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Purpose: To evaluate visual and refractive outcomes of customized photorefractive keratectomy (PRK) in subjects with persistent 
subepithelial corneal opacities secondary to adenoviral epidemic keratoconjunctivitis (EKC).
Patients and Methods: Prospective study, which recruited patients with persistent and visually-significant post-EKC corneal 
opacities unresponsive to prolonged topical therapy (6 months or more). Outcome measures: uncorrected and best-corrected distance 
visual acuity, subjective refractive astigmatism, keratometric astigmatism, spherical equivalent, minimum corneal thickness, and 
corneal morphological irregularity index. Subjects were followed for 12 months post-treatment.
Results: Eighteen eyes of 18 patients aged between 32 and 75 years treated with topography-guided transepithelial PRK with iRes 
excimer laser (iVIS Technologies, Taranto, Italy) from June 2020 to July 2021. After 12 months, the mean UDVA improved from 1.0 
±0.00LogMAR pre-op to 0.15±0.154LogMAR, and the mean CDVA improved from 0.4±0.41LogMAR pre-op to 0.0±0.00LogMAR. 
With respect to UDVA, all treated eyes (100%) showed an improvement of 6 ETDRS lines or more and with respect to CDVA, 9 out of 
18 eyes (50%) showed an improvement of 6 ETDRS lines or more. The mean ablation depth was 54.7±5.9μm. A statistically 
significant improvement was observed in all topographic indices. No infiltrate recurrence, post-treatment corneal haze, ocular 
hypertension or other side effects were observed throughout the follow-up period.
Conclusion: Topography-guided PRK could be considered an effective and safe treatment option to improve visual acuity in patients 
affected by persistent and visually-significant subepithelial corneal infiltrates caused by EKC.
Keywords: adenoviral epidemic keratoconjunctivitis, subepithelial corneal opacities, topography-guided transepithelial PRK

Introduction
Epidemic keratoconjunctivitis (EKC) is a contagious eye disease caused by multiple adenoviruses. These are medium- 
sized (90–100 nm), nonenveloped viruses with an icosahedral nucleocapsid containing a double-stranded DNA genome. 
The most virulent serotypes are 8, 19, 37, 53, and 54. They can cause a wide range of illnesses in humans. When eyes are 
infected, EKC can result. EKC is associated with inflammation of the cornea and conjunctiva, in the form of follicular 
conjunctivitis, papillary hypertrophy, conjunctival hemorrhage, lid edema, and chemosis. Preauricular and submandibular 
lymphadenopathy may be present and help in the diagnosis.1 A diffuse epithelial keratitis is a distinguishing feature in 
the early stages of the disease. This condition can be more easily appreciated after the application of sodium fluorescein. 
The puntiform epithelial defects may coalesce into larger lesions approximately one week after infection. Subepithelial 
corneal infiltrates and epithelial keratitis typically develop two or three weeks after symptoms onset. These infiltrates 
generally develop in the center of the cornea, but they may spread over the entire surface.1 These infiltrates cause 
significant visual disturbances such as permanent glare and/or photophobia, as well as decreased visual acuity as a result 
of irregular astigmatism. In severe cases, membranes or pseudomembranes develop on the tarsal conjunctiva.1 Corneal 
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signs may persist for months to years. Topical treatment with corticosteroids, cyclosporine, and antiviral drugs may fail 
to induce disease remission. The disease can in fact recur once therapy is discontinued.2

Excimer laser phototherapeutic keratectomy (PTK) and transepithelial photorefractive keratectomy (PRK) are safe 
and effective procedures to treat corneal opacities localized within the anterior third of the stroma. They can be used to 
ablate aberrant tissue, improve transparency, and create a smoother surface.3,4 Successful removal of adenoviral EKC 
corneal opacities using PTK has been reported.5,6 Ablating the central cornea results in corneal flattening, which leads to 
a hyperopic shift. This change is directly proportional to the ablation depth. However, the hyperopic shift is unpredictable 
and may diminish over time.7

Customized PTK has been successfully used to treat superficial corneal opacities. Transepithelial excimer laser 
ablation is a potentially effective technique due to its ability to detect and analyze corneal irregularities that have to be 
corrected.8,9 In recent years, there have been reports of using myopic PRK, with or without the associated use of 
mitomycin-C (MMC), to remove EKC infiltrates.10,11

To the best of our knowledge, this is the first prospective study investigating the clinical and refractive results of 
customized topography-guided transepithelial PRK with no antimetabolite for the treatment of persistent visually 
significant EKC infiltrates.

