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Abstract

Purpose We compared the effects of benzydamine

hydrochloride (BH), 10% lidocaine, and normal saline

spray on preventing postoperative sore throat (POST) in

patients who underwent total thyroidectomy (TT).

Methods In this prospective, randomized, parallel-group,

double-blind study, the incidence of POST at six hours

after tracheal extubation was compared among three

groups as a primary outcome. American Society of

Anesthesiologists physical status I-II patients undergoing

elective TT under general anesthesia were enrolled.

Patients were randomly stratified into group C (n = 33,

normal saline), group L (n = 33, 10% lidocaine), or group

B (n = 33, 0.3% BH). The participants, caregiver, and

investigator were blinded to group assignment. Each study

drug was sprayed three times on the endotracheal tube

(ETT) cuff ten seconds before intubation. Incidence and

severity of POST were recorded within 24 hr

postoperatively (during postanesthesia care unit stay, and

at six, 12, and 24 hr after extubation). P values were

adjusted for multiple comparisons.

Results Ninety-nine patients were enrolled. Eighty-seven

patients completed the study. The incidence of POST at six

hours after tracheal extubation was similar among the

three groups (group C: 31 [93.9%], group L: 29 [87.9%],

and group B: 27 [81.8%]; P = 0.38). Nevertheless, the

incidence of POST was significantly different among the

three groups at 12 and 24 hr after TT (12 hr: P = 0.002, 24

hr: P = 0.01). The severity of POST after tracheal

extubation was statistically different among the study

groups (6 hr: P = 0.04, 12 hr: P = 0.01). No adverse effects

were observed.

Conclusion Application of BH spray on the ETT cuff

reduced the incidence and severity of POST at 12 hr after

TT. We suggest this method to be a non-invasive and

effective management option for POST without serious side

effects.

Trial registration Clinical Research Information Service

(KCT0002627); registered 24 November, 2017.

Résumé

Objectif Nous avons comparé les effets de la vaporisation

de chlorhydrate de benzydamine (CB), de lidocaı̈ne 10 %,

ou de solution saline sur la prévention des maux de gorge

postopératoires chez les patients subissant une

thyroı̈dectomie totale (TT).

Méthode Dans cette étude prospective, randomisée, en

parallèle et à double insu, l’incidence des maux de gorge

postopératoires six heures après l’extubation trachéale a

été comparée dans trois groupes pour répondre à notre

critère d’évaluation principal. Des patients de statut

physique I-II selon l’American Society of

Anesthesiologists et subissant une TT non urgente sous
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anesthésie générale ont été recrutés. Les patients ont été

aléatoirement alloués au groupe C (n = 33, solution

saline), au groupe L (n = 33, lidocaı̈ne 10 %), ou au

groupe B (n = 33, CB 0,3 %). Les participants,

anesthésistes et chercheurs ne connaissaient pas

l’allocation de groupe. Chaque médicament étudié était

vaporisé trois fois sur le ballonnet du tube endotrachéal

(TET) dix secondes avant l’intubation. L’incidence et la

gravité des maux de gorge postopératoires ont été

enregistrées dans les 24 heures postopératoires (pendant

le séjour en salle de réveil, et à six, 12 et 24 h après

l’extubation). Les valeurs P ont été ajustées pour tenir

compte des comparaisons multiples.

Résultats Quatre-vingt-dix-neuf patients ont été recrutés.

Quatre-vingt-sept patients ont terminé l’étude. L’incidence

des maux de gorge postopératoires à six heures après

l’extubation trachéale était semblable dans les trois

groupes (groupe C : 31 [93,9 %], groupe L : 29

[87,9 %], et groupe B : 27 [81,8 %]; P = 0,38).

Toutefois, l’incidence de maux de gorge postopératoires

était significativement différente entre les trois groupes à

12 et 24 h après la TT (12 h : P = 0,002, 24 h : P = 0,01).

La gravité des maux de gorge postopératoires après

l’extubation trachéale était différente d’un point de vue

statistique entre les groupes à l’étude (6 h : P = 0,04, 12

h : P = 0,01). Aucun effet secondaire indésirable n’a été

observé.

Conclusion Le recours à une vaporisation de

chlorhydrate de benzydamine sur le ballonnet du tube

endotrachéal a réduit l’incidence et la gravité des maux de

gorge postopératoires à 12 h après une thyroı̈dectomie

totale. Selon nos résultats, cette méthode constitue une

option de prise en charge non invasive et efficace des maux

de gorge postopératoires sans effets secondaires

importants.

