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Abstract

Background: Myringoplasty is the definite treatment of tympanic membrane perforation. Aim:
This study aimed to assess the success rate in repairing tympanic membrane perforation of Plate-
let platelet-rich plasma myringoplasty method. Patients and Methods: In our study, we have 27 TM
perforations in 24 patients (where 3 patients had bilateral perforation) with small and medium-
sized tympanic membrane perforations. We excluded subtotal or marginal perforation. In our
study, Myringoplasty involves the repair of tympanic membrane perforation with a Platelet-rich
plasma graft. Platelet-rich plasma graft was used as an overlay graft through the EAC under local
anesthesia to act as a support for the Tympanic membrane to grow on both sides of the Platelet-
rich plasma graft and enhance the success rate through its growth factors. Results: Graft uptake
and complete closure of tympanic membrane were observed in 87.5% of cases (85.2% in relation
to a number of perforations), Small-sized TM perforation documented 93.3% success rate (14 per-
forations of 15), while medium-sized TM perforation documented 75% success rate (9 perforations
of 12). Platelet-rich plasma graft provides a better audiological result, hearing gain by >10 dB was
achieved in 87.5% of patients. Conclusion: Platelet-rich plasma is a highly successful auto graft for
closure of small tympanic perforations, fairly successful in medium-sized perforation, and pro-
vides unlimited graft material for residual perforations after failure fascia graft.
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Introduction middle ear to an invader(). Myringoplasty

is considered the most effective and relia-

The tympanic membrane is an important
structure of the middle ear representing
mainly the lateral wall of the middle ear
cavity. It has a greatimpact on the mechan-
ics of hearing relative to sound transmis-
sion and compliance. Its specific histologi-
cal nature, the exceptional migration abil-
ity of its epithelial layer not encountered in
other epidermis, and its immunological
competency, could transform the eardrum
from a protector and a defender of the

ble method of repairing tympanic mem-
brane perforations. It has been used with
various surgical techniques, and with nu-
merous grafting materials to reconstruct
the TM, including skin, fascia, cartilage,
vein, fat, perichondrium, and dura mater.
Temporalis facia is considered by most sur-
geons to be the material of choice for
myringoplasty®. Many different materials
have previously been used to treat tym-
panic membrane perforations, including
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hyaluronan, heparin, epidermal growth
factor, fibroblast growth factor, platelet-
derived growth factor, and transforming
growth factor®). Platelets play an im-
portant role in hemostasis and wound
healing. Alpha granules within platelets
contain several growth factors and trans-
forming growth factors.1,3,5,6 Platelets
play an important role in hemostasis and
wound healing. Platelet-rich plasma is de-
fined as a small volume of plasma having a
platelet concentration above baseline lev-
els. A mixture of platelet-rich plasma and
calcium results in the degranulation of al-
pha granules and the release of growth
factors, forming a gel structure®. Erkilet et
al. ® reported the contribution of platelet-
rich plasma to tympanic membrane healing
in 44 rats following bilateral tympanic
membrane  perforation.  Platelet-rich
plasma was applied to the right side, while
the left side was used as a control. In a
group of 20 rats, daily otomicroscopic as-
sessment demonstrated a significant dif-
ference in healing time for the right side
compared with the left (10.2 + 2.1 days 13.0
+ 2.9 days; mean difference 2.8 days). The
other 24 rats were divided into 4 groups of
6 rats and sacrificed on days 3, 7, 14, and 28,
and then histopathological examination of
the tympanic membranes was performed.
No significant differences in healing were
found for any time point®. This research
aimed to assess the success rate in repair-
ing tympanic membrane perforation of
Platelet platelet-rich plasma myringoplasty
method.

Patients and Methods

This prospective study was conducted on
24 patients 11 male and 13 female that have
small and medium-sized Tympanic mem-
brane perforation. Perforation must be dry
with apparently healthy middle ear mu-
cosa, in Suez Canal University Hospital, in

Otorhinolaryngology Department. The
study protocol was approved by the local
ethical committee of the Faculty of Medi-
cine, Suez Canal University, Egypt. in the
period from August 2019 to October 2020.
All patients gave their written informed
consent to participate, the objectives of
our study were to evaluate the success
rate of the platelet-rich plasma usage as a
graft material in combination with surgical
refreshing of the perforation margins for
the repair of chronic tympanic membrane
perforations small and medium sizes. The
medical and surgical records were re-
viewed prospectively, and the patients
were followed up for one year.

