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Correlation between conjunctival scraping cytology and other clinical
dry eye metrics in determination of dry eye related inflammation
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Abstract

Background/Aim. New and improved definition of dry
eye disease (DED) emphasized that hiperosmolarity and in-
flammation with initial tear film instability play etiological
role. The aim of this study was to explore relation of some
commonly used clinical tests to dry eye disease (DED) re-
lated inflaimmation measured by conjunctival scraping cy-
tology. Methods. We examined 100 subjects, 80 of them
having DED. We performed Schirmer without anesthesia
(Schirmer I), Fluorescein Tear Break Up Time (FIBUT),
Rose Bengal (RB), Lid Parallel Conjunctival Folds (LIP-
COF), Tear Meniscus Height (TMH) and Tear Ferning (TF)
and compated the values to scraping scores of tarsal con-
junctiva. Results. FTBUT had the best sensitivity (93.6%).

Apstrakt

Uvod/Cilj. Nova unapredena definicija bolesti suvog oka
isti¢e hiperosmolarnost i upalu sa inicijalnom nestabilnoséu
suznog omotaca kao najcesce etioloske faktore. Cilj rada bio
je da se ispita korelacija izmedu nekih cesto korisé¢enih kli-
nickih testova za suvo oko i citoloskog nalaza epitela ko-
njuktive dobijenog skrejpingom pri utvrdivanju inflamacije
suvog oka. Metode. Od ispitanih 100 bolesnika, dijagnozu
suvog oka smo postavili kod 80. Ucinjeno je merenje sekre-
cije suza bez anestezije u 5 minuta Schirmer trakom (Schir-
mer I), vreme prekida suznog filma obojenog fluoresceinom
(Fluorescein Tear Break Up Time — FTBUT), bojenje povrsine
oka vitalnom bojom Rose Bengal (RB). Ispitano je prisustvo
nabora konjunktive paralelnih ivica donjeg kapka (Lid-
Parallel Conjunctival Folds — LIPCOF), izmerena visina meni-
skusa suza (Tear Meniscus Height — TMH) i uraden test grana-

The highest specificity was found with RB (93.2%), but it
was also high with Schirmer I, TF and FTBUT (respectively
89.8%, 84.5%, 78.0%). RB and FTBUT had the highest cor-
relation with conjunctival scraping score (r = 0.707,
» <0.001; r =-0.507, p < 0.001). Conclusion. In our study,
FTBUT, though often used in many combinations of the
DED tests, showed a remarkably high sensitivity and specificity
on its own, as well as good correlation with DED related in-
flammation detected with conjunctival scraping cytology.
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nja suze (Tear Ferning — TT). Rezultati. FTBUT je pokazao
najvisu senzitivnost (93,6%). Najvisu specificnost je poka-
zao RB test (93,2%), ali je visoka specifi¢nost utvrdena i kod
Shirmer I, TF i FTBUT testa (89,8%, 84,5%, 78,0%). Naj-
bolju korelaciju sa citoloskim nalazom konjunktivnog skrej-
pinga imali su RB i FITBUT (r = 0,707, p <0,001; r = -
0.507, p < 0,001). Zaklju€¢ak. FTBUT iako cesto koris¢en u
kombinaciji sa drugim testovima, samostalno je pokazao
znacajno visoku senzitivnost i specifi¢nost, kao i dobru ko-
relaciji sa inflamacijom u sklopu bolesti suvog oka citoloski
detektovanoj skrejpingom konjunktive.

Kljucne reci:

oko, suvo, sindromi; konjunktiva; citologija; osetljivost
i specifi¢nost; dijagnosticki testovi; rutinski; dijagnoza,
diferencijalna.

Correspondence to: Bojana Daci¢ Krnjaja, University of Belgrade, Faculty of Medicine, Borivoja Stevanovica 10b,

11 000 Belgrade, Setbia. E-mail: bkrnjaja@gmail.com



Page 876

VOIJNOSANITETSKI PREGLED

Vol. 76, No 9

Introduction

While investigation on complex mechanism of dry eye
disease (DED) has still been ongoing, hiperosmolarity and
inflammation that are underlined since the first Dry Eye
Workshop (DEWS) report ' as well as by the OCEAN
group * are something that all of us are focused on. Advance
in the diagnostic tools, but also in therapy are based on these
two crucial steps in that vicious circle **. New and improved
definition of DED, published within the Tear Film and Ocu-
lar Surface Society (TFOS) DEWS II Definition and Classi-
fication Report °, emphasizes that hiperosmolarity and in-
flammation, together with the initial tear film instability and
neurosensory abnormalities play etiological roles.

