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Effect of Local Estrogen on Repairing Tympanic
Membrane Perforation
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Abstract:

Introduction:

Tympanoplasty is a surgical treatment of tympanic membrane perforation. Many efforts have been
made to increase the success rate of tympanoplasty. Some studies confirmed the positive role of
estrogen in wound healing. The current study was conducted to evaluate the effect of topical estrogen
on the success rate of tympanoplasty.

Materials and Methods:

A total of 85 patients were randomly assigned to the case and control groups. Otomicroscopic
examination was performed before and 3 months following the operation. At the final stage of
tympanoplasty, gelfoam was placed on the lateral side of the graft. It was soaked in dexamethasone in
the control group and combination of dexamethasone and estradiol valerate solution in the case group.
Hearing thresholds were measured by audiometric tests pre- and postoperatively. Hearing levels were
assessed as the mean air conduction (AC) at 500, 1000, and 2000 Hz. The graft status was evaluated
using otomicroscopic examination 3 months following the operation.

Results:

Otomicroscopic examination revealed successful graft healing in 23 of 37 and 29 of 36 patients in the
control and case groups, respectively. A higher rate (80.55%) of graft repair was observed in the
estradiol group, compared to that (62.16%) reported for the control group; however, the difference was
not statistically significant (P=0.08). The average improvement values of the AC levels were 20.45 and
24.7 dB in the control and case groups, respectively (P=0.3). Statistical analysis among the subgroup
of patients with small perforations showed that the success rate of tympanoplasty was significantly
higher in the estradiol group, compared to that reported for the control group (P=0.03).

Conclusion:
Although topical estrogen was generally ineffective in increasing the success rate of tympanoplasty, it
improved the success rate among patients with small tympanic membrane perforations.
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Introduction

Chronic tympanic membrane perforation is
defined as the stable maintenance of perforation
in 3 months. Chronic perforation is usually
attributed to chronic inflammation in the
middle ear and chronic otitis media. Unlike
acute perforations, most of the chronic
perforations require surgery. The main problem
in the chronic tympanic membrane perforation
is a lack of spontaneous healing, thereby
causing the failure of epithelial growth across
the perforation (1).

Chronic otitis media is a major health problem
in many populations around the world. The
World Health Organization estimated that 65-
330 million individuals suffer from chronic
otitis media (2). It is an important cause of
preventable hearing loss, particularly in
developing countries. The major part of the
disability-adjusted life year burden must be due
to hearing impairment. The chronic perforation
of the tympanic membrane affects the hearing,
language, social, developmental, and
educational progress (3).

The surgical treatment of tympanic membrane
perforation is myringoplasty. It is defined as the
simple repair of tympanic membrane
perforation for the elimination of the
susceptibility to middle ear infection and
improvement of hearing. It helps to prevent
further hearing loss which may occur in a
chronically discharging ear due to the
resorptive osteitis of ossicles (4). It means that
the inflammatory process occurring in the
middle ear causes the resorption of the ossicles
due to inflammatory mediators.

Myringoplasty is one of the most common
surgical procedures conducted by
otolaryngologists. Since the introduction of
myringoplasty, multiple studies have been
carried out on the factors affecting the
outcomes, and several interventions have been
tested to improve the outcomes, including the
application of different techniques or use of
various medications (5-11). The healing
mechanism of tympanic membrane perforation
has been the subject of several studies.

The epidermis is the first layer to close a
perforation due to its migratory function. The
healing of the fibrous layer occurs secondarily,
and the site of the response in the layer is related
to the vascular distribution in the tympanic
membrane. Centripetal migrating epithelium
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from the proliferation center plays a crucial role
in the healing process (12-14).

The process of healing resembles cutaneous
wound healing except that the tympanic
membrane is unique in the lack of a supportive
matrix beneath the regenerating epithelia. This
prevents the influx of reparative cells and
nutrients and usual fibroblastic reaction.

A Keratin scaffold may not be important in the
healing process. Migration across the layers of
the tympanic membrane appears to account for
the closure of the perforation (15). Given the
similarities, it seems that promoting factors in
wound healing should have similar effects on
the repair of tympanic membrane perforation.
According to the principles of in situ tissue, the
engineering regeneration of tissue requires the
introduction of three basic elements, namely
cells, scaffolds, and regulatory factors, under
appropriate conditions (16).

Most of the observations related to the role of
estrogen in wound healing have emerged from
studies carried out on the aging process. There
is a substantial body of research investigating
the changes that contribute to the aging process.
Age-associated impaired healing correlates
with increased inflammation, increased matrix
proteolysis, and delayed re-epithelialization
leading to chronic wound states and processes
modulated by exogenous estrogen treatment
(17). The supplemental use of topical estrogen
has been demonstrated to improve healing in
elderly women (18). Sex steroid hormones are
important for controlling skin turnover. It has
been shown that estrogen has a mitogenic effect
on Kkeratinocytes and increases the rate of
epithelialization post-wounding in animal
models. Exogenous systemic or topical
estrogen treatment enhances healing by the
stimulation of matrix deposition and reduction
of inflammation (19).

