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Abstract

Background: Keratoconus is a degenerative corneal disease, which has seen an increase in incidence these last years, including
pediatric ages. The main focus of this study is trying to understand if these are only sporadic findings, or there is a real change in the
corneal profile that could result in future keratoconus in young patients.
Material and Methods: Data was collected from 700 patients, who were examined via three dimensional corneal topography in
American Hospital 1. The patients were divided into four groups by age. The studied parameters were: corneal pachymetry in cor-
neal center and thinnest point, keratometry values, maximal value of cornea posterior face, and value of astigmatism.
Results: The Group 4 presented the lowest values of corneal thickness in thinnest point and centre of cornea, a difference that was
statistically significant (p < 0.001). The values of corneal thickness in the centre of cornea, were higher in the first (pediatric) age
group (p < 0.001). The pediatric patients recorded lower values of cornea vertical radius K1 and cornea horizontal radius K2, while
patients in the second group exhibited the highest values. However, the differences in values between the groups were not statisti-
cally significant. The maximal radius of the cornea was higher in patients from the third group, a result that was not statistically
significant (p = 0.17; p = 0.65; p = 0.52). Group 1 and Group 4 presented the lowest values of cornea posterior face and were not
statistically different (p = 0.35).

Higher values of astigmatism were found in the pediatric group, a difference that was statistically significant compared to the
other groups (p = 0.006; p =0.003; p < 0.001).
Conclusion: Keratoconus’ early signs are high values in corneal radius and posterior face of the cornea, low values of corneal thick-
ness, and high astigmatism. In this study, we found that the first group presented high values of corneal astigmatism, but low values
of corneal radius and cornea’s posterior face. Also, they presented higher values of corneal thickness. So, there is an increase of cor-
neal astigmatism in pediatric ages, but there were no other predictive signs of keratoconus found in the corneal topography analyses.
Keywords: Keratoconus; Pediatric; Corneal Topography; Pachymetry; Keratometry; Astigmatism

Introduction
Keratoconus is an ectatic disease characterized by progressive corneal thinning and protrusion, resulting in a conical shaped cornea,
which leads to impairment and gradual deterioration of the visual function, directly impacting the quality of life.

Early descriptions and case reports, date prior to three centuries ago, although all data show a rapid increase in the prevalence and
incidence of keratoconus, these last twenty years. This may be partly due to the development of new technologies, which have made pos-
sible an early detection in the asymptomatic stage. The reported incidence ranges from 1.3 to 25 per 100,000 per year, and a prevalence
of 8.8 - 229 per 100,000 [1,2].
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The etiology of keratoconus still brings confusion among physicians and scientists and is not yet fully understood. It is widely consid-
ered to be a multifactorial disease, where the environmental factors, such as eye rubbing, atopy [3], sun exposure and climate, work as a
trigger in a genetically predisposed patient, precipitating and accelerating the disease process [4].

The genetic basis for the disease may explain the different distribution of incidence, in different countries and regions, being lower
in countries like Japan or USA, and higher in Middle East and China [2,5-7] and between ethnic groups [8]. Also, studies have shown that
relatives of keratoconus patients have an elevated risk of developing the disease, compared to those with unaffected relatives [9-11].
Recent development in high technology and DNA studies has made possible new researches and approaches in ocular genetics like tra-
ditional linkage studies, or candidate genes like homeobox and in trying to identify and replicate the loci where the mutations leading to
keratoconus happen [12].

Because of the young age of the patients affected from keratoconus, and the direct damage in their quality of life, it becomes important
diagnosing the disease in its early stages, preventing the eventual vision loss and saving the patient from an unavoidable corneal trans-
plant. The most sensitive method of detecting and confirming a diagnosis of keratoconus is corneal topography based on the principles of
Placido disc and Scheimpflug imaging. Nowadays topography has become the gold standard method to diagnose and follow the progress
of keratoconus [13,14]. Most importantly, it allows the early detection of asymptomatic cases, also called forme fruste or keratoconus
suspect. The diagnose and staging are made possible by producing colored topographic maps and disposing various indices for the quan-
tification of the level of irregularity of the corneal morphology, at a local or general level, thus distinguishing keratoconus from normal
eyes as well as other conditions, like astigmatism [15]. The early topographic signs are: displacement of the corneal apex [16,17], an area
of increased corneal power surrounded by areas of decreasing corneal power, asymmetry in corneal power, corresponding points on
topographic maps “red on red”, higher corneal radius values, decrease in thinnest-point pachymetry [18], lower values of corneal thick-

ness and high irregular astigmatism.

