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Abstract

Aim: In search of better alternative material than gelatin sponge dressing (GSD) traditionally used in the external ear canal after
tympanoplasty, it's aimed to evaluate the use of new cross-linked hyaluronic acid gel (HYA) and compare it with GSD.

Methods: This block-randomized controlled trial was performed in 50 patients who underwent tympanoplasty between April and
December 2019. The patients were divided into two groups according to external ear filling material (HYA as study group n=25, GSD
as control group n=25). The groups were compared in terms of edema, pain, graft morphology, epithelization, drainage parameters at
postoperative 1%, 2", 3, and 4 weeks. In addition, pure-tone audiometry and graft success were also evaluated.

Results: After the first week, edema in HYA was significantly less than GSD (p=0.033). Reaching the 2" week, less discharge was
observed in HYA (p=0.007). Third week results showed edema in HYA was significantly less than that of GSD (p=0.023). In the 4"
week, the postoperative gap gain in the HYA group was significantly higher than GSD (p=0.037). The difference in graft intake between
groups was not significant (p=0.189).

Conclusion: New cross-linked HYA gel may act as a promoter in the healing process after tympanoplasty and may have positive effects
on hearing restoration.
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Introduction require further attention (2). To achieve good wound
healing and graft integrity are the essentials to minimize
complications. Therefore, absorbable and non-absorbable
packing materials are used to support the graft and EEC
and to prevent adhesions (3). Besides certain advantages,
EEC packing reduces the quality of life and may provoke
hypersensitivity reactions (4).

Hyaluronic acid (HYA) is a natural component of the

Tympanic membrane perforation is one of the main
causes of conductive hearing loss (1). Perforations often
heal spontaneously to a greater extent requiring no further
surgical intervention. Surgical repair of the tympanic
membrane is a safe and proven method in susceptible
cases. The success of the operation depends on the
integrity of the tympanic membrane graft, maintaining o4 acellular matrix of body tissues. It stimulates the
adequate ventilation of the tympanum and dry ear with release of endogenous growth factors, epidermal growth
improved or at least preserved hearing function. Beyond  factors, insulin growth factor, tumor necrosis factor and
high success rates, that operation possesses some  yascular endothelial growth factor (5). There are studies
complications such as graft medialization or lateralization, involving its use in myringoplasty (6), adhesive otitis media
epithelialization problems in the external ear canal (EEC), and mastoidectomy operations in otology (7,8). Currently,
stenosis, iatrogenic cholesteatoma; some of which may several HYA products with different formulations are used
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in otology (9). Recently, we acquired a new cross-linked
HYA gel and began to use it in our clinical expertise;
this product has a self cross-linked technology between
HYA molecules. It is thought to have a controlled bio-
absorption profile and the viscosity of the HYA is adapted
to the critical tissue repair process. HYA leaves no potential
space providing ease of application to the desired area.
We, therefore, aimed to investigate the effects of this new
molecule on EEC and graft after tympanoplasty operations.

Methods

Study Design

This study was approved by the ethics committee of
Marmara University Faculty of Medicine (09.2019.199)
and carried out in Prof. Dr. Cemil Tascioglu City Hospital.
This randomized controlled study was performed on 50
ears of 50 patients between April and December 2019;
cases were randomly and equally assigned either to
HYA (PureRegen® Gel OTOL, BioRegen Biomedical Co.
Ltd., Changzhou, China) or to gelatin sponge dressing
group (GSD; Spongostan, Ethicon, New Jersey, USA). The
GSD group was assigned as a control group and block
randomization method was used for randomization.
Informed consent was obtained from all patients.
Inclusion criteria were chronic tympanic membrane
perforation, age below sixty years, air-bone gap below
30 dB in pure tone audiometry and dry ear for at least
the last 3 months. Exclusion criteria were previous ear
surgery, smoking, diabetes, hypertension, ischemic heart
disease, rheumatological disease or sinonasal pathology of
any kind. The flow diagram of the study according to the
Consolidated Standards of Reporting Trials (CONSORT)
2010 is presented in Figure 1.

