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ABSTRACT

BACKGROUND: Antiadhesion products are essential for postoperative care in patients after thyroidectomy by providing a physical barrier
to cover the exposed tissue and thus preventing abnormal adhesion of adjacent tissues. Since thyroidectomy may result in swallowing dif-
ficulties arising from damage or inflammation of the surrounding tissues, the use of antiadhesion agents such as MegaShield® or Guardix-
SG® will help reduce scar formation. This may thus improve postoperative swallowing function in patients.

METHODS: Patients were enrolled and followed up between October 4, 2018, and March 26, 2020. Patients during the postoperative follow-
up sessions were randomly allocated to the standard care with Guardix-SG® and clinical trial medical device application group with MegaSh-
ield® (test group) in a 1:1 ratio by the permuted block randomization method. Patient performance on penetration aspiration scale (PAS),
National Institutes of Health-Swallow Safety Scale (NIH-SSS), videofluoroscopic dysphagia scale (VDS), Dynamic Imaging Grade of Swal-
lowing Toxicity (DIGEST) based on Videofluoroscopic swallowing study (VFSS) were collected. Nonadhesion-reducing agent patient data
were used as a control group.

RESULTS: No statistical significance was shown (P> .05) between the 2 groups of MegaShield® and Guardix-SG® in various phases from
thick semisolid, thin semisolid to liquid for both PAS and NIH-SSS. Several statistical significances were reported in the results comparing
various criteria of PAS, NIH-SSS, VDS at different oral and pharyngeal phases, and DIGEST in all 3 stages among MegaShield®, Guardix-
SG®, and nonadhesion-reducing agent group.

CONCLUSIONS: These results prove the noninferiority of MegaShield® compared with Guardix-SG® as an antiadhesion agent in postthy-

roidectomy care.
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Introduction

With the advancement of diagnostic imaging, thyroid can-
cer (T'C) has emerged to become one of the most common
types of cancer that affects both men and women.»? There
have been 586000 new cases estimated in 2020 alone,
accounting for 3% of all cancers worldwide.® The cause of
TC remains unknown, and the incidence is on a steady rise.*

*These authors contributed equally as the first authors for this study.

The mortality rate has not shown a correlative increase.”
Patients with TC exhibit a range of clinical presentations
based on the stage of malignancy and their specific forms.%’
Physicians manage TC with various types of treatments
including thyroidectomy.” However, surgical interventions
are not without complications. Permanent complications
such as recurrent laryngeal nerve injury, vocal cord/fold
paralysis, and hypoparathyroidism significantly reduce the
patient’s quality of life.”
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further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).
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Both the superior and recurrent laryngeal nerves are
involved in swallowing.!% The internal branch of the superior
laryngeal nerve is responsible for sensory at supraglottic space
and vocal cords. Injury of this nerve can result in aspiration
and dysphagia.l® Conversely, the external branch of the supe-
rior laryngeal nerve is in charge of motor control of the crico-
thyroid muscle and therefore gives tension to the vocal cords.1
Recurrent laryngeal nerve contributes to all intrinsic laryngeal
muscles, except the cricothyroid muscle and sensory innerva-
tion for the upper esophagus. Previous literature reports that
patients with unilateral inferior laryngeal nerve palsy experi-
ence swallowing disorders in approximately 30% of cases,
whereby the inability to close the glottis completely is one of
the reasons for correlation between swallowing impairment
and recurrent laryngeal nerve injury.l® The study confirmed
several key factors involved in swallowing disorders: (1) inju-
ries to extrinsic perithyroidal neural plexus which innervates
the pharynx, (2) injuries to the thin anastomoses connecting
the recurrent laryngeal nerve and the external branch of the
superior laryngeal nerve, and (3) injuries to the sympathetic
cervical chain with both the recurrent laryngeal nerve and
superior laryngeal nerve.!® The extensive dissection of recur-
rent laryngeal nerve results in shortening and thinning of the
preserved section of nerve fiber, breaching the nerve integ-
rity.1* Depending on the extent of involvement of TC on the
recurrent laryngeal nerve, the response of the vocal cord
against electric stimulation to recurrent laryngeal nerve may
be lost.”! While some cases of swallowing dysfunction can be
transient and only occur in the first week of postoperation,
occasional cases of long-term dysphagia is also reported.1
This can be due to orotracheal intubation, surgical trauma,
scar and surgical site adhesions, and psychosocial reaction to
the operation. A previous study has highlighted that the most
commonly reported symptoms are hoarseness, sensation of a
“lump,” a foreign body, a “too-tightly-buttoned shirt collar,”
sensation of being strangled, cough, effort, and/or obstacle
during swallowing.1? It is thus crucial to clarify if scarring of
tissues in the absence of timely antiadhesion agent interven-
tion could have possibly contributed to such symptoms related
to swallowing impairment. Consequently, patients often expe-
rience swallowing disorders arising from inferior pharyngeal
constrictor muscle (IPCM) dysfunction.!? Laryngeal tract
elevation disorders also contribute to dysphasic conditions as
tissue adhesions occur in a postoperative phase when the
laryngeal tract unit undergoes abnormal attachment to adja-
cent superficial soft tissues.!> While postoperative adhesion is
a natural and common phenomenon in the self-healing pro-
cess of T'C, abnormal adhesion often results in anatomical
deformation of the affected area and functional deterioration.
This tissue adhesion impedes upper esophageal motility, ham-
pers parathyroid gland and posterior laryngeal nerve fiber
functions, and triggers neck muscle stiffness at certain

