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Abstract:- Chronic suppurative otitis media is an
inflammatory condition of middle ear and mastoid
mucosa associated with bacterial biofilm commonly
encountered in children. It is characterized by
cholesteatoma, distortion of ossicular chains and
conductive hearing loss. In the present study, we
perform a systematic review of the literature with the
purpose of identifying and discussing the treatment
options emerged over the last 20 years in order to treat
chronic suppurative otitis media. (n=336) studies were
reviewed in total and (n=29) qualitative studies were
included in this systematic review. 11 studies included
depicted the efficacy of antibiotics, antiseptic solutions
and 5 studies were on traditional herbal medicines,
whereas 3 studies depicted about efficacy of vaccines, 7
studies were on nanoparticles and novel controlled drug
delivery systems; and 3 studies depicted the efficacy of
surgical approaches in CSOM. This systematic review of
the literature draw definite conclusion that, auricularum
powder, povidone-iodine based antiseptic solution,
otikon otic solution, modified radical mastoidectomy,
LAIV, and cip-P407-PBP improved otological condition
by 51-87%, thus can be considered most suitable
treatments for CSOM. This review provides a
comprehensive discussion of the utility of diverse
therapeutic remedies in modulation of otological
symptoms, hearing threshold and bacterial colony
counts involved in the pathogenesis of chronic
suppurative otitis media.

Keywords:- Otitis media; Ciprofloxacin; Otikon otic
solution; Modified radical mastoidectomy; Live attenuated
influenza vaccine.

I INTRODUCTION

Chronic suppurative otitis media (CSOM) [synonyms:
chronic otitis media, chronic mastoiditis, and chronic
tympanomastoiditis] is a chronic inflammatory condition of
the middle ear or mastoid cavity with biofilms
predominantly of S. aureus, P. aeruginosa and S.
pneumoniae.[1] It is characterized by ear discharge and
permanent perforation of tympanic membrane with
edematous external auditory canal and granulation tissue in
the middle ear cleft.[2]
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The prevalence of CSOM appears to be distributed
equally in males and females. The global yearly incidence
of CSOM is reported to be 41 cases per 1 lakh in children. It
is estimated that 65-330 million individuals have
discharging ears, 56% of whom suffer from significant
hearing impairment. The prevalence of CSOM is
particularly high in developing countries like India, China,
Korea with a higher prevalence in rural areas (44/1000).[3]

Use of antibiotics is the main therapeutic strategy used
in the clinical management of CSOM. Synthetic antibiotics
like ciprofloxacin and amoxicillin are highly effective,
however long term exposure raises several safety concerns
(stomach upset, heartburn and tendinitis). Controlled drug
delivery of antibiotics have been reported to be
advantageous in  maintenance of optimum drug
concentration in middle ear and augmented duration of
therapeutic effect, improved efficiency of treatment with
lesser amount of drug and reduced gastrointestinal side-
effects.

In the present study, we perform a systematic review
of the literature with the purpose of identifying and
discussing the treatment options emerged over the last 20
years in order to treat chronic suppurative otitis media. It
includes the application of antibiotics, antiseptic solutions,
phytoconstituents, vaccines and controlled drug delivery of
antibiotics  including  nanomedicine, hydrogel and
transtympanic approaches in the management of CSOM
along with relevant clinical trial findings and in vitro
screening results supporting their efficacy.

1. MATERIALS AND METHODOLOGY

The authors searched 6 databases- Google scholar,
PubMed, ScienceDirect, Wiley, Embase and Cochrane using
keywords “Chronic suppurative otitis media”, “Chronic
otitis externa” and “Otitis media with perforation” till 31
December, 2020. All the data files were extracted with
SciHub. The duplicate files were removed after a thorough
screening and full text articles were screened for further
inclusion.

Selection and Description of Participants-
Randomized control trials (RCTs), observational studies and
ELISA assays were included in the collation and
compilation of this review. We included only those studies
that involved patients with a clinical diagnosis of CSOM,
one intervention and its outcomes. We excluded studies
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wherein the diagnosis was not clear. In all these studies, the
efficacy of treatment was assessed by degree of
improvement of hearing, healing of tympanic membrane,
resolution of discharge and reduction in bacterial colony
count using otological symptom score and ELISA assays.

