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ABSTRACT

Otomycosis or fungal external otitis is a fungal infection of the external auditory
canal, typically caused by Aspergillus and Candida species. This review aims to
summarize current research on the effectiveness of clotrimazole in treating
otomycosis, comparing it with other antifungal treatments. Clotrimazole, an
azole antifungal, has a broad spectrum of action and is commonly used in
otomyecosis therapy. The article evaluates its effectiveness against other treatment
methods, including other antifungal preparations. Additionally, it discusses the
etiology, epidemiology, and risk factors of otomycosis, providing a
comprehensive understanding of the condition and the most effective
pharmacological interventions. Clotrimazole demonstrates high efficacy against
yeasts and fungi causing otomycosis, surpassing other antifungal drugs.
Histological and physiological studies on animal models confirm their safety and
lack of ototoxic effects, and long-term use in clinical practice is considered safe.
Clotrimazole is a secure, affordable, and effective treatment option for
otomyecosis of the external ear. It delivers the expected results and meets the
therapeutic needs of doctors and patients dealing with this condition, bringing

satisfaction with the treatment outcomes.
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1. INTRODUCTION

Otomycosis is a superficial fungal infection that affects the external auditory canal and occurs relatively frequently (Bojanovic et al.,
2023). It typically follows a chronic course and often recurs. It is most commonly unilateral, although bilateral cases are observed in
patients with weakened immunity. The infection is facilitated by the specific anatomical structure of the ear, the narrowing of the
external auditory canal, and skin damage that disrupts the integrity of the epidermis (Bojanovi¢ et al., 2023; Pajaczkowska et al., 2017;
Nowak & Szyfter, 2008).

The pathogenesis of otomycosis results from maceration of the skin in the external auditory canal by external and internal factors
such as moisture, damage, allergies, and diabetes. These lead to a loss of skin elasticity, atrophy of the ceruminous and sebaceous
glands, and a change in pH, which increases susceptibility to fungal and bacterial infections. For this reason, patients often report
previous use of antibiotic ear drops to treat bacterial infections, and this promotes the growth of fungi (Verse et al., 2016).

Studies have shown that maceration of the skin in the auditory canal, leading to an increase in pH, promotes the growth of fungi.
High humidity and temperature can contribute to the moist conditions in the external auditory canal. As a result, otomycosis is
particularly common in tropical and subtropical climates, and in temperate zones, it primarily occurs in the summer (Bojanovic¢ et al.,
2023; Pajaczkowska et al., 2017; Abdelazeem et al., 2015; Viswanatha et al., 2012).

The clinical symptoms of otomycosis are typically nonspecific. An acute inflammation is accompanied by an ear canal swelling and
the eardrum is not visible. Initially, patients experience a feeling of fullness and pressure in the ear, which later progresses to intense
pain that worsens with touch, movement of the auricle, or pressure on the ear lobe. In the chronic phase of inflammation, severe itching
of the external auditory canal develops, causing the patient to scratch, which ultimately leading to superinfection with acute dermatitis,
with or without perichondritis (Verse et al., 2016). Other symptoms include hearing impairment and tinnitus. Otoscopic examination
reveals inflammatory changes, erythematous areas with scaling, and greenish or dark plaques depending on the fungal species
(Pajaczkowska et al., 2017). A characteristic symptom is the presence of a thin, fluffy mass in otoscopy, easily removable, ranging in
color from off-white to yellowish or greenish-black (Verse et al., 2016).

Fungal infections account for about 10% of all external ear infections. The most common pathogens associated with otomycosis are
fungi from the Aspergillus genus (particularly Aspergillus flavus and Aspergillus niger), which are responsible for 80-90% of cases, as well
as Candida spp. (10-20% of cases) (Bojanovic et al., 2023).

The treatment of otomycosis can be challenging and requires careful clinical supervision. The foundation of therapy is the
mechanical cleaning of the auditory canal while avoiding irrigation to prevent creating a "moist chamber" that promotes fungal growth
(Verse et al., 2016). Pharmacological methods include the application of local antifungal drugs and antiseptic agents (Nowak and
Szyfter, 2008). The prognosis for fungal infections is worse in individuals with weakened immune systems, as in immunocompromised
patients. Otomycosis can progress with serious complications such as hearing loss or mastoiditis (Viswanatha et al., 2012). The disease
presents many challenges for patients and otolaryngology specialists, and relapses can occur despite prolonged treatment and close

monitoring.

