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Abstract

Purpose: Use the anterior segment optical coherence tomography (AS-OCT) to evaluate the
tear meniscus parameters, total corneal thickness (CT), and epithelial thickness in active and
inactive thyroid eye disease (TED) patients and compare them with age-matched controls.
Patients and methods: This is a prospective case-control clinical study in which the subjects
were divided into three groups, group | of inactive thyroid patients, group Il of active thyroid patients,
and group IIl of healthy controls. The AS-OCT was used to measure lower tear meniscus
parameters (tear meniscus height (TMH), tear meniscus depth (TMD), and tear meniscus area
(TMA)), total CT, and epithelial thickness. Results: All tear meniscus parameters (TMH, TMD,
and TMA) were reduced in groups | and Il with more reduction in group Il with no significant
difference between them with a significant difference when comparing groups | and Il with group
Ill. The mean total CT was 496.7+19.9 in group |, 497.8+20.6 in group Il, and 520.3+23.9 in group I
with no significant difference (p-value = 0.757) between groups | and Il while there was a
significant difference when compared with healthy controls. The mean epithelial thickness was
46.5+2.6 in group |, 47.3£2.7 in group Il, and 53.2+4.5 in group IIl with no significant difference
between groups | and Il while there was a significant difference when compared with healthy control.
Conclusion: TED patients had reduced tear film parameters regardless of the thyroid activity, also
the total CT and epithelial thickness was thinner in comparison with healthy controls.
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1. Introduction

Thyroid eye disease (TED), also similar to those seen in patients with dry
known as Thyroid associated orbitopathy eye disease (DED) [1-3]. Patients with TED
(TAO), is an autoimmune illness that causes have a high prevalence of dry eye, with
inflammation, edema, and fibrosis in the 65-85 % of them reporting symptoms
orbital tissue. In adults, it is the most fre- [4]. The mechanism explaining the link
quent orbital illness. TAO affects about between TED and DED is not entirely
16 women and 3 males in every 100,000 established, although the correlation is
people. Patients with TED suffer ocular well-documented [5,6]. Schirmer's and
discomfort symptoms such as irritation fluorescein tear breakup time (TBUT)
and a foreign body sensation, which are tests are two common clinical procedures
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for evaluating the tear film that are used
to investigate DED. They are, however,
not always accurate, and none of them are
sufficient for diagnosis on their own [7].
Optical Coherence Tomography (OCT)
creates detailed cross-sectional images of
the anterior and posterior segments using
low coherence interferometry. OCT is a
non-invasive, real-time method for eva-

2. Patients and Methods

This prospective case-control
clinical study was performed in the
Ophthal-mology  Department, Minia
University Hospital, Egypt between May
2021 and February 2022. Patients were
divided into three groups. Group |
included 70 eyes of 35 patients with
thyroid inactive disease, group Il
included 70 eyes of 35 patients with
thyroid active disease, and group Il
included 70 eyes of 35 healthy controls.
The study was approved by the local
ethics committee of the faculty of
medicine of Minia University (Approval
No: 165-2021) after obtaining written
consent from each participant. Our study
aimed to evaluate the thyroid activity on
the tear film, CT, and epithelial thickness.
The included thyroid patients had the
systemic manifestation of graves' disease
and abnormal thyroid functions with age
between 20 to 60 years. The included
patients either had no ocular manifestations
or with TED as upper eyelid retraction,
exophthalmos, typical restrictive strabis-
mus, fluctuating lid edema, or chemosis/
caruncular edema. We excluded patients
younger than 20 or older than 60 years,
presence of systemic diseases such as
2.1. Ophthalmologic examination

All study subjects underwent a
comprehensive ophthalmologic evaluation
including history taking (previous medi-
cation intake, ocular surgery, trauma, and
systemic diseases such as DM and rheumatic
diseases), measurement of uncorrected and
best-corrected using Log MAR charts,
automated refraction, slit-lamp examination,
intraocular pressure measurement, and
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luating the tear meniscus, total corneal
thickness (CT), and corneal epithelial thic-
kness [8,9]. Our study aimed to evaluate
the thyroid activity on the precorneal tear
film and the use of the AS-OCT to
evaluate the tear meniscus parameters,
CT, and epithelial thickness in active and
inactive TED patients and compare them
with age-matched controls.

