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Abstract 
Introduction: Many systemic autoimmune diseases are associated with dry eye; the autoimmune thyroid diseases are among 

them. One of the leading causes of ocular surface damage in thyroid associated orbitopathy (TAO) is dry eye syndrome (DES). 

Aim: To evaluate the incidence and risk factors of dry eye and associated conjunctival morphological changes in TAO. 

Materials and Methods: This is a cross sectional, non-interventional, non-comparative, observational study includes thirty 

patients (60 eyes) of clinically diagnosed TAO. The tear film and ocular surface were evaluated using the Schirmer- I test, Tear 

film break-up time (TBUT), Lissamine green staining and conjunctival impression cytology. 

Results: Dry eye were found in 35 (58%) eyes based on dry eye severity grading scheme (DEWS). Positive vital staining with 

Lissamine green was observed in 36 (60.0%) eyes. The average degree of staining was 4.28±3.81 (National Eye Institute 

Workshop grading system). The abnormal impression cytology was observed in 30 eyes (50.0%) of 18 patients. Impression 

cytology revealed the following changes: significant epithelial dystrophy with cell polymorphism, goblet cells deficiency or 

absence, excessive desquamation and epithelial keratinization with local leukocytic infiltration. 

Conclusion: Significant risk factors of ocular surface damage in TAO were exophthalmos, palpebral fissure height, upper lid 

retraction, lower lid retraction and lagophthalmos. Histopathologic changes detected in conjunctiva are consistent with dry eye 

but were not specific for TAO. 
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Introduction 
Dry eyeis one of the most frequently encountered 

ocular morbidities, a growing public health problem 

and one of the most common conditions seen by eye 

care practitioners.1 Many systemic autoimmune 

diseases are associated with dry eye. Thyroid associated 

orbitopathy (TAO), is a common autoimmune disease 

which is often associated with Dry eye syndrome 

(DES). Thyroid disease itself is a common condition, 

affecting approximately 1.5% of the adult population.2 

It is the most frequent cause of ocular discomfort in 

TAO patients.3 

The incidence of DES in Thyroid associated 

orbitopathy (TAO) patients varies between 45% and 

85% according to studies in the past.3,4 Although the 

etiopathogenesis of dry eye in TAO remains unclear, 

previous studies have indicated that exophthalmos, 

palpebral fissure height widening, lagophthalmos, 

reduced tear production and accelerated tear film 

evaporation may contribute to the symptoms of dry 

eye.5-8 Thyroid associated orbitopathy (TAO) 

constitutes a major clinical and therapeutic 

challenge.9,10 The classic findings of TAO include 

eyelid retraction, lagophthalmos, exophthalmos, 

dysmotility and diplopia. However, some patients with 

TAO will have a more subtle presentation of ocular 

surface irritation and inflammation with injection and 

chemosis particularly overlying the rectus muscles. 

Although these later findings are well established, they 

are often overlooked, and therefore diagnosis of TAO 

may be delayed until the more classic features manifest 

leading to further ocular surface damage. 

Thus the goal of our study was to evaluate the 

incidence and risk factors of dry eye and associated 

conjunctival morphological changes in TAO. 

 

Material and Methods 
This is a prospective, cross sectional, non-

interventional, non- comparative study undertaken in 60 

eyes of 30 patients of TAO, attending the ophthalmic 

plastic surgery clinic and-endocrinology clinic of a 

tertiary care hospital from January 2014 to November 

2015. Patients included in the study were with clinical 

diagnosis of TAO and clinical activity score 

(CAS)>3/711,12 while patient unable to give consent or 

are unable to understand the requirement of the study, 

patients with other causes of dry eye, any recent ocular 

surgery, CAS < 2/7 and hypersensitivity to lissamine 

green dye and fluorescein dye were excluded from this 

study. 

The study was approved from the institutional 

ethical committee and was according to the declaration 

of Helsinki. Valid consent (informed consent) was 

taken from each of the patient after explaining them the 

procedure in detail before their inclusion in the study. 

