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Abstract: Ciprofloxacin, a fluoroquinolone antibiotic, plays a crucial role in treating otitis externa, which is a com-
mon inflammatory disorder of the outer ear canal. This review examines the effectiveness and safety of ciprofloxacin
in managing otitis externa, with a focus on its pharmacological properties, antibacterial effects, and outcomes. This
review highlights the potent activity of ciprofloxacin against the primary pathogens Pseudomonas aeruginosa and
Staphylococcus aureus and its ability to penetrate the auditory canal, making it ideal for treating ear infections. The
use of oral ciprofloxacin in severe cases, particularly in malignant otitis externa, is also discussed. This review ex-
plores the benefits and drawbacks of topical and oral ciprofloxacin formulations and the rationale for combining
these routes in complex cases. Special attention should be given to prescribing ciprofloxacin to vulnerable popu-
lations, such as children, the elderly, and pregnant women. The increasing prevalence of ciprofloxacin-resistant
bacteria and the importance of antimicrobial stewardship programs in combating resistance are emphasized. This
review addresses drug interactions and monitoring strategies. Future directions in otitis externa treatment are
discussed, including the development of safer quinolones, advancements in targeted drug delivery systems, and
progress in diagnostic tools for antibiotic selection. This review underscores the significance of ciprofloxacin in
managing otitis externa while highlighting the need for judicious use and research to optimize outcomes and miti-
gate resistance risk.
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1. Introduction

Otitis externa, or “swimmer’s ear;” is an inflammatory disorder of the outer ear canal, mainly caused by bacterial
infections but also by fungal or viral sources. It often affects individuals involved in water activities due to ear canal
moisture. The main bacteria are Pseudomonas (P) aeruginosa and Staphylococcus (S.) aureus [1, 2]. The risk factors
include moisture exposure, ear canal injury, allergies, and narrow ear canals.

The main symptoms include severe ear discomfort, especially when touching the outer ear, itching and irrita-
tion, inflammation and redness, fluid discharge, clear or pus-like, ear fullness, and temporary hearing loss due to
blockage [2]. The diagnosis involves clinical assessment with otoscopic examination and patient history. Culture
tests may identify the causative organisms [2]. Treatment includes topical antibiotics, sometimes with corticos-
teroids [2, 3], pain management, professional ear cleaning, and advising against water exposure and ear trauma.

Oral antibiotics are used in cases of cellulitis beyond the ear canal or in coexisting conditions [2]. Prevention
includes drying the ears after water exposure, avoiding foreign objects, using earplugs while swimming, and man-
aging skin conditions [2]. With appropriate treatment, symptoms usually resolve within one to two weeks. Without
treatment, the infection may become chronic [2, 3].

Necrotizing otitis externa is severe in immunocompromised patients with diabetes and requires aggressive
treatment and extended antibiotics [4, 5]. This form can be life threatening and may require hyperbaric oxygen
therapy [6]. Otitis externa is common and manageable; however, prompt diagnosis and treatment are crucial to
prevent complications. Maintaining ear hygiene and avoiding risk factors are key to reducing infection.

This narrative review assesses the therapeutic effectiveness and safety of ciprofloxacin in the treatment of otitis
externa. The pharmacological properties, antibacterial effects, and treatment outcomes of these drugs were evalu-
ated. This review investigates the potential of ciprofloxacin in averting complications such as necrotizing otitis ex-
terna, while addressing concerns such as antimicrobial resistance and side effects. It examines how ciprofloxacin is
administered in various patient groups, including immunocompromised individuals and those with specificanatom-
ical susceptibilities, with the aim of developing improved usage protocols.

2. Methodology

This narrative review examined the peer-reviewed literature to elucidate the role of ciprofloxacin in the treat-
ment of otitis externa. The review focused on studies evaluating topical and oral formulations of ciprofloxacin, with
or without corticosteroids, and their efficacy against pathogens such as P, aeruginosa and S. aureus. Special atten-
tion was given to research involving high-risk populations, including children, the elderly, individuals with diabetes,
and those with compromised immune systems.

The inclusion criteria required studies published between 2000 and 2024 to ensure clinically relevant insights
into treatment. Only English-language articles were included. Studies were identified through keyword searches in
PubMed, Scopus, and Web of Science, using terms such as “ciprofloxacin,” “otitis externa,” “necrotizing otitis externa,”
“antibiotic resistance,” and “fluoroquinolone safety.” Additional references were obtained by screening the citations
of the selected articles.

Studies were selected based on their relevance to the pharmacological, clinical, and microbiological roles of
ciprofloxacin for otitis externa. The selection included original research, clinical trials, systematic reviews, meta-
analyses, case reports, and narrative reviews. Priority was given to studies comparing ciprofloxacin with other
antibiotics, particularly fluoroquinolones, cephalosporins, and aminoglycosides.

Articles were excluded if they focused solely on unrelated infections (e.g., otitis media, sinusitis), fungal otitis
externa without reference to ciprofloxacin, or discussed other antibiotics without a comparative analysis. Non-
clinical studies involving animal models or in vitro experiments were excluded unless they had clear clinical impli-
cations. Editorials, expert commentaries, and conference abstracts lacking peer review or sufficient data were also
omitted. As a narrative review, no formal quality assessment of the included studies was conducted; however, the
primary criterion for selection was relevance to the clinical application of ciprofloxacin in otitis externa.

