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Abstract 
Purpose: to evaluate the outcome of voriconazole intrastromal injection as a primary treatment 

of clinically presumed fungal keratitis in pediatric age. Methods: Retrospective study performed 

in a tertiary care hospital and included 13 eyes of 13 children less than 18 years old presented 

with feathery corneal infiltration after trauma with organic material. Intrastromal voriconazole 

injection (200ug/0.1 ml) was done upon clinical diagnosis of fungal keratitis followed by topical 

antifungal eye drops. Reinjection was done after 48 hours of the 1st injection if no clinical 

improvement found. Outcome measures were the response to treatment, number of injections, 

duration of hospitalization and complications. Results: The mean age of children included was 

7± 2.8 years (range: 4-12 years). Ten cases (77%) had clinical improvement after 24 hours of 

single intrastromal injection. One case improved after a second intrastromal injection of 

voriconazole and two cases had three injections before clinical improvement. Duration of 

hospitalization ranged from 2–7 days (2.5 ± 0.8 days). After 3 months of follow up all cases 

developed localized corneal opacity and none developed recurrence of infection. Conclusions: 

Early intracorneal injection of voriconazole is a safe and effective way to treat cases of fungal 

keratitis in children. 
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1. Introduction  
Fungal keratitis is a sight-threatening 

condition that is common particularly in 

the agricultural countries [1].
 
Treatment 

with topical antifungal agents requires 

hourly instillation that may be difficult in 

uncooperative children [2].
 
Furthermore, 

unresponsiveness that may be encountered 
in deep fungal keratitis due to poor 

penetration of topical agents lead to 

delayed improvement in many cases [3].
 
 

Systemic administration of antifungals, 

despite found to be effective in deep 

fungal keratitis, is complicated by con-
cerns about systemic side effects, pediatric 
dose adjustment and longtime of treatment 
required [4]. Intrastromal injection of vor-

iconazole was found to be an effective 
adjuvant treatment for fungal keratitis 

resistant to other treatment modalities [5-

7].
 
A recent case report showed rapid 

recovery of aggressive fungal infection 

of the anterior segment of a child after 
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single intrastromal and intracameral inj-

ection of vorioconazole [9].
 
 The aim of 

this study was to evaluate the outcome of 

early intrastromal injection of vorico-

nazole as a primary or first line treatment 

of clinically presumed fungal keratitis in 

pediatric age.  

 

2. Methods  
This was a retrospective study performed 

at tertiary care university hospital in the 

period from May 2021 to June 2022. The 

study followed the tenets of the 2013 

Declaration of Helsinki and was appr-

oved by the local ethics committee of 

"Tanta University" Hospital (Tanta, 

Egypt) as 35201-1-22; informed consent 

was obtained from parents of all patients 

undergoing surgery. The study included 13 

eyes of 13 children clinically diagnosed as 

fungal keratitis due to presence of corneal 

epithelial defect and infiltration with 

feathery edge after trauma caused by 

organic material. Inclusion criteria incl-

uded newly diagnosed children (18 years 

old or younger) without previous medical 

treatment and size of corneal infiltration 

less than 5 mm in maximum diameter 

regardless of its depth. Patients older 

than eighteen years and children with 

other ocular disease, previous ocular 

surgery or received treatment before 

presentation were excluded. 

2.1. Injection technique 
Intrastromal injection was performed 

under general anesthesia using face mask 

in all cases. Before injection, superficial 

scraping of corneal infiltrates was perfor-

med using blade number 15 and plated on 

glass slide for microscopic examination, 

swabs for cultures and sensitivity were 

taken for both bacteria and fungi. Vori-

conazole (Vfend 200mg; Pfizer; USA) 

was prepared for intrastromal injection 

by dissolving 200 mg vial into 20 ml 

sterile water for injection, then diluting 1 

ml (10mg) to 5 ml sterile water to get a 

concentration 200 ug/ 0.1ml. Injection of 

0.2 ml (400 ug) intrastromal was done 

using 30 G needle. The needle was 

introduced in the healthy corneal stroma 

around the corneal infiltrate with bevel 

down. Injection was done at 2-3 sites till 
the stroma is hydrated. After injection, the 
treatment prescribed was topical vorico-

nazole (Vfend; Pfizer; USA) (10mg/ml) 

every 2 hours, Natamycin 5% (Natamycin; 

