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ABSTRACT

Objectives Postoperative sore throat (POST) is very
common in patients under general anaesthesia. However,
there is no effective clinical predictive model for reducing
its occurrence. The objective of this study was to estimate
the risk factors for POST in patients after general
anaesthesia by designing a nomogram.

Design A prospective study.

Setting This study was conducted in a large tertiary
hospital.

Participants Patients aged 18-85 years old who
received general anaesthesia with either an endotracheal
tube or supraglottic airway and of American Society of
Anesthesiologists classification level I-lII.

Results A total of 442 patients were enrolled in this study,
with a POST incidence of 44.1%. The results showed that
younger age (<55 years), surgical site (head and neck
surgery), duration of anaesthesia (>4 hours) and history
of chronic pharyngitis were independent risk factors for
POST in general anaesthesia patients. Receiver operating
characteristic (ROC) curves and calibration curves were
used to evaluate the nomogram. The area under the ROC
curve was 0.784 and the C-index was 0.779.

Conclusion A nomogram combining age, surgical site,
duration of anaesthesia and history of chronic pharyngitis
is potentially useful in predicting POST under general
anaesthesia.

Trial registration number ChiCTR-ROC-17013258; Post-
results.

INTRODUCTION
Postoperative sore throat (POST) is a
common complication of general anaes-
thesia. Although POST is less harmful than
other complications, it reduces patients’
postoperative hospitalisation comfort and
prolongs hospital stay. It is considered an
unsatisfactory postoperative complication in
patients, with an incidence as high as 62%."
In a large prospective cohort study
(n=12276) evaluating postoperative
complaints, the incidence of POST after

Strengths and limitations of this study

= The study design for the development of our nomo-
gram was highly targeted to patients with postoper-
ative sore throat (POST).

= The score on the nomogram for predicting the devel-
opment of POST is easy to calculate.

= The area under the receiver operating characteristic
curve and a calibration curve were created and a
decision curve analysis was performed to evaluate
the performance of this novel nomogram model in
both the primary cohort and a validation cohort.

= The number of cases in our study was small and a
larger number of participants would be better.

= This is a single-centre study without external vali-
dation, which is required before the model can be
applied.

general anaesthesia was second only to
postoperative nausea and vomiting.” POST
is thought to be caused by laryngoscopy,
injury during intubation or compression
of the tracheal mucosa by cuff inflation.” It
is important to note that severe POST may
cause difficulty in breathing and swallowing.
Research has shown that the occurrence
of POST is related to several factors. Inde-
pendent risk factors for POST include large
endotracheal tubes (ETTs), age, female sex,
long duration of anaesthesia and airway
trauma. Intubation lasting longer than
90min yielded a higher likelihood (OR=1.27)
of POST.* Various non-pharmacological
measures (supraglottic ventilation devices,
smaller tracheal tubes, limited cuff pressure
and good muscle relaxation) and pharmaco-
logical measures (lidocaine, dexamethasone
and non-steroidal anti-inflammatory drugs)
have been used to prevent or reduce the inci-
dence of this complication.”
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Accordingly, POST can be delayed or reduced through
a series of interventions. However, these require preop-
erative prediction or early intervention in patients under
general anaesthesia. This study aimed to develop a simple
predictive model for POST. We further evaluated the
model’s predictive value in the development of POST.

METHODS

Patient population

Before recruitment, the trial was registered with the
Chinese Clinical Trial Registry website (registration date:
6 November 2017). There were no protocol changes
after trial commencement. Written informed consent was
obtained before patient enrolment.