A thematic assessment organized the findings into key categories, including ciprofloxacin mechanism of action,
clinical results, resistance patterns, and safety profiles. This review also examines global practices and innovations
in ciprofloxacin formulations, emphasizing approaches to enhance patient outcomes and combat the development
of resistance.
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3. Significance of Effective Antimicrobial Treatment to Prevent Complications
3.1. Preventing Complications

Appropriate antimicrobial treatments quickly eliminate primary pathogens, mainly P. aeruginosa and S. aureus,
preventing the infection from extending beyond the outer ear canal. This avoids issues like cellulitis or perichondri-
tis [2, 7]. Inadequately treated acute otitis externa can evolve into chronic inflammation, which is more challenging
to manage and affects patients’ quality of life. Patients with chronic conditions often require intensive treatment
[3]

Severe infection, predominantly affecting immunocompromised patients, may progress to necrotizing otitis
externa if not properly treated, potentially leading to complications involving the skull base and cranial nerves.
Research has emphasized the necessity of swift and aggressive antimicrobial treatment in these instances [4, 5, 8].

3.2. Alleviating Symptoms and Shortening Recovery

Timely and suitable antimicrobial therapy reduces symptoms like pain, itching, and discharge, improving pa-
tient comfort [2, 7]. Antimicrobial treatments can speed up infection resolution, reducing disease duration and
minimizing disruption to daily activities [2, 7].

3.3. Combating Antibiotic Resistance

Choosing correct antimicrobial agents based on probable pathogens and local resistance patterns is crucial for
minimizing the development of antibiotic resistance [4]. Using topical antibiotics instead of systemic antibiotics,
when appropriate, reduces systemic exposure and helps to prevent resistant bacterial strains [7].

3.4. Broader Public Health Impact

Effective antimicrobial treatment reduces the need for additional medical interventions and lowers healthcare
costs and resource utilization. This is particularly relevant in cases of necrotizing otitis externa [5, 6]. Patients re-
ceiving effective treatment experience less discomfort and resume normal activities more quickly, leading to higher
satisfaction with care [2, 7].

Effective antimicrobial treatment for otitis externa is crucial for addressing immediate symptoms, preventing
severe complications, managing healthcare costs, and mitigating the risk of antibiotic resistance. Recent studies
underscore the importance of tailored antimicrobial strategies to enhance patient outcomes and promote public
health [2-4, 7].

4. Ciprofloxacin and Its Role in Otitis Externa Management

As fluoroquinolones, ciprofloxacin blocks bacterial DNA gyrase and topoisomerase IV, which are crucial for
DNA replication and cause bacterial cell death. This mechanism is significant in the primary pathogens of otitis
externa, P aeruginosa, and S. aureus [2, 9].

The application of ciprofloxacin in otitis externa is beneficial because of its topical formulations, such as 0.2%
and 0.3% solutions. These allow high drug concentrations at the infection site with minimal systemic absorption,
enhancing bactericidal activity while reducing side effects and antibiotic resistance risks [10, 11]. Ciprofloxacin
has shown comparable efficacy to other treatments in curing otitis externa, confirming its effectiveness [10].

Ciprofloxacin is often combined with corticosteroids, such as dexamethasone or fluocinolone acetonide, in otic
preparations. This combination addresses both bacterial infection and inflammation, resulting in quicker symptom
relief [11, 12]. Clinical trials have shown that this combination outperforms ciprofloxacin alone in terms of micro-
biological response and symptom alleviation [12].

Despite concerns about antibiotic resistance, studies suggest that high concentrations of ciprofloxacin in oto-
topical applications can overcome resistance. Ciprofloxacin-resistant isolates are susceptible to concentrations in
commercial ototopical solutions [9]. The drug’s high local concentration ensures rapid symptom relief and reduced
complications, while its compatibility with corticosteroids enhances overall treatment outcomes. These character-
istics confirm the importance of ciprofloxacin as a primary treatment for ear infections.
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5. The External Auditory Canal: Structure and Infection Susceptibility

The external auditory canal (EAC) transmits sound to the tympanic membrane but is prone to infections such
as otitis externa. Understanding their structure and vulnerability factors is crucial for preventing and treating these
infections.

In adults, the EAC is a tube-like structure approximately 2.5 cm long, stretching from the outer ear (pinna) to
the tympanic membrane. It consists of two parts: the exterior cartilaginous section and interior bony section. The
canal is covered with skin that contains hair follicles and glands, including ceruminous and sebaceous glands that
produce earwax (cerumen). Cerumen captures dust and microorganisms and maintains an acidic environment that
inhibits bacterial growth [2].

5.1. Susceptibility to Infection

The shape of the EAC can retain moisture and foster bacterial proliferation, particularly P aeruginosa, a fre-
quent cause of otitis externa [2].

Excessive accumulation can lead to blockage, creating a dark and damp environment ideal for microbial growth
[2].

The sensitive skin lining the EAC can be injured by cotton swabs, hearing aids, or fingernails, providing entry
points for pathogens [13].

Disorders such as eczema or psoriasis can compromise the skin lining the EAC, increasing vulnerability to
infection [2].

Narrow or winding ear canals can hinder proper drainage and ventilation, thereby elevating the risk of infec-
tion [14].

5.2. Defense Mechanisms

The protective features of EACs help to ward off infections. A slightly acidic pH inhibits bacterial growth, and
the antimicrobial properties of cerumen create a barrier against pathogens [2]. The disruption of these protective
mechanisms can increase the likelihood of infection.

While the EAC’s structure and environment can make it susceptible to infections, understanding these factors
can guide strategies for preventing and managing conditions, such as otitis externa. Approaches include maintain-
ing ear hygiene, avoiding trauma, and controlling moisture exposure, which are essential for minimizing the risk of
infection [2, 13].

6. Primary Causative Organisms
6.1. Pseudomonas aeruginosa

P, aeruginosa is a Gram-negative, opportunistic pathogen thriving in damp environments, making it a frequent
cause of otitis externa [2]. It has various virulence factors, including toxins, biofilm-forming abilities, and enzymes
such as elastase, that break down host tissues [2, 15]. Biofilm formation shields P. aeruginosa from host immune de-
fenses and antimicrobial agents [15]. P. aeruginosa infections typically cause intense discomfort, inflammation, and
pus discharge. It is also the main culprit in malignant otitis externa, a severe form affecting immunocompromised
patients [15, 16].

