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Efficacy of laryngeal mask
airway against postoperative
pharyngolaryngeal
complications following thyroid
surgery: a systematic review

and meta-analysis of randomized
controlled studies

Kuo-Chuan Hung?, Shao-Chun Wu?, Chih-Wei Hsu3, Ching-Chung Ko**€, Jui-Yi Chen®’,
Ping-Wen Huang?, I.-Wen Chen®!2 & Cheuk-Kwan Sun?®1%12>

This meta-analysis aimed at investigating the effectiveness of laryngeal mask airway (LMA) against
postoperative pharyngolaryngeal complications after thyroidectomy. MEDLINE, Cochrane Library,
google scholar, and EMBASE databases were searched from inception through February, 2021, for
randomized controlled trials (RCTs) comparing the incidence of pharyngolaryngeal complications
following the use of LMA or endotracheal tube (ETT). Pooled results from seven RCTs involving 600
patients showed an association of LMA with a reduced risk of postoperative sore throat (POST) at

24 h[risk ratio (RR) 0.75, p=0.006, four trials], but not at 1 h and 48 h after thyroidectomy. POST
severity and hoarseness risk were lower in the LMA group than the ETT group at1h, 24 h, and 48 h
(all p<0.05). Nevertheless, hoarseness severity was lower in the LMA group only at postsurgical 48 h
[standardized mean difference =- 0.35, p=0.008, three trials]. Moreover, the risk of emergence cough
was lower in patients using LMA than those receiving ETT (RR=0.14, p=0.002, two trials). The two
groups did not differ in the severity of dysphagia at postoperative 1 h, 24 h, and 48 h. This meta-
analysis showed that LMA may be associated with fewer pharyngolaryngeal complications compared
to ETT without airway impacts. The limited number of included studies warrants further research to
support our findings.

Postoperative sore throat (POST), which is a frequent complication following anesthesia with endotracheal
tube (ETT), affects up to 62% of patients® 2 It has been reported to be the eighth most common postoperative
adverse event and could last for 2-3 days®, causing dissatisfaction and discomfort as well as delaying patients’
resumption of normal daily activities®. The incidence of POST is particularly high (68.4%) in patients receiving
thyroid surgery>~’ for a variety of thyroid diseases, which have a higher prevalence in the female population®.
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1 ("Thyroid surger*" or "Thyroidectom*" or "Parathyroid surgery" or "Thyroid" or "goiter" or "Parathyroid").mp

2 | exp "Endocrine Surgical Procedures"/

3 ("LMA" or "Laryngeal mask airway*" or "Laryngeal Mask" or "supraglottic airway device*" or "supraglottic").mp

4 | exp "Laryngeal Masks"/ or exp "Masks"/

5 (1 or2)and (3 or4)

6 7 anc'l (((randomized controlled trial or controlled clinical trial).pt. or randomi*ed.ab. or placebo.ab. or drug therapy.fs. or randomly.ab.
or trial.ab. or groups.ab.) not (exp animals/ not humans.sh.))

Table 1. Search strategies for Medline.

The seriousness of the problem is reflected by the high proportion of patients undergoing thyroid surgery in the
ambulatory care and overnight stay settings’.

The laryngeal mask airway (LMA), which allows the maintenance of upper airway patency without the need
for direct visualization of the vocal cords and could avoid potential trauma during the tracheal intubation process,
is an alternative to ETT' that is gaining popularity in head and neck surgery in the last two decades!!"'. The
potential beneficial impacts of using LMA on minimizing potential damage to the vocal cords and preventing
postoperative pharyngolaryngeal symptoms'® have been supported by the results of previous studies showing
a significant reduction in the incidences of postoperative hoarseness and sore throat in patients using LMA
compared to those receiving ETT for general anesthesia'®'”. Indeed, a large-scale study recruiting 5264 patients
subjected to non-thyroid surgery under general anesthesia revealed an incidence of POST up to 45.4% in those
receiving ETT compared to 17.7% in those using LMA'.

