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ABSTRACT

Introduction: An innovative eye drops formu-
lation containing 0.2% hyaluronic acid and a
low concentration of hydrocortisone (0.001%;
hereafter HALH) has been recently placed on
the market (Idroflog®, Alfa Intes, Italy) to
manage the dysregulated parainflammation in
patients with dry eye disease (DED). In the
present paper, the effectiveness of HALH on the
signs and symptoms of DED was retrospectively
evaluated and compared with that one obtained
using standard tear substitutes (STS) by means
of low- and high-tech (Keratograph®)
assessments.
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Methods: This was a multicenter retrospective
study carried out between February and April
2023, involving adult patients with DED diag-
nosis owing to post-cataract surgery, meibo-
mian gland dysfunction, allergy, or glaucoma
medications. The primary aim was to compare
the changes induced by different therapies on
Keratograph® parameters (noninvasive Ker-
atograph tear breakup time [NIKBUT], tear
meniscus height [TMH], eyelid meibography,
conjunctival hyperemia, and conjunctivocha-
lasis) or collected by traditional low-tech mea-
sures (tear breakup time [TBUT], Schirmer test,
Efron score, and epithelial alterations) and the
Ocular Surface Disease Index score.

Results: Data from 155 patients were analyzed.
The effectiveness of HALH and STS was reported
by both high- and low-tech measures. NIKBUT-
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first showed a significant improvement in the
HALH group versus the STS one at 15 days
(6.4 £3.6vs 5.4 £ 3.7s, p=0.02), whereas this
difference was latent with low-tech TBUT until
45days (6.8 £2.6 vs 5.6+ 23s, p=0.03).
Patients with DED occurring after cataract sur-
gery reported an enhanced activity of HALH
versus STS, particularly for NIKBUT-first, TMH,
Schirmer test, and hyperemia stage.
Conclusion: These findings highlighted the
effectiveness of HALH in all DED subtypes,
especially in patients with post-cataract surgery,
as well as its superiority versus STS in terms of
tear film stability improvement. We recom-
mend longer observation (i.e., 3-6 months) to
tully ascertain whether the early improvement
detected by high-tech measures will be con-
firmed in subsequent time points even using
low-tech tests.

Keywords: Dry eye disease; DED; Hydrocorti-
sone; Inflammation; Tear film; Lubricating eye
drops

Why carry out this study?

Although traditional lubricating eye drops
can relieve symptoms of dry eye disease
(DED), they are pootly effective in
counteracting specifically dysregulated
parainflammation, one of the main
underlying pathological mechanisms.

An innovative eye drops formulation
containing 0.2% hyaluronic acid and a
low concentration of hydrocortisone
(0.001%; hereafter HALH) has been
recently placed on the market to manage
the dysregulated parainflammation in
patients with DED.

In the present paper, the effectiveness of
HALH on the signs and symptoms of DED
was retrospectively evaluated and
compared with that one obtained using
standard tear substitutes (STS) by means of
low- and high-tech (Keratograph®)
assessments.

What was learned from the study?

The effectiveness of HALH and STS was
documented by both high- and low-tech
measures. However, the present results
suggested the superiority of HALH
treatment versus STS in terms of tear film
stability improvement.

Early and additional significant differences
between the two groups were reported
with high-tech measures compared with
low-tech assessments.

Longer observation (i.e., 3-6 months) are
recommended to fully ascertain whether
the early improvement detected by using
high-tech measures will be confirmed at
subsequent time points using low-tech
tests.

INTRODUCTION

Dry eye disease (DED) is a chronic, multifacto-
rial disease of the ocular surface (OS), charac-
terized by either decreased tear production or
increased evaporation [1, 2]. DED alters OS
homeostasis, causing reduced tear production,
increased evaporation, OS inflammation,
increased tear film osmolarity, and tissue dam-
age [2]. This mechanism tends to perpetuate by
creating the vicious circle of dry eye [3]. DED
presents with a range of symptoms that vary in
severity in each patient, and include eye irrita-
tion, stinging and foreign body sensations,
ocular fatigue and vision impairment [1].
Although DED is one of the most common
ocular disorders, with a prevalence range from 5
to 50% depending on the geographic region, it
is still underdiagnosed and undertreated [4-8].
Some risk and predisposing factors for DED can
be identified, such as ocular allergy, cataract
surgery, preserved eye drops, and meibomian
gland dysfunction MGD) among others [9-12].