orientations.!> Such debilitating condition worsens over
time and is irreversible. Thus, it is crucial to ensure that the
cause of discomfort, abnormal adhesion of the operative site, is
prevented.1¢

The clinical practice in preventing tissue adhesion involves
3 distinct stages. The first stage is to ensure sophistication of
surgical process in minimizing tissue damage that may
mechanically discompose the affected tissue and thus prolifer-
ate scar formation at the dissected area.!” The second stage is to
suppress the cascade of tissue formation with anti-inflamma-
tory drugs and anticoagulant preadhesion drugs.'® The third
stage involves reducing contact area by postoperative mechani-
cal blockage of surrounding tissues by covering or wrapping the
wound area with an antiadhesion barrier.’ These protocols,
however, do not present a complete prevention of adhesion.20
In recent years, previous studies have highlighted this limita-
tion and have instead suggested the use of antiadhesion agents
to prevent postoperative adhesion.?!

Antiadhesion barriers come in many different forms includ-
ing gels, solutions, and films.?%?? Considering its purpose of
usage, antiadhesion barrier should hold excellent biocompati-
bility, biodegradability, supported by effectiveness and safety.??
In addition to the need for it to be an injectable formulation
appropriate in minimally invasive or laparoscopic surgeries, it
must retain its structure on the damaged tissue during the heal-
ing period and prevent excessive formation of fibrous tissue at
and adjacent to the wound.?? Videofluoroscopic swallowing
study (VESS) was considered as the parameter as it is one of
the most commonly utilized instrumental assessment tools to
determine the nature and degree of oropharyngeal swallowing
disorder.?> VFSS is a specialized X-ray fluoroscopy examina-
tion designed to evaluate the dynamics of swallowing compo-
nents such as the mouth, pharynx, larynx, and esophagus.??
Through the analysis of VFSS data, abnormalities in swallow-
ing function can be identified using both spot film and video,
allowing for detailed frame-by-frame and slow playback analy-
sis.?3 Widely employed and well-established, this examination
is a reliable technique in clinical practice for directly observing
dynamic changes in the functioning of the involved organs
during swallowing.?3

There are 2 types of antiadhesion agent formulations: natu-
ral and synthetic polymers.?*?¢ Guardix-SG®, a temperature-
sensitive hydrogel natural polymer product, is composed of
poloxamer, sodium alginate, and CaCl,.?”?® In contrast, the
new product of MegaShield® is an antiadhesion material that
contains human extract-derived particle-type acellular dermal
matrix (ADM).?° This study aimed to evaluate the effective-
ness of the anti-adhesion products MegaShield® and
Guardix-SG®. Patients with TC who underwent thyroidec-
tomy were allocated to 2 different test groups; those using
Guardix-SG® antiadhesion product and those wusing
MegaShield® antiadhesion product. We therefore certified the
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noninferiority of MegaShield® product performance as an
antiadhesion barrier used in patients with T'C with thyroidec-
tomy as compared with that of Guardix-SG® as well as against
the nonadhesion-reducing agent group.

