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ABSTRACT

Objectives: To compare the efficacy of temporalis fascia myringoplasty using platelet rich plasma(PRP) {MP-PRP} and conventional temporalis fascia myringoplasty(MP-C) in  treatment of  moderate to large central tympanic membrane(TM) perforation .
STUDY DESIGN:  Randomized-Control-Trial

SETTING: Tertiary-Health-Centre

SUBJECTS AND METHODS:We randomly assigned eighty patients with COM-mucosal-type with medium to large central TM perforation and   conductive hearing loss planned for primary myringoplasty to receive either MP-PRP orMP-C. Myringoplasty was performed through post-auricular approach underlay graft using temporalis fascia. Primary outcome was graft uptake (an intact TM) at 6 months postoperatively. Secondary outcome was the post-operative hearing improvement measured by pure-tone-audiometry (PTA). 

RESULTS: Eighty myringoplasties (MP-PRP group-40, MP-C group-40) done for 80 patients (male=41; female=39,age-group=18-45-years) were included in analysis. At 6months postoperatively graft uptake rate was 94.4% in MP-PRP and 92.1%% in MP-C group. There was no statistically significant difference in graft uptake between the two groups(p=0.358).Success in terms of hearing gain (≥10dB) was achived in 34 patients (89.5%) in MP-C and 37 patients (94.9%) in MP-PRP group.At 6months follow-up; mean-PTA-average improved from 35.10±5.401dB to 27.74±5.660dB and mean ABG improved from 24.00±5.204dB to17.42±5.559dB in MP-C group. At 6months follow-up; mean-PTA-average improved from 37.00±6.144dB to 26.65dB and mean air bone gap(ABG) improved from 25.98±5.736dB to 16.21±4.318dB in MP-PRPgroup. No statistically significant differences in improvement in PTA-values were observed between both groups. (p=0.336).Postoperative complications were similar in both groups.

Conclusion: Graft uptake, hearing outcomes and complications of MP-PRP were similar to MP-C. MP-PRP offers no advantages over MP-C for treatment of TM perforation.
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Introduction
Background and Objectives
 Myringoplasty is a surgical procedure to repair the tympanic membrane™ perforation is to make the ear dry and to restore hearing loss [1]. The most commonly used graft material is autologous temporalis fascia [2]. The success of myringoplasty is usually assessed in terms of the healing of the perforation and improvement of hearing [1,3]. The failure rate after myringoplasty ranges from 26%- 44% [4] in adults and may go up to 65% in children [5]. Therefore, due to this relatively high failure rate there is a need for methods which would improve the outcome of the surgery.

Use of Platelet rich plasma (PRP) in myringoplasty is one such method. PRP is a novel biotechnology in cellular therapy and tissue engineering [6]. It is minimally invasive and safe to use. PRP is obtained by whole blood centrifugation and contains autologous growth factors (GFs) like platelet derived growth factor (PDGF), insulin like growth factor – I
(IGF-I), transforming growth factor – β (TGF-β), which accelerates regeneration of epidermal, epithelial, and endothelial tissues and platelets. It can be directly placed over the lesion [6] and has properties of being antinociceptive, antiinflammatory, and regenerative. It thus stimulates the process of tissues healing in chronic injuries. PRP also stimulates angiogenesis, collagen synthesis and helps in soft tissue healing. It also enhances haemostatic response to injury and decreases dermal scarring [7].

PRP has therefore been increasingly used in orthopaedic and dermatologic treatment and biomedical research due to the above advantages [8,9]. Erkilet et al. [10] have found in their study that PRP is effective in healing of tympanic membrane perforation in rats. Its use in otolaryngology has however been limited. The objective of this study was to determine the efficacy of PRP on TM perforation healing and hearing improvement in adults with moderate to large size central perforation of TM.
Objectives

The objectives of this study were to compare the efficacy of platelet rich plasma on temporalis fascia graft myringoplasty with respect to graft uptake and post-operative hearing improvement.
The research hypothesis: “Use of Platelet rich plasma provides a better graft uptake and hearing outcome in Myringoplasty".

Materials and Methods
Trial design:
This  double blinded randomized control trial involving eighty patients with chronic otitis media (COM) (mucosal type) fulfilling inclusion and exclusion criteria were recruited for  between February 2018 to November 2019 after obtaining written, informed consent. This study was approved by the Institute Ethics Committee. The study was registered  '[removed for blind peer review]’. Patients were randomized into the intervention and control group in a 1:1 ratio with the help of simple randomization method.