2. METHODOLOGY

The review is an analysis of literature from available sources, including databases such as PubMed, Google Scholar, ScienceDirect, and
StatPearls, as well as national journals such as Polish Journal of Otolaryngology. In addition to database searches, standard academic
textbooks were also reviewed to provide background and support for clinical context. These included: Diseases of the Ear, Nose, and
Throat with Head and Neck Surgery (Verse et al., 2016), and Clinical Otolaryngology (Bochenek & Zakrzewski, 1981). Literature review
included studies published between January 1981 and January 2025, with a particular emphasis on research from the past 10-15 years

to ensure relevance and timeliness.

3. RESULTS AND DISCUSSION

Clotrimazole - Mechanism of Action

Antifungal medications work by disrupting the integrity and permeability of the fungal cell membrane or cell wall, leading to cell
growth inhibition or cell death. Azoles inhibit the synthesis of ergosterol, an essential component of the fungal cell membrane,
destabilizing the membrane. Echinocandins block the synthesis of 1,3-3-D-glucan, weakening the cell wall. Polyenes bind to ergosterol

in the fungal cell membrane, causing increased permeability (Quindds et al., 2019).
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Azoles inhibit the activity of 14-a-demethylase, a cytochrome P-450 (CYP51)-dependent enzyme, which plays a crucial role in
ergosterol biosynthesis in fungi and cholesterol synthesis in mammals. The accumulation of 14-a-demethylase in cells treated with
azoles disrupts the structure and function of the cell membrane, leading to inhibition of fungal growth (Hitchcock et al., 1990).
Clotrimazole is a synthetic imidazole with a broad spectrum of antifungal activity. This is an FDA-approved drug used to treat
infections caused by Candida spp. dermatophytes, and infections such as oral candidiasis, vulvovaginal candidiasis, and
dermatomycosis (Khatter and Khan, 2025). Polyenes and echinocandins are fungicidal, while azoles exhibit fungistatic activity against
Candida and dermatophytes at therapeutic doses (Quindos et al., 2019).

Clotrimazol - Safety of Use

Patients using clotrimazole for the topical treatment of fungal infections most commonly report a burning sensation as a side effect.
Other possible adverse effects include rash, hives, blister formation, pricking, skin peeling, redness, swelling, discomfort, and other
irritation symptoms at the application site (Haq and Deshmukh, 2022). Lee et al., (2011) conducted a systematic review of clinical
studies that evaluated the efficacy and safety of topical azoles in the treatment of otomycosis. An allergic reaction was the most
common adverse effect. The allergic reaction occurred in the form of local hypersensitivity, irritation, redness, and itching. There are
reports of potential hearing loss, but there is a lack of precise data regarding its mechanism and frequency.

Tom (2000) assessed the ototoxicity of topical antifungal drugs in guinea pigs by analyzing the loss of hair cells. For a week,
antifungal medication was administered to the middle ear. Scanning electron microscopy showed no damage in the lower turns of the
cochlea in the untreated group, while neomycin caused the expected loss of hair cells. Clotrimazole, miconazole, and tolnaftate showed
no ototoxicity, while nystatin left a deposit in the round window niche. Gentian violet caused vestibular damage and intense bone
growth. The results suggest that guinea pigs may be more sensitive to ototoxic substances than humans, but clotrimazole, miconazole,
and tolnaftate appear safe.

Isaacson (2020) analyzed three off-label drugs that gained significance in caring for patients with tympanostomy tubes. Only a few
drugs are FDA-approved for treating infections in patients with a perforated tympanic membrane or tubes. The effectiveness and safety
of a nasal spray with oxymetazoline, a 2% ointment with mupirocin, and a 1% cream with clotrimazole were evaluated. None of these
drugs showed ototoxicity either in animal studies or with long-term clinical use. It turned out that the topical application of 1%
clotrimazole is safe and effective in treating otomycosis. There were no signs of ototoxicity in experimental models and clinical practice
in children with tympanostomy tubes. Azoles have a beneficial use profile and are characterized by a low risk of adverse reactions. The

long-term effects of the therapy, especially ototoxicity, remain unknown, so further clinical research is needed (Lee et al., 2011).