Focusing on thyroid surgery, several previous studies have also demonstrated the feasibility and safety of
LMA in this patient population® '%. Nevertheless, the efficacy of LMA against postoperative pharyngolaryngeal
complications was not investigated in a systematic approach. Therefore, the present meta-analysis aimed at
comparing the risks of postoperative pharyngolaryngeal symptoms between ETT and LMA in patients receiv-
ing thyroidectomy under general anesthesia. We present the following article in accordance with the PRISMA
reporting checklist.

Methods

This meta-analysis was reported according to the recommendations of the PRISMA statement and was registered
with the International Prospective Register of Systematic Reviews (CRD42021248665).

Eligibility criteria. Studies that investigated the incidence of postoperative pharyngolaryngeal complica-
tions associated with the use of LMA in patients receiving thyroid surgery were considered eligible if they fit into
the predefined criteria : (a) Patient population: adults undergoing thyroid surgeries (including those combined
with parathyroid procedures), (b) Intervention: use of LMA (regardless of manufacturers), (c) Comparison: the
use of ETT, (d) Outcomes: risk of postoperative pharyngolaryngeal complications or airway-related outcomes.
No restrictions were placed on language, sample size, and publication date. Studies that were (1) not randomized
controlled trials (RCTs); (2) not published in peer-reviewed journals or those published only as abstracts or let-
ters were excluded.

Information sources and search strategy. A systematic literature search was executed using MED-
LINE, Cochrane CENTRAL register of controlled trials, Embase, and Google scholar databases from their
inception dates till February 17, 2022. The following keywords and medical subject headings was used: ("Thy-
roid surger*" or "Thyroidectom*" or "Parathyroid surgery" or "Thyroid" or "goiter" or "Parathyroid") and ("LMA"
or "Laryngeal mask airway*" or "Laryngeal Mask" or "supraglottic airway device*" or "supraglottic"). The search
strategy for one of the databases are shown in Table 1.

Selection process and data collection. After excluding unsuitable articles by independent screening of
their titles and abstracts, two researchers scrutinized the full-texts of the remaining reports for eligibility. Any
disagreements were settled through discussion. Information retrieved from each study included first author,
study setting, publication year, sample size, patient characteristics (e.g., gender), and airway-related complica-
tions. Disagreements were resolved by consultation with a third author.

Outcomes and definitions of dataitems. The primary outcomes were the risk of POST and hoarseness,
while the secondary outcomes consisted of severity of POST and hoarseness, changes in intraoperative airway
pressure, severity of dysphagia, and risk of emergence cough.

Risks of bias assessment. A quality assessment was independently performed by two authors who
employed the Cochrane’s tool (RoB 2)' to evaluate the possibility of biases (i.e., allocation, performance, meas-
urement, attrition and reporting biases). In case of disagreements, consensus was reached through discussion
with the corresponding authors.

Effect measures and data synthesis. The Review Manager 5.4 statistical software (Cochrane Collabo-
ration) was used for the current meta-analysis. The effect sizes of continuous variables are expressed as mean
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Figure 1. PRISMA flow diagram of study selection for the current meta-analysis.

difference (MD) or standardized mean difference (SMD) with 95% confidence intervals (CIs), while those of
dichotomous data are presented as relative risks (RRs) and 95% CIs*>*!. We contacted the authors who reported
outcomes as median and interquartile range in an attempt to obtain the mean and standard deviation. If there was
no response to three of our emails, we proceeded with estimation of the mean and standard deviation according
to the method previously described?”. When there were less than two comparisons, results are expressed descrip-
tively. The I statistics were used to assess heterogeneity across the included studies with significance predefined
at 12>50%%. For a specific outcome described in 10 or more studies, the possibility of publication bias was
evaluated through visual inspection of a funnel plot. Potential impact from the result of an individual trial on the
overall finding was evaluated with sensitivity analysis (i.e., leave-one-out approach)* %. Two-tailed tests were
conducted on all comparisons. A p-value <0.05 was considered statistically significant.

