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Background: Effective methods for the prevention of postoperative nausea and vomiting remain to be found. Building upon previous 
evidence, we examined whether glycopyrrolate bromide had a preventive effect on nausea and vomiting when used as an adjuvant 
treatment.
Methods: In 11 participating hospitals, patients who were scheduled to receive gynecological (n=123), gastrointestinal (n=201), 
thyroid (n=93), and breast surgery (n=51) under general anesthesia and received postoperative opioids were randomly allocated to 
receive 4 mg dexamethasone and 4 mg tropisetron (Group C) or 4 mg dexamethasone and 4 mg tropisetron combined with 0.2 mg 
glycopyrrolate bromide (Group G). The primary outcome of postoperative nausea and vomiting was assessed. The secondary outcomes 
included the incidences of significant nausea and vomiting (defined based on a rating scale of intensity ≥ 4), vomiting, and extra 
intervention.
Results: In total, 471 patients (234 in Group G and 237 in Group C) were included in the final analysis. The incidence of 
postoperative nausea and vomiting in Group G was lower than that in Group C (27.8% vs 43.0%, odds rate=0.65, 95% confidence 
interval =0.50–0.83, P=0.001). Furthermore, the incidences of significant nausea and vomiting (14.1% vs 27.8%, odds rate=0.50, 95% 
confidence interval=0.35–0.74, P<0.001), vomiting (7.3% vs 15.6%, OR=0.46, 95% confidence interval=0.27–0.80, P=0.004) and 
extra intervention (9.4% vs 17.7%, odds rate=0.53, 95% confidence interval=0.33–0.86, P=0.008) in Group G were all significantly 
lower than those in Group C. The two groups showed no significant difference in adverse events.
Conclusion: The intravenous administration of 0.2 mg glycopyrronium bromide at the end of surgery can be an effective adjuvant 
treatment strategy for prevention of nausea and vomiting in patients undergoing surgery under general anesthesia and receiving 
postoperative opioids.
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Trial Registration: The Hospital Ethics Committee of the Second Affiliated Hospital, Chongqing Medical University (Approval ID: 
2022–14-1) approved this study. This trial was registered with Identifier NCT05331651 on ClinicalTrials.gov.
Keywords: glycopyrronium bromide, nausea, vomit, general anesthesia. postoperative opioids

Introduction
Globally, an estimated 260–360 million surgical procedures are performed annually1 in China, with over 70 million 
surgeries performed in 2021.2 Postoperative nausea and vomiting (PONV) are one of the most common adverse effects in 
patients undergoing surgery, with an average incidence of 30% and approximately 80% in high-risk patients.3–5 

Furthermore, many common anesthetic risk factors, such as general anesthesia and postoperative opioids, could increase 
the risk of PONV.6,7 To date, decreasing the incidence and intensity of PONV remains a challenge. As recommended in 
recent guidelines and reported in studies on PONV, several drugs, including 5-HT3 receptor antagonists (tropisetron), D2 
receptor antagonists (metoclopramide), NK1 receptor antagonists (casopitant), histamine-1 receptor antagonists (mecli
zine), and corticosteroids (dexamethasone), are commonly used to treat PONV based on different mechanisms.7–10 

Nonetheless, the incidence of PONV remains high, as reported in several recent studies.11–13 Therefore, it is necessary to 
explore novel drugs that can assist in treating PONV to provide better options in clinical practice.

Glycopyrronium bromide is a long-acting quaternary ammonium anticholinergic drug that can selectively antagonize 
the M receptor, with a three- to five-fold higher selectivity for M1 and M3 receptors than for M2 receptors. It mainly 
exhibits peripheral anticholinergic effects, including inhibitory effects on gastric acid secretion and gastrointestinal 
spasmolysis, with an action time of three to four times that of atropine.14 Based on these peripheral effects, 
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glycopyrronium bromide may prevent nausea and vomiting. In addition, several studies have stated that intravenous 
injection of glycopyrronium bromide before a subarachnoid block can effectively prevent nausea and vomiting intra- and 
postoperatively, as reported in previous studies.15,16 Therefore, we hypothesized that glycopyrronium bromide can 
prevent PONV in patients receiving general anesthesia and postoperative opioid analgesia. Therefore, this multicenter 
study aimed to verify whether using glycopyrronium bromide as an adjuvant medication reduced the incidence and 
severity of PONV.

