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A B S T R A C T K E Y W O R D S 

Iatrogenic keratoectasia is a form of keratoectasia that develops as a 

result of medical procedures or surgical interventions on the cornea of 

the eye. This complication can occur after operations such as LASIK 

(laser vision correction), PRK (photorefractive keratectomy), 

implantation of intraocular lenses and other surgical procedures related 

to the cornea. Secondary keratoectasia is a serious ophthalmic disease 

that requires accurate and timely diagnosis in order to choose the optimal 

treatment. Modern methods of examination of the anterior segment of 

the eye play an important role in the diagnosis of such conditions, which 

makes this study relevant and significant for practical ophthalmology. 

Changes to the cornea can lead to decreased visual function and 

significant discomfort in patients. The identification and effective 

treatment of secondary keratoectasias requires accurate and detailed 

diagnosis. 

 

Cornea, keratoconus, 

keratoectasia, secondary 

keratoectasia. 

 

Introduction 

Iatrogenic keratectasia is a form of keratectasia that develops as a result of medical procedures or 

surgeries on the cornea of the eye. This complication can occur after surgeries such as LASIK (laser 

vision correction), PRK (photorefractive keratectomy), intraocular lens implantation, and other 

surgical procedures involving the cornea. 
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Secondary keratoectasias are a serious ophthalmologic disease that requires accurate and timely 

diagnostics to select the optimal treatment. Modern methods of examining the anterior segment of the 

eye play an important role in diagnosing such conditions, which makes this study relevant and 

significant for practical ophthalmology. Changes in the cornea can lead to a decrease in visual function 

and significant discomfort in patients. Determination and effective treatment of secondary 

keratoectasias requires accurate and detailed diagnostics. In this context, it is important to use modern 

methods of examining the anterior segment of the eye, such as keratotopography, anterior optical 

coherence tomography and endothelial microscopy. These methods provide accurate and objective 

information about the structure of the cornea, its thickness and surface. With the help of such methods, 

it is possible to determine the presence and nature of changes, objectively assess their degree and 

dynamics, and predict treatment results. This is especially important when choosing the optimal 

treatment tactics and monitoring patients at different stages of the treatment process. 

 

The aim of the study is to evaluate the diagnostic value of modern methods of imaging the anterior 

segment of the eye in secondary keratoectasias, in order to improve diagnostics. 

 

Material and methods 

The study included patients (68 patients) diagnosed with iatrogenic keratoectasia, patients were 

selected based on clinical manifestations and preliminary examination results. All patients underwent 

a complete ophthalmological examination, including vision measurement, anterior segment 

biomicroscopy, intraocular pressure determination, and fundus examination. Modern imaging 

techniques were used to assess the condition of the anterior segment of the eye and diagnose 

keratoectasias, such as: Keratotopography: allows you to evaluate superficial changes in the cornea 

and identify areas of ectasia. 

Anterior segment optical coherence tomography (OCT): provides a detailed image of the anterior 

segment structures of the eye, including the cornea, anterior chamber, and iris. 

Corneal confocal microscopy: allows you to obtain high-quality images of corneal epithelial cells and 

deep corneal structures. The obtained data were analyzed using statistical methods to assess the 

diagnostic value of each of the anterior segment imaging methods in secondary keratoectasias. 
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Results 

The obtained data were analyzed using statistical methods. Modern methods of anterior segment 

imaging allowed a detailed assessment of the corneal structure, identification of changes characteristic 

of keratoectasias, and improved diagnostics of these conditions. 

At the initial consultation, patients with keratoectasias complained of various symptoms and 

sensations. Deterioration of vision: gradual or rapid deterioration of vision, especially when using 

glasses or contact lenses 85%. Distortion of visual images: occurrence of anomalies in the perception 

of images, such as double vision, blurring, or distortion of contours 87.3%. Feeling of discomfort: 

feeling of sand in the eyes 65.5%, feeling of dryness 95%. Feeling of tired eyes, when reading, working 

at the computer, or in low light conditions 93%. Increased sensitivity of the eyes to bright light 96%. 

When examining the refraction of patients before refractive surgeries, mild myopia was found to be 

8% (9 eyes), moderate myopia was 18% (19 eyes), high myopia was 28% (30 eyes), moderate myopic 

astigmatism was 17% (18 eyes), and high myopic astigmatism was 29% (31 eyes). In patients who 

underwent LASIK surgery and photorefractive keratectomy, autorefractometry indices improved to the 

level of emmetropia and mild myopia. 