Methods
Study design

This is a retrospective clinical study, based on the database of
patients who underwent total thyroidectomy in a single-blind,
randomized controlled clinical trial with a noninferiority
design from our previous study, was conducted from October 4,
2018, to March 26, 2020, in Severance Hospital, Seoul,
Republic of Korea.30 A total of 156 patients had been assessed
in the previous multicenter clinical trial.3° Of 156 patients, 16
patients were excluded. Thus, 140 patients were randomized
and completed the previous clinical trial. These 16 patients
excluded comprised of 3 patients not meeting inclusion crite-
ria, 11 declined to participate, 8 lost to follow-up and/or failed
to complete the set of examinations, and 1 for other reasons.
This previous study did not involve masking of group alloca-
tion for physicians.3

Out of 140 patients, this study evaluated 71 patient data for
postoperative VFSS, with 8 patients excluded. These 8 excluded
patients comprised of 5 patients who refused Videofluoroscopic
dysphagia scale (VDS), 2 patients who failed screening test,
and 1 patient without the video record. Thus, 63 patients were
analyzed for their data. The product used was MegaShield®
(L&C BIO, Seongnam, Korea). Patients were then randomized
between the standard care with Guardix-SG” and the clinical
trial medical device application group with MegaShield” (test
group) in a 1:1 ratio by the permuted block randomization
method.30 Patient recruit was conducted using the SAS 9.4
software by an independent research coordinator assigning
random numbers generated from the software to individual
patients.’® These random numbers were presented in codes to
ensure masking of patients and evaluators.®® The study proto-
col was approved by the Institutional Review Board of Yonsei
University Health System (Approval No. 4-2021-0413).
Patients during the post-operative follow-up sessions were
randomly allocated to the standard care composed of 2 groups:
between the standard care with Guardix-SG” and the clinical
trial group with MegaShield” (test group).>® Herein, standard
care is defined as receiving conventional anti-adhesion treat-
ment with Guardix-SG®.30

Study participants
Individuals of at least 19years of age, diagnosed with thyroid

cancer and thus underwent surgical interventions including
thyroidectomy, were eligible for the study.3? Patients were
excluded if they were pregnant, moribund, or had been treated
with anti-adhesion agents other than Guardix-SG® or
MegaShield®.3° Nine patients who underwent the same

surgical procedure but without the use of antiadhesive agents,
were selected as control and assigned as the nonadhesion
reducing agent group. Their data were extracted from the
Electronic Medical System.

Materials

MegaShield® and Guardix-SG® are temperature-sensitive
antiadhesive agents that change phase from solution to gel at
normal human body temperature.’® MegaShield”® is composed
of ADM, poloxamer 407, hyaluronic acid, and 1,4-BDDE.3
However, Guardix-SG® is composed of poloxamer, sodium
alginate, and calcium chloride.’® The patients were prescribed
with 5g of either MegaShield® or Guardix-SG® in accordance
with their assigned group.3

Surgical procedure

All patients underwent standard bilateral total thyroidectomy
with central lymph node dissection by a single surgeon.3? After
total thyroidectomy, 2mL of either MegaShield® or
Guardix-SG” was applied between the tracheal wall and strap
muscle.’® After closing the midline of the strap muscles, 3 mL
of identical anti-adhesive agent was applied in between the
overlying subcutaneous fat layer and strap muscle fascia.3

Data collection and interventions

Clinical visits were conducted for 30 days from 0 day before the
surgery (first visit), day of the surgery (second visit), postopera-
tive week 1 (third visit), and week 6 (fourth visit). During the
first visit, the baseline demographic characteristics and clinical
and laboratory assessments were thoroughly recorded after
obtaining written informed consent. During the second visit,
the investigational device (MegaShield” or Guardix-SG®) was
applied in the operating environment. Patients were followed
up twice on their third and fourth visits after application of the
device. Clinical and laboratory variables and adverse events
were also evaluated in all visits.

Outcome measures

Patient demographic findings including sex, age, and body
mass index (BMI) were recorded.’® The primary outcome
measures are as follows: Penetration aspiration scale (PAS),
National Institutes of Health-Swallow Safety Scale (NIH-
SSS), VDS, and Dynamic Imaging Grade of Swallowing
Toxicity (DIGEST) based on VFSS.

Penetration aspiration scale. 'This scale provides a multidimen-
sional and reliable quantification of selected penetration and
aspiration events observed during VFSS3! Examiners can
identify how far the airway material passes and whether it is
expelled or not.3! This scale thus helps examiners differentiate
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normal and abnormal swallowing process on an 8-point scale.’!
Point 1 indicates normal swallowing function, points 2 to 5
indicate penetration, and points 6 to 8 indicate aspiration.3!