diabetes mellitus (DM) and autoimmune
diseases such as rheumatoid arthritis (RA)
that may cause dry eye, previous ocular
surgery, and use of contact lenses, smokers,
pregnant women, and breastfeeding women.
The patients were referred from the
endocrinology clinic at Minia University
Hospital. The activity of thyroid disease
was decided by the endocrinologist dep-
ending on the clinical features of thyroid
functions and laboratory levels of T3, T4,
and TSH. Diagnosis of TED was based
on two of the following three criteria: 1)
the presence of immune-related thyroid
dysfunction (Grave's hyperthyroidism, Has-
himoto thyroiditis, and circulating thyroid
antibody) was diagnosed by an endocrin-
ology specialist. 2) Fusiform augmentation
of at least one of the extraocular muscles
was discovered on orbital computed tom-
ography (CT) and/or (3) patients had at
least 1 of the following typical orbital signs:
upper eyelid retraction, exophthalmos,
typical restrictive strabismus, fluctuating
lid edema, or chemosis/caruncular edema
[10]. Control subjects of normal persons
attending to ophthalmology department
for a routine check-up.

fundus examination. Complete orbital
examination with proptosis assessment
by Hertel exophthalmometer (Handaya,
Tokyo, Japan), eyelid examination with
palpebral fissure height of more than 7
mm with exposure of the upper sclera,
and EOM examination to decide the
ocular manifestations of TED.



2.2. AS-OCT technique

Using the Avanti RTVue-XR platform
(Optovue, Fremont, CA, USA) spectral
domain OCT with the add-on lens of the
corneal adaptor module (CAM-L mode:
S/N 43386). All tests were performed at
the same time of the day (between 10
AM to 12 PM ) to avoid confounding
diurnal variation of measurements, in a
2.2.1. Tear meniscus parameters
2.2.1.1. Tear Meniscus Height (TMH)

TMH, expressed in um, and repre-
sented by a line joining the points corres-
ponding to the upper corneo-meniscus
2-Tear Meniscus Depth (TMD)

TMD, expressed in um, and repr-
esented as the distance between the
center of the upper boundary of the tear
3-Tear Meniscus Area (TMA)

TMA, as a triangular area formed
by the corneal anterior boundary, anterior
boundary of the lower eyelid, and anterior

dimly lit room and patients and controls
were instructed not to use any eye drops,
including artificial tear preparations, 2 h
before testing. Multiple scans were
captured until a good image of the tear
meniscus at 6 ‘'o'clock between the
horizontal lid margin and the cornea.

junction to the lower eyelid-meniscus
junction

meniscus and the point at the bottom
boundary where the cornea meets the
eyelid.

borderline of the tear meniscus and
expressed in mm?

2.3.1. Corneal pachymetry and epithelial thickness maps

A computer algorithm automatically
maps the total CT (Pachymetry Map) and
the corneal epithelial thickness (Epithelial
Map) across the central 6 mm of the
corneal surface. Each map is divided into

17 sectors (central, superior, inferior,
superonasal, superotemporal, temporal,
nasal, inferonasal and, inferotemporal).
Only the central zone was used in our
study, fig. (1)
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Figure 1: Pachymetry and epithelial maps; a. group I, b. group 11, ¢c. group IlI
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2.3. Tear Break-up time test (TBUT)

The patient was requested to blink
several times and then look straight ahead
without blinking after a fluorescein strip
(Fluorescein paper, Haag-Streit AG, Koniz,
Switzerland) was put into the lower
conjunctival sac. The tear film was exa-
mined using a slit-lamp biomicroscope
with a cobalt blue filter. In seconds, the
2.4. Schirmer test

Without anesthetic, a 5x35 mm strip
of Schirmer filter paper (Schirmer tear
test, Optitech Eyecare, Allahabad, India)
was gently folded and put over the lower
lid margin at the temporal angle at the
intersection of the middle and lateral
one-third of the eyelid. The patient was
2.5. Methods of statistical analysis

The statistical analysis was done
by using IBM SPSS (Chicago, USA) sta-
tistical package version 20. For quantitative
data: mean and standard deviation (SD)
were used and for qualitative data: numbers
and percentage were used. The comp-

