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Abstract: Fungal keratitis is one of the major causes of microbial keratitis that may lead to corneal blindness. Many problems related 
to diagnosis and therapy are encountered in fungal keratitis, including difficulty in obtaining laboratory diagnoses and the availability 
and efficacy of antifungal medications. Intensive and prolonged use of antifungal topical preparations may not be enough. The use of 
antifungal medications is considered the main treatment for fungal keratitis. It is recommended to start antifungal therapy after 
confirmation of the clinical diagnosis with a smear or positive cultures. Topical application of antifungal medications is a mainstay for 
the treatment of fungal keratitis; however, systemic, intra-stromal, or intra-cameral routes may be used. Therapeutic keratoplasty is the 
main surgical procedure approved for the management of fungal keratitis with good success rate. Intrastromal corneal injection of 
antifungal medications may result in steady-state drug levels within the corneal tissue and prevent intervals of decreased antifungal 
drug concentration below its therapeutic level. In cases of severe fungal keratitis with deep stromal infiltration not responding to 
treatment, intracameral injection of antifungal agents may be effective. Collagen cross-linking has been proposed to be beneficial for 
cases of fungal keratitis as a stand-alone therapy or as an adjunct to antifungal medications. Although collagen cross-linking has been 
extensively studied in the past few years, its protocol still needs many modifications to optimize UV fluence levels, irradiation time, 
and concentration of riboflavin to achieve 100% microbial killing. 
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Introduction
Infectious corneal ulcers, or what we call microbial keratitis, are considered the leading cause of vision loss, especially in 
developing countries. It may be caused by a wide range of microorganisms (bacteria, viruses, fungi, or parasites). The 
proliferation of microorganisms within corneal tissues and the associated inflammatory response results in corneal tissue 
destruction, loss of transparency, and vision diminution.1,2

Fungi are considered opportunistic pathogens and can rarely invade an intact cornea; however, in a state of 
immunosuppression, after trauma; particularly when caused by vegetable matter, in cases of topical steroid use or ocular 
surface disease, they become pathogenic.3

Fungal keratitis is also known as mycotic keratitis (MK) and is one of the major causes of microbial keratitis that may 
lead to corneal blindness. It is more common in tropical and subtropical countries.4 It is estimated that more than 
a million cases of fungal keratitis are diagnosed every year. The risk of perforation following infection is about 10%. 
More than half of the patients with fungal keratitis will lose their vision and live with monocular blindness.5

Many problems related to diagnosis and therapy are encountered in fungal keratitis, including difficulty in obtaining 
laboratory diagnosis of fungal organisms and the availability and efficacy of antifungal medications. Intensive and 
prolonged use of antifungal topical preparations may not be enough, and other methods of drug delivery, such as 
systemic, intrastromal, and intracameral routes, should be considered. The development of new treatment modalities is 
also essential to achieve more rapid results and overcome drug resistance.6
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Etiological Organisms
Fungi that can lead to corneal infection are classified broadly into filamentous fungi or molds (eg, Aspergillus, Fusarium, 
Paecilomyces, Curvularia, and other phaeohyphomycetes), yeast, yeast-like fungi (eg, Candida, Cryptococcus, and 
Geotrichum), or dimorphic fungi (eg, Coccidioides and Histoplasma).3,7

Epidemiology
Being the second most common cause of infectious keratitis after bacterial infection, fungal infection of the cornea is 
reported to be more serious and destructive. The course of infection in fungal keratitis is long-standing, with a high risk 
for complications and perforation. Thus, therapeutic keratoplasty is frequently needed in such cases.8

Geographic location highly affects the incidence of fungal keratitis. Even in the same county, incidence varies 
between different districts concerning humidity and other risk factors. The incidence of fungal keratitis varies in most 
reports between 17% and 36% of cases with corneal infection. In the United States, fungal keratitis is reported to account 
for 5–20% of corneal infections. The incidence is much higher in developing countries, and it was reported to be more 
than 50%.9–13 A recent study from the Egyptian delta reported fungal infections of the cornea to be as high as two-thirds 
of all microbial keratitis, of which mixed infection was culture-proven in 20%.14

Fungal or mycotic keratitis may affect any age but is found more in middle-aged individuals. It is more common in 
males than in females. It is reported to be more endemic during winter due to high humidity. Filamentous fungi are more 
common than yeast and yeast-like fungi. Aspergillus and Fusarium are the most frequently observed filamentous fungi, 
while Candida is the most common yeast.3

Clinical Features
History-taking is an important step in the evaluation of a case of suspected fungal keratitis. It is important to ask about 
the onset and course of the disease. Mycotic keratitis usually has an insidious onset and a gradual course. Asking the 
patient about a history of trauma, contact lens use, systemic diseases, and medications is essential.3

Symptoms of mycotic keratitis include blurring of vision, irritation, redness, photophobia, watering, and discharge. 
Pain is usually less than that of bacterial or Acanthamoeba keratitis and does not correlate with clinical signs.15

Clinical signs (Figure 1) include hyperemia in the form of circumcorneal ciliary flush, corneal infiltration, edema, loss 
of lusterness and ulcer borders are usually feathery. Ulcers are usually associated with grey or yellow stromal infiltration 
that extends beyond the edges of the ulcer. A grey ring of infiltration may be seen in the cornea as fluffy elevated lesions 
with dirty yellow or brown pigmentation. Dense infiltration at the level of endothelium may be presented by endothelial 
plaques. Satellites in the form of multifocal micro abscesses are seen in more than 10% of cases. The anterior chamber 
reaction in the form of a thick hypopyon is seen in more than half of the cases. Variation in clinical appearance is usually 
related to causative fungal species.10,16

Figure 1 Clinical signs of fungal corneal ulcer: Early fungal ulcer with feathery borders (blue arrow), Stromal infiltration (green arrow) (a). Advanced central fungal ulcer 
with satellites and dense infiltration (Black arrow) (b). Advanced fungal ulcer with dense infiltration (Green arrow), satellites (Black arrow), and hypopyon (Yellow arrow) 
(c). Corneal Opacification and vascularization following fungal ulcer (d).
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It was found that clinical signs including serrated or feathery ulcer margins, raised borders, presence of satellite lesions, 
and color of infiltrates can be helpful in clinical differentiation between fungal and bacterial keratitis (Figure 2). 17

In candida and other yeast-induced keratitis, the ulcer configuration shows a “collar button” appearance. The ulcer is 
usually small with expanding infiltration of the stroma. It resembles bacterial keratitis but has a slow progressive course, 
a more discrete stromal infiltration, and shows no response to topical antibiotics.6

Laboratory Diagnosis
Clinical signs of fungal keratitis are valuable in giving an initial diagnosis, but confirmation of the diagnosis and 
identification of the causative organism requires other diagnostic tests, including microbiological laboratory tests. The 
possibility of a combined infection should also be suspected. Microbiological tests must take place at presentation and 
before the initiation of medications.18

The first step for laboratory tests is corneal scraping to obtain tissues for examination and culture. Corneal scraping also 
assists in debulking of the fungi and debridement of the surface, which helps in medication penetration. It is performed using 
a spatula or surgical blade or, less preferably, using swabs or sponge-like materials. Scraping of the ulcer base along its edge is 
advisable. Anterior chamber tap may be needed if there is an endothelial plaque or deep keratitis. A corneal biopsy may also be 
performed. Contact lenses, their solution, topical medications used, and eye cosmetics should also be sent for culture if 
indicated.18,19 New laboratory diagnostic techniques were evaluated for their diagnostic performance for fungal keratitis. One 
of these techniques is the use of a lateral-flow device in the diagnosis of Aspergillus in corneal scrapes from patients with 
suspected fungal keratitis. It was found to have a high diagnostic accuracy in identifying Aspergillus species from corneal scrapes 
and swabs.20