Inclusion criteria

Patients with small and medium-sized tym-
panic membrane perforations according to
Saliba’s subdivision (TM was divided pre-
operatively into four quadrants, and perfo-
rations involving more than two quadrants
were excluded)” were selected according
to the following criteria. Age above 18
years old, Perforation persists more than 3
months. Perforation must be dry with ap-
parently healthy middle ear mucosa (red,
moist, and glistening). Air bone gap (ABG)
is less than 30 dB. Size of perforation
ranges from small to medium sized.

Exclusion criteria

Patients suffering from any of the follow-
ing conditions were excluded from the
study, Active ear discharge. Marginal and
attic perforations. Large, subtotal, and to-
tal perforations. Those with suspected os-
sicular pathology have more than 30 dB air-
bone gap. Eustachian tube dysfunction. Ex-
tensive TM sclerosis reaching the perfora-
tion margins. Patients with granulations
and polyps in the external or middle ear.
Patients with major illnesses like malig-
nancy, liver cell failure, uncontrolled diabe-
tes mellitus, and severe anemia. Revision
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ear surgery. Patients below 18 years old.
Patients refusing to give consent.

Pre-operative tests

History and ENT examination

Preoperative investigations: Audiologic as-
sessment, Endoscopic examination. Pre-
operative laboratory tests including CBC,
fasting and postprandial blood sugar, co-
agulation profile, and HIV serology will be
done to look for any contraindications to
PRP use like anemia, coagulopathies, and
uncontrolled diabetes mellitus.

Surgical procedure:

The patients were fully informed about the
procedure and written consent was pro-
vided given the general principle of the op-
eration, postoperative care, and operative
risks which include complications of local
anesthesia, facial paralysis, recurrence of
perforation, worse hearing, vertigo, and
the possibility of the need for further sur-
geries.

Methods

Persistent TM perforation ranged from
small-sized if its surface area is less than a
quarter of the TM surface to medium-sized
if its surface area is more than a quarter of
the TM surface and less than half of the TM
surface. Sterilization, Anesthesia, and Pre-
paring platelet-rich plasma. The patient
was positioned supine with the affected
ear turned upwards; the margin of each
perforation was freshened by a sharp nee-
dle. Autologous PRP membrane was cut to
a size approximately about 1.5 times the
size of the perforation, then placed
through the external auditory canal over
the perforation as a single overlay layer,
then a meatal pack of soft paraffin-impreg-
nated gauze was placed for 1 week for sup-
porting the PRP membrane. All patients
were discharged immediately after the
procedure and advised to avoid self-re-
moval of the pack, forceful coughing,

sneezing, straining, or blowing of the nose,
and keeping the ear dry. Follow-up visits at
the outpatient clinic were scheduled, the
pack was removed after 1 week, and pa-
tients were followed for 3 months. All pa-
tients were subjected to an endoscopic ex-
amination with the same technique using
2.7mm 0 endoscope attached to the scope
camera and recording system, PTA at the
same audiological center, and ABG meas-
urement. The hearing gain was calculated
as the difference between pre-and post-
treatment ABG means.

Statistical Analysis

Statistical analysis was performed using
the Statistical Package for the Social Sci-
ences (SPSS) statistical program version
24. Fisher exact test was used to identify
the possible association between the cate-
gorical variables. Man Whitney U test was
used to identify the possible association
between the numerical variables. A re-
ceiver operating characteristic (ROC), or
simply ROC curve, is a graphical plot that il-
lustrates the performance of a binary clas-
sifier system as its discrimination threshold
is varied. Results were considered statisti-
cally significant at a P-value less than 0.05.

Ethical consideration

The participants gave informed written
consent to participate in the study. The
protocol was approved by the local ethical
committee. Privacy and confidentiality of
the obtained data was ensured for all par-
ticipants. Laboratory results were given to
all tested members. All results were used
for research purposes only. The results of
this research could be used in the future by
any researcher in the same field to do fur-
ther studies for the benefit of patients. All
data was saved, and only the researcher
had access to it. No stored samples were
shipped out of the country. The subjects
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had the right to withdraw samples at any
time.