3. Results
3.1. Demographic data

Group | included 11 males and 24
females with a range of age 18 to 42
years, group Il included 15 males and
20 females with a range of age 19 to 40

Table 1: demographic data among studied groups:

Group 11

period between the last blink and the
emergence of dark spots on the pre-
corneal tear film was measured. The
average of three scores was measured
after repeating the test three times. Dry
eye has a cut-off value of 10 seconds.

instructed to close her eyes during the
treatment. The Schirmer | test value was
determined by measuring the wet length
of the strip after 5 minutes in millimeters
(mm). In the Schirmer test (10 mm),
there is a deficit in tear secretion.

arison of quantitative data among three
groups was done by the ANOVA and
post hoc tests. While the comparison of
quantitative data among three groups
was done by the Chi-squared test. P-value
was considered significant if < 0.05.

years, group Il included 17 males and
18 females with a range of age 23 to 40
years, tab. (1)

Group 111

p-value

All
VENTEBIES N=35 patients | N=35 patients | N=35 patients Group | Group | Group Il
Vs VS Vs
group Il | group Il group I

Age: 0.872
mean +SD: 28.4+8.1 27.6%5.1 30.4+5.4
Range: 18-42 19-40 23-40 0.441 0.679 0.784
Sex: n (%) 0.744
Females 24(68.6%) 20(57.1%) 18(51.4%) 0.765 0.621 0.833
Males 11(31.4%) 15(42.9%) 17(48.6%)

3.2. Tear meniscus parameters

All tear meniscus parameters, figs.
(2, 3, 4) were reduced in groups | and Il
with more reduction in group Il with no
significant difference between them in
TMH, TMA, and TMD (0.616, 0.406,

and 0.431 respectively) with a significant
difference when comparing groups | and
I1 with group Il (p-value <0.001) , tab.
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TMH, b. TMA, ¢. TMD.

Figure 4: AS-OCT images of one eye of group Il patients; a. TMH, b. TMA, ¢. TMD.

Group 11

Table 2: Tear meniscus parameters, TBUT and Shirmer's test

Group |

Group Il

. All
R N=70 N=70 N=70 Group I vs | Group Ivs | Group Il vs
Mean £SD Mean +SD Mean +SD group Il group 11 group 11
TMH 339.3+99.5 | 329.1+100.4 | 480.0+154.4 <0.001
0616 | <0.001 | <0.001
TMA 0.04+0.06 0.039+0.02 | 0.06+0.04 0.001
0406 | 0005 | <0.001
™D 244.5+79.3 | 233.0£80.9 | 334.2+98.0 <0.001
0431 | <0.001 | <0.001
BUT 7.6+1.9 7.1+1.7 12.6+0.9 <0.001
0053 | <0001 | <0.001
Shirmer 6.4+1.4 6.4+1.07 13.7+1.09 <0.001
0983 | <0001 | <0.001
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3.3.BUT and Shirmer's test

BUT and Shirmer's tests were
reduced in groups | and Il with more
reduction in group Il with no significant
difference between them (p-value= 0.053

3.4. Total CT and epithelial thickness

The mean total CT was 496.7+19.9
in group 1, 497.8+20.6 in group Il, and
520.3+23.9 in group I with no significant
difference (p-value= 0.757) between
group I and 2 while there was a significant
difference when compared with healthy
controls. The mean epithelial thickness

Table 3: The total CT and epithelial thickness

Group | Group 11 Group Il p-value

and 0.983 respectively) while there was
a significant difference when comparing
groups | and Il with group I11, tab. (2) &
figs.(1, 2, 3)

was 46.5£2.6 in group |, 47.3¥2.7 in
group Il, and 53.2+4.5 in group 1 with
no significant difference (p-value=
0.183) between group | and Il while
there was a significant difference when
compared with healthy control, tab. (3).

