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Background and Aim: Postoperative sore throat is a common complication following endotracheal intubation, which can sig
nificantly affect patient comfort and recovery. The purpose of this study is that compares the efficacy of preoperative topical 
magnesium sulfate spraying with that of magnesium sulfate gargling aimed at preventing postoperative sore throat.
Patients and Methods: 236 Participants were randomly allocated to either the magnesium sulfate spray group (Group A) or the magnesium 
sulfate gargle group (Group B), with 118 patients in each group. In Group A, during intubation under direct laryngoscopy, 15 mg/kg of 
magnesium sulfate was sprayed using a single-use otorhinolaryngology anesthesia sprayer onto the pharyngeal mucosa and posterior 
pharyngeal wall near the glottis. In Group B, gargling with 20 mg/kg of magnesium sulfate for 30 seconds 15 minutes before surgery. The 
primary outcome measure was the total incidence of postoperative sore throat within 48 hours, with a non-inferiority margin of 0.15.
Results: The upper limit of the 95% confidence interval (CI) for the difference in the total incidence of POST between Group A and 
Group B was below the non-inferiority margin (0.15) (non-inferiority P<0.001). The upper limits of the 95% CI for the differences in 
the incidence rates of POST between Group A and Group B at time points T1- T6 were all below the non-inferiority margin (all non- 
inferiority P<0.001). The total incidence of POST (P=0.046) and the incidence of POST at T2-T4 (all P<0.001) in group A were lower 
than those in group B. The analysis of the individual effects between groups indicated significant differences in POST NRS scores at 
T1 (P=0.034) and T2-T4 (all P<0.001).
Conclusion: The local spray of magnesium sulfate on the throat before surgery to prevent postoperative sore throat is not inferior to, 
and may even be superior to, gargling with magnesium sulfate.
Keywords: postoperative sore throat, magnesium sulfate, endotracheal intubation, general anaesthesia

Introduction
Postoperative sore throat (POST) is a prevalent postoperative complication associated with general anesthesia, primarily 
associated with the placement of endotracheal tubes or supraglottic airway devices. Although POST is self-limiting, it can 
persist for 12 to 24 hours, causing significant postoperative swallowing discomfort that adversely affects feeding, thereby 
impeding recovery and diminishing patient satisfaction with the surgery.1,2 The overall incidence of POST in the adult varies 
between 14.4% and 65%.3,4

Gynecological surgeries are often performed in the Trendelenburg position (a medical posture where the patient’s head is 
lower than the abdomen and the feet are higher than the head), which facilitates exposure of the surgical field and aids in 
surgical manipulation. Prolonged use of the Trendelenburg position can lead to facial, conjunctival, laryngeal, and tongue 
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swelling, increasing the likelihood of postoperative upper airway obstruction. Patients undergoing surgery in the 
Trendelenburg position for an extended duration may experience tracheal and pharyngeal mucosal edema, as well as Acidotic- 
shifted saliva, which increases the risk of POST.5–8 Literature reports suggest that female sex is a pertinent risk factor for 
POST, as women generally have narrower tracheas and softer tracheal mucosa, making them more susceptible to POST.9

Anesthesia practitioners typically select appropriate endotracheal tubes, cuff pressures, insertion techniques, and 
angles, or utilize methods such as preheating the tube, acupuncture, visualized endotracheal intubation, and the 
application of medicines to reduce the incidence of POST.10–17 Among these, the application of medications is relatively 
common and convenient, mainly including NSAIDs, local analgesics, corticosteroids, N-methyl-D-aspartate (NMDA) 
receptor antagonists, and opioid medications.18–21