1. RESULTS

The PRISMA flow diagram of the identified studies is
shown in Figure.1. We ultimately included 29 studies (Table
1). 11 studies included depicted the efficacy of antibiotics,
antiseptic solutions (4-14) and 5 studies were on traditional
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herbal medicines (15-19), whereas 3 studies depicted about
efficacy of vaccines (23-25), 7 studies were on nanoparticles
and novel controlled drug delivery systems (26-32); and 3
studies depicted the efficacy of surgical approaches in
CSOM (20-22). Table 2 shows the frequency of the
different criteria used.

The characteristics of the populations studied and the
main findings are summarized in Table 3. The number of
the included patients varied widely from 1 to 630. All
studies report a beneficial effect of the studied intervention.

IDENTIFICATION Records identified through database searching
(n=336)
L 4
Records after duplicates removed
(n=217)
SCREENING

L 2

Records screened » Records excluded

(n=217) (n=176)

¥

Full text articles Full text articles

ELIGIBILITY assessed for —*| excluded with

eligibility (n=41) reasons (n=12)
w

Studies inclnded

in qualitative
INCLUDED synthesis (n=29)
¥
Studies included in qualitative synthesis
(Systematic review) (n=29)

Fig 1:- Flow diagram of the identified studies

Authors, Year

Study Design

Treatment Tested

Parenteral antibiotics

Heslop et al. [4], 2010

Randomized, double-blind,
controlled study

3mg/kg Ciprofloxacin 1.V. Vs 8mg/kg
Amoxicillin 1.V.

Kharche [5], 2014

Retrospective study

180 pg/ml Ciprofloxacin I.V. Vs 25 pg/ml
Neomycin L.V. Vs 100 pg/ml Ceftazidime
1.V.

Oral antibiotics

Koivunen [6], 2004

Randomized, 12-month
follow-up study

150mg Cotrimoxazole Vs Placebo

Francis et al. [7], 2018

Randomized, parallel,
double-blinded, placebo-
controlled study

20mg Prednisolone Vs Placebo

Topical antibiotics

Drehobl et al. [8], 2008

Randomized, parallel-group,
evaluator-blind, active-
controlled, multicenter

0.2% Ciprofloxacin otic solution Vs PNH
solution (3.5 mg/ml Neomycin sulphate,
10000 U Polymxyin B and 1%
Hydrocortisone)
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Yaniv et al. [9], 2002

Randomized prospective

Auricularum powder (10 mg

trial dexamethasone, 100000U polymxyin B and
1000000U Nystatin) Vs 0.3% Ofloxacin Vs
0.5% Tobramycin
Kharche [10], 2014 Retrospective study 0.3% Gentamycin Vs 30 mg Tobramycin

Antiseptic solutions

Thorp et al. [11], 2000

Randomized study

Burow solution Vs 1.25% Aluminium
acetate solution

Kashiwamura et al. [12],
2004

Randomized study

Domeboro’s solution Vs Burow solution

Wigger et al. [13], 2019

Randomized double-blind
study

5% PVP-iodine Vs 3mg/kg Ciprofloxacin

Awural toilet Woodfield et al. [14], Randomized clinical trial Aural toilet Vs 2% Boric acid Vs Topical
2008 sofradex

Phyto-chemicals Yadav et al. [15], 2015 Prospective, randomized, 1.5% Acetic acid with 0.3% Gentamicin
observational study sulphate

Sarrell et al. [16], 2001

Randomized double-blind
study

Otikon otic solution (allium sativum
perforated in olive oil) Vs Anaesthetic ear
drop (ametocaine and phenazone)

Lin et al. [17], 2000

Anti-bacterial assay

1000 pg/ml Allyl isothiocyanate (AITC) Vs
Penicillin G Vs Polymyxin B

Kristinsson et al. [18],
2005

Randomized study

16% Basil oil Vs Placebo

Cerbo et al. [19], 2016

Randomized double-blind

12% Tea tree oil Vs Placebo

study
Surgeries Tawab et al. [20], 2014 Prospective randomized Myringoplasty
study
Bhatia et al. [21], 2016 Randomized study Tympanoplasty
Harazika et al. [22], 2018 Randomized study Modified radical mastoidectomy (MRM) Vs
Tympanoplasty Vs Myringoplasty
Vaccines Block [23], 2004 Prospective observational
cohort study PCV7 vaccine
Block et al. [24], 2011 Randomized placebo- Live attenuated influenza vaccine (LAIV)
controlled clinical study Vs Placebo
Novotny et al. [25], 2017 Randomized study 10pg rsPilA+5uglHF+10pgchimV4
Novel DDS Palanikumar et al. [26], Anti-bacterial assay 25pg Amoxicillin trihydrate-loaded ZnO
[Controlled release 2013 nanoparticles (AZNP)
products] Mittal et al. [27], 2018 Sandwich ELISA assay

