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Background: Sore throat is a common complication after general anesthesia. Oral care solutions have been used to reduce the 
incidence of oral complications or ventilator-associated pneumonia, but their effect on postoperative sore throat (POST) is unclear. 
This study aims to investigate whether oral care solution can alleviate POST in patients undergoing i-gel laryngeal mask general 
anesthesia.
Methods: A total of 120 patients who were scheduled for elective surgery under laryngeal mask general anesthesia were enrolled. The 
patients were randomly assigned to an experimental group (oral care solution) and a control group (0.9% saline) and gargled for 1 min 
with 10mL of oral care solution or saline 5 min before anesthesia induction. The primary outcomes were the overall incidence of sore 
throat within 24 h and incidence at 20 min, 1 h, 6 h, 24 h after removal of i-gel. The secondary outcomes were the severity of sore 
throat at the four time points and incidence of hoarseness, cough within 24 h after removal of i-gel.
Results: A total of 111 patients were included in the analysis. The overall incidence of sore throat within 24 h in the experimental 
group was significantly lower than that in the control group, as was the incidence at four time points (P<0.05). The VAS scores at the 
four time points in the experimental group were significantly lower than those in the control group (P<0.05), and the results of 
repeated measurement analysis of variance showed that time effect and intergroup effect were statistically significant (P<0.001). No 
differences were found between the groups in the incidence of hoarseness and cough.
Conclusion: Gargling with oral care solution before anesthesia induction can significantly reduce the incidence and severity of POST 
in patients undergoing i-gel laryngeal mask general anesthesia.
Keywords: oral care solution, laryngeal mask, general anesthesia, postoperative sore throat

Introduction
To ensure patients’ safety, artificial airways are generally established during general anesthesia, including endotracheal 
intubation and laryngeal mask airways (LMA). However, it results in a series of throat complications such as sore throat, 
hoarseness, mucosal injury and throat edema. Among them, postoperative sore throat (POST) is more common and rated 
by patients as the eighth most unsatisfactory adverse effect after surgery.1 POST is a type of nociceptive pain caused by 
throat and tracheal mucous membrane injury during intubation, with incidences ranging from 12.1% to 62%.2,3 POST 
may cause patients to have unpleasant memories of the operation and lower their satisfaction with anesthesia, resulting in 
compromised postoperative comfort and even prolonged hospital stay.2 Laryngeal mask is a supraglottic airway device, 
which is an effective alternative to an endotracheal tube to maintain the airway and is widely used in short-term surgery. 
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Since it has the advantages of easier insertion and minimal risk of tissue compression, its associated incidence of POST is 
less than that of endotracheal tubes.4 Nonetheless, up to 49% of patients experience POST severely due to factors such as 
insertion technique and subsequent management according to a study.5

At present, a variety of nonpharmacological and pharmacological methods have been used to prevent and treat POST. 
Nonpharmacological treatments include intubation with a visual laryngoscope, selection of an appropriate size of the 
endotracheal tube or laryngeal mask, limitation of endotracheal tube cuff pressure and so on. Pharmacological methods 
mainly include the use of local anesthetics, glucocorticoids, nonsteroidal anti-inflammatory drugs, N-methyl-d-aspartate 
receptor antagonists and so on. In addition to traditional intravenous injection, atomization inhalation6 and external 
application7 have been proven effective. In recent years, ketamine, dexamethasone and licorice have been made into oral 
gargles to prevent POST, showing varying degrees of effectiveness.8–10 Oral gargle is convenient to use and is highly 
acceptable and safe for patients. However, the gargle needs to be prepared with certain requirements in dosage and 
concentration,11,12 which limits its widespread clinical application. In clinical practice, nurses often use oral care 
solutions to clean mouth for intubated or critically ill patients to reduce the incidence of oral complications or ventilator- 
associated pneumonia.13 Chlorhexidine gargle is a common one, which is a broad-spectrum antibacterial and bactericidal 
drug, with a strong inhibition and killing capacity against both Gram-negative and Gram-positive bacteria. However, 
whether it can reduce POST has not been reported. We hypothesized that gargling with chlorhexidine oral care solution 
before anesthesia induction would alleviate POST in patients undergoing laryngeal mask general anesthesia.