Magnesium sulfate, which acts as an NMDA receptor antagonist, is currently recognized as one of the most effective agents 
for the prevention and management of POST.22,23 The underlying mechanism includes the stimulating peripheral NMDA 
receptors, which can result in discomfort in the masticatory muscles, skin, and deeper tissues. Magnesium exerts its analgesic 
properties primarily by first preventing the activation of NMDA glutamate receptors through the inhibition of calcium entry into 
cells. The magnesium within the magnesium sulfate solution readily ionizes, enabling local absorption and use by the adjacent 
tissues. Since NMDA receptors exist both in the central and peripheral nervous systems, local application of magnesium can 
mitigate nociceptive stimuli caused by mucosal inflammation triggered by endotracheal intubation. Magnesium sulfate also 
exhibits astringent, anti-inflammatory, and anti-edema properties for traumatic edema and inflammation.24–29 Conventional 
magnesium sulfate gargling has some shortcomings, such as bitter taste, inconvenient application, and low patient cooperation. 
To date, no studies have reported on the application of topical spray with magnesium sulfate in the throat. This research aims to 
perform a trial comparing the effects of a local throat spray with magnesium sulfate to magnesium sulfate mouthwash for the 
prevention of postoperative sore throat, with the hope of providing references for clinical medication practices.

Materials and Methods
Participants
This study is a prospective, single-center, randomized, double-blind controlled clinical trial, approved by the Medical Ethics 
Committee of Xuzhou Medical University Affiliated Hospital (XYFY2024-KL339-01) and registered with the Chinese Clinical 
Trial Registry (ChiCTR2400088661). This study followed the Consolidated Standards of Reporting Trials (CONSORT) reporting 
guideline for randomized clinical trials and the CONSORT checklist is shown in Appendix 1. All participants provided written 
informed consent before enrollment. This clinical trial was conducted from July 2024 to November 2024.Inclusion criteria: (1) 
Patients scheduled for elective gynecological surgery; (2) ASA classification I–II; (3) Aged 18 to 64 years; (4) BMI 18–30 kg/m². 
Exclusion criteria: (1) Preoperative oral ulcers, sore throat, pharyngeal mucosal injury, or pharyngitis; (2) Preoperative nausea, 
vomiting, cough, or dysphagia; (3) History of pharyngeal surgery; (4) Mallampati classification ≥ II; (5) Preoperative hypermag
nesemia or allergy to magnesium; (6) Recent respiratory system infectious diseases; (7) Preoperative hypoalbuminemia; (8) 
History of smoking; (9) Preoperative nasogastric tube placement; (10) Patients undergoing chronic treatment with calcium 
channel blockers or magnesium; (11) Contraindications to magnesium sulfate: acute gastrointestinal bleeding, acute abdomen, 
pregnancy, breastfeeding. Exclusion criteria during the study: (1) Cancellation of surgery; (2) Re-intubation postoperatively; (3) 
Repeated intubation two times or more; (4) Duration of intubation < 1 hour or > 5 hours; (5) Patients admitted to the ICU 
postoperatively.

Randomization and Masking
Subjects were randomly divided into two groups: the magnesium sulfate spray group (Group A) and the magnesium sulfate gargle 
group (Group B), using a random number table for allocation. The randomization process was performed by personnel not 
involved in this study, and the results of group allocation were securely enclosed in opaque envelopes. Upon entering the operating 
room, a nurse anesthetist unsealed the envelope and prepared the respective medications based on the group allocation. The 
prepared medications were sealed in identical syringes without any identifying labels. The drug intervention and endotracheal 
intubation were performed by the same senior anesthesiologist. Intraoperative metrics were documented, and postoperative 
follow-up was performed by another anesthesiologist, who remained blind to the group allocations. Patients were also kept 
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unaware of their group assignments. Data analysis of the trial outcomes was performed by a statistician who was not informed of 
the group allocations.