6.2. Staphylococcus aureus

S. aureus is a Gram-positive bacterium that normally inhabits the skin and nasal passages but can become
pathogenic [2]. It has numerous virulence factors, such as toxins and enzymes, including coagulase and hemolysins,
aiding in tissue invasion and immune system evasion [2]. In otitis externa, S. aureus often leads to furunculosis or
localized abscesses in the ear canal, causing pain and swelling [2, 17]. S. aureus infections may require specific
antimicrobial treatment to avoid complications.
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6.3. Additional Potential Pathogens

Other microorganisms occasionally cause otitis externa, particularly in chronic or complex cases. These in-
clude fungal pathogens, such as Aspergillus and Candida species, which are more common in chronic otitis externa
and humid climates [2, 17]. Other bacteria, such as non-tuberculous mycobacteria and Proteus species, may be
involved, although less frequently [18].

Identifying the common pathogens in otitis externa is crucial for effective treatment. Antimicrobial therapy
often targets specific bacteria, with topical antibiotics being the primary approach. Customizing the treatment
based on the causative organism can improve outcomes and decrease the risk of complications. Understanding
the microbiome of infected ears and potential antibiotic resistance is essential for guiding treatment strategies and
promoting the responsible antimicrobial use [17, 19]. Table 1 lists the otitis externa pathogens and their responses
to ciprofloxacin treatment.

Table 1. Summary of Common Pathogens in Otitis Externa and Ciprofloxacin Efficacy.

Pathogen Type Association with Otitis Externa Ciprofloxacin Effectiveness
1.  Pseudomonas aeruginosa Gram-negative bacteria Most common; causes acute and malignant Highly effective (topical and oral); resistance
otitis externa increasing
2. Staphylococcus aureus Gram-positive bacteria Common; causes furunculosis and abscesses Effective against MSSA; less effective for MRSA
3. Aspergillus species Fungi Chronic cases, humid environments Not effective (antifungals required)
4.  Candida species Fungi Chronic/recurrent infections Not effective (antifungals required)
5. Proteus species Gram-negative bacteria Uncommon, chronic/refractory cases Moderate activity; use alternative antibiotics if

resistant

MSSA: Methicillin-Susceptible Staphylococcus aureus; MRSA: Methicillin-Resistant Staphylococcus aureus.

7. Factors Contributing to Bacterial Otitis Externa

Moisture facilitates bacterial growth in patients with otitis externa. Water exposure leads to moisture accumu-
lation, promoting the growth of pathogens such as P. aeruginosa and S. aureus [2, 16]. High humidity can increase
the risk of infection [20].

Ear canal damage enhances bacterial colonization of the ear. Cotton swabs, earplugs, and hearing aids can
cause microtrauma, compromising the skin’s protective barrier [2].

Immunocompromised individuals, especially those with diabetes, are more susceptible to otitis externa, in-
cluding severe forms such as malignant otitis externa [2, 15, 16].

Dermatological conditions, such as eczema, weaken the skin barrier of the ear canal, enabling bacterial invasion
[2].

Narrow or curved ear canals impede drainage, leading to moisture retention and bacterial growth [2, 20].

Excessive cerumen can trap water and debris, creating conditions for infection [2].

Individuals with a history of otitis externa are prone to recurrence [2].

Prevention requires proper ear hygiene, limited water exposure, avoidance of canal trauma, and management
of underlying conditions. High-risk individuals should use protective measures, such as earplugs, while swimming
[2, 20].

8. Mode of Action

Ciprofloxacin suppresses two critical bacterial enzymes, DNA gyrase and topoisomerase IV, which are essential
for DNA replication, transcription, and cell division.

DNA gyrase creates negative supercoils in DNA, reducing torsional strain during replication and transcription.
Ciprofloxacin stabilizes the DNA-gyrase complex, preventing DNA strand re-ligation and leading to DNA breaks and
bacterial cell death [21].

Topoisomerase [V is crucial for separating intertwined daughter DNA molecules after replication. Ciprofloxacin
stabilizes the enzyme-DNA complex, hindering DNA strand separation, disrupting cell division, and contributing to
bactericidal effects [22].
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9. Broad-Spectrum Activity Against Gram-Negative and Gram-Positive Bacteria

Ciprofloxacin, a fluoroquinolone, offers extensive antimicrobial coverage, targeting various Gram-negative and
some Gram-positive bacteria, making it essential in combating numerous bacterial infections.

9.1. Ciprofloxacin Is Particularly Potent Against Several Gram-Negative Bacteria

Pseudomonas aeruginosa: Known for antibiotic resistance and nosocomial infections, it remains susceptible to
ciprofloxacin. It is one of the few oral options often used with agents such as murepavadin to enhance efficacy [23].

Escherichia coli: Acommon cause of urinary tract infections (UTIs), including some ceftriaxone-resistant strains,
is effectively treated by ciprofloxacin due to its high urine concentration [24].

Klebsiella pneumoniae: Effective against this respiratory and bloodstream pathogen, though resistance con-
cerns arise from DNA gyrase and topoisomerase IV mutations [25].

Neisseria gonorrhoeae: Once a standard treatment, the effectiveness of ciprofloxacin has diminished due to
increased resistance from low-level environmental exposure [26].

9.2. Ciprofloxacin Also Acts Against Select Gram-Positive Bacteria

Staphylococcus aureus: Effective against methicillin-sensitive strains but less reliable for methicillin-resistant
S. aureus. Novel delivery methods, such as ciprofloxacin-loaded niosomes, show promise for overcoming resistance
and biofilm formation [27].

Bacillus anthracis: Food and Drug Administration approved for anthrax treatment and prevention, highlighting
its role in bioterrorism response.