Chitosan-PsaA nanoparticle

Gao et al. [28], 2015

Randomized study

100 pg/ml SLN-encapsulated edaravone
nanoparticle

Zou et al. [29], 2014

Randomized study

200 pg/ml (Poly)acrylonitrile butadiene
styrene modified with silver nanoparticles
(AgNP)

Paulson et al. [30], 2008

Observational study

Chitosan-glycerophosphate-dexamethasone
(CGP-Dex)

Katzenell et al. [31], 2010

Randomized study

Intratympanic (IT) injection of gentamicin

Yang et al. [32], 2016

Observational study

12% penta-block copolymer of poloxamer
407-polybutylphosphoester containing 1%
ciprofloxacin (cip-P407-PBP) Vs 1%
ciprofloxacin (control group)
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N. criteria in the definition

Two
Three
>3
Not specified

N. of recurrences

<2

> 2 within 6 months

Not specified

Age range
< 16 years
Not specified

Swelling and pain

Only swelling

Swelling and/or pain

Not specified

Suppurative secretions
Non suppurative

Suppurative

With or without

Not specified

Tympanic membrane
Cloudy tympanic membrane
Impaired mobility of tympanic membrane

Not specified

wo 5

[
H oo

14
13

Table 2:- Criteria used for the diagnosis of CSOM in the selected studies

Authors

Heslop et al. [4]

Kharche [5]

Parenteral
antibiotics

Koivunen [6]

Oral antibiotics
Francis et al. [7]

NUISRT21FEB126

Treatment Tested

3mg/kg Ciprofloxacin I.V. Vs
8mg/kg Amoxicillin I.V.

180 pg/ml Ciprofloxacin LV.
Vs 25 pg/ml Neomycin L.V. Vs
100 pg/ml Ceftazidime 1.V.

150mg Cotrimoxazole Vs
Placebo

20mg Prednisolone Vs Placebo

WWW.ijisrt.com

N. of
cases

42

531

77

363

M/F

31/11

361/170

51/26

215/148

Follow-
up
1

12

ISSN No:-2456-2165
(%)

(55.2%)
(13.8%)
(20.7%)
(11.3%)

(20.7%)
(27.6%)
(51.7%)

(93.1%)
(6.9%)

(24.1%)
(58.6%)
(17.3%)

(6.9%)
(75.9%)
(11.3%)
(6.9%)

(6.9%)

(48.3%)
(44.8%)

Main-findings

Success rate
Ciprofloxacin(77%)
Amoxicillin (30%)
% sensitivity of P.

aeruginosa, E. coli, K.
pneumoniae and S.
aureus
Ciprofloxacin (80.7%,
74.4%, 85.7% and
84.1%)
Neomycin (63.1%,
45.2%, 68.2% and
59%)
Ceftazidime (73.8%,
57.8%, 70.8% and
22%)

Improved the
otological condition
Cotrimoxazole- 49%

Placebo- 31%
Improved the hearing
Prednisolone- 40%

Placebo- 33%
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Topical
antibiotics

Antiseptic
solutions

Aural toilet

Phyto-
chemicals
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Drehobl et al.
(8]

Yaniv et al. [9]

Kharche [10]

Thorp et al. [11]

Kashiwamura et

al. [12]

Wigger et al.
[13]

Woodfield et al.
[14]

Yadav et al. [15]

Sarrell et al.
[16]

Linetal. [17]

Kristinsson et
al. [18]
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0.2% Ciprofloxacin otic
solution Vs PNH solution (3.5
mg/ml Neomycin sulphate,
10000 U Polymxyin B and 1%
Hydrocortisone)