Operation Technique

All surgeries were performed by the senior author
(D.H.). All patients were operated under the condition of
general anaesthesia through a retroauricular approach.
A tragal island graft was prepared with a notch suitable
for malleus insertion. After the underlay insertion of the
harvested graft, the tympanic membrane and the outer
ear was either filled with HYA or GSD randomly. A regimen
of antibiotic therapy (ciprofloxacine 750 mg BID) and
non-steroidal anti-inflammatory drug (NSAID) treatment
(etodolac 400 mg BID), was applied for one week as a
postoperative routine in our clinic. EEC dressing was
opened on the 7" day.

Postoperative Follow-up

The postoperative monitoring and controls were
assessed by a different surgeon (B.G.). Weekly controls
were made for one month postoperatively. Edema was
scored as low in cases of swelling between 0%-25% of
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EEC, moderate in 25%-75%, and high in more than 75%.
Pain is scored as Yes=pain requiring NSAIDs or No=pain not
requiring NSAIDs. EEC epithelialization was classified as
complete epithelialization, partial granulation or advanced
granulation. Morphology of the graft was classified as
pale, partially vascularized or completely vascularized.
EEC discharge was noted and classified as discharge
requiring topical antibiotics or discharge requiring topical
and systemic antibiotics. On the postoperative 4" week,
a repeat pure tone audiometry was performed for each
patient.

Statistical Analysis

Statistical analyses were performed using the SPSS
software version 23 (IBM, Turkey). The variables were
investigated using visual (histograms, probability plots) and
analytical methods (Kolmogorov-Smirnov/Shapiro-Wilk's
test) to determine the normal distribution. Descriptive
analyses were presented as mean, standard deviations,
median, minimum and maximum. Chi-square test or Fisher’s
Exact test was used to compare proportions in different
groups. Mann-Whitney U test and Student's t-tests were
used to compare means in different groups. P-value less
than 0.05 was accepted as statistically significant.

Results

Scores of the postoperative first week (Table 1)
showed no significant difference between groups in
terms of pain (p=0.758) and discharge (p=1.000). The
graft morphology could not be evaluated microscopically
due to EEC edema. The epithelization in HYA was faster
than GSD (p=0.077). The edema in HYA was significantly
less than GSD (p=0.033). In the second week, both
groups had less edema, pain, discharge and better
epithelization compared to the first postoperative week.
There was no significance among the two groups in
terms of edema (p=0.258), pain (p=0.758) and graft
morphology (p=0.615). Epithelization in HYA was faster
than GSD, but the scores were not statistically significant
(p=0.070). Complete epithelization was observed in 40%
(n=10) in HYA whereas 16% (n=4) in GSD. Significant less
discharge was observed in HYA (p=0.007). The third week
revealed less edema, pain, discharge, better epithelization
and better graft morphology compared to the second
postoperative week. No significance was found between
the two groups in terms of pain (p=0.508), discharge
(p=0.185) and graft morphology (p=0.225). The edema
in HYA was significantly less than GSD (p=0.023). 60%
(n=15) HYA patients had no edema while it was 28%
(n=7) in GSD. The epithelization in HYA was significantly
faster than GSD (p=0.037). Complete epithelization
was observed in 80% (n=20) HYA and 52% (13) GSD.
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Figure 1. CONSORT 2010 flow diagram

The clinical outcomes on the postoperative fourth week
showed that 100% (n=25) HYA had no edema nor pain
and achieved complete epithelization of EEC while in GSD,
12% (n=3) had minimum edema, 16% (n=4) had partial
granulation. Full vascularization was observed in 92%
(n=23) of HYA and 84% (n=21) of GSD.

The results of preoperative and postoperative first-
month audiometry tests of both groups are shown in
Table 2. Preoperative air conduction (p=0.377) and bone
conduction (p=0.143) was not significant between the
two groulps. Postoperative bone conduction was not
significant between the two groups (p=0.141). The
difference in the postoperative air conduction between
the two groups was also not significant but close to being
significant (p=0.070). The gap gain in HYA (15.2+5.2 dB)
was significantly higher than GSD (11+6.1 dB) (p=0.037)
(Table 2).
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The success rate of graft in HYA was higher than the
GSD. In HYA, the graft intake was successful in 24 patients
(96%) with one failure (4%) only whereas in GSD the graft
intake was successful in 20 patients (80%) with five failure
(20%). Graft intake between groups was not significant
(p=0.189).

