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Abstract

Background: Recent studies showed that sore throat following endotracheal intubation was a common problem following
surgery. The objective of this systematic review and meta-analysis of published randomized controlled trials (RCTs) or cohort
studies was to estimate whether the size of endotracheal tube (ETT) affects the incidence of postoperative sore throat
(POST) after general anesthesia.

Methods: The following databases were searched electronically: PubMed (updated to Dec 2012), EMBASE (updated to 15
Dec 2012), Google scholar, World Health Organization International Clinical Trials Registry Platform (Jul 2011), Chinese
BioMedical Literature Database (1978 to Jul 2011), and China National Knowledge Infrastructure (1994 to Jul 2011). Studies
comparing the size of endotracheal tube for elective surgery were included.

Results: Three trials with a total of 509 female patients were included in the current analysis. The size of ETT used were
6.0 mm and 7.0 mm. Pooled studies from these trials showed that the smaller size of ETT (6.0 mm) significantly decreased
the incidence of POST in post-anesthesia care unit (PACU) (RR=0.56, 95% Cl 0.42-0.75, P<<0.01) and at 24 h after surgery
(RR=0.69, 95% Cl 0.48-0.99, P<<0.05). A smaller size of ETT (6.0 mm) was associated with a lower incidence of PH in PACU
(RR=0.69, 95% Cl 0.55-0.87, P<<0.01), but did not affect the incidence of PH at 24 h after surgery (RR=0.73, 95% Cl 0.46-
1.15, P>0.05).

Conclusion: Our meta-analysis suggests that patients under general anesthesia with a smaller size of ETT (6.0 mm) were
associated with a lower incidence of POST in female patients. More studies with adequate numbers of patients were
warranted to evaluate other size of ETT on the incidence of PH and POST after general surgery among different populations.
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Introduction

Anesthesia is considered to be safe and stable, with a very low
incidence of mortality and major morbidity [1]. However, minor
complications continue to be common and sometimes prolong the
recovery time of patients and become a cause of patient
dissatisfaction [2]. Endotracheal tube (ETT) is often necessary to
achieve airway control during general anesthesia. However,
postoperative sore throat (POST) is considered as a common
adverse event after general anesthesia with ETTs. POST
continues to be reported with a high frequency and can sometimes
persist for several days [3]. The incidence of POST ranges from
21% to 71.8% [4-6], while the incidence of postoperative
hoarseness (PH) is between 40% and 50% [3,7].

It is known that the size of ETT makes a direct impact on the
incidence of POST [3] and PH [8]. Several studies have evaluated
the effects of different size of ETT on the incidence of POST.
Jaensson M et al [3] found that using a smaller-sized ETT can
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alleviate sore throat and discomfort in women at the post-
anesthesia care unit (PACU). Stout ¢ al [9] demonstrated that
reducing the size of endotracheal tubes resulted in a significant
decrease of the incidence of POST. To our best knowledge, no
previous systematic review or meta-analysis were conducted to
define the effect of a smaller size of ETT on the incidence of
POST and PH. Therefore, we attempted to summarize the
available randomized control trials (RCT) and cohort studies to
illustrate whether a smaller size of ETT was associated with a
lower incidence of POST and PH.

Materials and Methods

Data sources and searches

We searched PubMed (updated to Dec 2012), EMBASE
(updated to 15, Dec 2012), Google scholar, World Health
Organization International Clinical Trials Registry Platform (Jul
2011), Chinese BioMedical Literature Database (1978 to Jul 2011),
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Figure 1. Flow chart detailing retrieved, excluded, assessed, and included trials.

doi:10.1371/journal.pone.0074467.g001

and the China National Knowledge Infrastructure (1994 to Jul
2011). The Medical Subject Heading and the appropriate
corresponding keywords, “endotracheal tube size” AND “postop-
erative sore throat”. We restricted the findings of the above
searched with a highly sensitive search strategy recommended by
the Cochrane Collaboration for identifying RC'Ts [10]. We also
checked the reference lists of RCTs and previous meta-analyses
identified by the above searches to include other potential eligible
trials. Finally, references from relevant articles were reviewed to
identify additional studies. Although there was no language
restriction, all studies included in this systematic review were
published in English. We followed the guidelines of Preferred
Reporting Items for Systematic Reviews and Meta-Analysis for
reporting our results [11]. There was no protocol exist for our
current review.