Methods
Study Design
This study was designed as a multicenter randomized controlled trial to explore the effects of glycopyrronium bromide in 
preventing PONV, according to the Consolidated Standards of Reporting Trials 2010 statement guidelines.17 Seventeen 
hospitals were invited to participate in this study, of which 11 agreed. This study was conducted following the 
Declaration of Helsinki of the World Medical Association, and the study protocol was approved by the Hospital 
Ethics Committee of the Second Affiliated Hospital, Chongqing Medical University (Approval ID: 2022–14-1). The 
study protocol was registered and initially released at clinicaltrials.gov (ID: NCT05331651) on Apr 11, 2022. The study 
protocol was also approved by the Hospital Ethics Committee of all included study centers, and all the patients provided 
written informed consent before the study. The full protocol and unidentified data can be acquired upon reasonable 
request from the corresponding author.

Patients
Patients aged 18–70 years undergoing non-cardiac surgery in the included hospitals were enrolled between April 21, 
2022 and June 30, 2023. The inclusion criteria were the following: (1) undergoing elective non-cardiac surgery, (2) 
receiving general anesthesia, (3) American Society of Anesthesiologists classification I–III, and (4) voluntarily receiving 
postoperative intravenous controlled analgesia. Exclusion criteria included the following: (1) allergy or existing contra
indications to glycopyrronium, tropisetron, and other study drugs, (2) participation in other clinical drug trials within 3 
months, (3) puerpera or lactating, and (4) the inability to follow the study procedure for any reason.

Randomization, Masking, and Allocation Concealment
Patients were randomly assigned to two groups following the PONV prevention procedure based on whether they 
received (Group G) or not (Group C) glycopyrronium bromide (Jiabo Pharmaceutical Co., Ltd. Guangdong, China). 
Central randomization based on computer-generated random numbers was performed. In every center, the non-blinded 
researcher performed the treatment according to the random numbers through an electronic randomization system (O- 
Trial+, Quanrong Company, Shanghai, China). Competitive enrollment was performed, and at least 20 subjects were 
asked to be recruited in each center. After the patients were included, an independent investigator randomly assigned 
them to the different groups. In this study, all the patients, the doctors involved in the procedure including the 
anesthesiologists, and the researchers responsible for follow-up were blinded to the group allocation. The anesthesiol
ogists responsible for drug administration were not involved in the data collection, input, and analysis.

Anesthetic and Analgesic Procedures
Routine preoperative checkups were performed in all patients the day before surgery. Patients completed informed 
consent forms after receiving information about the study protocols and were advised on the use of patient-controlled 
intravenous analgesia (PCIA). Patients were informed of how to record the presentation of nausea and vomiting and how 
to evaluate the nausea intensity using the Numeric Rating Scale (NRS).18

Standard monitoring techniques, including electrocardiography, pulse oximetry, and heart rate and blood pressure 
monitoring, were applied as soon as the patient entered the operating room. The Bispectral Index (BIS) was used to 
continually monitor the level of anesthesia. Notably, both groups received the same anesthetic regimen. Rapid sequence 
induction was performed on all patients using midazolam 0.04 mg/kg, sufentanil 0.3–0.5 µg/kg, propofol 2–2.5 mg/kg, 
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and rocuronium bromide 0.6 mg/kg. Anesthesia was maintained using remifentanil infusion at 0.1–0.2 µg/kg/min, 1% 
sevoflurane inhalation anesthesia, and an intravenous infusion of propofol at 1–4 mg/kg/h, which was used to keep the 
anesthesia depth within the desired BIS range of 40–60, and rocuronium bromide was given as a loading dosage 
dependent on the surgical needs. Other anticholinergic drugs, such as atropine, were avoided in this study.

At the end of the surgical procedure, sufentanil 0.10 μg/kg and flurbiprofen ester 50 mg were administered, and a 
PCIA pump with opioids was attached for 24 h postoperatively. The patients were then sent to the post-anesthesia care 
unit until recovery, and nerve block or fascial block were given based on surgery type. Blockade reversal agents were 
used only if delayed recovery occurred, through sugammadex sodium based on the judgement of anesthesiologists. The 
100-mL PCIA solution included sufentanil 0.2–0.3 μg/kg, flurbiprofen axetil 100 mg, and 0.9% normal saline. The PCIA 
pump loading dose was 2 mL, the background infusion rate was 2 mL/h, the patient-controlled dose was 2 mL, and the 
lockout duration was 15 min. Additional analgesics, such as flurbiprofen ester, tramadol, dezocine, or oxycodone, were 
provided when needed, based on the surgeon’s judgement.