. All
Variables N=70 N=70 N=70 Group I'vs | Group Ivs [ Group 11 vs
group I'1 group 11 group I
cT 497.8+20.6 | 496.7+£19.9 | 520.3£23.9 | <0.001
0.757 [<0.001 [ <0.001
Epithelial 47.3+2.7 46.5£2.6 53.2£4.5 <0.001
Thickness 0.183 | <0.001 [ <0.001

4. Discussion

Thyroid problems are prevalent in
diverse parts of Egypt, with a high prop-
ortion of these disorders being observed
in Upper Egypt [11]. Patients with TED
have a significant prevalence of dry eye,
with 65-85 percent of them reporting
symptoms such as visual impairment, ocular
pain, and tear film instability. Reduced
aqueous tear production due to lacrimal
gland involvement; excessive tear evapo-
ration due to increased ocular surface
exposure; high osmolarity of tears, meibo-
mian gland dysfunction due to incomplete
blinking; and abnormal friction between
the ocular surface and the eyelid due to
increased eyelid pressure and ocular
surface inflammation are all suspected
mechanisms for DED development in
TED [12,13]. More than half of all asy-
mptomatic patients demonstrate clinical
signs of dry eye. SO, it is important to
examine these patients regularly to avoid
discomfort and corneal damage. Unfor-
tunately, the diagnosis of DED could not
be assessed by a single test as some tests
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are used to evaluate tear film quality,
other tests are used for tear film quantity,
tear film osmolarity and tear evaporation
rate [14]. Schirmer’s test and TBUT were
the traditional diagnostic methods for tear
film evaluation by most ophthalmologists
in ophthalmic practice because of they
are easy to use, inexpensive, and take a
short time to perform but these tests
were invasive with low reproducibility
and repeatability; reflex tearing and lack
of the control over reflex lacrimation with
other factors that may interfere with the
results. So there was a need for a non-
invasive, quick, reliable, and comforta-
ble test with significant advancement in
diagnostic approaches of the tear meniscus
such as video assessment, noninvasive
interference tear meniscometry, and optical
pachymetry but these methods were com-
plicated with low accuracy rates and are
not widely used in ophthalmic practice.
The AS-OCT is a reliable non-invasive
real-time tool for quantitative evaluation
of tear film meniscus, suggesting the pos-



sibility of AS-OCT as a tool for diagnosis
and follow-up of DED [15-18]. Our study
aimed to use the AS-OCT to evaluate the
tear film in TED and study the effect of
thyroid activity on the tear film, total CT,
and epithelial thickness and compare the
active and inactive thyroid patients with
healthy controls of similar age groups. We
imaged the tear film under some prec-
autions to avoid false values as no
previous eye drops or topical artificial
tears. Imaging was done at a similar time
in all patients to avoid misleading diurnal
variations by the same observer. Also,
AS-OCT images were captured at least 3
times to obtain an image of good quality.
Thyroid patients were split into two groups:
active and inactive, based on a systematic
examination of thyrotoxicosis signs, ocular
manifestations of thyrotoxicosis and lab-
oratory T3, T4, and TSH levels evaluated
by an endocrinology specialist. Our results
showed a reduction of the tear meniscus
parameters in the active and inactive stages
with no significant difference between
them (p-value= 0.616, 0.406, and 0.431)
in TMH, TMA, and TMD respectively
with significant difference (p-value
<0.001) when compared with healthy
controls. This indicated TED had sign-
ificant dry eye regardless of the thyroid
activity. BUT and Shirmer's tests were
reduced in thyroid patients in comparison
with healthy controls with more reduction
in the active state. This indicates that
TED had an evident effect on the tear
film regardless of the thyroid activity.
Our results agreed with the study done
by Allam et al., who compared ocular
surface parameter changes in active and
inactive TED patients and controls and
revealed that active TED patients had
more decreased tear secretion than inactive
TED patients (p= 0.012). But our study
did not evaluate the meibomian glands
[19]. In addition, Girdal et al., discovered
that TED had considerably lower Schirmer
test levels than normal controls [20].