Study selection

We identified and reviewed all studies that met the following
criteriaz RCT or cohort study; population: adults undergoing
general anesthesia; intervention: more than one different size of
ETT; and outcome: incidence of POST or PH.

Data extraction and assessment of study quality

The selection of studies for inclusion in the review was
performed independently by the reviewers (Hu and Bao) after
using the search strategy described previously. Data were
abstracted independently by Hu and Bao by using a standardized
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data collection form. There was no attempt to bind to the
reviewers (Hu and Bao) to the authors or the results of the relevant
trials. Details of study designs (i.e., date, location and sample size),
patient characteristics (i.e., population gender), study design (i.e.,
inclusion/exclusion criteria, ETT insertion and anesthetic tech-
nique), intervention (i.e., definition of E'TT size), surgery duration,
anesthesia maintenance narcotic and main outcomes were
collected. If data needed clarification or was not present in the
publication, the original authors were contacted. Extracted data
were entered into Microsoft Office Excel 2007 and were checked
by the third author (Wang). Discrepancies were resolved by
discussion, or advice was sought from a third author.

The primary outcome of the data was the incidence of POST in
PACU and at 24 h after surgery. The secondary outcomes were
the incidence of PH in PACU and at 24 h.

Statistical analysis

Analyses were on an experiment-to-control basis. Differences
were expressed as relative ratios (RRs) with 95% confidence
mtervals (Cls) for dichotomous outcomes. A fixed-effect model was
used and a random-effects model was employed in the case of
significant heterogeneity (P-value of chi-square test less than 0.10
and P greater than 50%). Potential sources of heterogeneity were
identified by sensitivity analyses conducted by omitting one study
in each turn and investigating the influence of a single study on the
overall pooled estimate. Publication bias was assessed by visually
inspecting funnel plots. A P value of less than 0.05 was considered
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statistically significant. All statistical analyses were performed using
Review Manager, version 5.0 (RevMan, The Cochrane Collab-
oration, Oxford, United Kingdom).

Results

Identification and selection of study

The comprehensive search yielded a total of 1,976 relevant
publications, and the abstracts were obtained for all citations
(Figure 1).Nine RCT's with a total of 1,753 patients were identified
[3,12-19], while six of those were extracted for reasons
demonstrated in Figure 1. Finally, three trials [3,12,19] with a
total of 509 patients were included for further analysis. The Cohen
??? statistic for agreement on study inclusion was 0.92.

Study characteristics and quality

Among the three trials, one was conducted in Asia [19], two in
Europe [3,12]. All trials were published in English. The mean age
of patients ranged from 45 to 59 years. The selected trials
examined various surgery types, including plastic surgery [3,12],
ear nose and throat (ENT) surgery [3,12], general surgery [12,19],
orthopaedic surgery [12], urology [12], eye surgery [12],
gynecological surgery [12]. The gender of all patients included
in this analysis was female, and the definition of a smaller and
larger ETT size was 6.0 mm and 7.0 mm in diameter, respec-
tively. No double lumen ETT was used. There was no movement
of ETT during surgery. The cuff of the ETT was filled with air
and the cuff pressure was under 30 cmHyO among all included
studies. The naso-gastric tube was not applied in all studies.
Characteristics of the included trials and summary of the size of
ETT on POST and PH were presented in Table 1.

Among all selected trials, one is a cohort study [12].
Randomized sequence and allocation sequence concealment were
adequately conducted in two studies [12,19]. Blinded fashion was
clearly stated in the adjudication of POST in two studies [12,19].
The numbers and reasons for withdrawal or dropout were
reported in details in all trials. An overview of the risk of bias
was shown in Figure 2 and Figure 3.

