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ABSTRACT

Background and Objective: Pterygium occurs throughout the world, but the exact pathogenesis is still not clear. The reports on the
association between eye anatomical parameters and presence of pterygium is controversial, similarly how the histological features of
the pterygium may differ due to these parameters is not known. Thus, the focus of this study was to explore this gap by assessing and
comparing the anatomical parameters of eye in pterygium patients and in healthy controls. In addition, histological features of pterygium
were assessed and correlated with the eye anatomical parameters of the patients.

Methods: Forty-one pterygium patients of age range 25-70 years undergoing surgery were included in the study after taking written
informed consent. Forty-two age and sex matched healthy controls were also recruited for assessing anatomical eye parameters. Relevant
history with demographic details of every subject was obtained. All participants underwent a thorough ophthalmic examination. The
assessment of orbital protrusion and interpalpebral distance was measured by millimeter scale. Tear film breakup time (TFBUT) and
Schirmer test were used for tear film assessment. Presence of any meibomian gland dysfunction (MGD) was examined by slit lamp. Post-
surgical tissue samples from patients were assessed for histological features with Haematoxylin and Eosin, Periodic acid Schiff & Verhoeff
stains. Data were processed and analyzed by using SPSS version 23.0.

Results: Eyeball protrusion and MGD were found higher in pterygium patients as compared to controls. Basement membrane fragmentation
on histology significantly correlated with the eyeball protrusion (p < 0.04) and TFBUT (p < 0.020), inflammation significantly correlated with
the MGD (p < 0.05), while elastosis showed significant correlation with TFBUT (p < 0.001).

Conclusion: It can be concluded that eye anatomical parameters might be the risk factors in the development of pterygium. The correlation
between certain histological features and eye anatomical parameters indicate that anatomical eye parameters can be taken as risk factor
for recurrence in these patients.
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Introduction

Pterygium is a triangular fibro vascular degenerative bulbar concerning its etiology, pathogenesis, and histological

connective tissue growth that encroaches the cornea ! and
is more common in people who live at equator, with history
of increased sun exposure.> According to a local study done
in Pakistan on 1,227 pterygium patients, the prevalence was
found slightly higher in individuals of hot and dry weather
areas.? The existing literature mostly reports this condition
on clinical grounds that is regarding its management and
recurrence, but lesser and debatable data is available
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features which can trigger recurrence. The specific cause of
pterygium is still unknown,? the studies which were done on
different aspects of pterygium create curiosity regarding the
pathogenesis and also provide better clues to hypothesize
the relationship of possible factors to pterygium presence
and recurrence.

Literature emphasized that ultraviolet (UV) rays of
sun, warm, and dusty environment play significant role in
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pterygium development.* Regarding the risk factors, few
studies report the association between eye parameters, such
as protrusion, interpalpebral distance, and the occurrence
of pterygium suggesting that anatomical parameters of eye
may affect the development of pterygium by making eyes
more prone to UV exposure. > Dry eyes in association with
decreased tear film break up time (TFBUT) and meibomian
gland dysfunction (MGD) is also reported to be among risk
factors for pterygium.”#91011

The management of pterygium is usually the surgical
excision, but chances of the recurrence are quite substantial.
Limited data suggests that the features of pterygium vary
from person to person and can be a predictive factor for
recurrence. Convincing and detailed studies, however, are
required to explore the histological features of pterygium,
their association with any other eye parameters.

The current study was designed to assess the eye
anatomical parameters in patients with pterygium and
compare with the same parameters of the healthy controls.
The eye anatomical parameters were also associated with
the histological features of pterygium. This study will help the
ophthalmologists to identify potential patients of pterygium
development and risk, and associated visual impairment
can be minimized. The association with histological features
will help understand the pathogenesis of the condition and
suitable treatment options.