Enregistrement de l’étude Clinical Research Information

Service (KCT0002627); enregistrée le 24 novembre 2017.

Postoperative sore throat (POST) is a common

complication following general anesthesia. A previous

study demonstrated that even patients who were intubated

for only a short duration sustained laryngeal trauma.1 In

addition to upper airway instrumentation, numerous factors

contribute to POST, such as the number of intubation

attempts, the diameter of the endotracheal tube (ETT), and

ETT cuff pressure and design.2,3 Although several studies

have attempted to find ways to decrease POST, it remains a

major contributing factor to patient dissatisfaction after

tracheal intubation.

Postoperative sore throat is more common and severe in

patients undergoing thyroidectomy compared to any other

surgery. In fact, several studies have shown the incidence

of sore throat after thyroid surgery to be more than 60%.4–6

The thyroid is located adjacent to the trachea; thus,

movement of the ETT during a surgical procedure was

suggested as the main contributor to the increased

incidence of POST after thyroidectomy.4 In addition,

surgical manipulation of the thyroid directly compresses

the trachea and affects the ETT cuff pressure.7 The

mechanism of POST after thyroidectomy may also be

associated with regional mucosal trauma, laryngeal edema,

or vocal cord hematoma.

Benzydamine hydrochloride (BH) is a well-known

topical non-steroidal anti-inflammatory drug (NSAID)8

that effectively reduces symptoms associated with clinical

inflammation. Studies have shown the POST alleviation

effect of BH.9-13 In particular, a recently published meta-

analysis concluded that topical BH was associated with

decreased incidence of POST compared with non-analgesic

and lidocaine control groups. Nevertheless, the ability of

BH placed around the ETT cuff to prevent severe POST

was limited.14 In addition, a few studies have examined the

risk of POST in thyroidectomy using some pharmacologic

prophylactic options. Estebe et al., for example, evaluated

the efficacy of alkalinized lidocaine to reduce POST in

patients who underwent total thyroidectomy (TT).15 To our

knowledge, no study has investigated the effectiveness of

topical BH to attenuate POST after extensive

thyroidectomy.

Therefore, the aim of this study was to compare the

incidence of POST at six hours after tracheal extubation

among BH, 10% lidocaine, and normal saline groups who

underwent TT.

Methods

Patient and study design

This prospective, randomized, parallel-group, double-blind

study was designed to demonstrate the superiority of BH

and was approved by the Institutional Review Board (IRB)

of Samsung Medical Center, Seoul, Republic of Korea

(IRB no. 2016-11-110). The study was registered with the

Clinical Research Information Service (registration no.

KCT0002627).

Adult patients undergoing elective TT under general

anesthesia from February 2017 to July 2017 were assessed

for eligibility. Written informed consent was obtained from

all patients who participated in the study. Patients with a
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history of preoperative sore throat or hoarseness, symptoms

of upper respiratory infection within two weeks, allergy to

NSAIDs or lidocaine, a difficult airway (requiring more

than two attempts of endotracheal intubation), American

Society of Anesthesiologists (ASA) physical status IV,

obesity (body mass index [BMI][30 kg�m-2), pregnancy,

severe liver disease or kidney function disorder, and/or

significant arrhythmia or cardiovascular disease were

excluded from the present study.

Drug preparation, blinding, and randomization

After enrolment (by D.K. and H.J.), all patients were

randomly allocated to one of three groups using a computer-

generated program (Random Allocation Software version

1.0; Informer Technologies, Los Angeles, CA, USA) with

the random permuted block method (1:1:1 allocation ratio

and a block size of 3). Group assignment using a

randomization sequence—ensured by way of

consecutively numbered, opaque, sealed envelopes—was

conducted by one of the authors (J.K.) who was not involved

in either anesthetic management or outcome assessment by

opening each envelope in sequence. The three bottles of

spray were prepared to have the same external appearance,

and each was labelled with the number 1, 2, or 3 (by S.K.).

The group allocation was as follows:

• Group C (n = 37): the ETT cuffs were sprayed three

times with normal saline (approximately 0.3 mL) as a

control group.

• Group L (n = 38): the ETT cuffs were sprayed three

times with 10% lidocaine spray (Veracaine spray,

SKpharm, Korea), which contained approximately 30

mg of lidocaine hydrochloride.

• Group B (n = 38): the ETT cuffs were sprayed three

times with 0.3% BH spray (DifflamTM spray,

NMpharm, Korea), which contained approximately

0.9 mg of BH.