National Institutes of Health-Swallow Safety Scale. This scale
provides a numerical quantification of swallowing safety based
on the observations derived from VFSS.32 Higher scores indi-
cate more severe impairment in factors such as food residue,
laryngeal penetration, aspiration response, maximal esophageal
entry, and multiple swallows.3?

Videofluoroscopic dysphagia scale. This scale provides a quantifi-
cation of oropharyngeal function during swallowing based on
the following criteria: lip closure, bolus formation, mastication,
apraxia, tongue-to-palate contact, premature bolus loss, oral
transit time, pharyngeal swallow triggering, vallecular residue,
laryngeal elevation, pyriform sinus residue, and coating of
pharyngeal wall, pharyngeal transit time, and aspiration.?
With a maximum score of 10, higher scores indicate poorer
swallowing function.?

Dynamic Imaging Grade of Swallowing Toxicity. This scale pro-
vides a quantification of pharyngeal bolus transit during phar-
yngeal phase swallowing function using 2 components: safety
profile and efficiency profile.3® With a maximum score of 4,
higher scores indicate poorer safety and efficiency profile of
pharyngeal wallowing function.33

Statistical analysis

SPSS Statistics 27 (IBM Corp., Armonk, NY, USA) was used
to analyze the efficacy of antiadhesion agents MegaShield” and
Guardix-SG® in swallowing function of patients enrolled in
this study. Product efficacy was compared among trial groups
and nonadhesion-reducing agent group using chi-square test
and One-way analysis of variance (ANOVA) with post-hoc
Bonferroni comparisons with a P value < .05 indicating statis-
tical significance. Independent variables used in this study are
as follows: PAS and NIH-SSS, oral phase and pharyngeal
phase in VDS, and safety grade, efficiency grade, and total
grade in DIGEST based on VFSS.

Results

Patient characteristics

Individuals were screened for inclusion from October 4, 2018,
to March 26, 2020, at Severance Hospital, Seoul, Republic of
Korea. Of these 71 screened individuals, 8 were excluded for
not meeting the inclusion criteria. These 63 patients were then
randomized into 2 groups, with 32 of them allocated to inter-
vention MegaShield® and 31 of them allocated to intervention
Guardix-SG®. Nine patients who did not receive any antiadhe-
sion product intervention were selected from the Electronic
Medical System and were assigned as a nonadhesion-reducing

agent control group. None from the 3 groups failed to receive
allocated intervention (Figure 1). Similarly, none from the 3
groups were lost from failure to follow-up (Figure 1). Baseline
characteristics are as reported in Table 1.

Of 32 patients allocated to MegaShield” group, 7 (21.9%)
were men and 25 (78.1) were women. Their mean age was
47.4 £10.43years, average weight 66.6 =14.11kg, and BMI
24.9 +3.94kg/m?. Of 31 patients allocated to the Guardix-SG®
group, 8 (25.8%) were men and 23 (74.2%) were women. Their
mean age was 50.0 = 12.29 years, average weight 67.6 + 16.69 kg
and BMI 25.0 = 4.65kg/m2. Of 9 patients from the nonadhe-
sion-reducing agent group, 2 (22.2%) were men and 7 (77.8%)
were women. Their mean age was 64.77 = 12.67 years, average
weight 67.77+12.67kg and BMI 24.43 = 4.52kg/m2. The
mean age, mean weight, BMI, and sex ratio were similar in all 3
groups, not showing any statistical difference by chi-square test
and One-way ANOVA with post-hoc Bonferroni comparisons.

Swallowing function

Swallowing function of patients using MegaShield® and
Guardix-SG® was evaluated via PAS and NIH-SSS.
Nonadhesion-reducing agent group was also assessed of their
swallowing function via PAS and NIH-SSS. This examination
involved 3 types of materials with different viscosities, and
patients were thus tested with thick semisolid, thin semisolid
and liquid of less than 5mL each. The material was tracked of
its pathway to be classified of the depth upon penetration or
aspiration into trachea, through vocal cord and larynx. Response
to airway invasion via reflux was also observed and recorded.