Primary outcomes

Data on primary outcomes were available in three trials
[3,12,19] (n=1509). Our meta-analysis indicated that a smaller
size of ET'T could significantly reduce the incidence of POST in
PACURR =0.56, 95% CI 0.42-0.75, P=0.0001; P for hetero-
gencity =0.40, =0%; Figure 4) and at 24 h after surgery
RR=0.69, 95% CI 0.48-0.99, P=0.04; P for heterogene-
ity =0.40, I* = 0%; Figure 5).

Secondary outcomes

Our analysis indicated that a smaller size of E'T'T" was associated
with a lower incidence of PH in PACU (RR =0.69, 95% CI 0.55—
0.87, P=0.001; P for heterogeneity = 0.51, P=0%; Figure 6). The
incidence of PH at 24 h after surgery was reported in two trials
[3,19]. Our pooled analysis indicated that the size of ETT did not
affect the incidence of PH at 24 h after surgery (RR =0.73, 95%
CI 0.46-1.15, P=0.17; P for heterogeneity =0.92, F=0%;
Figure 7).

Sensitivity analysis and publication bias

Tests for heterogeneity identified the trial by Jaensson (2010) et
al with outlying results. Exclusion of this trial resolved the
heterogeneity, but did not change the results (POST in PACU:
RR =0.63, 95% CI 0.45-0.87, P=0.005; Figure 8). For the result
of POST in PACU and at 24 h after surgery, there was no
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Table 1. Characteristics of the included trials and summary of the size of ETT on POST and PH.
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Random sequence generation (selection bias)
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Figure 2. Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages across all included

studies.
doi:10.1371/journal.pone.0074467.g002

evidence of significant publication bias by inspection of the funnel
plot (Figure 9 and Figure 10).

Discussion

To our best knowledge, this is the first meta-analysis of studies
evaluating the different size ET'T for preventing POST. Our meta-
analysis suggests that a smaller size of ETT (6.0 mm) could
significantly reduce the incidence of POST in PACU and at 24 h
after surgery. In addition, the present study shows that a smaller
size of ETT (6.0 mm) reduced the incidence of PH in PACU, but
not at 24 h after surgery.

POST usually occurs in intubated patients and is one of the
most common complaints from patients after endotracheal
extubation [6]. The underlying causes of POST include mechan-
ical pressure by the cuff of the tube. It’s known that larger size of
ETTs exert higher pressure at the tube mucosal interface and
might lead to a greater area of mucisal trauma [20]. Stout e/ al [9]

showed that the incidence of POST and PH was reduced by
the use of smaller tubes (6.5 mm for women) compared with
larger ones (8.5 mm for women). We did not include this
study due to potential bias that patients with a 8.5 mm tube
might be with a higher incidence of POST than patients with
a 7.0 mm tube. In addition, the movement of cuff and tube in
the trachea from the location when positioning and manip-
ulation of goiter during surgery is responsible for POST. It is
recommended that the cuff pressure of ETT should between
15 to 25 ecmH,O [21].

Several methods have been proposed to reduce the incidence of
POST. One previous study conducted by Porter et al [16] showed
that the use of lidocaine to inflate the endotracheal tube cuff didn’t
appear to be effective in decreasing the incidence or severity of
POST compared with the use of saline or air. However, a recent
systematic review, including 1232 patients from 15 studies,
indicating that topical and systemic lidocaine could reduce the

risk of POST [22].
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Figure 3. Risk of bias summary: review authors’ judgements about each risk of bias item for each included study.