The manifestations of POST are typically self-limiting. Compared to treatment, prevention is the best way to improve 
anesthesia quality and patient satisfaction. Therefore, this study intended to observe the effect of oral care solution on 
POST in patients undergoing laryngeal mask general anesthesia from the perspective of anesthesia nurses without 
interfering with the operation methods or the anesthetic drugs usage of anesthesiologists.

Materials and Methods
Study Design
This prospective, randomized, single-blind clinical trial was approved by the Clinical Research Ethics Committee of The 
First Affiliated Hospital of the University of Science and Technology (No:2021-KY-129; Date:01/07/2021) and registered 
in the Chinese Clinical Trial Registry (http://www.chictr.org.cn; No: ChiCTR2100048725). Written informed consent 
was obtained from all patients. A total of 120 patients with American Society of Anesthesiologists (ASA) physical status 
I–II, aged 18–60 years and body mass index (BMI) of 18.5–30 kg/m2 who were scheduled for laryngeal mask general 
anesthesia were enrolled. Patients who are allergic to chlorhexidine or with a history of recent respiratory tract infection, 
sore throat or hoarseness were excluded from study.

Randomization and Blinding
According to the random number table generated by computer, patients were divided into an experimental group (oral 
care solution) and a control group (0.9% saline). The random grouping scheme was packed and stored in consecutively 
numbered opaque envelopes. An anesthesia nurse who did not participate in the subsequent study opened each envelope 
in turn and prepared an oral care solution or 0.9% saline in opaque cups according to the distribution plan. This study 
could not be performed in a double-blind manner because of the distinct smell and taste of the oral care solution. 
Nevertheless, postoperative follow-up anesthesia nurse did not know the distribution of patients until the follow-up 
ended.

Procedures
All patients routinely fasted before operation and received standard monitoring when entering the surgical room, 
including electrocardiography, noninvasive blood pressure, pulse oxygen saturation and bispectral index (BIS). Five 
minutes before anesthesia induction, the patient remained seated with his head fully tilted back and gargled with 10mL of 
oral care solution (Dandong Xin Shi Dai Biotech Pharmaceuticals Co. Ltd, Liaoning, China) or 0.9% saline (Fengyuan 
Pharmaceutical Co. Ltd, Anhui, China) under the direct observation of an anesthesia nurse. The oral care solution or 
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saline was not swallowed and was spit 1 min later. All side effects related to oral care solution such as allergic reaction 
were recorded.

General anesthesia was induced with 0.2 mg/kg etomidate, 0.5 μg/kg sufentanil and 0.15 mg/kg cisatracurium. When 
the BIS was <60 and muscle relaxation was achieved, the patient was in a position of head extension and neck flexion, 
and the anesthesiologist depressed the jaw slightly, then inserted the single-use i-gel (Intersurgical Ltd, Wokingham, 
Berkshire, UK), which is a second generation supraglottic airway. The size of i-gel was decided according to the weight 
of patient. Then, a lubricated gastric tube was inserted through the gastric channel. An effective airway was confirmed by 
chest auscultation and end-tidal carbon dioxide (PETCO2) waveform. If the first attempt failed, the i-gel was inserted with 
a jaw thrust maneuver or by changing the head position. If the third attempt failed, endotracheal intubation was 
performed. Patient was ventilated by a face mask between attempts. The patients were then connected to a mechanical 
ventilator with 8–10 mL/kg tidal volume and 12–14/min respiratory rate to maintain the PETCO2 in the normal range of 
35–45 mmHg. One percent sevoflurane was inhaled, and the target-controlled anesthesia system (TCI) was used to 
administer remifentanil (2.0–3.0 ng/mL) and propofol (2.0–3.0 μg/mL) to maintain the BIS between 40 and 60.