MegaShield” and Guardix-SG® groups attained a lower
PAS compared with nonadhesion-reducing agent group, with
statistical significance demonstrated by chi-square with
Bonferroni post-hoc analysis of thick-semisolid, thin-semi-
solid, and liquid are all %2=7.099, P=.029. Both MegaShield®
and Guardix-SG” groups’ normal proportion is 100% in all,
thick semisolid, thin semisolid, and liquid (Table 2). However,
nonadhesion-reducing agent group’s normal proportion is
88.9%, and mild proportion is 11.1% (Table 2).

The NIH-SSS scores showed comparable results between
MegaShield” and Guardix-SG® for thick semisolid and thin
semisolid (Table 3). MegaShield® (0.56 +0.669) and
Guardix-SG® (0.55 = 0.624) groups attained a lower NIH-
SSS score with liquid compared with nonadhesion-reducing
agent group (1.67 =1.414), with statistical significance dem-
onstrated by One-way ANOVA with Bonferroni post-hoc
analysis (F'=8.075, P=.001; MegaShield” vs nonadhesion
reducing agent, P=.001; Guardix-SG® vs nonadhesion reduc-
ing agent, P=.001) (Table 3). There was no statistical differ-
ence between MegaShield® group, Guardix-SG® group, and
nonadhesion-reducing agent group shown in NIH-SSS scores
for thick semisolid (F'=0.516, P=.599) and thin semisolid
(F=1.420, P=.249) (Table 3).
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Assessed for eligibility in the previous multicentre clinical trial (n=156)
Excluded (n=16)
5 Not meeting inclusion criteria (n=3)
2 7 Declined to participate (n=11)
v . Other reasons (n=2)
v
2
(o} v
> ;
- Randomized (n=140)
Q.
v
ALLOCATION
Allocated to intervention MegaShield® Allocated to intervention Guardix-SG®
(n=70) (n=70)
Lost to follow-up (n=1, no visit) Lost to follow-up (n=1, subject withdrawn)
v
Selected for evaluation in current retrospective study (n=71)
Excluded
E Refused VDS (n=5)
2 » Failed screening test (n=2)
wv Missing video record (n=1)
E 4
o Selected for evaluation in current retrospective study
s
O
Y
EXAMINATIONS & RETROSPECTIVE ANALYSIS
MegaShield® group examined Guardix-SG® group examined Non-adhesion reducing agent
& retrospectively analyzed & retrospectively analyzed group examined &
under under retrospectively analyzed under
« PAS (n=32) + PAS (n=31) « PAS (n=9)
* NIH-SSS (n=32) + NIH-SSS (n=31) * NIH-SSS (n=9)
« VDS (n=32) + VDS (n=31) « VDS (n=9)
« DIGEST (n=32) + DIGEST (n=31) + DIGEST (n=9)
Figure 1. Patient disposition.
The DIGEST scale was used to compare the safety and analysis (MegaShield® vs nonadhesion-reducing agent,
efficiency grade among MegaShield®, Guardix-SG®, and non- P=.014; Guardix-SG” vs nonadhesion-reducing agent,

adhesion-reducing agent groups (Table 4). MegaShield® and
Guardix-SG® groups attained a lower DIGEST score in
safety-grade compared with nonadhesion-reducing agent
group, with statistical significance demonstrated by chi-square
with Bonferroni post-hoc analysis (3?=14.589, P=.006) (Table
4). Similarly, MegaShield” and Guardix-SG® groups attained a
lower total DIGEST score compared with nonadhesion-
reducing agent group, with statistical significance demon-
strated by chi-square with Bonferroni post-hoc analysis
(x2=14.589, P=.006) (Table 4). There was no statistical differ-
ence among MegaShield®, Guardix-SG®, and nonadhesion-
reducing agent groups shown in DIGEST efficiency scores
when compared by chi-square with Bonferroni post-hoc

P=.016; MegaShield® vs Guardix-SG®, P=.982) (Table 4).

Videofluoroscopic dysphagia scale

Patients were tested on swallowing 3 different food formula-
tions in VDS. Each parameter of VDS was analyzed to identify
the specific phase at which it is influenced by the materials.
Total scores were measured for both oral phase and pharyngeal
phase for the 3 respective materials (Table 5). Oral phase

Jd

included “Lip Closure,” “Bolus Formation,” “Mastication,”
“Apraxia,” “Tongues to palate contact,” “Premature bolus loss,”

and “Oral transit time” (Table 6). Pharyngeal phase included
“Triggering  pharyngeal ’

swallow,” “Vallecular residue,”
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Table 1. Baseline characteristics of patients between MegaShield®, Guardix-SG®, and nonadhesion-reducing agent group.

