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Abstract

Background
Endotracheal extubation is associated with a high prevalence of complications such as sore throat,
cough, and hoarseness. This study aimed to compare the effect of green tea and licorice gargle on sore
throat, cough, and hoarseness after endotracheal extubation.

Method:
The study was designed as a randomized, triple-blind, controlled clinical trial. 102 patients who were
candidates for elective surgery in two specialized hospitals in Tehran, Iran in 2020–2021, were randomly
divided into licorice, green tea, and control (placebo) groups. The scores of sore throat, cough, and
hoarseness of patients were assessed one hour after endotracheal extubation. After the gag re�ex
returned, patients were given 100 cc of the prepared solutions to gargle for 30 seconds. The intervention
was repeated two hours later. The scores of sore throat, cough, and hoarseness were assessed in the
three groups, immediately after the �rst intervention and two hours after the second intervention.

Result
There was a signi�cant difference between three groups, in posttest1 and posttest 2 in terms of three
variables (P < 0.0001). In addition, both licorice and green tea interventions had a high effect size on the
decrease of the studied variables and there was no signi�cant difference between these solutions (P < 
0.0167).

Conclusion
Both green tea and licorice solutions greatly reduced post-extubation complications. These results can be
clinical evidence for the use of these two plants to prevent complications of endotracheal extubation.

Trial registration:
This study was registered in the Iranian Registry of Clinical Trials (IRCT) with the code
“IRCT20190729044373N1” on 2019-12-27.

Background
Endotracheal intubation is performed during general anesthesia in order to protect the airway and prevent
aspiration [1]. However, tracheal extubation after the anesthesia damages the airway [2] and can lead to
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complications such as sore throat, cough, and hoarseness with an incidence rate of 40–100% [3].

In fact, postoperative sore throat is a common and irritating issue [4] recognized by patients as the eighth
unfavorable postoperative outcome [5].This complication often lasts for 72 hours after extubation, and
10% of cases have di�culty swallowing because of this problem [6]. In general, sore throat is caused by
an in�ammatory process due to throat and laryngeal and tracheal mucosal damage during intubation [7].

Post-extubation cough with a prevalence of 70% [8] is caused by damage to the larynx, trachea, and
accumulation of secretions in the airway. Moreover, post-operative cough can result in the stretching of
the sutures and intensi�ed pain, especially in chest and abdominal surgeries [9].In addition, it can
increase intracranial, eye, and abdominal pressure and risk of open-globe surgeries or abdominal aortic
aneurysm [10]. Also, post-extubation hoarseness is caused by direct trauma to vocal cords during
endotracheal intubation with a prevalence of 14.4–50% [11].

To date, various pharmacological and non-pharmacological methods have been used to reduce
complications of endotracheal extubation, such as ketamine gargle, intravenous injection of
Dexamethasone before entering the operating room [7],use of Lidocaine gel and K-Y gel [12] and
application of Betamethasone gel on the endotracheal tube [13]. However, pharmacological medications
have always been costly and associated with complications. Therefore, many have turned to
complementary medicine owing to its low cost and fewer complications [14].One of the complementary
medicine methods is phytotherapy, which uses the plant itself or its essential oil (aromatherapy) [15].
Moreover, researchers have used various phytotherapy methods to reduce extubation complications, such
as green tea gargle [16], Licorice gargling [17], and Oucalyptus inhalation and reporting different results
[2].

Green tea is sourced from Camellia Sinensis (L.) O. Kuntze and has antioxidant and anti-in�ammatory
activities [18] owing to the presence of 36 polyphenols, especially Catechins [19]. Green tea Catechins can
be used to treat many in�ammatory diseases (e.g., osteoarthritis and rheumatoid arthritis [20] and reduce
allergic reactions to treatment) [21].

Licorice is the common name of Glycyrrhiza Glabra and a �owering plant of the bean family Fabaceae
[22].The main constituents of the extract of licorice include Liquiritigenin, Hispaglabridins, Glycyrrhizic
acid, Glycyrrhizin, Liquilitin, and Glabridin [23]. Notably, Liquilitin and Liquiritigenin have peripheral and
central antitussive properties [24]. Glycyrrhizic acid can postpone in�ammatory processes by inhibition of
activities of Cyclooxygenase, formation of Prostaglandin, and platelet aggregation [25]. Glabridin also
has antioxidant properties and can contribute to the improvement of the throat and tracheal mucosal
injuries after laryngoscopy, endotracheal intubation, and endotracheal tube cuff pressure [26].