Direct Microscope
Examination of corneal smears using direct microscopy is an important initial step in laboratory diagnosis. We may use 
stains such as Gram stain and Giemsa stain or potassium hydroxide (KOH) wet preparation. Recently, one report 
described the use of trypan blue stain in the diagnosis of fungal ulcers.21

KOH Wet Mount Preparation
KOH at a concentration of 10–20% can be used to identify fungal growth with a direct microscope (Figure 3). KOH’s 
role is to dissolve human tissues leaving alkali-resistant structures so that it allows visualization of fungi. It is a cheap, 
simple method of diagnosis. The sensitivity of that simple test ranges from 72% to 91%.22

Figure 2 Clinical signs differentiating fungal corneal ulcer (a) from bacterial (b). The signs are infiltration (Green arrow), feathery borders (blue arrow), and hypopyon 
(Yellow arrow).
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Gram and Giemsa Stains
In clinical specimens, Gram and Giemsa stains are the most commonly used methods for the detection of microorgan
isms. Gram stain can be used to detect fungal hyphae and stain yeast. With Giemsa stain, many fungi, especially yeast 
and dimorphic types, stain blue. The sensitivity of those stains ranges from 27% to 90%.3,21,22

Trypan Blue Stain
Trypan blue dye is used in many ophthalmic procedures, such as staining of the anterior lens capsule to ease the 
capsulorhexis step in cataract surgery. It may also be used to stain the Descemet membrane in endothelial keratoplasty 
and in epiretinal membrane staining during retinal procedures. Trypan blue dye was recently identified to help in the 
staining of fungal filaments so that it helps in better visualization and improves diagnosis and photography for 
documentation. It is usually used in combination with KOH and applied after dryness of the solution on a glass slide.21

Other Stains Used
Lactophenol cotton blue, Grocott’s methenamine-silver stain, and Calcofluor white can also be helpful in the diagnosis of 
fungal keratitis with a sensitivity of 70% to 90%.23

Fungal Culture
For the diagnosis of fungal keratitis, the isolation of fungal elements by culture is considered the most sensitive method. 
Culture is important not only to identify the causative organism and detect mixed infections but also to test the 
organism’s in vitro susceptibility to antimicrobial agents. Fungal infection cannot be detected in a single specific culture 
medium, so two types of media: selective and nonselective should be used.18

In patients with suspected fungal keratitis, culture media used should include non-selective media originally used in 
the workup of general microbial keratitis, eg, blood agar. On the other hand, selective media such as Sabouraud dextrose 
agar (SDA) should be used (Figure 4). Gentamycin 50 µg/mL should be added to SDA. Cycloheximide should be 
excluded from SDA as it suppresses saprophytic fungal growth.24

Figure 3 Microscopic examination of KOH wet mount corneal scrapping (X10) showing fungal filaments.
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Fungal Keratitis Definitive Diagnosis is Achieved If
1. Fungal elements are seen in corneal smears.
2. Single medium showing fungal growth in the presence of fungus in smears.
3. Growth of fungus in two or more media in the absence of fungus-positive smears.
4. Fungal growth in a single solid medium at the site of inoculation in confluent form.3

Fungal growth in positive cultures occurs in more than 80% after 3 days and in more than 95% after 7 days. 
Microbiologists should wait for at least 7–14 days before reporting culture-negative fungi. Brain heart infusion may 
be useful as a transport medium but is not routinely used. Both yeast and filamentous fungi can grow readily on blood 
agar and SDA at room temperature. The use of plastic bags to place the agar inside is usually useful to increase humidity 
and enhance fungal growth. Fungal growth can be seen by the naked eye or using a dissecting microscope.25,26

Keratectomy and Biopsy
Corneal biopsy with diagnostic Keratectomy is more diagnostic than corneal scraping for fungal keratitis. It may be 
considered if corneal smears and cultures are negative. Partial-thickness trephination is performed using a 2–3 mm sterile 
disposable trephine to excise part of a clear cornea along with the infected cornea. Thereafter, to complete a partial- 
thickness keratectomy, the base is dissected and separated using a surgical blade. It is essential to avoid the visual axis. 
The procedure is usually performed under topical anaesthesia under an operating microscope or a slit lamp. The removed 
tissue is used for microbiological and histopathological examination. An excised corneal button during therapeutic 
keratoplasty may also be used for corneal biopsy. On histopathological examination, Hematoxylin and Eosin (H&E) and 
Periodic Acid-Schiff (PAS) are the most commonly used stains to detect fungal hyphae and inflammatory signs.27

Confocal Microscopy
In vivo confocal microscopy (IVCM) is an imaging technique that provides corneal tissue real-time imaging at the 
cornea’s microstructural level. It provides high-resolution optical sectioning of stromal fibers, cells, and any material 
within corneal tissues. Therefore, it can detect hyphae of filamentous fungi as well as yeasts. It may be helpful in the 
identification of organisms even in the early stages of the disease. It is considered a noninvasive technique to diagnose 
fungal corneal infection and detect hyphal density in vivo. There are three types of confocal microscopes available: 
tandem scanning, slit scanning, and laser scanning. Limitations of using a confocal microscope are that it cannot 
differentiate different types of filamentous fungi, difficulty in imaging the same area again (low reproducibility), and 
limited resolution for smaller organisms in mixed infections.28–31

Figure 4 Culture positive for fusarium Solani on blood agar (a) and SDA (b).
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Polymerase Chain Reaction
Polymerase chain reaction (PCR) is considered a rapid and sensitive technique in the diagnosis of mycotic keratitis. 
Positive results may be reported after a few hours in contrast to 2–14 days that may be taken by culture. Most 
publications reported high sensitivity, more than 90%. Limitations of PCR use are its cost, inability to perform drug 
sensitivity tests, and difficulty in monitoring drug efficacy in addition to the possibility of false-positive results due to 
contamination. Therefore, culture and sensitivity remain the most specific diagnostic tools.15,32

Artificial Intelligence and Its Role in Fungal Keratitis
Artificial intelligence (AI) is a promising technology that may play a great role in the diagnosis, follow-up, and 
management of all types of infectious keratitis. New AI algorithms were developed to diagnose fungal keratitis and to 
differentiate it from other types of infectious keratitis. It can also categorize fungal species based on slit-lamp 
photographs, confocal microscopy images, and clinical data.33 Saini et al34 developed a model based on AI to classify 
infectious keratitis into bacterial or fungal and compared it with experienced human observers. They reported 100% 
specificity for diagnosis of fungal and 77% specificity for bacterial infections. AI can also be used in follow-up of fungal 
keratitis cases: monitoring the progression and the response to treatment. Therefore, it may be helpful in the future to 
personalize the treatment for each patient.35

Misdiagnosis of Fungal Keratitis
Misdiagnosis is mainly due to some ophthalmologists’ lack of experience with differentiating clinical signs between 
different types of microbial keratitis. Other causes for misdiagnosis are deficiency of diagnostic equipment at many 
hospitals and primary care units and a lack of qualified personnel for that equipment. Corneal scraping for culture is not 
performed routinely, and noninvasive confocal microscopes are not available. As such, most of the cases with hypopyon 
ulcers are diagnosed primarily as bacterial infections and treated empirically with broad-spectrum antibiotics. Therefore, 
referral to a higher-level hospital is considered late after the failure of treatment and the progression of the ulcer with 
more complications.18 Dahlgren et al36 found that fungal keratitis was the most challenging to diagnose, with a sensitivity 
and specificity of 38% and 45%, respectively. Even cornea specialists cannot depend on clinical diagnosis alone. Dalmon 
et al37 reported that cornea specialists can differentiate between fungal and bacterial keratitis on a clinical basis in 
approximately two-thirds of cases.