After the operation, the patient was transferred to the postanesthesia care unit (PACU). The anesthesiologist in PACU 
decided whether to reverse the neuromuscular block based on the patient’s condition. When the indicator for extubation 
was reached, the gastric tube was suctioned completely and the i-gel was removed by an anesthesiologist. Any airway 
injury such as blood on i-gel was noted. Then, patients inhaled oxygen 2–3L/min through the nose. Patients who required 
more than one attempt for i-gel insertion, who changed to an endotracheal tube midway through the operation, and whose 
duration of LMA was <1 h or >4 h was considered dropouts and excluded from the analysis.

Data Collection
The primary outcomes were the overall incidence of sore throat within 24 h and incidence at 20 min, 1 h, 6 h, 24 h after 
removal of i-gel. The incidence of POST was calculated by counting the number of patients with symptoms of sore 
throat. The secondary outcomes were the severity of sore throat at the four time points and incidence of hoarseness, 
cough within 24 h after removal of i-gel. The severity was assessed using a visual analog scale (VAS), with a score of 0 
(no pain) to 10 (the most severe pain).

Parameters related to the surgery and anesthesia were also recorded, including the time for laryngeal mask insertion, 
which was defined as the time from inserting the laryngeal mask into the patients’ mouth to the appearance of the first 
square capnography wave, the anesthesia duration, the surgery duration, and the duration of LMA, which refers to the 
interval from the successful insertion of the laryngeal mask to the removal of it.

Statistical Analysis
The sample size was determined according to our previous pilot study, which found that the overall incidence of sore 
throat within 24 h after surgery was 81%. To obtain a clinically significant reduction of 30% in the incidence of POST (ie 
the incidence of POST is 56%) with a significance level of 0.05 and a power of 80%, each group required 51 patients. 
Considering the 10% of potential dropout rate, we enrolled 60 patients in each group, with a total of 120.

The data were analyzed using SPSS software (version 22.0; IBM Corp., Armonk, NY, USA). Continuous variables 
are presented as mean±standard deviation (SD) or median and categorical variables are presented as count and 
percentage. The Student’s t-test, Mann–Whitney U-test, χ2 test or repeated measurement analysis of variance were 
used for comparisons. P<0.05 was considered statistically significant.

Results
A total of 120 patients participated in the study. Nine patients were excluded from analysis (four in the experimental 
group and five in the control group). Four patients changed to endotracheal tube because of air leakage during operation, 
five patients’ LMA duration was more than 4 h. Flow diagram of the study design is shown in Figure 1.

The types of surgery included were laparoscopic cholecystectomy, laparoscopic appendicectomy, and gynecologic 
laparoscopic surgery. There were no significant differences in the patient characteristics between two groups (P>0.05) 
(Table 1). No patient experienced side effects related to oral care solution and airway injury.
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The overall incidence of sore throat within 24 h after removal of i-gel in the experimental group was significantly 
lower than that in the control group (35.7% vs 69.1%, P<0.05), as was the incidence at 20 min, 1 h, 6 h and 24 
h (P<0.05) (Tables 2).

The VAS scores of sore throat at 20 min, 1 h, 6 h and 24 h in the experimental group were significantly lower than that in the 
control group (P<0.05). The result of repeated measurement analysis of variance showed that interaction effect was not 
significant (F=0.812, P>0.05). The intergroup effect was significant (F=26.878, P<0.001), and the VAS score of the experimental 
group was significantly lower than that of the control group (P<0.05). The time effect was significant (F=8.832, P<0.001) and the 
VAS scores at 6 h and 24 h were significantly higher than those at 20 min and 1 h (P<0.05) (Tables 3).

Figure 1 A flowchart that outlines patient selection, randomization, and analysis. 
Abbreviation: LMA, laryngeal mask airway.