In this study, we prospectively collected data from
442 consecutive patients who were treated and received
general anaesthesia at Yijishan Hospital of Wannan
Medical College between June 2020 and March 2021. The
inclusion criteria were as follows: (1) patients aged 18-85
years old who received general anaesthesia with either
an ETT or supraglottic airway; and (2) American Society
of Anesthesiologists classification level I-III. The exclu-
sion criteria were as follows: (1) patients with an inability
to communicate or with impaired cognitive function;
(2) patients with preoperative upper respiratory tract
infection or acute onset of chronic pharyngitis; and (3)
patients in whom relevant clinical data were incomplete.
Some patients were discharged at follow-up. Outpatient
surgery and patients discharged for less than 24 hours
were also excluded. Patients were asked if they had any
sore throat symptoms 12-24 hours after extubation or
after pulling out the laryngeal mask.

The POST questionnaire was used to evaluate the
patients, with a score of 1-5 indicating POST and a
score of 0 without POST. Severity was scored using the
following criteria: 0, the patient reported no pain at all;
1, the patient complained of dryness and discomfort in
the oropharynx; 2, the patient complained of sore throat
without voice change; 3, the patient complained of sore
throat and mild hoarseness; 4, the patient complained
of obvious sore throat accompanied by hoarseness and
other serious changes; and 5, the patient was unable to
speak. All patients with pain scores of 1-5 were catego-
rised into the POST group.

Survey and measurements

Baseline clinical data were derived from medical and
follow-up records and included age, sex, body mass index
(BMI), thyromental distance (TMD; with the neck fully
extended, the distance from the thyroid notch to the chin
projection was measured with a tape measure), position
during surgery (including supine or non-supine position,
with the latter including prone and lateral positions),
surgical site (head and neck surgery (HNS) or non-head
and neck surgery (NHNS), with the patients divided
into the HNS group and the NHNS group), duration of
anaesthesia (<4hours or >4hours), airway management

(laryngeal mask or ETT), use of lidocaine cream (lido-
caine cream or paraffin oil was used for tube lubrication),
use of dexamethasone (prophylactic use of 10 mg within
10min after intubation), history of smoking, history of
chronic pharyngitis (patients with pre-existing sore throat
were excluded, which means patients who currently have
a sore throat were excluded from the entire study; ‘history
of chronic pharyngitis’ means frequent pharyngitis but
not currently active), postoperative analgesia (various
medications including analgesics and antiemetics) and
placement of a gastric drainage tube. The clinical vari-
ables associated with POST were assessed a priori based
on clinical importance, scientific knowledge and predic-
tors identified in previously published articles.®®

Statistical analysis

Statistical analysis was performed using SPSS V.23.0.
Continuous variables with a normal distribution were
presented as mean+SD. Analysis was carried out using
Student’s t-test. Percentages were calculated for categor-
ical variables and the ” test was used for these analyses.
Logistic regression analyses were performed to identify
the risk factors associated with POST, the OR and 95% CI
were calculated, and a nomogram model was established
based on the selected risk factors. The predictive ability
and model compliance were evaluated using C-index and
calibration curves. Decision curve analysis (DCA) was
performed to evaluate the clinical value of the model. R
V.4.0.4 software (http://www.r-project.org) was used to
generate the nomogram and DCA curves. A two-sided
p value <0.5 was considered statistically significant in all
statistical analyses.

Patient and public involvement

POST is a common complication of general anaesthesia
and can be reduced through interventions. Our anaes-
thesiologists were often asked about how POST can be
prevented. To answer this question, our team proposed to
build a model and further evaluate its predictive value in
the development of POST. Participants were not paid for
their involvement but provided written consent. Patients
were not actively involved in the development of the
research question but participated in guided interviews,
which were conducted to generate items for the survey
instrument. The findings of this research suggest that
some risk factors can be collected to build a model.