Methods

Forty-one patients with pterygium and 42 healthy controls
were recruited after taking ethical approval from the
institutional ethical review committee. Informed written
consent was taken to examine the participants’ eyes and
for collection of samples of pterygium after surgery for the
purpose of research. Patients with unilateral pterygium
from 25 to 70 years undergoing pterygium excision were
included from the Department of Ophthalmology, Allied
Hospital Faisalabad, Pakistan. Histology and special staining
was performed at the Department of Anatomy, University
of Health Sciences, Lahore Pakistan from February 2019 to
December 2019. Age and sex matched individuals with no
past, personal, and family history of pterygium were taken
as controls for eye anatomical parameters observation.
Patients who were on medical treatment for pterygium
including topical steroids or non-steroidal anti-inflammatory
drugs, had previous ocular surgery, conjunctival cicatricle
disease, systemic autoimmune disease, untreated dry
eye disease, contact lens users, patients with anterior or
posterior segment disease which alters tear secretion,
patients on topical and glaucoma medications that leads to
ocular drying, those with pseudo-pterygium were excluded
from the study.
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The complete demographic and clinical history was taken
from both patients and controls, and anatomical parameters
of eyes were checked by an experienced ophthalmologist.
Patients were examined for inter palpebral distance, eyeball
protrusion, tear film time through Schirmer test, TFBUT
and meibomian gland (MG) morphology (posterior shifting
of muco cutaneous margin, plugging of MG orifice and MG
dropout) before performing surgery. Pterygium samples
were received after surgery in 10% formalin and were fixed
for 48-72 hours.

The fixed tissues were processed and paraffin embedded
sections were stained with Hematoxylin and Eosin (H&E),
Periodic acid Schiff (PAS), and Verhoeff stain. Following
histological parameters were studied and graded
pterygium tissue. *13

in

Basement membrane fragmentation

Uniformity of the basement membrane was observed on PAS
stain, any discontinuity, and fragmentation was recorded as
gradel, while absence was recorded as grade 0.1%13

Goblet cells in surface epithelium

Goblet cells were also observed on PAS stain. If goblet cells
were in the form of single cells, they were considered grade
0. Goblet clusters were taken as grade 1, and in case of
invagination of goblets cells into underlying epithelium, they
were taken as grade 2.1213

Stromal infiltration of inflammatory cells

Different leukocytes including neutrophils, monocyte,
macrophages, and lymphocytes were observed under 40x
objective lens. They were observed on the basis of either few
or diffusely scattered cells. Four different fields were chosen
in a slide, if there were diffusely scattered cells in more than
two fields then it was considered as grade-1. Otherwise,
they were taken as grade 0 in case of patchy distribution.
These observations were taken with the help of H&E and PAS
stain.'?13

Elastosis

Elastosis was observed on Verhoeff stain as characteristic
wavy fibers, in case of no elastosis, grade 0 was given. If
elastosis is less than 3% of the field, then it was grade 1, but
if it was 3%-10% it was grade 2 and if >10% it was recorded
as grade 3.1213

Statistical analysis

Collected data was processed and analyzed by using
SPSS software version 23. Mean + SD was calculated for
quantitative variables (eyeball protrusion, IP distance, and
tear film). Frequency and percentages were calculated for
categorical data (i.e., MG and histological parameters).
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Independent sample t-test was applied to compare the
quantitative parameters (eyeball protrusion, IP distance, tear
film, MG) among the groups. Chi-square test was applied
to see relation between the histological parameters with
eyeball protrusion, IP distance, Schirmer test, and TFBUT. A
p value £ 0.05 was considered to indicate the significance.

Results
Among the pterygium patients there were 58.5% females
and 41.5% males, while in controls, 50% were males, no
significant difference was observed. In pterygium group,
males were having significantly greater age compared to
females (p = 0.01). The demographic history revealed that
pterygium cases were more exposed (p < 0.001) to sunlight
(4 to 6 hours/day) as compared to controls (2 to 3 hours/
day). A total of 36% smokers were found within pterygium
group as compared to controls which was 12% (p = 0.009).
Toxic chemical exposure time (7 to 8 hours/day) was highly
significant in pterygium patients as compared to controls
(0 to 2 hours) (p < 0.001)

