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SUMMARY

Aim: To introduce the topic of pediatric keratoconus, highlighting the importance of routine corneal topography and tomography in children and
adolescents from predisposed groups. To attempt to ensure the early detection of keratoconus and its subclinical form, enabling early treatment, which
brings better expected postoperative results.

Material and methods: Using the corneal tomograph Pentacam AXL we examined children and adolescents with astigmatism equal or greater than 2
diopters (in at least one eye) and patients with at least one risk factor such as eye rubbing in the case of allergic pathologies, positive family history of
keratoconus or certain forms of retinal dystrophy. In total, we included 231 eyes (116 patients), of which 54 were girls and 62 were boys.

Results: The Belin-Ambrésio deviation index parameter was evaluated, in which we classified a total of 41 eyes as subclinical keratoconus and 12 eyes as
clinical keratoconus. Next, the corneal maps were evaluated individually, in which we included a total of 15 eyes as subclinical keratoconus and 6 eyes as clinical
keratoconus. In our group, compared to the control group, subclinical and clinical keratoconus occurred most often in the group of patients with astigmatism
and in the group of so-called “eye rubbers". After individual evaluation, keratoconus occurred more frequently in boys than in girls in our cohort.

Conclusion: Most patients with keratoconus are diagnosed when there is a deterioration of visual acuity and changes on the anterior surface of
the cornea. Corneal topography and tomography allows us to monitor the initial changes on the posterior surface of the cornea, and helps us to detect
the subclinical form of keratoconus and the possibility of its early treatment. Therefore, it is important to determine which groups are at risk and groups
in which corneal topography and tomography should be performed routinely.

Key words: keratoconus, topography and tomography, astigmatism, eye-rubbing

Ces. a slov. Oftal., 79, 2023, No. 5, p. 258-265

INTRODUCTION

apoptosis and the proliferation of keratocytes as a con-
sequence of chronic damage to the epithelium. Another

Although keratoconus is most often not diagnosed
until adulthood, ectatic corneal processes begin already
during puberty and adolescence. There are certain gro-
ups of patients who are predisposed to the occurrence
of this disorder [1]. The largest such group comprises
so-called “eye-rubbers”. This group includes patients
with disorders that lead to frequent eye rubbing, such
as chronic blepharitis, allergic conjunctivitis, vernal ke-
ratoconjunctivitis (Fig. 1) and patients with atopic di-
sorders [2]. The pathophysiological basis of the onset
of ectatic disease in this case is an imbalance between
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cause of eye-rubbing may be for example oculodigital
reflex upon a background of Leber congenital amauro-
sis or other retinal dystrophies, in which it is assumed
to be the cause of the onset of keratoconus [3]. Another
group consists of “syndrome disorders”. These include
Down syndrome (Fig. 2) [4] and diseases of the conjun-
ctival tissue, such as Marfan syndrome and Ehlers-Dan-
los syndrome [1].

Over the course of the last 20 years, the management
and treatment of keratoconus has changed dramati-
cally. Thanks to the arrival of corneal topography and
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tomography, our capacity to identify early ectatic chan-
ges has improved, and this is now possible far earlier
than previously. With the arrival of interventions such
as corneal cross-linking, intrastromal corneal ring or
a combination thereof, a new form of visual rehabilitati-
on is opening up in doctor-patient cooperation for this
disease [5]. Treating patients with a mild stage of kera-
toconus at a younger age produces better results, and
for this reason it is important to ensure early identifica-
tion of children and adolescents with keratoconus [6].

MATERIAL AND METHOD

Our cross-sectional study was conducted at the De-
partment of Pediatric Ophthalmology of the National
Institute of Children’s Diseases and Faculty of Medicine,
Comenius University Bratislava, during the period from
September 2019 to August 2021. All the patients were
examined on corneal tomography with the instrument
Pentacam® HR AXL (Oculus company). The patients were
selected at random from children who were under obser-
vation at our department and came for a routine check-up,
or reported to us for an examination for the first time on
the basis of a recommendation from the regional ophthal-
mology clinic. We divided the patients into five groups:

1. The first group consisted of patients with a value
of astigmatism of > 2 Dcyl from an average value of au-
tomatic refraction (minimum 3 measurements) in artifi-
cial mydriasis in at least one eye (57 eyes). At the same
time, however, patients from the following groups were
excluded: patients with any form of ocular allergy or
other atopic disease, patients with a family history of
keratoconus, patients with any confirmed form of re-
tinal dystrophy, genetically confirmed Down'’s syndro-
me and patients with any disorder of the conjunctival

tissue. This group shall be referred to in the text, graph
and tables below as “astigmatisms”.

