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	 Patient:	 Male, 18-year-old
	 Final Diagnosis:	 Corneal endothelial injury
	 Symptoms:	 Transient corneal endothelial injury
	 Clinical Procedure:	 —
	 Specialty:	 Ophthalmology

	 Objective:	 Unusual clinical course
	 Background:	 Refractive surgery in high myopia with thinner corneas and borderline topography is challenging, with the most 

serious complication being regression and postoperative ectasia. We report early corneal endothelial damage 
in a patient with high myopia after undergoing femtosecond laser–assisted in situ keratomileusis (FS-LASIK) 
with corneal cross-linking.

	 Case Report:	 This article reports an observational case of an 18-year-old man with high myopia who underwent FS-LASIK 
combined with corneal cross-linking. FS-LASIK was performed using a Zeiss femtosecond laser for flap creation 
(90 µm right eye, 95 µm left eye) and a EX500 excimer laser for corneal ablation (130 µm right eye, 131 µm left 
eye). Accelerated cross-linking was conducted with 0.23% riboflavin infiltration beneath the corneal stromal 
flap for 90 seconds, followed by UVA irradiation at 30 mW/cm2 for 90 seconds (total energy dose, 2.7 J/cm2). 
On postoperative day 3, slit-lamp examination revealed corneal edema in the right eye and hyporeflective en-
dothelial changes in both eyes. Endothelial microscopy showed significant reductions in endothelial cell den-
sity and hexagonal cell percentage compared with preoperative values. By 1 week postoperatively, the corneal 
edema and endothelial morphological irregularities had resolved, and the number and area of hyporeflective 
endothelial defects were markedly reduced. At 2 months postoperatively, visual acuity of both eyes was 20/20, 
hyporeflective zones on the endothelial surface disappeared, and corneal endothelial cell count, percentage of 
hexagonal cells, and coefficient of variation in cell size returned to preoperative levels.

	 Conclusions:	 This case highlights early, reversible endothelial damage following FS-LASIK with corneal cross-linking, under-
scoring the importance of careful patient selection, detailed preoperative counseling, and strong consideration 
of alternative treatments.
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Introduction

Due to its rapid and painless visual recovery, femtosecond la-
ser–assisted in situ keratomileusis (FS-LASIK) has become a 
commonly performed laser vision correction procedure, with 
excellent visual outcomes and a strong safety profile. However, 
one of the most serious complications that can occur after la-
ser vision correction is iatrogenic keratectasia. Postoperative 
corneal instability leads to the appearance of irregular astig-
matism and impaired visual acuity [1]. FS-LASIK requires the 
creation of a corneal flap followed by excimer laser ablation 
of the corneal stroma, which inevitably alters corneal biome-
chanics, reducing postoperative corneal stability. Collagen cross-
linking was first described in a clinical study in 2003 [2]. The 
aim of this procedure is to restore the stiffness of the cornea 
and thus halt the progression of a pathologic ectatic cornea, 
including keratoconus and iatrogenic post–laser vision cor-
rection ectasia. In the past, the use of cross-linking was com-
bined with LASIK to reduce the risk of postoperative keratec-
tasia by potentially strengthening the cornea weakened by 
laser vision correction surgery [3]. These procedures were ap-
propriately named LASIK-Xtra [3,4].

However, with the application of riboflavin and the develop-
ment of corneal cross-linking, corneal-related complications 
caused by the cross-linking occasionally occur. Reports of com-
plications following cross-linking include stromal infiltrates [5], 
corneal haze and scarring [6], keratitis, and perforation, most 
of which are associated with cross-linking treatment for ker-
atoconus. A matter of notable concern is that corneal cross-
linking surgery can also include the risk of endothelial damage. 
Mazzotta et al [7] studied the morphological and clinical effects 
of topography-guided delivery of high-fluence pulsed-light UVA 
energy emission on the cornea and demonstrated that no en-
dothelial damage was observed in terms of morphology and 
cell count. However, it cannot be ruled out that excessive ul-
traviolet illumination may cause transient damage to corneal 
endothelial cells. We present a rare case of transient endothe-
lial injury following LASIK Xtra, emphasizing the importance of 
careful patient selection and risk communication. This report 
supports preoperative screening and surgical decision-making.