Table 1 Characteristics of the Study Population

Parameters Control Group (n=55) Experimental Group (n=56) P value

Sex, M/F 5/50 5/51 0.976

Age (yr) 45 (34 to 53) 39 (32 to 49) 0.121
BMI, kg/m2 23.59±3.29 23.35±3.47 0.709

ASA classification, I/II 12/43 15/41 0.542

Smoking history, yes/no 1/54 3/53 0.317
Operation position, supination/lithotomy 14/41 20/36 0.241

Time for LMA insertion (sec) 36.31±4.70 36.73±5.49 0.664

Surgery time (min) 60 (40 to 105) 77.5 (40 to 110) 0.488
Anesthesia time (min) 90 (60 to 130) 100 (61 to 139) 0.444

Duration of LMA (min) 110 (75 to 160) 125 (81 to 160) 0.641

Note: Data are presented as the numbers, median (range) or mean±SD. 
Abbreviations: BMI, body mass index; ASA, American Society of Anaesthesiologists; LMA, laryngeal mask airway.
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No difference in the incidence of hoarseness and cough within 24 h after removal of i-gel between the two groups was 
found (P>0.05) (Table 4).

Discussion
Our main results show that gargling with oral care solution before anesthesia induction can significantly reduce the 
incidence and severity of POST in patients undergoing laryngeal mask general anesthesia. This is the first report on the 
efficacy of oral care solutions in reducing POST as far as we know.

The occurrence of POST is affected by many factors, such as sex, number of intubation attempts, use of a nasogastric 
tube14 and the selection of the supraglottic airway device and its placement technique.15 The incidence of sore throat after 
laryngeal mask general anesthesia in previous studies ranged from 24% to 49%.5,16–18 However, our study showed an 
overall POST incidence of 52.3% and up to 69.1% in the control group. The high incidence of POST may be related to 
the following factors: 91% of patients were female, whose incidence of POST is higher than men.2,19 In addition, 69% of 
the patients were in the lithotomy position during surgery, which is more likely to lead to POST after laryngeal mask 
general anesthesia, as reported in previous studies.2 Meanwhile, the establishment of a pneumoperitoneum during 
operation increased airway pressure and the incidence of POST.20 Our study also found that POST increased with 
time. The follow-up time in this study was 20 min after removal of i-gel. The residual effect of general anesthesia might 
mask the early POST. As time went on, patients became more conscious and were allowed to drink and eat, so their 
feelings for POST were more obvious. These may be reasons for the increase in POST over time. This finding is 
consistent with another study, which reported a higher incidence of sore throat at 24 h (83.7%) when LMA was used.21

Table 2 Incidence of Sore Throat After Removal of Laryngeal Mask

Control Group (n=55) Experimental Group (n=56) P value

Overall incidence within 24h 38 (69.1) 20 (35.7) <0.001
At 20 min 20 (36.4) 8 (14.3) 0.007

At 1 h 25 (45.5) 11 (19.6) 0.004

At 6 h 30 (54.5) 18 (32.1) 0.017
At 24 h 30 (54.5) 19 (33.9) 0.029

Note: Data are presented as the number (%) of patients.

Table 3 Severity of Sore Throat After Removal of Laryngeal Mask

Control Group (n=55) Experimental Group (n=56) P value

At 20 min 0 (0 to 4) 0 (0 to 0) 0.002
At 1 h 0 (0 to 4) 0 (0 to 0) <0.001

At 6 h 2 (0 to 4) 0 (0 to 2) <0.001

At 24 h 2 (0 to 4) 0 (0 to 2) <0.001

Finteraction=0.812, P>0.05; Fintergroup=26.878, P<0.001; Ftime=8.832, P<0.001.

Notes: Data are presented as the median (range). The severity of sore throat was evaluated with VAS scale 
from 0 to 10 (0: no pain, 10: the worst severe pain).