2. The second group was made up of “eye-rubbers”. It
consisted of patients suffering from some form of ocular
allergy or atopic disease (chronic seasonal allergic co-
njunctivitis, vernal keratoconjunctivitis (VKC), blephari-
tis) and who frequently rubbed their eyes (at least 10
times per day for a minimum of 5 seconds - 80 eyes).
This group shall be referred to in the text, graph and ta-
bles below as the “eye-rubbers”.

3. The third group consisted of patients with a family
medical history of keratoconus within second degree re-
latives. If a patient was also an “eye-rubber”, a note was
made of this, but the patient remained classified by prio-
rity into this third group. This group shall be referred to in
the text, graph and tables below as “FH" — 17 eyes.

4. The fourth group was made up of patients who
had one confirmed form of retinal dystrophy (Retinitis
pigmentosa, cone dystrophy, Leber congenital amau-
rosis). If a patient was also an “eye-rubber”, a note was
made of this, but the patient remained classified by pri-
ority into this fourth group. This group shall be referred
to in the text, graph and tables below as “RD" (group of
patients with retinal dystrophy) — 23 eyes.

We wished to assemble a further risk group from pa-
tients with genetically confirmed Down syndrome and
disorder of the conjunctival tissue (Ehler-Danlos syn-
drome, Marfan syndrome, mitral valve prolapse). Howe-
ver, due to the insufficient number of patients able to
undergo an examination on Pentacam we were unable
to assemble this group.

5. The fifth group was formed by a control group of
healthy children. This included children with emmetro-
pia or refractive errors of a mild degree, with a value of
astigmatism of less than 2 Dcyl. - 54 eyes.

Figure 1. Patient with vernal keratoconjunctivitis
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Figure 2. Corneal bulging in keratoconus in a patient with
Down syndrome
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The exclusion criterion for all groups was previous eye
surgery, ocular trauma, prematurity, chronic or over-
come acute uveitis, increased intraocular pressure or
glaucomatous disorder or suspicion thereof.

We set the lower age limit at 5 years with respect to
the fact that performing an examination on Pentacam
requires cooperation, in which the patient under exa-
mination must not move or blink during the time of
the scan, which is 2-3 seconds. The upper age limit was
set by the dispensary age limit, which is 19 years at our
clinic. The model of examination we selected was a 3D
scan with 25 individual images, and only those scans
with a quality specification of “OK” were accepted. If the
quality field was indicated red or yellow (the scan was
not correct), then the scan was repeated.

Foran analysis of the condition of the cornea on Penta-
cam we selected the parameter BAD/D (Belin-Ambrésio
deviation index), which is recommended by several stu-
dies as the strongest parameter in the detection of sub-
clinical form of keratoconus [7]. The exceptional quality
of this parameter consists in its combination of the va-
lues of anterior elevation in the thinnest point, posterior
elevation in the thinnest point, changes of anterior ele-
vation, changes of posterior elevation, corneal thickness
in the thinnest point, location of the thinnest point, pa-
chymetric progression, Ambroésio relational thickness
and Kmax. Each parameter is displayed individually
with a standard deviation. The final overall assessment
is obtained on the basis of regression analyses, with an
endeavor to ensure the best possible differentiation of
a normal cornea from keratoconus [8]. We selected the
cut-off values on the basis of recommendations compi-
led from an extensive review of studies, and a value for
subclinical keratoconus of = 1.31 and > 2.02 for clinical
keratoconus [9].

We also assessed each cornea individually. The fin-
ding was diagnosed as keratoconus in the case that

the topographic and tomographic parameters attested
to keratoconus and there was presence of at least one of
the following symptoms on examination on a slit lamp:
stromal thinning, Vogt's striae, Fleischer ring, cracks in
the Descemet’s membrane or scissor reflex on retinos-
copy, with deterioration of best corrected visual acuity.

We defined subclinical keratoconus as pertaining to an
eye which did not manifest any of the symptoms upon exa-
mination on a slit lamp, with no presence of scissor effect
on retinoscopy and with best corrected visual acuity of 1.0,
whereas paracentral corneal thinning and localized steepe-
ning on the posterior surface of the cornea, or numerous
changes on the anterior surface of the cornea were present
from the topographical and topometric parameters.

