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        Abstract



        
          Objective:


          This study aimed to describe the refractive and topographic parameters of the Belin/Ambrósio module in patients with refractive defects at the Latino clinic in Cuenca, Ecuador, between 2017 to 2021.

        


        
          Methods:


          A descriptive, cross-sectional study was carried out. A database included anonymous cases of patients with refractive defects treated at the ophthalmological consultation of a Latino clinic from January, 2017 to June, 2021 was searched. Data was collected using a form containing study variables. Microsoft Excel and SPSS were used for data collection and analysis using frequencies, percentages, and measures of central tendency.

        


        
          Results:


          The sample consisted of 120 patients; 61.7% were women, and 38.3% were men. Moreover, 70.8% of patients were young adults. The pachymetry mean of the center of the pupil, apex, and position of lowest pachymetry was 521 µm, 520 µm, and 513 µm, respectively. The means of the flattest keratometry, curviest keratometry, and maximum keratometry were 43.30 D, 46.32 D, and 48.01 D, respectively.

        


        
          Conclusion:


          Cases distribution according to anterior and posterior elevation showed pathological values ​​in more than 50% of the studied corneas. According to the average progression index, pathological elevation was found in 18.8% of the cases, and according to the average deviations, 25.4% presented corneal ectasia in different stages.
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      1. INTRODUCTION


      Refractive defects are among the most frequently treatable disturbances of visual function worldwide [1, 2]. However, in recent decades, corneal refractive surgery (CRS) has been successful in correcting refractive defects. It presents high levels of satisfaction due to excellent uncorrected visual acuity and minimal residual defects [3]. Abnormal preoperative topography is the most important risk factor for developing postoperative ectasia, followed by a low residual stromal bed [4]. Furthermore, the biomechanical properties of the cornea are important in screening and identifying keratoconus (KC) and other ectatic disorders, particularly those with subclinical disease [5].


      KC is an ectatic disorder with progressive corneal thinning and a clinical picture of corneal protrusion, progressive irregular astigmatism, corneal fibrosis, and visual impairment. It is an absolute contraindication for CRS; therefore, preoperative diagnosis is very important [6]. Although the diagnosis of KC in stages of clinical maturity and its follow-up is not difficult, diagnosis at the subclinical stage can be challenging [7, 8]. Many methods have been described in the literature to assess and document KC progression. Proposed current systems use complex keratometry index to describe disease progression [9]. The Belin/Ambrósio (BA) enhanced ectasia visualization map has been designed using information from the Pentacam device, which is currently considered the most sensitive device for detecting the early form of KC. It is based on Scheimpflug images using maximum keratometry data, anterior and posterior elevation, and tomographic thickness. This provides a complete analysis of the cornea and allows rapid and effective KC screening before refractive surgery for a better prognosis of the possible ectatic disease [10].


      There are few studies on the utility and efficacy of the BA-enhanced ectasia display in the Latin American population [11]. The BA map criteria were developed mainly on a database of patients who were white non-Hispanic people [12]. Mean and maximum keratometry, pachymetry values at the thinnest point of the cornea, corneal posterior curvature index, corneal asphericity coefficient, anterior and posterior corneal elevation values, and corneal ectasia progression indices are unknown in this region. For this reason, the objective of this manuscript is to describe the refractive and topographic parameters of the BA module in patients with refractive defects in Cuenca, Ecuador.

    


    
      

      2. MATERIALS AND METHODS


      An observational, descriptive, cross-sectional study was conducted. The present study was conducted at the ophthalmological outpatient consultation Latino clinic located in Cuenca, province of Azuay, Ecuador. It included all the patients with refractive defects treated at the ophthalmological outpatient consultation Latino clinic from January, 2017, to June, 2021. The sample consisted of 120 patients who met the following criteria:


      
        

        2.1. Inclusion Criteria


        - Cases of patients with a diagnosis of previous refractive error.


        - Cases that have the Pentacam BA enhanced ectasia display module.

      


      
        

        2.2. Exclusion Criteria


        - Cases that do not have all the study variables.


