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Late-onset progression of keratoconus
after therapy with selective tissue
estrogenic activity regulator
Emilio A. Torres-Netto, MD, J. Bradley Randleman, MD, Nikki L. Hafezi, MAS IP ETHZ, Farhad Hafezi, MD, PhD
We describe the association of rapid progression of keratoconus in
a 49-year-old woman on selective tissue estrogenic activity
regulator (STEAR) therapy for endometriosis. Approximately
4 months after initiation of therapy with STEAR therapy and
3 months after ovariectomy, Scheimpflug images showed a
massive increase in the previously stable ectasia. During this
period, the maximum increase in the keratometry values was 2.7
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diopters (D) in the right eye and 3.8 D in the left eye. Corneal
crosslinking (CXL) was performed in both eyes. This resulted in
excessive flattening of 5.5 D in the right eye and 6.1 D in the left
eye at 9 months postoperatively. Patients having STEAR therapy
must be monitored closely for corneal changes.
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Keratoconus is characterized by corneal biomechan-
ical weakness that leads to progressive thinning and
bulging. The first study on prevalence, published in

1986, reported a rate of 1 in 2000 patients (0.05%) in a
population in Minnesota, United States.1 However, the
advent of modern screening technology has shown that
keratoconus might be more prevalent, accounting for up
to 1 in 21 people (4.79%) in certain regions such as Saudi
Arabia.2 A recent nationwide epidemiologic study in the
Netherlands3 reported a prevalence of 1 in 377 patients
(0.27%). Although there is no overall consensus, keratoco-
nus progression is generally defined as a combination of
progressive focal thinning and steepening of the anterior
and/or posterior corneal surface.4

Alterations in corneal biomechanics can be directly
influenced by hormonal interactions.5 Although the cornea
expresses hormone receptors,6 it is unclear how hormones
change tissue properties to the point of promoting
steepening and thinning. Reports of corneal topographic
changes detected during pregnancy or during in vitro
fertilization7-10 exemplify how such hormonal interaction
has been observed clinically.
We report a case of late-onset keratoconus progression in
a 49-year-old woman with previously stable keratoconus
who started treatment for endometriosis using estrogenic
activity regulator with tibolone.
CASE REPORT
A 49-year-old woman presented with bilateral keratoconus that
had been stable for the previous 10 years based on refraction
and the corrected distance visual acuity (CDVA). The patient
had no comorbidities other than endometriosis, and at present
she was not using systemic or topical medication. Keratoconus
was confirmed by Scheimpflug imaging (Pentacam, Oculus
Optikger€ate GmbH) (Figure 1, A). The CDVA was 20/30 in
both eyes, and the subjective refraction was �2.25 �3.75 � 170
in the right eye and �4.00 �3.25 � 180 in the left eye.
Three months after the first visit, the patient returned with no

complaints. This consultation followed 28 days of oral tibolone
administration (2.5 mg per day) and 17 days after a bilateral
ovariectomy performed for endometriosis. During the same visit,
a new Scheimpflug image showed mild flattening of the maximum
keratometry (K) of 1.2 diopters (D) in the right eye and 2.5 D in
the left eye (Figure 1, B). Faced with this topographic variation
in such a short time, the patient was asked to return in 3 months
for a control visit.
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Figure 1. Scheimpflug images
showing the anterior corneal
curvature in both eyes. A: Stable
keratoconus for the previous
10 years without the use of
medications. B: After 28 days of
oral tibolone administration and
17 days after bilateral ovariec-
tomy. C: Approximately 4 months
after initiation of STEAR therapy,
a massive progression of kerato-
conus is observed. D: Corneal
remodeling 9 months after CXL
(CXL Z corneal crosslinking;
STEAR Z selective tissue estro-
genic activity regulator).
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Three months after that visit, the patient, having continuously
used oral tibolone for approximately 4 months, returned reporting
progressively blurry vision in both eyes for the past 2 months.
Subjective refraction changed to �2.00 �5.50 � 170 (CDVA
20/20) in the right eye and �4.25 �3.75 � 180 (CDVA 20/50)
in the left eye. On tomographic examination, both eyes had
corneal thinning and corneal steepening with the maximum
K value increasing by 2.6 D in the right eye and 2.9 D in the left
eye (Figure 1, C). The differential map showed maximum inferior
steepening of 2.7 D and 3.8 D, respectively.
Based on the excessive bilateral topographic progression and

reduced visual acuity in the left eye, CXL was proposed.
Corneal crosslinking was performed in both eyes (first in the
left eye) within a 1-week interval. The procedures were
performed as follows: After epithelial removal using an
Epi-Clear device (Epi-Bowman Keratectomy), hypoosmolar
riboflavin 0.1% (RicrolinC) was instilled every 2 minutes to
Table 1. Summary of clinic and tomography data.