Case Report

An 18-year-old male patient presented for refractive surgery 
evaluation. His refractive error (-9.75 diopters sphere [DS] / -1.75 
diopters cylinder [DC] × 45° corrected to 20/20 in the right eye, 
-10.00 DS / -1.00 DC × 160° corrected to 20/20 in the left eye) 
had remained stable for over a year, and his corrected visual 
acuity was 20/20. Corneal topography examination (Pentacam, 
Oculus, Germany) showed specific corneal parameters: corne-
al thickness measurements were 518 µm in right eye and 528 

µm in left eye. Keratometry readings were 44.4/45.8 D in the 
right eye and 45.1/46.1 D in the left eye (Figure 1). The cor-
neal data were measured by corneal topography (CEM-530, 
Nidek Co, Japan). The endothelial cell count (cells/mm2) in the 
right eye was 2782 ± 222 cells/mm2 and in the left eye was 
2735 ± 219 cells/mm2 (Figure 2A, Table 1).

We discussed various surgical options and associated risks 
thoroughly with the patient, including collamer lens implanta-
tion, which was declined due to financial constraints and pa-
tient preference. Ultimately, FS-LASIK Xtra was performed us-
ing a Zeiss femtosecond laser for flap creation (90 µm right 
eye, 95 µm left eye) and an EX500 excimer laser for corneal 
ablation (130 µm right eye, 131 µm left eye). Residual stromal 
thickness exceeded 290 µm (298 µm right eye, 302 µm left 
eye). Accelerated cross-linking was conducted with 0.23% ri-
boflavin (VibeX Rapid, Avedro, USA) for 90 seconds, followed 
by UVA irradiation at 30 mW/cm² for 90 seconds (KXL system, 
Avedro Inc, USA), completing a total fluency dose of 2.7 J/cm2. 
Postoperatively, the patient was prescribed levofloxacin eye 
drops 4 times a day, fluorometholone eye drops 8 times a day, 
reduced by 1 drop every 4 days for a month, and sodium hy-
aluronate eye drops 4 times a day.

Three days postoperatively, uncorrected visual acuity in both 
eyes was 20/20. Slit lamp examination revealed mild corneal 
edema in the right eye, and hyporeflective endothelial chang-
es were present in both eyes (Figure 3A, 3B, indicated by black 
arrows). The central corneal endothelial cell count was detect-
ed using a corneal endothelial microscope and showed a large 
number of hyporeflective zones on the endothelial surface of 
both eyes (Figure 2B, indicated by red arrows). Endothelial mi-
croscopy also revealed the endothelial cell count in the right 
eye was 2311 ± 111 cells/mm2, significantly lower after surgery 
compared with before surgery, and the percentage of hexag-
onal cells declined significantly from 53% before surgery to 
28% after surgery (Table 1).

One week after surgery, slit lamp examination showed that 
corneal epithelial edema in the right eye had disappeared, hy-
poreflective endothelial changes had resolved, and endothelial 
microscopy (Figure 2C) showed a significant increase in endo-
thelial cell count compared with 3 days postoperatively, with 
an increase in the percentage of hexagonal cells and a signifi-
cant reduction in the number and area of hyporeflective zones 
on the endothelial surface, although a few small hyporeflec-
tive zones were still visible (Figure 2C, right eye, blue box; left 
eye, white arrow). Six months after surgery, uncorrected visu-
al acuity was stable at 20/20, slit lamp examination showed a 
smooth endothelial surface, and corneal optical coherence to-
mography showed no significant abnormalities (Figure 3C, 3D). 
Endothelial parameters had also fully recovered to preopera-
tive levels (Figure 2D). Specific values are shown in Table 1.
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Figure 1. �Images showing corneal topography. (A) Preoperative; (B) 2 days after surgery. Abbreviations: OD, right eye; OS, left eye.
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As the patient’s cornea did not show localized edema or pos-
terior corneal endothelial keratic precipitates, we ruled out the 
diagnosis of UVA-induced corneal endotheliitis [8]. To date, 
this patient has been diagnosed with reversible endotheli-
al damage following FS-LASIK combined with corneal cross-
linking in both eyes.