Measuring osmolarity, especially after the introduction
of portable in situ osmometer (TearLab™, OcuSence, Tear-
Lab Corp, San Diego, CA, USA) into clinical practice, seems
to be a good way to recognize DED in its early stage > °.
However, there is a question of overlapping of normal sub-
jects and mild form of dry eye (DE) . The rapid point-of-care
diagnostic, 9-level test (InflammaDry; Rapid Pathogen
Screening, Inc, Sarasota, FL) to detect elevated matrix metal-
loproteinase, was reported by Sambursky et al. ’ as a diag-
nostic tool with high sensitivity and specificity when detect-
ing DE related inflammation. Messmer et al. ® identified the
presence of ocular surface inflammation in 40% of con-
firmed DE patients with this diagnostic test. Although the
time-consuming laboratory test, the conjunctival scraping
was introduced by Versura et al. * as a reliable method to di-
agnose and score ocular surface inflammation in DE.

We were interested in exploring relation of some com-
monly used clinical tests available to ophthalmologists in our
country with DED- related inflammation measured by con-
junctival scraping cytology, in order to make the decision
easier as to start an anti-inflammatory treatment.

Methods

We examined 100 subjects (200 eyes), 88 woman and 12
men. Mean age =+ standard deviaton (SD) was 50.17 £ 16.74
years. Eighty of them were referred to us by rheumatologists
and general practitioners either during evaluation for the Sjogren
syndrome (SS — 30 patients), or because of dry eye symptoms
(50 patients). The control group was made of 20 patients in
evaluation for cataract surgery, with no DE related symptoms.
The exclusion criteria were any ocular surgery that was per-
formed in the period of one year, contact lens wear, topical eye
therapy (if only tear substitutes, they had to be suspended at
least 8 hours before the examination), entropion, ectropion, or
other lid closure problems as well as ocular allergies, or pres-
ence of anterior blepharitis. The patients suspected to have the
SS were not yet under any kind of systemic anti-inflammatory
therapy. The study was approved by the Ethics Committee, of
the Faculty of Medicine, Belgrade University. All patients
signed an informed consent form.

We performed the following clinical tests: Schirmer
without anesthesia (Schirmer I), fluorescein tear break up
time (FTBUT), Rose Bengal (RB), Lid Parallel Conjuctival

Folds (LIPCOF), Tear Meniscus Height (TMH) and Tear
Ferning (TF). Eyelids were inspected for meibomian gland
dysfunction (MGD). We also performed scraping of tarsal
conjunctiva in order to evaluate ocular surface inflammation.
Symptoms were evaluated on the basis of the Ocular Surface
Disease Index (OSDI) and McMonnies questionnaires.

To confirm the DE diagnosis in our study, we consid-
ered results from a group of three clinical tests. These three
tests, the Schirmer I, FTBUT and RB, represented the oph-
thalmological part of testing for SS according to the Copen-
hagen criteria, but proved useful in diagnosing DE out of SS
context, also '°. Eighty patients, as we expected, had the dry
eye disease, since one, or both eyes were positive in 2 of 3
clinical tests. Twenty patients from this symptomatic group
had some form of MGD. In the control group, no eye met
these criteria. One patient from the control group had MGD,
without the signs, or symptoms of DED. Bearing in mind
that we analyzed separately both eyes, we found that 139
eyes were positive and 61 negative for DED. We also graded
the DE severity from 0 to 4 according to the DEWS report
score system '. Numbers of eyes within different grades are
presented in Table 1.

Table 1
Distribution of eyes according to dry eye severity
with the 0—4 score system from the DEWS report

Dry eye severity Number of eyes % Cumulative %

0 37 18.5 18.5
1 54 27.0 45.5
2 75 37.5 83.0
3 23 11.5 94.5
4 11 5.5 100.0
Total 200 100.0

DEWS — Dry Eye Workshop Severity.