doi:10.1371/journal.pone.0074467.9003
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smaller ETT size  larger ETT size Risk Ratio Risk Ratio
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Jaensson 2010 10 48 24 43 313%  0.43[0.23,0.79) — -
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Total (95% CI) 371 138 100.0%  0.56[0.42,0.75] <&
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Figure 4. Forest plot of comparison of POST in PACU.
doi:10.1371/journal.pone.0074467.9004

smaller ETT size  larger ETT size Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M.H, Fixed, 95% CI M.H, Fixed, 95% CI
Jaensson 2010 9 48 10 43 220%  0.92[0.41,208) ——
Xu 2012 22 60 35 60 780%  063(0.42,093] i
Total (95% CI) 108 109 100.0%  0.69[0.48, 0.99) <
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Figure 5. Forest plot of POST at 24 h after surgery.
doi:10.1371/journal.pone.0074467.g005

smaller ETT size  larger ETT size Risk Ratio Risk Ratio
Study or Subgroup __ Events __ Total Events _ Total Weight M.H, Fixed, 95% CI M.H, Fixed, 95% CI
Jaensson 2010 18 48 23 43 288%  0.80(0.50,1.28) -
Jaensson M 2012 148 260 23 29 523%  0.72(0.58,0.89) -
Xu2012 7 60 15 60 19.0%  0.47(0.20,1.06] -
Total (95% CI) 368 138 100.0%  0.69[0.55,0.87) >
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Test for overall effect Z= 3.19 (P = 0.001) Favours smaller ETT size  Favours larger ETT size

Figure 6. Forest plot of comparison of PH in PACU.
doi:10.1371/journal.pone.0074467.g006

smaller ETT size  larger ETT size Risk Ratio Risk Ratio
Study or Subgroup Events Total Events  Total Weight M.H, Fixed, 95% CI M-H, Fixed, 95% CI
Jaensson 2010 14 48 20 43 623% 0.71[041,1.24)
Xu 2012 9 60 12 60 37.7% 0.75(0.34,1.65)
Total (95% CI) 108 109 100.0%  0.73[0.46, 1.15]
Total events 23 32

Heterogeneity. Ch*= 0.01, df=1 (P = 0.92), F= 0% + t * t +
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Figure 7. Forest plot of comparison of PH at 24 h.
doi:10.1371/journal.pone.0074467.9007
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Figure 8. Forest plot of comparison of sensitivity analysis.
doi:10.1371/journal.pone.0074467.g008
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Figure 9. Funnel plot of trials of POST in PACU.
doi:10.1371/journal.pone.0074467.g009

Female gender is a risk factor for POST. Jaensson et al’s [12]
study indicated that there is a significant increase of the incidence
of POST in women (n=292, P=0.028), while this was not
significant in men. Another factor which was thought to be
associated with an increased risk for POST was the experience of
the anesthesia personnel [12]. However, this factor has not been
shown to increase the risk for POST in previous studies [6,23,24].
It is likely that training on a manikin during the early phase of
employment may improve the technique and thereby reduce the
risk of POST.

There were several limitations in the present study. First, the
geographic regions covered Europe (Sweden), and Asia (China).
Therefore, our results limited generalizability to the regions.
Second, there was considerable heterogeneity among the included
trials. The target population varied greatly. The adopted
definitions of POST differed from 1 h to 24 h or even to 96 h.
Furthermore, one study conducted by Jaensson et al [12] was a
prospective observational cohort study, but not an RCT.
However, the study was conducted in a blinded manner and
applied the allocation sequence concealment, which might
decrease potential bias of the analysis. Due to limited data
available, we determined to include this study.

Due to considerable heterogeneity as well as a limited number
of RCTs regarding the outcomes, caution should be given when
interpreting the results. Patients from all included studies were
female. Whether the results of our current meta-analysis were
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used in all included studies were 6.0 mm and 7.0 mm. The effect
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POST needs to be clarified in future.

Conclusions

Our meta-analysis suggested that a smaller size of ETT could
reduce the incidence of POST in PACU and at 24 h after surgery
in female patients. In addition, a smaller size of ETT was
associated with a lower incidence of PH in PACU, but not at 24 h
after surgery. Further studies with rigorous design and adequate
samples were needed to clarify the effect of different size of ETT
on the occurrence of POST and PH among different populations
in future.

Supporting Information

Checklist S PRISMA Checklist.
(DOC)

Author Contributions

Conceived and designed the experiments: BH RB XW. Performed the
experiments: BH RB XW. Analyzed the data: BH SL XY OX.
Contributed reagents/materials/analysis tools: TT JL. Wrote the paper:
LB XD.