Orchidia Pharma; Egypt) 5 times per day, 

cyclopentolate 1% (Swixolate; Chemi-

pharma; Egypt) 3 times per day and 

tobramycin 0.3% eye drops (Tobrex; 

Alcon; USA) 5 times per day. After 

injection, corneal infiltrate, epithelial 

defect and presence of hypopyon were 

assessed every 12 hours. If no improve-

ment, a second intrastromal injection 

was done after 48 hours of the first 

injection. Children with clinical impro-

vement in the form of quiet eye, decrease 

size of corneal infiltration, healing of 

epithelial defect and disappearance of 

hypopyon were discharged from the 

hospital and followed up weekly in the 
outpatient clinic. The regimen of treatment 
after discharge from the hospital included 

topical tobramycin 0.3% (Tobrex; Alcon; 

USA) and cyclopentolate 1% (Swixolate; 

Chemipharma; Egypt) eye drops 3 times 

per day for 10 days and topical 

antifungals: voriconazole (Vfend; Pfizer; 

USA) (10mg/ml) every 2 hours and Nat-

amycin 5% (Natamycin; Orchidia Pharma; 

Egypt) 5 times per day continued one 

month after epithelial healing. Outcome 

measures were the response to treatment, 

number of injections, duration of hospi-

talization and complications.  
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3. Results  
The mean age of patients included was 

7± 2.8 years (range: 4- 12 years) 11 

(85%) were males and 2 were females. 

The causative agent of corneal trauma 

was plant or wood stick in 9, nail in 2, 

food 1 and colored contact lens in 1 

patient. All cases presented within 48 

hours of ocular trauma. All causes had 

corneal epithelial defect and stromal 
infiltration with feathery edge, 1 case had 
partial thickness corneal wound sutured 

with 10-0 nylon before injection and 2 
had hypopyon on presentation. Fungi were 
detected in the smears of 11 children. 

And cultures were positive for fungi in 

all cases. Ten cases had clinical 

improvement after 24 hours of single 

intrastromal injection, however, one case 

had clinical improvement after a second 
intrastromal injection of voriconazole and 
two cases had three injections before 
clinical improvement, fig. (1 & 2). Cult-

ures from the three cases with repeated 
intrastromal injections revealed filamentous 

fungi, tab. (1). Duration of hospitalization 
ranged from 2-7 days (3 ± 1.7 days). 

After 3 months of follow up all cases 

developed corneal opacity at the site of 

infiltration and none developed recu-

rrence of infection. 

 

 

 

 

 

 

 

 

 
Figure 1: Response to single intrastromal 

injection of voriconazole Left (pictures 

before injection), Right (pictures after 1 

week of injection).  

 

 

 

 

 

 

 

 
 

 
 

 

 

Figure 2: Improvement of corneal infil-

tration in a case required 3 intrastromal 

injections; a. on presentation, b. after 2 

intrastromal injections, c. clinical improvee-

ment after 3
rd

 injection, c. complete healing 

2 weeks later. 
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Table 1: Details of the studied cases  
No Age 

(Y) 

Causative 

agent 

Smear Culture Number of 

injections 

Hospitalization 

(days) 

1 5 plant stick fungal Filamentous 2 4 

2 12 Contact lens fungal Yeast 1 2 

3 4 wood fungal Yeast 1 2 

4 7 plant stick fungal Filamentous 3 7 

5 7 plant stick Inflammatory cells Yeast 1 3 

6 4 nail fungal Yeast 1 2 

7 10 plant stick fungal Filamentous 1 2 

8 4 Food (bread) fungal Filamentous 3 6 

9 8 nail fungal Yeast 1 2 

10 6 plant stick Inflammatory cells Yeast 1 2 

11 9 wood fungal Filamentous 1 2 

12 5 plant stick fungal Yeast 1 2 

13 11 plant stick fungal Yeast 1 3 

 

4. Discussion 
Fungal corneal infections are usually 

resistant and difficult to be treated. This 

is because fungi tend to penetrate deeply 

in the corneal stroma through a small 

epithelial defect causing deep keratitis 

and in some cases can progress to fungal 

endophthalmitis [9].
 