Streptococcus pneumoniae: Although not the primary choice, ciprofloxacin can be used against certain strains
of respiratory infections.

9.3. Safety Considerations and Resistance

Although generally well tolerated, ciprofloxacin may cause side effects such as gastrointestinal issues and ten-
donitis. Resistance can develop through target enzyme mutations or increased efflux pump activity, emphasizing
the need for judicious use [25, 28].

Ciprofloxacin’s broad-spectrum efficacy against many gram-negative and select gram-positive bacteria makes
it a valuable agent for diverse infections. However, its use must be carefully managed to minimize resistance devel-
opment, necessitating prudent prescription practices and consideration of combination therapies to maximize its
effectiveness [23, 29].

10. Pharmacokinetics

Ciprofloxacin is readily absorbed orally with 70-80% bioavailability. It is extensively distributed and achieves
therapeutic concentrations in most tissues and fluids. The drug undergoes minimal hepatic metabolism, with a
substantial portion excreted unchanged in the urine. Its elimination half-life is approximately 4-6 h, allowing twice-
daily dosing [21].

Ciprofloxacin is often preferred for the treatment of ear infections because of its robust pharmacokinetic profile
and excellent tissue penetration. Ciprofloxacin solutions ensure high local concentrations that are crucial for over-
coming pathogen resistance. Research shows ciprofloxacin is non-inferior to other treatments for otitis externa,
demonstrating effectiveness in therapeutic cure rates and microbiological eradication [10, 30].

10.1. Auditory Canal Penetration

Ciprofloxacin penetration of the auditory canal is effective in treating ear infections including otitis externa.
Topical formulations deliver high local concentrations directly to the infection site, ensuring potent antimicrobial
activity, while minimizing systemic exposure and side effects. It is beneficial against common ear pathogens such
as P aeruginosa and S. aureus [10, 12].

The antibiotic penetrates bacterial biofilms in the ear canal, enhancing its efficacy in eradicating biofilm-associ-
ated infections, which is a common challenge in treating chronic ear infections [9].
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11. Clinical Applications of Oral Ciprofloxacin in Otitis Externa

When bacterial otitis externa is intense or unresponsive to local treatment, oral ciprofloxacin is recommended.
This systemic approach achieves sufficient drug concentrations to tackle persistent infections despite topical ther-
apy. Ciprofloxacin’s effectiveness against P. aeruginosa, a frequent cause of these infections, is well-established [10,
12].

Oral ciprofloxacin is beneficial in conditions such as malignant otitis externa, an aggressive infection that af-
fects the base of the skull and nearby structures. This ailment often affects individuals with compromised immune
systems, such as those with diabetes, and requires systemic treatment owing to potential complications such as fa-
cial nerve paralysis and Lemierre’s syndrome [4, 31, 32]. Oral ciprofloxacin, often combined with other antibiotics
such as ceftazidime, effectively manages these complex cases owing to its superior tissue penetration, including
bone [5, 30].

For patients unable to use topical therapies owing to allergies, anatomical challenges, or blockages that hinder
effective medication delivery, oral ciprofloxacin is a feasible option. Despite such obstacles, systemic administration
ensures proper infection treatment [9, 30].

Oral ciprofloxacin is vital for the treatment of ear infections when local therapies are inadequate or impractical.
Its systemic reach and potency against key pathogens make it essential for severe infections, those extending beyond
the external auditory canal, and for patients with contraindications to topical treatments. The choice to use oral
ciprofloxacin should be based on a thorough assessment of the intensity of the infection, implicated pathogens, and
patient-specific factors, ensuring that its advantages outweigh potential risks [5, 31].

12. Clinical Evidence, Dosage, Duration, and Administration

Alleviating symptoms: Research shows that oral ciprofloxacin effectively mitigates symptoms such as dis-
comfort, swelling, and ear discharge in severe or persistent bacterial otitis externa. It is effective in cases involving
resistant microorganisms, in which topical therapies have failed. Ciprofloxacin can impede pathogen growth at high
concentrations achievable through systemic administration despite varying resistance levels [9].

Eliminating pathogens: Studies have shown that ciprofloxacin can target and eliminate common bacteria
associated with otitis externa, such as P. aeruginosa and S. aureus. This is vital in preventing progression to more
severe forms, such as malignant otitis externa, where the infection may spread beyond the external ear canal [10,
33].

Dosage: For adults with severe otitis externa, the recommended oral dose is 500 mg twice daily. Dose adjust-
ments may be required based on kidney function and infection severity [33].

Duration: Treatment usually lasts 7-14 days, customized according to patient response and infection sever-
ity. In more complex cases of malignant otitis externa, treatment may extend up to 6 weeks to ensure complete
resolution [5, 33].

Administration: Ciprofloxacin should be taken with a full glass of water, with or without food. Simultane-
ous consumption of dairy products or calcium-enriched drinks should be avoided to prevent reduced absorption.
Maintaining proper hydration is crucial to avoid crystalluria [33].

Oral ciprofloxacin is effective in treating severe bacterial otitis externa, especially when topical treatment is
unsuitable. Its ability to alleviate symptoms and eliminate pathogens makes it valuable for the management of
complex cases. Healthcare providers should consider the appropriate dosage and duration based on individual
patient needs to ensure effective treatment while minimizing adverse effects and antibiotic resistance.

13. Oral vs. Topical Ciprofloxacin

13.1. Benefits of Oral Treatment

Oral ciprofloxacin is crucial for infections spreading beyond the outer ear canal, such as malignant otitis externa
with systemic dissemination concerns. Systemic antibiotics target deeper tissue involvement and complications
[5, 33]. Oral administration benefits individuals who are unable to use topical treatments because of allergies,
anatomical barriers, or adherence challenges.
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13.2. Drawbacks of Oral Treatment

Oral ciprofloxacin is associated with higher systemic adverse effects, including digestive issues, tendon inflam-
mation, and drug interactions, potentially restricting its use [34]. Systemic administration can contribute to antibi-
otic resistance if not used prudently, necessitating careful patient selection and adherence [9].