RESULTS

Basic data and univariate analysis

A total of 442 patients were enrolled in this study
(figure 1), with a POST incidence of 44.1% (195 of
442). Of the enrolled patients, 253 were women and
189 were men. After univariate logistic regression anal-
ysis of patients’ clinical data, the following factors were
found to be significantly related to POST (p<0.1; table 1):
TMD, surgical site, age, position during surgery, duration
of anaesthesia, airway management, history of chronic
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621 Patients undergoing general anesthesia

" 179 Patients excluded

60 Patients discharged within 24 hours

35 Patients with preoperative upper respiratory tract infection

28 Patients whose relevant clinical data were incomplete

56 Patients with inability to speak and impaired cognitive function

l

442 Patients included in the analysis

POST group (n=195) non-POST group (n=247)

|
¢

Establish a nomogram model and complete internal validation

Figure 1 Flow diagram of patients. POST, postoperative
sore throat.

pharyngitis, non-administration of dexamethasone, post-
operative analgesia and placement of a gastric drainage
tube (if the patient had an orogastric or a nasogastric
tube placed intraoperatively but removed before emer-
gence from anaesthesia, they were not considered part
of this group). No significant relationship with the occur-
rence of POST was found for sex, BMI, history of smoking
or lidocaine cream (p>0.1).

Multivariate logistic regression analysis

The incidence of POST under general anaesthesia was
used as the dependent variable. Fourteen variables with
statistical significance in the univariate logistic analysis
and seven variables reported in other types of literature
were used as the independent variables in the multi-
variate logistic regression analysis. The logistic model
screened out four independent risk factors for the occur-
rence of POST under general anaesthesia. Age <55 years
(OR=1.66; 95%CI 1.05 to 2.63), surgical site of HNS
(OR=2.42; 95% CI 1.18 to 4.94), duration of anaesthesia
>4 hours (OR=2.26; 95% CI 1.51 to 3.39) and history of
chronic pharyngitis (OR=2.01; 95% CI 1.19 to 3.41) were
the four independent risk factors for POST in general
anaesthesia patients (table 2).

Performance assessment of the nomogram
The risk factors selected by the multivariate logistic regres-
sion were used in the nomogram model. All variables that
were significantly associated with POST on logistic regres-
sion were included in the nomogram (figure 2). Factors
with higher coefficient values had greater predictive value
in the model.

The nomogram is a graphic depiction of the model
in which points are assigned based on the rank order of

the effect estimates. Factors assigned the highest number
of points included age, surgical site, duration of intuba-
tion and history of chronic pharyngitis. According to the
nomogram, For example, in a 30-year-old patient who is
undergoing colon cancer surgery, without a history of
chronic pharyngitis and with the duration of anaesthesia
reaching 4.5hours, the total points on the nomogram
would be 155 points and the incidence of POST nears
63%; in our trial, we can reduce the incidence by giving
dexamethasone.

Consequently, non-administration of dexametha-
sone had the highest coefficient value and was the most
important factor among all the selected risk factors. The
risk of POST in patients can be calculated using the
nomogram.

After 1000 bootstrap self-sampling internal validations,
the C-index value of the nomogram model was 0.779. The
calibration curve is shown in figure 3 and showed excel-
lent agreement between the prediction of POST and the
actual probability of POST. Therefore, the prediction
curve and the actual curve were consistent and the model
was demonstrated to be in agreement with the actual
probability of POST.

Clinical value of the nomogram model

Receiver operating characteristic (ROC) curves and
calibration curves were used to evaluate the nomogram
model. The area under the ROC curve was 0.784 (95%
CI 0.74 to 0.83), indicating moderate discrimination
(figure 4A).

DCA was used to evaluate the clinical application value
of the nomogram model (figure 4B). Within a reliable
range of the probability threshold, the net benefit of
the prediction model was significantly higher than that
of the extreme curve. The DCA indicated that when the
predicted probability was between 0.1 and 0.8, the nomo-
gram model had good clinical applicability in predicting
POST.

DISCUSSION

This study prospectively analysed the occurrence of POST
in patients after general anaesthesia and showed a POST
incidence of 47.6%. A prospective study of 809 patients
demonstrated an incidence of 40%,9 which is similar to
the results of our study.

