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Aim: To carry out a comparative study of 3 different methods for assessing
severity of disease in patients with dry eye: tear film profile, conjunctival
impression cytology, and conjunctival biopsy

Patients and Methods: Fifty patients with clinically diagnosed dry eye
underwent 6 tests for tear film adequacy, followed by conjunctival impression
cytology and histopathological examination of a conjunctival biopsy.

Results: The clinical severity of dry eye categorised by tear film profile tests as
mild, moderate, or severe correlated with the grading of conjunctival impression
cytology in 98% of cases and conjunctival biopsy in 90% of cases.
Conclusions: The comprehensive tear film profile method used in the present
study is a reliable indirect indicator of cytological changes in the conjunctiva in
patients with dry eye. Conjunctival impression cytology, a non-invasive
technique, seems to be a more suitable option than conjunctival biopsy when direct
documentation of cellular changes is required.
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Introduction

Dry eye refers to a state of tear film in-
stability that is incited and later established
as a result of a deficiency of components
of the tear film and/or an insufficient inter-
action between the mucin layer and cell
surface glycoproteins.' Clinical examination
and tear film tests such as the Schirmer-1
test, tear film break-up time test, marginal
tear strip assessment, and fluorescein, rose
bengal, or lissamine green staining are con-
sidered sufficient to diagnose and grade
severity of dry eye. Conjunctival biopsy has
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been recommended for establishing dry
eye histopathologically.? Conjunctival im-
pression cytology (CIC), a non-invasive
technique in which conjunctival impressions
are taken to examine cellular structure, has
also been used for diagnosis of dry eye.
Conjunctival biopsy is time-consuming
and cumbersome to perform and may not
be accepted by patients. Furthermore, in
clinical practice, CIC may not be feasible
in all centres. Therefore, in the present study,
assessments of individual patients by tear
film profile tests, CIC, and conjunctival

biopsy were compared to determine whether
the tear film profile accurately predicts mor-
phological changes in the conjunctiva.

Patients and Methods

Patients were enrolled on the basis of symp-
toms suggestive of dry eye: foreign body
sensation (sandy), irritation, smarting, ex-
cessive secretions, itching, eye ‘dryness’,
non-specific ocular discomfort, chronically
‘sore’ eyes that did not respond to a variety
of treatment modalities (with or without
associated symptoms of redness), photo-
phobia, and blurred vision. A detailed
ocular examination including slit-lamp
biomicroscopy was performed. Clinically,
dry eye was suspected if patients had
the following symptoms: stringy mucus,
particulate matter in the tear film, lustre-
less ocular surface, conjunctival xerosis,
Bitot’s spots, papillary conjunctivitis, or
filamentary Kkeratitis. Systemic complaints
in patients with established dry eye such
as dry mouth or throat, difficulty in swal-
lowing, painful joints or joint stiffness, or
myalgia were noted if present.

The tear film profile was determined
for each patient as described in detail
elsewhere.? Tests were carried out in the
following sequence: tear film break-up time
(mean of 3 readings);* examination of the
marginal tear strip;> examination of cornea
for fluorescein staining; the Schirmer-1
test, performed under local anaesthesia;®
assessment of rose bengal 1% staining
to detect mucus and stained areas using
diffuse white light;® and lissamine green
staining, performed by placing an auto-
claved strip in the inferior fornix for 1
minute. A slit lamp was used for the tear
film break-up test and for assessing
staining with the various dyes. Scores were
assigned for each test and the total score
was used as a measure of severity of
disease as shown in Table 1.

Fifty patients, 21 men and 29 women
(mean age, 48.8 years), with clinical
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Table 1. Scoring system for diagnosis and grading of severity of dry eye based on tear function tests.®

Tear function test Score*
0 1 2 3

Break-up time (seconds) >10 6.1-10 3.1-6 Absent
Marginal tear strip Intact Scanty Markedly Absent

diminished or

discontinuous
Fluorescein staining Absent Fine punctate  Coarse punctate Diffuse
Schirmer-1 test (mm/5 minutes) >10 5-10 3-4 0-2
Rose bengal score 0-3 4-5 6-7 8-9
Lissamine green score 0-3 4-5 6-7 8-9

* Total score for all tests indicates disease severity: 0-1 = no dry eye; 2 = suspected dry eye; 3-8 = mild dry eye; 9-13 =
moderate dry eye; 14-18 = severe dry eye.