In our daily practice we come across a considerable number of young patients affected from keratoconus. Corneal topography with
Pentacam has become a routine screening and monitoring procedure, that we use in our hospital, in all the young patients and in patients
presenting with indications such as high refractive errors. The aim of this study is to compare corneal topography parameters between
generations in Albania, while we try to evaluate if there is possible to find any predictive sign of future keratoconus in the parameters of
the pediatric age group.

Material and Methods

This study was carried out with the approval of the Department of Ophthalmology, American Hospital Ethics Committee. It was per-
formed by a retrospective review of the data from 700 patients, which were examined for different purposes via three dimensional
corneal topography (OCULUS Pentacam® HR) in American Hospital 1, from 2016 to 2019. The examination was performed in both eyes.
From the patients, 370 were men and 330 were women. In the study were included patients who presented biomicroscopic signs suggest-
ing of keratoconus (Fleischer ring, Vogt’s strie), young patients examined for the first time at our hospital, and patients presenting high
refractive errors, high values of astigmatism or unability to correct with glasses. Patients with inflammatory disease of the eyes, corneal
trauma, corneal opacifications and scarring, and patients who had undergone corneal surgery, including surgery for keratoconus, were
excluded from the study. Prior to corneal topography, the patients had a full ocular examination with the autorefractor and Snellen chart
to determine the refractive error, uncorrected visual acuity and best corrected visual acuity, and the slit lamp biomicroscope.

The patients were divided into four groups by age: Group 1 included 216 patients aged up to 14 years old, Group 2 included 125 pa-
tients with ages varying from 15 to 20 years old, Group 3 was made up by 274 patients aged 21 to 40 years old, and Group 4 contained 85
patients aged 41 years old and above. The parameters that we analyzed were corneal pachymetry in corneal center and thinnest point,
main keratometry values: vertical radius (K1), horizontal radius (K2) and maximal keratometry (Kmax), maximal value of cornea poste-
rior face, and the value of astigmatism. Thus, it was possible to obtain patterns for the following analyses and provide an overview of the
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patients corneal measurements as per their age groups. For the diagnoses of keratoconus, the Amsler-Krumeich classification was used
[19]. According to this classification, stage 1 is defined as eccentric steepening, myopia and/or astigmatism < 5 D, and/or central keratom-
etry value < 48 diopter (D); stage 2 involves myopia and/or astigmatism of 5-8 D, central keratometry value < 53 D, and minimum corneal
thickness > 400 pum; stage 3 is defined as myopia and/or astigmatism of 8 - 10 D, central keratometry value > 53 D and minimum corneal
thickness 300 - 400 um; and in stage 4, refraction is not measurable, central keratometry value is > 55 D, there is central corneal scarring
and minimum corneal thickness is < 200 microns. Data was analysed with SPSS statistical program (Statistical Package for the Social Sci-
ences, SPSS Inc., Chicago, Illinois) to obtain descriptive statistics, with the results summarized as frequencies for categorical variables and
mean and standard deviation for continuous variables. A Pearson bivariate analysis was undertaken to highlight the correlation between
the variables of interest. A p value of 0.05 and less was taken in consideration as statistically significant.

Limitations of this study include its retrospective nature and the limited number of subjects.

Results

In our study, the patients were divided into four groups by age (Figure 1): Group 1 included 216 patients aged up to 14 years old;
Group 2 included 125 patients aged from 15 to 20 years old; Group 3 was consisted of 274 patients aged 21 to 40 years old; and Group 4
contained 85 patients aged 41 years old and above.