Results

Study selection, study characteristics, and risk of bias assessment. We identified 243 potentially
eligible records. After the exclusion of duplicated records (n=35) and those which did not meet the inclusion
criteria by title and abstract (n=196), 12 studies with full-texts available were reviewed. Finally, seven trials
involving 600 patients published from 2014 to 2022 were included for the current meta-analysis® 1> 1% 18:26-28_ A
flow diagram summarizing the process of study selection is demonstrated in Fig. 1.

The characteristics of the included studies are shown in Table 2. The median or mean age of participants
ranged from 40 to 51 years with a proportion of females ranging from 66.2 to 84.6%. Six studies recruited patients
receiving only thyroid surgery® 1> 12628 while one trial enrolled those undergoing both thyroidectomy and
parathyroidectomy'®. The surgical time ranged from 50 to 130 min, but one trial'* did not provide this infor-
mation. Cuff pressure of ETT and LMA were strictly controlled in five studies” 1*26-%8, whereas two trials did
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Studies

Age (years)*

N

Female (%)

Procedures

Surgical time®

Outcomes

POST severity

Country

Chun 2015

47 vs. 46

31vs. 33

69.80

Thyroid lobectomy

NA

Acoustic analyses were performed
preoperatively and at 48 h and

LPS 0-10

Korea

2 weeks postoperatively

Gong 2020a

43 vs. 43

67 vs. 65

Intraoperative ventilation leak
volume, peak airway pressure,
and partial pressure of end-tidal
carbon dioxide

79.50 Radical thyroidectomy 50 vs. 54 NA China

Gong 2020b

43 vs. 42

45vs. 45

Sore throat, numbness and
hoarseness at 1, 24, and 48 h after
surgery

81.10 Radical thyroidectomy 54 vs. 48 VAS 0-10 China

Kotsovolis 2019

51 vs. 49

38 vs. 40

Dysphagia, pharyngodynia, and
incisional pain at 1, 6, 12, and
24 h after surgery. Secondary
outcomes were the frequency of
rescue analgesia (paracetamol)
consumption and emergence
cough

Total thyroidectomy and parathy-

84.60 roidectomy

105 vs. 130 NRS 0-10 Greece

Ryu 2014

49 vs. 47°

36 vs. 37

Sore throat, hoarseness, dyspha-
gia, and cough were assessed at 1,
24, and 48 h after surgery

82.20 Total thyroidectomy 105 vs. 105° NRS 0-100 Korea

Liao 2021

40 vs. 40

35vs. 30

Time to establishment of artificial
airway and success rate, hemo-
dynamics, oxygen saturation,
peak airway pressure and adverse
effects

66.20 Endoscopic thyroid surgery 54 vs. 57 NA China

Ning 2022

45 vs. 46

49 vs. 49

Primary outcome: Incidence of
sore throat

Secondary outcomes: Severity
of sore throat; the incidence and
severity of hoarseness

76.5 Radical thyroidectomy 80 vs. 79 VAS 0-10 China

Table 2. Characteristics of studies (n="7). POST postoperative sore throat, VAS visual analog scale, NRS
numerical rating scale, LPS laryngopharyngeal symptom score, NA not available. *Presented as mean;
bpresented as median.

not provide this information'> 8. The seven included trials were conducted in three countries. Four trials were
conducted in China® >, two in Korea'>'?, and one in Greece'®.

The assessment of the risk of bias is shown in Fig. 2. The overall risk of bias was considered to be low in six
studies® ' 1318:26.28 and high in one trial”’. In that study, the bias arising from the randomization process was
judged to be high?”.

