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Abstract Objective: To assess the effectiveness of paper patch 
closure of tympanic membrane perforation in patients 
with otomycosis and tympanic membrane perfora-
tion. 
Methods: Fifty-six otomycosis patients with central 
tympanic membrane perforations were included in 
the study. Patients were randomized into two groups 
as patched (PG) and non-patched (NPG) groups. In 
both groups, Castellani’s solution was applied to the 
external auditory canal. In PG patients, the perforated 
tympanic membrane was covered with carbon paper 
patch soaked in Castellani’s solution to reduce ear ca-
nal humidity and to prevent fungi from passing from 
the ear canal to the middle ear mucosa. Paper patch 
was not used in NPG patients. 

Results: There were statistically significant differenc-
es between the two groups in terms of severity scores 
in the first, second, third, fourth and sixth weeks of 
admission (p=0.004, p=0.018, p=0.001, p=0.009, and 
p<0.001, respectively). Time to complete recovery was 
statistically shorter in PG patients (p<0.001). Disease 
recurrence was statistically less among PG patients 
compared to NPG patients (p=0.025). 
Conclusion: Closing of perforation with paper patch 
and topical application of Castellani’s solution was 
found to be an effective and safe method. The method 
eliminated otomycosis in a shorter period and reduced 
recurrence rate in patients with eardrum perforation.
Keywords: Otomycosis, fungal infection, ear surgery, 
tympanic membrane perforation, Castellani’s solution
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Introduction
Otomycosis is a superficial mycotic infection of 
the external auditory canal (EAC), the eardrum, 
and the middle ear. It can commonly occur as a 
primary infection or develop as a secondary infec-
tion (1, 2). It is more common in humid climates 
and in hot seasons, but rare in cold seasons. Oth-
er causes that may lead to fungal ear infection are 
swimming, foreign bodies in the EAC, poor hy-
giene, use of hearing aids, diabetes mellitus, and 
tympanic membrane perforation (3). 

Otomycosis presents with several complaints such 
as itching, otalgia, mild discharge, hearing loss, 
and a sense of foreign body in the external audi-
tory canal (2-5). Further, it results in inflamma-
tion, suppuration, pain, epithelial and fungal de-
bris. Grayish white debris is commonly seen on 
ear examination. The most commonly responsible 

strains are Aspergillus niger  and Candida albicans. 
Strains can vary according to the geographic lo-
cation (4-6).

Management of otomycosis may be challenging 
especially in patients with tympanic membrane 
perforation. The initial steps in the treatment of 
otomycosis are aspiration of fungal debris, epi-
thelial exfoliation and application of topical an-
ti-mycotic solutions or powders such as boric acid 
with alcohol and Castellani’s solution (5, 6). These 
solutions may have an ototoxic effect in patients 
with tympanic membrane perforation. During in-
spiration, ambient air moisturizes the nasal mu-
cosa and reaches the nasopharynx (7). In patients 
with tympanic membrane perforation moist air 
travelling through the nasopharynx may reach the 
middle ear and possibly the EAC when the Eu-
stachian tube opens to ventilate the middle ear. To 
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the best of our knowledge, our hypothesis of traveling of moist 
nasopharyngeal air to the middle ear and the EAC has not 
been reported in the English literature so far. Also, secretions, 
sweating and ambient moist air in the middle ear can create a 
convenient environment in the EAC for fungal infection devel-
opment (3). Closure of the perforation may be the important 
step in the medical management of otomycosis. Surgical closure 
of the tympanic membrane perforation must be performed after 
otomycosis is fully eliminated (8).

In this study, we aimed to block the connection between the 
middle ear and the EAC to prevent recurrence and allow for 
the rapid healing of otomycosis. To that end, the perforation 
in the tympanic membrane was covered with carbon paper 
patch soaked in Castellani’s solution. After this temporary clos-
ing of the perforation, Castellani’s solution was applied using 
port-cotton under otomicroscopic examination. This is the first 
study that reports the use of paper patch in patients with otomy-
cosis and perforated tympanic membrane. 