Intervention
Patients were routinely instructed to refrain from eating and drinking. Upon entering the operating room, basic anesthesia tests 
such as oxygenation, ventilation, circulation, and temperature were performed.30 An intravenous access was established in the 
upper limb, and anesthesia depth was monitored using an AI anesthesia depth monitor, while neuromuscular blockade was 
assessed using a train-of-four (TOF) monitor. Anesthesia induction involved Preoxygenation was performed for 5 minutes, 
followed by administration of midazolam (0.05 mg/kg), etomidate (0.3 mg/kg), sufentanil (0.5 µg/kg), and rocuronium (0.6 mg/ 
kg) prior to endotracheal intubation. And all patients in this study used a size 6.5 tracheal tube. In Group A, patients gargled with 
30 mL of placebo for 30 seconds 15 minutes before intubation; during intubation, 25% magnesium sulfate (15 mg/kg) was sprayed 
onto the mucosa of the oropharynx and the posterior pharyngeal wall using a single-use ear, nose, and throat anesthesia spray 
device (hereafter referred to as the throat spray) under direct visualization with a laryngoscope (administration should be 
completed within 10 seconds before intubation). In Group B, patients gargled with magnesium sulfate (20 mg/kg dissolved in 
saline to a total volume of 30 mL) for 30 seconds 15 minutes prior to intubation; during intubation, a placebo was sprayed onto the 
mucosa of the oropharynx and the posterior pharyngeal wall using the throat spray under direct visualization with a laryngoscope. 
The pressure of the endotracheal tube cuff was kept within the range of 20 to 26 cmH2O. Anesthesia maintenance involved 
administering propofol at a rate of 4–12 mg/kg/h and remifentanil at 0.2–0.3 µg/kg/min, while sevoflurane was maintained at 1.3 
MAC. The dosage was adjusted to maintain the AI value between 40 and 60, and blood pressure and heart rate were maintained 
within ±20% of their baseline values. Additional rocuronium was administered based on neuromuscular monitoring results to 
maintain a TOF ratio of 0. Mechanical ventilation was implemented utilizing volume-controlled modes, characterized by a tidal 
volume of 6 to 8 mL/kg, an inspiratory-to-expiratory (I:E) ratio of 1:1.5, an inspired oxygen fraction (FiO2) of 60%, and an oxygen 
flow rate of 2 L/min, with the respiratory rate adjusted to maintain PETCO2 levels between 35 and 45 mmHg. Twenty minutes prior 
to the conclusion of the procedure, administration of sevoflurane was ceased, and a dose of 50 mg of flurbiprofen was given. At the 
conclusion of surgery, propofol and remifentanil were stopped, and after reaching the extubation criteria, the endotracheal tube 
was removed. Upon entry into the Post-Anesthesia Care Unit (PACU), patients received supplemental oxygen via face mask and 
were transferred back to the ward once they fulfilled the discharge criteria from the PACU.

Outcomes
The main outcome measure is the total occurrence of POST within 48 hours. The secondary outcome measures include the 
incidence and severity of POST at extubation (T1), 2 hours postoperatively (T2), 6 hours (T3), 12 hours (T4), 24 hours (T5), 
and 48 hours (T6), throat pain scores at T1-T6. The severity was assessed using the Numeric Rating Scale (NRS)25 [ranging 
from 0 (no pain) to 10 (worst pain)], and the score for postoperative sore throat generally does not exceed 3. Therefore, we 
subdivided the scores according to the characteristics of postoperative sore throat: 0=none, 1= slight pain when swallowing but 
does not affect eating and drinking, 2= pain when swallowing significantly affects eating and drinking, 3= pain can still be felt 
without swallowing.31 Other secondary outcome measures included the incidence of coughing at extubation; the occurrence of 
nausea and vomiting after surgery; the occurrence of dysphagia after surgery; the occurrence of hoarseness at T1-T6; and the 
scores on the 15-item Quality of Recovery Scale (QoR-15)32 at 48 hours postoperatively.