Results

The present study included a total of 24 pa-
tients with chronic tympanic membrane
perforations fulfilling the inclusion criteria.
The mean age of patients in the present

study was 46.25+15.82 years and the maxi-
mum patients belonged to range from 25
to 72 years. About 54.2% of patients in the
present study were females. 54.2% of the
studied cases had lesions on the right side
and 45.8% had on the left side. 55.6% of the
lesions among the studied cases were
small size and 44.4% were medium (Figure

1).

Figure 1: Sizes of TM perforations
(A): small-sized TM perforation (B): medium-sized TM perforation.

All the patients underwent surgical repair
of the tympanic membrane by closure of
perforation using platelet-rich plasma graft
(Figs. 2, 3). Graft uptake and complete
healing of the tympanic membrane with-
out any residual of the perforation during
the follow-up period (3 months) was the
aim of this study, which was achieved in
87.5% of cases, graft failure was observed
in 12.5% of cases (fig4, table 1), among
these cases 2 cases showed post proce-
dure middle ear infection and discharge.
Complete closure among the studied cases
ranged from 3 to 9 weeks with a mean of
5.44 weeks (Figure 5, Table 1). Comparing
pre- and post-treatment mean ABG re-
vealed that the mean ABG significantly de-
creased after treatment by PRP in all suc-
cessful cases (Table 1,7). The present study
documented that there was no statistically
significant difference between successful.

cases and failed cases in age, sex, or side of
lesion but there was an increase in the fre-
quency of medium-size lesions among
failed cases compared to succeed and
there was a statistically significant increase
in complication among failed cases asin Ta-
ble 1. The table shows that the age of the
studied cases ranged from 25 to 72 years
with a mean of 46.25 years. Regarding sex
distribution 54.2% were female. Table 1
shows that 54.2% of the studied cases had
lesions on the right side and 45.8% had on
the left side. One case had 2 perforations
on the same side also 2 cases had bilateral
lesions which made the total number of le-
sions 27. Table 1 shows that 55.6% of the le-
sions among the studied cases were small
size and 44.4% were medium. Table 1shows
that the duration of complete closure
among the studied cases ranged from 3 to
9 weeks with a mean of 5.44 weeks.
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Table 1: Description of the studied cases
Variable (n=24)
Age: (year)

Mean + SD 46.25 +£15.82
Range 25-72
Gender n (%)
Male 1 45.8
Female 13 54.2
Side of lesion n (%)
Rt 13 54.2
Lt 1 45.8
Size of lesion n (%)
Small 15 55.6
Medium 12 44.4
Duration of complete closure
(week) 5.44 *1.42
Mean * SD
Range 379
Complication n (%)
No 21 87.5
Yes 3 12.5
Graft failure 3 125
Infection 2 8.3
Hearing gain:
<10 db hearing gain (failed) 3 12,5
210 db hearing gain (succeed) 21 875
Outcome:
Graft Failed 4 14.8
Graft Succeed 23 85.2

SD: Standard deviation

Figure 2: Final PRF membrane Figure 3: PRP graft placed over the
formed as graft material for perforation
the procedure.



Abdelaziz AA. et al.

40

Figure 4: (A): complete closure of small-sized TM perforation, (B):
complete closure of medium-sized TM perforations

Table 1 shows that 87.5% of the studied
cases had no complication while 3 cases
(12.5%) had. One case had failure of graft
only while 2 cases had both infection and
failure of the graft. Among cases that had
graft failure, one case had 2 lesions. Table 1
shows that 87.5% of the studied cases had
hearing gain equal to or more than 10 db
(succeed). Also, in 85.2% of the lesions, the
graft operation succeeds. Table 2 shows
that there was a statistically significant de-
crease in ABG among the studied cases
postoperative compared to pre. The mean

decrease was 10.86 db. Table 3 shows that
there was an increase in the frequency of
failure among medium lesions compared
to small lesions. Table 4 shows that there
was no statistically significant difference
between successful cases and failed cases
in age or sex. Table 4 shows that there was
no statistically significant difference be-
tween successful cases and failed cases in
ABG or the side of the lesion. Table 4 shows
that there was a statistically significant in-
crease in complication among failed cases
compared to succeeded.

