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Background/aims: Several studies have reported that sodium hyaluronate is able to improve both
symptoms and signs in patients with dry eye but none have demonstrated an improvement of conjunc-
tival epithelial cell abnormalities of the ocular surface. The aim of this study was to explore the effect of
sodium hyaluronate-containing eye drops on the ocular surface of patients with dry eye during long
term treatment.

Methods: A randomised double blind study was undertaken in 86 patients with medium 1o severe dry
eye [that is, rose bengal and/or fluorescein fest score of ot least 3, tear film break up time <10 sec-
onds, or Schirmer's test <5.5 mm). Patients were ireated with either preservative-free sodivm hyaluro-
nate or saline for 3 months at a dose of ene drop 4-8 times a day. Bulbar impression cylology, slit lamp
examinations, and subjective symptoms were evaluated after 1, 2, and 3 months. Impression cytology
was considered the primary efficacy parameter of the study.

Results: The efficacy analysis was performed on a fofal of 44 pdtients who were able to fully adhere
to the protocol. Afier 3 months of ireatment sodium hyaluronate improved impression cytology score [p
= 0,024 v baseline). At the same time also the difference with respect to placebo was statistically sig-
nificant (p = 0.036). Study medication was well tolerated and no freatment related adverse events

Accepted for publication occurred during the study.
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eye syndrome.

are characterised by a deterioration of the corneal epithe-
lium with a development of punctate erosions and
increased permeability. Compared with:normal eyes the
conjunctival epithelium of such patients presents squamous
metaplasia with decreased or abnormal goblet cells.’
Artificial tears are, to date, the mainstay of the therapy for
dry eye syndrome. They have been designed with a focus on
physical properties relating to wetting of the ocular surface
and usually contain hydrophilic polymers, which lubricate the
eye during blinking.’ The ideal tear replacement should have a
composition which is compatible with the maintenance of a
normal ocular surface epithelium. When damage exists, the
artificial tear solution should provide an environment in
which the epithelium can recover the normal structure and

The eyes.of patients suffering from severe dry eye syndrome

function.
A topical application of sodium hyaluronate has been

shown to confer both subjective and objective improvement in
patients with dry eye syndrome or keratoconjunctivitis sicca
(KCS).** Conflicting results, however, have been obtained
regarding the efficacy of sodium hyaluronate on ocular surface
darmnage. Condon et al have recently reported a reduction in cell
degeneration as assessed by rose bengal.’ -Accordingly,
Wysnbeek et al indicated that hyaluronate is able to protect the
corneal epithelium.” On the other hand, Nelson and Farris
have published a report stating that sodium hyaluronate did
not change significantly the degree of squamous metaplasia of
the bulbar conjunctival surface, as shown by impression
cytology during a short term treatment period."

The aim of the present study was to explore the long term

Conclusions: Sodium hyaluronate may effectively improve ocular surface damage associated with dry

PATIENTS AND METHODS
Study population
A total of 86 patients with medium to severe dry eye syndrome
were enrolled in the study. Diagnosis was based on stringent
inclusion criteria. Patients with the following characteristics
were included in the study: (1) history of dry eye for at least 2
months'; (2) tear film abnormalities (that is, tear break up
time <10 seconds, and/or anaesthetised Schirmer’s test <5.0
mm in one or both eyes); (3) ocular surface damage (rose
bengal and/or fluorescein test score 23) in at least one eye.”
Patients with external ocular disease, glaucoma, wearing of
contact lenses, or using systemic or topical medication, such as
sleeping tablets, tranquillisers, antidepressants, monocamine
oxidase inhibitors, dopaminergics, neuroleptics, benzodi-
azepines, antiserotoninergic, § blocking, and antiemetic
agents, were excluded from the study.

