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Abstract

Background Pharyngolaryngeal symptoms are a main concern after neck surgery. The Protector ™ LMA is a new
supraglottic airway device. The main purpose of this study was to evaluate whether application of the LMA
Protector ™ causes fewer pharyngolaryngeal symptoms than application of the endotracheal tube after minimally
invasive total thyroidectomy and parathyroidectomy.

Methods This prospective, randomized controlled trial involved one university and one private practice clinic, during
the period from January 2017 until November 2017. The patients were randomly allocated to two groups: ETT and
LMA. Main outcomes were Numerical Rating Scale scores of postoperative dysphagia, pharyngodynia, and inci-
sional pain. Secondary outcomes were the frequency of rescue analgesia (paracetamol) consumption and emergence
cough. Data were recorded in the post-anesthesia care unit and at 1, 6, 12, and 24 h after surgery.

Results Data from 78 patients were included in the final analysis. Pharyngodynia scores were significantly lower in
the LMA group, compared with the ETT group, at 1 h, 6 h and 12 h after surgery. Dysphagia and surgical incision
pain scores were also significantly lower in the LMA group, compared with the ETT group, at 6 h and 12 h after
surgery. The frequency of postoperative paracetamol consumption was significantly increased in the ETT group,
compared with the LMA group. Finally, the LMA group had fewer episodes of emergence cough, compared with the
ETT group.

Conclusion The LMA Protector'™ causes fewer pharyngolaryngeal symptoms than the ETT within 6 and 12 h after
minimally invasive total thyroidectomy and parathyroidectomy.

Trial registration ClinicalTrials.gov Identifier NCT03098667.
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Postoperative pharyngolaryngeal symptoms, particularly
postoperative pharyngodynia (sore throat), are a common
concern after general anesthesia [1-4]. These symptoms
may constitute discomfort, but can potentially cause
hoarseness, dysphagia, laryngitis, bronchitis, and respira-
tory distress [4]. Manipulations during laryngoscopy and
intubation, as well as the presence of the endotracheal tube
(ETT) itself, can irritate the larynx, pharynx, and trachea;
such events contribute to the pathophysiology of postop-
erative pharyngolaryngeal symptoms [3], which cause
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physical stress, patient dissatisfaction, and delayed recov-
ery [5].

Thyroidectomy is a type of surgery with a high rate of
pharyngodynia [5], likely due to surgical manipulations of
the head, neck, trachea, and thyroid gland, as well as tis-
sues close to the larynx and pharynx [3]. Surgical site pain
after thyroidectomy is typically not expected to be signif-
icant, particularly when the minimally invasive technique
is applied; this comprises a small incision and no surgical
site drainage [6-9]. Therefore, pharyngolaryngeal symp-
toms are likely to comprise the main source of post-thy-
roidectomy discomfort.

Laryngeal mask airway (LMA) is currently used as an
alternative for airway management during thyroidectomy
[10-12]. The Protector™ (Teleflex Medical Europe Ltd.,
Westmeath, Ireland) LMA is a second-generation supra-
glottic airway device (SAD) with a built-in cuff pressure
indicator, which ensures filling of the air chamber of the
mask with the appropriate volume of air. We hypothesized
that the Protector™ LMA would cause fewer pharyngo-
laryngeal symptoms, compared with the ETT, after mini-
mally invasive thyroid and parathyroid surgery.

Materials and methods

This prospective, single-blind, randomized, controlled trial
included patients who were 18-80 years of age, had
American Society of Anesthesiologists status 1-3, and
were scheduled for thyroid and parathyroid surgery at the
AHEPA University Hospital of Thessaloniki and the
Interbalkan Medical Center of Thessaloniki during a six-
month period between February 2017 and November 2017.
After acquiring approval from the scientific board of
AHEPA University Hospital of Thessaloniki (No 185;
March 15, 2017), the patients who signed the written
consent formed after thorough explanation of the purposes
of the study were randomly allocated to 2 groups by
computer software (https://www.randomizer.org/): LMA
and ETT. Patients were excluded if they had clinical con-
ditions that caused any type of airway obstruction or
compromise; tracheal displacement >2 cm from midline;
history of gastroesophageal reflux disease; a potentially
difficult airway; a history of impossible intubation; sub-
stitution of the LMA with an ETT due to inadequate ven-
tilation; duration of surgery >3 h; body mass index (BMI)
>35; or reoperation within 24 h.