Cornea in pediatric 

age differs from adult cornea, being less 

stiff and having less compact corneal 

lamellae. This may facilitate rapid spread 

of fungal infection [10.11]. Furthermore, 

the large molecular weight of most anti-

fungal agents results in poor penetration in 

the deep stroma [12]. Delayed response 

to topical or systemic medications may 

be associated with later larger corneal 

scar and poor visual outcome [13]. The 

condition in children is more complicated 

as they are more exposed to corneal 

trauma, less compliant with frequent med-

ications and the risk of poor outcome due 

to amblyopia. In case of resistant fungal 

keratitis, therapeutic keratoplasty may be 

the last resort; however keratoplasty in 

children is usually associated with poor 

outcome [14]. Intrastromal injection of 

amphotericin is another option for fungal 

keratitis, however, it was associated with 

deep corneal vascularization and toxicity 

[15]. Voriconazole has a broad spectrum 

that covers many strains of fungi and 

acanthamoeba and can be used topically 

and systemically [16]. Previous study sho-

wed significantly lower concentration of 

voriconazole after topical administration 

in comparison with combined topical and 

systemic administration [2].
 
Here comes 

the importance of voriconazole intrastro-

mal injection to deliver the drug directly 

to the site where it should act. A recent 

study showed more rapid epithelial healing 

in a group of fungal keratitis patients 

treated with intrastromal injection of 

vorioconazole in comparison to control 

group treated with conventional topical 

antifungal therapy with no significant 

difference in the final endothelial cell 

count between both groups [17].
 

The 

effective and safe concentration of vori-

conazole for intrastromal injection varied 

among studies from 50 to 10000 ug/ 0.1 

ml. Studies showed that intrastromal 

injection of (50 µg/0.1 mL) voriconazole 

is effective against candida fungal keratitis 
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however; its effect against Fusarium 

species is inadequate [7] with treatment 

response similar to that of topical nata-

mycin [18.19]. Another study showed 

resistance of Fusarium to intrastromal 

injection of 1000 ug/ 0.1 ml vorioconazole 

[20].
 
 Repeated intrastromal injection of 

10000ug/0.1ml voriconazole combined 

with corneal debridement appears to be 

an effective treatment for Fusarium ker-

atitis [21]. 
 
 In animal study, intrastromal 

injection of voriconazole (5000 ug/0.1 

ml) was associated with resolution of 

stromal keratitis and uveitis in all eyes 

[22].
 
As regard safety, Intracameral inj-

ection of voriconazole was found to be 

safe to rabbit corneal endothelial cells in 

a concentration up to 1000ug/0.1ml [23]. 

While a Transmission electron microscopy 

evaluation revealed definite necrotic cha-

nges in rabbit corneal endothelial cells 

after intrastromal injection of 100ug/ 

0.1ml voriconazole [24]. In this study 

ten cases (77%) showed significant imp-

rovement after 1 intrastromal injection of 

voriconazole (200 ug/0.1 ml) with no 

clinically detected complications. The 

difference between our study and previous 

studies is early intrastromal injection 

based on clinical diagnosis of fungal 

keratitis. In this study, intrastromal 

injection was the first line of treatment 

aiming to trap infections before they 

expand and invade more in the corneal 

stroma. Furthermore, causes proven to 

be infected with filamentous fungi eve-

ntually resolved despite required repeated 

injection. For a child rapid control of 

corneal fungal infection can be sight 

saving due to risk of rapid spread of 

infection, aggressive uveitis that can 

result in cyclitic membrane and atrophia 

bulbi and at the best situation corneal 

opacification with deprivation amblyopia 

or high risk keratoplasty. Prevention of 

these catastrophic complications of fungal 

keratitis overweighs minimal risk of 

corneal toxicity from voriconazole intra-

stromal injection that was not clinically 

reported in previous studies even in 

extremely high concentrations. For this 

reason, we suggest that intrastromal 

voriconazole could be the first line of 

treatment for fungal keratitis in children.  

 

5. Conclusion 
Early intrastromal injection of voriconazole in pediatric fungal keratitis has excellent response, with 
rapid clinical improvement and could be a sight saving procedure. 

 

Abbreviations 
 G: gauge 

 Ug: microgram 

 Ml: milli liter 

 Mg: milligram. 

 

Ethics approval and consent to participate 
The study followed the tenets of the 

2013 Declaration of Helsinki and was 

registered and approved by the local 

ethics committee of "Tanta University" 

Hospital (Tanta, Egypt) with 35201, 

informed consent was obtained from 

parents of all children undergoing 

surgery 
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