Statistical Analysis
Sample size was calculated using PASS 15. And sample size estimations were performed using preliminary experiment 
and pertinent literature. The incidence of magnesium sulfate spray group was 40%, the incidence of magnesium sulfate 
gargle group was 44% in the preliminary experiment. For the non-inferiority analysis between the spray group and the 
gargle group, the non-inferiority margin was set at 15%18,33 (Combined with previous studies, the fixed boundary value 
method was used for calculation), with an actual difference of −4% (Incidence in the magnesium sulfate spray group 
minus incidence in the magnesium sulfate gargle group). The significance threshold (α) was established at 0.025, with 
a power (1-β) of 80%. Taking into account a 10% dropout rate, the determined sample size was 118 participants per 
group, leading to a total of 236 participants (n=236).
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Statistical analysis was conducted using SPSS version 26.0 and R version 4.4.1. For quantitative continuous data, the 
distribution’s normality was evaluated with the Kolmogorov–Smirnov test, while Levene’s test was used to assess the homo
geneity of variances. Continuous variables exhibiting a normal distribution are presented as mean ± standard deviation; group 
comparisons were performed using the independent samples t-test; repeated measures ANOVA was used to compare groups at 
different time points within the same group. Continuous data not following normal distribution were presented as median (M) and 
interquartile range (IQR); the generalized estimating equations (GEE) were used to first assess the interaction between group and 
time. If significant, differences between treatments and within treatments at each time point were examined, with Bonferroni 
correction applied for multiple comparisons. If not significant, only the main effect of treatment was assessed without Bonferroni 
correction for evaluating treatment effects at each time point. Categorical variables were represented as percentages (%) and 
analyzed with either the chi-squared test or Fisher’s exact test. The non-inferiority test for the primary outcome was conducted by 
comparing the 95% confidence interval (CI) for the difference in incidence rates between the two groups to the pre-defined non- 
inferiority margin. A p-value of less than 0.025 compared to the non-inferiority margin was considered statistically significant.

Results
Among 289 patients, a total of 236 participants who fulfilled the inclusion criteria and consented to take part in this study 
were recruited between July 2024 and November 2024 (Figure 1). All 236 patients completed the study; therefore, no 
patients were excluded from the statistical analysis. There were no statistical differences in the characteristics and clinical 
information of the patients among the groups (Table 1).

Figure 1 Study flow diagram.
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Comparison of POST Between the Two Groups
The 95% confidence interval (CI) for the difference in overall POST incidence rates between Group A and Group B was (−0.251 
to −0.003), with the upper limit of the rate difference 95% CI being below the non-inferiority margin (0.15) (non-inferiority 
P<0.001). The upper limits of the 95% CI for the differences in the incidence rates of POST between Group A and Group B at 
time points T1 (95% CI −0.239 to 0.002), T2 (95% CI −0.329 to −0.111), T3 (95% CI −0.313 to −0.110), T4 (95% CI −0.288 to 
−0.101), T5 (95% CI −0.118 to 0.017), and T6 (95% CI −0.051 to 0.051) were all below the non-inferiority margin (0.15) (all 
non-inferiority P<0.001). In summary, it can be considered that the effect of magnesium sulfate spray is not inferior to that of 
magnesium sulfate gargle. Furthermore, the upper limits of the 95% CI for the overall incidence rates of POST and the 

Table 1 Cohort Characteristics

Variables Group 
A (n=118)

Group 
B (n=118)

P

Age (years) 43(32,51) 45(36,45) 0.274

Height (cm) 1.61(1.58,1.65) 1.60(1.58,1.65) 0.628

Weight (kg) 62(56,70) 60(55,65) 0.268

BMI (kg/m2) 23.93±3.12 23.71±3.30 0.602

Duration of tracheal intubation (min) 125(100,158) 119(105,140) 0.330

Preoperative serum albumin levels (g/dl) 46.15(43.63,48.40) 45.60(43.78,47.70) 0.270

Preoperative serum magnesium level (mmol/L) 0.81(0.77,0.85) 0.82(0.79,0.86) 0.448

Postoperative serum magnesium ion level (mmol/L) 0.80(0.75,0.82) 0.79(0.73,0.81) 0.849

The variation in serum magnesium ion levels before and after the surgical procedure (mmol/L) −0.02(−0.05,0.00) −0.03(−0.04,-0.02) 0.075

Intraoperative fluid volume infusion (mL) 1000(1000,1250) 1250(1000,1750) 0.077

Intraoperative urine volume (mL) 100(75,100) 100(75,150) 0.076

Remifentanil (mg) 1.75(1.5,2.10) 1.88(1.73,2.14) 0.051

Atropine (mg) 0(0,0) 0(0,0) 0.101

Postoperative rescue flurbiprofen ester (mg) 0(0,0) 0(0,0) 0.680

Indomethacin suppository (mg) 0(0,0) 0(0,0) 0.326

Cuff pressure (mmHg)