CRITERIA TOTAL MEGASHIELD GUARDIX-SG NONADHESION- OVERALL P
(N=32) (N=31) REDUCING AGENT VALUE
(N=9)
Age Mean 72 47.41+10.432 50.10 = 12.199 55.33+10.198 1.820 170
Sex 0.145 .930
Male n (%) 17 7 (21.9) 8 (25.8) 2 (22.2)
Female n (%) 53 25 (78.1) 23 (74.2) 7 (77.8)
Body weight Mean 72 66.62 + 14.11 67.59 = 16.69 64.77 +12.67 0.126 882
BMI Mean 72 24.91+3.94 24.98 + 4.65 24.43+4.52 0.059 -943

Age, body weight, BMI by One-way ANOVA, and sex by chi-square test.
Notes. Variables are presented as mean = SEM or n (%).

“Laryngeal elevation,” “Pyriform sinus residue,” “Coating on

g

the pharyngeal wall,”“Pharyngeal transit time,”and “Aspiration’
(Table 6).

During pharyngeal phase of VDS test with thick-semisolid,
there was a significant difference in the laryngeal elevation
phase among MegaShield”, Guardix-SG®, and nonadhesion-
reducing agent groups with statistical significance demon-
strated by chi-square with post-hoc Bonferroni (%%=7.099,
overall P=.029) (Table 6). Similarly, MegaShield® and
Guardix-SG” groups attained a lower VDS score during the
pharyngeal transit time of the pharyngeal phase using thick-
semisolid compared with nonadhesion-reducing agent group,
with statistical significance demonstrated by chi-square with
post-hoc Bonferroni (y2=7.099, overall P=.029) (Table 6).
MegaShield” and Guardix-SG” groups attained a lower VDS
score during the “mastication” phase of the oral phase using
thick-semisolid compared with nonadhesion-reducing agent
group, with statistical significance demonstrated by chi-square
with post-hoc Bonferroni (x?=37.612, overall P=.001) (Table
6). Ultimately, MegaShield® (3.88 + 4.621) and Guardix-SG®
groups (4.79 £4.161) attained a lower total VDS score using
thick-semisolid compared with nonadhesion-reducing agent
group (12.06 +16.973), with statistical significance demon-
strated by One-way ANOVA with Bonferroni post-hoc analy-
sis (F'=4.788, P=.011; MegaShield® vs nonadhesion-reducing
agent, P=. 010; Guardix-SG® vs nonadhesion-reducing agent,
P=.026) (Table 5).

During pharyngeal phase of VDS test with thin-semisolid,
there was a significant difference in the laryngeal elevation
phase among MegaShield”, Guardix-SG®, and nonadhesion-
reducing agent groups with statistical significance demon-
strated chi-square with post-hoc Bonferroni (%?=7.099, overall
P=.029) (Table 6). Similarly, MegaShield” and Guardix-SG*®
groups attained a lower VDS score during the pharyngeal tran-
sit time of the pharyngeal phase using thin-semisolid com-
pared with nonadhesion-reducing agent group, with statistical
significance demonstrated by chi-square with post-hoc

Bonferroni (32=7.099, overall P=.029) (Table 6). MegaShield®
and Guardix-SG® groups attained a lower VDS score during
the “aspiration” phase of the pharyngeal phase using thin-sem-
isolid compared with nonadhesion-reducing agent group, with
statistical significance demonstrated by chi-square with post-
hoc Bonferroni (32=0.099, overall P=.029) (Table 6).
Ultimately, MegaShield® (5.30*=5.179) and Guardix-SG®
groups (4.58 = 4.707) attained a lower total VDS score using
thin-semisolid compared with nonadhesion-reducing agent
group (19.06 +20.434), with statistical significance demon-
strated by One-way ANOVA with Bonferroni post-hoc analy-
sis (F'=10.733, P=.000; MegaShield® vs nonadhesion-reducing
agent, P<<.001; Guardix-SG® vs nonadhesion-reducing agent,
P<.001) (Table 5).