We included a total of 231 eyes (116 patients) in our
cohort, which comprised 54 girls and 62 boys. The re-
presentation of the individual groups was as follows: 57
eyes were represented in the group of astigmatisms, 80
eyes in the group of eye-rubbers, 23 eyes in the group
of retinal dystrophies (RD), 17 eyes in the group with
positive family history (FH), and 54 eyes in the control
group. The numbers and percentage representation in
the individual groups are summarized in Table 1.

For the statistical analysis we used the system IBM®
SPSS® Statistics.

RESULTS

The mean value of BAD/D in the larger groups was
1.11. The lowest BAD/D value was -0.99 and the highest
value 11.90. In girls the mean value was slightly lower
(1.06) than in boys (1.15). For a comparison see Table 2.

The mean values within the individual groups were
as follows. We recorded the highest mean BAD/D value
in the group of astigmatisms, which was 1.44, followed
by the group of eye-rubbers with 1.25, then the group
with positive FH with 0.92, while the lowest values were

Table 1. Count and percentage representation of patients in individual groups

Group Count %

Astigmatism 57 24.7
Eye rubbers 80 346
RD 23 10.0
FH 17 74

Controls 54 234
Overall 231 100.0

RD - group of patients with retinal dystrophy, FH — group of patients with positive family history

Table 2. Average values of BAD/D by gender

Count Minimum Maximum Average Standard deviation
BAD/D 231 -0,99 11,90 1,11 1,47
BAD/D (girls) 108 -0,33 11,90 1,06 1,24
BAD/D (boys) 123 -0,99 10,22 1,15 1,48

BAD/D - Belin-Ambrésio deviation index
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recorded in the control group and the RD group, both
with 0.76. See Table 3 and Graph 1.

In the individual groups we analyzed the data dis-
tribution with the aid of tests for normality and also
with the aid of visual inspection. With regard to certa-
in deviations from the normal distribution of data, in
the further analyses we selected non-parametric tests.
We set the alpha value of significance at 0.05. For a com-
parison of the averages we used a Kruskal-Wallis test
with post-hoc correction of significance.

In total the averages between the groups were sta-
tistically significantly different (Kruskal-Wallis, P = 0.004).
The post-hoc analysis of the differences in averages
between the individual groups and the control group are
displayed in Table 4. The differences between the indi-
vidual groups were statistically insignificant (P > 0.05).
The only significant difference was between the group of
astigmatisms and the control group (P = 0.002).

Within the framework of the stipulated cut-off BAD/D
values for subclinical keratoconus of > 1.31 and = 2.02
for clinical keratoconus, we classified a total of 41 eyes
as subclinical keratoconus. These included 16 eyes from
the group of astigmatisms, 11 eyes from the group of
eye-rubbers, 6 eyes from the RD group, and 4 eyes in
both the control group and the group with a positive
family history.

According to BAD/D we indicated 12 eyes as clinical
keratoconus, of which 5 were from the group of astigma-
tisms and 6 eyes from the group of eye-rubbers, 1 eye
from the control group and no keratoconus in the groups
with RD and positive family history. See Graphs 2 and 3.

Following an individual evaluation of the topographic
and tomographic parameters, we indicated 15 eyes as
subclinical keratoconus, of which 5 were in the group of
astigmatisms, 6 in the group of eye-rubbers, 1 in the group

Table 3. Average values of BAD/D according to individual groups

of RD, 3 in the group of FH and none in the control group.

We indicated 6 eyes as clinical keratoconus, of whi-
ch 3 eyes were in the group of astigmatisms, 2 in the
group of eye-rubbers, 1 in the group of FH and none in
the control or TRD groups.

Graph 4 illustrates a comparison of the number of ca-
ses of clinical and subclinical keratoconus following an
individual evaluation and according to BAD/D.

In our cohort we diagnosed keratoconus in total in 5
boys aged 7, 12, 12, 13 and 14 years, and in 1 girl aged 8
years. Of these, 3 patients belonged to the group with asti-
gmatism higher than 2 Dcyl, and other than this they did
not manifest any other predisposing factor. Keratoconus
was determined in 2 patients from the group of eye-ru-
bbers, and these patients also had astigmatism of > 2 Dcyl
in at least one eye. One patient was from the group with
a positive family history, and simultaneously was an eye-
-rubber and had astigmatism of > 2 Dcyl in at least one eye.