Patients and Methods
The present study was performed in accordance with the principles stated in the Declaration of Helsinki and obtained 
ethical approval from the local Institutional Review Board (IRB) of the “Sapienza” University of Rome, Umberto 
I Hospital (Prot. #0189/2020). Informed consent was obtained from all patients prior to enrollment. This is a prospective 
study conducted in a referral center for corneal pathologies. The population included adult subjects (at least 18 years old) 
with EKC corneal opacities. Inclusion criteria were eyes with persistent anterior EKC corneal opacities that decreased 
best-corrected visual acuity by at least 3 lines. Persistent lesions were defined as lesions not responsive to topical steroids 
or immunosuppressants after at least 6 months of therapy. A minimum pre-operative central corneal thickness less than 
400 microns was an exclusion criterion. The other exclusion criteria were presence of an active keratitis (as determined 
by the pattern of fluorescein staining and clinically detectable stromal edema), eyes with active uveitis and any corneal 
degenerations or opacities other than those resulting from the viral keratitis, glaucoma, dry eye, herpetic corneal ulcer, 
diabetes, autoimmune diseases, or pregnancy. Prior to recruitment, all eyes had been treated with topical steroids or 
immunosuppressants for at least 6 months (Figure 1A).

All patients underwent a complete preoperative ophthalmologic examination. They were inquired about the presence 
of disturbing visual symptoms, such as photophobia and glare. The examination included a complete ocular and systemic 
history, slit-lamp biomicroscopy of the anterior and posterior segment, uncorrected distance visual acuity (UDVA), best 
corrected distance visual acuity (CDVA) (both expressed as the logarithm of the minimum angle of resolution, 
LogMAR), subjective refractive astigmatism (SRAST), and keratometric astigmatism at 3mm area (SimK), spherical 

Figure 1 (A) Pre-operative clinical slit lamp image showing the left eye of a 38 year-old female patient (I.C.) with persistent corneal infiltrates following adenovirus infection 
and irregular astigmatism. The UDVA was 20/200, the CDVA was 20/63 with a refraction of +1.25 sph = −5 cyl ax180°. The patient complained permanent glare, 
photophobia and decreased visual acuity. (B) 12-months following PRK the slit-lamp image evidenced a resolution of corneal infiltrates and a clear cornea. The final 
postoperative UDVA was 20/20.
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equivalent (SEQ), minimum corneal thickness (MCT), corneal morphological irregularity index (CMI) and applanation 
tonometry (AT). The device used to measure the SimK and the corneal thickness was a Scheimpflug corneal tomographer 
(Precisio2®, iVIS Technologies, Taranto, Italy). Intraocular pressure was measured using the Goldmann applanation 
tonometer. Pre-operative evaluation also included refraction under cycloplegia and posterior segment examination. The 
corneal morphological irregularity index (CMI) is a parameter that indicates the deviation of the corneal shape from that 
of the best-matching toric surface and it is measured in microns. It is a surrogate parameter for high-order aberrations and 
it is intrinsically related to the quality of vision of the patient: the higher the value, the worse the quality of vision. Laser 
treatment planning was performed with the aid of a high-resolution corneal tomographer (Precisio2®, iVIS Technologies, 
Taranto, Italy) and a dynamic pupillometer (pMetrics, iVIS Technologies, Taranto, Italy). All measurements were 
performed by the same examiner in the morning (ET).

