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Structural corneal changes 
identified with the use of confocal microscopy 
after accelerated CXL for keratoconus 
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Background: Post-crosslinking (CXL) biomicroscopic changes in patients with 
keratoconus can be detected by confocal microscopy. Few studies reported on 
morphological changes in the cornea after CXL.
Purpose: To detect structural corneal changes by confocal microscopy after accelerated 
CXL for keratoconus.
Material and Methods: This study included 119 patients (167 eyes) who underwent 
accelerated CXL for keratoconus and were followed up for 12 months. Accelerated 
CXL was carried out using the UV-X™ 2000 Crosslinking System at an irradiation 
intensity of 9 mW/ cm². Confocal biomicroscopy was performed using the Confoscan 4 
unit (NIDEK Co., Ltd., Aichi, Japan).
Results: Accelerated CXL (carried out in 10 minutes) for stage 2 to 3 progressive 
keratoconus is safe and allows stabilizing the pathological process, based on the 
12-month follow-up results. At 3 months after accelerated CXL, active regeneration of 
keratocytes was seen in the superficial and deep stroma, with resolution of fibrotic foci. 
Confocal microscopy found that recovery of normal corneal architectonics started at 6 
months and keratocyte repopulation was complete at 12 months after CXL.

Keywords
keratoconus, corneal collagen, 
accelerated cross-linking

Introduction
Keratoconus (KCN) is a corneal dystrophy that is 

characterized by structural changes in the cornea leading 
to progressive corneal thinning and bulging, which is 
accompanied by the development of irregular astigmatism 
and substantially decreased visual acuity [1-5]. 

Corneal collagen crosslinking (CXL) is generally 
regarded as the gold standard for treating progressive 
stage 2 to 3 keratoconus [6]. Photochemical ionization 
takes place and riboflavin is destroyed (with release of 
free oxygen) by exposure to UV-A radiation generated 
by the UV-X system. Free oxygen-derived radicals cause 
cross-linking between -СН and –CN groups in collagen 
molecules, which induces their binding to form a 3D 
meshwork. Numerous additional bounds between corneal 
collagen fibers result in a significant improvement of 
corneal mechanical strength and rigidity. Biomechanical 
studies have shown that corneal rigidity increases by 
350%-380% after cross-linking [6-11].

Post-crosslinking biomicroscopic corneal changes in 
keratoconic eyes can be detected by confocal microscopy. 

Confocal corneal microscopy is an up-to-date technique 
enabling in vivo corneal monitoring with tissue cell and 
microstructural imaging.

Clinical use of confocal corneal microscopy allowed 
moving to a new level of in vivo dynamic imaging of 
corneal ultrastructural changes of various etiology [12-

15]. Quantitative composition of corneal cell layers is an 
important characteristic of the state of the cornea [16].

The list  of corneal dystrophies and degenerations 
studied with confocal microscopy includes epithelial 
basement  membrane dystrophies, Reis-Bucklers corneal 
dystrophy, Мeesmann corneal dystrophy, lattice corneal 
dystrophy, granular corneal dystrophy, spotted corneal 
dystrophy, Schnyder crystalline corneal dystrophy, 
posterior polymorphous corneal dystrophy, Fuchs’ 
endothelial corneal dystrophy (or cornea guttata), 
keratoconus, iridocorneal endothelial syndrome, 
Salzmann's corneal degeneration, retrocorneal membrane 
and primary corneal amyloidosis [15, 17-28].

Confocal microscopy allows for early disease 
diagnosis, differential diagnosis between various corneal 
disorders, and control of therapeutic and surgical treatment 
efficacy. 

Confocal microscopy studies have demonstrated 
substantial qualitative and quantitative changes in all 
corneal layers in keratoconic eyes. Thus, in vivo confocal 
microscopy (IVCM) allows for detecting morphological 
corneal changes as early as the subclinical stage of 
keratoconus [29].
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Confocal microscopy studies by Hollingsworth et al 
[30] and Somodi et al [13] noted a substantially increased 
size of hyperreflecting epithelial cells and irregularly 
arranged superficial epithelial cells in keratoconic eyes. 
In addition, it has been demonstrated that desquamated 
epithelial cells are characteristic for keratoconic eyes. 
The central cornea of subjects with keratoconus and age-
matched control subjects was assessed using IVCM and 
corneal aesthesiometry, and significant differences in 
corneal nerve fibre density were found between the former 
subjects and latter subjects [16, 31]. Keratoconic corneas 
exhibited abnormal sub-basal nerve architecture compared 
with patterns previously observed in normal corneas 
[32-34]. Keratoconus corneal stroma is always involved 
in the pathological process, with a decreased number of 
keratocytes that are irregularly arranged in the posterior 
stroma. As the disease progresses, microstriae appear as 
diverse hyporeflective thin lines [35].