Discussion

It is a routine to fill the EEC with absorbable/non-
absorbable materials in order to prevent ear canal
deformity or EEC stenosis at the end of ear surgery.
However, the risk of displacement of the graft still remains
during the insertion and removal of the packing material.
Non-absorbable materials include ear-wick, silastic sheet
or gauze with ointments. Absorbable materials can be in
the form of gelatin sponge (Spongostan) or Tri-Adcortyl/
Polyfax ointment. Absorbable materials are usually
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Table 1. Postoperative comparative results

Postoperative first week IO Postoperative third week PG E OIS
week week
HYA | GSD HYA | GSD HYA | GSD HYA | GSD
(n=25) | (n=25) | " (n=25) | (n=25) | © (n=25) | (n=25) | " (n=25) | (n=25) |
Edema 0.033* | - 0.258 0.023* 0.235
15 7 25 2
No 0(0%) | 0(0%) 1(4%) | 0(0%) | - o |G | - e | |-
8 14 10 10 18
L 320%) | ' (4%) (56%) | (40%) | (40%) | (72%) | - D) | B2z -
11 13 10 15
Moderate (44%) | (52%) (40%) | (60%) | 0(0%) | 0(0%) 0(0%) |0(0%) | -
High (624%) (1;4%) 0(0%) | 0(0%) | - 0(0%) | 0(0%) 0(0%) |0(0%) | -
Pain 0.758 - 0.758 0508 | - - 1,000
6 6 20 18 25 25
o 0(0%}) | 0(0%) 24%) | 24%) | (80%) | (72%) (100%) | (100%) | -
Yes (no 17 18 5
Dy o | 16%) | Hooy | - 0(0%) | 0(0%) 0(0%) |0(0%) | -
Yes (requiring | 8 7 18 14 5 7
NSAID) (32%) | (28%) (72%) | (56%) | (20%) | (28%) | - i) | 0 ] -
Discharge 1.000 0.007* 0.185 0.667
13 4 21 17 23 21
B Dl | wioe) (52%) | (16%) | (84%) | (68%) ©2%) | (8a%) |
Topical 18 18 12 21 4 8
smilzrite (72%) | (72%) (48%) | (84%) | (16%) | (32%) | - A | i) -
Oral + topical |7 7
Grs J— 0(0%) | 0(0%) | - 0(0%) | 0(0%) 0(0%) |0(0%) | -
Epithelization 0.077 - 0.070 0.037* 0.110
10 |4 20 13 25 21
Connpliess DT | Tl (40%) | (16%) | (80%) | (52%) (100%) | (84%) | -
Granulation | 19 13 15 19 5 12
(partial) (76%) | (52%) (60%) | (76%) | (20%) | (48%) | - DiEs) | @l -
Granulation 6 12
et o | 0(0%) |2 (8%) | - 0(0%) | 0(0%) 0(0%) |0(0%) | -
Gt - 0.615 0.225 0.667
morphology
Full 4 4 ] 19 15 23 21 )
vascularization (16%) | (16%) (76%) | (60%) (92%) | (84%)
Partial 17 14 6 10
vascularization (68%) | (56%) | (24%) | (40%) | - 2igh) | el -
4 7
Pale 5 | | - 0(0%) | 0(0%) 0(0%) |0(0%) | -

@ Chi-square test, *p<0.05. HYA: New crosslinked hyaluronic acid gel, GSD: Gelatine sponge dressing, NSAID: Non-steroidal anti-inflammatory drug

removed within the first 2-3 weeks after surgery. This is an
office procedure that requires no anaesthesia. However,
non-absorbable materials often cause pain on removal and
may displace the graft (10). Yazama et al. (11) evaluated
retrospectively the factors affecting the postoperative
hearing improvement in patients who underwent type
IV tympanoplasty. They claimed that the packing material
placed in the outer ear canal affected the postoperative
hearing results. Hearing improvement in the shredded
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gauze group was significantly higher than the Spongel®
group. In the present study, the postoperative gap gain in
the HYA group is higher than in the GSD group.