Surgical Technique
All of the eyes underwent a one-step topography-guided transepithelial PRK surgery. The laser treatment was customized 
based on morphological and refractive data calculated by the tomographer, the spherical error quantified during the visual 
acuity examination. Target refractive and ablation zones were defined by the projection of an ideal pupil, as determined 
by dynamic pupillometry, onto the ideal corneal surface. A transepithelial approach was chosen to factor in the refractive 
contribution of the epithelium, which was in fact distributed unevenly over the corneal surface. The customized treatment 
was executed by means of the “Corneal Interactive Programmed Topographic Ablation” software (CIPTA2®, iVIS 
Technologies, Taranto, Italy). This software determines the ablation volume as the intersection between the anterior shape 
detected by Precisio2® and the ideal shape determined taking care of the total corneal astigmatism and of the high order 
of aberrations, by means of a ray tracing process. The refractive correction factors in the total corneal astigmatism, high- 
order aberrations, and the subjective spherical error.

Two drops of oxybuprocaine were applied 5 minutes before surgery and after the insertion of the eye speculum. 
Following cyclotorsional measurement and pupil eye-tracker registration, the treatment was performed with a 0.65mm 
dual-flying-spot 1KHz excimer laser (iRES®, iVIS Technologies, Taranto, Italy) using the one-step custom transepithelial 
“no-touch” (cTEN®, iVIS Technologies, Taranto, Italy) ablation technique. Mitomycin-C or other pharmacological 
agents were not applied during the procedure. The mean targeted residual cylinder was 0D.

At the end of the laser procedure, a bandage soft contact lens (PureVision 2, Bausch & Lomb, Rochester, USA) was 
applied for 7 days. Postoperative treatment included ofloxacin eye drops 3 times a day, and artificial tears 6 times a day 
throughout the follow-up. After contact lens removal and epithelial resurfacing, patients were prescribed topical 
ofloxacin eye drops 3 times a day for 1 week, 0.1% fluorometholone eye drops initially 3 times/day and tapered to 1 
drop/day each month for the following 3 months, and artificial tears 6 times a day throughout the entire follow-up period. 
Patients were examined 1, 3, and 7 days after the surgery and 1, 3, 6 and 12 months postoperatively. Tomographic 
examinations were repeated 3, 6, and 12 months post-treatment.

Statistical Analysis
Data distribution was tested using the Shapiro–Wilk test. Descriptive analysis was used to present pre-treatment and post- 
treatment data in the form of mean, standard deviation, and range (min and max values). Categorical variables were 
compared using the Chi-square test. The outcome variables were compared between visits using the repeated measures 
ANOVA. The level of statistical significance was set at p < 0.05. Statistical analysis was performed using STATA, v. 14.0 
(StataCorp, TX, USA).

Results
This interventional, non-randomized, prospective clinical study recruited eighteen eyes of 18 patients (7 women [39%] 
and 11 men [61%]) with persistent EKC subepithelial infiltrates. Enrollment period spanned between June 2020 and 
July 2021. Subjects were treated with excimer laser topography-guided trans-epithelial PRK. Mean patient age was 53.1 
±13.1 years (range, 32–75). Visual symptoms and cornea abnormalities had a duration of 16.3±17.4 months (ranged from 
6 to 41). All patients (100%) presented with marked photophobia prior to surgery. The mean targeted optical zone 
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diameter was 3.64±1.54mm and the maximum planned depth ablation was 54.7±5.9μm (range 44–70), assuming a target 
residual pachymetry of 487.4±29.1μm.

Re-epithelialization occurred in all eyes by the second follow-up (1 week after surgery). After treatment, 33% of 
subjects (6 eyes) continued to complain of a certain degree of photophobia (Chi-square test, p<0.01). No patient 
developed conjunctivitis after treatment (Figure 1B). All patients (18 eyes; 100%) returned for follow-up at 1, 3, and 
12 months. Table 1 summarizes pre-op and post-op clinical data of study subjects.