Regarding the intervention for PONV, dexamethasone, glycopyrronium bromide, tropisetron, and metoclopramide 
were used in this study. All patients were given a 4-mg dexamethasone injection after the induction of anesthesia. 
Glycopyrronium bromide (0.2 mg) and tropisetron (4 mg) were intravenously administered postoperatively to patients in 
Group G, while patients in group C only received tropisetron (4 mg). When rescue therapy for PONV was required by 
patients after surgery, metoclopramide 10 mg was given.

Outcome Measurement
The incidence of PONV was considered the primary outcome. Nausea and vomiting were recorded during the follow-up 
visits at 6±1 h and 24±1 h postoperatively. Regardless of the occurrence of nausea, the nausea intensity (NRS 0–10, with 
0 representing no uncomfortable feeling and 10 representing tolerability), occurrence of vomiting, and intervention 
requirement for nausea and vomiting during 0–6 h and 6–24 h postoperatively were observed and recorded. Patients 
experiencing an NRS score of >3 for nausea or vomiting were defined as having significant PONV. The incidences of 
significant PONV, vomiting, and extra intervention were considered secondary outcomes.

Pain intensity was assessed using the NRS (0–10, with 0 representing no pain and 10 representing intolerable pain) 
from the end of surgery to 24 h postoperatively, and NRS >3 was recorded as moderate-to-severe pain. The total opioid 
consumption over 24 h postoperatively, calculated as morphine-equivalent doses, was recorded according to previous 
studies.19 The degree of satisfaction was assessed in patients using the NRS (0–10, with 0 representing no satisfaction 
and 10 representing complete satisfaction), and NRS <3 was recorded as a bad experience.

In addition, adverse reactions potentially associated with glycopyrronium were recorded during the 24-h post
operative follow-up visits. Potential adverse events postoperatively included desaturation (pulse oxygen saturation 
<90%), hypotension (≥30% decrease from baseline blood pressure or systolic blood pressure ≤90 mmHg), hypertension 
(≥30% increase from baseline blood pressure or systolic blood pressure ≥180 mmHg), bradycardia (heart rate ≤40 beats 
per min) and tachycardia (heart rate ≥100 beats per min). Parched months, dizziness, urinary retention, blurred vision, 
photophobia, constipation, and bloating were also recorded.

Statistical Analysis
Based on our own preliminary experiment in the main hospital center, the incidence of PONV under conventional 
conditions was 35.7% (25/70), while the incidence was 16.7% (5/30) after the additional use of glycopyrronium bromide. 
The study was designed based on a 1:1 parallel controlled difference test, and the statistical test parameters were set at 
α=0.05 and 1-β=0.99. Each group’s minimum required sample size was calculated as 192 cases using the PASS sample- 
size calculation software 11.0 (NCSS, LLC. Kaysville, Utah, USA). Considering a 20% dropout rate, 240 patients were 
required for each group. Therefore, this study included 480 patients to ensure a sufficient sample size.

Statistical analysis was performed using the SPSS software (version 26.0; SPSS, Chicago, IL, USA). Continuous 
values were presented using means ± standard deviations or medians (interquartile range) where appropriate, and 
qualitative values were presented using numbers (percentages). The incidences of PONV and other outcomes between 
groups G and C were compared using Chi-square or Fisher’s exact tests, and the relative risk with a 95% confidence 
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interval (CI) was calculated. Continuous data between the two groups were compared using the independent sample-size 
t-test or Mann–Whitney test, and the mean difference with a 95% CI was calculated. In addition, univariate and 
multivariate logistic regression analysis were sequentially performed to explore the role of the grouping factors (groups 
G and C) in the occurrence of PONV, significant PONV, vomiting, and extra interventions. Confounding factors 
including multicenter factor, age (<60 years and ≥60 years), sex (male and female), body max index classification 
(<28 and ≥28), American anesthesiologist classification (ASA) classification (II and III), smoking status (yes and no), 
history of PONV or motion sickness (yes and no), surgery classification (gynecological, thyroid, breast, and gastro
intestinal surgeries), tumor surgery (yes and no), surgery type (open and endoscopic surgeries), and the classification of 
surgery time (<2 h and ≥2 h) were considered. Factors with P value <0.05 were included in the multivariate logistic 
regression model. Subgroup analyses based on whether the patient had a history of PONV and motion sickness and 
different types of surgery were also performed. Statistical significance was set at P<0.05.

