (n=37) Group B2 (n=36) Group B3 (n=37) P

Intraoperative Medication

Consumption of propofol (mg) 210 (185–285) 205 (154–295) 195 (157.5–255) 190 (160–275) 0.216

Consumption of remifentanil (mg) 0.9 (0.7–1) 0.7 (0.5–0.9) 0.7 (0.5–0.8) 0.6 (0.5–0.9)* 0.002

Receiving vasopressors, n (%) 27 (73) 28 (75.7) 19 (52.8) 30 (81.1) 0.045

Recovery Data after Extubation

Extubation time (min) 21.3±8.2 20.9±7.4 21.4±5.4 21.2±6.4 0.99

NRS score 1 (0–2) 0 (0–1.5) 0 (0–0.75)* 0 (0–0.5)* <0.001

RASS score 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0.122

Hyoxemia, n (%) 5 (13.5) 4 (10.8) 3 (8.3) 6 (16.2) 0.834

Somnolence, n (%) 4 (10.8) 3 (8.1) 4 (11.1) 7 (18.9) 0.614

Nausea or vomiting, n (%) 2 (5.4) 1 (2.7) 1 (2.8) 0 (0) 0.756

CRBD, n (%) 35 (94.6) 26 (70.3)* 16 (44.4)* 15 (40.5)* <0.001

Notes: Data are presented as Mean ± SD, median (IQR) or number (%). *Compared with Group C, P < 0.0083. 
Abbreviations: Group C, control group; Group B1, butorphanol 0.01 mg/kg group; Group B2, butorphanol 0.02 mg/kg group; Group B3, butorphanol 0.03 mg/kg group; 
RASS, Richmond Agitation Sedation Scale; NRS, Numerical Rating Scale for Pain; CRBD, catheter-related bladder discomfort.
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confirmed to significantly alleviate postoperative hyperalgesia induced by remifentanil,29 both of which may account for 
the reduction of postoperative shivering in butorphanol groups. Many studies have found that postoperative pain was also 
a contributing factor to the occurrence of shivering. This is because pain and temperature signals are transmitted along 
similar fiber systems that synapse in dorsal horn regions.30,31 Butorphanol has been a widely used analgesic in the clinic, 
as a KOR agonist, it is more effective for the treatment of visceral pain.32 In the PACU, patients in Group B2 and B3 also 
had lower postoperative NRS scores than Group C. This suggested that butorphanol might reduce pain and postoperative 
hyperalgesia induced by remifentanil, thereby contributing to the reduction of postoperative shivering.

Recently, numerous studies have demonstrated the protective effects of KOR on the heart, lung, kidney and other key 
organs.32–35 In addition, butorphanol can make anesthesia induction and recovery more smoothly and reduce the 
occurrence of postoperative cognitive dysfunction (POCD).13,22,26 But they did not comprehensively assess the effect 
of butorphanol on the quality of postoperative recovery. The QoR-40 scale comprehensively assesses the quality of 
recovery from five clinical dimensions: physical comfort, emotional state, psychological support, physical independence 

Figure 3 Perioperative Body Temperature (°C). 
Notes: Median values shown as solid line within box of 25th and 75th percentile values. Whiskers represent maximum and minimum values. (A) BTN (°C); (B) BTF (°C). T0, 
before anesthesia induction; T1, at the beginning of surgery; T2, at 30 minutes after T1; T3, at 1 hour after T1; T4, at the end of surgery; T5, immediately after extubation; 
T6, at 30 minutes after extubation. 
Abbreviations: C, control group; B1, butorphanol 0.01 mg/kg group; B2, butorphanol 0.02 mg/kg group; B3, butorphanol 0.03 mg/kg group; BTN, nasopharyngeal body 
temperature; BTF, forehead body temperature.
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and pain perception. The higher the postoperative QoR-40 score is, the better the quality of postoperative recovery.36 In 
the present study, we found that butorphanol could improve postoperative recovery quality scores. However, there was no 
significant difference among the three doses.

Evidence is increasing to demonstrate that activation of the KOR opposes a variety of μ-receptor-mediated actions 
throughout the brain and in the spinal cord.37 As a mixed agonist and antagonist, butorphanol can not only exert a good 
analgesic effect, but also reduce the incidence of adverse effects associated with MOR.29,32,38 In our results, butorphanol 
0.02 or 0.03 mg/kg significantly reduced the postoperative NRS scores, and all three butorphanol doses reduced the 
incidence of postoperative CRBD, showing a significant analgesic effect. However, there was no significant difference in 
adverse effects such as nausea or vomiting among the four groups, which could be resulted from the routine use of 
antiemetics or insufficient sample size. Butorphanol can produce a certain degree of sedation and may cause somnolence, 
respiratory depression or hypoxemia.22,26,38 But in our study, butorphanol did not prolong extubation time or result in 
excessive postoperative sedation. This may be related to the use of BIS to adjust the depth of sedation during operation.

This study has some limitations. Firstly, the sample population consisted only of elderly male patients, further studies 
will be required to determine whether the present findings can be generalized to other age groups and the female sex. 
Secondly, in this study, we only observed the effect of butorphanol on early postoperative shivering and recovery quality 
in elderly patients. The long-term effect of butorphanol needs further study. Thirdly, the use of physical heating measures 
during operation also has a certain prevention effect on postoperative shivering.4,39,40 Although we routinely used 
a forced-air warmer set at 38°C during surgery, further studies will be needed to explore the best combination of 
antishivering medications and nonpharmacological antishivering interventions.

Conclusion
Butorphanol 0.02 or 0.03 mg/kg significantly reduced the incidence and severity of postoperative shivering in elderly 
patients scheduled for transurethral resection of the prostate, improved postoperative early recovery quality and provided 
effective postoperative analgesia with no additional significant adverse effects.
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