A mild haze (grade 1) was observed in two eyes (11.1%). No regression or recurrence of infiltrates were observed. As 
shown in Table 1 and in Figure 2, statistically significant improvements in both UCVA and CDVA were observed after 
surgery. Mean UDVA improved from 1.0 ± 0.00LogMAR pre-op to 0.15 ± 0.154LogMAR 12-month post-op (p<0.001). 
Mean CDVA improved from 0.4±0.41LogMAR pre-op to 0.0 ± 0.00LogMAR 12-month post-op (p<0.001). With respect 
to UDVA, all treated eyes (100%) showed an improvement of 6 ETDRS lines or more. With respect to CDVA, 9 out of 
18 eyes (50%) showed an improvement of 6 ETDRS lines or more. No eyes presented UDVA worse than 1 LogMAR (20/ 
200) at 6 and 12 months postoperatively, compared with 100% preoperatively (Figure 2). No eyes showed a tendency 
towards hyperopic refraction more than 0.5D. Both subjective refractive astigmatism (SRAST) and keratometric 
astigmatism (SimK) decreased from baseline values (p < 0.01). SRAST decreased from a mean of −5D to −0.62D at 
12 months. SimK decreased from a mean of 2.6D to 1D at 12 months. Figure 3 shows the corneal topography of a patient 
post-operatively. Mean pachymetry changed from 475 ± 14.9μm to 431 ± 20.6μm post-operatively (p<0.01) (Table 1). 
This corresponds to a mean change of −44 μm (ranged from −50 to −39). The actual ablation was less than planned (54.7 
±5.9μm; ranged from 44 to 70). Tonometry values remained unchanged throughout the follow-up (p>0.05).

On the last visit, patients were asked about their level of visual satisfaction. The level of satisfaction was assessed 
with yes/no questions regarding whether treatment had created any improvement or benefit in visual acuity and/or quality 
of vision. All patients reported an improvement in both visual acuity and quality of vision (Chi-square test, p<0.01).

Table 1 Outcome Measures Measured Before Surgery and at 3 Months, 6 Months, and 12 
Months Post-Operatively

Baseline  
n = 18

3 Months  
n = 18

6 Months  
n = 18

12 Months  
n = 18

P value

UDVA 1 ± 0  
(1–1)

0.17 ± 0.134  
(0–0.4)

0.16 ± 0.121  
(0–0.4)

0.15 ± 0.154  
(0–0.3)

<0.001

CDVA 0.4 ± 0.412  
(0–0.8)

0.06 ± 0.08  
(0–0.2)

0.07 ± 0.04  
(0–0.2)

0.05 ± 0.05  
(0–0.1)

<0.001

SEq −1.87 ± 0.64  
(−2.50–1.25)

0.08 ± 0.22  
(−0.25–0.50)

0.05 ± 0.24  
(0–0.50)

0.05 ± 0.24  
(0–0.50)

<0.001

SRAST −5 ± 0  
(−5 – −5)

−0.5 ± 0.51  
(−1 – 0)

−0.62 ± 0.64  
(−1.25–0)

−0.62 ± 0.64  
(−1.25 – −0.25)

<0.01

SimK 2.6 ± 0.57  
(2.1–3.2)

0.85 ± 0.46  
(0.4–1.3)

0.95 ± 0.26  
(0.7–1.2)

1.00 ± 0.31  
(0.7–1.3)

<0.01

CCT 475 ± 14.9  
(461–490)

431 ± 20.6  
(411–451)

432 ± 24.2  
(409–456)

433 ± 23.2  
(411–456)

<0.01

CMI 30.3 ± 2.46  
(27.9–32.3)

10.1 ± 2.00  
(8.1–12.0)

11.8 ± 2.15  
(9.7–13.9)

11.8 ± 2.09  
(9.7–13.8)