Study protocols

The study participants were not pretreated with any

medicine, and standard monitors were used in the

operating room, including electrocardiogram, pulse

oximetry, non-invasive arterial blood pressure,

nasopharyngeal temperature, and end-tidal carbon dioxide,

which was maintained between 30 and 35 mmHg.

Anesthesia was induced with thiopental sodium (3*6

mg�kg-1), rocuronium (0.8 mg�kg-1), and fentanyl (0.5

lg�kg-1). All of the study drugs were sprayed three times on

the ETT cuff at ten seconds before intubation by one of the

authors blinded to the treatment (B. H.). Intubations were

performed by attending anesthesiologists who were blinded

to the medication of our research, using an ETT

(Mallinckrodt Pharmaceuticals, Staines-upon-Thames,

UK) measuring 7.0 mm and 8.0 mm in internal diameter

for females and males, respectively. The cuff was inflated

with air, and the cuff pressure was measured by a cuff

pressure gauge (VBM Medizintechnik GmbH, Sulz am

Neckar, Germany). To maintain a level of 20 cmH2O to 25

cmH2O, intracuff pressure was monitored every 30 min.

Anesthesia was maintained with sevoflurane 2–3 vol%.

Subjects were ventilated with oxygen and medical air (FIO2

of 0.6). When skin suture was started, 0.5lg�kg-1 of fentanyl

was administered to patients to relieve postoperative pain. At

the end of surgery, pyridostigmine and glycopyrrolate were

administered to prevent residual neuromuscular block.

Tracheal extubation was performed after gentle suctioning

of the oral cavity when patients were fully awake and

obeying commands. Patients were subsequently transferred

to the postanesthesia care unit (PACU).

We recorded patient age, gender, height, weight, BMI,

smoking history, modified Mallampati grade in the sitting

position, Cormack–Lehane view, duration of operation and

anesthesia, and any side effects associated with the study

drugs (e.g., cough, dry mouth, burning sensation, and local

numbness). Following surgery, patients with pain severity

greater than a verbal rating scale (VRS) score of 4 were

treated with 0.5 lg�kg-1 of fentanyl intravenously in the

PACU and 30 mg of ketorolac IV in the ward before oral

ingestion. The total amounts of fentanyl and ketorolac for

postoperative pain were also monitored.

Postoperative sore throat was scored at 30 min (at

PACU) and at six, 12, and 24 hr after tracheal extubation

by an anesthesiologist who was unaware of the group

allocation. POST was assessed using a 0–10 VRS score,

with 0 = no pain and 10 = worst imaginable pain. We

educated the subjects on the differences in pain related to

endotracheal intubation and thyroidectomy to distinguish

them. Pain in the surgical region was described as sharp

and stabbing pain due to the skin incision and suture, while

pain caused by POST originated from the inside of throat

and was similar to the discomfort of a cold. Potential

adverse effects associated with study drugs, such as

numbness, hoarseness, nausea/vomiting, dry mouth, and

stinging sensation were also noted. Acetaminophen 650 mg

was routinely administrated per os to the patients in the

general surgery department every eight hours starting with

the first postoperative day 1.

Statistical analysis

The primary outcome of this study was the incidence of

POST at six hours after TT. The secondary outcomes were

severity of POST (especially at six, 12, and 24 hr) and

cumulative amount of opioid consumption within 24 hr
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after TT. A power calculation was based on a previous

study that identified the incidence of POST following

tracheal intubation after spraying 2% lidocaine (40.8%),

normal saline (53.7%), and 3% BH (17%).9 To detect a

statistically significant difference in incidence of POST at

six hours after TT among the three groups, we used the

Chi-square test. With a power of 0.8 and an alpha error of

0.05, 33 patients in each group were required. Assuming a

10% dropout rate, we planned to enroll at least 111 patients

(37 subjects for each group).

Categorical variables were presented as numbers

(percentages), while continuous variables including

demographic data and the severity of POST among three

study groups were presented as mean (standard deviation

[SD]).

Pearson’s Chi-square test was used to analyze the

differences in incidence among study groups 6 hr, 12 hr,

and 24 hr after TT. Partitioning Chi-square test was applied

for multiple pairwise comparisons and P values were

adjusted by multiplying by three. To reduce the impact of

the outliers, we compared the severity of POST using the

Kruskal-Wallis test. Furthermore, Bonferroni correction

was used to compare the differences among groups and P

values were multiplied by four for the adjustment. For the

adjustment of pairwise comparisons, Bonferroni and Tukey

correction were used and P values were multiplied by

three. The cumulative amount of opioid during 24 hr after

TT was analyzed by analysis of variance. Statistical

analysis was performed using SPSS version 20 (IBM

Corp., Armonk, NY, USA) and P\0.05 was considered to

be statistically significant.

