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Abstract

Objective: To investigate the incidence of postoperative sore throat (POST) in Korean patients

undergoing general anaesthesia with endotracheal intubation and to assess potential risk factors.

Methods: This prospective study enrolled patients who underwent all types of elective surgical

procedures with endotracheal intubation and general anaesthesia. The patients were categorized

into group S (those with a POST) or group N (those without a POST). The demographic, clinical

and anaesthetic characteristics of each group were compared.

Results: This study enrolled 207 patients and the overall incidence of POSTwas 57.5% (n¼ 119).

Univariate analysis revealed that significantly more patients in group S had a cough at emergence

and hoarseness in the postanaesthetic care unit compared with group N. Receiver operating

characteristic curve analysis showed that an intracuff pressure �17 cmH2O was associated with

POST. Multivariate analysis identified an intracuff pressure�17 cmH2O and cough at emergence as

risk factors for POST. At emergence, as the intracuff pressure over �17 cmH2O increased, the

incidence of hoarseness increased.

Conclusions: An intracuff pressure �17 cmH2O and a cough at emergence were risk factors for

POST in Korean patients. Intracuff monitoring during anaesthesia and a smooth emergence are

needed to prevent POST.
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Introduction

Despite rapid advancement in anaesthetic
techniques, sore throat following endotra-
cheal intubation still is a long-standing
concern for anaesthesiologists. In a recent
report, postoperative sore throat (POST)
was ranked as the second most common
minor adverse event during anaesthesia
recovery.1 The overall incidence of POST
after general anaesthesia varies from 20% to
74%.1,2 The aetiology is multifactorial,
including patient-related factors such as
age,3 sex,4–6 smoking;7 and intubation fac-
tors including technique,8 duration,3 tube
size,4 intracuff pressure,9,10 cuff design,3

intraoperative tube movement,4 and suc-
tioning.8 Postoperative pain, including sore
throat, increases analgesic use.11 The aims of
this study were to assess the incidence and
possible risk factors of POST in Korean
patients undergoing elective surgery with
endotracheal intubation.

Patients and methods

Patient population

This prospective study enrolled consecutive
patients who underwent elective surgery
requiring endotracheal intubation under
general anaesthesia in the Department of
Anaesthesiology and Pain Medicine, Seoul
St Mary’s Hospital, The Catholic University
of Korea, Seoul, Korea between April 2011
and December 2011. Inclusion criteria
included: (i) patients aged 18–80 years; (ii)
American Society of Anesthesiologists
(ASA) physical status I or II.12 Exclusion
criteria included: (i) emergency surgery,
airway-related surgery, laparoscopic sur-
gery; (ii) any history of difficult intubation;
(iii) loose teeth; (iv) current upper respira-
tory tract infections, pre-existing sore throat
and/or hoarseness, difficult intubation
requiring more than two attempts; (v) naso-
gastric tube insertion; (vi) operation time
longer than 2 h.

The following baseline demographic and
clinical characteristics were recorded for all
patients: age, sex, body mass index, ASA
physical status, Charlson comorbidity
index, presence of diabetes mellitus, and
smoking status.

The study was approved by the
Institutional Review Board of Seoul St
Mary’s Hospital, The Catholic University
of Korea, Seoul, Korea (Ref:
KC11OISI0303) and registered with the
Clinical Research Information Service
(http://cris.cdc.go.kr; Ref: KCT0000405).
All patients provided written informed con-
sent prior to study enrolment.

Anaesthesia

Anaesthetic management was standardized.
No patients were premedicated. Standard
monitoring (IntelliVue MP70 patient moni-
tor; Philips Healthcare, Best, the
Netherlands), including electrocardiogram,
end-tidal carbon dioxide, pulse oximeter,
and non-invasive arterial blood pressure,
was performed. Anaesthesia was induced
with 2mg/kg propofol intravenous (i.v.) and
1 mg/kg per min remifentanil i.v.; and muscle
paralysis was obtained with 0.6mg/kg
rocuronium i.v. Endotracheal intubation
was performed with a Macintosh laryngo-
scope by an experienced anaesthesiologist
(J.Y.L. and H.J.P.) after approximately
5min of mask ventilation and loss of all
four twitches by train-of-four stimulation of
the ulnar nerve. The laryngoscopic view was
assessed according to the Cormack-Lehane
grade.13 Endotracheal tubes of 7.0mm inter-
nal diameter for women and 8.0mm internal
diameter for men were used (Lo-Contour�

Murphy; Mallinckrodt Medical, Athlone,
Ireland). The cuff was inflated manually
with air to a clinical endpoint of loss of an
audible leak. Next, the intracuff pressure
was measured using a hand-held manometer
(Posey CufflatorTM Endotracheal Tube
Inflator and Manometer; Posey Company,
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Arcadia, CA, USA). None of the patients
received topical lidocaine or lidocaine jelly
during the intubation procedure. The
lungs were ventilated with 50% oxygen
with air. This was adjusted to maintain an
end-tidal carbon dioxide of 32–42mmHg.
Anaesthesia was maintained with 1.5–
3.0 vol% sevoflurane and with a continuous
infusion of 0.05–0.1 mg/kg per min remifen-
tanil. At the end of surgery, patients were
administered 0.03mg/kg pyridostigmine i.v.
and 0.002mg/kg glycopyrrolate i.v. The
intracuff pressure was measured, then the
cuff was completely deflated, and the endo-
tracheal tube was suctioned and extubation
was performed. Two anaesthesiologists
(J.Y.L. and H.J.P.) conducted all anaesthe-
sia procedures to ensure consistency.