Follow-up Figure

STEAR

Therapy CXL (

0 mo 1A No

3 mo 1B 28 d

6 mo 1C 4 mo

13 mo d 11 mo Af

16 mo 1D 14 mo Af

CDVA Z corrected distance visual acuity (spectacles); Corneal Vol Z corneal vo
Kmax Z maximum anterior keratometry; Min Pachy Z minimum thickness; STE
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soak the cornea for 20 minutes; the cornea was then exposed
to continuous ultraviolet-A light irradiance of 9 mW/cm2 for
10 minutes (total fluence 5.4 J/cm2). The postoperative period
was uneventful.
Six months after bilateral CXL, the patient reported improved

vision bilaterally. The CDVA was 20/16 in both eyes, and the
subjective refraction was �1.50 �1.75 � 170 in the right eye
and �2.75 �1.25 � 180 in the left eye. The maximum K value
had decreased by 5.5 D and by 6.1 D, respectively. At the last visit
9 months after CXL, the patient presented with stable refraction
and similar topography (Figure 1, D).
The patient was followed by a gynecologist and did not develop

complications other than the keratoconus progression. From the
start of tibolone administration over the entire period described,
including during and after CXL, the patient continued to use
tibolone regularly. Table 1 shows the clinical and tomography
data throughout the follow-up.
Before/After) Eye CDVA

Before R 20/30

L 20/30

Before R 20/30

L 20/30

Before R 20/20

L 20/50

ter (6 mo) R 20/16

L 20/16

ter (9 mo) R 20/16

L 20/20

lume; CXL Z corneal crosslinking; Km Z medium anterior keratometry;
AR Z selective tissue estrogenic activity regulator
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DISCUSSION
Hormonal variations have been associated with the patho-
physiology of keratoconus. Results in several studies5,7,11

suggest an association between hormonal levels and topo-
graphic variation. Moreover, there is increasing evidence
that changes in the estrogen level play a role in corneal
biomechanics.12,13

In the case reported here, excessive bilateral and late-
onset progression of keratoconus occurred in previously
stable eyes of a 49-year-old patient after selective tissue
estrogenic activity regulator (STEAR) therapy. We believe
that the STEAR therapy was a triggering factor because
usually the onset of keratoconus is during puberty and
the disease stabilizes in the third or fourth decade of
life.14 Also, the patient had been diagnosed with
keratoconus 10 years previously and the disease had
remained clinically stable based on CDVA and refraction.
Tibolone is a selective estrogen activity regulator.15

Because it does not present with an aromatic A-ring, its
chemical structure is slightly different from that of
estrogen. As a result of metabolism, tibolone is rapidly
converted to 3a- and 3b-hydroxy-tibolone, both of which
have an estrogenic effect.16 Even though the mechanism
by which estrogen alters biomechanics has not been
established, some findings provide relevant information.
Reduced levels of markers, such as type-I collagen
C-telopeptide, have been shown to be a side effect of the
use of tibolone.17 In addition, in vivo studies found
that estrogen receptors are capable of modifying the
biosynthesis of collagen18 and glycosaminoglycans.19

Such components are known to play a central role in
corneal stromal composition and therefore in corneal
biomechanics. Last, Spoerl et al.,12 in 2007, reported that
direct exposure of estradiol in ex vivo porcine corneas
reduced biomechanical stability.
Table 1. (Cont.)

Subjective Refraction

Sphere (D) Cylinder (D) Axis (�) Kmax (D

�2.25 �3.75 170 50.6

�4.00 �3.25 180 50.9

d d d 49.4

d d d 48.4

�2.00 �5.50 170 52.0

�4.25 �3.75 180 51.3

�1.50 �1.75 170 46.1

�2.75 �1.25 180 44.8

�1.75 �1.50 170 46.5

�3.00 �1.25 180 45.2
Clinically, estrogen has also been associated with out-
comes similar to the case described here. In a retrospective
evaluation of keratoconus patients who received drugs to
increase estrogen levels during in vitro fertilization
treatment,7 keratoconus progression was detected in all 6
eyes of the 3 patients who were reviewed. In that study,
the mean age of the patients was 32 years, while our patient
was 49 years old. The physiological changes involving
estrogen that occur during menopause suggest that discrete
changes in corneal curvature can occur as a result of the
hormonal variation.20

After the patient used tibolone for approximately
4months, therewas a significant progression of keratoconus.
During the first 28 days, onlymild anterior surface flattening
was observed; however, this was followed by corneal
thinning and a significant increase in inferior K values over
the next 3 months. Even if some variability exists in repeat
measurements in keratoconic eyes, the variation in both
eyes of our patient exceeds normal deviation values.21

Similar to the significant corneal steepening that led to the
decision to perform CXL, we noticed severe bilateral
flattening in anterior corneal curvature after CXL. In the
Dresden protocol, follow-up of CXL patients usually shows
a mean regression of K values by 2.6 D 1 year postopera-
tively.22 Although we would expect a lower stiffening effect
with accelerated CXL,23 our patient had excessive postoper-
ative corneal remodeling, with flattening of 5.5D in the right
eye and 6.1D in the left eye.Given the relatively short follow-
up in our case, the flattening might continue with time.24,25

In summary, we report a case in which there was an associ-
ation between the use of a selective estrogen activity regulator
and the onset of progressive keratoconus in a 49-year-old
woman.Althoughmore studies are needed to verify the causal
effect of tibolone observed here, our case suggests the corneas
of patients on STEAR therapy must be closely monitored.
Tomography Data

) Km (D) Min Pachy (mm)

Corneal

Vol (mm3)

45.9 541 58.6

45.7 564 59.0

45.6 553 58.6

45.5 559 58.4

46.5 524 57.4

46.3 537 56.3

44.0 549 59.7

43.3 552 59.4

43.9 549 59.3

43.5 552 59.4
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