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Purpose. To study the effects of corneal collagen cross-linking (CCL) using ultraviolet-A (UVA) irradiation with 
riboflavin on the eye’s anterior segment 0.1% structures in corneal ulcers and other keratopathies in animals. Material and 
methods. The study involved 26 animals (39 eyes) — 10 cats, 10 dogs, and 6 horses with ulcers, corneal staphyloma, dry and 
autoimmune keratoconjunctivitis. Examination included slit-lamp biomicroscopy, ophthalmoscopy (in cases of transparent 
cornea), tear production test, and staining the eye surface with vital dyes. CCL was performed using UVA radiation of LEDs 
with a fiber optic output (wavelength 370 nm, radiation power 3 mW/cm2) combined with 0.1% riboflavin instillation according 
to the protocol we developed, which specifies various numbers and durations depending on the diagnosis and therapeutic 
effect desired. Results. Restoration of the shape and transparency of the cornea, relief of anterior eye inflammation, and 
normalization of tear production occurred much sooner than using traditional treatment. The restoration of vision occurred 
2 to 3 months earlier in eyes with corneal staphyloma; more than 4 to 5 months earlier in eyes with keratoconjunctivitis; no 
relapses were noted in eyes with ulcerative processes, and the restoration of the function of stratified squamous epithelium was 
achieved within 2 or 3 weeks. Conclusions. The inclusion of modified UFA-based CCL in the treatment scheme of corneal 
ulcers and staphylomas as well as dry and autoimmune keratoconjunctivitis enables a high therapeutic effect of anterior eye 
structure restoration. In future, the results obtained could serve as basis for using the developed technology in the treatment 
of similar eye pathologies in humans.
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Keratopathies, leading to changes in the structure 

of the cornea, violations of its trophicity, as well as, a 

decrease in visual function, are a common problem in 

ophthalmology, including veterinary [1–3]. This is due 

to the specific features of anterior eye inflammation, the 

specific trophicity of respiratory diseases affecting the 

conjunctiva and cornea of animals, and a decrease in tear 

production. These effects result in the development of 

inflammatory and degenerative processes with impaired 

physiological barriers of the eye, characterized by signifi-

cant polymorphism and severe course [4, 5]. Duration and 

low efficiency of traditional treatment, increased risk of 

complications (ulcerative keratitis, corneal perforation, 

symblepharon, pigment keratitis, and sub-atrophy of 

the eye) make it necessary to search for new methods of 

treating keratopathy in animals.

One of these promising approaches is collagen cross-

linking, which is used for biomechanical stabilization of 

the cornea in keratoconus and other keratectasias in hu-

mans. Cross-linking — polymerization of stromal fibrils 

and an increase in the number of intra- and interfibrillar 

covalent bonds between collagen molecules — occurs 

under the influence of photodynamic reactions of the 

interaction of ultraviolet-A (UVA) and riboflavin solution, 

and as a result of the active release of oxygen free radicals, 

cross-linking of collagen structures is induced. As a result 

of therapeutic photochemical and photophysical effects 

and the formation of cross-links, the stroma becomes 

denser and stronger, its proteolytic stability increases, 

and its transparency improves [6–8]. This non-invasive 

technology is characterized by its low risk for injuring the 

deeply located, internal structures of the eye — lens, ret-

ina, etc., since almost the entire dose of UVA is absorbed 

by riboflavin in the stroma of the cornea [9]. 

Additionally, it was found that UVA cross-linking 

has a bactericidal and bacteriostatic effect on a wide range 

of pathogenic microorganisms, which gives grounds for 

its use in the treatment of keratitis of bacterial etiology 

[10]. In addition to the biomechanical effect (cornea 

stiffening), with UVA cross-linking, it has been shown 

that induced high levels of oxidative stress — intensive 

formation of reactive oxygen species for a short period of 

time — irreversibly destroys the DNA and cell membranes 

of pathogenic microorganisms present in the cornea and 

stops their replication [11]. In 2014, O. Richotz and 

F. Hafezi showed that this procedure destroys up to 95% 

of corneal pathogens in an in vitro study [12]. Recently 

there have been publications describing the successful 

use of UVA cross-linking for the treatment of ulcerative 

lesions of the cornea, including those resistant to antibi-

otic therapy in humans, as well as, in individual works in 

animals (cats and dogs) [13–16]. However, the influence 

of this technology implemented at the same time as other 

pathologies are affecting the anterior part of the eye, such 

as keratoconjunctivitis of various etiologies or corneal 

staphyloma, has not yet been studied.