Treatment principles for otomycosis

Non-pharmacological approaches focus on cleaning and drying the external auditory canal (Verse et al., 2016). The basis of the
treatment is cleaning the external auditory canal from accumulated fungal masses (Nowak and Szyfter, 2008). If possible, it is
important to avoid irrigating the ear to prevent a "moist chamber" that promotes fungal growth; therefore, keeping the ear dry is
recommended throughout treatment (Verse et al., 2016).

The pharmacological treatment of external ear fungal infections involves the prolonged topical application of antifungal agents and
mycelium-destroying substances such as nystatin, iodoform powder, natamycin, hydrocortisone, neomycin, miconazole, clotrimazole,
or alcohol-based drops. In more severe or treatment-resistant cases, systemic therapy (itraconazole, ketoconazole) may be necessary for
at least 14 days (Nowak and Szyfter, 2008). Specific topical medications include clotrimazole, miconazole, and nystatin, while
nonspecific agents include acidifying solutions and gentian violet (Yassin et al., 2023). In topical therapy, the most commonly used
medications are clotrimazole or miconazole, often administered with ceftazidime, an antibacterial agent (Haq and Deshmukh, 2022).
Clotrimazole is the most commonly used topical azole for otomycosis, with efficacy ranging from 95% to 100%, except for one study
that reported a lower efficacy of 50%.

Efficacy of Clotrimazole in Topical Treatment of Otomycosis
Single-Dose Application of 1% Clotrimazole Cream
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In a prospective study by Chavan et al., (2022), the efficacy of a single-dose local application of 1% clotrimazole cream in treating
otomycosis was assessed, along with the recurrence rate after one month and three months. The study involved 112 patients, with the
most commonly isolated pathogen being Aspergillus niger. After three days, clinicians removed the cream through suction and
conducted clinical follow-ups. After one month, 91.0% of patients showed complete recovery, while 9.0% still had symptoms or
experienced a relapse. After three months, the cure rate was 84.8%, with a recurrence rate of 6.3%.

Dundar and Iynen (2019) conducted a prospective study involving forty patients diagnosed with unilateral otomycosis. After
cleaning the external auditory canal of fungal debris, 1% clotrimazole cream was applied to fill the entire ear canal in all patients.
Clinicians conducted follow-up examinations on days 7, 15, and 45 after the medication was applied. After treatment, 38 patients fully
recovered from the infection within 7 days of completing the therapy, while two patients showed no improvement. After 45 days

following treatment, 39 out of 40 patients reported no symptoms.

The efficacy of clotrimazole in the treatment of recurrent otomycosis

Kiakojuri et al., (2019) performed a clinical study to assess the inhibitory effect of topically applied clotrimazole drops on the recurrence
of otomycosis. Clinicians initially screened 207 individuals, confirming the diagnosis in 161 cases (Aspergillus spp. — 80%, Candida spp. —
19.3%). All participants were treated for 4 weeks with clotrimazole (ointment, drops) along with cleaning and drying of the ear canal.
Among the 161 individuals with otomycosis, only 3.1% experienced a recurrence after completing the treatment cycle and showed
complete improvement in the disease, according to the otolaryngologist and patient satisfaction with the treatment. This study
demonstrated the high efficacy of clotrimazole in the treatment of otomycosis.

In another clinical study conducted by Nagqi et al., (2014), 119 patients with confirmed otomycosis participated. All patients applied
clotrimazole cream twice a day for two weeks. After completing the treatment, the patients were followed up after 2 weeks to assess the
effectiveness of the therapy based on the complete absence of fungal hyphae in microscopic examination. Clinicians observed
unsatisfactory treatment outcomes in only 7 (5.88%) out of 119 patients, while achieving satisfactory outcome in the remaining 112
(94.12%) patients.

