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Fourteen years follow-up of a stable s

unilateral Keratoconus: unique case report
of clinical, tomographical and biomechanical
stability

Alain Saad'?, Maria Rizk' and Damien Gatinel'"

Abstract

Background: Keratoconus (KC) is a noninflammatory corneal ectatic disorder. In 2015, the Global Consensus on Kera-
toconus and Ectatic Diseases agreed that the pathophysiology of KC includes environmental, biomechanical, genetic,
and biochemical disorders on one hand, and that true unilateral KC does not exist on the other hand. However, with
the increasingly advancements in detection methods, we report the first case of a stable unilateral keratoconus with
the longest follow up period of 14 years (2006-2020). We used topographic, tomographic, and biomechanical values
for both eyes over the years to confirm the diagnosis, which has never been done before. Our study focuses on a
single patient therefore it illustrates the mere possibility that unilateral keratoconus exists.

Case presentation: \We present the case of a 19-year-old male with no previous ocular or general health condi-
tions who presented to our clinic in November 2006 for incidental finding of decreased vision of the right eye (OD)
on a routine examination. Topographies, tomographies, and biomechanical analysis of both eyes were obtained and
showed a unilateral right keratoconus at the time. Patient admitted to unilateral right eye rubbing. Although we
cannot prove that previous eye rubbing alone led to these initial symptoms, he was advised to stop rubbing and was
followed up without any intervention for fourteen years during which topographic, tomographic, and biomechanical
values for both eyes remained stable, proving for the first time that unilateral KC could exist.

Conclusion: We think that the data we are presenting is important because acknowledging that true unilateral kera-
toconus exists questions the genetic or primary biomechanical etiology of keratoconus versus the secondary biome-

chanical etiologies like eye rubbing. Our report also shows the importance of corneal biomechanics in detecting early
changes. This is important to detect early, prevent progression, and tailor treatment.
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Background

Keratoconus (KC) is a noninflammatory corneal ectatic
disorder, characterized by steepening of the cornea asso-
ciated with progressive stromal thinning and loss of best
spectacle-corrected visual acuity. It is a relatively rare

*Correspondence: gatinel@gmail.com disorder and its prevalence varies from 0.002% to 0.3%
' Department of Ophthalmology, Rothschild Foundation Hospital, 25, Rue depending on the studied population. I.n 2915’ the Global
Manin, 75019 Paris, France Consensus on Keratoconus and Ectatic Diseases agreed
Full list of author information is available at the end of the article that the pathophysiology of KC includes environmental,

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visithttp://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12886-022-02412-z&domain=pdf

Saad et al. BMC Ophthalmology

Page 2 of 10

Keratometric

0.50 Auto Color §

0.005 mm Color Steps
Anterior

0.50 Auto Color Steps

Fig. 1 A, BTopography (Orbscan) OD in 2006 (A) remaining unchanged in 2020 (B) showing keratoconic changes with an inferior steepening and

thinning

Elevation BFS

11/6/2006 7:08:39 PM

Ml Fondation A.de ROTHSCHILD 75

Sim K'sastig: 870 @172 deg
Max: 48.0D @172 deg
Min: 39.3D @82 deg
3.0 MM Zone: Irreg: +7.9D
MeanPwr 441 +7.0D
Astig Pwr 68 +38D
Steep Axis 170 =33 deg
Flat Axis 76 + 33 deg
5.0 MM Zone: Irreg: +7.9D
Mean Pwr 436 67D
Astig Pwr 1.6 +41D
Steep Axis 114 =43 deg
Flat Axis 77 +42deg
White-to-White [mm] : 12.3

Pupil Diameter [mm] : 5.5
Thinnest : 46 @(-0.2,-1.2)
ACD (Ep): 4.11 fnm

Kappa: 4.25° @ 213.85°

Kappa Intercept : -0.56, 0.31

6.56mm/51.5D

S
N1 Y4156 M30857
06/16/2020 11:03:30 AM

Fondation A.de ROTHSCHILD 75
Sim K'sAstig: 80D @ 170 deg
Max: 47.5D @ 170 deg

Min: 39.6 D @ 80 deg

3.0 MM Zone: Irreg:
Mean Pwr 44.3
Astig Pwr 6.6
Steep Axis 168
Flat Axis 77

+7.7D
+6.8D
+36D
+ 33 deg
+ 32 deg

5.0 MM Zone: lIrreg:
Mean Pwr 43.6
Astig Pwr 1.3
Steep Axis 129
Flat Axis 79

+7.6D
+6.3D
+42D
+ 41 deg
+ 40 deg

White-to-White [mm] :
Pupil Diameter [mm] :

12.2
3.8

Thinnest : 506 um @ (-0.7, -0.7 )
ACD (Endo): 3.36 mm

Kappa : 4.41° @ 201.22°

Kappa Intercept : -0.62, 0.47

+

Axial Power

0.92 Pachymetry

0.005 mm Color Step

20 mic Color Steps|




Saad et al. BMC Ophthalmology

(2022) 22:245

Page 3 of 10

Keratometric -

0.25 Auto Color S

Keratometric
0.25 Auto Color Steps
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Fig. 3 A, B Ocular Response Analyzer (ORA) in 2014 (A) and in 2020 (B) showing stable biomechanical values over the years OU
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biomechanical, genetic, and biochemical disorders [1].
In 2016, Gatinel hypothesized that the biomechanical
changes seen in KC cannot occur without chronic eye
rubbing [2]. On the other hand, the global consensus also
agreed that true unilateral KC does not exist [1]. In fact,
KC is known to be a bilateral disease. However, even with
the increasingly advanced detection methods, there are
reports of true unilateral KC with a frequency ranging
from 0.5% to 4%. In this case report, we report a case of
stable unilateral keratoconus that has been followed for
14 years (2006—2020). Unilateral keratoconus has been
described previously [34], but in our case, we incorporate
topographical, tomographical, and biomechanical val-
ues on one hand, and long term follow up on the other
hand, making this case report unique. The fellow eye in
this patient had no identifiable clinical, tomographic and
biomechanical abnormalities and remains normal and
stable.