Considering the present knowledge regarding 

kerotopathies, it is advisable to develop an algorithm and 

evaluate the effectiveness of using UVA and riboflavin for 

the treatment of various keratopathies in animals as the 

basis for future application of this technology in humans 

with similar eye pathologies. 

The aim of the work was to study the effect of cor-

neal collagen cross-linking, carried out using ultraviolet 

A-band exposure in combination with 0.1% riboflavin on 

the structures of the anterior eye in various keratopathies 

in animals.

MATERIAL AND METHODS
The subjects of the study were 26 animals (39 eyes) 

with various keratopathies: creeping corneal and sec-

ondary ulcers (4 cats and 6 horses), corneal staphyloma 

(6 cats), developed after complicated keratoconjunctivitis, 

and dry and autoimmune keratoconjunctivitis (10 dogs). 

Diagnostic complex included collecting of anamnesis 

data, general clinical examination of the animal (using 

standard methods), and examination of pathologic area. 

The ophthalmologic examination of the area in 

which the pathological process occurred before, every 

5–7 days during the treatment and after it included 

examination of the eye in lateral (focal) illumination, 

slit biomicroscopy, and ophthalmoscopy (provided that 

the cornea was transparent). During the eye examina-

tion, the Heine head magnifier and Heine slit lamp were 

used to determine the symmetry of the eyes, the shape of 

the cornea, transparency, moisture, specularity, luster, 

vascularization, pigmentation, symblepharon, the pres-

ence of erosions, ulcers, and corneal perforation. During 

external examination of the animal’s eye, attention was 

paid to the position and condition of the eyelids, and the 

frequency of blink movements was evaluated. The number 

and nature of the conjunctival discharge was visually as-

sessed. The evaluation attended to the absence of lacrimal 

menisci and gluing of the swollen, hyperemic conjunctiva 

of the eyelid to the conjunctiva of the sclera, as well as, 

on the eyelids. With the help of vital dyes, a 1% solution 

of sodium fluorescein, surface defects of the cornea were 

determined. Minor epithelial defects and non-viable 

cells were detected with a 1% solution of rose bengal 

and 3% lissamine green. 

Total tear production was determined using Schirm-

er’s test (Table 1). The data presented in the Table 1 in-

dicate a significant decrease in the total tear production 

as compared to the norm (15–25 mm) in all examined 

animals.

To identify the specific causative agent of viral and 

specific bacterial infections in cats, washings from the 

Table 1. Condition of tear production in animals with various forms 

of keratopathy before treatment (Schirmer test, total tear production), 

M ± SD

Parameter Creeping 

corneal ulcer

Сorneal 

staphyloma

Keratocon-

junctivitis

Length of wet 

area, test-line, 

mm

13 ± 1 7 ± 1 9 ± 1
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conjunctival, nasal, and oral cavities were used to carry 

out the polymerase chain reaction (PCR-diagnostics).

To identify the specific causative agent of viral and 

specific bacterial infections in cats, washings from the 

conjunctival, nasal, and oral cavities were used to carry 

out the polymerase chain reaction (PCR-diagnostics).

PCR diagnostics in cats with keratoconjunctivitis 

revealed mycoplasma spp. in 30% and chlamydia in 20%. 

In 50% of cases, the PCR diagnosis results were nega-

tive, which does not exclude a past respiratory infection 

(mycoplasmosis in 10% of cases and rhinotracheitis in 

20% of cases).

The corneal cross-linking technique in animals was 

performed as described further. Initially, local ophthal-

mic anesthetic was instilled. Then, a 0.1% solution of 

riboflavin, 1 drop per minute for 20 minutes, was instilled 

into the conjunctival cavity. Afterwards, the cornea was 

exposed to UVA radiation using the LED device, “Im-

pulse Intensity”, with a fiber optic output, a wavelength 

of 370 nm, and the radiation power of 3 mW/cm2 (Fig. 1) 

[17, 18]. This device, unlike the stationary device tradi-

tionally used in ophthalmic practice, was more convenient 

to use, since it allows the user to influence the interested 

pathological areas of the cornea in manual mode and does 

not require sedation and immobilization of the animal. 

After exposure, antibacterial drops were instilled, which 

were used 3 times a day for 21 days after cross-linking. 

The cross-linking protocol we used in animals with 

keratopathies was different from that used in ophthalmic 

practice for treating patients with keratoconus [19, 20]. 