Figure 1 The study’s flowchart.
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Results
In total, 522 patients were assessed for eligibility and 480 were included in the randomization (Figure 1). Six patients in 
Group G and three in Group C were lost to follow-up; 471 patients were included in the final analysis (234 in Group G 
and 237 in Group C). The demographic and baseline parameters of the patients in the different groups are listed in 

Table 1 The Baseline and Intraoperative Data of the Patients in the Two Groups

Variable Group G (n=234) Group C (n=237) P Values

Age, year 46.5±12.5 47.2±12.0 0.537
Age group 0.840

≥60 34(14.5%) 36(15.2%)

<60 200(85.5%) 201(84.8%)
Sex 0.762

Male 39(16.7%) 42(17.7%)

Female 195(83.3%) 195(82.3%)
Height, cm 159.0±7.4 159.5±6.8 0.451

Weight, kg 59.4±10.2 59.7±10.1 0.800
BMI, kg/m2 25.4±2.5 25.3±2.1 0.369

BMI classification 0.729

≥28 26(11.1%) 24(10.1%)
<28 208(88.9%) 213(89.9%)

ASA classification 0.277

II 226(96.6%) 224(94.5%)
III 8(3.4%) 13(5.5%)

Smoking status 0.617

Yes 206(88.0%) 205(86.5%)
No 28(12.0%) 32(13.5%)

History of PONV or motion sickness 0.142

Yes 70(29.9%) 86(36.3%)
No 164(70.1%) 151(63.7%)

Alphe score 3.2±0.5 3.3±0.5 0.449

Surgery type 0.479
Gynecological surgery 60(25.6%) 63(26.6%)

Thyroid surgery 43(18.4%) 50(21.1%)

Breast surgery 32(13.7%) 22(9.3%)
Gastrointestinal surgery 99(42.3%) 102(43.0%)

Surgery method 0.387

Endoscopic surgery 135(57.7%) 146(61.6%)
Open surgery 99(42.3%) 91(38.4%)

Tumor resection 0.372

Yes 76(32.5%) 68(28.7%)
No 158(67.5%) 169(71.3%)

Surgery duration, min 133(95–180) 135(90–183) 0.990

Major surgery 0.952
Yes (surgery duration≥2h) 129(55.1%) 130(54.9%)

No (surgery duration<2h) 105(44.9%) 107(45.1%)

Sugammadex using 0.814
Yes 14(6.0%) 12(5.1%)

No 220(94.0%) 225(94.9%)

Intraoperative blood loss, mL 50(11–75) 30(20–50) 0.585

Notes: Data are presented as mean ± standard deviation, number (percentage), or median (interquartile range). 
Abbreviations: BMI, Body mass index; ASA, American Society of Anesthesiologists.
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Table 1, and no significant differences were found between the two groups. Detailed characteristics of the patients in each 
center are presentedin Supplementary Table 1.

As shown in Table 2, the primary outcome of the study, the incidence of PONV, was significantly lower in Group G 
than in Group C (27.8% vs43.0%, odds ratio (OR)=0.65, 95% CI=0.50–0.83, P=0.001). Furthermore, the incidences of 
significant PONV (14.1% vs 27.8%, OR=0.50, 95% CI=0.35–0.74, P<0.001), vomiting (7.3% vs 15.6%, OR=0.46, 95% 
CI=0.27–0.80, P=0.004) and extra intervention for PONV (9.4% vs 17.7%, OR=0.53, 95% CI=0.33–0.86, P=0.008) were 
significantly lower in Group G than in Group C. Comparisons between Groups G and C for these outcomes at different 
time durations (0–6 h and 6–24 h postoperatively) are shown in Figure 2.

Logistic analysis including the multicenter factor showed no significant effect on the incidence of PONV. As shown in 
Table 3, univariate logistic regression showed that the risk of PONV in the glycopyrronium bromide group was 

Table 2 Postoperative Parameters Associated with Nausea and Vomiting in the Two Groups

Variable Control G (n=234) Group C (n=237) Odds Rate (95% CI) P Values

PONV (yes, %) 65(27.8%) 102(43.0%) 0.65(0.50 to 0.83) 0.001
Significant PONV (yes, %) 33(14.1%) 66(27.8%) 0.50(0.35 to 0.74) <0.001

Vomiting (yes, %) 17(7.3%) 37(15.6%) 0.46(0.27 to 0.80) 0.004

Extra intervention for PONV (yes, %) 22(9.4%) 42(17.7%) 0.53(0.33 to 0.86) 0.008

Notes: Data were presented as number (percentage). 
Abbreviations: PONV, postoperative nausea and vomiting; CI, confidence interval.