Number of patients who developed secondary keratectasia: 15 patients within 1 year, 43 patients within 

2 to 10 years, 10 patients from 11 to 17 years. At the initial visit, patients with keratectasia complained 

of: deterioration of vision in 94.1% of cases (64 eyes), redness of the eyes in 86.8% (59 eyes), allergic 

reactions in 33.8% (23 eyes), intolerance to spectacle correction in 88.2% (60 eyes) of cases. 

During visometry it was revealed that in 84.5% of cases (93 eyes) visual acuity before the operation 

averaged from 0.04 to 0.09. In 13.6% of cases (15 eyes) visual acuity was from 0.1 to 0.2, and only in 

1.8% of cases (2 eyes) - from 0.3 to 0.6. After keratorefractive surgeries, visual acuity in 40% of cases 

(44 eyes) improved to 0.9-1.0, in 32.7% of cases (36 eyes) - to 0.7-0.8, in 15.4% of cases (17 eyes) - 

to 0.5-0.6, and in 10% of cases (11 eyes) - to 0.3-0.4. In 1.8% of cases (2 eyes) visual acuity did not 

change (see Table 1). 

 

Table 1. Dynamics of visual acuity in patients with refractive anomalies before and after 

surgery 

Visual acuity Before surgery (n=110) After surgery (n=110) After a certain time after 

surgery, with the development 

of keratoectasia (n=110) 

Abs. % Abs. % Abs. % 

0,01-0,09 93 84,5 - - 58 52,7 

0,1-0,2 15 13,6 2 1,8 25 22,7 

0,3-0,4 1 0,9 11 10 13 11,8 

0,5-0,6 1 0,9 17 15,4 5 4,5 
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0,7-0,8 - - 36 32,7 9 8,18 

0,9-1,0 - - 44 40 - - 

 

Changes in visual acuity after a certain time after refractive surgeries from 0.01 to 0.09 were detected 

in 52.7% of cases, from 0.1 to 0.2 in 22.7%, from 0.3 to 0.4 in 11.8%, from 0.5 to 0.6 in 4.5%, from 

0.7 to 0.8 in 8.18%. At the same time, VA above 0.9 was not detected. 

Autorefractometry in patients with keratoectasias revealed myopic refraction in 38.1% of cases, 

moderate myopic astigmatism in 31.8%, and high myopic astigmatism in 30% of cases. 

After refractive surgeries, the radius of curvature in the cornea flattens, which entails an increase in 

mechanical stress in the corneal stroma. These stresses can lead to the development of ectasias. 

 

Table 2. Keratotopography data of patients with keratectasia 

Indicators Group 1 (patients with 

keratoectasia) 

2-group (healthy 

people) 

K1 (in diopters) 48,2±12,1 43,3±1,66 

К2 (in diopters) 47,3±6,3 42,35±1,77 

К Max (in diopters) 49,3±4,6 43,4±1,65 

Thickness at thinnest point 519±132 545,93±35,9 

Distance from the apex to the thinnest point 0,92±0,65 0,66±0,7 

Minimum radius of curvature of the cornea 

(mm) 

6,3±0,82 7,72±0,35 

Progression index, min 1,93±1,05 0,55±1,01 

Progression index, average 2,16±2,8 0,88±1,5 

Progression index max 2,36±1,62 0,93±1,4 

 

As a result of the analysis of the keratotopography of patients with keratoectasia and healthy people, 

the indicators specified in the table above were obtained. Comparing the results between the two 

groups, it can be noted that in the group of patients with keratoectasia, increased values of the k1, k2 

and k max indicators are observed compared to healthy people. This indicates a change in the shape of 

the cornea and the presence of keratoectasia. Also, the thickness at the thinnest point in patients was 

lower than in healthy people. In addition, the data show that the distance from the apex to the thinnest 

point in patients with keratoectasia was also greater than in healthy people. Comparing the radius of 

curvature of the cornea, it can be noted that in patients it is minimal compared to healthy people. This 

indicates a convex shape of the cornea in patients with keratoectasia. 