All tests were performed during one examination in the
morning by two examiners. First, we examined the patients’
TMH and LIPCOF. TMH was measured by slit-lamp. We
registered the values as 0.3 mm, 0.2 mm, 0.1 mm, less than
0.1 mm, using the slit -lamp microscope with objective lens
graticule in 0.1 units. For the LIPCOF test, we registered in
the temporal zone the values as no folds, '2 of fold in the
temporal zone, one fold less that 0.2 mm height, two folds
0.2 mm height, 3 folds or more over 0.2 mm. Although simi-
lar, these stages, are not completely analogous to those most
commonly used, described by Hoh et al."' Instead of using a
term normal meniscus tear height, we used the value of 0.2
mm as a cut-off value between the stages. Other authors also
used this value as a normal one "%, and considered pathologi-
cal if below . We also divided the Stage 1 by Hé h into two
stages with present folds, in order to form four grades as the
DEWS dry eye severity score system has. Then we per-
formed the Schirmer I, FTBUT and RB test as outlined in the
DEWS report . After folding the Schirmer paper strip at the
notch, we placed the shorter part under the temporal one-
third of the lower lid of both eyes. The patients were asked to
close their eyes. We measured the length of wetting from the
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notch after 5 minutes, and the cut-off value was < 10 mm/5
min. For FTBUT we applied sodium fluorescein with the
impregnated strips and used the average value of three times
measured the elapsed time from blink till appearance of the
first break in the tear film. The cut-off value was < 10 mm.
Punctate staining of the ocular surface, after applying topical
anesthesia and Rose Bengal dye was graded with the van Bi-
jsterveld system, with the cut-off value > 4. The TF test was
performed by collecting the tear sample from the inferior tear
meniscus by using an Eppendof automatic micropipette with
a single use 1-10 pL Eppendof Tips. The collected tear sam-
ple was pipetted onto a clean microscope slide and allowed
to air-dry for 10 minutes. Ferning of the tear was observed
by phase contrast light microscope at the magnification level
of x20 and x40 and quantified according to the Rolando
grading scale "°. Scraping of both upper and lower conjunc-
tiva was performed with a hockey knife at the end of the
clinical (slit lamp) examination, in topical anesthesia. The sam-
ples were air-dried at room temperature, fixed in methanol and
then stained with May-Grunwald-Giemsa. We counted the
number of neutrophils, lymphocytes and monocytes under the
phase contrast light microscopes in 50 microscopic fields at x40
as described by Versura et al. °, and graded inflammation by the
Conjuctival Scraping Cytology Scoring System.

We compared each clinical test with the scraping scores
and calculated the sensitivity, specificity, positive and nega-
tive predictive value (PPV and NPV). To determine the rela-
tionship between all the tests we used the Pearson’s correla-
tion coefficient r, since all of the tests were parametric. The
results of both questionnaires were compared with the con-
junctival scrapings of worse eye and we made the compari-
son between the different age groups (younger, or equal to
60 versus older than 60).

The data were statistically evaluated by using the SPSS
version 20 (IBM Corp. Released 2011, the SPSS Statistics
for Windows, Version 20.0 Armonk, NY: IBM Corp).

Results

The average value of scraping scores for the group of
eyes diagnosed as dry according to the Copenhagen criteria
was 5.33 + 1.99 (95% CI 5.00-5.66), while the average value
for the group of non-dry eyes was 2.75 + 2.04 (95% CI 2.23—
3.28). The difference in the average scraping score between
the two groups was found to be highly statistically signifi-
cant by the Student’s t-test (t = 8.368; p<0.001).

The average scraping scores for the different groups of
eyes were graded according to the DEWS report and pre-
sented in Figure 1. Most overlapping occurs between normal
eyes and eyes with a mild form of a dry eye. The difference
between all other DEWS groups was statistically significant
(F=43.197, p<0.001).

10.00=

Q
8.007 F

6,00 (s}
i {} H
200+

00 1.00 200 3.00 4.00
Gradus DEWS

Scraping

Fig. 1 — The mean scraping scores in different dry eye
severity groups.