5 min after intubation 24(22,24) 24(22,24) 0.167

30 min after intubation 24(24,24) 24(22,24) 0.108

1h after intubation 24(24,24) 24(22,24) 0.066

90 min after intubation 24(24,24) 24(22,24) 0.100

Surgery type 0.929

Laparoscopic Hysterectomy 27(22.9%) 31(26.3)

Laparoscopic Myomectomy 38(32.2%) 38(32.2%)

Laparoscopic Ovarian-cystectomy 31(26.3%) 28(23.7%)

Laparoscopic Adnexectomy 22(18.6%) 21(17.8%)

Notes: Values are shown as percentages, mean ± standard deviation, or median (interquartile range). 
Abbreviation: BMI, body mass index.
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differences in POST incidence rates at time points T2, T3, and T4 between Group A and Group B were all below the superiority 
margin (0), suggesting that the effect of magnesium sulfate spray is superior to that of magnesium sulfate gargle (Figure 2).

The overall occurrence rate of POST in Group A was lower than that observed in Group B (33.9% vs 46.6%, 
P=0.046). At time points T2 (15.3% vs 37.3%), T3 (11.0% vs 32.2%), and T4 (7.6% vs 27.6%), the incidence rates of 
POST in Group A were consistently lower than those observed in Group B at each of these time points (all P<0.001). No 
statistically significant differences were observed in the incidence rates of POST between the two groups at time points 
T1 (28.8% vs 40.7%, P=0.056), T5 (5.1% vs 10.2%, P= 0.141), and T6 (4.2% vs 4.2%, P=1.000) (Table 2).

Figure 2 Difference in the incidence of postoperative sore throat. *The upper limit of the 95% confidence interval (CI) for the difference in the total incidence of POST 
between Group A and Group B was below the non-inferiority margin (0.15), non-inferiority P<0.05. 
Notes: T1=0 h postoperatively, T2=2 h postoperatively, T3=6 h postoperatively, T4=12 h postoperatively, T5=24 h postoperatively, T6=48 h postoperatively.