Univariate and multivariate logistic regression analyses
showed that age (younger), surgical site (HNS), duration
of anaesthesia (=4hours) and history of chronic phar-
yngitis were independent risk factors for POST. A clin-
ical nomogram for POST, called the ASDH nomogram
model, was built (ASDH: age, surgical site, duration of
anaesthesia (=4hours) and history of chronic pharyn-
gitis) and validated by calibration curve and ROC curve
analyses. In a recent systematic review of POST, younger
age, pre-existing lung disease and prolonged duration
of anaesthesia were identified as risk factors for POST,
consistent with the results of our study." Dexamethasone
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Table 1 Univariate analysis of the characteristics related to POST

Variable Non-POST (n=247) POST (n=195) t/)(2 P value

TMD (cm), x=SD 7.86+0.95 7.61+0.93 2.741 0.006

Age (years), n (%) <55 122 (49.4) 123 (63.1) 8.260 0.004
>55 125 (50.6) 72 (36.9)

Gender, n (%) Male 114 (46.2) 75 (38.5) 2.634 0.105
Female 133 (53.8) 120 (61.5)

BMI (kg/m?), n (%) <25 174 (70.4) 9 (66.2) 0.931 0.335
>25 73 (29.6) 66 (33.8)

Surgical site, n (%) HNS 42 (17.0) 65 (33.3) 15.837 0.000
NHNS 205 (83.0) 130 (66.7)

Position, n (%) Supine 172 (69.6) 154 (79.0) 4.910 0.027
Non-supine 75 (30.4) 41 (21.0)

Duration of anaesthesia (hours), <4 221 (89.5) 154 (79.0) 9.341 0.002

n (%)
>4 26 (10.5) 41 (21.0)

Airway management, n (%) Laryngeal mask 124 (50.2) 76 (39.0) 5.545 0.019
ETT 123 (49.8) 119 (61.0)

History of smoking, n (%) Yes 81 (32.8) 56 (28.7) 0.846 0.358
No 166 (67.2) 139 (71.3)

History of chronic pharyngitis, n ~ Yes 45 (18.2) 59 (30.3) 8.776 0.003

(%)
No 202 (81.8) 136 (69.7)

Lidocaine cream, n (%) Yes 126 (51.0) 113 (57.9) 2.111 0.146
No 121 (49.0) 82 (42.1)

Dexamethasone, n (%) Yes 147 (59.5) 37 (19.0) 73.702 0.000
No 100 (40.5) 158 (81.0)

Stomach tube, n (%) Yes 4 (5.7) 20 (10.3) 3.231 0.072
No 233 (94.3) 175 (89.7)

Postoperative analgesia, n (%) Yes 149 (60.3) 100 (51.3) 3.622 0.057
No 98 (39.7) 95 (48.7)

BMI, body mass index; ETT, endotracheal tube; HNS, head and neck surgery; NHNS, non-head and neck surgery; POST, postoperative sore

throat; TMD, thyromental distance.

is a long-acting adrenocortical hormone that has anti-
inflammatory, antiallergic and antishock effects and is
widely used in clinical practice. A single dose has minimal
side effects and may reduce the incidence of POST

during the recovery process.

tissue injury.

10

This mechanism likely
involves alleviation of the inflammatory process caused by

Two previous meta-analyses have demon-

strated that intravenous dexamethasone administration

Table 2 Independent predictors of POST derived from the multivariate regression analysis

Risk factors B coefficient SE Wald value OR 95% ClI P value
Age (<55 years) 0.51 0.24 4.62 1.66 1.05 to 2.63 0.032
Surgical site (head and neck surgery) 0.88 0.36 5.88 2.42 1.18 t0 4.94 0.015
Duration of anaesthesia (>4 hours) 1.080 0.22 24.28 2.26 1.51 t0 3.39 0.009
History of chronic pharyngitis 0.70 0.27 6.77 2.01 1.19 to 3.41 0.009

POST, postoperative sore throat.
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Figure 2 Nomogram model chart of the prognostic factors
selected by the multivariate logistic regression. HNS, head
and neck surgery; NHNS, non-head and neck surgery; POST,
postoperative sore throat.

is effective in reducing the incidence of POST.'" " In a
randomised controlled trial, dexamethasone, with or
without lidocaine, was effective in reducing the incidence
of POST in patients requiring prolonged tracheal intu-
bation.* Singh et af’ also found that corticosteroids were
among the three topical agents most closely associated
with reduction of POST. In our study, the lack of dexa-
methasone use (OR=5.71) was shown to be a significant
risk factor for POST. We speculate that dexamethasone
can effectively reduce the incidence of POST.