Finally, the analysis of the progression index showed that it is higher for the patients of the group than 

for healthy people in all three cases: min, average and max. This indicates the progressive nature of 

keratoectasia in patients. The data obtained confirm the presence of changes in the shape of the cornea 

in patients with keratoectasia and emphasize the importance of using keratotopography for the 

diagnosis and monitoring of this disease. 

 

Optical coherence tomography revealed corneal thinning and ectasia (Fig. 1). Keratotopography data 

confirmed the presence of keratoectasia. The central corneal thickness (Min) in the initial stages of the 
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disease was 470 ± 18.4 μm, in the advanced stage of the disease 412 ± 26.2 μm. The difference between 

the smallest corneal thickness and the largest thickness (Min-Max) was 105 ± 6.7 μm. The ratio of the 

average corneal thickness in the upper and lower sections, respectively (S-I) was 68 ± 4.8 μm. 

 
Fig. 1. Anterior optical coherence tomography of a patient with keratectasia. 

 
Fig. 2. Results of anterior optical coherence tomography in a patient with secondary keratoectasia. 

 

The results of the study using endothelial microscopy were clinically diverse. The most pronounced 

changes were observed in the corneal area involved in the ectatic process. In 15 cases, the epithelial 

layer had various types of epitheliopathy characterized by an increase in the number of hyperreflexive 

cells, their deformation and blurring of boundaries, and desquamation of epithelial cells. In 16 cases, 

deformation of the cell shape was determined in the basal epithelium. Small zones were also 
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determined in which the basal epithelium was absent. In 1 patient with pronounced keratoconus, it was 

not possible to conduct an examination, since the device was unable to scan the cornea (Fig. 3).  

 

 
Fig. 3. a) The results of endothelial microscopy are normal. b) Results in keratoconus. Moderate 

polymegatism, pleomorphism and dark areas of endothelial cell loss are visible. 

 

 

 

Table 3. The results of endothelial microscopy in the compared groups 

Indicators Indicators of patients with keratoectasia (n=12 

eyes) 

Healthy individuals (n=10 eyes) 

NUM 207±9,4* 281,4±14,78 

CD 1189±91,9* 2863,7±54,29 

AVG 397±16,2* 349,8±7,1 

SD 172,8±13,3* 126,7±7,9 

CV 43,1±1,6* 36,3±1,75 

MAX 1266±77,1* 819,9±48,4 

MIN 91,3±6,3 95,5±3,5 

6A 38,1±1,9* 46,5±2,2 

CCT 479,3±12,82* 501,8±11,8 

 

Note: * – differences relative to the control group data are significant (*- p<0.05). 

Table 3 shows the endothelial microscopy indices in the compared groups. 

In keratoectasia, the average loss of endothelial cells was 65% of the norm, while the average 

endothelial cell density (ACE) was 1189±91.9 cells/mm², with the norm being 2863.7±54.29 

cells/mm². This is 58.5% lower than the norm. 

Comparative studies of the cornea using endothelial microscopy showed that the number of 

endothelium (NUM) in patients with keratoconus decreased by 26.3% compared to the control group. 

The number of endothelium under study per 1 mm² (CD) decreased by 11.8% compared to the control 

group. The coefficient of fluctuation zone of the endothelium under study (CV) was 15.7% higher in 
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patients with keratoconus than in the control group. The central corneal thickness in patients with 

keratoconus was 479.3±12.82 Nm², which is 4.5% less than in the control group. A gradual decrease 

in endothelial cell density after surgery may indicate dystrophic changes in the cornea and the 

development of keratoectasia. 

 

Conclusion 

Secondary keratoectasia is more often observed after LASIK surgery with the development of myopic 

refraction (38.1%), myopic astigmatism of moderate (31.8%) and high (30%) degree with flattening of 

the radius of curvature of the cornea (in 100% of cases). 

Keratopography helps to accurately identify ectasias in the lower half-field with reduced pachymetric 

data, the presence of asymmetric areas of the cornea with protrusion in the lower section and reduced 

corneal thickness, protrusion on the middle periphery in the lower sections, thinning of the cornea. 

Early use of endothelial microscopy allows assessing the condition of the cornea and taking the 

necessary measures at the early stages of keratoconus. Based on a comparative assessment of the 

informativeness and sensitivity of the methods, an algorithm of diagnostic measures was created, which 

includes keratotopography - sensitivity 94%, followed in descending order by OCT - sensitivity 92.9%, 

respectively, as well as endothelial microscopy - sensitivity 92%. 
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