Pythium keratitis is one of the most challenging infections that may be misdiagnosed as fungal keratitis. Most of the 
cases with Pythium keratitis were diagnosed as suspected fungi or unidentified fungi. Pythium keratitis resembles fungal 
keratitis in its clinical features and in its microscopic appearance. It can be diagnosed after culture using a difficult 
technique that is not routinely used.38

Management
The management of corneal fungal infections is primarily medical. Surgical intervention may be needed in progressive resistant 
cases or for the management of complications. Sharma et al39 proposed a topical, systemic, and targeted therapy (TST) protocol 
for management of fungal keratitis with an overall success rate approaching 80%. Recently, corneal collagen cross-linking is 
a rising new surgical treatment for active cases. Treatment algorithm for different cases of fungal keratitis is shown in Figure 5.

Medical Therapy
The use of antifungal medications is considered the main treatment for fungal keratitis. It is recommended to start antifungal 
therapy after confirmation of the clinical diagnosis with a smear or positive cultures. Topical application of antifungal 
medications is a mainstay for the treatment of fungal keratitis; however, systemic, intra-stromal, or intra-cameral routes may 
be used.40 Topical broad-spectrum antibiotics should be added to guard against superadded bacterial infection. Additionally, 
cycloplegic eye drops may be given to decrease pain and relieve associated iridocyclitis. In case of elevated intraocular pressure, 
anti-glaucoma medications should be added.40,41 Topical steroids should be avoided in fungal keratitis. It decreases the efficacy 
of antifungal medication when given together and if alone they worsen the condition.41,42
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Topical Antifungal Agents
Natamycin 5% is considered the first-line treatment for fungal keratitis and the first approved antifungal medication. 
Initially, it should be given hourly till improvement is noticed by partial resolution of infiltration, then the frequency is 
reduced to two-hourly. After the resolution of the infection, natamycin should be continued for 2 weeks.30,43

Voriconazole is an azole drug that is derived from fluconazole. It is proven to be a broad-spectrum antifungal for 
both filamentous and yeast fungi. Topical voriconazole 1% is not commercially available but may be prepared in the 
pharmacy. The minimal inhibitory concentration of voriconazole is 0.5 μg/mL, which is less than that of other 
imidazole drugs. It is considered a good alternative to natamycin in resistant cases, to be used alone or in 
combination.15,41,44

Amphotericin B 0.15% may be prepared for topical use in cases not responding to natamycin 5%. It is also considered 
a first-line treatment in cases of fungal keratitis caused by Candida. In Fusarium infection, amphotericin B is not 
effective.28

Econazole 1% is found to be as effective as natamycin 5% for the treatment of fungal keratitis caused by filamentous 
fungi. Fluconazole 2% is fungistatic that is usually used in combination with other antifungal drugs such as amphotericin 
B in the treatment of fungal keratitis caused by Candida or Aspergillus. Clotrimazole 1% is also available as a topical 
medication for the treatment of fungal keratitis.45–47

Posaconazole is a newly developed synthetic triazole. It is an analog to itraconazole. It has been reported in many 
studies that Posaconazole has a broad-spectrum activity against most pathogenic fungal species. Therefore, it can be used 
in natamycin and voriconazole-resistant cases.48–50

Figure 5 Algorithm for management of different cases of fungal keratitis.
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Echinocandins is a recently developed group of antifungal drugs that lead to fungal cell lysis through inhibition of 
(1,3)-D-glucan synthesis. Caspofungin, micafungin, and anidulafungin are commercially available echinocandins that 
were FDA-approved for the management of invasive systemic fungal infections. Many reports have proven the clinical 
efficacy of echinocandins in the treatment of refractory cases of fungal keratitis.51,52

Mycotic ulcer treatment trial I (MUTT I) compared topical natamycin to topical voriconazole in the treatment of 
fungal keratitis and concluded that topical natamycin treatment has significantly better outcomes concerning visual acuity 
and is associated with a decreased risk of complications. The difference was found more in cases with Fusarium 
infection.53 Therefore, in non-Fusarium cases, voriconazole may have similar or better results especially in the absence 
of epithelial defect, as the voriconazole molecule is much smaller than natamycin with better penetration power.54

Several topical antifungal drugs may be used in combination as they act synergistically. Amphotericin B may be used 
in combination with flucytosine for Candida. Natamycin may also be used with ketoconazole in filamentous fungal 
keratitis.55,56

Medical treatment for fungal keratitis should last longer than that for bacterial infection as the response for topical 
antifungal medications is slow over a period of weeks. The length of treatment varies according to the clinical response 
and ranges between 4 to 6 weeks. Poor response to treatment is considered if the size of the ulcer, the depth of stromal 
infiltration, and the level of hypopyon remain the same or become worse. In such cases, the medical treatment should be 
modified and surgical treatment may be initiated.57

Problems related to medical therapy include the difficulty in obtaining sensitivity testing and the lack of correlation 
between in-vitro and in-vivo responses to antifungal medications. This may also explain the high rate of treatment failure.58

Prolonged use of antifungal topical medications may be associated with toxic effects on the ocular surface. The signs 
of toxicity may mimic persistent inflammatory signs of fungal infection. In case of suspected toxicity especially after 6 
weeks of treatment, medications should be stopped along with careful follow-up of the patient to exclude persistent 
active infection. Clinical improvement can be proved by decreased cellular infiltration, resolution of satellite lesions, and 
decrease in pain experienced by the patient.43,59

Systemic Antifungal Agents
Oral or parenteral antifungal medications may be indicated if large corneal ulcers are reaching the limbus, severe deep 
keratitis or if the ulcer is associated with scleritis or endophthalmitis. Systemic antifungal medication is also indicated in 
cases of penetrating keratoplasty for fungal keratitis as a prophylactic treatment.60 Systemic antifungal therapy must be 
continued for 6–8 weeks.

Mycotic ulcer treatment trial II (MUTT II) studied the outcomes of adding oral voriconazole to topical treatment in 
patients with filamentous fungal ulcers. They concluded that adding oral voriconazole exposes the patient to systemic 
side effects and does not improve the final outcome.61 However, other studies have claimed beneficial effects of oral 
voriconazole alone or in combination with topical antifungal treatment.62,63

Systemic Anti-Fungal Agents Include
● Oral voriconazole 200 mg twice daily exhibits excellent ocular penetration and can reach minimal inhibitory 

concentration and provide consistent drug levels.15

● Oral ketoconazole 600 mg/day. Liver functions must be monitored every 2 weeks after its use.3

● Oral itraconazole 200 mg/day.
● Oral fluconazole 200 mg/day.
● Intravenous miconazole.

