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Abstract

Objective: To assess clinical and functional outcomes of a fat graft myringoplasty under local in an office setting. Study Design:
Prospective case series. Setting: Tertiary care facility. Patients: Patients with a tympanic membrane (TM) perforation
presenting between December 2005 and June 2019. Inclusion criteria included perforation size >25% of the surface of the pars
tensa of the TM, entire perforation margins visualized through a transcanal view, and lack of spontaneous closure at the 6-month
follow-up. The exclusion criteria were the presence of cholesteatoma, wet appearance of the mucosa in the tympanic cavity, ear
discharge in the 3 months before surgery, or signs of ossicular inconsistency. Intervention: In-office fat graft myringoplasty
technique under local anesthesia. Main outcome Measures: Complete perforation closure rate and audiometric outcomes.
Results: A total of 121 patients underwent the procedure, of whom 21 had bilateral sequential procedures (total 142 ears).
Average age was 51.1 + 18.4 years (range, 3-78 years). The size of perforation was <25% of TM in 39 (27.5%) ears, 25% to 50% of
TM in 49 (34.55%) ears, 50% to 75% of TM in 34 (23.91%) ears, and 75% to 100% of TM in 20 (14.10%) ears. Complete perforation
closure was evident in 130 (91.55%) of the 142 ears. Preoperative mean air conduction threshold was 59.3 dB (17-95 dB) and
significantly improved into 35.6 dB (10-85 dB; P < .0004) after surgery. Preoperative air–bone gap was 30.2 dB (5-70 dB) and also
significantly improved into 10.2 dB (5-65 dB; P < .0001) after surgery. Conclusion: In office fat graft myringoplasty, in adult and
pediatric patients with variable perforation sizes, is a well-tolerated procedure with very satisfactory clinical results.
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Introduction

Tympanic membrane (TM) perforation produces conductive

deafness and recurrent middle ear infections and later ossicular

chain and cochlea vestibular damage.1 This serious injury can

be surgically repaired by myringoplasty using a graft without

the need for any further procedure in the middle ear.2

Early in 1640, Banzer reported the first attempt to close a

tympanic perforation using elk horn coated with pork bladder.

In 1878, Berthold3,4 introduced the term myringoplasty and

performed the procedure successfully using a free skin graft.

However, this important contribution was not widely accepted

until 1951, when Wullstein5 reported on this surgical procedure

in Germany.

In 1959, Storrs6 was the first to use temporalis fascia (TF),

which has become the material used more often worldwide for

1 Hospital Naval de San Carlos, Otorhinolaryngology Department Hospital

Naval de San Carlos, San Fernando Cadiz, Spain
2 Othorhinolaryngology Department, Hospital Quironsalud Marbella, Marbella,

Spain
3 Otorhinolaryngology Department, Hospital Universitario de Fuenlabrada.

Universidad Rey Juan Carlos. Hospital Sanitas La Zarzuela. Madrid. Spain
4 Othorhinolaryngology Department, Hospital Quironsalud Campo

de Gibraltar, Spain
5 Otorhinolaryngology Department, Hospital Naval de San Carlos,

San Fernando Cadiz, Spain
6 Otorhinolaryngology Department, Hospital la Merced Osuna Sevilla, Spain

Received: September 02, 2020; revised: October 09, 2020; accepted: October

14, 2020

Corresponding Author:

Carlos O’Connor-Reina, Othorhinolaryngology Department, Hospital

Quironsalud Marbella, Marbella, Avda Severo Ochoa 22..29603, Marbella,

Malaga, Spain.

Email: carlos.oconnor@quironsalud.es

Ear, Nose & Throat Journal
2021, Vol. 100(3S) 229S–234S

ª The Author(s) 2020
Article reuse guidelines:

sagepub.com/journals-permissions
DOI: 10.1177/0145561320973555

journals.sagepub.com/home/ear

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without 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).

https://orcid.org/0000-0002-1670-4235
https://orcid.org/0000-0002-1670-4235
mailto:carlos.oconnor@quironsalud.es
https://sagepub.com/journals-permissions
https://doi.org/10.1177/0145561320973555
http://journals.sagepub.com/home/ear
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
http://crossmark.crossref.org/dialog/?doi=10.1177%2F0145561320973555&domain=pdf&date_stamp=2020-12-14


this type of surgery. However, there are some disadvantages

relating to the collection of this material using a retroauricular

incision and positioning the graft relative to the malleus.7

In 1962, Ringenberg8 first reported the use of a fat graft (FG)

to repair tympanic perforations, including large perforations. In

this series of 65 patients, 26% of perforations were larger than

30% to 40% and included some total perforations. Despite the

large size of these perforations, the success rate was 86%.

