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Tomographic and Refractive Characteristics of
Pediatric First-Degree Relatives of Keratoconus

Patients
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AHMAD HATOUM, AND CHRISTIANE AL-HADDAD
� PURPOSE: To evaluate the tomographic and refractive
characteristics of pediatric first-degree relatives of pa-
tients with keratoconus.
� DESIGN: Cross-sectional study.
� METHODS: SETTING: Department of Ophthalmology at
the American University of Beirut Medical, Beirut,
Lebanon. STUDY POPULATION: Pediatric first-degree rela-
tives of patients with keratoconus. Both eyes of all partic-
ipants aged between 6 and 18 years were included and
studied. EXCLUSION CRITERIA: Soft contact lens use in
the past 2 weeks or rigid gas-permeable lens wear within
4 weeks, history of prior ocular surgery or infectious
keratitis, and unreliable corneal tomography. MASKING

AND RANDOMIZATION: Two masked cornea and refractive
surgeons of different training backgrounds independently
evaluated the participants’ tomographic outputs.
Additionally, the tomographic data were analyzed using
Smadja’s decision tree. OBSERVATION PROCEDURES:
Scheimpflug tomography, manifest refraction, and slit-
lamp examination. MAIN OUTCOME MEASURES: Anterior
curvature indices, posterior elevation values, thinnest
pachymetry, and subjective and objective tomographic
interpretation.
� RESULTS: One hundred eighty-three subjects were
recruited. Tomographic evaluation after Cohen’s kappa
coefficient analysis revealed 32 patients as having kerato-
conus (17.5%), while 35 patients (19.1%) were labeled
as keratoconus by objective analysis. There were
11.5%-15.5% of patients with keratoconus aged less
than 11 years, 18.0% aged 12-15 years, and 25.5%
aged 16-18 years. Their respective steepest anterior cur-
vature and thinnest pachymetry are 44.8 ± 6.5 diopters
(D) and 515.9 ± 39.2 mm, 47.34 ± 3.4 D and 496.1 ±
37.9mm, and 49.7 ± 6.1 D and 486.0 ± 66.5mm. A total
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of 37.5% of the keratoconus patients were unilateral as
evaluated by tomography alone.
� CONCLUSIONS: The prevalence of keratoconus in pedi-
atric first-degree relatives of diagnosed keratoconus pa-
tients is high. Screening in this high-risk group is
warranted. (Am J Ophthalmol 2019;207:71–76. �
2019 Elsevier Inc. All rights reserved.)

K
ERATOCONUS IS A PROGRESSIVE DISORDER THAT

affects the corneal collagen, causing structural
and biomechanical changes, which leads to thin-

ning and ectasia.1,2 The keratoconus prevalence rate in
the general population has been reported to be around
54.5 and 86 per 100 000 in the general population in the
United States and Northern Europe, respectively.3,4

However, with improvements in diagnostic imaging via
the introduction of Scheimpflug technology, and with
better clinician and patient awareness, this figure is
expected to be much higher. The prevalence of
keratoconus has also been shown to be dependent on
region and ethnicity.5 Studies from the Middle East show
a prevalence of 2.3% and 3.3% for developing keratoconus
in both Israeli and Lebanese populations, respectively.6,7

Blacks and Latinos in the United States are at 50%
higher odds and Asians are at lower odds to have the
disease as compared to whites.8 In the pediatric population,
the prevalence of keratoconus in higher-risk regions and
ethnicities varies from 1.8% in Mexico9 to 4.79% in Saudi
Arabia,10 indicating that disease development can begin at
younger age.
The presence of a positive family history of keratoconus

in patients with the disease ranges between 3% and 21%
based on ethnicity and region.11–13 This high prevalence
rate puts relatives of keratoconus patients in a much
higher risk bracket than the general population.
However, no prevalence data are available for pediatric
family members, in whom we suspect high prevalence
rates. Identifying very early keratoconus in this age
group, known to have high progression rate, could lead to
better vision preservation through corneal cross-
linking.14–17 In this study, pediatric first-degree relatives
of patients with established keratoconus were evaluated
for topographic, tomographic, and refractive features of
keratoconus.
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METHODS

THIS CROSS-SECTIONAL STUDY WAS CONDUCTED AT THE

American University of Beirut Medical Center and was
approved by the Institutional Review Board (Protocol#
OPH.SA.04) and adhered to the tenets of the Declaration
of Helsinki.