DISCUSSION

The differences is the number of subclinical and cli-
nical cases of keratoconus according to BAD/D and fol-
lowing individual assessment of the topographic and
tomographic parameters can be explained by the fact
that BAD/D has a higher sensitivity and specificity in the
detection of keratoconus, since it was developed and is
also recommended as a screening method [10]. Sensitivi-
ty and specificity differs depending on the selected cut-
-off values, though the need to detect all patients with
suspected keratoconus, above all candidates for refra-
ctive surgery, requires high sensitivity and is associated
with a greater number of false positive results [11].

In the study conducted by Henriquez, 6 out of 10
screening indexes from Pentacam were associated with

Group Count Minimum Maximum Average Standard deviation
Astigmatism 57 -0,33 10,22 1,44 1,73
Eye rubbers 80 -0,99 11,90 1,25 1,67
RD 23 -0,49 1,71 0,76 0,61
FH 17 0,27 1,81 0,92 0,52
Controls 54 0,06 2,11 0,78 0,49

BAD/D - Belin-Ambrdsio deviation index, RD — group of patients with retinal dystrophy, FH - group of patients with positive family history

Table 4. Comparison of average BAD/D values of individual groups with the control group

Test statistics Sta|.1di:|rd 'Sta.ndard Significance .cor.r iz
deviation deviation of test Significance
Controls-RD 5,42 16,64 0,33 0,75 1,000
Controls-FH 19,64 18,58 1,06 0,29 1,000
Controls-Eye rubbers 25,54 11,77 2,17 0,03 0,300
Controls-Astigmatism 47,03 12,69 3,71 0,00 0,002

RD - group of patients with retinal dystrophy, FH — group of patients with positive family history
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the appearance of false positive results in the diagnosis mixed astigmatism [12]. This explains the high BAD/D

of subclinical keratoconus. In this study the results in ge- values in the group of astigmatisms in our cohort.
neral also showed that the levels of false positive cases Because certain predisposing risk factors may be
were highest in groups with hyperopic astigmatism and associated with the early onset of keratoconus, to-
1,6
1,4
1,2
1
0,8
0,6
0,4
0,2
0
Astigmatism Eye rubbers Controls
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Graph 1. Average value of BAD/D in individual groups
RD - group of patients with retinal dystrophy, FH — group of patients with positive family history,
BAD/D - Belin-Ambrdsio deviation index

m Astgmaism wmEyerubbers mRED =FH wmControk

Graph 2. Graphic distribution of the number of cases of subclinical keratoconus according to BAD/D
RD - group of patients with retinal dystrophy, FH — group of patients with positive family history,
BAD/D - Belin-Ambrésio deviation index
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pography is routinely indicated in such cases. Kerato-
conus is a frequent complication of VKC. The preva-
lence of keratoconus may be as high as 26.8% among
patients with VKC, whereas abnormal topography of

the cornea may appear in up to 71% of such patients.
This is more severe and progresses more rapidly, with
marked deterioration of vision and with an increased
need for keratoplasty. Treatment with CXL and corneal

m Astgmaism wmEyerubbers s RD =FH = Controk

Graph 3. Graphical distribution of the number of cases of clinical keratoconus according to

BAD/D

RD - group of patients with retinal dystrophy, FH — group of patients with positive family histo-

m Subclinical ker &oconus

m Clinical keratoconus

B Subclinical ker &oconus according to BADYD m Clinical keratoconus according to BADYD

ASTIGMATIEM EYE RUBBERS

RD

=

=
—
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H

CONTROLS
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o

Graph 4. Comparison of the number of clinical and subclinical keratoconus after individual assessment and ac-

cording to BAD/D

RD - group of patients with retinal dystrophy, FH — group of patients with positive family history,