Discussion

Based on the patient’s stable refractive history and careful risk 
assessment using the Randleman scoring system, the postop-
erative corneal ectasia risk score was 2, placing the patient 
in the low-risk category. Although LASIK surgery was feasible, 
the required high-diopter correction represented a borderline 
risk for ectasia, prompting the use of adjunctive cross-linking. 

Table 1. Corneal endothelial microscopy parameters.

Abbreviations: ECC, endothelial cell count; CV, coefficient of variation of corneal endothelium; OD, right eye; OS, left eye.

Eye Preop Day 3 Week 1 Month 6

OD

	 ECC (cells/mm2) 2782±222 2311±111 2599±220 2912±272

	 Hexagonality (%) 53 28 38 43

	 CV 34 52 44 36

OS

	 ECC (cells/mm2) 2735±219 2819±80 2638±272 2833±234

	 Hexagonality (%) 50 52 43 43

	 CV 36 42 39 36

Figure 2. �Images showing corneal endothelial microscopy. (A) Preoperative endothelial microscopy. (B) Corneal endothelial microscopy 
on postoperative day 3 showing hyporeflective zones on the endothelial surface in both eyes; the right eye (OD), affected 
by corneal edema, is not clearly visualized. Red arrows indicate the hyporeflective zones. (C) At 1 week postoperatively, the 
number and area of hyporeflective zones are significantly reduced; however, a few small hyporeflective zones remain visible 
(blue box in the right eye and white arrow in the left eye [OS]). (D) At 6 months postoperatively, endothelial cell density and 
percentage of hexagonal cells show further recovery, with no significant hyporeflective zones observed.
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The combination of FS-LASIK and accelerated corneal cross-
linking (LASIK Xtra) has been proposed to strengthen the cor-
nea and reduce postoperative ectasia risks. However, this ap-
proach is not without potential complications. Current reports 
on complications after corneal cross-linking surgery are usu-
ally related to corneal infections that occur during the post-
operative epithelial healing period, most of which are concen-
trated on cross-linking treatment for keratoconus [9,10]. To 
our knowledge, this is the first reported case demonstrating 

complications of reversible endothelial damage after FS-LASIK 
combined with rapid cross-linking reinforcement surgery, re-
flecting the rarity of this case report.

In the standard cross-linking protocol, the surface UVA irradi-
ance of 3 mW/cm2 has been shown to penetrate human ker-
atocytes up to a depth of 300 μm. This irradiance is reduced 
to 0.15 mW/cm2 at the endothelial level, which is considered 
to be under the cytotoxic threshold value (0.36 mW/cm2) [11]. 

Figure 3. �Images showing slit lamp examination and anterior segment optical coherence tomography (AS-OCT; Anterion, Heidelberg, 
Germany). (A) right (OD) and (B) left (OS) hyporeflective endothelial changes (indicated by the black arrows) visible on the 
endothelial surface of both eyes, with corneal edema in the right eye on the third day after surgery; (C) right and (D) left 
6 months postoperatively. The corneal endothelial surface is smooth, with a small amount of stromal haze. Corneal OCT 
showed no significant abnormalities.
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Meanwhile, the riboflavin shielding effect enables the absorp-
tion of excess ultraviolet light, thereby protecting endotheli-
al cells. Mahmoud et al [12] studied the effect of LASIK with 
accelerated cross-linking on the corneal endothelium in pa-
tients with myopic diabetes and found that LASIK with ac-
celerated cross-linking was safe for the corneal endothelium 
in this patient population, but note that a longer follow-up 
is needed. However, the patient in the present report devel-
oped transient corneal endothelial changes. Cingu et al [13] 
studied accelerated collagen cross-linking for the treatment 
of progressive keratoconus and reported transient endotheli-
al changes. At early follow-up visits (1 week, 1 month, and 3 
months), mean endothelial cell density was significantly low-
er in UVA/riboflavin cross-linking–treated eyes compared with 
preoperative values and also lower than that of untreated fel-
low eyes. All endothelial parameters recovered by 6 months 
in treated eyes, both compared with preoperative values and 
between treated and fellow eyes. These findings support the 
results of our present case report. This phenomenon may be 
explained by cellular migration, changes in reflectivity due to 
altered pump function [14], or reorganization of the cytoskel-
eton without actual apoptosis. In addition, it may also be due 
to cell rearrangement, hiding the actual damage to endotheli-
al cells [15]. These corneal endothelial changes mean that the 
endothelium might be damaged but might not be totally lost 
or dead. Therefore, the recovery occurred when the undam-
aged endothelium slides in and replaces the function in the 
area of the damaged endothelium [16].