Results of syntheses. Postoperative sore throat. The risks of POST at 1, 24, and 48 h are shown in Fig. 3
913,27.28 Meta-analysis revealed comparable risks of POST at one (RR=0.92, 95% CI 0.74-1.15, p = 0.46, 1*=53%,
261 patients) and 48 h (RR=0.66, 95% CI 0.36-1.23, p=0.19, I*=84%, 261 patients) between patients receiving
LMA and those with ETT, while the former was associated with a lower risk of POST at 24 h (RR=0.75, 95%
CI0.61-0.92, p=0.006, I*=0%, 326 patients). Sensitivity analysis demonstrated stable merged results of the risk
of POST. The severity of POST is shown in Fig. 4, which revealed a lower severity of POST in the LMA group
compared to that in the ETT group at one, 12, and 24 h (Fig. 4). Nevertheless, sensitivity analysis demonstrated
unstable results at the three time points.

Postoperative hoarseness. 'The risks of postoperative hoarseness at 1, 24, and 48 h, which were provided in
four of the included studies, are detailed in Fig. 5 *'*%” 2%, No nerve injury was reported in all of the seven
included studies. Compared with ETT, the use of LMA was related to a lower risk of postoperative hoarseness
at 1 h (RR=0.23,95% CI 0.09-0.6, p=0.003, I*=71%, 261 patients), 24 h (RR=0.41, 95% CI 0.19-0.88, p=0.02,
I*=64%, 326 patients), and 48 h (RR=0.19, 95% CI 0.07-0.5, p=0.0007, I>=0%, 261 patients) (Fig. 5). Through
removing one study each time, we discovered instability of the merged results on the risk of hoarseness at post-
operative one and 24 h. Analysis of the severity of hoarseness showed no differences between the two groups
at one and 12 h, while it was lower in the LMA group at 48 h (SMD =- 0.35, 95% CI — 0.61 to — 0.09, p=0.008,
I*=0, 235 patients) (Fig. 6). Sensitivity analysis suggested instability of the results at 48 h.

Postoperative dysphagia, intraoperative airway pressure, and emergence cough. The severity of dysphagia in the
both groups is available in Fig. 7 >3, which demonstrated no differences at 1, 24, and 48 h between the two
groups. Sensitivity analysis also supported the stability of this finding.

Analysis of intraoperative airway pressure between the two groups showed no differences at 30 min (MD
0.16, 95% CI — 1.01 to 1.32 cm H,0, p=0.79, =0, 197 participants (Fig. 8a) and 60 min (MD - 0.61, 95% CI
- 3.71 to 2.48 cm H,0, p=0.7, *=89%, 197 participants) (Fig. 8b) after surgical incision. Sensitivity analysis
showed unstable merged results at 60 min.
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Figure 2. Risks of bias of the included studies.

On the other hand, an investigation into the risk of emergence cough revealed a lower risk associated with
LMA use compared to that with ETT (RR 0.14, 95% CI, 0.04-0.48, p=0.002, I>=50%, 168 participants) (Fig. 8¢).
Sensitivity analysis demonstrated stability of the results.

Impact of LMA on quality of voice. Only one of the seven included studies performed acoustic analyses preop-
eratively and at postoperative 48 h and 2 weeks'?. In that study'?, acoustic analysis revealed significantly better
improvements in jitter, shimmer, and noise-to-harmonic ratio in the LMA group than in the ETT group at 48 h
after surgery, but without significant difference at 2 weeks. The incidence of postoperative lower-pitched voice in
the former was also significantly lower than that in the latter.

The voice handicap index (VHI) was determined preoperatively and at post-thyroidectomy 24 and 48 h as well
as one and two weeks. Despite postsurgical deterioration in VHI in both groups, patients with LMA exhibited
a significantly better improvement compared to those receiving ETT at postoperative 24 h. While the former
showed a persistent improvement to a degree comparable to their preoperative state at postoperative 1 week, the
latter demonstrated improvement to their preoperative level only at 2 weeks after surgery.

