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ABSTRACT 

Correcting refractive errors by remodeling the corneal curvature with an excimer laser (which emits ultra-
violet radiation) may reactivate a latent Herpes Simplex Virus (HSV), resulting in keratitis. New techniques 
using infrared sources, such as femtosecond-assisted Keratorefractive Lenticule Extraction (KLEx), may 
thus provide a safer approach to eyes with previous HSV keratitis; however, no cases of KLEx in such cases 
have been reported. As a result, we present three cases in which KLEx successfully corrected myopia. Three 
myopic eyes from three patients with a known history of healed HSV keratitis that occurred more than 12 
months before surgery underwent KLEx. All patients received oral antiviral prophylaxis before and after 
surgery. In case 1, the post-HSV scar was semiperipheral, involving only a portion of the treated area; 
surgery went smoothly, with the intrastromal lenticule well delineated and dissected even through the scar. 
In cases 2 and 3, the healed scar was peripheral and did not interfere with surgery. After 6 months, all three 
cases had good visual acuity without complications. Finally, KLEx combined with antiviral prophylaxis 
can effectively correct myopia in eyes with healed HSV. The femtosecond laser can penetrate non-dense, 
peripheral corneal scars. 
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The correction of refractive errors by corneal excimer laser 
procedures (laser in situ keratomileusis, LASIK, and pho-
torefractive keratectomy, PRK) poses the risk of reactivat-
ing latent Herpes Simplex Virus (HSV) in eyes with or 
without a previous HSV keratitis.1 The possible causes of 
reactivation are epithelial removal (as in PRK and partially 
in LASIK), the ultraviolet light of excimer laser, and the 
postoperative use of topical corticosteroids.2,3 
Keratorefractive corneal lenticule extraction (recently ab-
breviated as KLEx)4 uses a femtosecond (infrared) laser to 
correct myopia and myopic astigmatism by removing an 
intrastromal disc of tissue through a small incision.5 In 
KLEx, the avoidance of an ultraviolet source and the min-
imal epithelial disruption may present an advantage in 
preventing HSV reactivation; on the other hand, the need 
for a transparent cornea for the intrastromal laser proce-
dure prevents its use in the presence of HSV scars in the 
optical zone. 
Only 1 case of herpetic keratitis after KLEx has been re-
ported, in a patient with no history of HSV infection,6 
but studies of KLEx in eyes with healed HSV keratitis are 
completely lacking. We therefore report 3 cases of KLEx 
performed in eyes with post-HSV peripheral corneal scars 
with antiviral prophylaxis, to assess the efficacy and safety 
of the treatment. 
 
 
Materials and Methods 
 
A retrospective analysis of patients undergone KLEx fol-
lowing HSV keratitis was done. The Institutional Review 
Board provided approval on January 10th, 2024. The re-
search followed the tenets of the Declaration of Helsinki; 
patients provided a signed informed consent. Previous 
HSV infection was confirmed by clinical records reporting 
a typical dendritic or stromal lesion. Three eyes of 3 pa-
tients were finally identified. 
The inclusion criteria for surgery were: i) myopia or com-
pound myopic astigmatism with spherical equivalent (SE) 
-1 to -12 diopters (D), with at least 18 months of refrac-
tive stability, and refractive astigmatism ≤3 D; ii) age: be-
tween 25 and 50 years; iii) general health status: absence 
of collagen vascular disease, no pregnancy; iv) ocular dis-
ease: no previous surgery; absence of macular or lens ab-
normality; no topical treatment for ocular hypertension; 
absence of dry eye symptoms, non-invasive tear film 
break-up time ≥10 seconds (MS-39, Costruzione Stru-
menti Oftalmici), lacrimal fluid osmolarity ≤300 mOsm/l 

(I-PEN, Imedpharma); in the case of previous stromal in-
fection, absence of corneal scars in the optical zone, with 
last recurrence earlier than 12 months before surgery; vii) 
corneal features on OCT and Placido topography (MS-
39): central pachymetry ≥480 µm; regular posterior el-
evation, anterior and posterior tangential topography; no 
signs of ectasia; viii) Corrected Distance Visual Acuity 
(CDVA) ≥ 20/40 Snellen; ix) minimum follow-up: 6 
months from treatment. 
The pre-operative assessment consisted of Uncorrected 
Distance Visual Acuity (UDVA), CDVA, manifest and cy-
cloplegic refraction (by tropicamide eye drops), undilated 
and dilated slit-lamp evaluation, Placido corneal topogra-
phy, OCT tomography with epithelial and stromal thick-
ness evaluation, computer-assisted scotopic pupillography, 
tonometry, tear function evaluation. 
Soft contact lens use was interrupted 1 month before ex-
amination and surgery; rigid contact lens use was inter-
rupted 3 months before examination and surgery. All 
patients were informed about the surgical procedure and 
provided written consent. 
 