In contrast to transepithelial and epi-off cross-linking, the 
method we have termed under-flap cross-linking involves 
soaking the stromal bed with riboflavin, repositioning the flap, 
and then applying UV light to the corneal surface. This meth-
od allows riboflavin to rapidly and abundantly penetrate the 
corneal stroma, leading to increased saturation. The combi-
nation of higher riboflavin concentration and stronger UVA ir-
radiation, resulting in greater energy delivery, may contribute 
to the reactive changes observed in the corneal endothelium. 
Meanwhile, various mechanisms may have a potential effect 
on the corneal endothelium during laser refractive procedures. 
Risks generated by an excimer laser include mechanical trau-
ma from shock waves, oxidation, and thermal effects from UV 
light [17] that may harm endothelial cells. Accumulated energy 
delivered in procedures involving both the excimer lasers and 
interface-related inflammation [18] after FS-LASIK may con-
tribute to even greater corneal endothelial cell damage [19]. 
Moreover, a possible interaction between excimer laser abla-
tion and subsequent UVA exposure may further heighten en-
dothelial vulnerability. The structural and biochemical chang-
es induced by excimer laser treatment could alter the corneal 
microenvironment, potentially amplifying oxidative stress and 
photothermal effects when followed by cross-linking.

Current studies suggest that excessive corneal thinness (pre-
operative corneal thickness < 400 μm) is also a critical contrib-
uting factor to endothelial cell damage following cross-linking 
procedures. Nevertheless, Abbondanza et al [20] studied cor-
neal cross-linking in corneas with thinnest pachymetry well 
below 400 μm using 9.0 mW/cm2 UVA irradiation for 10 min-
utes and found no adverse events and no loss of endothelial 
cell density. In another report, Gokhale [21] presented a case 
of severe corneal endothelial damage after the cross-linking 
with progressive keratoconus with a corneal thickness of more 
than 400 μm. The patient had presented with massive corneal 
edema 1 month after the cross-linking procedure, and, despite 
intense medical treatment, a ring-shaped corneal scar persist-
ed, resulting in deterioration of visual acuity. These findings 
suggest that conventional safety parameters may not fully ac-
count for individualized corneal susceptibility, particularly in 
young patients with thin corneas and a need for high refrac-
tive correction. This observation may suggest increased en-
dothelial susceptibility in younger patients; however, this hy-
pothesis requires further validation.

Conclusions

This case underscores the critical importance of individualized 
patient selection and optimization of procedural parameters 
when performing LASIK Xtra for high myopia. Clinicians must 
therefore rigorously evaluate not only the static parameters 
(corneal thickness, Randleman score, ablation depth) but also 
consider dynamic risk factors such as oxidative load, ribofla-
vin distribution, and cumulative energy exposure, while also 
assessing the changes in intraocular pressure in patients with 
high myopia [22]. For patients with endothelial damage, the 
energy dosage of cross-linking may be appropriately reduced 
based on clinical judgment. Although our patient refused to 
undergo implantable collamer lens surgery in this report, for 
highly myopic patients, implantable collamer lens surgery of-
fers a safer alternative that preserves corneal biomechanics, 
avoids corneal tissue ablation, and can substantially mitigate 
the risk of postoperative corneal ectasia associated with cor-
neal refractive surgery for high myopia. Implantable collamer 
lens surgery can avoid the need for corneal cross-linking sur-
gery and eliminates the risk of photo-oxidative endothelial 
insult. Moving forward, biochemical and biomechanical mod-
eling of riboflavin diffusion and UVA absorption in LASIK-flap–
modified corneas may provide predictive metrics for endo-
thelial safety [23,24]. Establishing individualized UVA dosage 
thresholds and optimizing riboflavin concentration gradients 
could help mitigate transient endothelial vulnerability. This re-
port also had limitations, and longer-term clinical observation 
is still warranted to evaluate the endothelial cell changes ob-
served in this patient.
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