Table 2. Scoring system for assessing patients with dry eye by conjunctival impression cytology.®

Stage* Cytological features (nuclear/cytoplasmic ratio) Severity of
disease

0 No keratinisation; moderate number of goblet cells; uniform, Normal
non-goblet epithelial cells with blue-green cytoplasm (1:1)

1 No keratinisation; decreased goblet cell density; mild enlargement of Mild
non-goblet epithelial cells with blue-green cytoplasm (1:2 to 1:3)

2 No keratinisation; total loss of goblet cells; all epithelial cells flattened, Mild
moderately enlarged and cytoplasm slightly pink (1:4)

3] Early mild keratinisation; keratin filaments present; no goblet cells; Moderate
squamous cells with metachromatic change of cytoplasm to pinkish
colour (1:6)

4 Moderate keratinisation; densely packed keratin filaments; no goblet Moderate
cells; large, squamoid, metachromatic epithelial cells (1:8)

5 Advanced keratinisation; dense keratin filaments; pyknotic nuclei; Severe
no goblet cells; more keratinised cells with shrunken cytoplasm

symptoms of dry eye and a tear film profile
indicative of mild to severe dry eye under-
went further investigation. Under topical
anaesthesia (lignocaine hydrochloride 1%),
CIC was carried out in one eye as described
by Wittpen et al” and the resulting slides
were examined microscopically and graded
according to stages defined by Tseng.®
Stages 1 and 2 were interpreted as mild,
stages 3 and 4 as moderate, and stage
5 as severe dry eye (Table 2). After informed
consent, a conjunctival biopsy was taken
from the same eye from the upper bulbar
conjunctiva approximately 5 mm from
the limbus. The tissue was processed,
sectioned, and stained with haematoxylin
and eosin.%™ Scores were assigned for

changes in the density of goblet cells and Goblet cell density Score* Epithelial stratification’ Score*
the degree of stratification of epithelial Normal (<10/mm) 0 25Y% stratified 0
. Scanty (3-9/mm) 1 25-50% stratified 1
- 9,10
cells described by Abdel-Khalek et al Absent 9 50-75% stratified 9

and the total score was used to assess
the severity of dry eye (Table 3).
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Results
Based on the results of the tear film pro-
file, dry eye was categorised as mild in
25 patients, moderate in 22 patients, and
severe in 3 patients (Table 4). When as-
sessed by CIC according to the criteria of
Table 2, twenty four patients were categor-
ised as mild, 23 as moderate, and 3 as
severe dry eye (Table 4). For 98% of pa-
tients, the assessment of severity based
on CIC matched that obtained using the
tear film profile.

Grading of histopathological changes
typical of dry eye using a scoring system
based on the data of Abdel-Khalek et al®'

indicated that 2 patients had no dry eye,
23 patients had mild dry eye, and 25 had
moderate to severe dry eye (Table 4). In
90% of patients, the severity of dry eye
based on conjunctival biopsy matched that
indicated by the tear film profile and CIC.
However, 2 patients assessed as stage 1
by CIC, who had total tear film profile scores
of 4 and 5, were assessed as having no
dry eye by biopsy. This may indicate that
conjunctival biopsy lacks sensitivity for
detecting initial stages of dry eye or may
be a reflection of the fact that biopsy
samples are small and may not always
accurately reflect the status of the con-
junctiva as a whole. Further, conjunctival
biopsy was unable to distinguish between
3 patients with CIC and tear film profiles
indicative of severe dry eye and other pa-
tients assessed as having moderate dry eye
by those methods, because histopatho-
logical changes were the same in all these
patients.

Discussion
A number of attempts have been made to
diagnose and classify the severity of dry eye
on the basis of clinical symptoms and signs
or one or more tear film profile tests."2 In
the present study, a more comprehensive
tear film profile assessment was used, in
which scores from 6 tear film tests were
combined to categorise patients with dry
eye as mild, moderate, or severe.®

The importance of CIC in the diag-
nosis of dry eye has previously been high-
lighted.”™* Attempts to use CIC with a
conventional staining technique to grade
dry eye severity failed to define the mor-
phological changes of the conjunctival

Table 3. Scoring system for assessing patients with dry eye by conjunctival biopsy.>"

* Total score indicates disease severity: 0 = normal; 1-2 = mild dry eye; 3-4 = moderate to severe dry eye.
Tincludes superficial segment flattening and elongation, assessed over entire length of epithelium.
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Diagnosis and Assessment of
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Table 4. Comparison of data obtained by 3 different methods for grading severity of dry eye.