Surgical Therapy
The main surgical procedure accepted for the management of fungal keratitis is therapeutic keratoplasty. Nevertheless, 
new surgical techniques are emerging and gaining popularity in managing fungal keratitis, such as Rose Bengal 
Photodynamic therapy and Corneal Collagen Cross-Linking.18
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Therapeutic Keratoplasty (TKP)
Fungal corneal ulcer progression can occur even with proper medical treatment, and this may lead to corneal perforation, 
and the spread of infection to the limbus, sclera, and uveal tract. Late diagnosis and improper treatment may lead to an 
increase in the rate of complications. In such cases, therapeutic keratoplasty may be essential to control infection, prevent 
more severe complications, and restore the globe’s anatomic integrity.64–66 Indications for therapeutic keratoplasty are:

● Progression of corneal ulcer despite proper medical treatment.
● Impending perforation or actual perforation >2 mm.

In therapeutic keratoplasty, the size of trephination should leave a 1–1.5 mm clinically uninvolved, clear zone of the 
cornea. The cornea left peripheral to trephination should not have any residual fungal infection to decrease recurrence 
risk. The sutures should be interrupted, with slightly longer bites to avoid cheese wiring of the edge of the recipient. 
Anterior chamber irrigation is performed to eliminate any remaining exudates or organisms. It is better not to touch the 
lens to prevent the spread of infection to the posterior segment. Antifungal agents should be injected intracameral at 
the end of surgery. If endophthalmitis is suspected, intravitreal injection of antifungal agents should also be 
performed.15,64

Recurrence of infection after TKP can complicate 6–16% of grafts. Risk factors for recurrence of fungal keratitis 
after TKP include presence of corneal perforation, hypopyon, lens infection, or fungal infection reaching the limbus. 
Patients who were given topical steroid for a long time before corneal transplantation are also at high risk of 
recurrence.67

Deep anterior lamellar keratoplasty (DALK) can be used instead of penetrating keratoplasty with a lower risk for 
allograft rejection. In DALK, the risk for the spread of infection to intraocular structures is decreased. It also reduces the 
need for postoperative steroid treatment. Studies have reported that DALK with the big bubble technique is a safe 
therapeutic approach for infective keratitis cases with a high success rate. This eliminates infection from a central optical 
zone of the cornea and provides better physiological graft survival outcomes with less risk for recurrence of infection 
(7.5%). However, if the infection is reaching the level of corneal endothelium or in cases with corneal perforation, DALK 
cannot be performed.68,69

The corneal button excised and any other tissues removed must be sent to microbiology and pathology laboratories. 
Culture and sensitivity test is important to detect causative organisms if they are not known before surgery and determine 
sensitive antimicrobials. In 75% of patients, a histopathologic examination can reveal fungal elements. Fungal hyphae 
can be seen within the corneal stroma in the histopathologic examination. Hyphae usually run parallel to the corneal 
surface, but perpendicular orientation is usually seen in patients on steroids or in severe cases with virulent 
organisms.70,71

Postoperative treatment should primarily include antifungal agents to prevent the recurrence of fungal infection. 
Systemic and topical antifungal drugs might be used and continued for at least 2 weeks if the histopathology reported that 
the corneal button excised edges are not involved by infection. The patient must be followed carefully for the possibility 
of recurrence. In cases in which histopathology reveals an infection of the edges of excised cornea or an infection of the 
graft is clinically detected, topical and systemic antifungals should be continued for at least 6–8 weeks.72,73

The main goal of therapeutic keratoplasty in mycotic keratitis is to get rid of the infection and eliminate the 
organisms, but avoiding graft rejection is a crucial second goal. After therapeutic keratoplasty, topical corticosteroids 
should be avoided except if the infection is well controlled clinically. Immunosuppressive drugs such as Cyclosporin 
A can replace corticosteroids, but their effects on fungal growth are not well studied.72

New Modalities in the Treatment of Fungal Keratitis
Intrastromal Therapy
Intrastromal corneal injection of antifungal medications eg voriconazole and amphotericin B may result in steady-state 
drug levels within the corneal tissue and prevent intervals of decreased antifungal dosing below its therapeutic level. 
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However, this method of targeted drug delivery ensures antifungal penetration in cases presented with the involvement of 
deep layers of the corneal stroma. Many studies have evaluated the use of intrastromal voriconazole and/or amphotericin 
B for keratomycosis (Table 1).

Most studies42,74–90 use either amphotericin B 3–5 µg in 0.1 mL or voriconazole 50 μg/0.1 mL. Aydin et al85 injected 
both drugs in combination (Voriconazole 0.05 mg/0.1 mL + amphotericin B 0.01 mg/0.1 mL) and reported a success rate 
was 87.5%. Saluja et al87 compared the intrastromal injection of voriconazole 50 ug/0.1 mL versus amphotericin B 5 
μg/0.1 mL and natamycin 10 μg/0.1 mL and reported that the overall success rate was 93.3%. They found intrastromal 
voriconazole to be superior to other drugs. They also noticed similar visual outcomes in cases treated with intrastromal 
natamycin and amphotericin B but faster healing in the former. Most of the studies performed single, two, or three 
repeated injections. Aydin et al85 repeated intrastromal injections up to 18 times and reported a success rate of 87.5% 
with nearly no complications.

The procedure is performed in the operation room under complete aseptic measurements using topical, with or without 
peribulbar anesthesia. The reconstituted solution is loaded in a disposable 1 mL insulin syringe with a 30-gauge needle. Using 
an operating microscope, the needle is inserted bevel-down obliquely in a clear unaffected cornea to mid-stromal level. Up to 5 
divided doses are injected to form a barrage of intrastromal drugs around the ulcer till corneal hydration is achieved.

Three randomized control trials77,82,87 studied the use of intrastromal corneal voriconazole 50 μg/0.1 mL in fungal 
keratitis. Solaiman et al77 reported an increased healing rate and a decrease in the period of infiltration resolution for deep or 
resistant fungal keratitis. However, Narayana et al82 found no benefit in adding intrastromal voriconazole as the primary 
treatment for cases of fungal keratitis caused by filamentous fungi. They described many complications as injections may 
increase the level of hypopyon or increase the risk of glaucoma and perforation. They also reported decreased times of 
healing and an increased degree of scarring. Intrastromal bleeding and postoperative pain were also reported.

Intracameral Therapy
In cases of severe fungal keratitis with deep stromal infiltration not responding to treatment, intracameral injection of 
antifungal agents may be effective. It provides a high drug delivery level into the anterior chamber. Injection should be 
done in an operating room under strictly aseptic conditions. Anterior chamber wash may also be performed to remove 
exudates and hypopyon, but care must be taken if the infection involves the anterior lens capsule to avoid capsular injury 
and cataract formation.

Many studies80,82,91–101 evaluated the use of intracameral antifungal drugs in deep keratomycosis (Table 2). Most of 
them reported a high success rate with few complications. They believe that this method of drug delivery can achieve 
a high concentration of antifungal medication in the deep corneal layers, reducing the infiltration and leading to the 
resolution of the endothelial plaque. Most of the studies used Amphotericin B in a dose of 5–10 µg in 0.1 mL, some used 
Voriconazole 50–100 µg in 0.1 mL. The injection can be repeated up to 13 times if the response was not adequate.91 The 
reported complications of intracameral antifungal drugs include a transient increase in hypopyon and intraocular 
pressure, postoperative pain, and intrastromal bleeding.82

A single randomized controlled trial by Sharma et al97 found no difference in time of healing and final visual acuity 
between cases of intracameral injection and cases treated with topical medications. They reported an increased incidence 
of cataract after intracameral injection.