<0.01

Notes: Values are reported as mean ± standard deviation (range: minimum value – maximum value). p values were 
based on the repeated measures ANOVA test. Bold values indicate p < 0.05 significant. 
Abbreviations: UDVA, uncorrected distance visual acuity (LogMAR); CDVA, corrected distance visual acuity 
(LogMAR); SEq, spherical equivalent (D); SRAST, subjective refractive astigmatism (D); SIM-K, keratometric 
astigmatism (D) calculated across the central 3-mm by ray-tracing; CCT, central corneal thickness (μm); CMI, 
cornea morphological irregularity index (μm).
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Discussion
The main purpose of this study was to evaluate the long-term efficacy and safety of customized topography-guided 
transepithelial PRK to treat persistent and visually-significant corneal opacities secondary to epidemic keratoconjuncti
vitis (EKC). EKC is one of the most common eye infections worldwide. Adenovirus keratitis classically presents with 
follicular conjunctivitis and punctate epithelial keratitis. Subepithelial corneal infiltrates develop 1–2 weeks after 
symptoms begin. These opacities may lead to an irregular cornea, subepithelial opacities that decrease visual acuity 
and quality of vision, due to high astigmatism, photophobia, glare, halos, and higher-order aberrations (HOAs), that can 
persist for months and even years.2,12 Histopathologic studies of affected cornea samples have shown lymphocytic 
infiltrates and fibroblasts, without the presence of virus-like particles, restricted to the superficial stroma, Bowman layer, 
and epithelium.13 Adenovirus stromal keratitis is thought to represent a delayed hypersensitivity immune response to 
viral antigens in the corneal stroma. The corneal stroma may harbor the immunogenic factors that trigger subepithelial 
infiltrate. For this reason, removing the anterior stroma the risk of recurrence may reduce.14

Figure 2 Refractive outcomes after 12 months. (A) Indicates cumulative Snellen visual acuity. (B) Indicates the change in CDVA after surgery. (C) Compares the target and 
the obtained spherical refraction. (D) Shows the post-operative spherical equivalent refraction.
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Previous studies have evaluated the safety and efficacy of excimer laser PTK for the treatment of anterior corneal 
opacities and surface irregularities.15–17 Excimer laser PTK has been used to treat persistent adenoviral subepithelial 
corneal opacities with positive results. The 193nm Argon-Fluoride laser photochemically breaks intermolecular bonds, 
expelling corneal tissue in a controlled manner without causing collateral thermal damage. Ablating and flattening the 
central cornea leads to a hyperopic shift that is proportional to the ablation depth. Previous studies also reported some 
degree of induced hyperopia of about 1.52D as measured 12 months post-op.17 Stark et al have described great variability 
in the refractive changes following stromal ablations greater than 85μm.18 A thinner ablation induces a smaller hyperopic 
shift.19

The rationale for choosing a customized topography-guided transepithelial technique is based on the results of 
previous studies.8,20 The corneal epithelium acts as a fluid masking agent. A transepithelial approach allows for 
elimination of the epithelial thickness variability due to remodeling and refractive outcomes that are more consistent 
with the predefined refractive target.21 The one-step topography-guided transepithelial PRK corrects the epithelial and 
stromal defects, reduces the risk for post-treatment haze, and leads to a significant improvement in visual acuity.22,23 The 
improvement in visual acuity and quality of vision is related to the correction of both LOAs and HOAs.23 A customized 
topography-guided photorefractive keratectomy regularizes the cornea surface, improves the topographic indices, and 
generally leads to excellent refractive outcomes.24,25 Subjects in our study showed no regression throughout the follow- 
up period. This differs from what has been reported in similar studies (10–15% of treated eyes).26 This might be 
explained by a customized transition zone with a constant radial slope that minimizes the risk of regression caused by 
epithelial regrowth. The refractive stability in our cohort may be more solid as compared to other PRK techniques.27 

Finally, a reduction of both the refractive defect and total higher-order aberrations was obtained, avoiding secondary 
astigmatism, as described by other authors.12

Yıldırım et al evaluated the long-term visual and refractive outcomes of wavefront-guided transepithelial photorefractive 
keratectomy with mitomycin-C (MMC) for the treatment of corneal opacities secondary to adenoviral EKC.28 No infiltrate 
recurrence was observed and the treatment was effective for the purpose of visual rehabilitation. Recently, transepithelial PRK 
and topical tacrolimus were shown to represent an effective procedure for the treatment of adenoviral EKC, leading to an 
improvement in visual acuity, corneal densitometry, and corneal HOA.29 Haze is another important long-term complication of 