All patients included in this study underwent a 

detailed clinical evaluation for thyroid orbitopathy and 

dry eye syndrome evaluation based on Dry Eye 

Severity Grading Scheme (DEWS)13 Detailed history 

and a comprehensive ophthalmological examination 
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was done which mainly includes Hertel 

Exophthalmometry, palpebral fissure height 

measurements, lagophthalmos, MRD1, MRD2, 

Schirmer test I, TBUT, Vital staining (using lissamine 

green) and Impression cytology. 

Vital staining was performed using lissamine 

green. The degree of ocular surface damage was 

estimated according to National Eye Institute Workshop 

grading system.14 In each eye the nasal and temporal 

bulbar conjunctiva is divided into 3 areas. The amount 

of staining in each area is graded on a scale of 0 to 3 

according to the intensity of lissamine green staining. 

The maximum grading score is 18 for each eye with 

values of more than 3 being abnormal.  

Conjunctival morphological changes were seen 

using impression cytology which was performed using 

millipore filter paper, pore size 45 micron (Sartorious 

Stedim Biotech, Germany) in each eye of the patients. 

It was gently pressed on the temporal inter-palpebral 

bulbar conjunctiva and strip was then removed with a 

peeling motion after 5 seconds, fixed with methyl 

alcohol and stain with Giemsa. Grading of cytology 

done according to Nelson’s grading system.15 The 

features evaluated from an impression cytology 

specimen included: area of epithelial cells, shape round 

or polygonal, size small or large, degree of squamous 

metaplasia and nucleus/cytoplasm ratio, goblet cells- 

density, shape, non-epithelial cells- inflammatory cells 

and microorganism. 

Statistical analysis was performed using SPSS 

version 20 (Armonk, NY, IBM Corp., U.S.A.). The 

Pearson’s correlation coefficient (r) and p-value were 

calculated to assess the risk factors associated with 

conjunctival changes in TAO.  A p-value < 0.05 was 

considered statistically significant. 

 

Results 
There were 17(57.0%) female and 13(43.0%) male 

included in this study.  The mean age of the patients 

was 35.9±13.75 years, 88.5% had symmetrical and 

11.5% had asymmetrical TAO. The mean Schirmer test 

was 16.73±4.8 mm (range 5-24) (Table 1). 

 

Table 1: Showing clinical descriptive data 

  Minimum Maximum Mean Std. Deviation 

AGE 30 18 60 35.77 13.16 

PROPTOSIS 60 16 30 20.85 3.26 

PFH 60 10 20 12.70 2.50 

MRD1 60 4 10 5.62 1.74 

MRD2 60 5 10 7.05 1.14 

LAGOPHTHALMOS 60 0 5 0.65 1.20 

SCHIRMER 60 5 24 16.73 4.8 

TBUT 60 3 16 9.85 3.27 

LISSAMINE GREEN 60 0 14 4.28 3.81 

IMPRESSION CYTOLOGY 60 0 3 1.42 1.10 

 

The abnormal Schirmer test was observed in 12 eyes (20.0%), out of which mild dry eye was seen in 5 (8.33%), 

moderate dry eye was present in 1(0.66%) and severe dryness was found in 6 (10.0%) eyes. Schirmer test have 

statistically significant positive correlations with exophthalmos, upper eyelid retraction and lagophthalmos. (p 

value< 0.05) No statistically significant correlation was found with age, palpabral fissure height and lower eyelid 

retraction. (p value>0.05) (Table 2) 

 

Table 2:  Showing correlation of various Tests of Dry Eye 

 Schirm

er test I 

P value Tear Film 

Breakup 

Time 

P 

value 

Lissamine 

Green 

Stain 

P 

value 

Impression 

cytology 

P value 

Age 

Proptosis 

PFH 

MRD1 

MRD2 

Lagophthalmos 

0.269 

0.302 

0.205 

0.264 

0.238 

0.500 

>0.151 

<0.019 

>0.116 

<0.042 

>0.067 

<0.001 

-0.097 

0.667 

0.413 

0.605 

0.583 

0.528 

>0.611 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

 

-0.12 

0.692 

0.776 

0.661 

0.752 

0.459 

>0.576 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

-0.182 

0.733 

0.681 

0.673 

0.583 

0.529 

>0.336 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

 