Most studies reported that a long duration of anaes-
thesia aggravates the incidence of POST.' ' Biro et als’
study showed that the severity of POST was significantly
positively correlated with the duration of anaesthesia.
Some studies have indicated that when the duration of
anaesthesia is >4 hours, the cellulose in the tracheal cavity
exudes will be exuded, and mucosal necrosis and shed-
ding, submucosal congestion and oedema, and inflam-
matory material exudation will occur. Other studies have
shown that intubation can cause extensive damage to the
larynx and airway epithelium, even if the duration of intu-
bation is only 1 hour.' Previous studies have not found any
correlation between smoking and POST, although these
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B= 1000 repetitions, boot Mean absolute error=0.013 n=442
Figure 3 Calibration curve of the nomogram model. The
diagonal dotted line represents the ideal curve, the solid line
represents the bias correction curve and the dashed line
represents the apparent curve.
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Figure 4 (A) ROC curve of the model. The area under the

ROC curve was 0.784 (95% CI 0.74 to 0.83). (B) Decision
curve of the nomogram model. The grey line represents the
assumption that all patients experienced POST. The black
line represents the assumption that no patients experienced
POST. The red line represents the risk nomogram. POST,
postoperative sore throat; ROC, receiver operating
characteristic.

studies were based on small sample sizes (n<200) LM The
result is consistent with the findings of the present study.
Biro et al found that smoking was increasingly accompa-
nied by a long-lasting sore throat.” Additionally, surgical
site in the oral or nasal cavity or near the neck is an inde-
pendent risk factor for POST." The incidence of POST
was significantly higher in patients undergoing HNS,
such as thyroid surgery, than in patients undergoing
surgery at other sites,'® which may be related to the posi-
tioning of the thyroid mass during surgery, movement of
the tracheal tube during the operation and the increase
in cuff pressure during the procedure.

The results of the studies were inconsistent with regard
to the influence of age on POST. Most of the current
studies report that younger people are more likely to
experience POST,"” while other studies have suggested
that older people are more likely to experience POST."* "
Some studies have concluded that there is no significant
difference with respect to age.”” ! In our study, the inci-
dence of POST was higher in younger patients. Simul-
taneously, a history of chronic pharyngitis may have
induced a higher incidence of POST. Lee et al* found
that lidocaine cream increased the incidence of POST in
208 patients who underwent general anaesthesia, possibly
because it was directly in contact with the airway and
its infection-preventing additives stimulated the upper
respiratory tract of the patients, causing discomfort. In a
meta-analysis of the effect of lidocaine on POST, intracap-
sular and intravenous injection of lidocaine significantly
alleviated the occurrence of POST within 24hours after
surgery, while lidocaine cream and spray had no signif-
icant effect.”” Higher-quality evidence in the literature
also supports this view.

Our study has several limitations. First, the results of this
study are less reliable than those of multicentre studies.
Second, only internal validation was performed in our
study and future studies should include more patients
for external validation. Third, factors that affect POST
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such as cuff pressure, use of tracheal intubation without
neuromuscular blockade and whether bleeding occurred
during extubation were not included in the study. In
future studies, a larger sample size would provide more
indicators for analysis.

CONCLUSION

In this study, age (younger), surgical site (HNS), duration
of anaesthesia (=4 hours) and history of chronic pharyn-
gitis were independent risk factors for POST, while use of
dexamethasone was a protective factor. The nomogram
model can guide clinical prediction of POST, but requires
external validation before clinical application.
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