Eyeball protrusion was significantly higher (p < 0.001) in
pterygium patients (mean + SD; 15.00 * 2.9) as compared to

controls (mean + SD; 12.12 + 1.9). There was no significant
difference of IP distance, Schirmer test and TFBUT results
between pterygium patients and controls (Table 1, Figure 1)

MGD was significantly higher (p = 0.008) in pterygium
patients (53.7%) as compared to controls (23.8%). When
different morphological features of MG (posterior shifting,
plugging, drop out) were compared between patients and
controls, gland drop out was found significant (p = 0.002) in
pterygium patients (Table 1).

On histological examination of pterygium, distribution of
goblet cells within the stratified squamous epithelium was
observed. Single goblet cells (grade 0) were seen in 22% of
the sections, 17.1% sections showed cluster of cells (grade
1), and 61.1% showed invagination of goblet cells (grade 2)
into underlying connective tissue (Figure 2).

Basement membrane fragmentation was found in 95.1%
of tissues (Figure 2). Below the basement membrane, the
connective tissue stroma contained inflammatory cells,
elastotic fibers, fibroblasts, and stromal fibers scattered
throughout the connective tissue. Grade 1 infiltration of
inflammatory cells was found in 90.2% of the samples
(Figure 2).

Table 1. Comparison of MGD and morphological features of Meibomian gland between
patients (cases) and controls.

Posterior shifting Plugging Drop out
Cases 53.7% (22) ** 29.3%* 22%**
Controls 23.8% (10) 11.9% 16.7% 0

*p <0.01, **p < 0.001.
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Figure 1. Graph showing comparison of anatomical parameters of eye between pterygium patients (cases)

and controls. * p < 0.001.
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Elastotic fibers were seen spiral in morphology which can
be easily differentiated from other fibers by the Verhoeff
stained sections. Grade 0 was not found in any section,
elastosis with grade 1 was found in only one sample, almost
19.8% samples showed grade 2 elastosis, and 78% with grade
3 elastosis were seen (Figure 3).

Among the anatomical eye parameters, basement
membrane fragmentation was found significantly related to
the eyeball protrusion (p =0.04) and TFBUT (p = 0.02), diffuse
infiltration of inflammatory cells was in borderline significant
association with the MGD (p = 0.05), while higher grades
of elastosis were seen in patients with decreased TFBUT
(p <0.001) (Table 2).

Discussion
Current study revealed significant difference of eyeball
protrusion and MGD between pterygium patients
and controls. On histology, the basement membrane
fragmentation was in significant association with the eyeball
protrusion and TFBUT. Inflammation was in a significant
association with MGD and increased elastosis was seen in
patients with decreased TFBUT.

Increased eyeball protrusion in pterygium patients as
compared to control is in agreement with the findings of

previous report.’* The protruded eyeball is more prone to
be exposed to UV rays leading to pterygium formation; the
significantly higher eyeball protrusion in the pterygium group
in the current study can be explained by this.

The current study showed higher MGD in pterygium
patients in comparison to the controls, which is similar
to the previous results.’>*® This can be explained on the
basis of the notion that the direct contact of pterygium
with palpebral conjunctiva squeezes the MGs which leads
to alterations in glands. Still, a detailed study is needed to
determine the pathological process of MGD and unstable
tear film in pterygium patients. The various morphological
features of MGD, plugging and dropout of MGs which were
found statistically higher in pterygium patients in the current
study were also found in the previous study.’ The possible
hypothesis of these findings might be related to the chronic
inflammatory process in the pterygium tissue. The process
of inflammations of MGs in pterygium patients blocks the
meibum secretion and causes orifice keratinization.?® This
can be possible etiology in the current study, as the MGD was
also significantly correlated with infiltration of inflammatory
cells.

Basement membrane fragmentation was in a significant
association with the eyeball protrusion and TFBUT. This

Figure 2 Histological images of pterygium tissue showing different features A) cluster of goblet cells
(red arrow) PAS stained x40 (B) Basement membrane fragmentation beneath epithelium (red arrow) and
invagination of goblet cells (black arrow) PAS stained x40 (C) diffuse infiltration of inflammatory cells

(red arrows H&E stained x10).