Table 2 Incidence and Severity of Postoperative Sore Throat

Variables Group A (n=118) Group B (n=118) χ²/Z P

Incidence of POST

Overall incidence 40(33.9%) 55(46.6%) 3.964 0.046*

0 h postoperatively(T1) 34(28.8%) 48(40.7%) 3.663 0.056

2 h postoperatively(T2) 18(15.3%) 44(37.3%) 14.788 <0.001*

6 h postoperatively(T3) 13(11.0%) 38(32.2%) 15.633 <0.001*

12 h postoperatively(T4) 9(7.6%) 32(27.6%) 15.615 <0.001*

24 h postoperatively(T5) 6(5.1%) 12(10.2%) 2.165 0.141

48 h postoperatively(T6) 5(4.2%) 5(4.2%) 0.000 1.000

NRS of POST**

0 h postoperatively(T1) 0(0,1)b 0(0,1)efg −2.123 0.034*

2 h postoperatively(T2) 0(0,0)a 0(0,1)fg −3.937 <0.001*

6 h postoperatively(T3) 0(0,0)a 0(0,1)cg −3.970 <0.001*

12 h postoperatively(T4) 0(0,0)ab 0(0,1)cdg −4.013 <0.001*

24 h postoperatively(T5) 0(0,0)ab 0(0,0)cdef −1.481 0.139

48 h postoperatively(T6) 0(0,0)ab 0(0,0)cdef 0.000 1.000

Notes: *Compared Group A with Group B, P<0.05. **NRS of sore throat were compared in generalized 
estimating equations between and within groups (P for group<0.001, P for time<0.001, P for interac
tion=0.001; Waldχ² for groups=14.337, Waldχ² for time=81.569, Waldχ² for interaction=21.746). aIn Group 
A, the comparison with T1, P<0.05. bIn Group A, the comparison with T2, P<0.05. cIn Group B, the 
comparison with T1, P<0.05. dIn Group B, the comparison with T2, P<0.05. eIn Group B, the comparison 
with T3, P<0.05. fIn Group B, the comparison with T4, P<0.05. gIn Group B, the comparison with T5, P<0.05.
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Generalized estimating equations were employed, revealing an interaction between group and time. Therefore, 
separate effect analyses were conducted. The analysis of the individual effect of time demonstrated a downward trend 
in the POST NRS scores for both two groups. In Group A, statistically significant differences in POST NRS scores were 
noted between T1 and T2 (P=0.005), T3 (P=0.002),as well as T4-T6 (all P<0.001); there were also significant 
differences in POST NRS scores between T2 and T1 (P=0.005), T4 (P=0.027), T5 (P=0.009), and T6 (P=0.016). In 
Group B, significant differences in POST NRS scores were identified between T1 and T3 (P=0.010), T4 (P=0.001), as 
well as T5-T6 (all P<0.001); additionally, significant differences in POST NRS scores were found between T2 and T4 
(P=0.002), as well as T5-T6 (all P<0.001); significant differences were also found between T3 and T1 (P=0.010), as well 
as T5-T6 (all P<0.001); there were also significant differences between T4 and T1 (P=0.001), T2 (P=0.002), as well as 
T5-T6 (all P<0.001), and between T5 and T1-T4 (all P<0.001). The analysis of the individual effects between groups 
indicated significant differences in POST NRS scores at T1 (P=0.034) and T2-T4 (all P<0.001) (Table 2).

Comparison of Other Conditions Across the Two Groups
The frequency of coughing episodes following extubation did not differ significantly between the two groups (P=0.235). 
The incidence of postoperative nausea and vomiting was not significantly different between the two groups (P=0.434). 
No significant difference was observed in the incidence of postoperative dysphagia between the two groups (P=0.098). In 
Group A, the incidence of postoperative hoarseness at T3 (P=0.037) and T4 (P=0.006) was significantly lower compared 
to Group B; however, no statistically significant differences in hoarseness incidence were found between the two groups 
at T1 (P=0.185), T2 (P=0.343), T5 (P=0.762), and T6 (P=0.790). There were no statistically significant differences in the 
peak airway pressures at 5 minutes post-intubation (P=0.415), 30 minutes post-intubation (P=0.055), 1-hour post- 
intubation (P=0.179), and 90 minutes post-intubation (P=0.109) between the two groups. The QoR-15 scores at 
48 hours after surgery did not reveal a statistically significant difference between the two groups (P=0.052) (Table 3).

Table 3 Other Secondary Outcome Measures

Variables Group A (n=118) Group B (n=118) p

Coughing during extubation 0(0,1) 0(0,1) 0.235

Postoperative nausea and vomiting (%) 60(50.8%) 66(55.9%) 0.434

Postoperative dysphagia (%) 5(4.2%) 1(0.8%) 0.098

Postoperative hoarseness (%)

0 h postoperatively (T1) 91(77.1%) 82(69.5%) 0.185

2 h postoperatively (T2) 72(61.0%) 79(66.9%) 0.343

6 h postoperatively (T3) 56(47.5%) 72(61.0%)* 0.037

12 h postoperatively (T4) 39(33.1%) 60(50.8%)* 0.006

24 h postoperatively (T5) 28(23.7%) 30(25.4%) 0.762

48 h postoperatively (T6) 7(5.9%) 8(6.8%) 0.790

Peak airway pressure (cmH2O)

5 min after intubation 14(13,17) 13(14,16) 0.415

30 min after intubation 17(15,21) 16(14,20) 0.055

1h after intubation 21(18,25.25) 17(17,23) 0.179

90 min after intubation 15(13,19) 15(13,17.25) 0.109

The QoR-15 score at 48 hours post-surgery 126(118,137) 131(124,139) 0.052

Notes: Values are shown as percentages, mean ± standard deviation, or median (interquartile range). *Compared 
Group A with Group B, P < 0.05.
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Risk Factors for the Overall Incidence of POST
Univariate logistic analysis revealed that the P values for age, preoperative serum magnesium levels, intraoperative 
remifentanil, and mean cuff pressure were all less than 0.1; thus, these variables were included in the multivariate logistic 
model. The Hosmer–Lemeshow test showed χ²=3.352, df=8, p=0.91, indicating a good fit of the model. Both age and 
mean cuff pressure were recognized as independent risk factors for postoperative sore throat (Table 4).