300 +
250 +
200 +
150 -
100 -

50_ l
0 T T

< 14 years 15-20 years 21-40 years >40 years

Figure 1: Number of patients as per their age group.

From the present sample (n = 700), 83 patient exhibited keratoconus (Table 1). Most of the patients with the disease were aged be-
tween 21 to 40 years old (third age group with 59.03%), while the other age groups, the under 14 years old and over 40 years old had
an identical number of patients suffering from keratoconus (16.86%). The second age group (15-20 years old) had the lowest number of
patients diagnosed with keratoconus (7.22%).

Under 14 years 15 - 20 years 21 - 40 years Over 40 years Total (n = 83)
Stages Freq. % Freq. % Freq. % Freq. % Freq. %
1 2 2.40% 1 1.20% 3 3.61% 0 0% 6 7.22%
2 4 4.81% 2 2.40% 25 30.12% 6 7.22% 37 44.57%
3 5 6.02% 3 3.61% 20 24.09% 6 7.22% 34 40.96%
4 3 3.61% 0 0% 1 1.20% 2 2.40% 6 7.22%
Total 14 16.86% 6 7.22% 49 59.03% 14 16.86% 83 100%

Table 1: Keratoconus stages by age groups (categorical variable).
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Moreover, the majority of the patients with the disease were in stage 2 and stage 3, at the time of the diagnosis, with 44.57% and
40.96% respectively. The incipient and the last phase of keratoconus were present in the same amount of patients (7.22%). As stated
above, for the staging of keratoconus was used the Amsler-Krumeich staging system.

As for the laterality of the disease, in Group 1, 3 patients had the disease only in one eye, and 11 in both eyes; in Group 2, the disease
presented unilaterally in only 2 patients, and bilaterally in 4 patients; in Group 3, 13 patients had the disease in one eye, and 36 in both
eyes; and in Group 4, the disease was unilateral in 4 patients and bilateral in 10 patients. The majority of the patients presenting the dis-
ease unilaterally, were in stage one. This data is presented in figure 2.

a0 -
35
30 4
25 4
20 o Unilateral
15 m Bilateral
10 -
5 J l
o . el ,
<14 years 15-20 years 21-40 years > 40 years

Figure 2: Laterality of keratoconus in affected patients.

Regarding the measurements of corneal thickness in thinnest point, it is seen that the third age group (20-40 years old) exhibited
lower values (516.12 + 55.58 um) than the first age group (545 + 45.57 um) and the second age group (541.90 * 35.41 um). The fourth
age group had the highest values of corneal thickness (549.42 * 43.89 um). The difference was statistically significant between the first
and the third age group (p < 0.001), between the first and fourth age group (p = 0.03), and between the second and third age group (p <
0.001). However, the difference between the first and second group was not statistically significant (p = 0.94). Similarly, the difference was
not statistically significant between the second and fourth age group (p = 0.17) (Figure 3).
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Figure 3: Mean value of corneal thickness in thinnest point.

The measurements of the central corneal thickness showed higher values in the first age group (549.42 * 43.89 um) than the second
age group (546.12 + 35.78 um), a difference that was not statistically significant (p = 0.94). Likewise, the measurements were greater in
the first age group than the fourth age group (533.87 + 69.49 um); this difference was statistically significant (p < 0.001). The third age
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group exhibited lower measurements of the central corneal thickness (519.58 + 60.34 um) than the first and second age groups, differ-
ences that were statistically significant (p < 0.001). Correspondingly the measurements for the third age group were lesser than the fourth
age group, however the difference was not statistically significant (p = 0.13) (Figure 4).

Corneal thickness in cornea center(um)
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Figure 4: Mean value of corneal thickness in the center of cornea.

