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Abstract: Background: The aim of this study was to perform a retrospective analysis of patients
who underwent cross-linking for keratoconus, in the Department of Ophthalmology of the Medical
University of Silesia in Katowice, between 2011 and 2020, regarding the occurrence of herpetic
keratitis after the procedure. Methods: We analyzed the medical history of 543 patients who
underwent cross-linking surgery. Results: In the analyzed group, there were nine cases of herpetic
keratitis (six men and three women), aged from 16 to 40 years (mean 26.2 years). The mean follow-up
period was 49.3 months (16-82 months). The average time from surgery to the manifestation of the
first symptoms of keratitis was 4.3 days (2-6 days). In two cases, iritis was observed, and in one of
them, iritis was the first symptom. After systemic and topical administration of acyclovir, ulceration
healed in all patients. Corneal healing time ranged from 10 days to 3 weeks (average 13.7 days).
In one patient, a recurrence of the inflammation was observed after 8 months. Conclusion: Patients
should be carefully observed in the early post-CXL period. Herpetic keratitis could be induced by
CXL even in patients with no history of herpetic disease.
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1. Introduction

The corneal cross-linking (CXL) procedure was first performed over 20 years ago [1].
Since then, it has been successfully used primarily to stop the progression of corneal
ectasia, as well as in the cases of bullous keratopathy, sterile corneal melting, and infectious
keratitis of bacterial and fungal origin [2—4]. CXL involves the photopolymerization of
stromal fibers by the combined action of a photosensitizing substance (riboflavin) and
UVA radiation. The procedure is generally considered safe. However, it is not free from
complications. The most frequent complications associated with CXL are transient or
persistent corneal haze, epithelial disorders, infections, peripheral sterile infiltrates, stromal
melting, endothelial damage, and herpes simplex virus (HSV) activation [5,6]. Herpetic
keratitis is one of the symptoms of HSV reactivation. During the initial infection, the virus
multiplies within the epithelial cells and then from the sensory nerves it travels to the
sensory ganglion and remains there in the dormant form. The reasons for HSV reactivation
are not entirely clear. Some authors suggest that factors such as exposure to sunlight,
stress, menstruation, surgery, or fever are associated with virus reactivation, but few papers
deny this relationship. Secondary viral replication within the epithelial cells results in
dendritic or geographic keratitis. The immunological response to the virus antigen leads
to the development of stromal keratitis. Recurrent infections cause the loss of ganglion
cells, leading to a decrease in corneal sensation and consequently resulting in trophic
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corneal ulcer. HSV infection can also lead to uveitis, trabeculitis, and retinitis [7]. It is not
a commonly described complication after cross-linking surgery. Nevertheless, because
of its serious consequences, it is important to determine the probability of occurrence of
herpetic keratitis. The aim of this study was to perform a retrospective analysis of patients
who underwent cross-linking for keratoconus, in the Department of Ophthalmology of
the Medical University of Silesia in Katowice, between 2011 and 2020, with regard to the
occurrence of herpetic keratitis as a complication after the procedure.

2. Materials and Methods

This study was performed in accordance with the Declaration of Helsinki. We analyzed
the medical history of 543 patients who underwent cross-linking surgery for progressive
keratoconus. The patients included 312 males and 231 females, at a mean age of 22.7 years
(1447 years). The mean follow-up period was 6.7 years (1-9 years). All patients received
the same treatment, which was performed according to the Dresden protocol (an epi-
off protocol). After the treatment, drops of levofloxacin (5 mg/mL) and dexamethasone
(1 mg/mL) were applied and a soft bandage contact lens (monthly, Air Optix Aqua; Ciba
Vision, 14.2 diameter, 8.6 base curve) was placed. The patients were instructed to use
levofloxacin and dexamethasone drops and artificial tears five times a day. When herpetic
keratitis was found, we analyzed the previous HSV history of patients, the time between
crosslinking and herpetic keratitis, HSV infection symptoms, time of complete healing of
ulcer, and follow-up time.

3. Results

In the analyzed group, there were nine cases of herpetic keratitis, including six men
and three women aged 1640 years (mean 26.2 years). All patients came to the hospital
before the scheduled first visit 7 days after surgery complaining of pain, photophobia, and
irritation symptoms in the treated eye. The average time from surgery to the emergence
of symptoms was 4.3 days (2-6 days). Five patients showed a dendritic ulcer on slit-lamp
examination, and two showed geographic ulceration. In the other two patients, who
reported on the second and third day after the cross-linking treatment, ocular irritation
predominated, and dendritic ulceration appeared after the three next days. Signs of iritis
were found in two cases.

After HSV diagnosis, the treatment was modified. Except for one patient with signifi-
cant iritis, corticosteroids were discontinued in the other patients who underwent treatment.
Topical acyclovir (Viru-POS 30 mg/g, 4.5 g Ursapharm, Poland) was administered five
times a day until the ulcer was healed and then three times a day for a week. Oral acyclovir
400 mg was administrated five times daily until the ulcer completely healed and then two
times for a further 2 weeks. Steroids were continued again after complete epithelial defect
healing. Corneal healing time ranged from 10 days to 3 weeks (average 13.7 days). In two
cases, corneal haze was observed in the healed ulcer for about 2 weeks (Figures 1-3).