There have been a limited number of basic
studies on the role of sex hormones in ear
surgery. The potential effect of topical estrogen
on tympanic membrane repair after paper patch
myringoplasty has been previously investigated
in two separate studies with successful results
(20-21).

With this background in mind, the current
study investigated whether topical estrogen
could have similar effects on healing the
tympanic membrane and improving the
outcomes of myringoplasty.
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Materials and Methods

This prospective double-blind clinical trial
was carried out to evaluate the effect of topical
estrogen on the success rate of myringoplasty.
The study was approved by the Ethics
Committee of Shaheed Beheshti University of
Medical Sciences in Tehran, Iran. This study
was conducted on all the patients with tympanic
membrane perforation who referred to the
Otolaryngology Clinic of Taleghani Hospital in
Tehran, Iran, within 3 years up to 2018. In
addition, all the participants who enrolled in the
study signed informed consent.

After taking a complete medical history and
physical examination with special attention to
related conditions (e.g., sinonasal disorders and
craniofacial abnormalities), otomicroscopic
examination and audiometric tests were
performed. The size of perforation was
classified as small (<50% of the tympanic
membrane) or large. The patients with
underlying conditions contributing to the
failure of surgery according to the literature (5,
19, 22-24) were excluded from the present
study. Any subjects with the following
conditions did not enter the study:

e Acute tympanic membrane perforation

e Marginal perforation

o Contralateral ear pathology (i.e., perforation,
retraction pocket, and myringosclerosis)

o Active otorrhea during the last 3 months

e Evidence of polyp, granulation tissue, or
other observations suggestive of cholesteatoma
in otomicroscopic examination

e History of myringoplasty/tympanoplasty in
each ear

o Cleft palate (i.e., patent or submucosal) or
history of cleft palate repair

o Obstructive pathologies of the nose or
nasopharynx

e History of smoking

e Poor-controlled  diabetes  mellitus  or
immunocompromised conditions

e Patients with no consent for undergoing the
surgery or entering the study

A total of 85 patients were included in the
study using convenience sampling. In addition,
the subjects were randomized using block
randomization. The blocks included four cases,
and eligible patients were operated by the
senior author. Both the surgeon and patient
were not aware of the use or nonuse of estradiol.

A typical postauricular approach was
performed, and the temporalis fascia graft was
used in all cases. All the patients underwent
type 1 tympanoplasty. After the placement of
the graft underlay to the tympanic membrane
and overlay to stapedius, the middle ear was
packed with  gelfoam  soaked  with
dexamethasone (Dexadic 8 mg/2 ml Amp,
Caspian Tamin Pharmaceutical Company,
Rasht, Iran). The gelfoam placed on the lateral
side of the graft was soaked in dexamethasone
in the control group and combination of
dexamethasone and estradiol valerate solution
(Estraval 10 mg/l ml Amp, Aburaihan
Company, Tehran, Iran) in the case group. The
ratio of dexamethasone to estradiol valerate
solution was reported as 1:1. The gelfoam was
indistinguishable in external appearance and
was prepared by a scrub nurse who soaked
gelfoam in dexamethasone or combination of
dexamethasone and estradiol solution. The
patients were discharged the day following the
surgery. Follow-up visits were on the 7" and
30" days. After 12 weeks, otomicroscopic
examination was undertaken for the evaluation
of the graft status. Hearing thresholds were also
measured using audiometric tests.

The patients were excluded if one of the
following conditions occurred:

e The intraoperative observation of another
pathology (i.e., polyp, cholesteatoma, and
granulation tissue)

e Significant ear trauma in the follow-up
period

e Lostto follow-up

Statistical analysis

Statistical analysis was conducted using the t-
test and Chi-square test in SPSS software
(version 18).

Results

A total of 85 patients entered the study,
including 39 women and 46 men. However, 12
subjects were excluded from the study
(1 patient with severe head trauma and 11
subjects lost to follow-up). In this study, the
patients were divided into the control (n=37)
and case (n=36) groups. There was no
significant difference between the two groups
considering the age, gender distribution, and
perforation size (Table.1).
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Table 1: Age, gender distribution, and perforation size of two groups

Gender distribution Age Perforation size>50%
e Male (meanz standard deviation) n (%)
n (%) n (%)

Control group 19 (55.9) 18 (46.15) 39.21+14.05 11 (29.7)

Estradiol group 15 (44.1) 21 (53.84) 36.33+£10.4 14 (38.8)

P-value 0.407 0.16 0.4

Successful  graft healing based on The mean changes were 20.45 and 24.7 dB in

otomicroscopic examination was observed in
23 and 29 patients in the control and case
groups 3 months following the operation,
respectively. A higher rate (80.55%) of success
was observed in the estradiol group, compared
to that (62.16%) reported for the control group;
however, the difference was not statistically
significant (P=0.08). The hearing levels were
assessed as the mean air conduction at 500,
1000, and 2000 Hz, compared to the
preoperative measures.