After preoxygenation with 100% O, for 2 min via face
mask, general anesthesia was induced with 3 pg/kg fen-
tanyl and 2 mg/kg propofol for patients in both groups,
followed by 0.6 mg/kg rocuronium only for patients in the
ETT group. Endotracheal intubation was performed for
patients in the ETT group; the sizes of the laryngoscope

blade and ETT were chosen by the attending anesthetist.
The cuff of the ETT was gradually filled until there was no
air leak from the trachea. For patients in the LMA group,
the LMA Protector’™ was used for airway management.
The size of the mask was chosen in accordance with the
manufacturer’s instructions. A lubricant gel was applied at
the posterior surface of the mask, and the air chamber was
filled in accordance with the indication of the pilot cuff. If
inadequate ventilation occurred before or during the sur-
gery, the LMA was removed and replaced with an ETT.
The ventilator was set in volume-controlled mode for all
patients, and settings were modified by the attending
anesthetist.

Anesthesia was maintained with sevoflurane and
remifentanil infusion. Remifentanil was administered by a
target-controlled infusion (TCI) pump with a target plasma
concentration of 3.5 ng/ml during surgery and 3 ng/ml
during extubation. Alterations during surgery were done by
the attending anesthesiologist according to the hemody-
namic status of each patient. All the patients were admin-
istered 4 mg dexamethasone, 4 mg ondansetron, 1000 mg
paracetamol, and 8 mg lornoxicam. All the patients were
operated by the same surgical team. After surgery was
completed, sevoflurane and remifentanil infusion was dis-
continued; after emergence from general anesthesia, the
ETT or LMA was removed. Postoperatively, 8 mg
lornoxicam was administered every 12 h; patients were
instructed to request supplementary analgesia (1000 mg
paracetamol) as needed. The patients were given liquids at
2 h upon arrival to the ward and solid food within 6 h and
were discharged within 24 h from the end of surgery.

The main outcomes of this study were intensity of
postoperative pharyngodynia, dysphagia (pain after swal-
lowing 1 sip of water), and surgical site pain. These
parameters were evaluated by patients within 20 min from
the end of surgery, as well as at 1, 6, 12, and 24 h after
surgery, by using the 11-point (0 = no pain, 10 = maxi-
mum possible pain) numerical rating scale. Documentation
was done by the shift nurse of the ward who was unaware
of the purpose and methodology of the study. Secondary
outcomes were rate of emergence cough (recorded by the
attending anesthesiologist) and rate of postoperative
paracetamol consumption.

The following parameters were also recorded: age, sex,
weight, height, duration of surgery, and type of surgery
(thyroid or parathyroid surgery). For statistical analysis, the
Mann—Whitney test was used to compare scores between
the groups (notably, the data did not exhibit a normal
distribution); the Chi-squared and Fisher’s exact test were
used to compare rates. All tests were performed using
SPSS 23.0 software (IBM Corp., Armonk, NY, USA).
Sample size was calculated with G*Power 3.1 software
(Heinrich-Heine-Universitit, Diisseldorf, Germany). The
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mean and standard deviation of pharyngodynia score at 1 h
after surgery in a 20-patient pilot study (n = 10 patients per
group) were used for power calculations; for p = 0.05 and
power = 0.8, a minimum of 35 patients in each group were
required.

Results

A total of 91 patients were enrolled in the study, and data
from 78 were finally analyzed. The flowchart of the study is
shown in Fig. 1. No differences were found between the
groups in age, sex, BMI, or duration of surgery (Table 1).
Primary outcomes of the study are shown in Table 2 and
Figs. 2, 3, 4. Pharyngodynia scores were significantly
lower in the LMA group, compared with the ETT group, at
1 h(2.7vs.3.8),6h(2vs.3.7),and 12 h (1.6 vs. 3.2) after
surgery. Dysphagia and surgical incision pain scores were
also significantly lower in the LMA group, compared with
the ETT group, at 6 h (2.8 vs. 4.2; 1.9 vs. 3) and 12 h (2.4
vs. 3.7; 1.5 vs. 2.7) after surgery. Secondary outcomes are
shown in Table 1. The frequencies of additional analgesia
consumption (46.3 vs. 15.8%, p = 0.013) and emergence
cough (31.7 vs. 7.9%, p = 0.008) were significantly greater

Assesed for
eligibility
N=91

Excluded
N=10
4 GERD
3 BMI>35
3 Tracheal displacement

N=81
Randomized to
two groups
Group L Group T
N=40 N=41

Excluded N=2

1 Inadequate Excluded N=1

ventilation - Duration>3h

1 reoperation

Data analysis Data analysis
N=38 N=40

Fig. 1 Flowchart of the study. GERD: Gastroesophageal reflux
disease, BMI: body mass index, Group L: patients ventilated with
LMA Potector™; Group T: patients ventilated with an endotracheal
tube
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Table 1 Patient characteristics