13.3. Advantages of Topical Application

Topical ciprofloxacin achieves high local concentrations at the infection site, boosting its effectiveness while
reducing systemic exposure, which is beneficial for localized infections [10, 12]. Topical treatment results in fewer
systemic side effects than oral administration, making it a safer option for many patients [34].

13.4. Drawbacks of Topical Application

Topical therapy is less effective for infections involving deeper tissues or extending beyond the external ear
canal [33]. Correct application can be challenging, especially in children or in those with anatomical abnormalities,
potentially impacting efficacy [10].

13.5. Reasons for Combining Oral and Topical Treatments

In severe otitis externa cases, especially those resistant to standard treatments or involving extensive tissue
damage, a combination of oral and topical ciprofloxacin may be necessary. Severe or refractory infections can ben-
efit from a combination of systemic and local therapies, providing comprehensive pathogen eradication [34]. Pa-
tients with malignant otitis externa often require aggressive treatments. Combining oral and topical ciprofloxacin
helps to manage local infections while addressing systemic spread risks [5]. For immunocompromised patients,
such as those with diabetes or undergoing chemotherapy, a combined approach enhances protection against dis-
semination and complications [5, 33].

The choice between oral and topical ciprofloxacin or their combination should be based on infection severity
and extent, patient-specific factors, and systemic involvement risk. While topical therapy is effective for localized in-
fections with minimal systemic side effects, oral therapy provides the necessary systemic coverage in severe cases.
In certain scenarios, combined approaches may offer the most comprehensive treatment strategy for cases of com-
plex otitis externa. Table 2 compares topical and oral ciprofloxacin formulations, highlighting their uses and effects.

Table 2. Comparative Overview of Ciprofloxacin Formulations for Otitis Externa.

Parameters Topical Ciprofloxacin Oral Ciprofloxacin
1. Formulation type Otic solution Tablet/Suspension
2. Typical concentration 0.2% or 0.3% 250-750 mg
3.  Route of administration  Topical (Ear canal) Oral (Systemic)
4. Common indications Localized otitis externa Severe or unresponsive cases, malignant otitis externa
5. Advantages High local concentration, low systemic exposure, reduced side effects Systemic coverage, effective against deep infections
6. Limitations Not effective for deep infections or anatomical barriers Risk of systemic side effects, resistance,

contraindicated in certain populations

MSSA: Methicillin-Susceptible Staphylococcus aureus; MRSA: Methicillin-Resistant Staphylococcus aureus.

14. Adverse Effects of Oral Ciprofloxacin
14.1. More Common

Nausea and vomiting are prevalent among patients taking ciprofloxacin and are often mild to moderate in
severity. Taking medication with food may help to alleviate these symptoms.

Diarrhea occurs due to disruption of the gut flora and, in some cases, can lead to more severe conditions, such
as antibiotic-associated colitis. Headaches are frequently reported by patients and are usually mild and transient,
but can still affect daily activities.

Dizziness can impair balance and coordination, necessitating precautions, such as avoiding driving or operat-
ing heavy machinery, until patients understand how ciprofloxacin affects them.
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14.2. Less Common

Neuropsychiatric Effects are relatively rare, and ciprofloxacin can induce neuropsychiatric adverse drug reac-
tions (ADRs) with an incidence of 3.6% in certain populations. These effects are more common in older adults and
in those with a history of neuropsychiatric disorders [35]. Cases of acute delirium and myoclonus have also been
reported, highlighting the need for careful monitoring, especially in vulnerable patients [36, 37].

Ciprofloxacin has been linked to tendonitis and tendon rupture, particularly in older patients and in those
concurrently using corticosteroids. These musculoskeletal adverse effects can occur rapidly and may persist even
after drug discontinuation [38].

Rare instances of ciprofloxacin-induced kidney issues such as crystal nephropathy have been documented, par-
ticularly in patients with pre-existing renal impairment [39]. Additionally, cases of syndrome of inappropriate an-
tidiuretic hormone secretion have been reported, suggesting careful monitoring of sodium levels during treatment
[40].

14.3. Managing Side Effects

Consuming ciprofloxacin in food and ensuring adequate hydration can help reduce gastrointestinal side effects.
Probiotics may also be beneficial in maintaining the balance of gut flora.

Patients experiencing headaches or dizziness should rest and avoid tasks that require high concentration.
These symptoms typically resolve as the body adjusts to the medication.

Though generally well tolerated, ciprofloxacin may cause gastrointestinal and neurological side effects. Proac-
tive management of these risks can enhance patient adherence and clinical outcomes.

15. Serious Adverse Effects

The following effects require careful patient evaluation and supervision to minimize potential risks.

Ciprofloxacin usage has been associated with tendon rupture, particularly affecting the Achilles tendon, which
is asevere adverse reaction. Although relatively uncommon, certain factors elevate the risk, including advanced age,
simultaneous corticosteroid use, and impaired renal function. Studies have suggested that ciprofloxacin may dis-
rupt collagen production, leading to tendon weakness and increased susceptibility to rupture. Patients experienc-
ing sudden pain, swelling, or difficulty moving should seek immediate medical care and stop taking the medication
[38, 41, 42].

Another significant side effect is QT prolongation, which can potentially progress to dangerous arrhythmias,
such as torsades de pointes. This risk is elevated in individuals with existing cardiac conditions, electrolyte im-
balances, or other medications known to prolong QT interval. Although ciprofloxacin has a lower risk than other
fluoroquinolones such as moxifloxacin, caution is still necessary. High-risk patients should undergo regular ECG
monitoring, and alternative antibiotics should be considered when appropriate [43, 44].