Rose Bengal Photo-Dynamic Antimicrobial Therapy (PDAT)
Bascom Palmer Eye Institute initiated research on the antimicrobial efficacy of PDAT using rose bengal stain as 
photosensitizers in vitro. Bascom Palmer Ocular Biophysics Laboratory reported in vitro antimicrobial efficacy of rose 
Bengal PDAT against fungal organisms such as Fusarium Solani, Aspergillus fumigatus, Candida albicans, and other 
fungal organisms. Clinical efficacy was then established in patients with Fusarium Keratoplasticum keratitis that was 
resistant to many antifungal agents. The procedure was performed using rose bengal 0.1% then green light exposure with 
a total energy of 2.7 J/cm2. The patient was treated with two rose Bengal PDAT sessions. Successful treatment of 
infections, with no complications or recurrences, was reported to occur within 10 months. Rose Bengal PDAT safety is 
therefore established in vivo, and no resistance was reported.102–104
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Table 1 Summary of Studies Reporting Intrastromal Corneal Injection of Antifungal Medications

Author, Date of Publication Study No of 
Cases

Medication and Dose No of 
Doses

Results Fungal Spp. Complications

Garcia-Valenzuela et al 200542 

(Case report)
Intracorneal injection of 

amphotericin B for recurrent 
fungal keratitis and 

endophthalmitis

1 Amphotericin B 5 µg in 
0.1 mL (about 0.05 mL)

1 Within 3 months the eye became 
completely quiet and the stromal corneal 

plaques cleared

Candida glabrata Immediate corneal hydration

Prakash et al 200874  

(Case series)
Intrastromal injection of 

voriconazole as a therapeutic 
adjunctive for deep 

recalcitrant fungal keratitis

3 Voriconazole 50 µg in 
0.1 mL (0.05 to 0.10 mL)

1 Faster reduction in the size of corneal 
infiltration and a complete resolution of 
the ulcers was seen within three weeks in 

all cases

Fusarium in 2 eyes, and 
Aspergillus in 1

Minimal intrastromal bleeding 
in one case

Sharma et al 201175  

(Case series)
Intrastromal voriconazole 

injection in recalcitrant deep 
fungal keratitis

12 Voriconazole 50 µg in 
0.1 mL (0.05 to 0.10 mL)

1–3 10 eyes healed with scar formation, 2 
corneas perforated and required 

therapeutic PKP

Aspergillus in 8 eyes, Fusarium 
in 3, and Curvularia in 1

Slight pain immediately after 
the injection, one patient had 

intrastromal hemorrhage

Sharma et al 201376 

(Comparative study)
Topical versus intrastromal 

voriconazole as an Adjunct to 
natamycin in recalcitrant 

fungal keratitis

20 Voriconazole 50 µg in 
0.1 mL

1 The treatment was successful in 16 of 20 
patients, intrastromal voriconazole was 

not beneficial over topical

Aspergillus in 7, eyes, Fusarium 
in 3, Curvularia In 1, and 8 

unidentified spp.

–

Solaiman et al 201577 

(Randomized Controlled trial)
Topical voriconazole drops 

with and without intrastromal 
voriconazole injection for 
deep or resistant fungal 

keratitis

20 Voriconazole 50 µg in 
0.1 mL

1 Adding intrastromal injection to topical 
drops could significantly raise the healing 

rate and hasten the resolution period

Aspergillus in 12 eyes, Candida 
in 6, and Fusarium in 2

–

Killani et el 201578  

(Prospective, non-randomized)
Intracorneal and intracameral 

Voriconazole in deep 
keratomycosis with 
endothelial plaque

30 Voriconazole 50 µg in 
0.1 mL

1–2 25 patients healed with Corneal scar and 
5 progressed to corneal perforations

Fusarium in 15 eyes, Aspergillus 
in 12, and Candida in 3

Non

Kalaiselvi et al 201579  

(Case series)
Intrastromal voriconazole for 

deep recalcitrant fungal 
keratitis

25 Voriconazole 50 µg in 
0.1 mL

1–3 A majority of eyes show a good response 
to this targeted treatment, fusarium spp. 

appear to show suboptimal response

Fusarium in 13 eyes, Aspergillus 
in 4, Exserohilum in 2 
Curvularia In 1, and 5 

unidentified spp.

Slight pain immediately after 
the injection

Hu et al 201680  

(Case series)
Intrastromal and intracameral 

injections of amphotericin 
B in severe fungal keratitis

9 Amphotericin B 5 µg in 
0.1 mL

1–3 Seven corneal ulcers healed with 
leucoma, and 2 healed with adherent 

leucoma

Fusarium in 3 eyes, Aspergillus 
in 2, Alternaria in 1, and 1 

unidentified spp.

Intrastromal bleeding. 
Postoperative pain Marked AC 

reaction Elevated IOP

Nada et el 201781 

(Retrospective controlled)
Combined intrastromal 

injection of amphotericin 
B and topical fluconazole in 

resistant cases of 
keratomycosis

41 Amphotericin B 2–3 µg 
in 0.1–0.15 mL

1 34 eyes showed complete healing with 
a mean duration of healing of 24 days, 
seven eyes showed no healing up to 40 

days

Candida in 16 eyes. Aspergillus 
in 13, Fusarium in 8, and 

Penicillium in 4 eyes

Non

Narayana et al 201982 

(Randomized Clinical Trial)
Mycotic antimicrobial 

localized injection
35 Voriconazole 50 µg in 

0.1 mL
1–3 No benefit in adding intrastromal 

voriconazole injections to topical 
natamycin in 1ry treatment of filamentous 

fungal ulcers

Fusarium in 8 eyes, Aspergillus 
in 7, Exserohilum in 1, Other 

filamentous in 7, and 
unidentified spp. in 7

Increased risk of glaucoma, 
increased risk of perforation, 
increase in level of hypopyon, 

decrease in healing and 
increased scarring

(Continued)
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Table 1 (Continued). 

Author, Date of Publication Study No of 
Cases

Medication and Dose No of 
Doses

Results Fungal Spp. Complications

Rathi et al 201983  

(Prospective, randomized)
Topical voriconazole alone 
versus topical voriconazole 
combined with intrastromal 
injection in recalcitrant deep 

fungal keratitis

20 Voriconazole 50 µg in 
0.1 mL

1–3 Adding intrastromal injection to topical 
drops could significantly raise the healing 

rate and hasten the resolution period 
without significant complications

Aspergillus in 8 eyes, Fusarium 
in 7, and Candida in 5

Non

Konar et al 201984  

(Prospective, non-controlled)
Intrastromal voriconazole, 

adjuvant approach for 
recalcitrant mycotic keratitis

30 Voriconazole 50 µg in 
0.1 mL

1–7 Intrastromal voriconazole is effective 
adjuvant for nonhealing fungal ulcers. It 

may help in reducing the risk of 
complications, such as corneal 

perforation.