HYA is found in the extracellular matrix of human tissue
and is a natural polysaccharide. The main components
are beta-glucuronic acid and N-acetyl-D glucosamine. It
contributes considerably to viscoelastic properties and
hydration regulation for soft tissue. HYA can be used safely
and easily in clinical applications (12). HYA is advisable
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Table 2. Postoperative pure tone audiometry

HYA GSD

(n=25) (n=25) P

Mean * SD T:‘?;?;ax) Mean * SD :\:I:i(r’li-?rll“ax)
Air conduction (dB)
Preoperative 32+5.3 34 (24-45) 34+4.5 35 (26-42) 0.377**
Postoperative 18+4.9 16 (12-28) 22+6.9 22 (12-34) 0.070**
Bone conduction (dB)
Preoperative 1324.0 13 (6-20) 11£3.4 12 (5-18) 0.143**
Postoperative 1324.0 13 (8-24) 1146.1 11 (2-24) 0.141**
Gap gain (dB) 1545.2 13 (8-24) 1146.1 11 (2-24) 0.037*
*: Mann-Whitney U test, **: Student's t-test, p<0.05, HYA: Hyaluronic acid gel, GSD: Gelatine sponge dressing, SD: Standard deviation, min: Minimum, max: Maximum

in otology because of its non-inflammatory property. It
provides a viscoelastic environment by holding water
depending on its physical properties. Thus, it is thought
to play a role in facilitating the healing of the fibrous layer
by preventing dehydration (13). PureRegen® Gel OTOL is
a new crossinked HYA gel with controlled degradation
and optimum viscosity designed for outer and middle ear
surgery.

In our study, it was observed that the edema in the HYA
group was significantly less in the first week. Histologically,
edema is one of the main components of the inflammatory
response that adversely affects wound healing. During
the edema, microcirculation failure develops due to
the pressure increase in the interstitial distance, thereby
reducing wound site oxygenation and tissue nutrition.
Accordingly, the exudate occurring at the wound site
cannot be removed, which negatively affects wound
healing and also prepares the ground for infection (14).

We also observed that the discharge in HYA was
significantly lower in the second week. Abundant
discharge may be the result of a decrease in general
tissue oxygenation and the accumulation of uncleaned
exudate that occurs with edema. Additionally, excess
topical ciprofloxacin may impede the regeneration of
the tympanic membrane (15). On the other hand, there
are data reporting that HYA prevents biofilm formation.
Bacterial colonization can also be blocked with an inhibitor
that interferes with ligand-receptor interaction for bacterial
binding. One of these inhibitors is HYA (16).

Epithelization at the 3 week in HYA was completed
earlier in our study. Martini et al. (8) also reported that re-
epithelialization and graft properties were better in HYA.
Studies have shown that HYA stimulates growth factors
such as endogenous growth factor, tumor necrosis factor,
insulin growth factor, vascular endothelial growth factor
(5). Also, it has been reported that these factors stimulate
revascularization, cell growth and differentiation in the
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healing process of the tympanic membrane (17). HYA is
frequently used in tympanic membrane perforations due to
this feature. Alhabib et al. (6) compared the effectiveness
of platelet-rich plasma (PRP) and HYA in patients with
fat myringoplasty. Graft success was statistically significant
in the HYA group. In our study, although graft success
was higher in HYA, this difference was not statistically
significant. We believe, if the number of patients was
more, our results could be positive in favor of HYA.

Study Limitation

The most important limitation of the study is that some
of the parameters examined and compared postoperatively
are based on subjective evaluation. In addition, there is a
need for a study with more participants.

Conclusion

An ideal EEC packing should stabilize flaps by taking
the shape of EEC, do not cause infection, accelerate
healing and provide patient comfort. The use of new
cross-linked HYA gel for packing after ear surgery meets
these expectations as well as providing patient comfort.
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