Results

As we needed 111 participants, 137 patients were recruited

from February 2017 to July 2017. Among them, 16 patients

who did not meet the inclusion criteria were excluded and

eight withdrew from the study; the remaining 113 patients

were randomly assigned to three groups. Fourteen patients

were subsequently excluded because of intubation

difficulties (two cases), transition to lobectomy (eight

cases), lack of PACU records (three cases), and prolonged

anesthesia (one case). Notably, we decided to exclude the

one case with anesthesia lasting more than four hours based

on the findings of a previous study suggesting increased

risk of POST associated with prolonged anesthesia.4 Thus,

99 patients were finally analyzed (Figure). The trachea

were intubated in a single attempt in all these patients.

Patient characteristics are shown in Table 1. Age, BMI,

gender, ASA physical status, history of underlying disease

or smoking, and surgery were comparable among the

groups (Table 1). Intraoperative vital signs and use of

vasopressors were not different among the three groups.

Incidence of POST at 6 hr after tracheal extubation (the

primary outcome) was comparable among the groups

(group C, 31 [93.9%]; group L, 29 [87.9%]; group B, 27

[81.8%], P = 0.38). Nevertheless, the incidence of POST

was significantly different among the three groups at 12

and 24 hr (12 hr: P = 0.002, 24 hr: P = 0.01) (Table 2).

After six hours and 12 hr of tracheal extubation, the

severity of POST was significantly decreased in group B

compared with group C. Furthermore, at 12 hr, the POST

severity in group B was also lower than that of group L

Figure CONSORT diagram
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(group B vs group C: six hours, P = 0.01, and 12 hr, P =

0.001; group B vs group L: six hours, P = 0.10 and 12 hr, P

= 0.01; P values were adjusted by Bonferroni correction)

(Table 3). In addition, the cumulative amount of opioid as

a postoperative analgesic was not statistically different

among the study groups (P = 0.78).

None of the participants experienced systemic or local

side effects including hoarseness, numbness, nausea/

vomiting, or stinging sensation considered to be related

to the study drugs.

Discussion

Our results demonstrated that administration of BH spray

to the ETT cuff did not reduce the incidence of POST six

hours after tracheal extubation. Nevertheless, after 12 hr,

the incidence and the severity of POST were significantly

decreased in the BH group compared with the 10%

lidocaine and normal saline groups (Tables 2, 3).

Furthermore, applying 10% lidocaine sustained the

incidence of POST at 24 hr.

Table 1 Demographic data

Group

C (n = 33) L (n = 33) B (n = 33)

Demographics

Age (yr) 46 (10) 47 (12) 45 (16)

Gender (female/male) 24(73%)/9(27%) 21(64%)/12(36%) 161 (9%)

Height (cm) 163 (9) 163 (9) 161 (9)

Weight (kg) 66 (11) 64 (15) 63 (11)

BMI (kg�m-2) 25 (2) 24 (3) 24 (3)

ASA class

I 24 (73%) 20 (61%) 20 (61%)

II 9 (27%) 13 (39%) 13 (39%)

Smoking habit (yes) 4 (12%) 3 (9%) 0

Airway evaluation

Mallampati

1 11(33%) 7 (21%) 7 (21%)

2 16(49%) 20 (61%) 18 (55%)

3 6(18%) 6 (18%) 8 (24%)

Cormack–Lehane view

1 13 (39%) 12 (36%) 9 (27%)

2 16 (49%) 17 (52%) 22 (67%)

3 4 (12%) 4 (12%) 2 (6%)

Diagnosis

Papillary thyroid cancer 31 (94%) 26 (79%) 24 (73%)

Grave’s disease 0 1 (3%) 5 (15%)

Multiple benign tumours 0 3 (9%) 2 (6%)

Follicular neoplasm of thyroid 0 3 (9%) 2 (6%)

Type of surgery

TT ? CND, both 16 (49%) 18 (55%) 14 (42%)

TT ? CND, Rt 0 1(3) 1 (3%)

TT ? CND, Lt 2 (6%) 0 3 (9%)

TT 2 (6%) 8 (24%) 6 (18%)