The average scraping scores for the different groups of
eyes graded as in the DEWS report show that the most of the
overlapping we have between normal eyes and the ones
that have a mild form of dry eye. The difference among
all the other DEWS groups is statistically significant
(F=43.197, p<0.001).

DEWS - Dry Eye Workshop Severity.

Of all clinical tests that we used, as compared to the
conjunctival scraping, the FTBUT as a single test had the
best sensitivity (93.6%). The LIPCOF and TMH also had a
high sensitivity (92.2% and 80.9%, respectively). The high-
est specificity was found with RB (93.2%), but it was also
high with Schirmer I, TF and FTBUT (89.8%, 84.5%,
78.0%, respectively) (Table 2).

All the tests were in a statistically significant correla-
tion with the conjunctival scraping and among themselves.
RB and FTBUT had the highest correlation factor with con-
junctival  scraping (r=0.707, p<0.001; r=-0.507,
p <0.001). Among the clinical tests, the best correlation was
found between FTBUT and RB (r =-0.620, p<0.001), and
FTBUT and TF (r=-0.535, p<0.001) (Table 3).

Table 2
Sensitivity (Se), specificity (Sp), PPV and NPV of clinical tests compared to the conjunctival scraping cytology
Parameters FTBUT RB Sch 1 LIPCOF TMH TF
Se (%) 93.6 454 41.1 92.2 80.9 59.9
Sp (%) 77.9 93.2 89.8 33.9 44.1 84.5
PPV 0.91 0.94 0.91 0.77 0.78 0.89
NPV 0.85 0.42 0.39 0.65 0.49 0.48

PPV — positive predictive value; NPV — negative predictive value; FTBUT — Fluorescein Tear Break Up Time; RB — Rose
Bengal; Sch I — Schirmer I; LIPCOF - Lid Parallel Conjunctival Folds; TMH — Tear Meniscus Height; TF — Tear Ferning.
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Table 3
Correlation of all tests
Test FTBUT Scraping Sch I RB TF TMH LIPCOF
FTBUT r 1 -0.507" 0.504" -0.620" -0.535" 0.4227 -0.292"
p 0.000 0.000 0.000 0.000 0.000 0.000
n 200 200 200 200 190 200 200
Scraping r -0.507"" 1 -0.383" 0.707" 0.486" -0.352" 0.328"
p 0.000 0.000 0.000 0.000 0.000 0.000
n 200 200 200 200 190 200 200
Sch1 r 0.504" -0.383" -0.373" -0.342" 0.237" -0.233"
p 0.000 0.000 0.000 0.000 0.001 0.001
n 200 200 200 200 190 200 200
RB r -0.620" 0.707" -0.373" 1 0.433" -0.380" 0.300"
p 0.000 0.000 0.000 0.000 0.000 0.000
n 200 200 200 200 190 200 200
TF r -0.535™ 0.486" -0.342" 0.433" 1 -0.385™ 0.318"
p 0.000 0.000 0.000 0.000 0.000 0.000
n 190 190 189 190 190 190 190
TMH r 0.422" -0.352" 0.237" -0.380™ -0.385" 1 0377
p 0.000 0.000 0.001 0.000 0.000 0.000
n 200 200 200 200 190 200 200
LIPCOF r -0.292" 0.328" -0.233" 0.300" 0.318" 0377 1
p 0.000 0.000 0.001 0.000 0.000 0.000
n 200 200 200 200 190 200 200

FTBUT - Fluorescein Tear Break Up Time; Sch I — Schirmer I; RB — Rose Bengal; TF — Tear Ferning; TMH — Tear
Meniscus Height; LIPCOF — Lid Parallel Conjunctival Folds; r - Pearson’s correlation coefficient; **p — significant at level

< 0.01; n — number of eyes.

We analyzed the results of McMonnies and OSDI ques-
tionnaires and they were in a positive correlation (r = 0.644;
p<0.001). When we compared them with the inflammatory
cell scores acquired with scraping of tarsal conjunctiva of
worse eye, we found that the correlation coefficient was
r=0.315 for the McMonnies questionnaire which was highly
significant (p=0.001), and correlation with the OSDI question-
naire was significantly positive as well (r =0.290; p=0.003).
The patients with a higher score of inflammatory cells in tarsal
conjunctiva had a higher score on both questionnaires.