Patients were randomly treated for 3 months with either
preservative-free 0.15% sodium hyaluronate (n = 41) or

preservative-free saline/0.9% sodium chloride {n = 45). As

Table 1 Disposition of patients

Na-Ha Placebo Total

Randomised 41 45 86

Excluded 22 20 42
Adverse events & 5 11
Poor tolerance 4 8 12
Failure to adhere to

protocol 12 7 19

Included {PP set} 19 25 44

effect of sodium hyaluronate eye drops on the ocular surface of
patients with moderate to severe dry eye.
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Table 2

Inclusion characieristics of the “per protocol” set of patients evaluated for
the efficacy analysis. Values for each patient were assessed before randomisation
and are expressed as mean {SD} of the right and left eye

Number of paiients > 250
Age woii ol 50.2 {15:1) 507151
Sex (M/Fl 415 5/20 - -
Sympioin score - 16.2 (2.4} 16.8(2.7} -
Anesthetised Schirmer’s test {mm) 7148 - 6.043.8)

Break up time [seconds) 6.4 (2:6) . . sz

Rose bengal siain [AU) 4.0 (2.4} '

32(2:0)

shown in Table 1, almost 50 % of the randomised patients {42/
86) were excluded from the study because of adverse events,
poor tolerance, or failure to fully adhere to the protocol. Thus
the “per protocol set” used for efficacy analysis consisted of a
total of 44 patients (19 in the sodium hyaluronate group and
25 in the saline group). Table 2 shows the main characteristics
of these 44 patients obtained during the baseline visit (visit 1).

Study design )
Randomised, double blind, parallel groups at six centres
located in Germany were involved. in the trial.

Approval by the local ethics committee was obtained for all
participating centres before starting the recruitment. The
study was conducted according to the principles contained in
the Declaration of Helsinki and good clinical practice.

Tests performed
All tests were performed before randomisation (visit 1= base-

line) and after 28 {SD 7) days (visit 2), 58 (8) days (visit 3),
and 92 (10) days (visit 4) of treatment and included an evalu-
ation of symptoms by a VARS (visual analogue rating scale), a
complete ophthalmological examination, and impression
cytology

Subjective symptoms (foreign body sensation, burning,
heaviness of the lids, photophobia, and stinging) were evalu-
ated by using a VARS overall efficacy score (ratio between the
sum of all VARS scores and the maximum obtainable score). A
value of 100% equals no ocular symptoms—that is, maximum
efficacy; a value of 0% equals maximum intensity of all symp-
toms assessed in both eyes—that is, no efficacy.

The ophthalmological exarination included, in the follow-
ing order, the assessment of tear film break up time (BUT),
fluorescein staining, rose bengal staining, impression cytology,
and anaesthetised Schirmer’s test.” This sequence of tests was
performed in order to minimise interference of one test on the
next.

For the impression cytology, cellulose acetate filter strips
were pressed against the temporal interpalpebral bulbar con-
junctiva after application of topical anaesthesia. Specimens
were then stained with the PAS-Papanicolaou method’ ™™
and graded according to Nelson' by one operator in a blind
manner. Impression cytology scores were obtained as the

mean result from both eyes.

Study materials
Hyaluronan, as sodium hyaluronate of molecular weight

approximately 3 x 10° D (BTG, Israel), was manufactured by a
process of continuous fermentation from streptococci and for-
mulated to a 0.15% solution in phosphate buffered saline at
pH of 7.3 and osmolarity of 0,285 Osml/kg. The dynamic Vis-
cosity of the solution was 30 cP The reference or control medi-

Both medications were supplied as 0.3 ml solution in sterile,

B unidose, preservative-free containers. An enrolment log of

more than 1 year was planned because of the stringent
inclusion/exclusion criteria of the protocol. Patients were pre-
scribed to use one drop 4-8 times a day. This wide range was
chosen because of the expected variability of both environ-
mental conditions and eye drop needs during the study
period. The number of eye drops used was evaluated by a diary
card. In addition, used and unused unit doses were returned to
the investigator and counted at the end of the study.

Efficacy and safety variables

The primary efficacy variable used in this study was the ocu-

lar surface damage score as evaluated by impression cytology.
The end point of the study was at visit 4 (3 months of
treatrment). Safety was assessed by monitoring all adverse
events throughout the course of the study.

Statistics'
The statistical analysis was done by means of the software sas

(version 8.1). A mean value of left and right eye was calculated
for each variable.