TT ? CND & Rt./Lt. lateral neck dissection 12 (36%) 6 (18%) 7 (21%)

TT ? mRND, both 1 (3%) 0 2 (6%)

Duration of anesthesia (min) 182 (70) 148 (50) 166 (77)

Note: Data are given as n (%) or mean (SD). n = number of patients

ASA = American Society of Anesthesiologists physical status; BMI = body mass index; CND = central neck dissection; mRND = modified

radical neck dissection; SD = standard deviation; TT = total thyroidectomy
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Several factors contribute to POST. Inflammation and

irritation of the respiratory mucosa trigger POST and

cough after anesthesia with dry inhalant agents.16

Kuriyama et al. demonstrated that corticosteroids applied

to the ETT effectively mitigate the incidence of POST vs

non-analgesic controls or lidocaine in a systemic review.17

This finding is in line with our results and supports the idea

that POST may be related to increased inflammatory

mediators.18 Furthermore, BH is a NSAID that is used both

systemically and topically. NSAIDs act peripherally to

attenuate the production of prostaglandins that sensitize

nerve endings at the site of damage.19 These effects

originate from inhibition of the cyclooxygenase enzyme

that converts arachidonic acid from the phospholipid

membrane by phospholipases to prostaglandins.20

Therefore, BH may play a defensive role in an

inflammatory state.

Sironi et al. investigated the effect of BH on cytokine

production in both in vivo and in vitro conditions.21 They

reported that BH inhibited the production of tumour

necrosis factor alpha in a study of Candida vaginitisis.

Benzydamine hydrochloride also has potency against

lipopolysaccharide (LPS)-induced toxicity22: an

experimental study demonstrated the therapeutic efficacy

of BH in managing endotoxic shock induced by LPS

administration.

Baldock et al. showed the peak plasma concentration of

BH at approximately six hours after local application.23 In

the present investigation, we administered the study drugs

immediately prior to endotracheal intubation based on the

results of previous research.11 Subjects in our study groups

demonstrated a high incidence of POST at six hours after

tracheal extubation. Nevertheless, the incidence and

severity of POST in the BH group were significantly

lower than in the other two groups. Our results suggest that

BH suppresses the response of inflammatory mediators and

may reduce POST incidence and severity for longer

periods than normal saline or 10% lidocaine.

In the research design period, we tried to evaluate the

effects of BH on the incidence of POST via a topical agent

sprayed on the ETT cuff. Systemic administration of study

drugs might be difficult to apply to all patients under the

same conditions or at the same time. Therefore, we selected

BH and other study drugs in a uniform formulation that

could be sprayed on the ETT cuff. Moreover, a previous

study that evaluated the pharmacokinetics of BH in healthy

volunteers demonstrated that the plasma concentrations of

BH after vaginal douching and washing of the oral cavity

were lower than in gastrointestinal absorption after

Table 2 Incidence of postoperative sore throat in control (C), lidocaine (L) and benzydamine hydrochloride (B) groups

Group P

C (n = 33) L (n = 33) B (n = 33)

6 hr 31 (94%) 29 (88%) 27 (82%) [ 0.99^

B vs C 0.33^^

B vs L [ 0.99^^

C vs L [ 0.99^^

12 hr 26 (79%) 24 (73%) 13 (39%) 0.01^

B vs C 0.003^^

B vs L 0.02^^

C vs L [ 0.99^^

24 hr 10 (30%) 21 (64%) 11 (33%) 0.04^

B vs C [ 0.99^^

B vs L 0.04^^

C vs L 0.02^^

Values are expressed as number (%)

^P value, analysis of Pearson Chi-square test

P values were multiplied by three, according to the time-period, for the adjustment

^^P value, analysis of multiple comparisons by partitioning of the Chi-square method

P values were multiplied by three for the adjustment of pairwise comparisons

Group C: spraying normal saline as a control group

Group L: spraying 10% lidocaine hydrochloride

Group B: spraying 0.3% benzydamine hydrochloride
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administration per os. The study authors concluded that

local application of BH prevented a systemic adverse

reaction.23 In addition, BH applied directly into the

oropharyngeal cavity was associated with a higher

incidence of adverse effects including local numbness,

stinging, and burning sensation.10 Our mode of application

for BH might have resulted in a small amount of systemic

absorption and reduced the incidence of systemic side

effects.