During pharyngeal phase of VDS test with liquid, there was
a significant difference in the vallecular residue among
MegaShield®, Guardix-SG®, and nonadhesion-reducing agent
group with statistical significance demonstrated chi-square
with post-hoc Bonferroni (y?=8.397, overall P=.015) (Table
6). Similarly, MegaShield®” and Guardix-SG® groups attained a
lower VDS score during the pharyngeal transit time of the
pharyngeal phase using liquid compared with nonadhesion-
reducing agent group, with statistical significance demon-
strated by chi-square with post-hoc Bonferroni (y>=7.099,
overall P=.029) (Table 6). MegaShield® and Guardix-SG®
groups attained a lower VDS score for coating on the pharyn-
geal wall of the pharyngeal phase using liquid compared with
nonadhesion-reducing agent group, with statistical significance
demonstrated chi-square with post-hoc Bonferroni (y2=15.419,
overall P<<.001) (Table 6). Score during the pharyngeal transit
time also showed a significant difference between MegaShield®,
Guardix-SG®, and nonadhesion-reducing agent groups, with
statistical significance demonstrated by chi-square with post-
hoc Bonferroni (32=7.099, overall P=.029) (Table 6).
MegaShield” and Guardix-SG” groups attained a lower VDS
score for aspiration of the pharyngeal phase using liquid com-
pared with nonadhesion-reducing agent group, with statistical
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significance demonstrated by chi-square with post-hoc
Bonferroni (32=7.099, overall P=.029) (Table 6). MegaShield®
(1.66 =3.096) and Guardix-SG® groups (1.44 =1.978)
attained a lower total VDS score of pharyngeal phase sing liq-
uid compared with nonadhesion-reducing agent group
(9.78 £ 12.413), with statistical significance demonstrated by
One-way ANOVA with Bonferroni post-hoc analysis
(F=11.189, P<.001; MegaShield® vs nonadhesion-reducing
agent, P<<.001; Guardix-SG® vs nonadhesion-reducing agent,
P<.001) (Table 5). Ultimately, MegaShield® (2.31 *3.419)
and Guardix-SG® groups (1.82 = 2.204) attained a lower total
VDS score using thick-semisolid compared with nonadhesion-
reducing agent group (13.33 = 18.578), with statistical signifi-
cance demonstrated by One-way ANOVA with Bonferroni
post-hoc analysis (#'=10.580, P=.000; MegaShield® vs nonad-
hesion-reducing agent, P=.000; Guardix-SG® vs nonadhesion-
reducing agent, P<<.001) (Table 5). This suggests MegaShield®
has successfully helped maintain swallowing function by pre-
venting tissue scarring, especially in the pharyngeal phase.

Discussion
While it is true that more patients suffer from dysphagia when
the operation is more invasive, patients can still experience
postoperative swallowing changes even after uncomplicated
surgery without laryngeal nerve injuries. Previous literature
reported that about 20% of patients who underwent conven-
tional bilateral thyroid resection with or without lymph node
dissection faced long-lasting dysphagia.3* Causes for the long-
term dysphagia after uncomplicated thyroidectomy include
lesions of the perithyroidal neural plexus, changes in the laryn-
geal vascular supply, postoperative adhesions, decreased pres-
sure of the upper esophageal sphincter, or changed position
after thyroidectomy.3* As evident from the PAS result differ-
ences between the test groups and nonadhesion-reducing agent
group, it can be implied that patients in the nonadhesion-
reducing agent group did experience postoperative dysphagia
(Table 2). Minimally invasive surgical procedures including
laparoscopy significantly reduce trauma to the tissue as well as
exposure to foreign materials. This allows effective coagulation
of the microvessels in the affected tissue, and reduces dehydra-
tion in the adjacent pneumoperitoneum tissue that may possi-
bly lead to abnormal adhesion. However, these surgical
techniques carry a limitation antiadhesion is not completely
preventable. Antiadhesive agents are thus valuable in address-
ing these limitations. Pharmaceutical options to treat abnormal
tissue adhesion at surgical site include fibrinolytic agents, anti-
coagulation agents, anti-inflammation agents, antibiotics and
hormonal agents. Antiadhesive barriers, on the other hand,
consist of solid (intrinsic and extrinsic) and gel forms. While
there are a variety of anti-adhesion alternatives in the market,
there is no single dominantly effective option.3

Antiadhesive solutions currently in clinical use present a
serious limitation that it is not fixated the moment it is applied

onto the surgical site, the agent flows away or undergo lysis
prior to showing therapeutic effects. Film- or membrane-type
antiadhesion agents hold a low adhesive quality when applied
onto internal organs, or induce severe immune reaction from
being recognized as a foreign object. Due to its easily foldable
nature, film and membrane type of antiadhesive agents are not
suitable for minimally invasive surgical procedures as they wrap
around surgical equipment in the application process. Gel
typed antiadhesion agents are lysed and excreted from the sys-
tem, before they take effect on the affected tissue. Without
ample time to attach onto the affected area, a minimal thera-
peutic effect is often expected. This may also lead to immune
reaction from being recognized as foreign object if they are
composed of nonbiomolecules.3¢ Recent adhesive agents man-
ufactured in the current market are therefore composed of tem-
perature sensitive polymer, overcoming the aforementioned
limitations.