Discussion

Our results demonstrated that the use of LM A was associated with a reduced risk of POST at 24 h, but not at one
and 48 h after thyroid surgery. Besides, the severity of POST and risk of postoperative hoarseness were lower
in the LMA group compared to the ETT group at 1, 24, and 48 h. On the other hand, the severity of hoarse-
ness was only found to be lower in the LMA group than in the ETT group only at postsurgical 48 h but not
at other time points. In addition, the risk of emergence cough was lower in patients using LMA compared to
those receiving ETT. There was no difference in airway pressure between the two groups at post-incision 30 and
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(a)

Study or Subgroup

Gong 2020b
Ning 2022
Ryu 2014

Total (95% Cl)
Total events

LMA ETT Risk Ratio Risk Ratio
Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
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Total events
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Figure 3. Forest plot comparing the risk of postoperative sore throat at (a) 1 h, (b) 24 h, and (c) 48 h between
laryngeal mask airway (LMA) and endotracheal tube (ETT) groups. CI confidence interval, M-H Mantel-
Haenszel.

60 min. Furthermore, there was no significant difference in the severity of dysphagia between the two groups
at postoperative 1, 24, and 48 h.

Previous investigations have reported an association between laryngeal morbidity after tracheal intubation
with endotracheal tube size as well as cuff design and pressure®**~!. Focusing on POST in adult patients receiving
tracheal intubation, a previous study has identified the risk factors as female gender, younger age, pre-existing
pulmonary disease, prolonged anesthesia, and the discovery of a blood-stained tracheal tube on extubation?.
Moreover, the risk of POST could also be increased by tracheal intubation without neuromuscular blockade, the
use of double-lumen tubes, and high tracheal tube cuff pressures®. The reported advantages of LMA over ETT
include avoidance of the need for muscle relaxants and reversal as well as less hemodynamic response on inser-
tion and removal and a reduced incidence of POST'* 2%, Taking into account the finding of pharyngolaryngeal
discomforts as the major complaints that contribute to distress and anxiety in patients following thyroid surgery*
as well as the growing number of thyroid operations being performed in an ambulatory or outpatient settings,
the efficacy and safety of LMA use in this patient population has become an important clinical concern®® .

With regard to airway complications, a previous meta-analysis had demonstrated significantly lower
incidences of postoperative hoarseness, coughing, and sore throat in LMA users compared to their ETT
counterparts'®. However, that meta-analytical study’® did not include the patient subgroup undergoing thyroid
surgery. Our study, which is the first to investigate the impact of LMA on postoperative pharyngolaryngeal
complications in patients undergoing thyroidectomy, showed favorable outcomes regarding the risks of POST at
postoperative 24 h and hoarseness at one hour as well as 24 and 48 h after surgery. These findings are of clinical
significance as outpatient thyroidectomy is increasingly preferred to the inpatient setting®® .

Even in the absence of nerve injury, patients undergoing thyroidectomy could experience postoperative voice
dysfunction*** and as high as 25-90% of patients reported subjective voice alterations*’. The most common
complaint during objective and subjective evaluations is pitch-lowering*, the mechanism of which following
uncomplicated thyroidectomy remains unclear®. Some authors proposed that the lower pitch voice could be
due to a decrease in cordal tension resulting from functional alterations of the cricothyroid muscle*, while oth-
ers attributed it to fibrosis from damage to the strap muscles that affects upward and/or downward laryngeal
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Figure 4. Forest plot comparing the severity of postoperative sore throat at (a) 1 h, (b) 24 h, and (c) 48 h
between laryngeal mask airway (LMA) and endotracheal tube (ETT) groups. CI confidence interval, IV inverse
variance, Std standardized.

movement?’. In the current meta-analysis, one of the included studies identified an association between the use
of LMA and a lower incidence of postoperative lower-pitched voice than that in the ETT group'. The previous
finding of a lower VHI in patients using LMA compared with those receiving ETT also supported the use of
LMA in this clinical setting'?. These findings may suggest the beneficial effect of LMA against voice dysfunction
after thyroidectomy.