Limited studies have been performed to evaluate the effects of licorice and green tea on the decrease of
post-extubation complications. For instance, Ibrahim and Anis reported that Ketamine and Licorice gargle
equally reduced the incidence and severity of sore throat due to intubation [27]. In a study by Ariarifar et
al., green tea gargle following extubation in patients undergoing open-heart surgery reduced sore throat
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and cough but had no signi�cant impact on hoarseness [16]. Another study showed the positive effect of
Licorice gargle on the decrease of sore throat and cough in patients after a Laminectomy [17].

Given the con�icting results obtained by different studies in terms of the effects of Licorice and green tea
on post-extubation complications, and with regard to a lack of study on the comparison of the effects of
the two plants of green tea and Licorice, the present study aimed to compare the impact of green tea and
Licorice gargle on post-extubation complications of sore throat, cough and hoarseness.

Method
Trial design 

This randomized, controlled, triple-blind clinical trial was performed in the operating rooms and surgical
wards of two specialized hospitals in Tehran, Iran in 2020-2021. 

Study participants

The study population included all patients who were candidates for elective surgery. Inclusion criteria
included: patient and surgeon’s consent to participate in the study, use of endotracheal tube for
anesthesia, the age range of 18-65 years, ability to communicate and answer the questions, no sensitivity
to the Licorice and green tea solutions, no airway infection, no surgery on the head and neck, ability to
place the patient in a semi-sitting position to gargle the solution after surgery, no history of sore throat
one week before the study and lack of diabetes. 

Exclusion criteria included: Unwillingness of the patient or attending physician to cooperate with the
researchers, intubation time of more than 30 seconds, a Mallampati score above two, endotracheal
intubation more than once, and nausea and vomiting following starting the liquid diet.

Sample size and randomization

In this study, the sample size was estimated at 28 per group based on the mean and standard deviation
of sore throat reported by Ghaleb et al [17]. and by considering a 95% con�dence interval, 90% test power.
However, considering a 20% attrition rate, 34 patients was allocated to each group.

.

In total, 102 patients, who were candidates of elective surgery, were selected by convenient sampling
method based on inclusion criteria and allocated in three groups (licorice, green tea, and control) by use
simple random allocation method.

Outcome measures
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Using the medical record and the statements of the operating room nurses, the researcher examined the
inclusion criteria and �lled in the demographic and medical information questionnaire in the operating
room. Demographic and medical characteristics of patients included: weight (kg), age (year), BMI
(kg/m2), duration of surgery (minute), duration of intubation (minute), time trying to intubation (second). 

The severity of sore throat in patients was measured using a numerical pain scale, which is a 10-cm tool
that shows a lack of pain at a score of 0 and maximum pain level at a score of 10. This instrument has
been used in various studies several times and its validity and reliability have been con�rmed [14]. 

In addition, patients’ cough and hoarseness were assessed by a four-point tool. Cough scoring based on
the system included: No sore throat: 0; mild (less than a common cold): 1; moderate (similar to a
common cold): 2; severe (more than a common cold): 3. In addition, hoarseness scoring was carried out,
as follows: No hoarseness: 0; mild (no hoarseness at the time of the interview but had it previously): 1;
moderate (is only perceived by the patient): 2; severe (recognizable at the time of interview): 3. Notably,
the mentioned tools were frequently applied in previous studies and their validity and reliability were
con�rmed by test-retest (r=0.6) and Mann-Whitney U test (P≤0.0004) [8, 28].

Interventions

The Licorice used in this study was from Shirin Daroo Company with health license 15/11066. To prepare
the Licorice solution, 50 g of Licorice root was brewed in 1 liter of water for 10 minutes. The green tea
was also from Golestan Company with health license 16/19426. To prepare the green tea solution, 4.5
grams of green tea leaves brewed in 150 ml of water for 10 minutes. The solutions prepared in opaque
containers were named A, B, and C, and the trained research assistants were blinded to the content of the
containers. The three study groups were named with codes A, B, and C and one of the researchers kept
the codes secret until the end of data analysis. Therefore, the research assistants, as well as patients and
statistical analysts were blinded to the groups.