For the evaluation of impression cytology results, the raw
values of visits 2, 3, and 4 were compared using the
Mantel-Haenszel test to detect any signiﬁcax\u differences
between the two treatment groups. A within group compari-
son of scores at each visit was also performed. Paired ¢ test
were used as the statistical test. R

For all the other variables an analysis of variance (ANOVA)
was used to detect difference between the two treatment
groups. The efficacy analysis was performed on the “per
protocol set” defined as the subset of subjects fully compliant
with the protocol.
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Figure 1 Impression cytology scores affer treatment with sodium
hycluronate {Na-Ha} or saline (plocebo). Dota are expressed as
mean values {SEM} of left and right eye scores obtained at each day
visit (V1 = baseline; V2 = 1 month; V3 =2 months; V4 =3 months).
Between groups comparison [Na-Ha v saline): VI: p = 0.115; V2: p
=0.720; V3: p = G.479; V4: *p =0.036. Within groups
comparison: saline: V2 v V1:p = 0.776; V3 v VI: p=0.752;Vdv

eatioiwas 1 phystotogical-sodiumchioride~sotution-6:9%
{w/v).
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VITp=U.23Y  Na-Har VI vVl p=0083, V3v VI p =0.158;
V4 v V1: *p = 0.024. P ? '
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Figure 2 Cell characteristics affer treaiment with either sodium h

goblet cells are absent. [B). Sodium hyaluronate group
round shape and of gobl

after 3 months of treatment [visit 4): presence of both sma
let cells. (C and D} Saline group after 3 months of treatment (visit 4J: presence of polygonal cells with erafinised,

yaluronate or saline. {A) Cytological characteristics before treatment [visit 1):
presence of large epithelial cells, showing a polygonal shape and a variable staining cytoplasm and o nucieus/crfoplosm ratio of 1:3 ~ 1:4;
|

er cells with polygonal and

basophilic cytoplasm with markedly reduced nucleus/cytoplasm; goblet cells are absent.

A statistically significant difference at the 95% confidence
level was assumed in the presence of a p value less than 0.05.

"RESULTS

Impression cytology _

Impression cytology grades obtained during the study are
shown in Figure 1. No significant differences were observed
between sodium hyaluronate and placebo groups at visits 2
and 3, whereas after 3 months of treatment (visit 4) scores
obtained in patients treated with sodium hyaluronate were
statistically significantly lower than those obtained in patients
treated with saline (p = 0.036). These results may be
explained as either a treatment related effect or a detrimental
long term effect of saline on ocular surface. In order to clarify
this issue a within group comparison was also performed.
Interestingly, the impression cytology grade remained un-
changed over time in the saline group, whereas it improved in
the hyaluronate group. This positive effect over baseline
became statistically significant after 3 months of treatment (p
= 0.024).

Representative cytological pictures of the two treatment
groups are shown in Figure 2. Baseline cytological character-
istics (visit 1) were: presence of large epithelial cells with a
polygonal shape, a nucleus/cytoplasm ratio of 1:3-1:4, and
absence of goblet cells (Fig 2A). After 3 months of treatment
with sodium hyaluronate the main cytological feature was the
presence of smaller cells with both polygonal and round shape
and the presence of goblet cells (Fig 2B}. On the contrary, in
the saline treated group the cytological features were presence
of polygonal cells with keratinised, basophilic cytoplasm,
markedly reduced nucleus/cytoplasm ratio, and absence of

Other variables

In both treatment groups an improvement for all symptoms
compared with baseline was observed. After 3 months of
treatment the overall efficacy score was better in the hyaluro-
nate group but this difference was not statistically significant
(ANOVA, p = 0.059). '

The mean number of eye drops used - daily (sum of both
eyes} was comparable in the two groups of treatment
(hyaluronate group: mean 9.1 (SD 1.4); saline group: 9.9
(1.1)). ‘

For the other tests considered (tear film break up time,
fluorescein staining, rose bengal staining, and Schirmer's test)
no statistically significant difference between treatment
groups was observed. However, a more or less pronounced -
Improvement over baseline was noticed for all variables in

both treatment groups (data not shown).

Safety

The safety was evaluated in all 8¢ randomised patients { safety
subset) All study medications appeared to be safe and were
generally well tolerated. No differences between treatment
groups were observed with regard to the possibly treatment
related adverse events. No treatment related serious adverse
events occurred during the study.