Fat graft myringoplasty has advantages over that using TF

or perichondrium such as the simplicity in collection, ease of

positioning, and cost-effectiveness because it can be performed

as an office procedure. However, FG myringoplasty is not

performed often by otosurgeons mainly because of the lack

of criteria for its indications9 in terms of the size of the

perforation.

The aim of this prospective clinical study in patients given

FG myringoplasty was to determine whether the size or loca-

tion of the TM perforation affects the graft stability and

long-term follow-up after FG myringoplasty.

Material and Methods

This prospective clinical study included patients who under-

went FG myringoplasty at Hospital Naval San Carlos in San

Fernando, Cadiz, Spain. Informed consent was obtained from

each patient, and this clinical study was approved by our Hos-

pital Ethical Review Committee.

The data collected for every patient were age, sex, size, and

site of the perforation; duration of surgery; success of perfora-

tion closure; and audiological outcomes before and 12 months

after the operation. Potential perioperative complications

(eg, dizziness, bleeding) and postoperative complications (eg,

middle ear infection, displacement with perforation or fat excess

with granulation tissue, and TM deformity) were also recorded.

The inclusion criteria included perforation size >25% of the

surface of the pars tensa of the TM, absence of infection or

otorrhea at surgery, and lack of spontaneous closure at the

6-month follow-up. The exclusion criteria were the presence

of cholesteatoma, attical pathology, perforation without clear

margins, wet appearance of the mucosa in the tympanic cavity,

presence of an acute infection, ear discharge in the 3 months

before surgery, or signs of ossicular inconsistency (Figure 1).

All surgeries were performed with the patient under local

anesthesia and sedation by the same senior otology surgeon.

The ear channel and middle ear were sterilized, and local

anesthesia was applied with phenol and lidocaine (Bonain’s

formula) over the TM while trying to avoid contact with the

middle ear mucosa for a maximum of 5 minutes.

The FG was obtained from the neck through an incision

made parallel to the line of skin tension (Video 1). The graft

was immersed in a chlorhexidine solution for sterilization.

Margins of the tympanic perforation were de-epithelized

using a curette until bleeding occurred, with special attention

to malleus handling (Video 2). The FG was positioned over the

perforation like a champagne cap, without crushing and with-

out any material covering the graft (Video 3). In cases of

bilateral TM perforation, both perforations were operated using

the same surgical procedure.

During the first 3 postoperative days, daily outpatient clinic

revision was performed to prevent hematoma and to reinsert

any displaced grafts. After 3 days, weekly revision was per-

formed during the first month to check and control potential

infections. The first hearing test was performed 2 months after

and the final test 12 months after the operation (Figure 2). After

12 months, impedanciometry was performed to ensure TM

compliance.

We evaluated the results of hearing tests performed before

and 12 months after surgery, following the criteria reported

previously.10,11 The hearing frequencies used were 500,

1000, 2000, and 3000 Hz. We calculated the mean air conduc-

tion (AC) threshold, bone conduction (BC) threshold, and

percentages of patients with a pre- and postoperative average

air–bone gap (ABG)12 of <20 dB.

Figure 1. Perforated tympanic membrane. Figure 2. Tympanic membrane after one year PO.
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Video-otoscopy analysis was performed using the Paint.net

image analysis program (version 4.2.9; dotPDN LLC) to mea-

sure the size of the perforations as previously described.13 For

statistical analysis, IBM SPSS Statistics (version 23.0, IBM

Corp) was used.