Table 4 The Overall Incidence of Hoarseness and Cough Within 24 h After 
Removal of Laryngeal Mask

Control Group (n=55) Experimental Group (n=56) P value

Hoarseness 9 (16.4) 3 (5.4) 0.062

Cough 4 (7.3) 3 (5.4) 0.678

Note: Data are presented as the number (%) of patients.
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POST is mainly caused by inflammatory reactions of the mucosa of the trachea and pharynx or stimulation due to 
foreign body insertion.22 Currently, the drugs used in clinics mainly reversibly block the occurrence and transmission of 
sensory nerve impulses, inhibit the transmission of nociceptive stimuli or suppress inflammatory responses to prevent and 
treat POST. Drugs are mostly administered through local routes, such as atomization, buccal tablets, external application, 
and gargles, with high safety and fewer adverse effects but comparable efficacy to intravenous injection.23

Oral mucosa has a thin stratum corneum and many blood vessels, allowing more drugs to enter the blood vessels 
and exert a pharmacological effect through direct contact with the mucosa. Therefore, various gargles have attracted 
the attention of researchers. Rudra et al8 studied the effect of ketamine gargle on POST and found that the incidence 
of POST decreased from 60% to 25%. Lee et al9 found that the incidence of POST decreased from 63% to 33% 
when dexamethasone gargle was used. Agarwal et al10 used licorice liquid as a gargle and found a significant 
decrease in the incidence of POST both at rest and during swallowing. However, these gargles all need to be 
configured and there are no special commercial gargles containing these drugs on the market, limiting their clinical 
application.

Oral care solution is of great significance to reduce the aggregation of oral pathogenic bacteria and the incidence of 
oral infection or ventilator-associated pneumonia. The oral care solution used in this study was chlorhexidine gargle, its 
active ingredient is chlorhexidine gluconate, which is a potent topical antimicrobial cationic compound that interacts with 
anionic receptor sites on the bacterial cell wall and increases the permeability of bacteria. This nonspecific mechanism of 
action is highly effective against aerobic and anaerobic Gram-positive and Gram-negative bacteria.24 In the field of oral 
care practice, chlorhexidine is a potent topical antimicrobial and is used in many countries.25,26 Randomized controlled 
trials conducted by scholars have shown that topical use of chlorhexidine can reduce the incidence of ventilator- 
associated pneumonia and nosocomial respiratory infection.27,28 In this study, we found that the overall incidence of 
POST decreased from 69.1% to 35.7% and the incidence and severity of POST at 20 min, 1 h, 6 h and 24 h were also 
significantly lower when patients gargled with chlorhexidine oral care solution 5 min before anesthesia induction. In this 
case, the oral care solution was thought to have a direct effect on the throat mucosa by inhibiting the growth of bacteria 
and inflammatory reactions, and thus reduced the sore throat after general anesthesia.

Since the endotracheal tube or laryngeal mask comes into contact with vocal organs, they may be damaged during 
surgery and result in hoarseness after surgery. For patients, hoarseness affects normal life, social interaction and 
professional performance. Vocal cord injury is the main cause of hoarseness. The insertion of laryngeal masks does 
not pass through the glottis, which results in slight stimulation to the vocal cords than that of an endotracheal tube, 
leading to a relatively low incidence of hoarseness. In this study, the incidence of hoarseness in the experimental group 
was lower than that in the control group; however, the difference was not statistically significant.

The limitation of this study is that it only observed the effect of chlorhexidine oral care solution on POST. The effect 
of other types of oral care solution remains to be explored. Secondly, we administered the intervening measure only once 
before induction of anesthesia, and the results showed a short duration of effect, further research is needed. Also, it is 
a single-center study, and multi-center, large-sample clinical observation is still needed to evaluate the effect of oral care 
solution on POST.

Conclusions
In summary, gargling with oral care solution before anesthesia induction can significantly reduce the incidence and 
severity of POST in patients undergoing laryngeal mask general anesthesia. The method is easy to perform and its effect 
is good, all of which suggest that the treatment is promising for clinical application.

Data Sharing Statement
Data are available from the corresponding author (Xia Chen) on reasonable request.

Ethics Approval and Consent to Participate
This study was approved by the Clinical Research Ethics Committee of The First Affiliated Hospital of the University of 
Science and Technology (No:2021-KY-129) and registered in the Chinese Clinical Trial Registry (http://www.chictr.org. 
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