Participants
The participants were recruited from the outpatient Department of Otorhinolaryngology and Head and Neck Surgery,  '[removed for blind peer review]’. 
Inclusion criteria:
• Cases of COM of mucosal type with medium to large central perforation with conductive
hearing loss in the age group of 18-45 years of both genders.
Exclusion criteria:
•COM of squamous type
•COM with small central perforation
•History of past ear surgery/ revision cases
•With sensorineural hearing loss
• With uncontrolled Diabetes mellitus, Hypertension, other systemic illness

Interventions

History and clinical evaluation

Detailed history was taken with respect to Ear discharge, Impairment of hearing, tinnitus and vertigo were noted. TM was examined using using the otoscope and hearing loss (HL) was assessed clinically using 256 Hz, 512 Hz, 1024 Hz. All patients had preoperative Pure tone audiometry (PTA) [MAICO (MA 42), audiometer] using Modified Hughson-Westlake procedure by an audiologist not aware of the type of interventions. The air conduction and bone conduction thresholds were determined. Mean PTA average and mean AB gap was calculated by taking average of readings at 500 Hz, 1000 Hz, 2000 Hz and 3000Hz. All patients were admitted one day prior to surgery after routine investigations.

Surgery

Microscopic myringoplasty was performed under local anesthesia (2% lignocaine with 1 in 100,000 epinephrine) using temporalis fascia graft by underlay technique and post auricular approach for all cases. Patients in intervention group underwent myringoplasty with use of PRP whereas control group patients underwent myringoplasty without use of PRP.

PRP soaked gel foam was placed in the middle ear and also over the graft-flap assembly. Method of preparation of PRP
Under all aseptic precautions 10 ml of peripheral venous blood was collected in an ACD A vial from ante- cubitalvein using 18-gauge needle after applying tourniquet on the patient. 
The collected blood in the tubes was then immediately centrifuged using a table top centrifuge at a speed of 1300 rpm for 15 minutes. Blood was separated out into the three layers owing to the density of its inner contents: the bottom layer consisted of red blood cells, the middle layer composed of white blood cells (WBCs; buffy coat), just above it is the platelet rich plasma, and the toplayer contained platelet poor plasma. 

Post- operative management

All patients received injectable amoxicillin + clavulanic acid on first post operative day. This was then changed to oral amoxicillin. Patients were discharged on either the seond or third postoperative day. The subsequent follow ups were done at 3 weeks, 6 weeks, 3months and
6 months post-operatively.
Outcomes

The primary outcome was graft uptake which was evaluated by otoscopy. Successful graft uptake was defined as an intact TM at 6 months postoperatively. The secondary outcome was the post-operative hearing improvement was assessed by PTA.
Sample size 
Use of PRP have been hypothesized to have a better graft uptake compared to
myringoplasty done without their use. Considering a difference of 20% in graft uptake between intervention group, and control group, a power of 80% and alpha error of 5%, the sample size was calculated to be 34 in each group. Considering 10% attrition rate, total sample size in each group was taken as 40.

Randomization and blinding

The patients were randomized into two groups using simple randomization method and allocation concealment was done using sequentially numbered sealed opaque envelopes. The envelopes were opened 2 hours prior to surgery. This was a double blinded study as the participants and audiologists doing the PTA were not aware of the usage of PRP.
Statistical analysis
Statistical analysis was done using IBM-SPSS (International Business
Machines corporation- Statistical Package for the Social Sciences) version 22. The parametric (continuous) data like age, duration of disease and hearing loss were expressed as mean with standard deviation. Dichotomous data like gender were expressed as proportion. Quantitative data in case and control groups like hearing gain  was compared using an unpaired or independent sample t test. The comparison between the categorical variables like graft uptake was done by Chi square test. For all statistical tests, a p value of <0.05 was considered as statistically significant.

RESULTS

Eighty patients planned for myringoplasty were enrolled from March-2018 to November-2019.  Eighty myringoplasties were done for eighty patients (In intervention group, n=40, control group, n=40) were included in the analysis(Figure 1). All the patients underwent surgery on one side, the ear with more hearing loss was selected for surgery in cases of bilateral COM, mucosal type. The patients were followed up for 6 months post-operatively. 
1. Participant flow
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2. Recruitment

In the intervention group one study participant was lost to follow up and in the control group two participants was lost to follow up.