Data were collected in a database. Nominal variables were

described by their frequency distribution. Quantitative vari-

ables were assessed by calculating the arithmetic mean and

standard deviation. When comparing, we have used 2-tailed

paired t tests for continuous variables and the w2 or Fisher exact

test for nominal variables. For variables with a skewed distri-

bution, the Mann-Whitney U test was used.

Results

From June 2005 to June 2019, 121 patients were enrolled in this

prospective study. Their mean age was 51.1 + 18.4 years

(range, 3-78 years). No statistical significance was found in

sex distribution (57 men, 64 women P ¼ .4). Twenty-one

patients had a bilateral TM perforation. A total of 142 FG

myringoplasties were performed and included in this study.

The size of perforation of the pars tensa was <25% of TM in

39 (27.5%) ears, 25% to 50% of TM in 49 (34.55%) ears, 50%
to 75% of TM in 34 (23.91%) ears, and 75% to 100% of TM in

20 (14.10%) ears.

Complete perforation closure was evident in 117 (82.39%) of

the 142 ears after primary FG myringoplasty. Surgery failed in

25 (17.61%) ears, mostly because of microperforations affecting

<10% of the surface of the eardrum. In these patients, a second

attempt of FG myringoplasty was offered 12 months after the

first failed surgery. This procedure was performed successfully

in 13 ears. Thus, our global success rate including the results

from the revision surgery was 130 (91.55%) of 142 (Table 1).

Success closing the perforation was found in 87.17% of

<25%-sized perforations, 93.87 of 25% to 50%-sized perfora-

tions, 94.11% of 50% to 75%-sized perforations, and 90% of

75% to 100%-sized perforations, a nonsignificant difference

(w2 test P ¼ .21). The closure rate did not differ significantly

between anterior perforations and those in other locations.

There were 4 failures in the anterior location and 9 failures

in the rest of locations (Fisher exact test, P ¼ .575).

During the follow-up, 4 (2.8%) patients developed a middle

ear infection, 24 (16.9%) ears had displacement with micro-

perforation, and 4 (2.8%) cases developed fat excess with

granulation tissue and TM deformity.

Comparison of the pre- and postoperative mean AC thresh-

old showed that the hearing was worse in 12 (8.6%) ears,

unchanged in 24 (17%) ears, and improved in 106 (74.4%) ears

(Figure 3).

In 33 (23.2%) ears, we obtained a final mean AC threshold

of <20 dB; in 69 (48.9%) ears, we obtained a mean AC thresh-

old between 20 and 40 dB; in 29 (20.4%) ears, we obtained a

mean AC threshold between 40 and 60 dB; and finally in

11 (7.7%) ears, we obtained a mean AC threshold of >60 dB.

Preoperative mean BC threshold was 29.1 dB (5-70 dB) and

did not change after surgery. Mean AC threshold was preopera-

tively 59.3 dB (17-95 dB) and significantly improved after

surgery into 35.6 dB (10-85 dB; P < .0004). Preoperative ABG

was 30.2 dB (5-70 dB) and also significantly improved

into10.2 dB (5-65 dB; P < .0001; Table 2). We found no sig-

nificant difference between the location of the perforation and

the extent of hearing improvement (w2 ¼ 27.465, P ¼ .283).

Table 1. Closure of Tympanic Membrane Perforation According to Size.

Perforation size Ears Closure rate after primary FGM Failures Closure rate after revision FGM

<25% 39 34 (87.1%) 8 5/8
25%-50% 49 46 (93.87%) 6 3/6
50%-75% 34 32 (94.11%) 5 2/5
75%-100% 20 18 (90%) 6 2/6
Total 142 117/142 (82.39%) 25 13/25 (52%)

Abbreviation: FGM, fat graft myringoplasty.

Figure 3. Hearing results after fat graft myringoplasty. Improvement
in mean AC threshold.

Table 2. Comparison of Preoperative and Postoperative Hearing
Results at 12 Months.