BAD/D - Belin-Ambraésio deviation index)
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transplantation appears to be equally effective for pa-
tients with VKC in comparison with patients without
VKC. However, postoperative complications are higher
in patients with VKC, and require careful observation
and strict monitoring of local inflammation [13]. To-
tan et al., who studied the incidence of keratoconus
in patients with VKC using a quantitative evaluation of
videokeratographic maps, determined an incidence of
keratoconus in 26.8% of cases [14]. An increased inci-
dence of keratoconus was recorded in male patients,
as well as patients with a long duration of the disease,
mixed or palpebral form of VKC and advanced corneal
lesions. They came to the conclusion that the higher
incidence of keratoconus in their study was caused by
the timely detection of mild to subclinical forms of ke-
ratoconus with the aid of corneal topography, in whi-
ch they emphasized its importance for patients with
VKC. Similarly, an increased incidence of keratoconus
resembling maps was determined in the pediatric po-
pulation with VKC in Nepal. Out of 115 examined su-
bjects it was present in 13 (11.3%) [15]. By contrast,
alow incidence in comparison with the other literature
was published by Caputo et al., where in children with
VKC, topographic signs of keratoconus were detected
in only 5 out of 651 patients (0.77%). Two of these were
bilateral [16]. The importance of topographic exami-
nation for subclinical forms was highlighted also by
Umale et al., in which an analysis of topographic cor-
neal maps demonstrated an asymmetric bow tie for-
mation with a lower slant in 17.11% of patients. None
of these patients had clinical evidence of keratoconus
[17]. Ophthalmologists in India succeeded in assessing
the elevation of the posterior cornea with the aid of
Sirius tomography in children with VKC, and compa-
ring it with healthy children of a corresponding age
and sex, in which they again confirmed a higher inci-
dence of keratoconus in children with VKC with the aid
of the condition of the posterior surface of the cornea
[18]. Léoni-Mesplié et al. examined epidemiological
aspects of keratoconus in 49 children and compared
them with 167 adult patients. They determined that
allergies, as well as eye-rubbing, were more common
in children, and that allergy occurred in 67.3% of chil-
dren in comparison with 47.3% in adults. Eye-rubbing
occurred in 91.8% of children as against 70% of adults
[2]. As a consequence, the authors recommend that
corneal topography is routinely performed on all you-
ng allergic boys with a medical history of eye-rubbing
and recently appearing corneal astigmatism. In our
study we also recorded a higher incidence of keratoco-
nus in boys than in girls, which was also confirmed by
the higher mean BAD/D values in the male sex.

The association of keratoconus with certain types of
retinal dystrophies has been described in older studi-
es by several authors [19,20]. According to Morichini’s
study of refractive errors in patients with retinitis pi-
gmentosa, a refractive error was demonstrated in as
many as 93% of cases. In 79% it was associated with

264

myopia, in 60% with astigmatism, in 10% with hyper-
metropia and in 4% astigmatism was greater than 2.5
D [21]. With regard to the incidence of refractive errors
(especially myopia and astigmatism) in patients with
retinitis pigmentosa and deterioration of vision upon
the background of the underlying pathology, not only
incipient but also the advanced stage of keratoconus
may easily be overlooked. A condition has been descri-
bed in which bilateral keratoconus was diagnosed in
two brothers with retinitis pigmentosa, one of whom
had bilateral keratoconus in the stage of hydrops. Pre-
sentation with keratoconus in such an advanced stage
is not common, but in the case of patients with retinitis
pigmentosa this may be caused by deteriorated visual
function, which prevents the perception of any chan-
ges of vision caused by keratoconus [22]. For this rea-
son, patients with retinitis pigmentosa also constitute
a suitable group for routine examination by means of
corneal topography.

Last but not least, in the interest of identifying
the early stages of keratoconus, examinations should
be conducted in families in which this disease has oc-
curred. Above all it is necessary to examine the chil-
dren of patients who have undergone treatment for
keratoconus [1].

Although in our study only the group of astigmatisms
was determined to be statistically significant in compa-
rison with the control group following the post-hoc cor-
rection, there was also a clinically significant difference
in the group of eye-rubbers. In the groups with a posi-
tive family history and retinal dystrophies we were able
to include only a smaller number of patients, which may
have led to a distortion of the results.

CONCLUSION

Keratoconus is a progressive disorder of the cornea,
which originates during adolescence. The majority of
patients with keratoconus are not identified until a de-
terioration of visual acuity occurs, which is the result of
changes on the anterior surface of the cornea. Corneal
topography and tomography enable us to observe also
initial changes on the posterior surface of the cornea,
and thereby assist us in detecting subclinical form of ke-
ratoconus. Early diagnosis of patients with a mild stage
of keratoconus at a young age brings us greater bene-
fits than waiting until the patient is older and the patho-
logy is in a more advanced and serious stage, hence
the importance of early identification of children and
adolescents with keratoconus. For this reason, despite
our own statistical results, we agree with several publi-
shed studies that certain groups of children, for example
patients with higher astigmatism or a tendency to rub
their eyes due to an ocular allergy, primarily VKC, pati-
ents with various forms of retinal dystrophies and last
but not least children with a family history of keratoco-
nus should be routinely examined with the aid of corneal
topography and tomography, at least once per year.
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