When comparing the results of conjunctival scraping of
patients younger than 60, we found a positive correlation on
the questionnaires that was highly significant (McMonnies
r=0.349; p=0.002, OSDI r = 0.341; p=0.003). For the pa-
tients over 60 years of age, we found no correlation between
the scraping results and neither of two questionnaires
(McMonnies r =0.011; p=0.956, OSDI r=0.221;
p=0.278). The correlation between the results of two ques-
tionnaires in both age group was positive (Group <60
r=10.684; p<0.001, Group > 60 r=0.619; p=0.001).

The average score of conjuctival scraping was higher in
the group over 60 years of age than in the group of subjects
aged under 60 years, and the difference was statistically sig-
nificant (t = -1.991, p=0.049). For the over 60 years of age
group, the average scraping score was 5.77, and for the under
60 years of age group, it was 4.74.

There was no difference between two age groups in the
average scores of both questionnaires (McMonnies t = 0.927,;
p=0.356, OSDIt=- 1.495; p=0.138).

Of all examined patients, 88% of them were women (88
out of 100 patients). In the group diagnosed with DED,
91.2% were women, which was statistically higher
(x*=4.001; p=0.045) than in the control group (75%).

Discussion

In the vicious circle of DED, the inflammation is some-
thing that comes after tear film instability and hyperosmolar-
ity, "*'® which might explain why, in our study, the conjucti-
val scraping could not show the clear distinction between the
normal and mild dry eyes. Other authors state that in moder-
ately severe dry eye, there is an (often subclinical) inflamma-
tory reaction of the ocular surface and the lacrimal gland
'"-1% "and so was confirmed in our study. That suggests that
an anti-inflammatory treatment is needed in all except mild
stage. Still, confirmation of presence of inflammation should
make our decision easier to add this treatment to already ex-
isting artificial tears.

The relation between the inflammation and some of
clinical symptoms and signs of DED was suggested before
" The diagnostic value of the clinical DE tests has been
evaluated many times so far > *°. We were interested in their
correlation with the DE-related inflammation.

FTBUT compared to the conjunctival scraping as a
measure of DE-related inflammation in our study showed the
best balance between sensitivity (93.6%) and specificity
(77.9%). There was a strong correlation between the FTBUT
and conjunctival scraping as well as with the RB and TF.
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Alves et al. ** also reported that the FTBUT sensitivity
was 72.3% while specificity was 100%, and they correlated
the best with other clinical tests they applied in diagnosing
the dry eye in different diseases.

Versura et al. ° found a strong correlation between FTBUT
and tear osmolarity, although in their study, this correlation did
not increase in its strength as dry eye severity did.

Discrepancy between the symptoms and signs is a rea-
son why we cannot rely on questionnaires only when it
comes to the DE diagnosis and staging of disease >'. The new
definition of DED, published within the DEWS II report, ad-
dresses this problem of discrepancy between the signs and
symptoms in some patients through the recognition of role
for the neurophysiology in the sensory aspect of the dis-
ease . In our study, a poor correlation was evident in the
group of patients over 60 years of age, where the average
scraping score was higher. In their study, Vehof et al. **
found that the increased age was a predictor of fewer symp-

toms than signs. This should make us more careful when rul-
ing out, or staging DED in the older population.

Conclusion

FTBUT, though often used in many combinations of the
DED tests, showed in our study a remarkably high sensitivity
and specificity on its own, when correlated with the DED-
related inflammation. RB and FTBUT had the highest cor-
relation factor with the conjunctival scraping. A poor corre-
lation was found between the symptoms and DE-related in-
flammation in the patients over 60 years of age. We share the
opinion that it is the overall clinical judgment of a clinician
that should still be the final judge of DE diagnosis and treat-
ment, but we also believe that it is helpful to have a harder
scientific evidence to guide our decision on an anti-inflam-
matory therapy inclusion in DE treatment.
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