Peripheral neuropathy, characterized by nerve damage resulting in pain, tingling, numbness, or weakness, has
been reported to be an adverse effect of ciprofloxacin. These symptoms can develop quickly and may persist even af-
ter drug discontinuation. Patients should be educated about these signs and instructed to promptly report unusual
sensations. Immediate cessation of ciprofloxacin upon symptom onset is crucial to prevent irreversible damage
[35, 37].

These serious adverse events underscore the importance of careful patient assessment and monitoring. Health-
care providers must evaluate individual risk factors and ensure that patients are thoroughly informed about poten-
tial side effects with clear instructions on when to seek medical attention.

16. Vulnerable Populations: Key Considerations for Oral Ciprofloxacin Prescription

The administration of oral ciprofloxacin to vulnerable groups, such as children, older adults, and expectant
mothers, requires careful consideration because of their unique physiological characteristics and risk factors.

16.1. Pediatric Patients

Ciprofloxacin use in children is limited because of concerns regarding cartilage growth and joint health. How-
ever, it may be prescribed for complex urinary tract infections or severe bacterial infections when the benefits
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outweigh the risks. Research suggests minimal risks when used appropriately [41, 42]. Dosing for children must
be based on body weight and kidney function to reduce the adverse effects. Healthcare providers should monitor
for musculoskeletal complications, although the risk of tendon rupture is not significantly higher in children [42].

16.2. Geriatric Patients

Elderly individuals are more prone to ciprofloxacin-related side effects, including tendon rupture, QT interval
prolongation, and neuropsychiatric disturbances, owing to age-related organ function changes and multiple health
conditions [35, 41, 44]. Dose adjustments are often required to prevent drug accumulation and toxicity due to age-
related decline in kidney function. Regular monitoring of renal function is recommended [45, 46]. The potential for
drug interactions is higher in older adults owing to polypharmacy. A thorough review of the patient’s medication
regimen is crucial to avoid adverse interactions, particularly with drugs that could exacerbate QT prolongation [44].

16.3. Pregnant Patients

Ciprofloxacin is generally not recommended during pregnancy because of potential risks to the developing
fetus. Animal studies have shown evidence of harm, although direct human data are limited. Risks include possible
teratogenic effects and effects on fetal development [38]. When feasible, alternative antibiotics with a better safety
profile should be used for pregnant women. If ciprofloxacin is necessary, it should be used cautiously to ensure that
the benefits to the mother outweigh the potential risks to the fetus [38].

Prescribing ciprofloxacin to vulnerable populations requires a sophisticated understanding of its risks and ben-
efits. In children, the potential impact on growth and joint health must be carefully evaluated. In older adults, there
is an increased vulnerability to adverse effects and drug interactions, necessitating close monitoring and dosage
adjustments. Fluoroquinolones should be avoided in pregnant women.

16.4. Comparative Safety of Alternative Antibiotics

The use of ciprofloxacin in at-risk groups requires careful consideration of safer alternatives. Amoxicillin-
clavulanate is preferred for pregnant women due to its safety, unlike ciprofloxacin, which poses a risk to fetal
cartilage development [42]. In children, cephalexin and amoxicillin-clavulanate are safer for non-Pseudomonas
infections, given the musculoskeletal toxicity risks associated with fluoroquinolone use [43]. For older adults or
those with cardiovascular issues, levofloxacin provides similar coverage but risks QT prolongation and tendon rup-
ture; thus, non-fluoroquinolones may be preferred [47]. However, these alternatives may not be effective against
resistant Pseudomonas strains, necessitating individualized risk-benefit assessments and pathogen considerations.

17. Development of Antibiotic-Resistant Bacteria
17.1. Pseudomonas aeruginosa

P. aeruginosa has defense mechanisms, including a sturdy cell wall and efflux pump systems that remove antibi-
otics like ciprofloxacin. It develops resistance through alterations in the target enzymes, increased efflux pump pro-
duction, and decreased outer membrane permeability. Ciprofloxacin-resistant Pseudomonas strains are increasing,
particularly in hospitals, complicating infections such as pneumonia, urinary tract infections, and wound infections
[48, 49].

17.2. Staphylococcus aureus

S. aureus, especially methicillin-resistant S. aureus, shows growing resistance to ciprofloxacin. Resistance mech-
anisms include mutations in the quinolone resistance-determining regions of DNA gyrase and topoisomerase [V and
lateral transfer of resistance genes. The prevalence of ciprofloxacin-resistant Staphylococcus strains is a significant
issue in community and healthcare settings, complicating treatment strategies for skin and soft tissue infections,
osteomyelitis, and bacteremia [50, 51].

17.3. Strategies for Controlling Infections

Stringent infection control practices in healthcare facilities are essential for curbing the spread of drug-resistant
strains. These include proper hand hygiene, isolation protocols, and thorough environmental cleansing. Monitoring
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systems that track resistance patterns are vital for early detection and intervention [52].

17.4. Complementary and Alternative Treatments

When ciprofloxacin resistance is identified, alternative antibiotics or combination therapies are required. For
Pseudomonas infections, options include beta-lactams, aminoglycosides, or newer drugs, such as ceftolozane/tazo-
bactam. Alternatives for Staphylococcus infections include vancomycin, linezolid, or newer agents such as dapto-
mycin. Ongoing research on novel antimicrobial compounds, such as lysozyme-chitosan oligosaccharide conjugates,
aims to address resistant infections [51].

The rise in ciprofloxacin-resistant Pseudomonas and Staphylococcus strains poses a substantial public health
challenge, requiring comprehensive management approaches. Improved infection control measures, antibiotic
stewardship, and advanced alternative therapies can help to combat resistant infections.