Comparison of Adverse Reaction Incidence Between Two Groups
No adverse reactions (weakened or absent tendon reflexes, decreased respiratory rate, facial flushing, sweating, dry 
mouth, diarrhea, allergic reactions) were observed in either group of patients (Table 5).

Table 4 Binary Logistic Regression Analysis to Identify the Total Incidence of Postoperative Sore Throat

Variable Univariate Analysis Multivariate Analysis

p OR (95% CI) p OR (95% CI)

Age (yr) <0.001 0.955(0.932–0.978) 0.002 0.961(0.937–0.986)

BMI (kg/m2) 0.675 0.983(0.906–1.066) NA NA

Preoperative serum albumin levels (g/dl) 0.343 0.969(0.909–1.034) NA NA

Preoperative serum magnesium level (mmol/L) 0.069 0.021(0.000–1.352) 0.146 0.036(0.000–3.186)

Intraoperative fluid volume infusion (mL) 0.613 1.000(1.000–1.001) NA NA

Remifentanil (mg) 0.054 0.512(0.258–1.012) 0.190 0.623(0.308–1.263)

Supplementary administration of flurbiprofen axetil postoperatively (mg) 0.812 0.998(0.984–1.012) NA NA

Indomethacin (mg) 0.363 0.985(0.955–1.017) NA NA

Duration of tracheal intubation (min) 0.442 0.998(0.992–1.004) NA NA

Mean cuff pressure (mmHg) 0.003 1.373(1.113–1.694) 0.005 1.363(1.097–1.694)

Note: The multivariable section in the model only used variables with P value in univariable analysis<0.1. 
Abbreviation: NA, not applicable.

Table 5 The Incidence of Adverse Reactions in the Two Groups

Adverse Reactions Group A  
(n=118)

Group B  
(n=118)

p

Tendon reflexes were reduced or absent 0 0 1.00

Decreased respiratory rate 0 0 1.00

Facial flushing 0 0 1.00

Sweat out 0 0 1.00

Xerostomia 0 0 1.00

Diarrhea 0 0 1.00

Allergic reaction 0 0 1.00
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Discussion
Postoperative sore throat is primarily caused by mechanical injury due to the placement and displacement of the 
endotracheal tube, leading to an aseptic inflammatory process.34 Currently, the prevention and treatment of POST mainly 
utilize pharmacological therapies. Magnesium sulfate is an NMDA receptor antagonist that exhibits anti-inflammatory 
properties. A systematic review indicated that the administration of magnesium was linked to the lowest occurrence of 
postoperative sore throat, with evidence suggesting that localized magnesium treatment is likely to alleviate postoperative 
throat pain within the first 24 hours (low-quality evidence).22

Currently, the methods for administering magnesium sulfate for the prevention and treatment of POST mainly include 
intravenous infusion, gargling, and nebulized inhalation, with a significant amount of research focused on magnesium sulfate 
gargling. However, considering that magnesium sulfate used for gargling primarily targets the oral vestibule and does not fully 
facilitate contact between magnesium sulfate and the areas of the endotracheal tube and mucosa. This study employed a direct 
topical spraying method to apply magnesium sulfate to the throat region. We did a study before that showed that preoperative 
spraying of 25% magnesium sulfate in the throat reduced the overall incidence and severity of POST after surgery.35 The aim 
of this study was to compare the effectiveness of topical magnesium sulfate spraying versus gargling in the prevention and 
treatment of POST. Local drug spraying to the throat is a common preoperative approach for preventing POST, often using 
devices to aerosolize the medication in the oropharynx, close to the vocal cords.36–40 Research by Jingyi Niu et al demon
strated that pre-intubation topical spraying of ropivacaine combined with dexmedetomidine primarily targeted the tracheal 
mucosa and glottic area, significantly reducing the incidence and severity of POST within 24 hours.37 This study confirms that 
topical spraying of magnesium sulfate is superior to gargling with magnesium sulfate in the prevention and treatment of POST.