Figure 2 Comparisons between groups G and C in outcomes associated with PONV. (A) Incidences of PONV, significant PONV, Vomit and extra intervention for PONV at 
0–6h after surgery between two groups. (B) Incidences of these outcomes at 6–24h after surgery between two groups. 
Abbreviation: PONV, postoperative nausea and vomiting.
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significantly reduced (OR=0.49, 95% CI=0.33–0.75, P=0.001). The risk of PONV was also significantly associated with 
patients aged ≥60 years (≥60 years vs <60 years, OR=2.08, 95% CI=1.14–3.78, P=0.017), and surgery type was 
significantly associated with PONV (P=0.033). Variables with a P-value less than 0.05 from the univariate analysis 
were included in the multivariate logistic regression analysis. The results of the multivariate logistic regression analysis 
indicated that the glycopyrronium bromide group (OR=0.51, 95% CI=0.35–0.76, P=0.001), age ≥60 years (OR=1.83, 
95% CI=1.06–3.16, P=0.029), and surgery type (thyroid surgery vs gynecological surgery, OR=2.00, 95% CI=1.24–3.25, 
P=0.005) were independent risk factors for PONV. In the other three models for predicting significant PONV, vomiting, 
extra intervention for PONV using glycopyrronium bromide, and a history of PONV and motion sickness were identified 
as independent factors as shown in Supplementary Tables 2-4.

Considering that a history of PONV and motion sickness was a risk factor, the differences in outcomes associated 
with PONV between Groups G and C were compared (Table 4). In patients with a history of PONV and motion sickness, 
the incidences of significant PONV (18.6% vs 39.5%, OR=0.47, 95% CI=0.27–0.82, P=0.005), vomiting (12.9% vs 
26.7%, OR=0.48, 95% CI=0.24–0.97, P=0.033), and extra intervention (14.3% vs 27.9%, OR=0.51, 95% CI=0.26–0.99, 
P=0.040) were significantly lower in Group G than in Group C, unlike the general incidence of PONV (38.6% vs 51.2%, 
OR=0.75, 95% CI=0.53–1.08, P=0.116). The results of subgroup analyses of PONV incidences based on different types 
of surgeries are shown in Supplementary Table 5.

A comparison of the adverse events between the different groups is summarized in Table 5. Significant differences in 
the incidence of hypotension were observed; hypotension in Group G was significantly lower than in Group G (0.0% vs 
3.0%, P=0.033). The two groups exhibited no other differences.

Table 3 Univariable and Multivariable Logistic Regression Analysis for Postoperative Nausea and Vomiting

Variables Univariate OR (95% CI) P Value Multivariate OR (95% CI) P Value

Center 0.053
Center A Reference

Center B 1.41(0.48,4.16) 0.538

Center C 2.2(0.5,9.67) 0.296
Center D 0.44(0.09,2.11) 0.304

Center E 2.37(0.52,10.81) 0.266

Center F 0.44(0.09,2.15) 0.312
Center G 0.36(0.07,1.85) 0.221

Center H 0.32(0.06,1.68) 0.18
Center I 1.26(0.3,5.22) 0.751

Center J 0.73(0.17,3.18) 0.678

Center K 2.21(0.59,8.22) 0.238
Glycopyrronium bromide group 0.49(0.33,0.75) 0.001 0.51(0.35,0.76) 0.001

Male 0.49(0.22,1.07) 0.072

Age≥60, years 2.08(1.14,3.78) 0.017 1.83(1.06,3.16) 0.029
BMI≥28, kg/m2 0.88(0.44,1.74) 0.71

ASA II grade 0.7(0.26,1.85) 0.47

Non-smoking 0.86(0.39,1.87) 0.702
History of PONV or motion sickness 0.66(0.42,1.04) 0.074

Surgery type 0.033 0.009

Gynecological surgery Reference Reference
Thyroid surgery 1.75(0.94,3.25) 0.079 2.00(1.24,3.25) 0.005