Surgical technique of KLEx 
 
Our technique for KLEx with the CLEAR application has 
been published.7  
Briefly, full manifest spherical and cylindrical corrections 
were planned. The thickness of the cap (cornea anterior 
to the upper lenticule interface) was set at 120 µm. A sin-
gle super-temporal 2.5 mm incision was programmed. 
Femtosecond laser power and velocity were adjusted to 
obtain a uniform pattern of tiny, non-confluent plasma 
bubbles. 
After topical anesthesia with oxybuprocaine, a drop of un-
preserved 0.2% sodium hyaluronate was dripped on the 
cornea. The Ziemer Z8 handpiece was docked, and the 
patient was instructed to look into the red fixation light 
within the handpiece, suction was activated, and centra-
tion was accomplished.  
Once lenticule delineation was completed, the super-tem-
poral incision was scored and the lenticule separated with 
a Reinstein Lenticule Separator (Malosa MMSU1297S). 
Straight, fine-tip tying forceps (Malosa MMSU1414CS) 
were used to extract the lenticule. 
Topical post-operative treatment consisted of dexameth-
asone 0.1% and netilmicin 0.3% eyedrops 5 times daily 
for 5 days and then 3 times daily for 5 days, and unpre-
served 0.2% sodium hyaluronate as lubricant as needed. 
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Oral acyclovir (400 mg twice a day) was started on the 
day before surgery and continued for 2 weeks. 
 
 
Case reports 
 
Case 1 (male, 22 years old, OD) 
 
The patient, following HSV epithelial keratitis in OD 2 
years previously, had developed a semi-peripheral corneal 
opacity (Figure 1). Corneal tomography was regular, ex-
cept for a change in curvature over the corneal scar; central 
corneal pachymetry on OCT was 563 µm (Figure 2). Re-
fraction in (in diopters) in OD was -3 – 1 x 132°, and 
CDVA was 20/20. KLEx was performed with a 125- µm 
cap and a 6.9-mm optical zone. 
Surgery was uneventful, with a good delineation of the 
lenticule and an area of opaque bubble layer (OBL) over 
the lesion, extending to the limbus (Figure 3A). Dissec-
tion was normal, with no areas of undue resistance 
(Figure 3 B and C), and an intact lenticule was finally 
extracted (Figure 3 D). 
The next day, in OD the cornea was transparent, UCVA 
was 20/20, refraction +0.25 +0.50 x 164° (Figures 4 and 5). 
At 6 months no complications were observed, UCVA was 
20/20, refraction +0.50 x 150°. 
 
Case 2 (male, 34 years old, OS) 
 
The patient, following 2 episodes of HSV stromal keratitis 
in OS 5 and 4 years previously, presented with a temporal 
peripheral stromal opacity, not involving the optical zone. 
Corneal tomography was regular; central corneal 
pachymetry on OCT was 529 µm. Refraction in OD was 
-6.25 – 0.5 x 2°, and CDVA was 20/20. KLEx was per-
formed with a 120-µm cap and a 6.5-mm optical zone. 

Figure 1. Case 1. The pre-operative corneal section at optical coher-
ence tomography (OCT) shows the stromal opacity as a semiperi-
pheral subepithelial gray area, indicated by the arrow.

Figure 2. Case 1. Corneal tomography by optical coherence tomog-
raphy (OCT). Top left: total corneal thickness in micron. Top right: 
anterior curvature with sagittal algorithm, showing a more curved area 
overlying the scar. Bottom left: corneal epithelial thickness in micron. 
Bottom right: anterior curvature with a tangential algorithm, showing 
a more curved area overlying the scar.