Methods
Approval from the local ethics committee (Nov 25, 2012-No: 
2012/378) and written informed consent from all patients in-
cluded in the study were obtained. Fifty-six otomycosis pa-
tients with central tympanic membrane perforation were in-
cluded in the study from January 2013 to September 2018. 
Otomycosis was diagnosed by otomicroscopic examination 
with physical findings such as whitish ear discharge and/or ap-
pearance of hyphae in the EAC, the ear drum or the middle 
ear mucosa. Patients with intact tympanic membrane, retrac-
tion pocket, cholesteatoma, previous ear surgery, psoriasis, seb-
orrheic dermatitis, eczema, previous use of antibiotics, topical 
corticosteroids or antifungal medication, patients using hear-
ing aid in the affected ear were excluded. Diabetes mellitus and 
allergic rhinitis were accepted as additional risk factors (9). The 
56 patients were randomized into two groups as patched (PG) 
and non-patched (NPG). In both groups, Castellani’s solution 
(containing 0.08 g boric acid, 0.4 g phenol, 0.04 g fuchsine, 
0.8 g resorcinol, 0.4 mL acetone, 0.85 mL alcohol, and 10 mL 
distilled water) was applied to the external auditory canal by 

portcotton after ear discharge and debris aspiration. Systemic 
or topical antifungal medication or boric acid solution were 
not used. In PG patients, the perforated tympanic membrane 
was covered with a sterilized patch of carbon paper, which is 
used for typing on a manual typewriter, and soaked in Castel-
lani’s solution to prevent secretion from the middle ear to the 
external auditory canal. The patch was not applied in NPG 
patients. The severity of otomycosis was scored according to 
the physical findings and extensiveness of the hyphae in the 
EAC, the tympanic membrane and the middle ear mucosa as 
‘0=none’ (no mycotic infection), ‘1=mild’ (mycotic hyphae on 
one side of the EAC), ‘2=moderate’ (mycotic hyphae on two or 
more sides of the EAC and in the tympanic membrane), ‘3=se-
vere’ (diffuse mycotic hyphae involving the EAC and the mid-
dle ear) (Figure 1). Complete recovery (score=0) was defined 
as total dryness in the EAC and in the middle ear mucosa 
without any hyphae or discharge. Spontaneous closure of the 
tympanic membrane perforation was not seen in any patients 
and not regarded as an essential factor for complete recovery.

After baseline examination,  and aspiration of secretion and de-
bris in the middle ear and the EAC, patients were followed-up 
at first, second, third, fourth and sixth week visits (total six visits 
with the initial baseline visit) in the six week period. In each vis-
it, all patients were examined under otomicroscope, Castellani’s 
solution was applied to the external auditory canal by portcotton  
in each visit only once, and the current disease severity score was 
recorded. If the patient had complete recovery (score=0), Castel-
lani’s solution was not applied, but the patient was asked to re-
turn the following week for recurrence follow-up. The outcomes 
between PG and NPG patients were compared based on the 
following parameters: 1) number of patients by disease severity 
score at each visit, 2) time to complete recovery (disease severity 
score=0), 3) number of patients with recurrence after complete 
recovery during follow-up.

Statistical Analysis
Statistical analysis was performed using SPSS version 23.0 
(SPSS Inc., IBM, Armonk, NY, USA). Data were shown as 
mean±SD for continuous variables and the number of cases was 

Figure 1. Severity of otomycosis was scored according to the physical findings and the extensiveness of the hyphae in the EAC, the tympanic 
membrane and the middle ear mucosa
1A: Mild (Mycotic hyphae on one side of the EAC)
1B: Moderate (Mycotic hyphae on two or more sides of the EAC and the tympanic membrane)
1C: Severe (Diffuse mycotic hyphae involving the EAC and the middle ear)
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used for categorical variables. Data were checked for normal 
distribution using the Shapiro-Wilk test. The Chi-square test 
was used for comparing gender differences and the Student’s 
t-test was used for comparing age differences between PG and 
NPG patients. The Chi-square test was also used for compar-
ing the categorical variants between the two groups, such as the 
number of cases by disease severity scores at weekly visits, the 
number of patients with disease recurrence in the course of the 
study, and the number of patients with additional risk factors. 
The Mann-Whitney U test was used for comparing the time to 
complete recovery between PG and NPG patients. P value of 
<0.05 was regarded as statistically significant.

Results
There were 18 males, 10 females (total 28) in PG and 15 males, 13 fe-
males (total 28) in NPG. Mean age of PG patients was 48.07±15.25 
and mean age of NPG patients was 48.25±15.56. There were no sta-
tistically significant differences between the groups in terms of gen-
der and age (p=0.587 and p=0.966, respectively).