Fusarium in 6 eyes, Aspergillus 
in 2, Mucor in 2, Other Fungus 

in 2 and, unidentified in 8

Non

Aydin et al 202085 

(Retrospective, non-controlled)
Combined intrastromal 

voriconazole and 
amphotericin B in treatment 
for persistent fungal keratitis

32 Voriconazole 50 µg in 
0.1 mL + Amphotericin 

B 10 µg in 0.1 mL

1–18 Success rate was 87.5% indicating that 
combined intrastromal voriconazole and 

amphotericin B could be used for 
persistent fungal keratitis

Aspergillus in 8 eyes, Candida in 
5, Penicillium in 5, Fusarium in 
3, Paecilomyces in 2, Alternaria 

in 2, and unidentified in 8

Non

Li et al 202186  

(Retrospective cohort study)
Efficacy of voriconazole 

corneal intrastromal injection 
for the treatment of fungal 

keratitis

27 Voriconazole 50 µg in 
0.1 mL (0.1–0.15 mL)

1–4 Localized injection of voriconazole using 
TCSI could improve the VA or accelerate 

the epithelial healing of fungal keratitis

Fusarium in 8 eyes, yeast in 1, 
Penicillium in 1, Alternaria in 1, 

and unidentified in 16

Non

Saluja et al 202187  

(Randomized Clinical Trial)
Safety and efficacy of 

intrastromal injections of 
voriconazole, amphotericin 

B and natamycin in 
recalcitrant fungal keratitis

60 Voriconazole 50 µg in 
0.1 mL, Amphotericin 
B 5 µg in 0.1 mL and 
Natamycin 10 µg in 

0.1 mL

1–3 Overall success rate was 93.3%. 
Intrastromal voriconazole has the best 

results. Intrastromal natamycin had 
a similar visual outcome with faster 

healing than intrastromal amphotericin B.

Aspergillus in 32 eyes, Fusarium 
in 24 Candida in 1, Alternaria in 

1, and Curvularia in 1

Deep vascularization (more 
with intrastromal 

amphotericin B), presence of 
cataract (equal in 3 groups)

Wannapanich et al 202288 

(Retrospective cohort study)
Treatment Outcomes of 

Intrastromal Voriconazole 
Injection for Fungal Keratitis

70 Voriconazole 50 µg in 
0.1 mL

3.5 ± 
2.5

15.2% showed improvement, the others 
required penetrating keratoplasty or 

evisceration.

Fusarium in 25 eyes, Aspergillus 
in 8, Lasiodiplodia in 3, 

Trichophyton in 2, others in 35

Corneal infiltration, hyphema, 
new hypopyon, retrobulbar 

hemorrhage, ocular 
hypertension, intrastromal air 
and intrastromal foreign body

Bhirud et al 202389 

(Prospective, non-controlled)
Intrastromal voriconazole as 
successful adjunctive for deep 

fungal keratitis

18 Voriconazole 50 µg in 
0.1 mL

1–3 All the patients (100%) were successfully 
treated in terms of corneal healing

Fusarium in 17 eyes, and 
Aspergillus in 1

-

Goudar et al 202390 

(Prospective, non-controlled)
Intrastromal voriconazole 

injection in nonhealing fungal 
keratitis

20 Voriconazole 50 µg in 
0.1 mL

1–3 16 show improvement, 1 did not show 
any improvement, 1 showed progression, 

and 2 had perforation

– –
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Table 2 Summary of Studies Reporting Intracameral Injection of Antifungal Medications

Author, Date of Publication Study No of 
Cases

Medication and 
Dose

No of 
Doses

Results Fungal Spp. Complications

Kuriakose et al 200291  

(Case report)
Intracameral amphotericin 

B injection in the management of 
deep keratomycosis

4 Amphotericin B 5 µg 
in 0.1 mL 5% dextrose

3–13 3 patients had complete 
resolution of the ulcer; the 4th 

patient perforated

2 scrapings grew Fusarium, 1 
could not be speciated, 1 did not 

grow anything

Marked uveitis with exudative 
membrane in the anterior 

chamber on 1st day

Yoon et al 200792 

(Comparative)
Intracameral amphotericin 
B injection compared to 

conventional treatment only in 
fungal keratitis

14 Amphotericin B 10 µg 
in 0.1 mL

1–5 Treatment success was achieved 
in 13 of 14 eyes

Fusarium in 4 eyes, Aspergillus in 
3, Candida in 3, Alternaria in 1, 
Curvularia in 1, Not identified in 

2.

Slight increase in hypopyon 
immediately after the injection. 

Reversible increases in intraocular 
pressure.

Shen et al 201093  

(Case series)
Intracameral voriconazole in 

fungal endophthalmitis resulting 
from keratitis

10 Voriconazole 100 µg 
in 0.1 mL

1–8 Clinical appearance of the fungal 
AC invasion, resolved.

Fusarium in 6 eyes, Aspergillus in 
2, Alternaria in 1, and 

Acremonium in 1

4 cases progressed and underwent 
therapeutic keratoplasty.

Shao et al 201094  

(Prospective controlled trial)
Efficacy of intracameral 

amphotericin B injection for 
patients with keratomycosis

30 Amphotericin B 10 µg 
in 0.1 mL

1–2 Decreased time of hypopyon 
disappearance, improved healing

Filamentous septate fungi None

Mittal et al 201295  

(Case series)
Intracameral and topical 

voriconazole for fungal corneal 
endoexudates

5 Voriconazole 50 µg in 
0.1 mL

1–2 Infection resolved in all 5 eyes 
after Voriconazole therapy

Fungal hyphae in 3 eyes, 
Aspergillus in culture of 2

Non

Sharma et al 201596 

(Prospective, non-randomized)
Efficacy profile of intracameral 

amphotericin B.
55 Amphotericin B 5–10 

µg in 0.1 mL of 5% 
dextrose

1–2 >80% responded with 
a reduction in size of the ulcer 
and infiltration, 18% required 

PKP

– Endothelial toxicity, anterior 
subcapsular cataract, and mild AC 

reaction.

Sharma et al 201697 

(Randomized Controlled Trial)
Evaluation of intracameral 

amphotericin B in the 
management of fungal keratitis

30 Amphotericin B 5 µg 
in 0.1 mL 5% dextrose

1–3 No differences in the treatment, 
success rates, time to healing, or 

mean final visual acuity

Filamentous fungi, mostly 
Aspergillus flavus and Fusarium 

solani

Increased incidence of cataract

Maniam et al 202198  

(Case report)
Postoperative fungal keratitis 
managed by AC washout + 
intracameral amphotericin-B

2 Amphotericin B 15 µg 
in 0.1 mL

1 Evacuation of AC and 
intracameral amphotericin B can 
be an effective adjuvant therapy

Candida parapsilosis Non

Dong et al 202299  

(Case report)
Intracameral approach for 
recalcitrant fungal keratitis

2 Amphotericin B 10 µg 
in 0.1 mL

1 Both patients had remarkable 
results and BCVA of 20/20

Bipolaris spp. and Fusarium spp. AC reaction

Nasrin et al 2022100 

(Prospective controlled trial)
Efficacy of intracameral 
voriconazole and oral 
ketoconazole in deep 

keratomycosis

30 Voriconazole 50 µg in 
0.1 mL

1 No significant difference in 
success rate between 

intracameral voriconazole and 
oral ketoconazole.