Table 2: Potential prognostic variables

the control and case groups, respectively
(P=0.3).

The patients’ gender and perforation size were
considered the possible variables affecting the
results. Therefore, the association between
gender and perforation size with the success
rate was separately evaluated (Table.2).
Statistical analysis confirmed a significant
effect of perforation size (>50% and <50% of
the tympanic membrane) on the rate of
successful healing (P=0.038).

Result Variable P-value Odds ratio 95% confidence interval
_ ) Gender 0.9 0.46 0.09-2.45
RIE ZEIE e e Size of perforation 0.038 2.99 1.04-8.56
membrane
Estradiol 0.083 2.52 0.87-7.28

A subgroup of patients with small perforations
(<50% of the tympanic membrane) was
separated, including 24 cases and 24 controls,
and the effect of local estradiol was again
evaluated among them (Table.3). The success
rate of tympanoplasty in subjects with small
tympanic  membrane  perforations  was

significantly higher in the estradiol group in
comparison to that reported for the control
group (P=0.03).

Mean changes in the hearing thresholds were
calculated at 13.89 and 15.12 dB in the control
and case groups among this subgroup of
patients, respectively (P=0.28).

Table 3: Rates of graft success in patients with small perforation (<50% of tympanic membrane area)

Group
Result Control Treatment
n (%) n (%)
Repaired Male 8 (30.7) 12 (54.5)
Female 9 (40.9) 11 (42.3)
Failed Male 3(11.5) 1(4.5)
Female 4 (15.4) 0 (0)
Total 24 24 0.03
Discussion perforation. Multiple studies have been carried
Myringoplasty is a standard surgical out on the effect of different variables on the

procedure for the treatment of chronic tympanic
membrane perforation. The most common graft
used for this purpose is the temporal fascia
graft. The graft in myringoplasty plays the role
of a scaffold for the epithelium of the
perforation edges to epithelialize and close the

outcomes of myringoplasty some of which can
act as confounding variables in the present
study (22-25). In the current study, confounders
were eliminated by the exclusion of the patients
with  comorbid conditions.  Physiologic
similarities between wound healing and repair
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of tympanic membrane perforation formed the
basis of the present study. This concept has also
been the subject of several studies.

For example, based on the promoting role of
insulin in ulcer epithelializing and healing, a
pilot study was carried out by Pujary et al.
Tympanic membrane perforations made in
guinea pigs. Insulin was proven to be effective
on improving the epithelialization of
perforation (26). Acharya et al. investigated the
utility of basic fibroblast growth factor in
tympanic membrane perforation. In their small
cohort of pediatrics, tympanic membrane
perforations were successfully closed in 7/12
(58%) and 10/12 (83%) children at the first
attempt and overall, respectively (27).

The influence of estrogen on wound healing
has been previously investigated in several
studies. Cellular migration as an important step
in both cutaneous wound healing and tympanic
membrane repair is under the control of
estrogen hormone (28,29). Another study
examined the potential effect of topical
estrogen on the repair of the tympanic
membrane after paper patch myringoplasty
(20.) According to the results of the
aforementioned study, the patients treated with
an estrogen-impinged paper patch showed a
significantly higher rate of perforation closure
after 30 days in comparison with those who did
not receive estrogen. Seliet et al. also carried
out a similar study on the perforation size of
less than 40% of the tympanic membrane. They
reported significant positive results not only
regarding the healing of the tympanic
membrane but also in the hearing level (21).

In the present study, gelfoam soaked in
estradiol valerate solution was used after type 1
tympanoplasty on the lateral side of the graft.
Then, the rates of graft take were compared
between the two groups 3 months following the
surgery.

Despite the higher rates of success in the
estradiol group, compared to that reported for
the control group, the difference was not
statistically significant. This may be due to the
insufficient number of patients. As the size of
the tympanic membrane defect influences the
success rate in myringoplasty (30-31), the
patients with small perforation were separately
evaluated. The analysis of this subgroup
showed a significant improvement in graft
healing with estradiol usage.

Conclusion

Although topical estrogen was generally
ineffective in the improvement of the success
rate of tympanoplasty, it caused a higher
success rate in patients with small tympanic
membrane perforations, compared with those
who did not receive estrogen. It is suggested to
carry out further studies with sufficient sample
sizes and consideration of different variables,
especially the size and site of perforation. In
addition, performing complementary
physiologic studies on the detection of estrogen
receptors on the epithelial cells of the tympanic
membrane can be helpful in this regard.
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