2. Baseline demographics and clinical characteristics

The baseline demographic and clinical characteristics is shown in table-1.There was no statistically significant different between two groups.
3. Preoperative pure tone audiometry

All the patients had conductive hearing loss on preoperative audiometry. The degree of hearing loss among the patients were classified as per ASHA (American Speech-Language-Hearing Association) classification (Normal:10 to 15dB, Slight:16-25dB,Mild:26-40 dB,Moderate:41-55dB, Moderately severe:56-70 dB, Severe : 71-90 dB, Profound:  ≥ 91 dB).
The preoperative mean of pure tone average (PTA) incontrol group and intervention group was 35.10 dB and 
37.00 dB respectively. There was no statistically significant difference between the mean of PTA average of both groups preoperatively ( Table 1).

4. Outcome analysis
A. Graft uptake
Post-operative graft uptake was assessed using Otoscope. Successful graft uptake was defined as intact neo-tympanic membrane. Cases with residual perforation were considered as failure. At 6months postoperatively graft uptake rate was 94.4% in MP-PRP and 92.1%% in MP-C group. There was no statistically significant difference in graft uptake between the two groups (p=0.358) (table-2).
B. Hearing outcome: Improvement in Mean PTA Average and air bone gap(ABG)
There were  statistically significant differences between preoperative and postoperative mean PTA  average  and mean ABG which correlated well with postoperative hearing improvement in both groups (P = .0001) (Tables 3,4). Success in terms of hearing gain (≥10dB) was achived in 34 patients (89.5%) in MP-C and 37 patients (94.9%) in MP-PRP group. Improvement in PTA values (mean PTA average, mean ABG closure) was calculated by subtracting postoperative values from preoperative values. No statistically significant differences in improvement in PTA values were observed between both groups (Table 5,6). 
C. Post operative complications

There were no statistically significant differences in intraoperative and postoperative infection, hematoma, sensory neural hearing loss, facial nerve palsy and altered taste sensation, vomiting, vertigo, tinnitus and duration of hospital stay of both groups (Table 7).
DISCUSSION
Myringoplasty primarily aims to eradicate inflammation and creates a healthy middle ear and intact TM, thereby restoring the mechanism of sound transmission to inner ear .

There are many studies which have attempted to search for methods to improve success rates after myringoplasty. A large number of authors have described various ways, like surgeons training, experience, type of graft material to be used, so as to improve success rate of myringoplasty [11-13]. However ,very few studies has reported the use of PRP In myringoplasty for moderate to large central TM perforation [14].This is the first randomized clinical trial of topical use of autologous PRP in temporalis fascia myringoplasty using underlay technique by post-aural approach. Our study aimed at comparing rate of graft uptake, improvement in hearing outcomes and complications like infections, with and without use of PRP during myringoplasty. 

The success rate myringoplasty with PRP was 94.4 % while that without PRP was 92.1 %. The results were comparable to success rate reported by various authors in their study for PRP [15-19]. Though the graft uptake rate at 6 month postoperatively in intervention group was higher than control group (94.4%Vs 92.1%) but the difference was not statistically significant.
PRP contains a number of growth factors  such as platelet derived growth factor (PDGF), transforming growth factor alpha (TGF-α), transforming growth factor beta (TGF-β), epidermal growth factor (EGF), fibroblast growth factor (FGF), insulin-like growth factor and platelet-derived angiogenesis factors, along with white blood cells, phagocytic cells, a high native fibrinogen concentration, and vasoactive and chemotactic agents. .These growth factors accelerates endothelial, epithelial and epidermal regeneration, stimulates angiogenesis, enhances collagen synthesis and soft tissue healing [7].These all factors might contribute to better healing of TM perforation with use of PRP. However, in our study the difference in graft uptake rate between the intervention and control group was not statistically significant. PRP has been used either alone or along with fat, temporalis fascia and conchal perichondrium for the closure of small to large central TM perforation [15-19] .Few studies reported success rate for myringoplasty  using PRP  is 95% to 100% in comparison to control group,in which the success rate is 81% to 85% [15,16,19].They found the graft uptake rate in PRP group was significantly higher than control group[15,16,19]. However, in our study the difference in success rates between the intervention and control group was not statistically significant.
The reported rate of re-perforation after myringoplasty is from 26- 44% [4,5].Re-perforation become more evident when patients were followed up for longer duration of time(10 years) [20]. Good surgical technique is a prerequisite for successful outcome of myringoplasty.  Myringoplasty to be successful, the surgical technique should have no fault and should be strictly adhered to during all surgical steps[21].  Failed myringoplasty in immediate postoperative period could be the consequences of technical fault and to improve success rate better surgical techniques should be followed [22]. 
There are various studies which have found that infection was not a factor in early failures but it was seen to be associated with late graft failure in 10.5–13 % cases [22,23]. In our study, postoperative discharge and infection was found in 4 cases (5.2%). They all had residual perforation at follow up at six months. MacKinnon [24] in their study demonstrated that “recurrent suppurative otitis media leading to failure of myringoplasty was neither dependent on poor eustachian tube function, nor on a long time discharge free interval before myringoplasty”. In some cases, there was discharge with intact graft otoscopically, which can be due to minute defect in healed neotympanum, which cannot be detected clinically [25].