25

Furthermore, a research by Park et al.,
active TED patients exhibited lower basal
tear secretion than inactive TED patients
(p=0.024) [13]. The existence of exopht-
halmos, upper eyelid retraction, and lag-
ophthalmos can explain the lower Schirmer
test findings. Furthermore, tear secretion
is reduced in TED patients due to damage
to the lacrimal gland caused by autoant-
ibodies attacking the thyroid-stimulating
hormone receptor present in the lacrimal
glands. Membrane-associated mucin present
on the microvilli of the cornea and con-
junctiva, as well as secretory mucin of
the goblet cells of the conjunctiva, impair
the tear film's stability. Nowak et al.,
discovered that tear break-up time was
considerably lower in TED patients with
dry eye (5.843.31 s) than in controls
(11.43.75), implying an unstable tear film
[21]. Gupta et al., found that less than one-
third of their patients had a reduced TBUT
[22]. A study by Sizmaz et al., evaluated
the tear meniscus in patients with Graves'
disease (GD) which were divided into three
groups, group | without clinical features of
thyroid-associated ophthalmopathy (TAO),
group Il of patients with signs of TAO,
and group 111 of healthy participants and
resulted in TMH and TMA did not signi-
ficantly differ between groups | and Il
with a significant difference with group 111
[23]. Also, a study by Ha et al., evaluated
the dry eye in TAO according to disease
activity and revealed that TFBUT was
shorter in the active TAO group than in
the inactive TAO group [24]. Regarding
the total CT and epithelial thickness, our
study revealed that total CT and epithelial
thickness were thinner in thyroid patients
in comparison with healthy controls. This
agreed with Carreira et al., who assessed
the tear film stability and corneal epithelial
thickness in patients with GD with and
without Graves orbitopathy and showed
that the level of eye dryness and corneal
thinning were higher in GD regardless of
GO status [25]. A study by Bassioujny et



al., who used the Pentacam (Oculus Opt-
ikgerate GmbH) to evaluate the cornea
of patients with thyroid gland dysfunction
and controls and revealed that patients
with hyperthyroidism tend to have thinner
corneas and more abnormal tomographic
parameters correlating with keratoconus
[26]. Alternative research on tear film
evaluation used other methods in TED,
such as Alanazi et al., who employed the
phenol red thread test followed by the
TBUT test with a 10-min break between
the tests. The phenol red thread test resulted
in acceptable tear volumes of 11.78.1
and 10.57.3 mm, respectively, however,
these were significantly lower (P= 0.05)
than the control group's (22.26.5 and
20.75.2 mm, respectively). Furthermore,
the TBUT with thyroid issues showed a
degree of eye dryness, whereas the control
group had normal eye scores [27]. The
tear evaporation rate was evaluated by
Abusharaha et al., who used a vapometer
and found that the average tear-evaporation
rate in the study group (median 41.2 [IQR
41.4] g/m2h) was substantially greater
than the control group (15.7 [13.7] g/m2h)
[28]. Takahashi et al., conducted another
investigation on tear film break-up patterns
in TED patients and found that line breaks
were more frequently observed in TED,
while random breaks in the simple dry

5. Conclusion

eye are usually only associated with minor
ocular surface damages, those in TED
were associated with a higher incidence
of concomitant superior limbic keratoco-
njunctivitis [29]. Kemal et al., examined
tear osmolarity and found that TED patients
had significantly greater tear osmolarity
levels than healthy controls (p= 0.001).
The active subgroup had significantly higher
tear osmolarity than the inactive category
(p=0.003). As a result, they proposed that
tear osmolarity measurement should be
added to existing tests for identifying dry
eye severity and disease activity in Graves
ophthalmopathy (GO) patients [30]. Several
obstacles hampered our research. A modest
number of patients were included in this
investigation. Also, the tear film lipid layer
and tear film osmolarity were not assessed,
which could have provided more inform-
ation on dry eye. In addition, the duration
of thyroid illness was not assessed. We
were unable to obtain specific information
about Thyroid autoantibody (TRAD) levels,
which could have a link to ocular affe-
ction, as a previous study found a link
between TRAb and TED [31]. Also, we
did not differentiate between the different
manifestations of TED as lid retraction,
proptosis, and EOM enlargement and their
effect on the tear film and the cornea.

In conclusion, patients with thyroid disorders had significantly higher levels of eye dryness than
normal subjects, with increased severity during the active phase of the disease and the persistence
of dry eye manifestations during the inactive phase due to a variety of factors such as lid
retraction, proptosis, lacrimal gland affection, and other factors. As a result, topical lubricants
had a role in lowering ocular irritation and smoothing the ocular surface, resulting in improved
vision and relief from debilitating symptoms. In addition, the total CT and epithelial thickness
were lower than in the normal control group, which should be taken into account when evaluating
IOP and other ocular examinations to avoid misinterpretations. AS-OCT was a reliable noninvasive
method for tear film assessment, total CT, and epithelial thickness in patients with thyroid disorders.
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