� PATIENT CHARACTERISTICS AND DATA COLLECTION:

From 2013 to 2017, patients diagnosed with keratoconus
at the ophthalmology clinics at the American University
of Beirut Medical Center were informed about our research
and asked to provide the contacts of their first-degree rela-
tives aged 6-18 years (ie, offspring and siblings). Potential
participants were then contacted and enrolled in the study,
after obtaining informed consent and assent. The study
consisted of performing bilateral corneal tomography, un-
corrected distance visual acuity, manifest refraction with
corrected distance visual acuity, slit-lamp biomicroscopy,
and fundus examination.

Keratoconus was diagnosed based on clinical and tomo-
graphic data. The former included distortion of retino-
scopic red reflex, and slit-lamp findings such as stromal
thinning, Fleisher ring, Vogt striae, and conical protrusion.
The latter consisted of analysis of the anterior curvature
indices, posterior elevation values, best-fit sphere (BFS)
and best-fit toric asphere, tomographic astigmatism, thin-
nest pachymetry, and simulated keratometric values
(SimK) as measured by the Galilei Dual Scheimpflug Plac-
ido system (Galilei DSA; Ziemer, Port, Switzerland). Both
eyes of all patients were included. Both an objective and a
subjective analysis of the tomography maps were
performed. The former method used Smadja’s decision
tree, which evaluates many variables such as the aspheric-
ity asymmetry index from the best-fit toric asphere maps,
the inferior-superior (I-S) value, corneal volume, and the
maximum anterior elevation at the thinnest point in the
BFS.18 The keratoconus sensitivity and specificity of Smad-
ja’s decision tree is 100% and 99.5%, respectively.18 The
subjective interpretation of tomography maps relied on
anterior corneal curvature asymmetry and posterior surface
abnormality. The former included major criteria such as
skewed radial axis >20 degrees, I-S value of more than
2.38 diopters (D), and keratoconus predicting index
(KPI) >30%. Minor criteria consisted of inferior steep-
ening of at least 1 D, asymmetric bowtie pattern without
skewed radial axis, I-S value of more than 1.4 D but less
than 2.3 D, and KPI >18.5% but <30%. A KPI >18.5%
was reported to be 96.2% sensitive and 95.2% specific.19

Posterior surface abnormality consisted of having highest
posterior elevation point of >18 mm in the 3-mm central
zone area.20 The diagnosis of keratoconus was based on at
least 2 major anterior corneal curvature asymmetry criteria
or 1 major or 2 minor criteria along with posterior surface
abnormality. Keratoconus suspect was defined as a tomo-
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graphic pattern that was deemed borderline, but not defin-
itive of keratoconus, and typically consisted of posterior
surface abnormality without any anterior curvature asym-
metry criteria, or only 1 major or 2 minor anterior criteria
without a clear posterior surface abnormality.
The topographic outputs of all participants were evalu-

ated by 2 examiners who are well experienced in cornea
and refractive surgery. The first examiner (S.A.) designed
the study, examined the patients, and later graded their to-
mographies. To minimize bias, another examiner of a
different institutional background (A.S.) and who was
not an investigator in the study was asked to independently
evaluate the tomographies of all participants after data
collection was completed. The demographic data, refrac-
tive outcomes, and the evaluation of the first examiner
were not shared with the second examiner. Both examiners
were masked to the classification obtained using Smadja’s
decision tree system.
The patient exclusion criteria for the study were soft con-

tact lens use in the past 2 weeks or rigid gas-permeable lens
wear within 4 weeks, history of prior ocular surgery or infec-
tious keratitis, and unreliable corneal tomography. The
latter was defined as any tomography from either eye that
does not pass the manufacturer’s quality check, or in which
the eyelids override the corneal limbus. Patients with
abnormal or suspicious findings were provided with contact
information of cornea surgeons at the study institution for
further follow-up and management.

� STATISTICAL ANALYSIS: The minimum sample size was
based on an assumed average prevalence of first-degree fam-
ily history of keratoconus of 3.3% as reported by Wang and
associates21 and a 90% confidence interval, with 2% error
on the mean. The final prevalence was calculated in terms
of diagnosed patients and not eyes, so if 1 eye was labeled as
keratoconus, then the patient was diagnosed as having
keratoconus. Descriptive statistics were used for reporting
prevalence and demographic data. Cohen’s kappa coeffi-
cient was used to analyze the inter-examiner agreement be-
tween the 2 cornea specialists in assigning participants into
keratoconus, keratoconus suspect, and normal categories.22

Statistical analyses were performed on Microsoft Excel
(v.16.16; Microsoft Corp) and GraphPad Prism (v.7.0d;
GraphPad Software, San Diego, California, USA).
RESULTS