DISCUSSION

It has been reported that patients with keratoconjunctivitis
sicca show substantial abnormalities of the ocular surface, in
particular of the epithelial morphology and goblet cells distri-
bution with a shift toward squamous metaplasia. From the
clinical point of view one of the most important clinical
feature of dry eye syndrome.is.an-alt rationrof thecormealsng

gobletcells(Fig 2Cand Oy

conjunctival epithelium, as demonstrated by fluorescein and
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rose bengal vital stains. However, these methods do not seem
‘to correlate with the degree of squamous metaplasia and gob-
let cell abnormalities found in patients with dry eye."
Sodium hyaluronate has been shown to improve both fluo-
rescein and rose bengal stains in patients with dry eye,”” sug-

gesting that the treatment with this agent promotes corneal

and conjunctival epithelial healing. The efficacy of sodium
hyaturonate to reduce histological changes of ocular surface,
in patients with dry eye, was evaluated by Nelson' following
a treatment period of 8 weeks. That study showed that
although sodium hyaluronate improves rose bengal staining it
did not change the degree of squamous metaplasia. It was
concluded that significant changes of this parameter could
take longer than 8 weeks of treatment. In the present study
impression cytology scores were used as a direct indicator of
ocular epithelial damage. We found an improvement of ocular
surface features after treatment with sodium hyaluronate
compared with saline. The differences between the two groups
became statistically significant after 3 months of treatment.
These results may be interpreted as a consequence of a wors-
ening of the ocular surface damage produced by the long term
treatment with saline instead of an improvement in the
hyaluronate group. However, the impression cytology grade
remained unchanged over time in the placebo group, whereas
it improved in a statistically significant manner in the
hyaluronate group, suggesting a direct treatment related
effect. Interestingly, we have recently reported that sodium
hyaluronate significantly improved signs and symptoms in
patients with moderate to severe dry eye independently from
the saline composition of the ophthalmic solutions, suggest-
ing that a greater importance should be given to sodium
hyaluronate rather than the physical/chemical properties,
such as osmolarity or ions.*

How hyaluronate improves ocular surface is at present
unknown. However, several mechanisms can be advocated.

Hyaluronan is a natural polymer and its concentration

increases in response to ocular damage and during corneal -

wound healing.” In vitro hyaluronate promotes cell migration
and can stabilise ocular surface epithelial barrier® ™ suggest-
ing that it may be directly involved in the process of epithelial
repair by activation of the CD44 (the hyaluronate receptor).
CD44 is expressed in corneal and conjunctival cells® * and its
activation promotes the interaction with cytoskeletal
proteins™ suggesting a role for hyaluronate in cell adhesion
and motility. Moreover, binding of hyaluronate to CD44 may
stimulate cell proliferation thorough a mechanism involving a
kinase cascade.”

Hyaluronate may play a part in the controlling the localised
inflammation often present in patients with keratoconjuctivi-
tis sicca.” Interestingly it has been recently reported that the
expression of the CD44 is increased in patients with moderate
dry eye and superficial keratitis and that sodium hyaluronate
given for a 2 month period is associated with a decreased
expression of this adhesion molecule.”

Hyaluronate increases the stability of the precorneal tear
film, which protects the ocular surface from environmental
agents® * and it has water retentive properties, which improve
ocular surface wettability.”” Therefore, hyaluronate may con-
tribute to a favourable microenvironment during ocular
repairing processes. .

Finally hyaluronate has viscoelastic properties that can
Tubricate the ocular surface reducing friction during blinking
and ocular movements.

In conclusion, this study suggests that sodium hyaluronate
has a beneficial effect on the conjunctival epithelium, as dem-
onstrated by impression cytology in a well defined and homo-
geneous population of patients with dry eye, selected by using
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stringent inclusion criteria. Thus, sodium hyaluronate, with
its reported efficacy on symptoms, the described properties on
wound healing,-and anti-inflammatory action, can be consid-
ered particularly useful for the treatment of dry eye.

Authors’ aoffiliations

P Aragona, Institute of Ophthalmology, University of Messina, Italy
A Micali, Depariment of Biomorphology, University of Messina, Italy
V Papa, M Santocono, G Milozzo, Clinical Department SIFt SpA,

Lavinaio-Catania, ltdly

REFERENCES

1 Nelson JD, Hovener VR, Cameron ID. Cellulose acetate impressions of
the ocular surface. Arch Ophthalmol 1983;101:1868-72.

2 Lemp MA. Astificial tear solutions. Int Ophthalmol Clin 1973;13:221-9.

3 De Luise VP, Peterson SW. The use of topical Healon tears in the
management of refractory dry-eye syndrome. Ann Ophthalmol
1984;16:823-4.