Table 2: Comparison of air-bone gab pre and postoperative among the studied group
. Pre Post Paired Hearing gain
Variable
(n=24) | (n=29) | w P (n=24)
ABG: (db)
MeanxSD 23.45%5.78 | 12.95%3.69 4.34 <0.001** 11.86 + 3.24
Range 18 - 27 11-22 7-15

SD: Standard deviation, Paired W: Paired Wilixocn test, **: highly significant (P<0.01)

Table 3: Relation between outcome and lesion size among the studied cases
Small Medium
Variable (n=15") (n=12") ¥ p
N % N %
Outcome:
Graft Failed 1 6.7 25
Gra)):t Succeed 14 93.3 3 75 3.48 0.04*

SD: Standard deviation, Paired W: Paired Wilixocn test, **: highly significant (P<0.01), x* Chi square test *:

Number of lesions*: Significant (P<0.05)
Discussion

In the present study, Myringoplasty in-
volves the repair of tympanic membrane

perforation with an autologous graft mate-
rial as they are less invasive, cheaper, and
readily obtained®). Platelet-rich plasma
had been described and used for repairand
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regeneration of different tissues by Chouk-
roun et al. ® who first introduced its clini-
cal application in oral, maxillofacial, and im-
plant surgery. Platelet-rich plasma is a bio-
logical product created by condensing
platelets in vitro and activating the alpha
granules to stimulate the secretion of
growth factors. Since it is prepared from
autologous blood, platelet-rich plasma is
cheaper than growth factors and carries no
risk of infection transmission(®. Of course,
it also acts as a support for the Tympanic
membrane to grow on both sides of the
PRP graft. Plateletrich plasma has been
used with a success rate and minimal

complications in cases of traumatic and
acute Perforations("®). The present study in-
cluded 24 patients with 27 TM perforations
(One case had 2 perforations on the same
side also 2 cases had bilateral lesions which
made the total number of lesions 27), 11
males and 13 females with a mean age of
46.25 * 15.82years. Patients belonged to 25
to 72 years of age. According to Saliba’s
subdivision, 55.6% of the patients have a
small tympanic membrane perforation (15
perforation) and 44.4% have a medium size
tympanic membrane perforation (12perfo-
ration)”)

Table 4: Comparison between successful and failed cases
Variable Failed Succeed ¢ p
(n=3) (n=21)

Age (years) 0.46
Mean * SD 47.4 +16.16 40.5 *+14.62 0.76 l;lS
Range 25-72 25-57

ABG (db) before
Mean + SD 24.2 * 4.45 20.6 +3.19 175 0.09
Range 21-27 18 - 25 ) NS

Sex (n, %)

Male 2 (66.7) 9 (42.9) 0.60 0-44
NS
Female 1 (33.3) 12 (57.1)

Side (n, %)

Right 2 (66.7) 11 (52.4) 023 0.64
Left 1 (33.3) 10 (47.6) ) NS

Complication (n, %)

No o (o) 21 (100) 24 <0.001%*
Yes 3 (100) o (0)

SD: Standard deviation, t: independent t test, x*: Chi square test, NS: Non-significant (P.0.05), **: Highly sig-

nificant (P<0.001)

However, in this study we tried to assess
the role of PRP graft in the closure of small
and medium-sized chronic tympanic mem-
brane perforations. Graft uptake and com-
plete closure of tympanic membrane was
observed in 87.5% OF cases (85.2% in rela-
tion to number of perforations), while fail-
ure of closure occurred in 12.5% of cases
(14.6% in relation to number of perfora-
tions), The present study documented sta-
tistically significant association of outcome