        - Cases whose Pentacam report is illegible.

      


      
        

        2.3. Study Variables


        The following sex variables were considered in this study:


        Sex: Physical and biological characteristics that the individual is born with, being able to be male or female.


        Age: Time elapsed in years from birth to the time of the study, being able to be a child (0-9 years), adolescent (10-19 years), young adult (20-39 years), adult (40-64 years), and older adult (≥65 years).


        Visual acuity: The degree of vision that the patient achieves with correction and without correction.


        Refractive defect: Identified corneal refractive disorder.


        Pachymetry: Measurement of corneal thickness.


        Keratometry: Measurement of corneal curvature.


        Q coefficient: An index that describes the changes in the corneal curvature from the center to the periphery and can be classified as cornea oblate (>0), cornea prolate (<0), and cornea spherical (=0).


        Elevation: Measurement of elevation on the anterior and posterior face of the cornea, which may be on the anterior face: normal (<5 µm), suspicious (5-7 µm), and pathological (>7 µm), and on the posterior face: normal (<12 µm), suspicious (12-16 µm), and pathological (>16 µm).


        Progression index: It shows changes in corneal thickness with respect to the general population, which can be normal (<1.2 µm), suspicious (1.2-1.7 µm), and diagnostic (<1.7 µm).


        Ambrósio relational thickness (ART MAX): The relationship between the thinnest point of the cornea and the maximum pachymetric progression index, which can be normal (>400 µm), suspicious (300-400 µm), and diagnostic (<300 µm).


        Deviations: Measurement of the deviations of the topographic index, which can be normal (<1.6), suspicious (1.6-2.6), and diagnostic (>2.6).

      


      
        

        2.4. Statistical Analysis


        Topographic, pachymetric, and keratometric data were obtained from the corneal tomography report (OCULUS Pentacam). The information was collected and stored in a database created with Microsoft Excel, 2019 version. Subsequently, the data were processed using the SPSS program, 28 version. For this purpose, descriptive statistics were used, including frequencies, percentages, and measures of central tendency. The results are presented in Tables for better understanding.

      

    


    
      

      3. RESULTS


      The sample consisted of a total of 120 patients, of whom 61.7% (n=74) were women, and 38.3% (n=46) were men. Regarding the age groups, the largest number of cases was concentrated in the young adult group, with a percentage of 70.8% (n=85), followed by the adolescent group, with 20% (n=24). The group with the lowest number of cases was the children group, with only 1.7% (n=2). Within the 120 study cases, a total of 240 eyes were counted. Concerning corneal refractive errors, a total of 233 eyes with refractive errors were counted, of which the refractive error that was most frequently found was myopic astigmatism, with a percentage of 79% (n=184), followed by hypermetropic astigmatism with 17.6% (n=41). Only 0.4% (n=1) presented simple hypermetropy.


      Regarding visual acuity with no correction, the highest percentage of cases was within the range of 0.10 to 0.19, with a percentage of 31.6% (n=71), followed by the range of cases with visual acuity less than 0.10 with 26.7% (n=60). On the other hand, the highest percentage of cases of visual acuity with correction was found in cases with acuity greater than 0.50, i.e., 85.7% of cases (n=197), while the lowest number of cases fell within the category of acuity less than 0.10 with 0.9% of cases (n=2) (Table 1).


      
        

        

        Table 1 Distribution of cases according to visual acuity with no correction and with correction.


        
          
            
              	Visual acuity

              	No correction

              	With correction
            


            
              	n

              	%

              	n

              	%
            

          

          
            
              	>0.50

              	24

              	10.7

              	197

              	85.7
            


            
              	0.40 – 0.50

              	15

              	6.7

              	11

              	4.8
            


            
              	0.30 – 0.39

              	9

              	4.0

              	6

              	2.6
            


            
              	0.20 – 0.29

              	46

              	20.4

              	11

              	4.8
            


            
              	0.10 – 0.19

              	71

              	31.6

              	3

              	1.3
            


            
              	<0.10

              	60

              	26.7

              	2

              	0.9
            


            
              	Total

              	225

              	100.0

              	230

              	100.0
            

          
        


      


      
        Table 2 Distribution of cases according to pachymetry of the center of the pupil, apex, and position of least pachymetry.