Another factor which may attribute to graft failure is avascular necrosis of graft, which may occur due to deterioration of vascular supply from periphery of neotympanum [27]. Various studies, have shown 32–40% of graft failures were due to this kind of graft atrophy which lead to decrease success rate [22,24].

Bilateral disease may also be a factor which affects the success of graft uptake. One case of intervention group and one case of control group with residual perforation had bilateral disease on clinical examination. This finding might be an indicator for existence eustachian tube dysfunction manifesting as  a bilateral disease . 

HEARING OUTCOME

No effect of PRP use on hearing gain was observed in our study because hearing gain related to closure of TM perforation and intact mobile ossicular assembly. There was no report of SNHL in our study which establishes the safety of use of PRP in myringoplasty.
The effect of PRP on hearing gain is controvertial. Yadav et al16 reported significant difference  in hearing gain between the PRP group and control group (18.62Db Vs 13.15 Db ) after three months’ follow up-2) where as Mandour et al17 (improvement in pure tone average was 18.08 dB (95% CI, 16.9-19.25) for PRP group and 18.24 dB (95% CI, 16.94-19.53) for non PRP group) and El-Anwar et el19(hearing gain (≥10dB) was achieved in 21 patients (65.6%) in PRP group and 11 patients (34.4%) in control group ) reported no effect of PRP use on hearing gain in their study.
COMPLICATIONS
Myringoplasty is considered to be a safe procedure. The various complications associated with myringoplasty are infections,  sensorineural hearing loss, facial nerve paresis, chorda tympani nerve injury, stenosis of external auditory canal,  perichondritis, retraction of neotympanic membrane and tinnitus.

Infection and postoperative ear discharge was noted in 3 patients (7.9%) in control group and one patient (5.6%) in study group in our study. The infection rate was low in PRP group, it can be attributed to the fact that PRP contains WBCs in higher concentration making it bactericidal. El-Anwar et. el19 reported a significant higher infection rate (12.5%) in control group than in PRP group.
Limitations and Recommendations
The present study was carried over 80 patients (40 patients in each group) and the cases were followed up for 6 months. Hence the effect of use PRP in myringoplasty on graft uptake rate, hearing gain, complications or benefits of PRP, if any, could not have been identified with statistical significance. Therefore, to demonstrate the beneficial and detrimental effect of using PRP in myringoplasty, we suggest a trial on large scale with long duration of follow up.

Conclusion
Our study demonstrated that autologous PRP is safe to be used in myringoplasty, with no significant complications but its effect on graft uptake and hearing improvement was not significant in comparison to control group. The prevalence of postoperative infection was low in PRP group but it was not statistically significant when compared to control group. Large multi-centric RCT with longer follow up period may be required to demonstrate the beneficial effect of PRP in myringoplasty.
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Table 1: Baseline characteristics of patients
	Characteristic
	Intervention Group
	Control Group
	p- value*

	1.Age(in years)

Range

Mean(±SD)
	18 – 42year
28.65 ± 6.593 year
	18- 45year
27.85yr ±7.478 year
	0.613

	2.Sex (M: F)
	21:19
	20:20
	0.823

	3. Ear discharge (N/%)
Unilateral

Bilateral
	26 (65.0)

14 (35.0)
	22 (55.0)

18 (45.0)
	0.876

	4. Hearing loss
Duration (N/%)
<5

≥ 5
	40(100%)
38(95%)

2(5%)
	40(100%)
33(82.5%)

7(17.5%)
	0.98

	5. Size of perforation (N/%)
Small

Medium

large
	0

14(35%)

26(65%)
	0

17(42.5%)

23(57.5%)
	0.93

	6.PTA values ( dB)

Mean PTA average

Mean AB Gap


	37.00±6.144

25.98±5.736

	35.10±5.401

24.00±5.204
	0.146
0.168


*p<0.05 is considered as statistically significant

Table 2: Comparison of graft uptake rate between control group and intervention group 