The magnitudes of sore throat, cough, and hoarseness of patients were assessed and recorded one hour
after the surgery and endotracheal extubation and transfer of patients to the surgical ward. According to
the routine of the ward, the �uid diet for patients was started as ordered by the physician following gag
re�ex return. At this stage, 100 cc of solutions (Licorice, green tea, and plain water) at the right
temperature for drinking (25°C) were given to the patients to gargle for 30 seconds. The intervention was
repeated two hours later. The magnitudes of sore throat, cough, and hoarseness of patients in all three
groups were recorded immediately after the �rst intervention (posttest 1) and two hours after the second
intervention (posttest 2). 

Statistical analysis

Data analysis was performed in SPSS version 16 using One-sample Kolmogorov-Smirnov test (for testing
the normal distribution of the data), mean, standard deviation, and frequency distribution table (for
describing the data), One-way ANOVA (for comparison of demographic characteristics of patients in three
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groups), Kruskal-Wallis test and ANOVA (for comparison of cough, sore throat, and hoarseness in three
stages of the study in the three groups), as well as the Friedman test (for intragroup comparison of
variables). The P-value < 0.05 was considered statistically signi�cant. To compare the effect of green tea
and Licorice solution on sore throat, cough and hoarseness of patients, Bonferroni correction was
performed and P <0.0671 was considered as a signi�cant level.

Ethical considerations

The study was approved by the ethics committee of Aja University of Medical Sciences (NO:
IR.AJAUMS.REC.1398.216) and was registered on the Iranian Registry of Clinical Trials (ID:
IRCT20190729044373N1). Authors adhered to the principles of the Helsinki Declaration, such as
explaining the study objectives and methods to patients, voluntary participation in the study, no harm
caused by the intervention, receiving a written informed consent, receiving permission from the attending
physician, and ensuring the con�dentiality terms regarding patients’ information and the possibility of
withdrawing from the study at any time.

Results
A total of 34 patients in each group participated and were followed up. None of the patients were
excluded during the follow-up (Figure 1). The mean age of the patients was reported to be 34.89±12.03
years (18-65 years). The patients’ body mass index (BMI) was 26.09±2.36 (19.48-34.10 kg/m2) and the
duration of the surgery was 88.48±17.13 minute. Moreover, the duration of endotracheal intubation was
14.92±3.36 seconds, and the endotracheal tube size was 7.36±0.28 mm. Post-extubation mean score of
sore throat was estimated at 5.29±1.89, whereas the mean scores of cough and hoarseness were
1.0±61.89 and 1.70±0.88, respectively. There was no signi�cant difference between three groups
regarding the demographic characteristics of patients (P>0.05) (Table 1).

Sore throat variable

ANOVA test results were indicative of no signi�cant difference among the three groups regarding sore
throat before the intervention (P>0.05). Kruskal-Wallis test showed a signi�cant difference between three
groups at the post-test 1 and post-test 2 stages (P< 0.0001), in a way that the lowest sore throat scores
were obtained by the Licorice group. The Licorice intervention had a high effect size (ES) on the sore
throat at the post-test 1 (ES=0.85) and post-test 2 stages (ES=1.5). In addition, the green tea intervention
had a high effect size on at the post-test 1 (ES=0.76) and post-test 2 (ES= 1.45) stages. Also, the
Friedman test showed a signi�cant difference between the study stages in each group (P< 0.0001) (Table
2).

Cough variable

Kruskal-Wallis test showed no signi�cant difference between three groups regarding the cough before the
intervention (P>0.05). However, post-test 1 and post-test 2 results, demonstrated a signi�cant difference
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among the three groups (P< 0.0001). The lowest cough score was observed in the green tea and Licorice
groups at the post-test 1 and post-test 2 stages, respectively. Licorice intervention had a high effect size
on the reducing the cough at the post-test 1 (ES=0.73) and post-test 2 (ES= 1.24) stages. Similarly, the
effect size of green tea intervention was high in post-test 1 (ES= 0.94) and post-test 2 (ES= 1.2) stages.
Also, the Friedman test showed a signi�cant difference between the study stages in each group (P<
0.0001) (Table 3).