Auricularum powder (10 mg
dexamethasone, 100000U
polymxyin B and 1000000U
Nystatin) Vs 0.3% Ofloxacin
Vs 0.5% Tobramycin

0.3% Gentamycin Vs 30 mg
Tobramycin

Burow solution Vs 1.25%
Aluminium acetate solution

Domeboro’s solution Vs Burow
solution

5% PVP-iodine Vs 3mg/kg
Ciprofloxacin

Aural toilet Vs 2% Boric acid
Vs Topical sofradex

1.5% Acetic acid with 0.3%
Gentamicin sulphate

Otikon otic solution (allium
sativum perforated in olive oil)
Vs Anaesthetic ear drop
(ametocaine and phenazone)

1000 pg/ml Allyl isothiocyanate
(AITC) Vs Penicillin G Vs
Polymyxin B

16% Basil oil Vs Placebo
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628

120

462

56

28

40

134

88

103

29

124

480/148

76/44

322/140

36/20

17/11

28/12

86/48

63/25

67/36

21/8

88/36

1
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Success rate
Ciprofloxacin otic-
86.6%

PNH- 81.1%

Success rate
Auricularum- 86%
Ofloxacin- 77%
Tobramycin- 56%

% sensitivity of P.
aeruginosa, E. coli, K.
pneumoniae and S.
aureus
Gentamycin (62.2%,
94.1%, 78.2% and
59%)
Tobramycin (68.5%,
94.3%, 72.8% and
98.6%)
Improved the
audiological score
Burow- 70.8%
1.25% aluminium
acetate- 44.4%

% inhibition of P.
aeruginosa colony
Burow- 100%
Domeboro- 88%
Improved otological
score
PVP-iodine- 87%
Ciprofloxacin- 90%
Success rate
Aural toilet- 50% Boric
acid- 64%
Sofradex- 58%
Improved otological
symptom score
Acetic acid-78.4%
Gentamicin sulphate-
62.8%
Improved otolgia score
Otikon otic- 87%
Anaesthetic ear drop-
83.6%

% inhibition of E. coli
colony
AITC-95.1%
Penicillin G- 64.1%
Polymyxin B- 92.2%

% inhibition of H.
influenza count
Basil oil- 81% Placebo-
9%
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Cerbo et al.
[19]

Tawab et al.
[20]

Bhatia et al.
Surgeries [21]
Harazika et al.
[22]

Block [23]

Block et al.

Vaccines [24]

Novotny et al.
[25]

Palanikumar et
al. [26]

Mittal et al.
[27]

Gao et al. [28]

Zou et al. [29]

Novel DDS

[Controlled

release

products] Paulson et al.
[30]

Katzenell et al.
[31]

Yang et al. [32]
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12% Tea tree oil Vs Placebo

Myringoplasty

Tympanoplasty

Modified radical
mastoidectomy (MRM) Vs
Tympanoplasty Vs
Myringoplasty

PCV7 vaccine

Live attenuated influenza
vaccine (LAIV) Vs Placebo

10pg
rsPilA+5ugIHF+10ugchimV4

25ng Amoxicillin trihydrate-
loaded ZnO nanoparticles
(AZNP)

Chitosan-PsaA nanoparticle

100 pg/ml SLN-encapsulated
edaravone nanoparticle

200 pg/ml (Poly)acrylonitrile
butadiene styrene modified with
silver nanoparticles (AgNP)

Chitosan-glycerophosphate-
dexamethasone (CGP-Dex)
Intratympanic (IT) injection of
gentamicin

12% penta-block copolymer of
poloxamer 407-
polybutylphosphoester
containing 1% ciprofloxacin
(cip-P407-PBP) Vs 1%
ciprofloxacin (control group)

90

20

45

230

379

290

37

23

24

40

25

19

16

58/32

13/7

32/13

147/83

251/128

188/102

28/9

18/5

6/2

19/5

29/11

16/9

1217

14/2

Table 3:- Included studies and main findings
M: Male, F: Female, Age: in years, Follow-up- period in months
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% Reduction in
occlusion of ear canal,
discharge quantity and

erythema
Tea tree 0il- 58.73%,

82.49%, 53.13%

Placebo- 1.61%,

1.16%, -1.56%

Successful graft uptake
(70%) and dryness of
ears (75%)