Four of the PG patients had diabetes mellitus and one had al-
lergic rhinitis, while three of the NPG patients had diabetes 
mellitus and one had allergic rhinitis as additional risk factor. 
There was no statistically significant difference between the two 
groups in terms of additional risk factors (p=0.716).

Demographic characteristics of the groups are summarized in 
Table 1. There was no statistically significant difference between 
the number of patients in the two groups regarding baseline se-
verity scores (p=0.618). 

There were, however, statistically significant differences between 
the number of patients in the two groups regarding severity 
scores in the first, second, third, fourth and sixth weeks of ad-
mission (p=0.004, p=0.018, p=0.001, p=0.009, and p<0.001, re-
spectively) (Table 2). As summarized in Table 2, the number of 
patients with complete recovery (score=0) was higher in PG at 
all follow-up visits.

Mean time to complete recovery was 2.46±1.31 weeks in PG 
patients, and 4±1.49 weeks in NPG patients. There was statis-
tically significant difference between the groups regarding the 
time to complete recovery (p<0.001) (Figure 2).

Table 1. Demographic characteristics of patient groups 

 Patched Group (PG) Non-Patched Group (NPG) p
GENDER M/F (%) 18(64.3)/10(35.7) 15(53.6)/13(46.4) 0.587
AGE (Mean±SD) 48.07±15.25 48.25±15.56 0.966
ADDITIONAL RISK FACTOR 4 DM 3 DM 0.716
 1 AR 1 AR
M: male; F: female; DM: diabetes mellitus; AR: allergic rhinitis

Table 2. Comparison of number of patients according to disease severity scores in the time intervals and comparison of number of patients with 
disease recurrence between groups 

 Patched Group (PG) Non-Patched Group (NPG)
 Disease Severity Score (n/%) Disease Severity Score (n/%)
 0 1 2 3 0 1 2 3 p
Baseline 0 5 (17.8) 13 (46.5) 10 (35.7) 0 8 (28.6) 13 (46.4) 7 (25) 0.618
1st week 6 (21.5) 18 (64.3) 3 (10.7) 1 (3.5) 3 (10.7) 8 (28.6) 15 (53.6) 2 (7.1) 0.004*
2nd week 15 (53.6) 12 (42.9) 1 (3.5) 0 6 (21.4) 16 (57.1) 6 (21.4) 0 0.018*
3rd week 21 (75) 6 (21.4) 1 (3.5) 0 7 (25) 16 (57.1) 5 (17.8) 0 0.001*
4th week 23 (82.1) 5 (17.9) 0 0 12 (42.9) 15 (53.6) 1 (3.5) 0 0.009*
6th week 28 (100) 0 0 0 14 (50) 14 (50)   0.00*
Disease Recurrence 1 (3.5)    8 (28.6)    0.025*
*Statistically significant

Figure 2. Comparison of the two groups in terms of time to 
complete recovery
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When disease recurrence rates were compared between the two 
groups, disease recurrence was statistically less in PG patients 
than in NPG patients (p=0.025) (Table 2). 

Discussion
In the presented study, there was statistically significant im-
provement in PG patients in disease recurrence rates and severi-
ty scores in the first, second, third, fourth and sixth weeks of fol-
low-up. Further, the number of patients with complete recovery 
was higher in PG at all visits. 

Otomycosis is a chronic fungal infection of the EAC with acute 
exacerbation. It can be frequently seen in chronic otitis media 
and in the canal wall-down mastoidectomy cavity. It can devel-
op as secondary infection by several predisposing factors such 
as swimming, hot weather, dry and dusty working environment, 
loss of cerumen, immune deficiency and tympanic membrane 
perforation (10, 11). One of the most important factors for oto-
mycosis is long-term exposure to moisture. The risk of infection 
is five times higher in swimmers than in non-swimmers. Long-
term treatment with topical antibiotic and steroid solutions are 
the other predisposing factors (3).

Molds (Aspergillus), yeast (Candida species) and dermatophytes 
are the most commonly isolated fungi in patients with otomy-
cosis. In our previous study, we found bilateral fungal infection 
in 10 of 50 patients with otomycosis, and chronic otitis media 
was the most common predisposing factor (12). In this previ-
ous study mycologic examination showed Aspergillus species 
in 56.6%, Candida species in 16.7%, and Penicillium species in 
10%. Mixed infection was found in 46.3% (12). EAC fungal 
infection is generally diagnosed by history, otomicroscopic and 
mycological examination. In our present study, all patients were 
diagnosed by otomicroscopic examination. 