The patients younger than 14 year old (Group 1) presented the lowest values of cornea’s vertical radius K1 (49.64 + 51.45 D), followed
by the patients in the fourth age group (51.75 + 51.19 D), and then the third age group (52.25 * 59.64 D). Patients in the second age group
showed the highest values of K1 (66.59 + 92.80 D). These differences were not statistically significant, with p = 0.99; p = 0.08 and p = 96,
respectively. The differences in measurements between the second age and the third age group were not statistically significant (p = 0.16).
Correspondingly, there was not a statistically significant difference between the measurements of cornea first radius for the second age
group and fourth age group (p = 0.35) (Figure 5).
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Figure 5: Mean values of vertical radius of cornea (K1).

The patients in the first age group, also presented lower values of the horizontal radius of cornea K2 (45.04 + 3.49 D), than the patients
in the fourth age group (49.07 £ 42.06 D), in the second age group (47.48 + 35.01 D) and the third age group, who showed the highest
values of K2 (51.50 = 55.04.D). However, this differences between the groups are not statistically significant (p = 0.86; p = 0.29; p = 0.95).
Furthermore, the second age group recorded just slightly higher values than the third and fourth group, difference that is not statistically
significant (p = 0.79, p = 0.99) (Figure 6).

The maximal radius of the cornea was higher in patients from the third age group (53.04 + 54.75 D) compared with the other three age
groups, that had similar measurements (46.03 * 4.69 D; 48.32 + 36.54 D; 46.65 *+ 5.20 D); however they were not statistically significant
(p=0.17; p=0.65; p = 0.52) (Figure 7).
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Figure 6: Mean values of horizontal radius of cornea (K2).
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Figure 7: Mean values of maximal radius of cornea (Kmax).

We also measured the values of the corneal astigmatisms; it was shown to be higher in the patients under 14 years old (2.60 + 4.54
D) compared with the second age group (0.99 + 1.07 D), the third age group (0.93 * 2.86 D) and the fourth age group (0.47 + 3.38 D), dif-
ferences that were statistically significant (p = 0.006; p = 0.003; p < 0.001). On the other hand the difference between the second and the
third age group was not statistically significant (p = 0.99). Similarly, the difference between the second and the forth age group was not
statistically significant (p = 0.97) (Figure 8).

Value of astigmatism (D)
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Figure 8: Mean values of astigmatism

Lastly, the maximal value of cornea’s posterior face was lower in the young patients (under 14 years old) (59.10 + 179.92 um), than
the patients above 40 years old (99.34 + 211.61 um), difference that was not statistically significant (p = 0.35). Similarly, the patients in
the first age group were recording lower values than the patients comprised in the second age group (156.15 * 246.82 um) and third
age group (201.07 + 256.00 um), differences that were statistically significant (p < 0.001; p < 0.001). The differences in maximal value of
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cornea’s posterior face between the second and third age group were not statistically significant (p = 0.30) as well. Correspondingly, the
differences in measurements between the second and fourth groups were not statistically significant (p = 0.230) while the differences
between the third and fourth age groups were statistically significant (p < 0.001) (Figure 9).

Value of cornea posterior face (um)
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Figure 9: Mean values of cornea posterior face.

In table 2 below, are shown the values and measurements for each parameter discussed above, divided accordingly to the age groups.

A Pearson product momentum was computed to assess the relationship between the values of corneal thickness in thinnest and the
first radius of cornea in dioptre. The results highlighted that there is a statistically significant relationship, r =-0.079, p = 0.037. The direc-
tion of the relationship is negative, so overall there was a negative correlation between values of corneal thickness and the first radius of
the cornea. The lower the measurements of corneal thickness are, the higher are the values of the first radius of the cornea.

Similarly, there is statistically significant relationship between the values of corneal thickness in thinnest point and the second radius
of cornea, r = -0.132, p < 0.001. The direction of the relationship is negative, so there was a negative correlation between lower values
of corneal thickness and the second radius of the cornea. Hence a decrease in the measurements of corneal thickness corresponds to an

increase in the values of the second radius of the cornea.

The values of corneal thickness in thinnest point and the maximal radius of cornea have a statistically significant relationship r =
-0.152, p < 0.001. There is a negative correlation between the lower values of corneal thickness and the maximal radius of the cornea.