Isaacson (2020) presented clotrimazole-containing medications for the local treatment of otomycosis in 157 children. After cleaning
the ear, the clinician applied a 1% clotrimazole solution into the auditory canals of children with tympanic membrane perforation,
followed by daily use for one week. In children with tympanic membrane perforation. Complete recovery was observed in 146 children
during the follow-up visit one week after starting the treatment, while the remaining children did not attend the observation. Seven

children required repeated therapy, and four returned after a month with a recurrence. The patients did not report any hearing loss.

Clotrimazole, in comparison to betadine and iodine tincture

Further studies on the effectiveness of clotrimazole focused on comparing the treatment outcomes with an iodine-based medicinal
product. In a clinical study undertaken by Mofatteh et al., (2018), the effectiveness of clotrimazole and betadine in treating otomycosis
among 204 patients was examined in a clinical study. Aspergillus spp. accounted for 74% of infections, while Candida albicans accounted
for 26%. The study group, which had a confirmed diagnosis of otomycosis, was divided into two subgroups: 102 patients received
treatment with clotrimazole, and another 102 received treatment with betadine. Clinicians assessed the treatment response in three
categories (good, partial, none) on days 4, 10, and 20. By day 20, a good response was observed in 68.6% of patients treated with
betadine and 67.6% of those treated with clotrimazole, showing no significant difference between the groups.

Mofatteh et al., (2021) initiated a later clinical study to compare the effectiveness of clotrimazole and iodine tincture in treating
otomycosis among 160 patients. Aspergillus spp. was the most commonly isolated pathogen. The patients were divided into two groups
of 80 each. Researchers evaluated the treatment response on days 4, 10, and 20. They observed a good treatment response in 67.5% of
patients using iodine tincture and 62.5% in the clotrimazole group. The results indicate that both treatments demonstrated comparable

effectiveness in managing otomycosis.

Clotrimazole in comparison to thiocarbamate

Jimenez-Garcia et al., (2019) conducted a randomized clinical trial comparing clotrimazole and tolnaftate in 48 otomycosis patients,
with Aspergillus niger as the most common pathogen. Clinicians divided patients into two groups: 28 received a single application of
clotrimazole cream for 7 days, while 20 used tolnaftate drops twice daily for the same period. After one week, clinicians observed

infection resolution in 75% of the clotrimazole group and 45% of the tolnaftate group. Tolnaftate was linked to higher recurrence (20%)
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and treatment failure (15%), requiring greater patient involvement. Clotrimazole was more convenient and cost-effective as it was

applied in a medical setting with weekly follow-ups.

Comparative efficacy of azole antifungals

The study by Nemati et al., (2022) assessed the efficacy of sertaconazole, miconazole, clotrimazole, and placebo in 138 patients with
otomycosis (230 ears). The patients were divided into four groups and monitored for four weeks. Patients achieved a positive treatment
response in 96.43% of patients using sertaconazole, 94.83% with miconazole, 91.38% with clotrimazole, and 79.31% with placebo.
Sertaconazole was more effective than miconazole and clotrimazole, especially in terms of total and partial treatment response. The

authors recommend further studies on larger samples and in different populations.

Comparison of Antifungal Agents' Efficacy — In Vitro Study

A study by Stern et al., (1988) evaluated 13 antifungal agents for otomycosis pathogens. Clotrimazole showed the largest growth
inhibition zone, outperforming nystatin, amphotericin B, miconazole, and natamycin. Tolnaftate was effective only against Penicillium
sp., while flucytosine lost efficacy after 48 hours. Nystatin was most effective against rare fungi, except Cryptococcus sp. Clotrimazole,
amphotericin B, and natamycin inhibited 75% of organisms, with clotrimazole and miconazole also showing antibacterial properties.

Clotrimazole proved most potent against common fungi, nystatin had the broadest spectrum, and tolnaftate was ineffective.

Combined Therapy Effectiveness - Clotrimazole and Ceftizoxime
In a clinical study by Mahdavi Omran et al., (2018) involving 87 patients with otomycosis, the combined therapy with clotrimazole and
ceftizoxime was evaluated. Clinical symptoms improved significantly — pain decreased from 77.8% to 11.1%, swelling from 57.8% to
2.2%, and itching from 84.4% to 15.6%. The control group treated only with clotrimazole had worse treatment results. The study results
indicate that adding ceftizoxime increases the chance of curing otomycosis.