18. Regional Resistance Patterns and Epidemiological Considerations

Antibiotic resistance patterns vary between regions, affecting the effectiveness of ciprofloxacin in treating oti-
tis externa. In regions with high fluoroquinolone use, such as parts of Southeast Asia and Southern Europe, rising
resistance S. aureus and P. aeruginosa undermines ciprofloxacin as a primary treatment [48, 50]. Countries with
strong antimicrobial stewardship, such as those in Northern and Western Europe, show lower resistance and better
ciprofloxacin susceptibility [19]. Research has shown that hot, humid climates in the Middle East, South Asia, and
parts of Australia correlate with higher otitis externa rates and increased resistant gram-negative pathogens [20,
53]. These variations necessitate the consultation of local antibiograms to customize antibiotic therapy. Region-
specific treatment guidelines are crucial for optimizing ciprofloxacin use and preventing the development of resis-
tance [54].

19. Consequences of Excessive Antibiotic Prescription

Overuse of antibiotics has accelerated the development of antibiotic-resistant bacteria. This resistance occurs
when bacteria are exposed to antibiotics unnecessarily or incorrectly, leading to mutations or acquisition of resis-
tance genes that help them survive future treatments. This is especially concerning for pathogens like S. aureus and
P, aeruginosa, which have complex resistance mechanisms and contribute to healthcare-acquired infections [48,
50].

Excessive antibiotic use increases the risk of adverse drug reactions, from minor digestive issues to severe com-
plications, such as tendon rupture and Clostridium difficile infections. These side effects result in higher healthcare
costs and increased incidence of patient illnesses [49].

Antibiotics can disrupt the human microbiome, causing dysbiosis and increasing susceptibility to opportunistic
infections. This disturbance has long-term health consequences, potentially increasing the risk of metabolic and
autoimmune disorders [54].

Excessive antibiotic use leads to higher healthcare costs due to extended hospital stays, additional treatments
for resistant infections, and costly alternative antibiotics. This financial burden affects healthcare systems’ sustain-
ability [55].

20. Significance of Antibiotic Management Programs

Antimicrobial stewardship programs aim to improve antibiotic use by ensuring appropriate drug, dosage, and
duration for each patient. This approach minimizes unnecessary antibiotic exposure and reduces the pressure for
resistance development [54, 56].

Informing healthcare providers and patients about the risks of antibiotic overuse and the importance of adher-
ing to prescribed treatments are crucial to stewardship efforts. Awareness initiatives promote responsible antibi-
otic use within communities [54].

Evidence-based clinical guidelines standardize treatment and reduce variations in prescription practices, help-
ing to limit overprescription. These guidelines are regularly updated to include the latest research findings and
resistance patterns [57].

Ongoing monitoring of antibiotic use and resistance patterns enables the early identification of emerging resis-

47



ENT Updates | Volume 15 | Issue 02

tance trends and helps tailor stewardship interventions. Tracking stewardship outcomes allows for the assessment
and improvement of strategies [58].

21. Significant Drug Interactions
21.1. Antacids

Antacids with divalent and trivalent cations (e.g., magnesium, aluminum, and calcium) can impair ciprofloxacin
absorption. These cations form insoluble complexes with ciprofloxacin, reducing its bioavailability and efficacy [59].
Ciprofloxacin was administered at least 2 h before or 4 to 6 h after antacid use. Informing patients about this timing
can help maintain the effectiveness of antibiotics.

21.2. Non-Steroidal Anti-Inflammatory Drugs

The simultaneous use of non-steroidal anti-inflammatory drugs (NSAIDs) and ciprofloxacin may increase the
risk of central nervous system (CNS) effects, including seizures. This interaction may be due to the increased solu-
bility and bioavailability of ciprofloxacin in NSAIDs [60, 61]. Individuals with a history of seizures or CNS disorders
should be monitored for CNS stimulation. Alternative pain relievers with lower interaction risks may be considered.

21.3. Additional Notable Interactions

Ciprofloxacin can impede theophylline metabolism, resulting in elevated serum levels and toxicity. Regular
monitoring of theophylline concentration and dose adjustments are essential [62].

Ciprofloxacin may enhance the effects of warfarin, increasing the risk of bleeding. Monitoring the INR and
adjusting the warfarin dose as needed are crucial [63].

21.4. Monitoring and Management Strategies

Using electronic health records with integrated drug interaction checking can help to identify potential inter-
actions when prescribing [62].

Ensuring that patients and healthcare providers are aware of possible interactions and that proper medication
timing and adherence are vital.

Arranging follow-up appointments to monitor patient responses and modify treatment plans is essential to
manage adverse interactions.

22. Malignant Otitis Externa

Malignant otitis externa is a dangerous infection that affects the external ear canal and can potentially spread
to the skull base. P. aeruginosa is the main causative agent, requiring prompt treatment due to its potentially fatal
nature.

22.1. Etiology

Malignant otitis externa progresses from a basic ear infection owing to the invasive nature of P. aeruginosa.
This pathogen attaches to epithelial cells, creates biofilms, and releases toxins, leading to soft tissue, cartilage, and
bone invasion and potentially causing osteomyelitis. Bacterial virulence factors worsen inflammation and tissue
damage.

22.2. Predisposing Factors

Diabetes mellitus is the most crucial risk factor associated with compromised immune function and poor vas-
cular supply. Research has shown a strong correlation between diabetes and malignant otitis externa [53, 64].

Older individuals are more vulnerable to age-related immune decline and co-existing health conditions. The
average age of patients is often >70 years [64, 65].

A history of ear infections can increase the susceptibility to malignant otitis externa.

Frequent exposure to wet environments increases the risk of infection by water-borne organisms such as Pseu-
domonas [66].
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22.3. Importance of Oral Ciprofloxacin in Multi-Drug Therapy

Ciprofloxacin inhibits bacterial DNA gyrase and topoisomerase IV, which are essential for DNA replication and
repair.