Lower values of corneal thickness are correlated with an increase in the maximal radius of cornea.

The corneal thickness in the centre of cornea and measurements of the first radius of the cornea have a negative relationship, r =
-0.079, p = 0.037. There is a strong negative correlation between the two variables. A decrease in corneal thickness in the centre of cornea

is correlated with an increase in the values of the first radius of cornea.

The corneal thickness in the centre of cornea and the measurements of the second radius of the cornea have a negative relationship, r
=-0.113, p = 0.003. Subsequently there was a negative correlation between values of corneal thickness in the centre and the second radius

of the cornea. A reduction in corneal thickness in the centre of cornea is associated with a rise in the values of the first radius of cornea.

The corneal thickness in the centre of cornea and the maximal radius of the cornea have a statistically significant relationship r =
-0.130, p = 0.001. The direction of the relationship is negative, so there was a negative correlation between values of corneal thickness
in the centre and the maximal radius of the cornea. Thus, the lower the corneal thickness in the centre of the cornea, the higher are the

measurements of the maximal radius of cornea.
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Variables Obs. Mean Std. Dew. Min. Max.
Up to 14 years old
Lower value of corneal thickness 216 545.05 45.57 351 643
Corneal thickness in the centre of cornea 216 549.42 43.89 372 628
First radius of cornea 216 49.64 51.45 37.60 440
Second radius of cornea 216 45.04 3.49 40 68
Maximal radius of cornea 216 46.03 4.69 41 73
Value of corneal astigmatisms 216 2.60 4.54 1 45.6
Max. value of cornea posterior face 216 59.10 179.92 -19 637
15 to 20 years old
Lower value of corneal thickness 125 541.90 3541 391 624
Corneal thickness in the centre of cornea 125 546.12 35.78 394 656
First radius of cornea 125 66.59 92.80 35.40 444.60
Second radius of cornea 125 47.48 35.01 39 435
Maximal radius of cornea 125 48.32 36.54 4 450
Value of corneal astigmatisms 125 .996 1.07 .0 6.4
Max. value of cornea posterior face 125 156.15 246.82 -24 741
20 to 40 years old
Lower value of corneal thickness 274 516.12 55.58 42 628
Corneal thickness in the centre of cornea 274 519.58 60.34 43 632
First radius of cornea 274 52.25 59.64 38.80 502
Second radius of cornea 274 51.50 55.04 40 541
Maximal radius of cornea 274 53.04 54.75 40 571
Value of corneal astigmatisms 274 936 2.86 .0 44.7
Max. value of cornea posterior face 274 201.07 256.00 -58 648
41 years old +
Lower value of corneal thickness 85 549.42 43.89 372 678
Corneal thickness in the centre of cornea 85 533.87 69.49 339 852
First radius of cornea 85 51.75 51.19 36 396
Second radius of cornea 85 49.07 42.06 4 428
Maximal radius of cornea 85 46.65 5.20 41 73
Value of corneal astigmatisms 85 0.47 3.38 0 30
Max. value of cornea posterior face 85 99.34 211.61 -122 675

Table 2: Sample characteristics (Continuous variables) by age groups.

Values given as n and mean #+ SD (standard deviation).
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Variable 1 Variable 2 N Pearson correlational coefficient Sig.
First radius of cornea 700 - .079 .037
Lower Vah.le of Second radius of cornea 697 - .132 .000
corneal thickness
Maximal Radius of cornea 699 - 152 .000
First radius of cornea 700 - .079 .037
Corneal thickness in Second radius of cornea 697 - 113 .003
the centre
Maximal Radius of cornea 699 - .130 .001
Table 3: Correlation results of corneal measurements.
Discussion

Keratoconus is a complex and multifactorial eye disease. Because of its severity and the difficulty in treating advanced and complicated
forms, early diagnosis becomes essential in preventing the damage it can cause to the quality of life [20].