        
          
            
              	Pachymetry

              µm

              	Center

              	Apex

              	Lowest
            


            
              	n

              	%

              	n

              	%

              	n

              	%
            

          

          
            
              	>500

              	178

              	74.2

              	174

              	72.5

              	167

              	69.6
            


            
              	490 - 499

              	10

              	4.2

              	10

              	4.2

              	14

              	5.8
            


            
              	480 - 489

              	18

              	7.5

              	15

              	6.3

              	10

              	4.2
            


            
              	470 - 479

              	10

              	4.2

              	10

              	4.2

              	13

              	5.4
            


            
              	460 - 469

              	8

              	3.3

              	5

              	2.1

              	7

              	2.9
            


            
              	450 - 459

              	6

              	2.5

              	9

              	3.8

              	9

              	3.8
            


            
              	<450

              	10

              	4.2

              	13

              	5.4

              	20

              	8.3
            


            
              	Total

              	240

              	100.0

              	236

              	98.3

              	240

              	100.0
            


            
              	Mean

              	521

              	520

              	513
            


            
              	Median

              	525

              	527

              	520
            


            
              	Minimum

              	268

              	219

              	218
            


            
              	Maximum

              	603

              	602

              	597
            

          
        


      


      The pachymetric values ​​of the center of the pupil, apex, and position of lesser pachymetry were ​​greater than 500 µm in most cases, with 74.2% (n=178), 72.5% (n=174), and 69.6% (n=167), respectively. The mean measurement of the center of the pupil was 521 µm, with a minimum value of 268 µm, while the mean measurement of the apex was 520 µm, with a minimum value of 219 µm. The mean of the position with the lowest pachymetry was 513 µm, with a minimum value of 218 µm (Table 2).


      The flattest keratometry values had a mean of 43.30 D, with a standard deviation of 3.28 and a maximum value of 66.40 D. On the other hand, the most curved keratometry values had a mean of 46.32 D, with a standard deviation of 4.15 and a maximum value of 75.80 D. Additionally, the maximum keratometry values had an average of 48.01 D, with a standard deviation of 6.57 and a maximum value of 94,00 D. According to the asphericity coefficient, the predominant type of cornea was oblate, presenting in 72.5% (n=174) of the cases. On the other hand, within the population studied, no case was found with a spherical cornea.


      Regarding corneal elevation, 48.3% (n=116) of cases had normal frontal elevation values, and 27.5% (n=66) of cases had pathological values. Concerning the posterior elevation, 65.4% (n=167) of the cases had normal values, while 24.6% (n=59) had pathological values (Table 3). According to the rate of progression, the highest percentage of cases with both minimal and medium progression had values within the normal range with 80.4% (n=193) and 67.1% (n=161), respectively, while the highest percentage of cases corresponding to maximum progression had suspicious values, accounting for a total of 60.8% cases (n=146) (Table 4).


      
        Table 3 Distribution of cases according to anterior and posterior elevation.


        
          
            
              	Elevation

              	Anterior

              	Posterior
            


            
              	n

              	%

              	n

              	%
            

          

          
            
              	Normal

              	116

              	48.3

              	157

              	65.4
            


            
              	Pathological

              	66

              	27.5

              	59

              	24.6
            


            
              	Suspicious

              	58

              	24.2

              	24

              	10.0
            


            
              	Total

              	240

              	100.0

              	240

              	100.0
            

          
        


      



      
        Table 4 Distribution of cases according to minimum, maximum, and average progression rate.