Success rate of intact
graft (82%)

Improved hearing
MRM- 54.5%
Tympanoplasty- 34.8%
Myringoplasty- 32.7%

% inhibition of S.
Pneumoniae isolates-
34%

% inhibition of culture-
confirmed influenza
count
LAIV- 85%
Placebo- 21%
Improved otolgia
condition by 23.7%

% inhibition of K.
pneumoniae count by
22.4%

Decreased
pneumococcus
colonization (90.6%)
Improved hearing by
38.9%

Improved hearing by
62.2%

Improved hearing by
37.8%

Improved hearing
function by 15%

% inhibition of P.
aeruginosa colonies
Cip-P407-PBP-
95.94%
Ciprofloxacin- 68%
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Iv. DISCUSSION

Table 4 depicts criteria based on which studies were
included and excluded in this systematic review. These
criteria are undoubtedly debatable and deserve validation
from a panel of experts.

Inclusion criteria \

Age < 16 years
At least 2 episodes during the last 6 months
Impaired mobility of tympanic membrane

Symptoms

Pulling at or rubbing the ears
Otolgia

Rhinitis

Diagnostic methods
Pneumatic otoscopy
Portable tympanometry
Acoustic reflectometry
ELISA assay

Exclusion criteria: Wherein diagnosis was not clear

Table 4:- Suggested criteria for the diagnosis of CSOM

A critical analysis of clinical trials, randomized studies
along with results of ELISA assay indicates that the most
effective therapeutic agents in the management of CSOM
are:

» Povidone-iodine based antiseptic solution as it
significantly improved otological score by 87%.[13]

» Otikon otic solution as it significantly improved otology
score by 86.8%.[16]

» Auricularum powder (10 mg dexamethasone, 100000U
polymxyin B and 1000000U nystatin) as it significantly
reduced bacterial colony count by 99% and improved
otorrhea score by 86%.[9]

» Modified radical mastoidectomy as it significantly
improved hearing by 54.5%.[22]

» Transtympanic cip-P407-PBP as it significantly reduced
the P. aeruginosa colonies by 95.94%.[32]

» LAIV as it significantly reduced -culture-confirmed
influenza count by 85%.[24]

The limitations of this review are evidence-based study
on many of these agents is still lacking and most of the
evidence is synthesized from observational studies with low
sample size and short length of trials, leaving plenty of
doubts regarding long-term efficacy and safety. This
provides an available area of further research to validate the
preliminary initial results with large base trials.
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V. CONCLUSION

This review presents an insight into current therapeutic
options for management of CSOM, a chronic inflammation
of middle ear, mastoid mucosa in association with bacterial
biofilm formation. The effectiveness of antibiotics and
vaccines relies on the effective decrease of the bacterial
colonies in the middle ear whereas surgical management
repairs the impaired tympanic membrane, eustachian tube
and/or ossicular chain, thereby improve otological condition.

Nature-derived compounds also proved to be an
effectual alternative to the current gold standard in CSOM,
gentamicin and amoxicillin. Nanomedicine or transtympanic
targeted DDS containing one or more phytoconstituents
could be explored and developed in an effort to supplement
the antibiotic usage and holds potential as a possible
alternative curative remedy for CSOM.

There exists an unmet need of initiating high quality
blinded RCTs for combination therapy (antibiotics and
phytochemicals) or (topical phytochemicals along with
vaccines) to evaluate their efficacy in CSOM. There is
plenty of opportunity to work on molecular level studies and
extensive exploration of the phyto-based compounds used in
CSOM alone and viable combinations for synergy and
reduced side effects. Future large and well-designed RCTs
that will include children fulfilling a shared definition of the
condition are warranted.

REFERENCES

[1]. Matsuda Y, Kurita T, Ueda Y, Ito S, Nakashima T,
Effect of tympanic membrane perforation on middle-
ear sound transmission. J Laryngol Otol., 2009;
123(31): 81-9.

[2]. Mohammad Reza Shakibaie, Bacterial Biofilm and its
clinical complications, Annals of Microbiology and
Research, 2018; 2(1):45-50.