Figure 3. Case 1 (surgeon view): phases of keratorefractive lenticule 
extraction. A) after the femtosecond delineation, a uniform bubble 
pattern is evident. The scarred area (straight arrow) is characterized 
by plasma accumulation, extending peripherally into a limbal opacity 
(curved arrow); B) manual dissection of the anterior interface by a 
spatula; C) manual dissection of the posterior interface; D) extraction 
of the corneal lenticule by forceps through the access incision. The 
asterisks indicate the intact lenticule edges.
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Surgery was uneventful, and an intact lenticule was fi-
nally extracted. 
The next day, in OD the cornea was transparent, UCVA 
was 20/20-, refraction +0.25 +0.75 x 95°. 
At 6 months no complications were observed, UCVA 
was 20/20, refraction +0.50 x 83°. 
 
Case 3 (female, 40 years old, OS) 
 
The patient, following 2 episodes of HSV epithelial kera-
titis in OS 7 and 6 years previously, presented with an in-

ferior peripheral corneal opacity, not involving the optical 
zone. Corneal topography was regular, with a central 
pachymetry of 542 µm. Refraction in OS was -5.37 – 0.25 
x 47°, and CDVA was 20/20. KLEx was performed with 
a 120-µm cap and a 6.5-mm optical zone. 
Surgery was uneventful, and an intact lenticule was finally 
extracted. 
The next day, in OS the cornea was transparent, UCVA 
was 20/20, refraction +0.5. 
At 6 months no complications were observed, UCVA was 
20/20, refraction -0.25 x 162°. 
 
 
Discussion 
 
In our 3 cases, KLEx was performed uneventfully, achiev-
ing good refractive results and without HSV recurrence. 
In case 1, the scar was partially occupying the optical zone, 
but the lenticule was well delineated and separated with-
out resistance. 
In animal experimental models, corneal epithelial scraping 
followed by excimer ablation leads to HSV reactivation in 
45% of cases.8 Clinically, HSV keratitis has been observed 
after both LASIK, where an excimer laser is used and the 
epithelium is circularly disrupted by the creation of the 
flap,9-12 and after PRK, where a large epithelial defect is 
created before excimer laser ablation.13,14 Two-thirds of 
the cases of post-excimer laser herpetic keratitis have a pre-
vious history of HSV ocular infection;1 in such situations, 
oral antiviral prophylaxis has shown a protective effect 
against reactivation.15,16 When not reactivated, latent cor-
neal HSV (identified in 5% of extracted lenticules) does 
not affect the safety and results of KLEx.17 
It is normally assumed that KLEx should be avoided in 
the presence of scars in the zone to be treated, as fem-
tosecond laser cannot penetrate opaque tissues.18 In our 
case 1, the opaque area was successfully delineated and 
dissected. The capability of the laser to penetrate semi-
opaque tissue is dependent on the uniformity of the de-
livered energy, precise focusing, and on-the-spot 
pattern. The Ziemer platform is characterized by low 
energy and confluent spots, delivered from a close 
source,18 which may explain the relative ability to pen-
etrate nondense scars. 
The limitations of this study are the limited case series and 
the lack of a control group; these conditions were however 
not easy to fulfill because of the relative rarity of the 
pathology and for ethical reasons. 

Figure 4. Case 1. Post-operative (day 1) corneal section at optical co-
herence tomography (OCT): the stromal opacity is indicated by the 
arrow. The asterisks delineate the surgical interface.

Figure 5. Case 1. Corneal tomography by optical coherence tomog-
raphy (OCT) after keratorefractive lenticule extraction. Top left: total 
corneal thickness in micron, showing the remodeled corneal shape. 
Top right: anterior curvature with a sagittal algorithm, partially show-
ing a more curved area overlying the scar and evidencing the post-op-
erative flattening. Bottom left: corneal epithelial thickness in micron. 
Bottom right: anterior curvature with a tangential algorithm, showing 
a more curved area overlying the scar and the red ring of the curvature 
gradient, indicating the edge of the treatment. Good centration and 
a large optical zone are evident.
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Conclusions 
 
The treatment of refractive errors by KLEx in 3 eyes with 
post-herpetic scars not occupying the visual axis produced 
good visual results, with no complications. A semi-periph-
eral scar was successfully delineated and dissected. 
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