Study outcomes

The primary outcomes of this study were to
evaluate the incidence and possible risk
factors of POST. The secondary outcome
was to identify other laryngeal complaints,
such as cough and hoarseness. These symp-
toms were scored by an independent nurse
and/or patient. It was recorded either ‘yes’
or ‘no’ during the 10min after arrival to the
postanaesthetic care unit (PACU). Sore
throat was defined as pain at the larynx or
pharynx. It was asked with a direct ques-
tionnaire survey, ‘Do you have a sore throat
after operation?’. Cough was defined as a
sudden, strong abdominal contraction. It
was checked twice, at emergence and at the
PACU. Even a single cough was recorded as
‘yes’. Hoarseness was defined as a harsh or
stained voice assessed by patients. If a nurse
observed the patient’s voice change, it was
also scored as ‘yes’. After the survey,
patients with a postoperative pain score
over 6 on a visual analogue scale (VAS;
0¼ no pain, 10¼ the worst pain imaginable)
received 0.5 mg/kg fentanyl i.v. and/or a
patient-controlled analgesia (PCA) as a
rescue analgesic. The PCA regimen

comprised of 15 mg/ml fentanyl i.v. in
normal saline 100ml.

The following surgery-related character-
istics were recorded for all patients: surgery
type, patient’s position during surgery, dur-
ation of anaesthesia, intubation trial
number, Cormack-Lehane grade, total
rocuronium dose, total remifentanil dose,
cuff pressures at intubation and emergence,
cough at emergence, and hoarseness at
PACU.13

Statistical analyses

All statistical analyses were performed using
the SAS� statistical package, version 9.4
(SAS Institute, Cary, NC, USA). Data are
expressed as the mean�SD or as frequen-
cies and proportions, as appropriate. The
intergroup differences were assessed using
Fisher’s exact test and the Mann–Whitney
U-test. Possible risk factors for POST were
examined by univariate and multivariate
analyses. A receiver operating characteristic
(ROC) curve was constructed to investigate
the cut-off intracuff pressure to correctly
predict POST at the maximum area under
the curve (AUC), which ranges from 0.5 to
1.0. Spearman’s correlation coefficient was
calculated for intracuff pressure� 17 cmH20
at intubation and emergence with cough and
hoarseness. A P-value< 0.05 was considered
statistically significant.

Results

A total of 221 patients were enrolled in this
study, of whom 14 were excluded due to
exclusion criteria or other data loss, but
there were no cases of incomplete data
collection due to drowsiness from anaesthe-
sia. Thus, 207 patients were included in the
final analysis. The patients ranged in age
from 18 to 80 years old and they were all
ASA physical status I or II. There were no
cases of failed intubation, intraoperative
tube migration, gastric fluid aspiration
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and/or pneumonia. The baseline demo-
graphic and clinical characteristics and
anaesthetic data are summarized in Table 1.

Of the 207 patients, 119 (57.5%) devel-
oped a POST. Group S was defined as those
who had a POST (n¼ 119) and group N as
those without a POST (n¼ 88) (Table 1). In
the univariate analysis, age, sex, body mass
index, ASA physical status, Charlson
comorbidity index, presence of diabetes
mellitus, smoking, surgery type, patient’s
surgical position, anaesthesia time, intub-
ation trial number, Cormack-Lehane grade,
total rocuronium dose, total remifentanil
dose, and mean intracuff pressure did not
differ significantly between the two groups.
An intracuff pressure �17 cmH2O during
intubation (P¼ 0.032) and at emergence
(P¼ 0.010) was significantly more frequent
in group S compared with group N. The
ROC curves of intracuff pressure during
intubation and emergence are shown in
Figure 1. An intracuff pressure �17 cmH2O
at emergence was associated with POST
(AUC, 0.586). Factors with a P-value< 0.1
according to the univariate analysis were
entered into the multivariate model. Having
an intracuff pressure �17 cmH2O at emer-
gence (odds ratio [OR], 2.01; 95% confi-
dence interval [CI], 1.06, 3.80; P¼ 0.031)
was significantly associated with POST
(Table 1).

In the univariate analysis, a cough at
emergence was also more frequently
observed in group S compared with group
N (P< 0.001). More patients in group S had
hoarseness at PACU compared with group
N (P< 0.001) (Table 1). In the multivariate
analysis, cough at emergence (OR, 2.45;
95% CI, 1.33, 4.53; P¼ 0.004) was signifi-
cantly associated with POST; and hoarse-
ness at PACU was significantly associated
with POST (OR, 2.76; 95% CI, 1.44, 5.32;
P¼ 0.002). At emergence, a high intracuff
pressure from �17 cmH2O increased the
incidence of hoarseness (r¼ 0.174;
P¼ 0.021) (Table 2).