Confocal miscroscopy found loss of the subbasal 
nerve plexus and a reduced number of anterior stromal 
keratocytes in early postoperative period (< 1 month) after 
treatment of progressive keratoconus by riboflavin-UVA-
induced CXL. This may be observed clinically as temporary 
stromal corneal haze with edema. The regeneration of 
keratocytes starts at 3 months and is complete at 6 months 
after CXL [36, 37]. 

A few studies reported on morphological changes in 
the cornea after CXL performed with the Dresden protocol 
and after accelerated CXL (ACXL). Mazzotta et al [37] 
noted regeneration of the subbasal nerve plexus and 
restored keratocyte density at 12 months after CXL.

The purpose of this study was to detect structural 
corneal changes after accelerated CXL for keratoconus.

Material and Methods
One hundred and nineteen patients (167 eyes; 90 

men and 29 women) aged 12-57 years (25.3 ± 8.55 SD 
years; median value, 25 years) who underwent ACXL for 
keratoconus were included in this study. Of these eyes, 77 
(46.1%) had stage II keratoconus, and 90 (53.9 %) had 
stage III keratoconus (Amsler-Krumeich classification).

Accelerated CXL was carried out using the UV-X™ 
2000 Crosslinking System (IROC Innocross, Zurich, 
Switzerland) at an irradiation intensity of 9mW/cm². 
Patients underwent biomicroscopy, refractometry, and 
corneal confocal biomicroscopy (Confoscan 4, NIDEK 
Co., Ltd., Aichi, Japan) in addition to a routine eye 
examination. Pentacam® apparatus (Oculus Inc., Wetzlar, 
Germany) was used to perform keratography and corneal 
pachymetry and to estimate corneal refractive power. 
Kmax was used as a measure of corneal refractive power, 
and thinnest local corneal thickness was measured.

Patients were followed up for 12 months after 
accelerated CXL procedure.

Results
 The data below are arranged in the order of detected 

changes in corneal layers.

In the early postoperative period, confocal corneal 
biomicroscopy findings included epitheliopathy (with 
an increased number of desquamated epithelial cells). In 
addition, on confocal biomicroscopy images, epithelial cell 
nuclei appeared brighter than the surrounding cytoplasm. 
Moreover, basal epithelial cells were polymorphic, and 
varied both in size and in brightness (Fig. 1).

Confocal microscopy showed varying amounts of 
hyperreflectivity in the Bowman membrane, indicating 
active keratocyte regeneration. Transparency of the 
Bowman membrane was found to be restored at 1 month 
after accelerated CXL (Figs. 2, 3).

At day 2 after accelerated CXL, there were bright flares 
in collagen crosslinking region corresponding to the area 
of stromal fibroblastic metaplasia (Fig. 4). At day 7 after 
accelerated CXL, apoptotic keratocytes appeared in the 
anterior stromal layers in a honeycomb pattern, indicating 
the presence of a lacunar edema around them (Figs. 5, 6), 
but keretocyte nuclei were not visualized.

Of the 167 eyes, 9 (5.4%) had temporary complications 
in the form of corneal haze (superficial corneal stromal 
clouding) in the postoperative period. The haze 
disappeared and corneal transparency restored at day 6 or 
7 after accelerated CXL.

At 1 month after accelerated CXL, the epitheliopathy 
findings disappeared, epithelial cells were seen with distinct 
margins, and decreased cell polymorphism. A lacunar 
stromal edema around keratocytes decreased, which was 
reflected by a decrease in meshwork size (Fig. 7 a,b). The 
stroma became more homogenous, active kerastocytes 
appeared, but there were still foci of hypocellularity and 
isolated Langerhans cells were seen.

At 3 months after accelerated CXL, active regeneration 
of keratocytes was seen in the superficial and deep stroma, 
with resolution of fibrotic foci (Fig. 8). At 6 months 
after accelerated CXL, regeneration of stromal structure 
was noted, and stromal folds were visible with limited 
focal non-intensive hyperreflectivity in the region of 
crosslinking (Fig. 9).

In addition, at 6 months, the following changes 
were observed clinically: (1) in all patients, epithelized 
superficial cornea, transparent stroma, and normal 
endothelium were seen on biomicroscopy, and (2) no 
statistically significant corneal thinning was observed. 
Mean thinnest local corneal thickness decreased from 
459.7±36.6 SD μm (median value, 454.0 μm) at baseline 
to 456.5±37.1 SD μm (median value, 450.0 μm) at 6 
months (p > 0.1).

At 12 months, corneal structure approached the norm, 
isolated active keratocytes were seen, and hyperreflective 
focus was mildly apparent (Fig. 10).

No changes in the posterior stromal layers and 
endothelium were found during the follow-up period. 