Case presentation

A 19-year-old previously healthy male presented to
our clinic in November 2006 for incidental finding of
decreased vision of the right eye (OD) on a routine
examination. He had no prior ophthalmic or familial
history. At the first visit, his best corrected visual acu-
ity (BCVA) was 0.22 logMAR (-6.50+7.50 x 0) OD
and 0 logMAR (-1.2540.25 x 135) in the left eye (OS).

The intraocular pressure was 14 mm Hg in both eyes
(OU). Slit-lamp examination and fundoscopy were
within normal limits OU. Corneal tomography (Orb-
scan, Baush and Lomb) OD showed a crab claw like
appearance inferiorly with inferior decentration of the
thinnest corneal point (456 um) and a Kmax of 48.4 D
(Fig. 1-A). Corneal tomography OS, however, showed a
perfectly regular cornea with a thinnest pachymetry of
531 pm, a centered thinnest point and a Kmax of 41.3
D (Fig. 2-A). Patient admitted to unilateral right eye
rubbing. He was counseled to avoid sleeping with pres-
sure on his eyes and to strictly stop eye rubbing. Bio-
mechanical analysis using Ocular Response Analyzer
(ORA, Reichert) confirmed the presumptive diagnosis,
showing keratoconic changes in the right eye and nor-
mal findings in the left eye (Fig. 3-A).

The patient was diagnosed with a unilateral right
keratoconus and was given eyeglasses to improve
his right eye visual acuity as a first step. Artificial
tears and anti-allergic eyedrops (Ketotifen 0.25 mg/
ml) were also prescribed as permanent treatment.
No further intervention was made at the time and
the patient came back to clinic for annual follow ups
over the years. During the 14 years of follow up we
had with this patient, his refraction and visual acuity,
as well as his topographies (Fig. 4, A-B), tomogra-
phies (last Pentacam images OU showing keratoconic
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Fig. 4 A, B Differential maps OD (A) and OS (B) between 2006 and 2020
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changes OD and normal anterior and posterior ele-
vations OS in Figs. 5 and 6) and biomechanical prop-
erties remained stable OU (Figs. 1-B, 2-B, 4-B). To
further add evidence on normal posterior float of
the left eye over the years, we have also included pic-
tures of the Belin-Ambrosio enhanced ectasia report
of both eyes that are strictly normal in the left eye
(Fig. 7 A-B). Notably, biomechanical values on ORA
including corneal hysteresis (CH) and corneal resist-
ance factor (CRF) remained stable in both the kera-
toconic right eye and the normal left eye (Fig. 3-B).
Also, we proved stability of the left normal eye over
time using the SCORE Analyzer software which
showed no signs of early forme keratoconus in the
left eye [5] (Fig. 8 A-B). Facing this stability over
the years, no treatment was needed so far. We thus
maintained our presumptive primary diagnosis of
non-progressive true unilateral right keratoconus.

Discussion

The incidence of reported unilateral keratoconus
varies depending on the methods used for diagno-
sis. Standard teaching is that keratoconus patients
eventually develop bilateral disease if the patients
are observed for a long enough period of time [6].
However, despite increasingly sensitive topographic,
tomographic and biomechanical diagnostic methods,
not all the fellow eyes of patients with unilateral kera-
toconus on diagnosis have identifiable abnormalities,
even after long follow ups. Our case report is unique
since it incorporates several imaging modalities dur-
ing the follow up period of 14 years including corneal
biomechanics which has never been reported before.
It is thus the longest combination of topographic,
tomographic and biomechanical follow up of a nor-
mal fellow eye in a unilateral keratoconus patient.
Corneal biomechanics can predict early subtle
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corneal changes and thus can indicate early kerato-
conus. They are believed to be the first manifestation
of keratoconus [678]. Having stable and within nor-
mal limits corneal biomechanics in the fellow normal
eye of our patient reinforces the fact that mechani-
cal trauma to the eye, such as rubbing, can induce
ectasia on its own, as previously suggested by Gatinel
[2]. Previously reported unilateral keratoconus cases
either only included topographies as a non-clinical
diagnosis, [34] or follow up time that was not long
enough to confirm or infirm the hypothesis of unilat-
eral keratoconus, or most importantly did not include
secondary causes of keratoconus like eye rubbing in
their inclusion criteria [4]. In fact, eye rubbing is an
essential factor to consider, especially when dealing
with true unilateral keratoconus as demonstrated in

our patient. Not only does it indicate a risk factor we
can act on to prevent progression, but it also means
that primary biomechanical etiology has implica-
tions for understanding the pathophysiology of kera-
toconus. This case raises questions concerning the
consensus statement in 2015 that true unilateral kera-
toconus does not exist.

This is important because acknowledging that
true unilateral keratoconus may exist questions the
genetic or primary biomechanical etiology of kera-
toconus versus the secondary biomechanical eti-
ologies. The importance of corneal biomechanics
plays a role in detecting early changes. This can have
implications on understanding the pathophysiology
of keratoconus to better tailor the treatment and
predict the prognosis.
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