Fusarium in 12 eyes, Aspergillus in 
10, Dematiaceous in 1, and 

unidentified in 7

6 cases were perforated and 
treated with PKP

Okonkwo et al 2023101  

(Case report)
Repeated Intracameral 

Amphotericin B: A Safe Approach 
for Fungal AC Reactivations

1 Amphotericin B 5 µg 
in 0.1 mL

9 No episodes of graft rejection 
and no endothelial, lenticular, or 

retinal toxicity

Fusarium solani –
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Photo-Activated Chromophore for Keratitis-Corneal Collagen Cross-Linking (PACK-CXL)
Riboflavin photoactivation with Ultraviolet “UV” light will lead to a release of reactive oxygen species. Therefore, it will 
promote the formation of chemical covalent bonds between collagen fibers. Effects of CXL on cornel tissues include 
biomechanical stiffening, increased collagen fiber diameter, increased resistance of corneal fibers against enzymatic 
degradation, higher corneal shrinking temperature, and decreased corneal swelling, along with many others that were 
determined over the course of multiple studies.105–109 The studies’ results reported an equivalent effect, on the cornea’s 
biomechanical stability, with higher intensity CXL (30 mW/cm2 for 3 min) to standard treatment. However, for a power 
range of 45–90 mW/cm2, there was no statistically significant difference in the cornea’s biomechanical stability from 
corresponding lower-intensity treatment.110,111

The first clinical use of CXL for the treatment of patients with infective keratitis was described by Iseli et al in 2008. 
They used CXL for five cases of microbial keratitis with a successful outcome.112 Before that time, the antimicrobial 
mechanisms of CXL were not known, but they used it for two reasons: firstly, UV light has a well-known antimicrobial 
effect, and the second reason is that the increased corneal tensile strength induced by CXL can prevent deep stromal 
invasion of the microorganisms.

The term “Photo-Activated Chromophore for Keratitis – Corneal Collagen Cross-linking (PACK-CXL)” was first 
proposed during the 9th International Cross-Linking Congress that was in Dublin in 2013. This special terminology was 
proposed to distinguish between CXL for cases of infective keratitis from that used for cases of ectatic corneal disorders. This 
term can be used to describe any chromophore that can be activated for corneal stiffening and is not limited to a single type.113

PACK-CXL, when described, was using the same Dresden protocol with some modifications:111

● Manual epithelial removal from the surface and the edges of the ulcer along with debridement and removal of the 
discharge and necrotic tissues. This will help deeper penetration of riboflavin. Removed tissues can also be used for 
microbiological testing.

● Riboflavin is used without any viscosity agent.
● UV beam should be directed to the lesion, even in peripheral lesions approaching the limbus.
● Fluorescein should be avoided during the procedure, as it competes with riboflavin for UVA absorption, reducing 

the procedure’s efficacy.114

PACK-CXL was noted to be ineffective in the treatment of viral or acanthamoeba keratitis. It has even been reported to 
reactivate herpes simplex virus infection. Price et al reported the development of dendritic lesions after PACK-CXL for 
the culture-negative melting cornea. Therefore, it is better to avoid CXL in patients with active herpetic keratitis or 
a history of recurrent herpetic keratitis.115

Many clinical studies112,116–136 reported varied outcomes regarding the efficacy of PACK-CXL (Table 3). It has been 
proposed to be beneficial for cases of bacterial and fungal keratitis as a stand-alone therapy or as an adjunct to 
antimicrobial medications (Figure 6). It can also be used for mixed infections that are considered challenging in most 
cases with a greater risk of treatment failure and the development of complications.

In vitro, in vivo, and clinical studies have confirmed that PACK-CXL has beneficial antimicrobial efficacy, especially 
for moderate ulcers.120,128,131 It accelerates healing, speeds up epithelization, and decreases the risk of perforation. Other 
studies claimed no added benefit of PACK-CXL to the standard antimicrobial treatment.123,125,129 Most of the studies 
used the original Dresden protocol in CXL but Tabibian et al122 was the first to use accelerated protocol (UVA irradiation 
at 365 μm and 9 mW/cm2 for 10 min) and found it to be effective in reducing infiltration and increasing the process of 
healing. Hafezi et al136 recently used UVA of 9 mW/cm2 for either 10 min, 13 min, or 20 s with a total fluence of either 
5.4 J/cm2 or 7.2 J/cm2. Higher fluences of UVA (up to 15 J/cm2) were tested by Awad et al137,138 and gave better clinical, 
microbiological, and pathological outcomes on rabbit eyes. Repeated high fluence PACK-CXL was reported by Hafezi 
et al134 and they noticed significant clinical improvement.
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Table 3 Summary of Studies Reporting Collagen Cross-Linking for Fungal Keratitis

Author, Date of Publication Study No of 
Cases

Fungal Spp. UVA (365–370 nm) Dose Results

Iseli et al 2008112  

(Case report)
UVA/Riboflavin corneal cross- 
linking for infectious keratitis 
associated with corneal melts

2 Filamentous fungus acremonium in 1 eye, and 
fusarium in 1

3 mW/cm2 for 30 minutes 
(total 5.4 J/cm2)

Two months after CXL, the abscess had been replaced by 
scar tissue. The lesion diameter had decreased.

Anwar et al 2011116  

(Case report)
Corneal collagen crosslinking in 

the treatment of infectious 
keratitis

1 Aspergillus 3 mW/cm2 for 30 minutes Two months after CXL, the abscess had been replaced by 
scar tissue. The lesion diameter had decreased.

Panda et al 2012117  

(Case series)
Photo-activated riboflavin therapy 

of refractory corneal ulcers
6 Fungal in 1 eye, and mixed infections in 6 3 mW/cm2 for 30 minutes 

(total 5.4 J/cm2)
In all cases, the progression of corneal melting was halted, 

healed without significant vascularization. Emergency 
keratoplasty was not necessary.

Price et al 2012118  

(Case series)
Photoactivated riboflavin 

treatment of infectious keratitis 
using collagen cross-linking 

technology

7 Fungal in 6 and mixed infection in 1 case 3 mW/cm2 for 15 to 45 
minutes

CXL is most effective when the infection depth was limited. 
The success rate was higher for bacterial infections than 

fungal

Müller et al 2012119  

(Case series)
Corneal cross-linking as 

supplementary treatment option 
in melting keratitis

2 2 cases of fungal keratitis 3 mW/cm2 for 30 minutes 
(total 5.4 J/cm2)

CXL seems to represent an effective option to re-establish 
corneal integrity in the event of pending perforations

Li et al 2013120  

(Case series)
Riboflavin/ultraviolet light- 

mediated crosslinking for fungal 
keratitis

8 Fusarium in 6 eyes, Aspergillus in 2 3 mW/cm2 for 30 minutes 
(total 5.4 J/cm2)

Healing of corneal epithelium and ulcer was achieved in all 
cases

Sorkhabi et al 2013121  

(Case report)
Collagen cross-linking for 

resistant corneal ulcer
1 Aspergillus fumigatus 3 mW/cm2 for 30 minutes 

(total 5.4 J/cm2)
Healed with scar. Corneal collagen cross-linking is a viable 

therapeutic option for treatment of corneal ulcers

Tabibian et al 2014122  

(Case report)
Accelerated PACK-CXL as 1st- 
line and sole treatment in early 

fungal keratitis

1 Aureobasidium pullulans 9 mW/cm2 for 10 minutes 
(total 5.4 J/cm2)

The corneal epithelium healed completely within 3 days and 
the infiltrate was completely eradicated without antibiotics.