Group L Group T 4
Patient characteristics
Male/female 4/34 8/32 0.229
Age (years) 51 £ 12 49 £+ 17 0.523
BMI (kg/m?) 26.8 £ 3.8 28 + 6.4 0.303
Surgery
Duration (min) 105 £+ 52 130 £+ 64 0.55
Thyroidectomy 34 36
Parathyroidectomy 4 4

Data are expressed as means & SD or frequencies (percentages).
Group L: patients ventilated with LMA Potector™; Group T: patients
ventilated with an endotracheal tube. BMI: body mass index

in the ETT group than in the LMA group (Fig. 5). No
differences were found in any other parameters of the
study.

Discussion

The results of this study show that the use of the LMA
Protector™™ for airway management in patients undergoing
minimally invasive thyroid and parathyroid surgery has
advantages over use of the ETT, regarding postoperative
pharyngolaryngeal symptoms. The subjective feeling of
pharyngeal discomfort (pharyngodynia) was reportedly less
intense for patients ventilated via LMA within the first 12 h
after surgery. The sense of pain after swallowing (dys-
phagia) was also reduced in these patients within the same
time period, as was the frequency of supplemental anal-
gesia for any type of pain or discomfort. These findings are
important for minimally invasive neck surgery, because
pharyngolaryngeal symptoms are expected to be the main
source of postoperative discomfort; in this type of surgery,
surgical incision pain is expected to be minimal [6, 9, 13].
Notably, in our study, incisional pain was also reduced for
patients in the LMA group. Finally, the frequency of
emergence cough, following general anesthesia, was sig-
nificantly lower in the LMA group. Possible detrimental
effects of emergence cough (e.g., laryngospasm; cardio-
vascular compromise; and increased intraocular, intracra-
nial, and intrathoracic pressures) [14] might increase the
possibility of venous bleeding [15]; however, our study
was likely underpowered to determine the superiority of
LMA regarding emergence cough. The results of our study
are consistent with the results of similar studies, which also
favored LMA usage over ETT usage for thyroid surgery
[16, 17].
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Table 2 Primary outcomes of the study

1 2 3 4 5
Pharyngodynia
Group L 27+25 27+£2 2+£21 1617 19=+1.6
Group T 3.6+26 38+25 37+£25 32+£23 27+24
Statistic ~ 0.096 0.032%* 0.001* 0.001* 0.257
Dysphagia
GroupL 33 +27 34+£21 28+21 24421 23+2
Group T 39+29 44+£26 42+25 37+24 3+£23
Statistic  0.439 0.07 0.01* 0.012%* 0.229
Pain
GroupL 27+22 22+16 19+£18 15+14 12+13
Group T 33 +25 33+£26 3+£2 27+24 21+19
Statistic  0.393 0.123 0.01°%* 0.007* 0.07

Group L: Potector™ laryngeal mask airway, Group T: endotracheal
tube

Data are expressed as means + SD, *p < 0.05
1 — 20 min after emergence from anesthesia
2 — 1 h after 1

3 — 6 hafter 1

4 — 12 h after 1

5 — 24 h after 1
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Fig. 2 Pharyngodynia score over time. Symbols show the mean
score, # statistically significant difference (p < 0.05), NRS: numer-
ical rating scale. PACU: post-anesthesia care unit

Pharyngodynia is a common problem after general
anesthesia [4]. The incidence of pharyngeal discomfort
appears to be significantly higher after thyroidectomy,
compared with other types of surgery [18-20]. Irritation of
the local mucosa by the ETT, as well as laryngeal edema
and vocal cord trauma, is the probable cause of pharyn-
godynia; these may work in combination with movement
of the ETT during surgical manipulations of the thyroid
gland and adjacent tissues [18]. The use of smaller ETTs

NRS Dysphagia
10 -
9 4
8 4
74 —e— LMA
— B = ETT
G 4
5 4
-l - _ g
41 - we--a -
31 '_.\o\‘;:
2 - # #
1 4
PACU 1h 6h 12h 24h
Time

Fig. 3 Dysphagia score over time. Symbols show the mean score, #
statistically significant difference (p < 0.05), NRS: numerical rating
scale. PACU: post-anesthesia care unit

NRS Pain
10
9 4
8 4
71 —e— LMA
6 4
5 4
4 -
3] »----- - _ - __
.-

2 ’\‘\\‘\\:
11 # #

PACU 1h 6h 12h 24h

Time

Fig. 4 Surgical incision pain score over time. Symbols show the
mean score, # statistically significant difference (p < 0.05), NRS:
numerical rating scale. PACU: post-anesthesia care unit

with high-volume, low-pressure cuffs, as well as careful
control of intracuff pressure and avoidance of lubricants
containing local anesthetics, is the measure proposed to
reduce pharyngodynia [4]. The use of gabapentin [2] and
dexamethasone [3] has also proven to be beneficial.