Hearing results Preoperative Postoperative

Mean BC 29.1 dB (5-70) 25.4 dB (5-70)
Mean AC 59.3 dB (17-95) 35.6 dB (10-85)
Mean ABG 30.2 dB (5-70) 10.2 dB (5-65)

Abbreviations: ABG, air–bone gap; AC, air conduction threshold; BC, bone
conduction threshold.
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The mean preoperative ABG was 30.2 dB (5-70 dB), with

46.9% of ears at 20 to 40 dB and 9% of ears <20 dB. The mean

postoperative ABG was 10.2 dB (5-65 dB), with 41.4% of ears

at 20 to 40 dB and 51.7% of ears <20 dB. The ABG worsened

in 5 (3.5%) ears, did not change in 32 (22.5%) ears, and

improved in 105 (74.5%) ears.

The mean surgical time was 15 + 6 min/ear (range,

8-24 minutes). No significant peri- or postoperative bleeding

occurred in these patients. Temporal dizziness occurred in

14 (9.8%) patients.

Discussion

Autologous FG myringoplasty12 has become an accepted mod-

ality for soft tissue restoration and is being applied in many

areas of surgery.13 Although the regenerative effects of fat

grafting into the recipient bed are known, most otolaryngolo-

gists do not use FGs often and prefer other materials, such as

TF or perichondrium, to close tympanic perforations.14 It has

been demonstrated convincingly that FGs contain viable adi-

pose stem cells (ASCs). It has also become apparent that white

adipose tissue is the most suitable autologous injectable filler

for correcting soft tissue defects.15 White adipose tissue con-

tains large numbers of ASCs and is an excellent natural

resource for repairing human tissue defects. Adipose stem cells

are capable of self-renewal and have increased proliferative

and multipotent differentiation capabilities. These cells also

exhibit similar properties to mesenchymal stem cells (MSCs),

which were first described and characterized in the bone

marrow.16,17

A number of nonexclusive mechanisms through which

ASCs may help to repair and regenerate tissues have been

postulated.18 In a related manner, ASCs might provide antiox-

idant chemicals, free radical scavengers, and chaperone/heat

shock proteins at an ischemic site. Toxic substances released

into the local environment would be removed, thereby promot-

ing the recovery of the surviving cells. Recent studies18 have

suggested that transplanted bone marrow–derived MSCs can

deliver new mitochondria to damaged cells, thereby rescuing

aerobic metabolism. It has also been shown17 that the resident

ASCs within FG tissues can differentiate into adipocytes and

add structure to fill the implanted tissue defect, secrete growth

factors, cytokines, and chemoattractants that can stimulate

angiogenesis and increase local vascularization and blood sup-

ply and inhibit the innate immune responses after tissue

transplantation.

These properties have not been demonstrated in grafts

involving TF or perichondrium. We believe that these factors

may have contributed to our high overall success rate, which is

consistent with the rates reported in other investigations19,20 of

FGs. Our series included the largest sample size studied, and

we believe that this was a large enough sample to confirm the

safety and effectiveness of this procedure.

Small perforations historically have been the main focus for

the use of FG as the material of choice. Some authors consider

FG only for perforations <25% and located in the pars

tensa.21-25 Schraff et al26 recommended this type of material

for repair of perforations after myringotomy tubes forming

15% to 40% of the total surface of the TM. Deddens et al21

and Hagemann27 consider FG to be the material of choice for

repair of small perforations, especially after grommet insertion,

and others agree that this material is underused.9,28

Even though TF is the most widely used material, we prefer

the FG because it can be harvested more easily and faster. We

also prefer the region of the neck under the ear as the donor site,

where fat is more abundant, instead of the earlobe. Because of

the limited quantity of fat, we believe that obtaining the FG

from the earlobe13 is suitable only for repair of small

perforations.

In 1988, Terry et al23 used FG successfully to repair perfora-

tions comprising >50% with a 57.1% of success rate. In a series

of 365 patients operated on by the same surgeon, Gibb and

Chang29 reported on the underlay technique used to treat 206

patients and FG for the other 159 patients. The graft take rate

was 91.4% in dry ears in the TF group and 89.3% in the FG

group.