This protocol provides for the preliminary removal of 

the epithelium (which prevents the riboflavin solution 

from penetrating the cornea stroma). However, since 

the integrity of the epithelium was violated in animals 

with keratopathies as a result of the existing pathological 

process, it was not necessary to remove it. In addition, 

according to the existing protocol, cross-linking is usually 

carried out once, while the duration of UVA exposure is 

25–30 minutes. Recently, a protocol of one-time acceler-

ated UVA cross-linking was proposed, which provides for 

more intense exposure for a shorter period (wavelength 

of 365 nm and exposure power of 9 mW/cm2 for 10 min-

utes) [21].

We have developed another cross-linking algorithm 

implemented using the “Impulse Intensity” LED device 

with a fiber-optic radiation output, which allows varying 

the duration and frequency of its implementation depend-

ing on the diagnosis (Table 2) [22, 23].

Evaluation of the results of treatment was carried 

out every 5–7 days on the basis of data from a clinical 

examination of the anterior eye and functional testing 

using vital dyes (fluorescein sodium 1%, Bengal pink 1%). 

With insufficient corneal epithelialization, the procedure 

of corneal crosslinking was repeated with an interval of 

5–10 days, according to the described algorithm (Table 2). 

Statistical analysis. All data are expressed as means 

± standart deviation (M ± SD). A paired t-test was used 

to compare two means within a group (before and after 

treatment). Student’s t-test was used. A p-value less than 

0.05 was considered statistically significant. 

RESULTS AND DISCUSSION
The results of the treatment are presented in 

Tables 3–7 and Figures 2–4. 

Analysis of the results of treating animals (cats and 

horses) with a creeping corneal ulcer showed that already 

on the 5th day after the first procedure there was a reduc-

tion in the diameter of erosion by 70 ± 20%, its epitheli-

alization, a decrease in blepharospasm and a decrease in 

tearing (Fig. 2–4). After the end of treatment (after the 

3
rd

 procedure), i.e. in 17–21 days after its beginning, full 

recovery was noted in 100% of cases (4 cats and 6 horses) 

(Table 3). At the same time, according to our data, when 

applying the traditional treatment regimen, the relief 

of ulcerative lesions was achieved over a longer period 

(30 days in cats and 60 days in horses [24–26].

Evaluation of the results of treatment of animals 

(cats) with corneal staphyloma using corneal cross-linking 

Fig. 1. Сross-linking of the corneal collagen using a LED device 
“Impulse Intensity” with a fiber-optic output: UVA effect was directed 
to the cornea, saturated with riboflavin solution

Table 2. The algorithm of corneal cross-linking in various types of keratopathies in animals

Diagnosis Duration of the UVA radiation Interval between procedures, days

Creeping corneal ulcers (horses, cats) The 1st and 2nd – 5 minutes, the 3rd 

procedure — 5–7 minutes 
5–7 

Staphyloma (cats) 7–10 

Autoimmune keratoconjunctivitis (dogs) 7–10 

Dry keratoconjunctivitis (dogs) 7–10 
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the first procedure. In dogs with dry keratoconjunctivitis, 

superficial vascularization decreased by 70 ± 20% on the 

10
th

 day after the first procedure, focal corneal pigmenta-

tion decreased by the 18th day after the first procedure, 

and corneal luster appeared on the 14
th

 day after the first 

procedure (Table 5).

In secondary corneal ulcer in dogs the decrease in 

erosion diameter by 70 ± 20% on the 5
th

 day after the first 

procedure was noted (Table 6).

Analysis of the total tear production assessment 

(Table 7) and clinical examination showed that as a result 

of treatment the significant improvement of Schirmer test 

parameter and the remission of the inflammatory process 

in the anterior segment of the eye was achieved in the 

majority of sick animals. 

Table 3. The results of treatment of animals with creeping corneal ulcers using corneal UVA cross-linking

Diagnosis Number of procedures/

days of treatment

Decrease in erosion 

diameter

Epithelialization

of erosion

Blepharospasm Presence of discharge 

from the conjunctival cavity

Creeping 

corneal ulcer

3 times for 21 days By 70 ± 20% on the 

5th day after the first 

procedure

On the 5th day after 

the first procedure

Decreased by the 

5th day after the first 

procedure

Abundant tearing during the 

first 2 days, a reduction in 

tearing on the 5th day after 

the first procedure

Fig. 2. Anterior segment of the cat's eyeball 
before treatment: subtotal creeping corneal 
ulcer (fluorescein staining)

Fig. 3. View of the anterior segment of the cat's 
eyeball 5 days after corneal cross-linking: a sig-
nificant decrease in the area of ulcerative lesion

Fig. 4. View of the anterior segment of the 
cat's eyeball 10 days after corneal cross-
linking: no ulcerative lesion of the cornea

showed that on the 7th day after the first procedure, 

the size of prolapse decreased by 30 ± 10%, 14 days 

after the 2
nd

 procedure — by 60 ± 20%, and at the end 

of treatment (on average on day 21 after it started), the 

size of staphyloma was reduced by 80 ± 10% (p0.05)

(Table 4). 