Said et al 2014123  

(Prospective clinical trial)
PACK-CXL for the treatment of 
advanced infectious keratitis with 

corneal melting

10 Aspergillus in 5 eyes, Fusarium in 2, Mucor in 1, 
candida in 1, and green fungus in 1

3 mW/cm2 for 30 minutes 
(total 5.4 J/cm2)

PACK-CXL can minimize or avoid severe complications, 
such as corneal perforation, recurrence of the infection, or 

both

Shetty et al 2014124  

(Case series)
Collagen crosslinking in advanced 
non-resolving microbial keratitis

6 Aspergillus in 3 eyes, candida in 2, and Fusarium 
in 1

3 mW/cm2 for 30 minutes 
(total 5.4 J/cm2)

3 of 6 patients resolved following CXL. Patients with deep 
stromal keratitis or endothelial plaque failed to resolve

Vajpayee et al 2015125 

(Retrospective Study)
Evaluation of corneal collagen 
cross-linking as an additional 
therapy in mycotic keratitis

20 Aspergillus in 4 eyes, Fusarium in 3, and 
unidentified in 13 cases

3 mW/cm2 for 30 minutes 
(total 5.4 J/cm2)

Resolution of infection in 18/20 cases (90%). As 
a conclusion, additional CXL did not have any advantage 
over medical management in moderate mycotic keratitis

Uddaraju et al 2015126 

(Randomized clinical trial)
Corneal Cross-linking as an 

adjuvant therapy in management 
of recalcitrant deep stromal fungal 

keratitis

6 Aspergillus in 2 eyes, Fusarium in 1, unidentified 
hyaline in 2, and unidentified dematiaceous in 1

3 mW/cm2 for 30 minutes 
(total 5.4 J/cm2)

Five eyes in the CXL group and 3 eyes in the non-CXL 
group experienced treatment failure by 6 weeks. The trial 

was stopped before full enrollment

Igal et al 2017127  

(Case report)
Corneal cross-linking as 

a treatment for fungal keratitis 
associated with corneal melting

1 Fusarium solani 3 mW/cm2 for 30 minutes 
(total 5.4 J/cm2)

The abscess shrinks, with significant improvement in 
symptoms and vision. The corneal melting stopped after the 

CXL.
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Table 3 (Continued). 

Author, Date of Publication Study No of 
Cases

Fungal Spp. UVA (365–370 nm) Dose Results

Erdem et al 2018128 

(Retrospective case series)
Corneal collagen cross-linking for 

the management of mycotic 
keratitis

13 Fusarium in 5 eyes, Aspergillus in 3 and 
unidentified fungal infection in 5

3 mW/cm2 for 30 minutes 
(total 5.4 J/cm2)

7 of the 13 patients healed with topical voriconazole and 
CXL, remaining six did not respond. CXL treatment is 

effective in patients with small, superficial ulcers

Prajna et el 2020129 

(Randomized Clinical Trial)
Cross-Linking Assisted Infection 

Reduction (CLAIR): Evaluating the 
effect of adjuvant CXL on 

outcomes of fungal keratitis

55 Fusarium in 20 eyes, Aspergillus in 7, Bipolaris in 
3, Curvularias in 3, Exserohilum in 2, 

Scedosporium in 2, Colletotrichum in 1, 
Unidentified dematiaceous in 5, and culture -ve 

in 11

3 mW/cm2 for 30 minutes 
(total 5.4 J/cm2) + topical 
natamycin 5% (Group B) + 

topical amphotericin B 0.15% 
(Group D)

There was no difference in infiltrate and/or scar size, % 
epithelialized or adverse events when comparing CXL 

versus no CXL topical medications. There appears to be no 
benefit of adjuvant CXL in the primary treatment of 

moderate filamentous fungal ulcers and it may result in 
decreased visual acuity

Mikropoulos et al 2019130  

(Case report)
Intraoperative PACKCXL during 

PKP for the management of fungal 
keratitis in an 

immunocompromised patient

1 Purpureocillium lilacinum 9 mW/cm2 for 10 minutes 
(total 5.4 J/cm2)

No signs of infection were noted, and the graft remained 
clear during the 9-month follow-up period

Wei et al 2019131  

(Randomized controlled study)
Evaluation of corneal cross-linking 

as adjuvant therapy for the 
management of fungal keratitis

21 Aspergillus in 8 eyes, Fusarium in 5, and 
unidentified in 7 cases (1 missing)

3 mW/cm2 for 30 minutes 
(total 5.4 J/cm2)

CXL accelerated healing, shortened the treatment duration, 
and minimized the need for medications and surgery. CXL is 
an effective procedure and adjuvant therapy for managing 

fungal keratitis

Bamdad et al 2020132 

(Prospective interventional)
Corneal Cross-linking as an 

Adjunct for The Management of 
Refractory Fungal Keratitis

9 Aspergillus in 4 eyes, Fusarium in 4, and candida 
in 1

3 mW/cm2 for 30 minutes 
(total 5.4 J/cm2)

Four out of 9 eyes showed good response and infection was 
completely halted and scared down. Five out of 9 patients 
showed no response, and therapeutic PKP was performed 

to preserve the globe.

González et al 2020133  

(Case report)
Early treatment of bilateral fungal 
keratitis with corneal cross-linking 

as adjuvant therapy

1 Fusarium solani 3 mW/cm2 for 30 minutes 
(total 5.4 J/cm2)

The abscesses healed with a scar and 6 months after 
treatment, visual acuity improved in both eyes.

Hafezi et al 2022134  

(Case report)
Repeated high-fluence accelerated 

slit lamp-based PACK-CXL for 
Treatment-Resistant Fungal 

Keratitis

1 – (Twice) 30 mW/cm2 for 4 
minutes (total 7.2 J/cm2)

Significant clinical improvement, with consolidation into 
a quiescent scar

Khurana et al 2022135  

(Case report)
Accelerated PACK-CXL in deep 

mycotic keratitis
1 Septate hyphae 9 mW/cm2 for 10 minutes 

(total 5.4 J/cm2)
The ulcer healed completely

Hafezi et al 2022136 

(Randomized, controlled trial)
PACK-CXL vs antimicrobial 

therapy a prospective randomized 
Phase 3 trial

8 Fungal and mixed 9 mW/cm2 for either 10 
min, 13 min or 20s. Total 

fluence of either 5.4 J/cm2 or 
7.2 J/cm2

Success rates were 88.9% (16/18 patients) in the PACK- 
CXL group. There was no significant difference in time to 
complete corneal re-epithelialization between PACK-CXL 

and antimicrobial medications.
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Although PACK-CXL has been extensively studied in the past few years, its protocol still needs many modifications 
to optimize UV fluence levels (J/cm2), irradiation time, and concentration of riboflavin to achieve 100% microbial 
killing.

Conclusion
It is recommended to start with antifungal therapy after confirmation of the clinical diagnosis with a smear or positive 
cultures. Intrastromal corneal injection of antifungal medications may result in steady-state drug levels within the corneal 
tissue and prevent intervals of decreased antifungal dosing below its therapeutic level. In cases of severe fungal keratitis 
with deep stromal infiltration not responding to treatment, intracameral injection of antifungal agents may be effective. 
Collagen cross-linking (CXL) is proposed to be beneficial for cases of fungal keratitis as a stand-alone therapy or as an 
adjunct to antifungal medications.

Abbreviations
AC, Anterior chamber; AI, Artificial intelligence; CXL, Corneal collagen cross-linking; DALK, Deep anterior lamellar 
keratoplasty; H&E, Hematoxylin and Eosin; IVCM, In vivo confocal microscopy; MK, Mycotic Keratitis; MUTT, 
Mycotic ulcer treatment trial; PAS, Periodic Acid-Schiff; PACK-CXL, Photo-Activated Chromophore for Keratitis – 
Collagen Cross-linking; PDAT, Photo-Dynamic Antimicrobial Therapy; PCR, Polymerase chain reaction; KOH, 
Potassium Hydroxide; ROS, Reactive oxygen species; SDA, Sabouraud dextrose agar; TST, Topical, systemic and 
targeted therapy; TKP, Therapeutic keratoplasty; UVA, Ultraviolet A.
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