        
          
            
              	Progression Rate

              	Minimum

              	Maximum

              	Mean
            


            
              	n

              	%

              	n

              	%

              	n

              	%
            

          

          
            
              	Diagnosis

              	23

              	9.6

              	59

              	24.6

              	45

              	18.8
            


            
              	Normal

              	193

              	80.4

              	35

              	14.6

              	161

              	67.1
            


            
              	Suspicious

              	24

              	10.0

              	146

              	60.8

              	34

              	14.2
            


            
              	Total

              	240

              	100.0

              	240

              	100.0

              	240

              	100.0
            

          
        


      


      According to the ART MAX measurement, cases with values corresponding to suspicious or normal measurements had the highest percentages, with 38.3% (n=92) and 37.9% (n=91), respectively. A 23.8% (n=57) of cases had diagnostic values of corneal ectasia. With respect to deviations from the refractive and topographic parameters of the Belin/Ambrosio module, the highest percentage of cases for all deviations had values within normality. However, in the final mean, 25.4% (n=61) of all cases had diagnostic values of corneal ectasia, and 27.55 (n=66) had suspicious values, as shown in Table 5.


      
        Table 5 Distribution of cases according to deviations.


        
          
            
              	Deviations

              	Df

              	Db

              	Dp

              	Dt

              	Da

              	D
            


            
              	n

              	%

              	n

              	%

              	n

              	%

              	n

              	%

              	n

              	%

              	n

              	%
            

          

          
            
              	Diagnosis

              	59

              	24.6

              	53

              	22.1

              	61

              	25.4

              	31

              	12.9

              	42

              	17.5

              	61

              	25.4
            


            
              	Normal

              	153

              	63.8

              	179

              	74.6

              	138

              	57.5

              	182

              	75.8

              	173

              	72.1

              	113

              	47.1
            


            
              	Suspicious

              	28

              	11.7

              	8

              	3.3

              	41

              	17.1

              	27

              	11.3

              	25

              	10.4

              	66

              	27.5
            


            
              	Total

              	240

              	100.0

              	240

              	100.0

              	240

              	100.0

              	240

              	100.0

              	240

              	100.0

              	240

              	100.0
            

          
        


        
          Note: Df: anterior surface deviations, Db: posterior surface deviations, Dp: pachymetric progression deviations, Dt: thinner point deviations, Da: displacement of the thinnest point with respect to the apex, D: final average.
        


      

    


    
      

      4. DISCUSSION


      KC is a progressive degenerative corneal disease. It is the most common corneal ectatic pathology [11]. Currently, corneal tomography allows for identifying eyes with keratoconus in the early stages, which is very important in selecting candidates for refractive surgery. In addition, corneal tomography plays an important role in monitoring KC progression [13].


      In this study, a total of 120 cases were included, of which 240 eyes were considered for the analysis. The study population was composed mostly of women, and the age group with the highest number of cases was young adults. This data showed that the female population between 20 and 39 years of age was the one that attended the ophthalmological consultation more frequently during the study period, which was in agreement with other similar studies in which corneal defects were analyzed and whose study population was mainly female [14]. However, these findings were contradictory to the results of some studies, which found that the male population visited ophthalmological consultation clinics more frequently [15].


      Regarding refractive errors, myopic astigmatism was the type of defect found most frequently in this study, followed by hypermetropic astigmatism. The international literature states that up to 90% of the general population may have astigmatism; however, the majority do not present significant clinical manifestations. Furthermore, for reasons of self-selection, refractive errors, including astigmatism, have a much higher incidence among patients attending ophthalmology consultation clinics [16].


      Some patients do not achieve better visual acuity values ​​with a correction due to the presence of optical aberrations induced by the KC. In addition, several patients in the study sample did not have an optical correction from an early age, due to which they presented amblyopia.


      The results of pachymetry measurements of the center of the pupil, apex, and lower pachymetry had values above 500 µm in most cases. However, a considerable percentage of cases presented pachymetric values below 480 µm, which is suggestive of ectatic pathology of the cornea. In addition, the thinnest pachymetry mean found in the present study was 513 µm, differing from the internationally reported mean value of 536 µm [17]. These differences could be related to the type of population studied. It should be considered that most of the reference studies have been carried out in American, European, or Asian populations, and only a few studies have analyzed the BA module applied to the Latin American population.