During the follow-up period, only one patient experienced a recurrence of herpetic
keratitis after 8 months. However, the symptoms resolved after 10 days of antiviral
treatment without additional complications. The detailed description of the series is
presented in Table 1.
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Figure 1. Slit lamp image of the left eye of a patient aged 16 years two days after cxl surgery for
progressive keratoconus. Visible postoperative epithelial abrasion, edema, and haze of the corneal
and numerous small deposits on the endothelium.

Figure 2. Slit lamp image of the same patient’s eye 4 days after cxl. Visible cornea covered with
epithelium with dendritic ulceration paracentral. Reduction in endothelial deposits and significant
reduction in corneal edema and haze.

Figure 3. Slit lamp image of the left eye of the same patient 2 months after cxl.
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Table 1. The detailed description of the series.
Patient 1 2 3 4 5 6 7 8
Age 38 40 31 16 21 18 24 19 29
Gender M M F F M M M F M
Keratoconus degree
(Amsler-Krumeich 2-3 2 3 3 1-2 1-2 2 2 2-3
classification)
Previous HSV history No Re.:current he%rp.es No No No No No No No
simplex labialis
Time gf C?(L to HSV 4 6 4 2 5 4 5 3 6
reactivation (days)
HSV infection Denc.lrltlc ulcer, . Denc.lrltlc ulcer, D.e}’lfh‘ltI.C u}c.er, Significant . Geographic Denderitic Denderitic ulcer Geographic
Transient corneal Dendritic ulcer Transient corneal iritis, Significant corneal Dendritic ulcer U
symptom P e ulcer ulcer Mild iritis ulcer
opacification opacification edema
Time of complete ulcer 10 18 20 21 1 14 10 14 14
healing (days)
Follow-up time
38 20 82 36 16 79 52 58 63
(months)
Recurrence of HSV Yes, one time after
keratitis in follow-up No No No No No No No ! No
. 8 months
time
Kmean before CXL 43.6 425 45.8 45.5 40.3 42.0 48.2 43.6 47.8
Kmean 1 year
after CXL 43.2 41.8 45.8 48.4 40.2 419 48.0 43.6 47.8
Kmax before CXL 53.6 50.2 544 56.5 454 49.2 54.0 50.6 58.6
Kmax 1 year after CXL 52.0 49.0 54.0 57.4 47.0 48.9 53.2 49.7 57.0
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4. Discussion

The mechanism of the reactivation of HSV after CXL may be related to epithelial
abrasion, UV exposure, use of topical steroid drops, and stress [8]. Although this com-
plication has already been reported in the literature [8-10], to our knowledge this study
is one of the few to analyze such a large group of patients for HSV infection, and thus
allowed to determine the risk of this potentially serious complication. It is also worth
mentioning that bilateral herpetic keratitis can occur after simultaneous cross-linking in
both eyes [11]. In most of the available articles, the patients did not have a previous
positive medical history of HSV infection [7,9]. This may be due to the fact that the primary
HSV infection is usually asymptomatic or scarcely symptomatic and may be overlooked.
Moreover, in the group described by us, only one patient had herpes labialis. Interestingly,
this patient was advised to take acyclovir 400 mg orally five times daily for 3 days prior to
surgery as prophylaxis, but despite this he developed inflammation and the ulcer healing
period was found to be one of the longest. Other studies have reported that reactivation of
inflammation occurred most often between the fourth and ninth day after surgery [7-10].
Usually, the first control is carried out after 7 days of surgery because after this time the
contact lens can be already removed, and the use of antibiotic drops can be stopped. In this
study, all our patients had symptoms before their first visit. Therefore, patients should be
advised to seek immediate medical attention if they experienced pain, eye irritation, or pho-
tophobia. In our series, symptoms appeared, on average, on day 4 after the CXL procedure.
The earliest symptoms appeared in the youngest patient, a 16-year-old girl. After 2 days
of treatment, the patient had eye irritation, significant corneal edema, and iritis. After the
next 3 days, corneal dendritic inflammation appeared with corneal re-epithelialization.
It should be noted that if virus activation occurs before re-epithelialization and after ep-
ithelial abrasion during surgery, we may not have a typical picture of dendritic keratitis.
Viral infection may be suggested by eye irritation, signs of iritis, and prolonged or absent
epithelialization. Due to the use of steroid drops after the procedure, the inflammation may
take the form of geographical ulceration. Interestingly, some reports show the beneficial
effects of cross-linking in patients with herpetic keratitis [12]. In this study, in the two
described cases with confirmed herpetic inflammation, corneal ulceration healed after the
cross-linking procedure. This suggests that the procedure probably had a reducing effect
on neurotrophic corneal melting occurring after herpetic inflammation [13].

5. Conclusions

Patients should be carefully observed in the early post-CXL period. Herpetic keratitis
could be induced by CXL even in those with no history of herpetic disease.
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