Hoarseness variable

Kruskal-Wallis test showed no signi�cant difference between three groups regarding hoarseness before
the intervention (P>0.05). Nevertheless, a signi�cant difference was reported among the three groups at
the post-test 1 and post-test 2 stages (P< 0.0001). The lowest hoarseness score was observed in the
green tea group at both stages after intervention. However, Licorice intervention had a high effect size on
the reducing the hoarseness at the post-test 1 (ES=1.03) and post-test 2 (ES= 0.96) stages. Similarly, the
effect size of green tea intervention was high in post-test 1 (ES= 0.7) and post-test 2 (ES= 1.29) stages.
Also, the Friedman test showed a signi�cant difference between the study stages in each group (P<
0.0001) (Table 4).

According to Mann-Whitney U results, no signi�cant difference was observed between the two
intervention groups (licorice and green tea) during the study stages regarding the variables of sore throat,
cough, and hoarseness (P<0.0167). It is notable that no side effect due to the use of the solutions was
reported in this study. 

Discussion
Before the intervention, the groups were homogenous in terms of demographic characteristics, sore
throat, cough, and hoarseness. After the �rst and second stages of the intervention, the cough, sore throat
and hoarseness scores were signi�cantly lower in the two intervention groups, compared to the control
group. In addition, the results showed that Licorice and green tea gargle extremely reduced the studied
variables and no signi�cant difference was observed between these two groups, in this respect. Moreover,
intragroup comparison demonstrated a signi�cant difference between the three groups in all study
stages. These results could indicate the effectiveness of the intervention and passage of time on the
decrease of variables. However, this did not apply to the control group regarding the hoarseness variable
since it increased after the second intervention stage.

In general, Licorice and green tea gargle had similar impacts on the decrease of post-extubation
complications. A literature search revealed a lack of study on the effect of the two mentioned solutions
on the decrease of post-extubation complications. However, some studies found in this area separately
assessed the effects of the two interventions in different ways, and their results were consistent with our
�ndings. For instance, Gupta et al. evaluated the effect of Licorice lozenges (intervention group) and
sugar candy (control group) on cough, sore throat, and hoarseness of 100 smokers presenting for elective
surgery, after anesthesia. According to the results, Licorice lozenges reduced all three variables [29].
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Ruetzler et al. performed a study on 236 patients having elective thoracic surgery to evaluate the effect of
preoperative gargling with Licorice and sugar water. The result showed Licorice group compared with
sugar water group, experienced 1.7 times (95% CI, 1.1–2.7) lower coughing (P < 0.001) and sore throat
score (RR [95% CI]: 0.53 [0.32–0.88], (P = 0.003) [4].

According to Ibrahim and Anis, pre-operation Licorice and Ketamine gargling signi�cantly decreased the
incidence and severity of postoperative sore throat. However, no signi�cant difference was observed
between the ketamine and licorice groups [27]. In another study by Ghaleb et al., gargling 500 mg of
Licorice diluted in 30 cc of water �ve minutes before induction signi�cantly decreased sore throat (P = 
0.0002) and improve swallowing (P = 0.001) in patients [17]. Kuriyama et al. evaluated the effect of post-
operative topical application of Licorice on sore throat after surgery, in a meta-analysis and systematic
review. According to the results, Licorice reduced the prevalence (risk ratio, 0.44; 95% con�dence interval
(CI), 0.28–0.69; P < 0.001) and severity (standardized mean difference, − 0.69; 95% CI, − 0.96, − 0.43; P < 
0.001) of sore throat [30].

Regarding the effect of green tea, Jafari et al. reported that gargling 30 cc of the solution after an open-
heart surgery reduced sore throat in patients 12 hours (P = 0.047) and 24 hours (P < 0.001) after the
intervention [31]. In a study by Ariaei et al., gargling with green tea solution four times a day after
anesthesia by patients undergoing open-heart surgery reduced sore throat, 12 hours after the intervention.
However, no signi�cant change was observed in the hoarseness variable in three stages [16]. This lack of
consistency might be due to the long surgery period (8–10 hours), compared to the present study. In a
study by Liu et al., daily drinking of green tea after a robotic or laparoscopic subtotal gastrectomy
reduced post-operative pain and complications on the �rst-fourth post-operative days [32]. In fact, green
tea's effect on the decrease of postoperative sore throat is related to its anti-bacterial, anti-in�ammatory,
and anti-oxidative properties [33].The anti-in�ammatory properties of this substance are such that its
effectiveness in healing surgical wounds has been con�rmed [34].