All studies presented in Table 1 demonstrate the high efficacy of clotrimazole in the treatment of otomycosis, with various
treatment regimens and observation times showing positive results in most cases, both for single and multiple applications of the

medication.

Table 1. Summary of Key Findings on Clotrimazole Efficacy in Otomycosis Treatment

Study (Author, . . Fungal Follow-up .
Sample Size Treatment Regimen ] Main Outcomes
Year) Pathogens Period
91.0% recovery at 1
Chavan et al., . Single application of 1% Aspergillus niger month; 84.8% at 3
112 patients . 1 and 3 months
2022 clotrimazole cream (most common) months; 6.3%

recurrence

. .. 38 fully recovered; 1
Single application of 1%

Dundar and partial recovery; 1 no

. 40 patients clotrimazole cream; follow- Not specified 7 and 45 days
Iynen, 2019 response; 97.5%
ups on days 7, 15, 45
success rate
. . . Aspergillus spp. _
Kiakojuri et al., 161 confirmed | Clotrimazole drops and/or (80%), Candid Exact timing 96.9% success; 3.1%
0), Candida .
2019 cases ointment for 4 weeks not specified recurrence
spp. (19.3%)
. . 94.12% success; 5.88%
. ) Clotrimazole cream twice i 2 weeks post- .
Nagqi et al., 2014 119 patients . Not specified unsatisfactory
daily for 2 weeks treatment
outcome
1 week, with 1 146 recovered (93%);
. Daily 1% clotrimazole i month follow- 7 needed retreatment;
Isaacson, 2020 157 children . Not specified
solution for 1 week up for some 4 had recurrence; no
patients hearing loss reported
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67.6% good response
Aspergillus spp. with clotrimazole;
Mofatteh et al., . ) . . Days 4, 10 and
2018 204 patients Clotrimazole vs. Betadine (74%), Candida 20 68.6% good response
albicans (26%) with betadine; no
significant difference
67.5% good
response with
Mofatteh et al., . Clotrimazole vs. Iodine Aspergillus spp. | Days 4, 10 and iodine tincture:
160 patients . !
2021 tincture (most common) | 20 62.5% with

clotrimazole;

comparable efficacy

75% recovery with

clotrimazole; 45%

Jimenez-Garcia Aspergillus niger

etal., 2019

1 week with tolnaftate;
tolnaftate had higher

48 patients Clotrimazole vs. Tolnaftate
(most common)

recurrence rate
Sertaconazole: 96.43%

Sertaconazole vs. success,; Miconazole:

Nemati et al.,

2022 138 patients Miconazole vs. Clotrimazole | Not specified 4 weeks 94.83%; Clotrimazole:

vs. Placebo 91.38%; Placebo:
79.31%

Significant

improvement in pain,
Mahdavi Omran . . L . Exact timing swelling, and itching;

87 patients Clotrimazole + Ceftizoxime Not specified . .
et al., 2018 not specified control group with

clotrimazole alone

showed worse results

4. CONCLUSIONS

Clinical studies show that clotrimazole is very effective in treating otomycosis, especially in infections caused by Aspergillus niger.
Clotrimazole exhibits a strong antifungal activity, surpassing the efficacy of other commonly used medications for the treatment of
otomycosis, such as miconazole, nystatin, and iodine-based preparations. Some studies have shown that a single application of 1%
clotrimazole cream is highly effective, which provides satisfaction with the treatment of otomycosis. While its efficacy is extensively
established, we recommend further research to confirm these findings. We also consider clotrimazole as a safe medication, as it does
not exhibit ototoxicity, and animal studies have not indicated a risk of hearing damage. However, we recommend further research in
this area. Due to its lack of significant systemic side effects, it can be used in combination therapy, such as ceftizoxime, to improve
outcomes. Clotrimazole’s high efficacy, favorable safety profile, and convenient use, confirmed in the aforementioned clinical trials,

make this medication the preferred first-line treatment for otomycosis.
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