Tanaka et al. reported that lidocaine reduced the risk of

POST; in some studies, the mechanism is known to

attenuate the excitement of sensory C fibres and to inhibit

the release of sensory neuropeptides involving excitation of

sensory C fibres in the airway.24 Nevertheless, they also

mentioned that the effects of lidocaine are influenced by

route of administration, drug concentration, and type of

study subjects. In previous research, the administration of

8% or 10% lidocaine spray to the larynx, trachea, or ETT

increased the incidence of POST to varying degrees.9,23

Our study showed similar results at 24 hr. The authors

explained that the throat ailments associated with lidocaine

spray were probably related to the additives, which can

irritate the tracheal mucosa9,25; notably, the dose of

lidocaine applied in the study by Hung et al.9 was larger

than that used in our study (ten vs three sprays).

Importantly, as 10% lidocaine spray is currently used for

endoscopy or awake endotracheal intubation, its

application requires close attention.

This study has several limitations. First, the sample size

was calculated to determine the statistical difference in

incidence of POST among the three groups, and there was

not a reduction in incidence in relation to BH. The small

sample size could affect the incidence of POST and

prevalence of side effects in the subjects. Second, some

patients may have been confused and unable to distinguish

POST from surgical region pain because of the proximity

of the throat to the surgical site in the neck. To avoid such

confusion as much as possible, we explained to the patients

Table 3 Severity of POST for the study groups by time-point

Time Group Mean differences SD P

C (n = 33) L (n = 33) B (n = 33)

30 min (at PACU) 3.1 (1.5) 3.2 (2.1) 2.7 (2.1) [ 0.99b

B vs C - 0.3 0.5 [ 0.99a [ 0.99c

B vs L - 0.3 0.5 [ 0.99a [ 0.99c

C vs L 0 0.5 [ 0.99a [ 0.99c

6 hr 4.0 (2.0) 3.5 (2.1) 2.5 (1.6) 0.04b

B vs C - 1.6 0.5 0.02a 0.25c

B vs L - 1 0.5 0.40a 0.33c

C vs L 0.6 0.5 [ 0.99a [ 0.99c

12 hr 2.7 (1.8) 2.2 (1.8) 0.9 (1.5) 0.001b

B vs C - 1.8 0.4 \ 0.001a \ 0.001c

B vs L - 1.3 0.4 0.02a 0.02c

C vs L 0.5 0.4 [ 0.99a [ 0.99c

24 hr 0.7 (1.3) 1.2 (1.2) 0.6 (1.1) 0.12b

B vs C - 0.9 0.3 [ 0.99a [ 0.99c

B vs L - 0.6 0.3 0.44a 0.35c

C vs L - 0.5 0.3 0.86a 0.65c

Values are expressed as mean (SD)
a P value, analysis of multiple pairwise comparisons by applying the Bonferroni correction. P values were multiplied by three for the adjustment

of pairwise comparisons
b P value, analysis of multiple comparisons. P values were multiplied by four, according to the time-period, for the adjustment
c P value, analysis of multiple pairwise comparisons by applying the Tukey correction. P values were multiplied by three for the adjustment of

pairwise comparisons

Caution: The outliers contained in this data may affect interpretation of results

Group C: spraying normal saline as a control group

Group L: spraying 10% lidocaine hydrochloride

Group B: spraying 0.3% benzydamine hydrochloride

PACU = postanesthetic care unit; POST = postoperative sore throat; SD = standard deviation
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the different characteristics of surgical pain and POST

before asking about pain. Third, we sprayed normal saline

onto the ETT cuff as a control. Nevertheless, in clinical

practice, we do not use a spray on the ETT cuff. Therefore,

the POST symptoms in the control group might be lower

because of the moisturizing effect. Even though Jung et al.

reported that humidification of anesthetic gas reduced sore

throat after thyroidectomy, they used an active humidifier

throughout the surgery, which was different from the

method and duration of exposure in the normal saline

group in our study.26 Finally, we could not establish the

optimal dose of topical BH applied to the ETT cuff as a

prophylactic agent to attenuate POST. Nevertheless, in a

recent meta-regression analysis, the authors found no

association of dose with effect size.15 No subjects in this

study had side effects associated with the BH spray, which

contained approximately 0.9 mg of BH.

In conclusion, application of BH spray on the ETT cuff

reduced the incidence and severity of POST at 12 hr after

TT compared with 10% lidocaine and normal saline.

Although these effects of BH did not appear at all time

points, we suggest that a BH spray is a non-invasive and

effective method of treating POST without serious side

effects. In addition, 10% lidocaine must be applied with

attention. Further research is warranted to determine

whether POST can be ameliorated by other methods.
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