Otomycosis occurs as an acute or chronic noninvasive infection 
and frequently recurs in patients with tympanic membrane perfo-
ration or a tympanostomy tube (3). The infection often affects the 
tympanic membrane as well as the EAC. In our study otomycosis 
was graded according to the physical findings and the extensive-
ness of the hyphae in the EAC and in the tympanic membrane. 

Otomycosis by itself can also cause tympanic membrane perfo-
ration (13). Persistent tympanic membrane perforation allows 
fungi to involve the middle ear. Otomycosis is mostly seen in 
adult patients with tympanic membrane perforation and otor-
rhea. Clinical signs of chronic fungal infection are commonly 
seen in the EAC. Long-term relapsing otorrhea and repeated 
treatment with antibiotics without remission are the character-
istic features of these patients (14). Closure of the perforation 
with paper patch has a dual effect in the management of otomy-
cosis. First, this technique closes the passage, reduces humidity 
in the EAC and prevents the secretion and the humidity coming 
from the middle ear. Reduced humidity in the EAC facilitates 
the treatment of otomycosis. Second, in patients with tympanic 
membrane perforation and otomycosis, perforation functions as 
a gateway for fungi to pass to the middle ear. Passing of the 

fungi to the middle ear through the perforated tympanic mem-
brane leads to edema and inflammation in the middle ear muco-
sa, causing continuous discharge from the ear canal. Closure of 
the tympanic membrane with paper patch precludes the passage 
of the fungi to the middle ear and hinders middle ear mucosa 
inflammation as well as chronic ear discharge. 

Different antifungal formulations such as ointments, sprays, 
solutions, gels and creams can be used in patients with otomy-
cosis without tympanic membrane perforation. These types of 
medication should not be used in patients with tympanic mem-
brane perforation. Because the small-particle content of these 
medications can cause inflammation and development of gran-
ulation tissue in the middle ear, topical medication will not be 
suitable in patients with a perforated eardrum (14). Topical an-
tifungal solutions (ear drops) will be more suitable in this group 
unless the ear drop is ototoxic. 

Presence of otomycosis is also a contraindication for middle ear 
surgeries. Therefore, tympanoplasty is not suggested in patients 
with otomycosis due to the risk of fungal infection spreading 
to the middle ear or beyond. Moreover, infection can also cause 
graft failure (4). 

In the present study, closure with paper patch and treatment 
with Castellani’s solution of the tympanic membrane perfora-
tions reduced the recurrence rate of fungal infections and short-
ened the treatment period. Castellani’s solution is a well-known 
topical medication commonly applied to the EAC after fungal 
debridement or cleansing. Başal et al. (15) demonstrated that 
Castellani’s solution did not develop any middle ear mucosa in-
flammation in rats when applied through a perforated tympanic 
membrane. It was also shown that Castellani’s solution did not 
affect distortion product otoacoustic emission amplitudes in 
rats when applied to the middle ear mucosa (16). On the other 
hand, the ototoxic effects of topical antifungal medications are 
not clearly known. They can cause sensorineural hearing loss in 
patients with tympanic membrane perforations. Currently, anti-
fungal otic drops contain alcohol, solvents, acids and antiseptics. 
These substances can pass through the round window into the 
cochlea and cause ototoxicity (13, 17, 18). Five topical antimy-
cotic drugs were administered into the middle ear of experi-
mental animals during a 7-day period (18). Clotrimazole, mi-
conazole, and tolnaftate have potentially safer antimycotic effect 
than nystatin for the treatment of otomycosis in patients with 
a perforated eardrum (18). Closure of the tympanic membrane 
with paper patch protects the inner ear from the probable oto-
toxic effects of topical medications.

Conclusion 
Otomycosis is a serious condition in patients with tympanic 
membrane perforation. Closing the perforation with paper patch 
and topically applying Castellani’s solution can be used effective-
ly and safely. This approach completely treats the otomycosis in a 
shorter period and reduces the rate of recurrence in patients with 
eardrum perforation by reducing the humidity in the EAC and 
by preventing the spread of fungi to the middle ear. 
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