Figure 3. Verhoeff stained sections showing elastosis of different grades (red arrows) Note congested blood

vessels in the tissue sections x10.
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Table 2. Correlation of anatomical parameters of eye with histological parameters.

Basement

Leukocyte
infiltration

Elastosis

&
©
o
-
0
)
[<]
(O]

membrane
fragmentation

Histological changes

10+ 15

4.6 £1.6™

19.6£9.6

72.7%

152

8+26
18 +£9.28

22.7%

1

13

4.5%

142
105+2.6
53+2

18+ 9
81.8%"

16 £2
10.6 = 1

6+29
24 £12

18.2%

14.9 + 3.01
10.7 £ 1.7

53+22

19+ 9.1

63.6%

16 + 3.0

1.1

1+
46+ 1.1

19.3+8

13.6%

146+27

1

+12

6.11+3

20+ 11
22.7%

15.21 + 2.8*

10.6 + 1.53

51+2
21+£1,219+9.4

95.4%

+14

1

11+14

9+4.2*
21 +£12.7

4.5%

Grades

Eyeball protrusion (mean + SD)

IP distance (mean + SD)

TFBUT (mean = SD)
Schirmer test (mean + SD)

MGD (%)

IP: Interpalpebral distance, TFBUT: Tear film breakup time, MGD: Meibomian gland dysfunction.

*p < 0.05, **p < 0.001.
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can be explained by a presumption that increased eyeball
protrusion is associated with high UV exposure leading to
tear evaporation. Dry eye may be the reason behind the
ocular surface damage resulting in the basement membrane
fragmentation.

Stromal infiltration of inflammatory cells was highly
associated with MGD. Due to the cross-sectional design
of the study, it is hard to understand the cause and effect
relationship and it seems difficult to suggest that whether
inflammation of the pterygium caused the MGD or vice versa
but this correlation can be explained with the possibility
that inflammation of the pterygium results in the release
of inflammatory cytokines causing alterations in MGs.
Moreover, it is also hypothesized that meibomitis induced by
any infection produces unstable lipid layer of the tear film
which disturbs the normal organization of cornea, and thus
can cause inflammation.?

The elastosis was seen significantly associated with TFBUT.
The pathogenesis may be associated with solar elastosis, as
it leads to disturbed elastin deposition. Sun rays produce
increased activity of matrix metalloproteinase and human
macrophage elastase which leads to fibrohexis and fibrolysis
2425 disturbing the tear film layer.

To the best of authors’ knowledge, this study is the first to
associate the anatomical parameters of eye and histological
featuresof pterygium. The study for thefirsttimerecorded and
observed the differences in the eye anatomical parameters
and gross features of pterygium in the local population.
The correlation between eye anatomical parameters and
pterygium in the local population were observed meticulously
and pattern was recorded. Interestingly, two out of three eye
anatomical parameters which were different between cases
and controls were also in correlation with the histological
features. This finding strengthens the reliability of our results
and advocates that eye ball protrusion and MGD might be
the two important factors, ophthalmologists need to focus
on while treating the patient of pterygium.

Conclusion

The difference in anatomical parameters of eye (eyeball
protrusion and MGD) between pterygium patients and
controls and their strong correlation with the histological
features suggests that anatomical variations might be the risk
factors in the occurrence and recurrence of the pterygium.

Limitations of the study

Like every other study, this study also has certain limitations.
First: it is the cross-sectional study, and the authors could only
show the simple association between parameters, and cause and
effect relationship could not be ascertained. The reason being the
restricted time duration for the academic research and limited
resources, but through this study we were able to understand the
possible link and can recommend the prospective study in future.
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Second: the sample population, due to limited time and resources
constraint, we could only include patients from Faisalabad. The
inclusion of the patients from different areas of Pakistan will give a
better picture and data of these parameters.
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