ONEHUNDREDNINETY-NINE PEDIATRIC FIRST-DEGREERELA-

tives of 124 patients were originally evaluated, of which
183 pediatric patients (366 eyes) of 177 first-degree rela-
tives were included in the study. The mean age of the par-
ticipants was 12.96 4.5 years (range 6-18 years). Themean
refractive spherical equivalent and the mean refractive
NOVEMBER 2019OPHTHALMOLOGY



TABLE 1. Demographics of Pediatric First-Degree Relatives of Keratoconus Patients and the Prevalence of Keratoconus in These
Patients by Age Group as Classified by the 2 Examiners and Smadja’s Decision Tree

Age (Years) Male, N (%) Female, N (%) Total, N (%)

Keratoconus Prevalence,

N (%) (Subjective Evaluation)

Keratoconus Prevalence,

N (%) (Smadja’s Decision Tree)

6-11 51 (65.4%) 27 (34.6%) 78 (42.6%) 9 (11.5) 12 (15.5)

12-15 27 (54.0%) 23 (46.0%) 50 (27.3%) 9 (18.0) 9 (18.0)

16-18 27 (49.1%) 28 (50.9%) 55 (30.1%) 14 (25.5) 14 (25.5)

Total 105 (57.4%) 78 (42.6%) 183 (100%) 32 (17.5) 35 (19.1)

TABLE 2. Eyes Classified by the 2 Masked Examiners

Independently Before Cohen’s Kappa Agreement

Parameters Examiner 1 Examiner 2 Common Cases

Both eyes KC 20 23 20

Both eyes KCS 8 11 6

KC OD and N OS 4 2 2

KCS OD and N OS 6 1 1

N OD and KC OS 1 1 1

N OD and KCS OS 11 6 6

KC OD and KCS OS 5 5 4

KCS OD and KC OS 1 0 0

KC ¼ keratoconus; KCS ¼ keratoconus suspect; N ¼ Normal.
cylinder were -0.3 6 2.2 D and -1.0 6 1.5 D, respectively,
for the right eye and -0.26 2.0 D and -0.96 1.1 D, respec-
tively, for the left eye.

The demographics of the patients, along with the num-
ber and prevalence of keratoconus among them based on
subjective and objective tomography evaluation, are sum-
marized in Table 1. The mean refractive spherical equiva-
lent and the mean refractive cylinder were -1.66 2.7 D and
-2.1 6 2.6 D, respectively, for the right eye and -1.7 6 2.6
D and -1.8 6 1.7 D, respectively, for the left eye. Thirty-
five patients were labeled as keratoconus by the Smadja de-
cision tree system, making the prevalence of keratoconus
19.1%, while the prevalence of keratoconus suspect was
11.5% (21 patients). The subjective evaluation performed
by the 2 examiners, after adjusting for Cohen’s k coeffi-
cient, revealed a keratoconus prevalence of 17.5% (32
eyes), of which 37.5% were unilateral. Of the study partic-
ipants, 16.9% had consanguineous parents, 10.3% of whom
had keratoconus. The mean number of first-degree relatives
per keratoconus patient approached in the clinics was 1.6
6 0.9 (range 1-4). Individual keratoconus prevalence
values were 16.4% for examiner 1 and 16.9% for examiner
2 (P ¼ .89), approximately 1 in 6 patients for both exam-
iners. There was an agreement in diagnosis between the 2
examiners with a Cohen’s k of 0.81 6 0.04, and a 95%
confidence interval of 0.74-0.88, indicating very good
VOL. 207 TOMOGRAPHY AND REFRACTION
agreement.22 Table 2 shows the exact cases that the 2 ex-
aminers agreed upon. The disputed cases were jointly eval-
uated in order to reach a consensus, and a concordance
between examiners was obtained in all cases. In parallel,
mere analysis of anterior curvature indices alone revealed
that 13.7% and 21.9% of the sampled pediatric first-
degree relatives had at least 1 eye with KPI more than
30% and 18.5%, respectively. These objective figures are
close to the final prevalence values determined by the 2 ex-
aminers (17.5%).
As shown in Table 3, the average values of maximal

keratometry (Kmax) (48.0 6 5.8 D vs 45.5 6 1.5 D; P
< .0001) and BFS maximal posterior elevation within
the 3-mm central area (25.6 6 18.5 mm vs 9.4 6
5.7 mm; P < .001) were significantly higher in keratoconus
subjects as opposed to subjects labeled as nonkeratoconus.
In addition, Kmax values increased as the age group
increased from the youngest to the eldest, in contradistinc-
tion to the thinnest pachymetry values, which tended to
decrease with the increase in the age groups.
DISCUSSION