Corneal topography has become the golden standard for the diagnosis of keratoconus, as it is a non invasive technique which offers
morphological characterization of the cornea and extracts qualitative and quantitative indices, that permit a reliable diagnosis. Topo-
graphic early signs of keratoconus are displacement of the corneal apex [16,17], generally eccentric with an inferior-temporal spatial
orientation, low values of corneal thickness, high values in corneal radius and cornea posterior face, accompanied also by high values of
astigmatism.

In this study, we attempted to identify and compare some of the main indices of corneal topography between generations, and analyse
the correlation between the variables of interest. Our purpose was to see if we could find changes in the pachymetry and keratometry
values in the pediatric ages, prior to the establishment of the disease that could predict a future keratoconus.

In our study, 83 subjects out of 700 exhibited keratoconus. From this sample, the higher number of cases with keratoconus were in
Group 3 aged between 21 to 40 years old (59.03%). It was followed by Group 1 (the under 14 years old) and Group 4 (over 40 years old),
which had an identical number of patients suffering from keratoconus (16.86%). The second age group (14 to 20 years old) had the lowest
number of patients diagnosed with the disease (7.22%).

Generally, the onset of the disease usually occurs in the second decade of life, although some cases may develop in early adulthood [13]
and it seldom appears after the age of 35 years [20].1t is a progressive condition which usually stabilizes by the fourth decade of life [20-
22]. The average age is as follows as reported in different literatures: Pouliquen 1981: 20.4 years old [23], Kennedy 1986: 29 years old [2],
Tuft 1992: 25 years old [24], Zadnik 1998: 28 years old [11] and Owen 2003: 22.9 years old [25].

The patients from Group 3, who made up the largest percentage of patients with keratoconus, were shown to have the lowest values of
corneal thickness in thinnest point and central thickness, while they exhibited statistically significant high levels of corneal radiuses K1,
K2 and Kmax. Also, the maximal value of cornea’s posterior face, was the highest in Group 3 patients, a difference statistically significant
compared to the other three groups.

The pediatric patients of Group 1 showed the highest level of astigmatism, a difference that was statistically significant compared to
the other groups (p = 0.006; p = 0.003; p < 0.001). They presented high values of corneal thickness in thinnest point and the highest values
of central thickness. On the other hand, they showed the lowest values of the corneal radiuses and of cornea’s posterior face. The pediatric
patients did not show alteration in the values of the topography, which could predict changes leading to keratoconus. It was noted that the
most common finding was the high prevalence of astigmatism. A high prevalence of astigmatism in pediatric ages was demonstrated by D
Fan,, et al. where 53% of children who participated in the study (the mean age was 55.7 months), had astigmatism [26].
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The Pearson bivariate analyses of our data showed a negative correlation between the values of pachymetry, and the radiuses of
the cornea. This finding was supported by other studies. Longanesi and Cavallini [27], found a highly significant statistical correlation
between the corneal thickness and the radius of curvature of the anterior surface of the cornea along the principal corneal meridians
(horizontal and vertical meridians). Similar results were achieved by Shimmio., et al [28].

Our study also shows that most of the patients were diagnosed in the second and third stage of the disease, while only 7.22% (6
patients) were diagnosed in the last stage. This once again enhances the importance and efficiency of corneal topography in an early
diagnosis in stages where a cross linking procedure can be applied, with excellent results. Stage 4 patients presented in our hospital were
treated with the DALK procedure. The pediatric patients in Group 1 presented the most cases with stage 4 keratoconus. A study conducted
by Saini [29] reported that eyes with severe keratoconus present at a younger average age (18.8 +/- 5.35 years) more than moderate kera-
toconus, and also patients who exhibit keratokonus at a younger age, have a faster progression than those who exhibit it in the late teens.

Conclusion

Pediatric patients are shown to exhibit high levels of astigmatism, which seems to be the most common vision problem in this age
group. Despite the fact that 16.68% of our patients with keratoconus are under 14 years old, these findings seem to be sporadic, as there

are not found any predictive indices for a possible future keratoconus in the other patients of the pediatric group.
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