Thus, the treatment made it possible to reduce the 

time needed to restore the form of the cornea by 2–3 

months compared with the known schemes [24]. 

Evaluation of the results of treating keratoconjunc-

tivitis showed that in autoimmune keratoconjunctivitis in 

dogs, superficial vascularization decreased by 70 ± 20% 

on the 10
th

 day after the first procedure, focal corneal 

pigmentation decreased by 21 days after the first proce-

dure, and corneal luster appeared on the 14
th

 day after 

Table 4. The results of treatment of animals with corneal staphyloma using corneal cross-linking

Diagnosis Number of procedures/

days of treatment

Decrease in staphyloma size Characteristics of inflammatory reaction in the area 

of staphyloma

Corneal staphyloma 3 procedures 

with 7 day interval

by 30 ± 10% on the 7th day after 

the 1st procedure 

by 60 ± 20% on the 14th day

by 80 ± 10% on the 21st day

p<0.05

Hyperemia during the first two days after corneal 

crosslinking as the stage of inflammatory edema

Table 5. The results of treatment of animals with keratoconjunctivitis using corneal cross-linking

Diagnosis Number of 

procedures/days of 

treatment

Superficial 

vascularization

Focal corneal 

pigmentation

Blepharospasm Tear production

Autoimmune Kerato-

conjunctivitis

3 procedures

with 10 day interval

Decrease by 

70 ± 20% on the 

10th day after the first 

procedure

Decrease on the 

21st day after the 

first procedure

Decrease on the 

5th day after the first 

procedure

On the 14th day after 

the first procedure corneal 

luster was apparent

Dry Keratoconjunc-

tivitis

3 procedures

with 10 day interval

Decrease by 

70 ± 20% on the 

10th day after the first 

procedure

Decrease on the 

18st day after the 

first procedure

Decrease on the

5th day after the first 

procedure

On the 14th day after 

the first procedure corneal 

luster was apparent
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It is important to note that the stabilization of the 

inflammatory process was achieved only if the recom-

mended treatment regimens were applied.

CONCLUSIONS
Thus, modified cross-linking when treating the cor-

nea in animals with keratopathies of various origins, dem-

onstrated an excellent therapeutic effect. In corneal ul-

cerative lesions the disruption in inflammatory processes, 

corneal epithelialization, significant reduction of diameter 

and smoothing the edges of ulcers and erosions, reduc-

tion of purulent discharge from the conjunctival ulcer and 

erosions, as well as normal tear production were observed. 

In eyes with staphyloma and keratoconjunctivitis of 

various origin it was possible to restore the transparency, 

luster, and sphericity of the cornea in the short time, and 

therefore, to increase the visual function of animals. Sig-

nificant advantages of the proposed therapeutic approach 

are that the effect is painless, the technique is convenient 

to use, it does not require general sedation, and the pro-

cedure has a short rehabilitation period. It is important 

to note that the disruption of pathological processes was 

achieved only when the recommended treatment algo-

rithm and regimens (combination with local antibiotic 

drops instillations in corneal ulcers) were observed.

The results obtained can be used as a basis for the in-

clusion in future the developed technology in the complex 

therapy of similar eye pathologies in humans.
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Table 6. The results of treatment of animals with secondary ulcerative keratitis using corneal cross-linking

Diagnosis Number of procedures/

days of treatment

Decrease in erosion 

diameter

Epithelialization 

of erosion

Blepharospasm Presence of discharge from 

the conjunctival cavity

Secondary 

ulcerative 

keratitis

3 procedures 

for 15 days

By 70 ± 20% on 

day 5 after the first 

procedure

On day 5 after the first 

procedure

Reduction on day 

5 after the first 

procedure

Abundant tearing during 

the first 2 days, a reduction 

of tearing on the 5th day after 

the first procedure

Table 7. The production of tears in animals with various forms of keratopathy after treatment (Schirmer test), M ± SD

Indicator Creeping corneal ulcers Corneal staphyloma Keratoconjunctivitis in dogs (Shepherds)

Length of wet area, test-line, mm 18 ± 1 13 ± 1 12 ± 1 
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