Ciprofloxacin is used in combination therapy, often with intravenous antibiotics such as ceftazidime or piperaci-
llin-tazobactam, and local treatments, including debridement and topical antibiotics. This approach ensures com-
prehensive coverage and improves treatment effectiveness [5, 64].

Regular monitoring of treatment responses and adverse reactions is crucial, particularly in elderly patients
and those with kidney problems.

22.4. Treatment Outcomes

Early diagnosis and aggressive treatment generally lead to favorable clinical outcomes. Most patients show
significant improvement and resolution of infection, especially when following a standardized treatment protocol
[5]-

The effective use of ciprofloxacin in combination therapy can decrease disease-related complications and en-
hance patients’ quality of life and functional outcomes. Delayed diagnosis or treatment can result in severe compli-
cations, including cranial nerve involvement and intracranial spread [67, 68].

Insufficient treatment can lead to adverse outcomes such as facial nerve paralysis, which is associated with
higher inflammatory markers and poorer prognosis [65]. Prompt management is vital to prevent such complica-
tions.

23. Alternative Treatments for Bacterial Otitis Externa
Evaluation Against Other Systemic Antibiotics

Levofloxacin, similar to ciprofloxacin may improve compliance with once-daily dosing. Both share adverse
effects, including tendonitis and CNS issues, thus requiring caution in susceptible populations [69].

Amoxicillin-clavulanate targets S. aureus and various other bacteria, but not Pseudomonas. Its tolerability is
comparable to that of fluoroquinolone contraindications, particularly when Pseudomonas is not the main pathogen
[47].

Cephalexin is effective against Staphylococcus infections, but not Pseudomonas. Its safety profile suits pedi-
atric and adult patients when Pseudomonas is not involved [66].

24. Importance of Non-Antibiotic Approaches

Cleaning the ear canal removes debris, earwax, and discharge, enhancing the efficacy of topical treatment and
alleviating symptoms by improving the penetration of topical agents [3, 66].

Pain management is crucial for ensuring patient comfort and treatment adherence. NSAIDs or acetaminophen
are frequently prescribed, with monitoring for adverse effects, particularly in patients with renal or gastrointestinal
concerns [3].

Topical acetic acid solutions help dry the ear canal and modify the pH to inhibit bacterial growth, serving as
preventive measures or adjunctive therapies with antibiotics, particularly in recurrent cases [3, 70].

25. Limitations and Contraindications of Ciprofloxacin

Ciprofloxacin increases the risk of tendonitis and rupture, especially in elderly patients, those on corticos-
teroids, and those with tendon disorders. This should be avoided in high-risk groups with alternative antibiotics
[68].

Ciprofloxacin may cause CNS side effects, including seizures, especially in patients with preexisting CNS condi-
tions. Monitoring or alternative treatments are advisable [68].

Concerns about cartilage and joint development limit the use of ciprofloxacin in the pediatric population. It
should be used cautiously to weigh the benefits against risks [9].

Ciprofloxacin is generally avoided during pregnancy and lactation because of its potential adverse effects on
fetal development. Amoxicillin-clavulanate is preferred as a safer alternative [47].
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26. Conclusions and Future Directions

Ciprofloxacin remains an essential treatment for otitis externa because of its effectiveness, bactericidal proper-
ties, and excellent tissue penetration. Its availability in topical and oral forms allows for treatment strategies based
on the severity of the condition and patient needs. Combined with corticosteroids, ciprofloxacin fights infection
and speeds symptom relief by reducing inflammation.

However, the increasing resistance of P. aeruginosa and S. aureus strains, along with systemic side effects in
susceptible groups, necessitates careful, evidence-based prescribing. Clinical decisions should follow antimicrobial
stewardship, local resistance patterns, and patient monitoring to maintain the effectiveness of these drugs.

Otitis externa treatment is set to improve with advancements in drug development, delivery methods, and
diagnostics, aiming to enhance its effectiveness, reduce side effects, and improve patient outcomes.

26.1. Creating Safer Quinolones

Research aims to develop quinolones with better safety profiles, reducing risks such as tendonitis and CNS
effects associated with fluoroquinolones such as ciprofloxacin. Scientists are modifying structures and targeting
specific bacterial enzymes to minimize unintended interactions, offering safer options for vulnerable groups, in-
cluding the elderly and those with multiple health conditions [71]. These advancements aim to combat bacterial
resistance, while reducing toxicity [71].

26.2. Advancements in Targeted Drug Delivery for Ear Infections

Nanoparticle-based drug delivery systems enhance antibiotic penetration and retention in the ear canal, im-
proving therapeutic efficacy while minimizing systemic exposure and adverse reactions [72]. However, these sys-
tems face challenges, including limited stability and solubility, compared to conventional treatments. Recent inno-
vations, such as biodegradable gels and films, have enabled localized antibiotic release at infection sites, maintain-
ing therapeutic concentrations over extended periods. This approach reduces the need for systemic antibiotics and
their associated side effects [73, 74]. Additionally, microneedle patches for transdermal delivery provide pain-free
local drug concentrations while minimizing systemic absorption [73].

26.3. Progress in Diagnostic Tools for Guiding Antibiotic Selection

Rapid diagnostic tools for identifying specific pathogens and their antibiotic sensitivities can significantly im-
prove otitis externa management by enabling precise antibiotic selection, reducing broad-spectrum agent use, and
combating antibiotic resistance [70].

Techniques such as polymerase chain reaction and next-generation sequencing are being adapted for rapid
pathogen identification from clinical samples, providing detailed information about bacterial strains and resistance
genes for targeted therapy [3, 66].

Advancements in biosensor technology aim for real-time monitoring of infection markers in the ear canal, of-
fering immediate feedback on the infection status and treatment response. These sensors can be integrated into
wearable devices for continuous monitoring and management [73].
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