	Graft uptake
	Control group (N/%)
	Intervention group (N/%)
	P value*

	At 3 weeks

Success1  
Failure2 
	38(100%)
0
	39(100%)
0
	0.615

	At 6 weeks

Success 
Failure
	36(94.8)
02(5.2%)
	39(100%)
0
	0.359

	At 3 months

Success 
Failure
	35(92.1%)
03(7.9%)
	38(94.4%)
01(5.6%)
	0.358

	At 6 months

Success 
Failure
	35(92.1%)
03(7.9%)
	38(94.4%)
01(5.6%)
	0.358


*p<0.05 is considered as statistically significant

1-intact neo-tympanic membrane

2-residual perforation

Table 3: Comparison of preoperative and postoperative mean of PTA average in control group and intervention group.
	Group 
	Hearing outcome
	Paired differences
	
	

	
	Preoperative mean of PTA average and follow up mean of PTA average in dB
	Mean
	Standard deviation
	Standard error of mean
	p- value
	Significant

	Control Group
	Pre-operative
	35.10
	5.401
	0.854
	0.0001
	Yes

	
	At 3 weeks
	35.10
	5.401
	0.854
	0.0001
	Yes

	
	At 6 weeks
	34.95
	5.572
	0.892
	0.0001
	Yes

	
	At 3 months
	30.71
	5.821
	0.944
	0.0001
	Yes

	
	At 6 months
	27.74
	5.660
	0.918
	0.0001
	Yes

	Intervention

Group
	Pre-operative
	37.00
	6.144
	0.971
	0.0001
	Yes

	
	At 3 weeks
	36.88
	6.026
	0.953
	0.0001
	Yes

	
	At 6 weeks
	36.70
	6.124
	0.968
	0.0001
	Yes

	
	At 3 months
	30.15
	3.731
	0.597
	0.0001
	Yes

	
	At 6 months
	26.56
	4.951
	0.793
	0.0001
	Yes


Table 4: Comparison of preoperative and postoperative Air Bone Gap(AB) mean in control group and intervention group
	Group
	Hearing outcome
	Paired differences
	
	

	
	Preoperative mean AB gap and follow up mean AB gap
	Mean
	Standard deviation
	Standard error of mean
	p- value
	significance

	Control group
	Pre-operative
	24.00
	5.204
	0.823
	0.0001
	Yes

	
	At 3 weeks
	24.13
	5.407
	0.855
	0.0001
	Yes

	
	At 6 weeks
	23.95
	5.549
	0.888
	0.0001
	Yes

	
	At 3 months
	20.32
	5.729
	0.929
	0.0001
	Yes

	
	At 6 months
	17.42
	5.559
	0.902
	0.0001
	Yes

	Intervention group
	Pre-operative
	25.98
	5.736
	0.907
	0.0001
	Yes

	
	At 3 weeks
	25.85
	5.586
	0.883
	0.0001
	Yes

	
	At 6 weeks
	25.85
	5.586
	0.883
	0.0001
	Yes

	
	At 3 months
	19.59
	3.654
	0.585
	0.0001
	Yes

	
	At 6 months
	16.21
	4.318
	0.691
	0.0001
	Yes


Table 5: Comparison of mean PTA average in control and intervention group.

	Follow up
	Control Group (mean± SD)
	Intervention group
(mean± SD)
	p value
	Significance

	Preoperative
	35.10±5.401
	37.00±6.144
	0.146
	No

	3 weeks
	35.10±5.401
	36.88±6.026
	0.169
	No

	6 weeks
	34.95±5.572
	36.70±6.124
	0.188
	No

	3 months
	30.71±5.821
	30.15±3.731
	0.618
	No

	6 months
	27.74±5.660
	26.56±4.951
	0.336
	No


Table 6: Comparison of mean Air Bone Gap (AB) closure in control and intervention group at 6 month follow up.

	A-B gap closure at 6 months
	Control Group (n)
	Intervention group
(n)
	p value

	< 10 dB
	4 (10.55%)
	2 (5.2%)
	0.286

	11 – 20 dB
	30 (78.9)
	32 (82%)
	

	21 – 30 dB
	4 (10.55%)
	5 (12.8%)
	


Table 7: Complications seen in control group and intervention group

	Complications
	Intervention
	Control

	Hematoma
	0
	0

	Vertigo, vomiting & tinnitus
	0
	0

	SNHL
	0
	0

	Facial nerve palsy
	0
	0

	Infection
	03
	01

	Otitis Externa
	0
	02

	Alteration of taste sensation
	01
	03

	Hospital stay
	3days 
	3days
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