4 Stuart JC, LinnJG. Dilute sodium hyaluronate [Healon] in the freatment
of ocular sudfoce disorders. Ann Ophthalmol 1985;17:190-2

5 Polack FM, McNiece. The treatment of dry-eyes with Na-hyaluronate
{Healon). Comea 1982;1:133-6.

6 Shimmura S, Ono M, Shinozaki K, et ol. Sodium hyaluronate eye drdps
in the freotment of dry eyes. BrJ Ophthalmol 1995,79:1007-11.

7 Gill GW, Frost JK, Miller KA. A new formula for halfoxidized
hematoxylin solufion that neither overstains nor requires differentiation.
Acta Cytol 1974;18:300-11. ) . ’

8 Papa V, Aragona P, Russe S, et al. Comparison of hypotonic and
isofonic solutions containing sodium hyaluronate on the symptomatic
treatment of diy eye patients. Ophthalmologica 2001,215:124-7.

9 Condon PI, McEwen CG, Wright M, et al. Double blind, randomised,
placebo controlled, crossover, multicentre study lo determine the efficacy
of a 0.1% {w/¥) sodium hyaluronate solution {Fermavisc} in the treatment
of dry eye syndrome. BrJ Ophthalmol 1999;83:1121-4.

10 Wysenbeek YS, Loya N, Sira Bl, ef of. The effect of sodium hyaluronate
on corneal epithelivm. Invest Ophthalmol Vis Sci 1988;29:194-9.

11 Nelson 1D, Farris LR. Sodium hyaluronate and polyvinylolcohol arfificial
tears preparations. A comparison in patients with keratoconjunctivitis
sicca. Arch. Ophthalmol. 1988;106:484-7.

12 McMonnies CW. A patient history in screening for.dry eye condifions.
Am J Oplom Assoc 1987,58:296-307

13 Lemp MA. Report of the National Eye Inslitute/Industry workshop on
clinical tricls on dry eye. CLAOJ 1995;21:221-8. |

14 Aragona P, Romeo GF, Puzzolo D, et al. Cylological and morphometric -

- analysis of the conjunctivat epithelium in patients with veral :
conjunctivitis. Eye 1996;10:82-5. ’

15 Aragona P, ferreri G, Micali A, ef al. Morphological changes of the
conjunctival epithelium in contact lens wearers evaluated by impression
cytology. Eye 1998;12:461-6. :

16 Armitage P. Statisticol methods in medical research. Oxford: Blackwell,
1971,

17 Fukuda K, Miyamoto Y, Miyara Y. Hyaluronic acid in teor fluid ond its
synthesis by corneal epithelial cells. Asia-Pacific J Ophthalmol
1998;40:62-5.

18 Inoue M, Katakami C. The effect of hyalurenic acid on corneal epitheliol
cell proliferation. Invest Ophthalmol Vis Sci 1993;34:2313-5.

19 Nishida T, Nokamura M, Mishima H, et al. Hyaluronan stimulates
corneal epithelial migration. Exp Eye Res 1991,53:753-8

20 Lerner LE, Schawrz DM, Hwang DG, et ol. Hyaluronan and CD44 in
the human comea and limbal conjunctiva. Exp Eye Res 1998;67:481-4

21 Baudouin F, Brignole F, Dupas B, ef al. Reduction in keratitis ond CD44
expression in dry eye pafients treated with a unique 0.18% sodium
hyoluronate solution. [ARVO obsiract. Invest Ophthalmol Vis Sci
2001;42:532, abstract no 180.

272 Entwistle 1, Holl CL, Turley EA. HA receptors: signalling fo the
cyloskeleton. J Cell Biochem 1996;61:569-77

23 Rosales C, O'Brien V, Kornberg L, et ol. Signal transduction by cell
adhesion receplors Biochem Biophys Acta 1995;1242:77-98.

24 Stern ME, Beverman RW, Fox Rl, et ol. The pathology of dry eye: the
interaction between the ocular surface and lacrimal gland. Corneo
1998;17:584-9.

25 Mengher LS, Pondher KS, Bron Al, et ol. Effect of Sodium hyaluronate
{0.1%] on breakup time (NIBUT} in patients with dry eyes. Br J

~ Ophthalmol 1986,70:422-7

26 Nakamura M, Hikida M, Nokano T, et al. Characterizafion of water
refentive properties of hyaluronan. Cornea 1993;12:433-6.

27 Snibson GR, Greaves JL, Soper ND, ef al. Ocular surface residence
times of artificiol tears solutions. Cornea 1992;11:288-93.

www.bjophthalmol.com