Nevertheless, one of the reported disadvantages of LMA compared to ETT was a lower sealing pressure and
a higher incidence of gastric insufflation associated with the former®. Despite the previous finding that the per-
formance of LMA may be affected by changes in head and neck position that unavoidably alter the pharyngeal
structures*®*, a previous meta-analysis demonstrated no correlation between an extended neck position and
an impairment in ventilation in most type of LMA®. Furthermore, previous evidence showed no difference in
the incidence of desaturation, regurgitation, gastric insufflations, and pulmonary aspiration between LMA and
ETT in the general population'>>"32, On the other hand, there are still concerns over the safety of LMA use in
patients receiving thyroid surgery®® due to the potential dangers of intraoperative dislodgment and inadequate
ventilation that could not be timely corrected through emergent airway access because of potential interference
with ongoing surgery?. However, previous investigations have demonstrated a rarity of intraoperative conversion
from LMA to ETT'>>* and one of our included studies showed that mild to moderate shift of the LMA during
surgery was insufficient to impede ventilation®.

Another safety concern associated with the use of LMA is potential fluctuations in airway pressure. Despite
the absence of difference in airway pressure at postoperative 30 and 60 min between LMA and ETT in the cur-
rent meta-analysis, one of our included trials reported markedly elevated peak airway pressure through tracheal
angulation and laryngeal rotation from forceful intraoperative retraction of thyroid tissue. The authors of
that study recommended effective communication with the surgeons with adjustment of the operating table to
reestablish adequate ventilation®.

The current meta-analysis had its limitations. First, because our included trials excluded certain patient sub-
groups including those with obesity® !>, recent upper airway infection® > 132628 and difficult airways'> ' 26-27
as well as those having received oropharyngeal surgeries® > 2% 28, our findings may not be applicable to these
patient populations. Second, the incidence and severity of POST have been shown to vary with different LMAs*
with the LMA i-gel being reported to be associated with the lowest incidence of POST compared to the others™.
Nevertheless, the limited number of studies in current meta-analysis precluded a subgroup analysis of such an
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Figure 5. Forest plot comparing the risk of postoperative hoarseness at (a) 1 h, (b) 24 h, and (c) 48 h between
laryngeal mask airway (LMA) and endotracheal tube (ETT) groups. CI confidence interval, M-H Mantel-

Haenszel.

impact. Third, inconsistency of our findings over different time points may be attributable to the small number
of included studies. Further large-scale investigation is needed to support our findings.

Conclusion

The current meta-analysis showed an association between the use of LMA and a reduced risk of POST at 24 h as
well as a lower severity of POST and risk of postoperative hoarseness in the LMA group compared to the patients
receiving ETT at one, 24, and 48 h. Besides, the risk of emergence cough was lower in patients using LMA than
those receiving ETT. Compared with ETT, our results supported the use of LMA in patients undergoing thyroid
surgery in minimizing postoperative POST and hoarseness without causing significant increases in the severity
of dysphagia or fluctuation in airway pressure. Further large-scale studies are warranted to verify our findings.
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Figure 7. Forest plot comparing the severity of dysphagia at (a) 1 h, (b) 24 h, and (c) 48 h between laryngeal
mask airway (LMA) and endotracheal tube (ETT) groups. CI confidence interval, IV inverse variance, Std
standardized.
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Figure 8. Forest plot comparing the differences in airway pressure at (a) 30 min and (b) 60 min after surgical
incision as well as (c) risk of emergence cough between laryngeal mask airway (LMA) and endotracheal tube
(ETT) groups. CI confidence interval, IV inverse variance, Std standardized, M-H Mantel-Haenszel.
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