Conclusion
In the present study, both green tea and Licorice substances with high effect size reduced endotracheal
intubation outcomes (cough, sore throat, and hoarseness) after surgery, which is in line with the results of
several studies. With regard to the simple use, cost-effectiveness, and low risk of Licorice and green tea
gargle, it is recommended that these solutions be used to reduce post-extubation complications. It is also
suggested that further studies be carried out to compare the effect of these substances with
pharmacological treatments.
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Tables

Table 1: Comparison of demographic characteristics of patients in three groups
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s

meters

Licorice Green tea Control Test*

Mean ±SD

year) 36.32 ±11.46 33.94 ± 33.07 34.41 ± 11.53 F = 0.36, df = 2, P = 0.692

t (kg) 75.32 ± 8.18 71.85 ± 7.68 71.76 ± 9.06 F = 2.01, df = 2, P = 0.138

kg/m2) 26.70 ± 2.34 25.71 ± 2.41 25.85 ± 2.27 F = 1.76, df = 2, P = 0.177

on of surgery (minute) 90.73 ± 18.67 86.02 ± 17.35 88.67 ± 15.38 F = 0.64, df = 2, P = 0.529

on of intubation (minute) 92.05 ± 19.31 87.50 ± 18.30 90.73 ± 17.19 F= 0.559, df = 2, P = 0.574

 

      

*One Way ANOVA

 

Table 2: Comparison of sore throat across three study groups in three stage of study
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s Licorice Green tea Control Test

Mean±SD

st 5.82 ± 1.38 5.17 ± 1.60 4.88 ± 2.44 F § = 2.259 df = 2, P = 0.110

est 1 2.44 ± 1.10 2.58 ± 1.20 3.76 ± 1.55 Value ¶ = 17.05 df = 2, P < 0.0001

est 2 1.08 ± 1.26 1.20 ± 1.03 3.26 ± 1.42 Value  ¶     = 38.27 df  = 2, P <

0.0001

man value = 65.78

df  = 2, P <

0.0001

Value = 66.51

df  = 2, P <

0.0001

Value= 3.09

df =2, P<0.0001

 

      

Post-test 1: Immediately after the first stage of intervention, Post-test 2: Two hours after the second stage of

intervention; § ANOVA test; ¶ Kruskal Wallis test; P< 0.05.

Table 3: Comparison of cough across three study groups in three stage of study.
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oups Licorice Green tea Control Test*

 Mean ± SD

-test 1.82 ± 0.86 1.46 ± 0.92 1.58 ± 0.85 Value = 3.33 df =2, P = 0.188

t-test 1 0.67 ± 0.36 0.52 ± 0.70 1.20 ± 0.72 Value= 15.33df =2, P< 0.0001

st-test 2 0.14 ± 0.43 0.17 ± 0.38 1.00 ± 0.69 Value=39.10, df=2, P< 0.0001

edman test  Value = 57.78

 df = 2, P < 0.0001

 

Value = 49.08

 df = 2, P < 0.0001

Value= 9.53

 df =2, P< 0.0001

 

      

Post-test 1: Immediately after the first stage of intervention, Post-test 2: Two hours after the second stage of

intervention; * Kruskal Wallis Test; P< 0.05.

 

Table 4: Comparison of hoarseness across three study groups in three stage of study.
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oups Licorice Green tea Control Test*

Mean ± SD    

-test 1.88 ± 0.76 1.76 ± 0.92 1.47 ± 0.92 Value = 4.054  df = 2, P = 0.132
 

st-test 1 0.61 ± 0.69 0.58 ± 0.60 1.02 ± 0.62 Value     = 15.33 df = 2, P <

0.0001

 

st-test 2 0.26 ± 0.51 0.05 ± 0.23 0.88 ± 0.64 Value     = 39.10 df = 2, P <

0.0001

 

edman

t

 Value = 62.48, 

df = 2, P <

0.0001

Value = 56.00, 

df = 2, P <

0.0001

Value = 21.25, 

df = 2, P <

0.0001

Value   = 39.10, 

df = 2, P < 0.0001

 

       

Post-test 1: Immediately after the first stage of intervention, Post-test 2: Two hours after the second stage of

intervention; * Kruskal Wallis Test; P< 0.05.

Figures
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Figure 1

Flow chart of random allocation of groups