[3]. Lalendra Yadav, Harinder Sandhu, Harish Chandra,
A Comparative Study to Evaluate the Effectiveness
and Efficacy of Topical Application of 1.5% Acetic
acid and 0.3% Gentamicin sulphate in CSOM patients
of Tertiary care teaching hospital of North India,
Journal of Dental and Medical sciences, 2015; 14(8):

112-118.
[4]. Anders  Heslop, Torben Lildholdt,  Niels
Gammelgaard, Therese Ovesen, Topical

Ciprofloxacin Is Superior to Topical Saline and
Systemic  Antibiotics in the Treatment of
Tympanostomy Tube Otorrhea in Children: The
Results of a Randomized Clinical Trial, The
Laryngoscope, 2010; 120: 2516-2520.

[5]. Maya B. Kharche, Efficacy of Topical Antibiotics
Alone in the Treatment of Chronic Suppurative Otitis
Media (CSOM), Scholars Journal of Applied Medical
Sciences, 2014; 2(6B): 2046-2052.

WWW.ijisrt.com 266


http://www.ijisrt.com/

Volume 6, Issue 2, February — 2021

[6].

[71.

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

NUISRT21FEB126

Petri Koivunen et al., Adenoidectomy Versus
Chemoprophylaxis and Placebo for Recurrent Acute
Otitis Media in Children Aged Under 2 Years:
Randomized Controlled Trial, BMJ. 2004; 328(7438):
487.

Nick A Francis, Rebecca Cannings-John, Cherry-Ann
Waldron, Emma Thomas-Jones, Tom Winfield,
Victoria Shepherd, Debbie Harris, Kerenza Hood,
Deborah Fitzsimmons, Amanda Roberts, Colin
Powell, Micaela Gal,, Christopher C Butler, Oral
Steroids for resolution of otitis media with effusion in
children (OSTRICH): a double-blinded, placebo-
controlled randomized trial, Lancet. 2018;
392(10147): 557-568.

Margaret Drehaobl et al., Comparison of Efficacy and
Safety of Ciprofloxacin Otic Solution 0.2% Versus
Polymyxin  B-neomycin-hydrocortisone in  the
Treatment of Acute Diffuse Otitis Externa, Curr Med
Res Opin. 2008; 24(12): 3531-3542.

Eitan Yaniv, Jacob Shevro, Benny Nageris, Moshe
Lapidot, Tuvia Hadar, Barbara Cahani, Chaim
Zegerman, Comparative Efficacy of Two Anti-
Bacterial/Anti-Inflammatory Formulations
(Auricularum Otic Powder and Dex-Otic Drops) in
the Medical Treatment of Otitis Externa, Curr Med
Res Opin. 2002; 18(8): 520.

Maya B. Kharche, Topical Antibiotics in Chronic
Suppurative Otitis Media, Scholars Journal of
Applied Medical Sciences, 2014; 2(6B): 2048-2055.
M. A. Thorp, I. B. Gardenier, C. A. J. Prescott,
Burow's solution in treatment of active mucosal
chronic suppurative otitis media: determining an
effective dilution, The Journal of Laryngology &
Otology, 2000; 114: 432-436.

Masaaki  Kashiwamura, Eiji Chida, Michiya
Matsumura, The efficacy of Burow's solution as an
ear preparation for the treatment of chronic ear
infections, Otology and Neurology, 2014; 25(1): 9-
13.

Christine Wigger, Amanda Jane Leach, Peter Morris,
Povisone-iodine ear was and oral cotrimoxazole for
chronic suppurative otitis media in Australian
aboriginal children: study protocol for factorial
design  randfomised controlled trial, BMC
Pharmacology and Toxicology, 2019; 20: 29.

Georgia Woodfield, Alan Dugdale, What is the most
effective antibiotic regime for chronic suppurative
otitis media in children?, International Child Health
Review Collaboration, 2008; pg. no.1-5.

Yadav Lalendra, and Kirti Vishwakarma, Role of
Topical Acetic Acid in Comparison to Gentamicin for
the Management of Chronic Suppurative Otitis
Media, International Archives of BioMedical and
Clinical Research, 2015; 1(1):6.

E. Michael Sarrell, Avigdor Mandelberg, Herman
Avner Cohen, Efficacy of Naturopathic Extracts in
the management of Ear Pain associated with acute
otitis media, Arch Pediatr Adolesc Med., 2001;
155(7): 796-799.