Figure 3 Computerized tomographic images of a 60 year-old female patient (F.S.) included in the cohort. (A) Preoperative the UDVA was 20/200, and the CDVA 20/100 
with a refraction of −5 cyl ax180°. The Corneal Morphological Irregularity Index (CMI) was 32.3μm and the keratometric astigmatism (SimK) 3.8D (absolute scale, tangential 
algorithm). The planned optical zone was 5.65mm with a maximum ablation depth of 65µm, and an estimated residual pachymetry of 414µm. (B) 12-months following PRK 
the final postoperative UDVA was 20/25 and the CDVA 20/20 with a refraction of +0.50 ax40°. The CMI was 13.8μm and the keratometric astigmatism (SimK) was 1.3D. 
The minimum corneal thickness was 423µm, 9µm thicker than expected. The map’s image highlights the improved corneal profile obtained after customized topography- 
guided transepithelial PRK for treatment of persistent corneal infiltrates following adenovirus infection (absolute scale, tangential algorithm).
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excimer laser ablation and one of the limits of this treatment. Haze development is likely secondary to deposition of irregular 
collagen fibers by activated keratocytes in the wound.30 Aberrant re-epithelialization can contribute to additional complica
tions, including irregular astigmatism and scarring.16,31 In the past, the use of MMC was preferred to reduce scar formation 
following PTK in EKC patients.11,16 MMC modulates collagen synthesis during wound healing. For this reason, treatment 
with MMC could be beneficial in reducing post-treatment corneal haze and recurrence of EKC infiltrates.11,16,32 Recently, 
Adib-Moghaddam et al evidenced a comparable incidence of post-op haze in eyes with mild to moderate myopia after 
transepithelial PRK, regardless of MMC use, when total ablation depth was less than 160μm. Moreover, MMC-treated eyes 
showed worse endothelial cell indices.33 Studies have shown that haze formation and recurrence of subepithelial infiltrates 
may occur after PTK.34 However, in our experience, transepithelial PRK without MMC was not complicated by either 
infiltrate recurrence or haze formation throughout the 12-month follow-up.

Some authors noted adenoviral keratoconjunctivitis reactivation after excimer laser refractive surgery in some patients. 
Successful resolution of recurrent late-developing EKC-like keratitis was achieved through the use of topical steroids, with 
good clinical and visual outcomes. Corneal infiltrates were presumed to represent an immune response to adenoviral 
antigens deposited within the corneal stroma during the primary adenoviral infection.5,26 In the current study, enrolled eyes 
had been treated with topical steroids for at least 6 months. Despite prolonged treatment, these visually-significant corneal 
infiltrates failed to resolve. In such cases, corneal opacities and disabling visual symptoms can persist for years. All 
recruited subjects were complaining of photophobia and poor quality of vision prior to enrollment. After excimer laser 
treatment, all patients showed a significant improvement in visual acuity, quality of vision, as well as a decrease in 
photophobia. Laser treatment smoothed out the cornea surface and improved its transparency. No side effects were reported 
and all corneas remained transparent and free of EKC infiltrates throughout the 12-month follow-up.

Conclusion
Epidemic kerato-conjunctivitis is often characterized by the presence of bilateral corneal infiltrates and conjunctivitis. 
When these infiltrates are located centrally, visual acuity can be severely affected. This condition responds favorably to 
topical therapy in most patients. The corneal infiltrates resolve and the visual acuity returns to baseline values. However, 
in rare cases, the corneal infiltrates might persist or recur after therapy is discontinued, and visual acuity might be 
permanently affected. The etiology for the decrease in visual acuity is two-fold: the presence of anterior stromal opacities 
as well as the anterior surface irregularity. In this study, authors explored the efficacy of topography-guided trans- 
epithelial photo-refractive keratectomy in restoring visual acuity in this subset of patients. The results in terms of 
improvement in visual acuity, disease recurrence, and safety were excellent. For this reason, topography-guided trans- 
epithelial PRK should be considered as an effective treatment modality in patients with persistent and visually-significant 
corneal infiltrates due to EKC that do not respond to topical therapy.
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