Breast surgery 0.59(0.29,1.22) 0.154 1.10(0.64,1.89) 0.722

Gastrointestinal surgery 0.53(0.22,1.25) 0.147 0.71(0.35,1.43) 0.338
Tumor resection 1.56(0.93,2.61) 0.089

Endoscopic surgery 1.15(0.62,2.12) 0.661

Surgery duration≥2h 0.83(0.51,1.35) 0.455

Abbreviations: OR, odds rate; CI, confidence interval; BMI, body max index; PONV, Postoperative nausea and vomiting.
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Discussion
In this multicenter randomized controlled study, all patients were exposed to general anesthesia and postoperative opioids 
intraoperatively, and a combination of dexamethasone and tropisetron was used as a PONV prevention strategy in the 
control group. The incidence of PONV in these patients was 43.0%. However, we found that, compared with traditional 
interventions, the intravenous administration of glycopyrronium bromide at the end of surgery significantly decreased the 
incidence of PONV. Furthermore, glycopyrronium bromide showed preventive effects against significant PONV, post
operative vomiting, and additional postoperative intervention.

The mechanism of nausea and vomiting is mediated by peripheral stimulus signals causing the local release of 
neurotransmitters associated with nausea and vomiting, with the subsequent activation of the corresponding receptors in 
the vagus nerve, which acts on the nausea/vomiting centers to produce the nausea or the vomiting.20 Notably, previous 

Table 4 Subgroup Analysis of Postoperative Parameters Associated with Nausea and Vomiting in the Two Groups

Variable PONV  
(yes, %)

Significant 
PONV (yes, %)

Vomiting (yes, %) Extra Intervention for 
PONV (yes, %)

Patients with history of PONV or 
motion sickness

Control G (n=70) 27(38.6%) 13(18.6%) 9(12.9%) 10(14.3%)
Group C (n=86) 44(51.2%) 34(39.5%) 23(26.7%) 24(27.9%)

Odds rate (95% CI) 0.75(0.53 to 1.08) 0.47(0.27 to 0.82) 0.48(0.24 to 0.97) 0.51(0.26 to 0.99)

P values 0.116 0.005 0.033 0.040
Patients without history of PONV 
or motion sickness

Control G (n=164) 38(23.2%) 20(12.2%) 8(4.9%) 12(7.3%)

Group C (n=151) 58(38.4%) 32(21.2%) 14(9.3%) 18(11.9%)

Odds rate (95% CI) 0.60(0.43 to 0.85) 0.58(0.34 to 0.96) 0.53(0.23 to 1.22) 0.61(0.31 to 1.23)
P values 0.003 0.032 0.126 0.164

Notes: Data were presented as number (percentage). 
Abbreviations: PONV, postoperative nausea and vomiting; CI, confidence interval.

Table 5 Other Postoperative Parameters in the Two Groups

Variable Group G (n=234) Group C (n=237) Mean Difference or Odds Rate  
(95% CI)

P Values

Total postoperative analgesia consumption, mg* 58.8±23.2 61.1±26.0 2.3(−6.7 to 2.5) 0.320
Desaturation (yes, %) 7(3.0%) 5(2.1%) 1.42(0.46 to 4.40) 0.544

Hypotension (yes, %) 8(3.4%) 16(6.8%) 0.51(0.22 to 1.16) 0.100
Hypertension (yes, %) 14(6.0%) 12(5.1%) 1.18(0.56 to 2.50) 0.100

Tachycardia (yes, %) 11(4.7%) 9(3.8%) 1.24(0.52 to 2.93) 0.627

Bradycardia (yes, %) 2(0.9%) 7(3.0%) 0.29(0.06 to 1.38) 0.096
Parched mouth (yes, %) 20(8.5%) 17(7.2%) 1.19(0.64 to 2.22) 0.579

Urinary retention (yes, %) 5(2.1%) 9(3.8%) 0.56(0.19 to 1.65) 0.289

Dizziness (yes, %) 12(5.1%) 9(3.8%) 1.35(0.58 to 3.14) 0.484
Blurred vision or photophobia (yes, %) 0(0.0%) 0(0.0%) NA 1.000

Abdominal distension (yes, %) 6(2.6%) 7(3.0%) 0.87(0.29 to 2.54) 0.289

Moderate to severe pain (yes, %) 30(12.8%) 38(16.0%) 0.80(0.51 to 1.25) 0.321
Bad experience (yes, %) 5(2.1%) 4(1.7%) 0.99(0.97 to 1.02) 0.984