Discussion

Sore throat, cough, and hoarseness are
common complaints after tracheal intub-
ation.1–11,14–16 In this present study, the
incidence of POST was 57.5%. An intracuff
pressure �17 cmH2O at emergence was a
risk factor for POST in the present study.
Intracuff pressure depends on both tracheal
and cuff compliance.17 Although evidence
from in vivo studies is not insufficient,
human capillary perfusion pressure ranges
from 30 to 44 cmH2O and mucosal blood
flow impairment at the tracheal cartilage
occurs at �30 cmH2O.10 In an animal study,
tracheal lateral wall damage occurred within
15minutes at 27 cmH2O pressure.16

Mechanical compression from a high intra-
cuff pressure leads to tracheal mucosal
hypoperfusion, ischaemia, ulceration, and
pain.17,18 This present study showed a lower
intracuff pressure threshold than previously
reported (20–30 cmH2O).17–19 This is prob-
ably due to different compliances and recep-
tor sensitivity of airways in Korean patients.
Additionally, preoperative psychological
status and anxiety level may contribute to
pain perception in patients.20

The incidence of cough at emergence
ranges from 40% to 96%.21 In the present
study, the incidence of cough was 66.4% in
group S and 38.6% in group N. Cough is
essentially a reflex for airway protection. It
can be evoked by mechanical and/or chem-
ical stimuli, which activate sensory receptors
distributed along the respiratory tract.22 At
light anaesthesia or during emergence, endo-
tracheal tube movement may irritate the
trachea and laryngeal mucosa, leading to
cough. An appropriate cough can remove
respiratory secretions and decrease the
risk of aspiration, but it also activates
the sympathetic nervous system, leading
to tachycardia, hypertension, intraocular
hypertension, intracranial hypertension,
and surgical site bleeding.23 Cough at emer-
gence was a risk factor for POST in the
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present study. These findings suggest that at
the time of extubation, patients who are
almost awake may have more head and neck
movement, leading to an irritated airway
and intracuff pressure change associated
with increased postoperative laryngotra-
cheal morbidity. In addition, hoarseness is
known to relate to increased cuff pres-
sure.9,24 Hoarseness results from oedema
of the vocal cords following endotracheal
intubation, mechanical contact, and abra-
sion by the tube in the glottis area.24 This
present study showed that the incidence of
hoarseness in group S was higher compared
with group N, and it significantly increased
with an intracuff pressure �17 cmH2O at
emergence.

Numerous modalities for preventing or
minimizing POST have been performed with
uncertain efficacy.11,19,25–27 During anaes-
thesia, intracuff pressure can be influenced
by anaesthetic depth, degree of muscle
relaxation, patient temperature and pos-
ition, ventilation mode, and additional
drug administration.28,29 Although there is
no standard for the frequency of monitoring
cuff pressure during anaesthesia, routine cuff
pressure measurements are important in
reducing POST.30

This study had several limitations. First,
intracuff pressure was not monitored con-
tinuously during anaesthesia, but only twice,
after intubation and at emergence.
Intermittent monitoring may give a false
interpretation that the pressure is within a
therapeutic range. Secondly, POST and other
laryngeal symptoms were evaluated using
binary scale (yes or no),27,31 because incom-
plete data collection was experienced during
our pilot study, when a four-point scale was
used.15,32 Thirdly, various types of surgical
procedures were included, which may have
influenced airway reactivity. Fourthly, the
present study only followed patients through
the PACU recovery period without a longer
follow-up because enrolled patients were
composed of both inpatients and outpatients.T
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There is no established guideline for POST
evaluation time, but several publications
have described that POST is measured from
15minutes to 24 hours postextubation,
because POST is worse in the early post-
operative period up to 6 hours, then
decreases over time.5,24,27 Despite these limi-
tations, this present study attempted to
quantify the proper airway pressure limit in
Korean patients. The current findings also
warrant future well-controlled, prospective
randomized trials for reducing POST. Also,

these current findings suggest that intracuff
pressure should be adjusted based on each
patient’s characteristics.

In conclusion, POST in Korean patients
was significantly associated with a lower
intracuff pressure threshold compared with
previous reports. These current findings
suggest that intracuff monitoring during
anaesthesia and a smooth emergence are
necessary to prevent POST.
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Figure 1. Receiver operating characteristic curve of intracuff pressure for predicting postoperative sore

throat in patients in group S (n¼ 199). The optimal cut-off point was �17 cmH2O at emergence with an area

under the curve of 0.586.

Table 2. Spearman’s correlation coefficient ana-

lysis of the associations between cough and

hoarseness with having an intubation or emergence

intracuff pressure� 17 cmH2O.

Intracuff pressure

�17 cmH2O Cough Hoarseness

At intubation r¼�0.020 r¼�0.012

At emergence r¼ 0.075 r¼ 0.174*

*P¼ 0.021, which was considered statistically significant.
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