      Regarding the keratometry values, the mean value of the flattest keratometry found in this study was 43.30 D. This value differed slightly from that obtained in the research carried out by Hashemi on the Asian population, whose mean value was 42.98 D. Likewise, the mean value of keratometry plus curve found in this study was 46.32 D, while that found in a study by Hashemi was 43.98 D [18]. Therefore, the reported values demonstrated that the corneal curvature of our study population was slightly higher than that found in other populations


      The Q coefficient in more than 70% of the cases had values above 0, indicating that most of the study population presented an oblate corneal morphology associated with lower optical quality. However, these values contradicted those published in a study conducted by Yebra et al., in which 89.91% of the population presented corneal asphericity values between -0.10 to -0.35, corresponding to a prolate corneal morphology [19]. These differences could be due to the fact that this study included a population with previously diagnosed refractive defects, which would explain the higher incidence of morphological defects of the cornea.


      Most of the population studied had normal values for anterior and posterior elevation. However, in approximately a quarter of the cases studied, pathological values for anterior and posterior elevation were obtained. These measurements effectively discriminate keratoconus from normal corneas. In addition, elevation difference measurements can provide useful information to improve the accuracy of keratoconus diagnosis, especially in the early stage of the disease [20].


      Concerning the pachymetric progression index, it was found that the mean progression in most of the cases studied presented values corresponding to normality, finding pathological progression in approximately one-fifth of the cases. Other studies that evaluated the progression of corneal ectasia reported disease progression in up to 39.6% of cases and reported that younger age coupled with biomechanical properties of the cornea might be important indicators of future progression [21].


      As for the ART MAX measurement, pathological information was found to be important in about a quarter of all corneas studied. In the study carried out by Bautista et al., it was found that an ART MAX value ≤350 is related to a significantly softer corneal biomechanical behavior and, therefore, is associated with a higher risk of presenting ectasia. In addition, they found that more than 95% of the eyes met the criteria for susceptibility to ectasia [22].


      Finally, according to the final average of deviations, corneal ectasia was found in approximately a quarter of all corneas studied. The study carried out by Ambrosio et al. referenced a value of 1.00 as the cut-off point for the mean of deviations for the detection of keratoconus [23]. Furthermore, Huseynli and Abdulaliyeva conducted a study on a population of Caucasian patients and reported that the overall D value, anterior and posterior elevations, and the pachymetric progression index have higher predictive accuracy in differentiating normal corneas from corneas with ectasia [24]. Similarly, Rodrigues et al. reported that the overall D-index was shown to have a close relationship with posterior surface deviation in early-stage keratoconus cases, while the thinnest point deviation showed a reduced relationship [25].


      It is important to clarify that the results were obtained from patients at the ophthalmological outpatient clinic who already had some visual problems and not from the general population. Therefore, there is a higher concentration of corneal pathological data of more than 50% and 25.4% with some degree of corneal ectasia, which is not representative of the population without the visual disease. It would be necessary for future studies to analyze these parameters in an apparently healthy population.

    


    
      

      5. CONCLUSION


      The refractive defect that appeared with the greatest predominance was myopic astigmatism. Of the cases found, most of them presented corrected visual acuity greater than 0.50. However, about 10% of cases did not achieve adequate visual acuity despite correction. According to the pachymetry values ​​of the center of the pupil, apex, and position of least pachymetry, a mean of 521 µm, 520 µm, and 513 µm, respectively, was obtained. Similarly, the flattest keratometry, most curved keratometry, and maximum keratometry values ​​had a mean of 43.30 D, 46.32 D, and 48.01 D, respectively. In the distribution of cases according to frontal elevation and posterior elevation, pathological values ​​were found in more than 50% of the corneas studied. According to the average progression index, pathological elevation was found in approximately one-fifth of the cases, and according to the average number of deviations, a quarter of the corneas analyzed presented corneal ectasia in different stages.
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