Non-inferiority analysis indicates that topical spraying of magnesium sulfate is not less effective than gargling with 
magnesium sulfate for the prevention and treatment of POST. It is even the case that the efficacy of topical magnesium 
sulfate spraying surpasses that of gargling with magnesium sulfate in terms of overall POST incidence as well as the 
incidence rates at 2 hours, 6 hours, and 12 hours postoperatively. Both groups exhibited a declining trend in POST 
incidence; however, the decrease in the magnesium sulfate spraying group was steeper compared to the gargling group 
(Figure 3). The NRS scores at postoperative time points of 0 hours, 2 hours, 6 hours, and 12 hours were lower in the 

Figure 3 The trend of the number and incidence of postoperative sore throat. *Compared Group A with Group B, P<0.05.
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magnesium sulfate spraying group than in the gargling group, with a more significant gradient of decline observed within 
the spraying group. The advantages of topical magnesium sulfate spraying lie not only in reducing the incidence of POST 
but also in alleviating its severity. Gargling with magnesium sulfate requires a high level of patient compliance, as well as 
adequate gargling duration and depth. Given that magnesium sulfate has a notably bitter taste, achieving satisfactory 
gargling by patients presents a challenge. By directly spraying magnesium sulfate onto the patient’s throat after 
anesthesia induction, discomfort from the bitter taste is alleviated, and the application site is more accurately targeted, 
surpassing the tongue root. The typical dosage for magnesium sulfate gargling is generally 20 mg/kg,11,26,28,41–43 whereas 
this study utilized a reduced dosage to 15 mg/kg without compromising efficacy. The mechanism by which local spraying 
of magnesium sulfate reduces the incidence and severity of postoperative sore throat may include that tracheal intubation 
may cause mechanical damage to the throat mucosa and activate peripheral NMDA receptors, leading to inflammation 
and local pain. Magnesium sulfate can antagonize NMDA receptors through local absorption to reduce inflammation and 
pain. Magnesium sulfate itself has a deswelling effect, which directly and continuously acts on the throat mucosa, thereby 
antagonizing throat edema caused by trendelenburg position and reducing the incidence of sore throat.27–29

The study also demonstrated that the occurrence of hoarseness at 6 and 12 hours postoperatively in the spraying group 
was significantly less than in the gargling group. A systematic review revealed that magnesium administration is 
correlated with the lowest occurrence of hoarseness, with a 73.63% probability of being the most effective agent for 
preventing postoperative hoarseness.22 Furthermore, no significant difference in intraoperative airway pressure was 
observed between the two groups. Both application methods of magnesium sulfate did not result in any adverse reactions 
during and after the procedure. Among the factors included in this study, Age and the average cuff pressure of the 
endotracheal tube were recognized as independent risk factors. The results indicated that younger age and higher average 
cuff pressure were associated with an increased likelihood of developing postoperative throat pain.

This study is subject to several limitations. Firstly, it is a single-center randomized controlled trial with a relatively 
small sample size, which limits the generalizability and external validity of the findings; therefore, further extensive 
research is necessary. Second, This study is limited to gynecological laparoscopic surgery, and the application effect of 
this method in other surgeries and groups needs to be further studied.

Conclusion
In conclusion, this study confirms that in gynecological laparoscopic surgery, the preoperative local spraying of 
magnesium sulfate for the prevention and treatment of POST is not inferior to magnesium sulfate gargling and may 
even be superior. Additionally, it demonstrates greater effectiveness in reducing the incidence of postoperative hoarseness 
compared to magnesium sulfate gargling. This implies that magnesium sulfate spraying may be a more novel, convenient 
and effective form of action for the prevention and control of POST.
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