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

WWW.ijisrt.com

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

Chia-min Lin, James F. Preston, Cheng-l Wei,
Antibacterial Mechanism of Allyl Isothiocyanate,
Journal of Food Protection, 2000; 63(6): 727-734.
Karl G. Kristinsson, Anna B. Magnusdottir, Hannes
Petersen and Ann Hermansson, Effective Treatment
of Experimental Acute Otitis Media by application of
volatile fluids into the ear canal, The Journal of
Infectious Diseases, 2005; 191:1876-1879.
Alessandro Di Cerbo, Sara Centenaro, Francesca
Beribe et al., Clinical evaluation of an
antiinflammatory and antioxidant diet effect in 30
dogs affected by chronic otitis externa: preliminary
results, Vet Res Commun, 2016; 40: 29-38.

Hazem Mohammed Abdel Tawab, Fadi Mahmoud
Gharib, Tareq M Algarf, Louay S EiSharkawy,

Myringoplasty ~ with  and  without  Cortical
Mastoidectomy in treatment of Non-
cholesteatomatous  Chronic ~ Otitis Media: A

comparative study, Clin Med Insights Ear Nose
Throat, 2014; 7: 19-23.

Khyati Bhatia, Lakshmi Vaid, H. C. Taneja, Effect of
Type 1 Tympanoplasty on the Quality of Life of
CSOM npatients, Indian J Otolaryngology Head Neck
Surgery, 2016; 68(4): 468-474.

Produl Hazarika, Seema Elina Punnoose, John Victor,
Joyse Zachariah, Mrinmoy Hazarika, Evaluation of
the hearing results after mastoidectympanoplasty
operation with or without ossiculoplasty: A
percentage change versus absolute change; a different
methology, Indian Journal of Otology, 2018; 24(3):
148-156.

Stan L Block et al., Community-wide Vaccination
With the Heptavalent Pneumococcal Conjugate
Significantly Alters the Microbiology of Acute Otitis
Media, Pediatr Infec Dis J. 2004; 23(9): 829-833.
Stan L Block et al., The Efficacy of Live Attenuated
Influenza Vaccine Against Influenza-Associated
Acute Otitis Media, Pediatr Infect Dis J. 2011; 30(3):
203-207.

Novotny LA, Clements JD, Goodman SD, Bakaletz
LO., Transcutaneous immunization with a band-aid
prevents experimental otitis media in a polymicrobial
model, Clin. Vaccine Immunol., 2017; 24:e00563-16.
L. Palanikumar, S. Ramasamy, C. Balachandran,
Influence of particle size of nano zinc oxide on
controlled  delivery of amoxicillin,  Applied
Nanoscience, 2013; 3:441-451.

Rahul Mittal, James M. Parrish et al., Microbial otitis
media: recent advancements in treatment, current
challenges and opportunities, Journal of Medicinal
Microbiology, 2018; 67: 10.

Gang Gao, Ya Liu, Chang-Hua Zhou, Ping Jiang,
Jian-Jun Sun, Solid Lipid Nanoparticles Loaded with
Edaravone for Inner Ear Protection After Noise
Exposure, Chinese Medical Journal, 2015; 128(2):
203-209.

267


http://www.ijisrt.com/

Volume 6, Issue 2, February — 2021

[29].

[30].

[31].

[32].

NUISRT21FEB126

Jing Zou, Hao Feng, llmari Pyykko, Toxicity of silver
nanoparticle in rat ear and BALB/c 3T3 cell ling,
Journal of Nanobiotechnology, 2014; 12:52.

Paulson DP, Abuzeid W, Jiang H, OCe T, O' Malley
BW, Li D., A novel controlled local drug delivery
system for inner ear disease, Laryngoscope, 2008;
118:706-711.

Udi Katzenell, Michael Gordon, et al., Intratympanic
gentamicin injections for treatment of Meniere's
disease, Otolaryngoscopy-Head and Neck Surgery,
2010; 143: S24-S29.

Yang R, Sabharwal V, Okonkwo OS, Shlykova N,
Tong R et al, Treatment of otitis media by
transtympanic delivery of antibiotics, Sci Transl Med.
2016; 8:356ra120.

WWW.ijisrt.com

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

268


http://www.ijisrt.com/