LMA usage is generally associated with reduced inci-
dences of hoarseness and airway complications during and
after general anesthesia [21], compared with ETT usage;
however, a recent meta-analysis failed to find any differ-
ences in the occurrence of pharyngodynia [22]. LMA usage
is not very popular in neck surgery, due to the possibility of
displacement after neck extension and surgical manipula-
tions of the trachea, as well as the inconvenience caused by
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limited access to the airway if adjustments of LMA posi-
tion are needed during surgery [16]. ETT usage remains the
typical practice for major neck surgeries [10]. However,
LMA, in combination with a fiberoptic bronchoscope, has
been successfully used for intraoperative monitoring of
recurrent laryngeal [23-30] and superior laryngeal [31]
nerve function.

The LMA Protector'™ is a new single-use SAD. It is
latex-free and does not require a special introducer for
insertion; moreover, a built-in bite-block prevents damage
from accidental biting. Similar to other LMAs, it enables
intubation of the patient through the lumen of the mask,
either blindly or with the aid of a fiberoptic bronchoscope
[32]. An advantage of the LMA Protector™ over other
second-generation SADs is that it provides a very high
pharyngeal seal, which is unaffected by extension of the
patient’s neck [33]. In our study, we encountered only 1
instance of inadequate ventilation during surgery. Because
of hypercapnia (PCO, > 50 mmHg), the LMA was
removed and an ETT was placed; the patient was excluded
from the study. All other patients in the LMA group were
ventilated uneventfully, and no neuromuscular blocking
agents were needed. Another advantage of the LMA Pro-
tector '™ is that it has two separate drain channels; one
channel can be used to suction gastric contents from the
laryngeal area, if regurgitation occurs, while the other
channel can be used to insert a tube inside the stomach
[32]. Finally, the LMA Protector™ devices used in our
study had built-in cuff pressure indicators; this feature
ensures that the minimum pressure required to achieve an
adequate seal will be applied to the supraglottic area.
Recent studies have shown that the use of manometry with
LMA devices reduces postoperative pharyngolaryngeal
symptoms [34—37]. This may be why the LMA Protector ™
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was superior to the ETT in our study, and the incidence of
emergence cough was significantly lower for LMA
patients.

Our study had some limitations. First, it was not double-
blinded. The main outcomes were self-reported by patients,
none of whom were aware of the device used for airway
management; however, anesthetists in the operating theater
were not (and could not be) blinded to the device, so bias
could not be excluded. Second, the intracuff pressure of the
air chamber was solely measured for the LMA group (us-
ing the built-in indicator), and not for the ETT group as it is
not a common everyday practice and the appropriate device
is not available in the anesthetic departments of the par-
ticipating hospitals. We believed that we minimized the
possibility of overinflating the cuff by gradually filling
(initially 5 ml of air and then increments of 1 ml) the cuff
until no air leak was achieved. Moreover, the size of the
ETT was not recorded; however, the typical practice of the
department is to use size 7.5 for women and 8.5 for men.
Third, the study did not include measurement of the total
dose of remifentanil administered to each patient. The
remifentanil infusion was standardized with the TCI pump
and the goal was to achieve the same plasma concentration
for all the patients during surgery and extubation; however,
the total amount of remifentanil administered during sur-
gery might affect postoperative discomfort, as well as the
incidence of emergence cough. Fourth, the size of the
thyroid gland was not recorded. Removal of a large thyroid
might require a more vigorous operation, which may be
followed by more severe postoperative symptoms; how-
ever, such thyroidectomies are not typically performed
using a minimally invasive technique.
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Conclusion

The LMA Protector™ causes lower levels of pharyngola-
ryngeal discomfort, compared with the ETT, after mini-
mally invasive total thyroidectomy or parathyroidectomy.
It also appears to reduce the incidence of emergence cough;
however, studies designed to specifically investigate this
effect are needed to reach reliable conclusions. Anesthetists
should consider the LMA Protector™ as an alternative to
the ETT in thyroid and parathyroid surgeries.
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