In 2003, Ayache et al reported the use of adipose tissue

regardless of the size of the perforation19 and obtained a suc-

cess rate of 91.1% in 45 patients. Since then, several stud-

ies23,30,31 have used this material for repairing large

perforations and have reported acceptable success rates. Other

studies, for example, Saliba in 2008,32 have reported the use of

FGs combined with hyaluronic acid. In a series of 22 consecu-

tively repaired perforations, regardless of the size, the overall

successful rate was 91%. The mean ABG improvement for the

operated ears was 17 dB, and the mean time for the procedure

was 10 minutes. Saliba32 concluded that the combination of FG

with hyaluronic acid is better than FG alone and is optimal for

all sizes of perforations.

Recently, Ersözlü and Gultekin33 reported that the use of

autologous platelet gel application during FG surgery has a

higher success rate tan FG alone. They considered that this

combination is preferred in larger perforations as they found

statistically difference in the perforation’s closure rate.

Except in children, all our procedures have been performed

under local anesthesia, and most of the procedures have been

performed as office-based surgery. We believe this is an advan-

tage because of its low cost. We use a surgery room only for

those patients whose comorbidities require special monitoring.

In such patients, we use midazolam combined with propofol

only when de-epithelizing the margins of the perforation.

Our average time of 15 + 6 min/ear is a good indication

of the ease of this procedure. This value includes the 5 to 10 min-

utes time waiting for the local anesthesia to become effective.

We compare this with the procedure time of 10 minutes reported

by Saliba,32 which did not include the anesthesia time. We thus

consider our procedure to be valuable in optimizing resources.

In contrast to Kim et al,13 who reported poor hearing results

with the use of large FGs to close larger perforations, we found

no differences in our hearing results according to the size of the

perforation. In our experience, we have found this technique to

be useful for repairing perforations in all locations of pars
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tensa, especially those located in an anterior site because the fat

in the FG is a metabolically active material that promotes cica-

trization and revascularization from adjacent areas.19 The low

rate of middle ear infection (2.8%) detected in our series may

be explained by the antibacterial properties of the ASCs con-

tained in the FG.

Even though TF is the most widely used autogenous graft

material for tympanoplasty, this procedure requires a large

incision, preparation of the TM flap, lifting of the annulus and

the resultant discontinuation of the TM, and manipulation of

middle ear structures. All of these procedures can lead to

hypoesthesia of the helix, blunting of the angle of the TM,

impairment of taste sensation, lateralization of the graft, and

effects on acoustics. The FG inserted using a small incision is

simple, and there is no risk of injuring the ear ossicles. We

found no complications in our series.

In a series of 30 patients who received a FG, Ambani

et al14 reported a success rate of 53.3%. In their series, the

ABG decreased to <10 dB in 12 (40%) patients, was

unchanged after the operation in 10 (33.3%) patients, and

increased after the operation in 8 (26.6%) patients.

A follow-up was performed at 5 months, but the patients

were only examined 1 week and 1 month postoperatively.

Because it is important to provide regular revision during the

first week to ensure the absence of displacement of the graft,

we do not recommend the FG procedure for patients for

whom this revision cannot be provided.

Ambani et al14 also considered that in the fifth postoperative

month after FG, there is a significant bulging of the TM that

worsens hearing results. To avoid this potential problem, we

recommend not fixing the graft over elevating the TM. In ears

where scarring or granulation tissue creates a fat bulge, we

recommend cutting the scarred tissue with microscissors 3 to

4 weeks after the procedure. In our experience, all of the excess

fat tissue disappears after this procedure and does not influence

the hearing threshold.

Recently, Shoman34 reported work using a palisade carti-

lage myringoplasty with the patient under local anesthetic in

the office. He considered that the technique reported by Sali-

ba’s results32 were inconsistent because of the need to obtain

the FG from the neck and fill the middle ear with it. We do not

share this criticism because we consider that it is easier to

obtain an FG than cartilage or FT tissue. In addition, the FG

must not fill the middle ear but instead should be fixed and

floating on the TM.

Conclusion

Fat grafts are easy to obtain and can be obtained from several

parts of the body. All are suitable for myringoplasty. In office

FG myringoplasty, in adult and pediatric patients with variable

perforation sizes, is a well-tolerated procedure with very satis-

factory clinical results. Fat graft myringoplasty is fast,

cost-effective and as well suited to office-based surgery.
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