These antiadhesive agents are composed in the following
combination: Poloxamer 407 (Pluronic F-127) and Poloxamer
188 (Pluronic F-68) serve as the main temperature sensitive
polymers, compound composed of temperature-sensitive poly-
mers and sodium alginate, or compound composed of temper-
ature-sensitive polymers and gelatin or chitosan. Poloxamers
show thermoreversible properties whereby they are in fluid
state at room temperature facilitating administration and gel
state above sol-gel transition temperature at body temperature
promoting prolonged release of pharmacological agents.”
They are also highly biocompatible and carry less toxins as
compared with other pharmaceutical options.?® Sodium algi-
nate form a cross-linkage with different ions, resulting in a
structural stability. It does not trigger immune response nor are
lysed by animal cells. With close monitoring over the usage,
antiadhesive agents thus need to be evaluated of its function
and sustainability in human tissues.3%40

MegaShield® comprises hyaluronic acid, temperature-sensi-
tive polymers and micronized ADM with collagen as the main
component. As a temperature-sensitive antiadhesive agent,
MegaShield® presents strong advantages including stable appli-
cation on the affected tissue, excellent biocompatibility and sus-
tainability from thermoreversible nature in a range of
temperatures, tissue adhesiveness, and biodegradability. Acellular
dermal matrix, one of the key components of MegaShield®,
functions to minimize abnormal adhesion in postsurgical phase,
and thyroidectomy upon transplantation.*! These antiadhesive
efficacy has been proven in a rat model as well.!

Guardix-SG®, currently the predominant product in the
market, is mainly composed of sodium hyaluronate and
cabroxymethylcellulose. Hyaluronate is a long linear anionic
polysaccharide composed of D-glucuronic acid and N-acetyl-
D-glucosamine and makes up synovial fluid, vitreous incar-
ceration and extracellular matrix. Guardix-SG® is a proprietary
composition of aforementioned materials. It is a large mole-
cule that is highly biocompatible and highly absorbable. By
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providing a physical barrier over the exposed tissue, it pre-
vents the formation of cellulose.

Similar to Guardix-SG®, MegaShield® is relatively long-last-
ing due to their highly viscous and elastic nature as compared with
typical antiadhesion gel/solutions. Both products thus can remain
in place for an extended period of time over the recovery process,
reducing the need for additional procedures that may trigger fur-
ther inflammatory or immune response. With MegaShield® prov-
ing its competency against Guardix-SG®, this study has shown
that MegaShield® is not inferior to its counterpart in terms of its
antiadhesion effect. This product will thus allow a wider range of
anti-adhesion options for the physicians to choose from. Given
the different molecular composition of MegaShield® and
Guardix-SG®, physicians can better tailor postsurgical antiadhe-
sion therapy for each individual patients by taking into account
factors including efficacy, side effects, cost, and drug interactions.
This increase in pharmaceutical option arising from the distribu-
tion of MegaShield” into the market may also lead to lowering of
prices for antiadhesion products in the long run, serving particular
cost benefit for patients with limited access to healthcare resources.
Ultimately, the study design may be favorable to be replicated in
other institutions, especially when there is high proportion of
postoperative patients for noninvasive evaluations including
VESS. However, the possible limitation of this study is that
patients from both MegaShield® and Guardix-SG® groups
showed no initial symptoms of dysphagia. Patients enrolled in our
study were either those who complained of swallowing difficult or
those who indicated their interest in taking the swallowing func-
tion examinations due to difficulty in swallowing. While it may
not be common for clinically severe dysphagia to occur after thy-
roid surgery without tracheostomy, the study had been designed to
cater to the needs of our patients to the best of our ability.

Conclusion

This study has ultimately elucidated the noninferiority in per-
formance of MegaShield® against Guardix-SG” as a promising
postsurgical antiadhesive pharmaceutical option, presenting
physicians with greater flexibility in treating the patients.
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