Evenly  epithelized  superficial cornea, transparent 
stroma and normal endothelium were seen on 
biomicroscopy. Compared to baseline, the clinical findings 
at 12 months were as follows: (1) mean astigmatism 
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decreased from 4.16 ± 2.11(SD) D to 3.79 ± 2.56 (SD) D, (2) 
corneal  refractive power as assessed by Kmax decreased 
significantly (р = 0.000) by 1.9 D to 55.9±6.93(SD) 
D (median value, 55.0 D); and (3) mean thinnest local 
corneal thickness did not change from baseline 453.7 ± 
55.5(SD) μm (median value, 455 μm).

In addition, ninety percent of patients self-reported 
improvements in both vision quality and tolerance of 
refractive correction with spectacles.

Discussion
Touboul and colleagues [38]  compared early corneal 

healing following conventional, transepithelial, and 
accelerated CXL protocols. In vivo corneal confocal 
microscopy analysis of the postoperative impact of CXL 
on the cornea revealed clear differences among these 
protocols. Accelerated CXL had a greater impact than 
conventional CXL on the anterior cornea, with stromal 
changes including increased tissue reflectivity, complete 
obliteration of keratocytes, and a honeycomb appearance. 
Transepithelial CXL, however, did not appear to alter 
corneal morphology [38].

Mazzotta and colleagues [36-37] demonstrated that 
that despite a significant decrease in the mean density of 
anterior keratocytes in the first 6 postoperative months, cell 
density after CXL and ACXL returned to baseline values 
at 12 months. In addition, IVCM of the endothelium and 
limbal structures showed no evidence of pathological 
changes.

Hyperreflective keratocytes in the anterior stroma 
indicate an active metabolic process and corneal 
stromal healing, and cause stromal haze that is seen 
on biomicroscopy. Temporary haze of the anterior-mid 
stroma after CXL represents an indirect sign of CXL-
induced stromal collagen compaction and remodeling, and 
disappears 1 to 3 months after CXL [36-37].

Touboul and co-authors [38] noted that the central 
corneal subbasal nerve plexus corresponding to the 
crosslinking region was not visualized on confocal 
microscopy after CXL. These findings were confirmed 
by others [13, 31, 39-40] and point to the appearance of 
corneal re-innervation at 6 months after CXL. In line with 
these studies, the present study found gradual regeneration 
of the subbasal nerve plexus during the follow-up period, 
although the plexus was not distinctly visualized at 6 
months after CXL.

Knappe and colleagues [41] noted that, early after 
CXL, the most prominent structural changes revealed 
by confocal microscopy were seen in the anterior-to-mid 
corneal stroma. Our research found a significant decrease 
in density of the anterior stroma after accelerated CXL, 
with gradual keratocyte repopulation starting at 6 months 
and a complete restoration of their population at 12 months 
after CXL; this was in line with findings of others [42-45].

This study found a significant difference neither in the 
number nor in the increase in size of corneal endothelial 
cells between baseline and 12 months after accelerated 

CXL time points, which was in agreement with previous 
studies [47-48].

Therefore, our accelerated CXL for stage 2 to 3 
progressive keratoconus made it possible to stabilize 
the pathological process in 100% of cases, based on the 
12-month follow-up results. Keratoconus stabilization 
was accompanied by: a decrease of astigmatism to 3.79 
± 2.56(SD) D and of the corneal refractive power by 
1.9D; an increase of the corneal thickness by 8.8 nm; and 
recovery of corneal thickness to baseline values (453.7 ± 
55.5(SD) μm).  In addition, confocal microscopy found 
that recovery of normal corneal architectonics started at 6 
months and was complete at 12 months after CXL.

Conclusion
First, accelerated CXL (carried out in 10 minutes) for 

stage 2 to 3 progressive keratoconus is safe and allows 
stabilizing the pathological process, based on the 12-month 
follow-up results. Second, confocal microscopy found 
that recovery of normal corneal architectonics started at 
6 months and keratocyte repopulation was complete at 12 
months after CXL.
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Fig. 4. Fibroplastic activity in the stroma of the cornea 
at 2 days after corneal collagen crosslinking

Fig. 6. Stromal opacity, apoptotic keratocytes and 
collagen fibres, and foci of hypocellularity at 7 days after 
corneal collagen crosslinking

Fig. 1. Microscopic image of the corneal epithelium at 7 
days after corneal collagen crosslinking  

Fig. 2. Hyperreflective areas in the Bowman membrane 
at 7 days after corneal collagen crosslinking

Fig. 3. Bright reflective areas in the Bowman membrane 
at 7 days after corneal collagen crosslinking

Fig. 5. Honeycomb-like appearance of the anterior 
stroma with no visualized nuclei at 7 days after corneal 
collagen crosslinking
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Fig. 10. Corneal structure approached the norm at 12 
months after corneal collagen crosslinking

Fig. 7a,b. Decreased size of stromal meshwork and renewal of keratocytes at one month after corneal collagen crosslinking

Fig. 8. Active renewal of keratocytes at three months 
after corneal collagen crosslinking

Fig. 9. Ongoing restoration of stromal structure at six 
months after corneal collagen crosslinking