with the size of the perforation, Small sized
TM perforation documented 93.3% success
rate (14 perforation of 15), while medium-
sized TM perforation documented 75 % suc-
cess rate (9 perforations of 12). Platelet-
rich plasma graft was used in the present
study as an overlay graft through the ex-
ternal auditory canal after local anesthesia
to close the perforations, Shukla et al. " in
their comparative study compared the out-
comes of the technique of placement of
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PRF membrane for the closure of perfora-
tion i.e. overlay/underlay + overlay or com-
bined. All patients underwent surgery un-
der an operating microscope. In the case of
small perforation, he used only the overlay
technique as in our study but in the cases
of medium perforation he used an under-
lay + overlay combination technique They
documented that outcomes were signifi-
cantly better in cases in whom overlay and
underlay technique was used, with Suc-
cessful closure was observed in 85.4% of
cases but In our study, Successful closure
was observed in 87.5% of cases and all
cases operated using zero angle otoscope.
Kumar(? reported relatively higher suc-
cess rate of 92% as compared to present
study (87.5%) The observed difference
could be due to the difference in cause of
perforations i.e. in reference study PRF
was conducted for traumatic perforations
whereas in present study, PRP was used
for the chronic perforations. El-Anwar et al.
(3) reported a Successful repair in 84% of
patients having a small tympanic mem-
brane perforation using double layers of
PRP one medial to the perforation and the
other lateral toit, which is betterin the pre-
sent study also our study included both
small and medium sized TM perforations
using a single layer of PRP lateral to the
perforation. In the current study, post-
treatment mean ABG significantly im-
proved in all patients (from 23.45+ 5.78 to
12.95%¢ 3.69dB), We found that the
mean+SD of hearing gain significantly im-
proved by (11.86 * 3.24dB). This goes in line
with Giir et al. (® who reported that the im-
provement in the mean air bone gap was
14.1 dB in group 1 where PRF was used. The
results show that the use of PRF provides
a better audiological result. Our results
showed that the use of PRP graft provides
better audiological results, and hearing
gain by >10 dB was achieved in 87.5% of pa-
tients This differs from results obtained by

Hosam et al. "*Wwho reported that hearing
gain (210 dB) was achieved in 80% of pa-
tients in group A (PRF used). Mohamed
Shindy et al. ™). In his study of acute trau-
matic tympanic membrane perforation
showed that complete healing was
achieved in grade | (small-sized) by 100%, in
grade Il (medium-sized) by 90.9% which is
higher than our results, but our study con-
ducted on patients having small and me-
dium-sized chronic TM perforations. Ah-
med et al.(¥) used PRP with fat myrin-
goplasty in 20 patients with small to me-
dium-sized tympanic membrane perfora-
tions, 100% success rate was obtained in
small perforations and 79.3% in medium-
sized perforations which is better than our
results but we depend on RRP graft as the
main graft in the closure of the TM perfo-
rations as a less invasive procedure. Failure
rates in the present study were signifi-
cantly observed in patients having me-
dium-sized TM perforations (3 perfora-
tions among the 4 failed cases) among
these failed cases post-procedure active
ear discharge was observed in 2 cases
these cases showed upper respiratory
tract infection, active ear discharge affect-
ing the process of healing of the perfora-
tion, so the infection could be considered a
main case of failure. Failed cases showed a
promising response to our procedure by
minimizing the size of perforation which
encouraged us to try the same procedure
on these cases after the period of follow
up giving us a successful closure in 2 of
these cases. The advantages of platelet-
rich fibrin include its easy preparation; as
platelet-rich fibrin is autologous, the
chances of immunogenic reaction, disease
transmission, and graft failure are minimal.
As PRF can be prepared any number of
times so there is virtually unlimited graft
material available for repeat surgeries and
even in the surgeries which failed after the
usage of temporalis fascia.
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Figure (5): Stages of complete closure of TM perforation during follow up,
(A): TM perforation after refreshment, (B): PRP graft adherent to TM perfo-
ration after one week, (C): TM perforation after 4 weeks, (D): TM perfora-
tion after 6 weeks showing complete healing.

Itis inexpensive and can be used asan OPD
procedure(®), PRF myringoplasty doesn’t
require any incision and therefore patient
morbidity is minimal. It can be taken as the
first procedure for the closure of tympanic
membrane perforation before any morein-
vasive tympanoplasty procedure is at-
tempted. Growth factors released by PRF
acts for extended durationi.e. up to 7 days
or more. Also, slow polymerization and re-
modeling of the fibrin matrix within PRF ef-
fectively sustains growth factors and other
critical cells and thus aids in healing(?). Ga-
rin et al. (® also observed good safety of
platelet-rich fibrin without any adverse ef-
fect in middle ear packing.

Conclusion

PRP is a highly successful auto graft for clo-
sure of small tympanic perforations, fairly

successful in medium-sized perforation,
and provides unlimited graft material for
residual perforations after the failure of
fascia graft. According to our results, PRP
should be included in myringoplasty proce-
dures indicated for TMP secondary to
chronic suppurative otitis media (CSOM).

Study limitations.

The methodological limitations of this
study included its small sample size and
lack of a control group.
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