The mean TBUT observed was 9.85±3.27 seconds (range 3-16) (Table 1). The abnormal TBUT was observed in 30 

eyes (50.0%) of 19 patients, out of which mild dry eye was seen in 15 (25.0%), moderate dry eye in 9 (15.0%) and 

severe dry eye in 6 (10.0%) eyes. TBUT had statistically significant positive correlations with exophthalmos, 
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palpebral fissure height, upper lid retraction, lower lid retraction and lagophthalmos(p value< 0.05) No significant 

correlation was found with age. (Table 2) 

Positive vital staining with Lissamine green was observed in 36 (60.0%). eyes (Fig.1)  

 

 
Fig. 1a showing grade 1, 1b grade 2 and 1c grade 3 of Lissamine green staining 

 

The average degree of staining was 4.28±3.81 

(range 0-14) (Table 1). In 8 eyes (13.33%) severe 

dryness was found with degree of staining exceeding 

12. Conjunctival vital staining with lissamine green 

have statistically significant positive correlations with  

exophthalmos, lagophthalmos, palpebral fissure height, 

upper lid retraction and lower lid retraction. No 

correlation was found with age. (Table 2) 

The mean impression cytology in all eyes was 

1.42±1.1 (range 0-3) (Table 1). The abnormal 

impression cytology was observed in 30 eyes (50.0%) 

of 18 patients. Mild dry eye was found in 10 (16.66%), 

moderate dry eye was seen in 12 (20.0%) and severe 

dry eye was present in 8(13.33%) eyes. Impression 

cytology have statistically significant positive 

correlations with exophthalmos, palpebral fissure 

height, upper lid retraction, lower lid retraction, 

lagophthalmos and schirmer test. No correlation was 

found with age. (Table 2) 

Impression cytology revealed the following 

changes: significant epithelial dystrophy with cell 

polymorphism, goblet cells deficiency or absence, 

excessive desquamation and epithelial keratinization 

with local leukocytic infiltration. (Fig. 2) 

 

 
Fig. (2a): showing Grade 0, (2b): Grade 1, (2c): Grade 2 and (2d): Grade 3 of Impression cytology (Nelson’s 

grading system) 

In our study dry eye were found in 35 (58%) eyes out of 60 eyes based on Dry Eye Severity Grading Scheme 

(DEWS). Out of 60 eyes, 10 eyes (20.0%) had severe dry eye, 8 eyes (13.33%) had moderate dry eye, 17 eyes 

(28.33%) had mild dry eye and 25 eyes (42.66%) had no dry eye. 
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Discussion 
Thyroid associated orbitopathy (TAO), is a disease 

often associated with Dry eye syndrome (DES) that is 

the most frequent cause of ocular discomfort in TAO 

patients. Various studies were performed in different 

population to find out correlation of dry eye with TAO 

and have provided some valuable information regarding 

prevalence of dry eye in TAO. This study was also 

based on the idea to study the incidence, risk factors of 

dry eye and ocular surface damage in TAO. 

In our study 58.0% of eyes (70.0% of patients) 