8. Al-Qahtani AS, Messahel FM (2005) Quality improvement in anesthetic
practice-incidence of sore throat after using small tracheal tube. Middle
East J Anesthesiol 18: 179-183.

9. Stout DM, Bishop M]J, Dwersteg JF, Cullen BF (1987) Correlation of
endotracheal tube size with sore throat and hoarseness following general
anesthesia. Anesthesiology 67: 419-421.

10. Robinson KA, Dickersin K (2002) Development of a highly sensitive search
strategy for the retrieval of reports of controlled trials using PubMed.
Int J Epidemiol 31: 150-153.

11. Moher D, Liberati A, Tetzlaff J, Altman DG (2009) Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Ann Intern Med
151: 264-269, W264.

12. Jaensson M, Gupta A, Nilsson UG (2012) Gender differences in risk factors for
airway symptoms following tracheal intubation. Acta Anaesthesiol Scand 56:
1306-1313.

13. Braz JR, Volney A, Navarro LH, Braz LG, Nakamura G (2004) Does sealing
endotracheal tube cuff pressure diminish the frequency of postoperative laryngotra-
cheal complaints after nitrous oxide anesthesia? J Clin Anesth 16: 320-325.

14. Karlik JB, Duron V, Mermel LA, Mazzaglia P (2012) Severe Group A
Streptococcus Surgical Site Infection after Thyroid Lobectomy. Surg Infect
(Larchmt).

October 2013 | Volume 8 | Issue 10 | e74467



. Jaensson M, Gupta A, Nilsson UG (2012) Risk factors for development of

postoperative sore throat and hoarseness after endotracheal intubation in
women: a secondary analysis. AANA J 80: S67-73.

. Porter NE, Sidou V, Husson J (1999) Postoperative sore throat: incidence and

severity after the use of lidocaine, saline, or air to inflate the endotracheal tube

cuff. AANA J 67: 49-52.

. Al-Metwalli RR, Al-Ghamdi AA, Mowafi HA, Sadek S, Abdulshafi M, et al.

(2011) Is sealing cuff pressure, easy, reliable and safe technique for endotracheal
tube cuff inflation?: A comparative study. Saudi J Anaesth 5: 185-189.

. Liu J, Zhang X, Gong W, Li S, Wang F, et al. (2010) Correlations between

controlled endotracheal tube cuff pressure and postprocedural complications: a
multicenter study. Anesth Analg 111: 1133-1137.

. Xu Y]J, Wang SL, Ren Y, Zhu Y, Tan ZM (2012) A smaller endotracheal tube

combined with intravenous lidocaine decreases post-operative sore throat - a
randomized controlled trial. Acta Anaesthesiol Scand 56: 1314-1320.

PLOS ONE | www.plosone.org

20.

22.

23.

24.

The Size of Endotracheal Tube and POST

Nseir S, Duguet A, Copin MC, De Jonckheere J, Zhang M, et al. (2007)
Continuous control of endotracheal cuff pressure and tracheal wall damage: a
randomized controlled animal study. Crit Care 11: R109.

Sole ML, Penoyer DA, Su X, Jimenez E, Kalita SJ, et al. (2009) Assessment of
endotracheal cuff pressure by continuous monitoring: a pilot study. Am J Cirit
Care 18: 133-143.

Tanaka Y, Nakayama T, Nishimori M, Sato Y, Furuya H (2009) Lidocaine
for preventing postoperative sore throat. Cochrane Database Syst Rev:
CD004081.

Chen KT, Tzeng JI, Lu CL, Liu KS, Chen YW, et al. (2004) Risk factors
associated with postoperative sore throat after tracheal intubation: an
evaluation in the postanesthetic recovery room. Acta Anaesthesiol Taiwan
42: 3-8.

Biro P, Seifert B, Pasch T (2005) Complaints of sore throat after tracheal
intubation: a prospective evaluation. Eur J Anaesthesiol 22: 307-311.

October 2013 | Volume 8 | Issue 10 | e74467