IN THIS STUDY, THE PREVALENCE OF KERATOCONUS OF

17.5%-19.1% in pediatric first-degree relatives aged 6-18
years of patients with keratoconus is 5 times higher than
the 3.3% prevalence rate estimated in a group of Lebanese
medical students with a mean age of 23.6 years,7 and 4
times higher than the recently published figure of 4.8%
in the general pediatric population in Saudi Arabia.10

This calculated prevalence rate is much higher than the
3.3% reported in first-degree relatives older than 13 years
by Wang and associates in 2000.21 The reason for the
latter difference can be attributed to older screening tech-
nology at the time of the latter study and possibly popula-
tion ethnic and genetic differences. For instance, the
reported family history in the United States in patients
with keratoconus was 6% in 19963 and 18% in 2008.23

Additionally, in Scotland, the reported positive family
history in patients with keratoconus is 5% in whites and
73IN PEDIATRIC KERATOCONUS
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25% for Asians.24 In New Zealand, the rate is 3.5% in Eu-
ropeans, 17.7% in Pacific Islanders, and 21% in Asians.13

The reported rate in France is 12%-15%,25 while that in
Saudi Arabia is 16%.11

There was also evidence of increase in prevalence and
worsening in disease severity among increasing age
groups. The prevalence rates in our study were 11.5%-
15.5% in participants between 6 and 11 years of age
based on subjective and objective tomography analysis,
respectively, 18.0% in those between 12 and 15 years,
and 25.5% in those between 16 and 18 years
(Table 1). These prevalence rates were mirrored by a
progression in all tomographic parameters, including
Kmax, posterior elevation, and thinnest pachymetry
(Table 3). This increase in severity coupled with an in-
crease in prevalence in the 3 categories may point to a
likely progressive disease in childhood. In addition, prev-
alence of unilateral tomographic keratoconus of 37.5%
in our study, with a mean population age of 12.9 years,
is much higher than the value of 4.5% reported in the
general population.26 It is also higher than the 11.2%
in the pediatric population in Mexico with a mean age
of 16.1 years.9 This high rate of unilateral tomographic
keratoconus reflects the high likelihood for the tomo-
graphically normal eye to progress to keratoconus later
in life. This explains the lower unilateral rates reported
in older keratoconus subjects2,9,23,27 and is in
agreement with the high disease progression rates
reported in pediatric keratoconus patients.14

However, an alarming finding in our study is the high
prevalence of keratoconus in subjects aged 6-11 years,
reaching 11.5%-15.5%. In comparison, the prevalence
was 1.1% in the general pediatric population of the same
age group in Riyadh.10 This conveys a 10-fold increase in
the risk of keratoconus in pediatric first-degree relatives
as opposed to the general pediatric population of similar
ethnicity and same global region.
Interestingly, there were several patients displaying some

abnormal tomographic parametric values, yet they were
graded as normal by both examiners. For instance, 2 mono-
zygotic twin sisters of a brother with established keratoco-
nus had tomographies displaying very thin corneas and
regular astigmatism, with very little variability between
the 2 subjects. However, both had normal anterior and pos-
terior elevation values and were graded as nonkeratoconus
corneas by both examiners. Whether these patients are at a
higher risk to develop keratoconus remains to be deter-
mined.
Even though only good-quality measurements were

selected, the participants belonged to a pediatric popula-
tion including patients as young as 6 years of age, where
mild interferences like motion, eyelid shadow, and eyelid
covering the peripheral cornea could not be completely
eliminated. Another limitation is consanguinity rate,
which might be higher than other populations.28 The crite-
rion of classifying patients in the keratoconus suspect group
NOVEMBER 2019OPHTHALMOLOGY



was to a certain extent a subjective criterion, even after it
was discussed and agreed upon by the 2 examiners of
different training backgrounds. However, this is the main
shortcoming of any keratoconus screening method. Finally,
genetic pooling is also a factor that should be taken into
consideration.29 For all the above-mentioned reasons, we
expect a higher rate of false-positives than generally ex-
pected from mere specificity figures of any used test, both
objective and subjective, and this should be taken into
consideration when interpreting the results of this study.
VOL. 207 TOMOGRAPHY AND REFRACTION
In conclusion, our results point to a high keratoconus
prevalence in the pediatric first-degree relatives of
keratoconus patients. This population is most vulnerable
to disease progression, hence the importance of identi-
fying and diagnosing patients in this segment as early
as possible. This stands true for the youngest, even
those aged 11 years and below. Similar studies performed
in different parts of the world could evaluate the gener-
alizability of our results to different ethnicities and
regions.
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