were found to have dry eye, this corresponds with 

incidence reported by other authors.3 The data of risk 

factor for ocular surface changes which we had come 

up with is different from other authors. Gilbard and 

Farrisdid not find any correlation of ocular surface 

damage with exophthalmos, upper lid lag or tear 

production, but found palpebral fissure height to be the 

only associated factor in their study.6 The similar results 

were obtained by Brasil et al showed that patients with 

TED regardless of disease duration have more intensive 

conjunctival vital staining compared to control group 

and there is no difference in tear film pH, fluorescein 

staining and Schirmer test results.16 Jae Ryun Kim et al 

found the risk factors for dry eye disease were palpebral 

fissure width and lagophthalmos.17 Dilyara S. Ismailova 

et al found significant risk factors of ocular surface 

damage in TAO were exophthalmos, lagophthalmos, 

palpebral fissure height and lower lid retraction.18 

While in our study ocular surface damage correlated 

with degree of exophthalmos (<0.001), lagophthalmos 

(<0.001), palpebral fissure height (<0.001), upper eye 

lid retraction (<0.001) and lower eye lid retraction 

(<0.001). In our opinion these results show that ocular 

surface exposure does play a critical role in 

pathogenesis of ocular surface damage in TAO patients 

irrespectively of changes in tear production Ecksteinet 

al found that ocular surface damage during the active 

stage of TED associated with reduction of tear 

production, hypothesized to result from lacrimal gland 

involvement.5 In our study patients with TAO have 

significantly lower Schirmer tests (16.73±4.8 mm), 

suggesting inadequate tear production and this 

corresponds with incidence reported by other authors.3 

Schirmer test  have statistically significant positive 

correlations with exophthalmos (p <0.001), upper 

eyelid retraction (p <0.04)  and lagophthalmos (p 

<0.001) in our study. 

 In the present study the TBUT in TAO patients 

was 9.85±3.27sec, significantly lower than normal, this 

corresponds with incidence reported by other authors 

suggesting an unstable tear film.4,5 Brasil et al found 

that in TAO patients’ palpebral fissure height correlates 

with their TBUT.16 They showed that those patients 

with a wider palpebral fissure are more likely to have a 

shorter tear film breakup time, which leads to tear film 

instability. In our study, TBUT have statistically 

significant positive correlations with exophthalmos 

(p<0.001), palpebral fissure height (p<0.001), upper lid 

retraction (p<0.001), lower lid retraction (p<0.001) and 

lagophthalmos (p<0.001). 

In our study 60.0% of eyes (70.0% of patients) 

were found to have positive conjunctival vital staining, 

this corresponds with incidence reported by other 

authors.3 Lissamine green staining show significantly 

more ocular damage in patients with TAO with mean 

degree of staining of 4.28±3.81. Lissamine green too 

have statistically significant positive correlations with 

exophthalmos (p <0.001), lagophthalmos (p <0.001), 

palpebral fissure height (p <0.001), upper lid retraction 

(p <0.001) and lower lid retraction (p <0.001). 

Impression cytology is an important option for the 

diagnosis of dry eye. The abnormal impression 

cytology was observed in 30 eyes (50.0%) of 18 

patients (60.0%). This corresponds with incidence 

reported by other authors.19 Impression cytology has 

statistically significant positive correlations with 

exophthalmos, palpebral fissure height, upper lid 

retraction, lower lid retraction, lagophthalmos and 

Schirmer test. This method has a number of advantages 

such as easy reproducibility, and is a non-invasive test. 

It allows the study of the ocular surface, especially the 

most superficial and desquamated conjunctival cells.  

Three types of cells may be found in impression 

cytology: epithelial, inflammatory and goblet cells. 

Goblet cells deficiency and keratinization of epithelium 

are characteristic for dry eye syndrome. In the past too, 

we have found few studies devoted to morphological 

changes of bulbar conjunctiva in TED. Weiatel in their 

study on impression cytology of the conjunctival 

epithelium revealed decrease in goblet cells and 

significantly higher degree of squamous metaplasia in 

the TAO group.19 It has positive correlation with 

MRD1, representing the severity of upper eyelid 

retraction, may play an important role in predicting the 

ocular surface changes in GO patients. While Dilyara et 

al in their study showed epithelial dystrophy with cell 

polymorphism, goblet cells deficiency, excessive 

desquamation and epithelial keratinization with local 

leukocytic infiltration which were also seen in our 

study.18 These features characterize structural changes 

of conjunctiva typical to dry eye and is not specific for 

any particular disease. 

Incisional biopsy of the area of stained bulbar 

conjunctiva was also performed to study the epithelium 

in above mentioned study, which only confirm the 

finding of impression cytology and did not reveal any 

further diagnostic morphological changes. Conjunctival 

biopsy being an invasive procedure and not adding 

anything further in the literature was excluded from our 

study. Thus, in our study dry eye syndrome was present 

in 70.0% of patients (58.0% of eyes) with TAO. 

Significant risk factors of ocular surface damage in 

TAO were exophthalmos, palpebral fissure height, 

upper lid retraction, lower lid retraction and 

lagophthalmos. Histopathologic changes detected in 
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conjunctiva are consistent with dry eye and are not 

specific for TAO. 
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