Hospital stay (day) 7.0(6.0–11.0) 7.0(6.0–10.5) 0.4(−0.5 to 1.3) 0.820

Notes: Data were presented as mean ± standard deviation, number (percentage) or median (interquartile range). *, Calculated as equivalent dose of morphine. 
Abbreviations: NA, not applicable; CI, confidence interval.
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studies have explored the PONV prevention effects of anticholinergic agents, including scopolamine and penehyclidine.
21,22 Combining with these results and considering that the effective time for scopolamine is approximately 1 h, we 
speculated that scopolamine may be more suitable for short-term interventions in outpatient settings. However, these 
anticholinergic agents have strong effects on the central nervous system, but relatively weak effects on gastric acid 
secretion and gastrointestinal spasmolysis. Unlike these three anticholinergic agents, glycopyrronium bromide is a long- 
acting quaternary ammonium anticholinergic drug that selectively inhibits gastric acid secretion and gastrointestinal 
spasmolysis.14 In the current multicenter clinical study, the incidence of PONV was significantly lower when glyco
pyrronium bromide was used. Furthermore, the incidence of significant PONV, vomiting, and extra intervention, 
representing more severe symptoms in clinical practice, was also significantly reduced. Furthermore, in this study, no 
significant adverse events were observed postoperatively. These results indicate that glycopyrronium bromide can be a 
novel and effective supplementary treatment for preventing PONV.

In this study, logistic regression analysis was further performed to validate the role of glycopyrronium bromide in 
preventing PONV. The results showed that for all four outcomes, including PONV, significant PONV, vomiting, and extra 
intervention for PONV, glycopyrronium bromide use was an independent protective factor. In addition, we found that a 
history of PONV, or motion sickness, was a risk factor in many previous studies.4,23,24 was consistently a risk factor for 
several outcomes in the current population. Furthermore, a subgroup comparison was performed based on the presence or 
absence of a history of PONV, or motion sickness. Notably, in patients with a history of PONV or motion sickness, 
glycopyrronium bromide showed statistically significant reductive effects on more severe symptoms, including signifi
cant PONV, vomiting, and additional intervention for PONV, but not on the incidence of PONV. This indicates that, even 
in high-risk populations, glycopyrronium bromide can improve severe symptoms associated with PONV.

PONV occurs more often within 24 h postoperatively, especially in the early 6 h.8,25 In this study, we compared the 
PONV prevention effects of glycopyrronium bromide at 0–6 and 6–24 h postoperatively. The results showed that, at 0–6 
h postoperatively, patients in Group G had a lower incidence of PONV, significant PONV, vomiting, and additional 
intervention for PONV, but not at 6–24 h. As reported in a previous study, the effective time of glycopyrronium bromide 
was approximately 6–8 h.26 Based on these results, we speculated that another dose of glycopyrronium bromide 6 h 
postoperatively might be required to lengthen and improve its PONV prevention effects.

This study has a few limitations. First, based on previous studies, only fixed doses were selected, and no other dose 
gradients were used. In the future, it will be necessary to explore the clinical effects of different doses or determine the 
dosage based on patient weight. Second, this study only used a single dose and did not continue administration at other 
time points. It will be necessary to explore the PONV prevention effects of a broader range of administration methods in 
the future. Third, the wide range of surgical procedures in the analysis could introduce confounding factors that may 
influence the results; therefore, the effectiveness of glycopyrronium bromide in other different surgical types or methods 
still needs to be studied. Moreover, intravenous-inhalation combined anesthesia was performed in this study, which 
differs from total intravenous or inhalation anesthesia. Therefore, the effects of glycopyrronium bromide on PONV in 
these two methods require further validation. Finally, in this study, the postoperative 24 h with a high incidence of PONV 
was selected as the observation period. Therefore, the effect of glycopyrronium bromide on longer postoperative time 
still needs to be clarified.

Conclusion
This study demonstrated that the intravenous administration of 0.2 mg of glycopyrronium bromide at the end of surgery 
can be used as an adjuvant treatment strategy for patients undergoing surgery under general anesthesia and receiving 
postoperative opioids for prevention of nausea and vomiting after gynecological, gastrointestinal, thyroid and breast 
surgery.

Data Sharing Statement
All the data that support the current findings of this study are available from the corresponding author upon reasonable 
request.
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