Dry eye grading Number of patients
Men (n = 21) Women (n = 29) Total (%)
Tear film profile
Mild 11 14 25 (50)
Moderate 10 12 22 (44)
Severe 0 3] 3 (6)
Conjunctival impression cytology
Mild 11 13 24 (48)
Moderate 10 i3 23 (46)
Severe 0 & 3 (6)
Conjunctival biopsy
No dry eye 0 2 2 (4)
Mild 11 12 23 (46)
Moderate to severe 10 15 25 (50)

epithelium in the moderate and advanced
stages of squamous metaplasia, particularly
when goblet cells were absent.™ This prob-
lem was overcome by Tseng who, using
Gill’s modified Papanicolaou stain, suc-
ceeded in defining 5 different stages of
squamous metaplasia of conjunctival
epithelium, based on goblet cell density
and increasing cellular stratification and
keratinisation.® In the present study, in
which stages 1 and 2 were classified as
mild, stages 3 and 4 as moderate, and stage
5 as severe dry eye, there was very close
agreement between CIC and the tear film
profile method. Thus, the present study
substantiates earlier observations''s that
CIC is a simple, non-invasive, reproducible,
and sensitive technique, useful not only
for establishing the diagnosis of dry eye
but also for grading its severity.

There are very few reports of con-
junctival biopsy carried out in dry eye
states.®''5 In one study, using histopatho-
logical assessment of goblet cell density
as the sole criterion for diagnosis was
found to be inadequate.'® Abdel-Khalek
et al have recommended that 2 para-
meters, goblet cell density and epithelial
stratification, be used not only for diagno-
sis but also for assessing the severity of
dry eye.®™ Using the system of Abdel-
Khalek et al as a basis, a simple scoring
system was developed for use in the pre-
sent study. Assessments made in this
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way showed reasonable agreement with
assessments obtained by CIC or the tear
film profile. However, 2 patients diagnosed
with mild dry eye by the latter 2 methods
showed no histopathological abnormalities.
In addition, conjunctival biopsy was not
able to discriminate between patients with
moderate and severe dry eye.

There have been some reports of com-
parisons of tear film profile and CIC'*'
and CIC and conjunctival biopsy' in dry
eye. However, the present study appears
to be the first in which patients have been
assessed by all 3 methods. In the present
study, almost 100% agreement was
achieved between assessments made by
the tear film profile® and a CIC grading
system based on the stages of Tseng.?
This is consistent with the results of a
previous study.™ However, in the latter
study a different staging system was
used, in which the presence of some gob-
let cells was observed even in advanced
epithelial stratification.™ Another study
has indicated a good correlation between
a value for Schirmer’s test of less than
5.5 mm/5 minutes and CIC in patients with
keratoconjunctivitus sicca."

In the present study, 90% of the pa-
tients categorised as having mild and mod-
erate dry eye on the basis of conjunctival
biopsy were placed in the same categories
by tear film profile testing and CIC. Others
have reported a 100% correlation between

assessments made by CIC and conjuncti-
val biopsy.'

Previous studies have established that
CIC is of immense value for diagnosing the
various grades of severity of dry eye and
gives results that correlate very well with
the results of tear film profile tests. It is
simple, rapid, non-invasive, reliable, and re-
producible and thus has been recom-
mended for early diagnosis of dry eye
states. Conjunctival biopsy, on the other
hand, is regarded as very reliable for diag-
nosing dry eye but unsatisfactory for
establishing the severity of disease.

The present study indicates that it is
sufficient to carry out tear film profile tests
according to the method of Khurana et al®
to grade the severity of dry eye. It also
indicates that, when documentation of
cellular changes is needed, CIC should
be regarded as preferable to conjunctival
biopsy. It is a non-invasive and very sensi-
tive method for both establishing the diag-
nosis of dry eye and assessing its severity.
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