Traditionally, common clinical measures
used for diagnosing DED and OS impairment
are fluorescein tear breakup time (TBUT), OS
fluorescein staining, Schirmer test and hyper-
emia assessment [13, 14]. However, both TBUT
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and Schirmer test are limited by their invasive-
ness, which affects the OS response and may
lead to increased tearing reflex. Moreover, dif-
ferent patterns of tear rupture can be seen in
DED, making TBUT difficult to interpret, with
consequent low repeatability and reproducibil-
ity [15, 16]. TBUT is also a subjective test whose
cut-off values are not fully validated: generally,
10s is an accepted cut-off [13], but it has been
suggested that if the volume of fluorescein used
is lower (a desirable strategy because it induces
less OS modifications) 5 s would be a proper cut-
off [17]. Likewise, the assessment of hyperemia
can be influenced by the subjectivity of the
operator. In addition, these parameters can be
poorly related to symptoms and, sometimes,
poorly responsive to adequate treatment
[18, 19]. Otherwise, the ocular discomfort
symptoms of DED are effectively measured with
questionnaires, among which the OSDI (Ocular
Surface Disease Index) score is the most vali-
dated [20].

Recently, new tools for the instrumental
diagnosis and monitoring of DED have been
introduced in the clinical practice [21]. Among
these, Keratograph® is an all-in-one device
increasingly used for the study of OS diseases, as
it allows automated, non-eye contact evalua-
tion of noninvasive Keratograph tear breakup
time (NIKBUT), tear meniscus height (TMH),
eyelid meibography, conjunctival hyperemia,
and conjunctival folds as a sign of conjunc-
tivochalasis  (hereafter conjunctivochalasis)
[16, 22].

The use of tear substitutes to lubricate the OS
is regularly prescribed in the case of DED, rep-
resenting the mainstay of treatment [4]. Most
products on the market contain hyaluronic acid
(HA) as their main component, which has
important lubricating and moisturizing proper-
ties able to improve the stability of the tear film
thanks to the specific strong interactions with
the mucus layer in the ocular surface [23-25].
HA also promotes wound healing thanks to its
specific activity on CD44 receptors expressed by
corneal epithelium [26]. Other products contain
carboxymethylcellulose and polyethylene gly-
col [4]. However, traditional lubricating eye
drops can relieve the symptoms of DED but are
poortly effective in counteracting specifically the

main underlying pathological mechanism,
namely dysregulated parainflammation, which
has recently been recognized as an important
pathogenetic step in the progression of tear
dysfunction in DED [27, 28]. Therefore, to act
on this pathological factor as well, an innova-
tive HA-based eye drops formulation has
recently been placed on the market (Idroflog®,
Alfa Intes, Italy; class III medical device) [29]. In
addition to the presence of 0.2% HA, this
innovative product contains a low concentra-
tion of hydrocortisone (0.001%; hereafter ter-
med hyaluronic acid and low-hydrocortisone
eye drops, HALH), a synthetic analogue of cor-
tisol, which is normally produced at the level of
the OS to provide the first line of defense to
potential exogenous, pro-inflammatory triggers
and restore the homeostasis [30]. According to a
recently published clinical study, the treatment
with HALH proved to control macrophage
infiltration, reducing the immune system
involvement and leading to an easier recovery
of OS homeostasis [31]. Therefore, the product
has the advantage not only of lubricating and
moisturizing the OS but also of controlling the
sub-clinical inflammatory component [31].

In the present paper, the effectiveness of
HALH was retrospectively evaluated and com-
pared with standard lubrication to test the
hypothesis that treating OS parainflammation
might give a clinical advantage over standard
lubrication on different subtypes of DED. A
positive result of the study would allow a better
customization of DED treatment. We also
studied the impact of low- and high-tech mea-
sures on measuring OS changes over time after
each therapy, thus proving further real-life data
on the possible advantage of using high-tech
imaging on DED management.

METHODS

Study Design and Setting

This was a retrospective analysis carried out at
six Italian ophthalmologic referral centers
(University Hospital “G. Martino”, Messina,
coordinating center; San Paolo and San Giu-
seppe Hospitals, Milan; University Hospital
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Careggi, Florence, University Policlinic “Mater
Domini”, Catanzaro; Mediterranea Eye Clinic,
Naples) between February and April 2023. The
study involved adult (>18 years) patients with
DED diagnosis (OSDI score > 13; TBUT < 7 s)
related to one of the following conditions: (1)
recent (at least 1 month and less than
12 months) cataract surgery-related dry eye; (2)
MGD according to at least one sign among
obstruction of the meibomian glands, alteration
of the position of the glandular lumens relative
to the mucocutaneous junction, and abnormal
secretion (including foamy secretion); (3) aller-
gic conjunctivitis based on both clinical signs
(hyperemia, follicles and/or papillae) and
symptoms (itching, lacrimation); (4) chronic
use (> 1year) of hypotensive eye drops con-
taining benzalkonium chloride or pros-
taglandin analogues following a diagnosis of
ocular hypertension or glaucoma.

Patients using a tear substitute following the
diagnosis of DED and receiving noninvasive
examination using Keratograph® (K5M; Oculus
Optikgerdte GmbH, Wetzlar, Germany) at the
time of diagnosis and follow-up visits (after 15
and 45 days) were considered. Data from
patients on topical anti-inflammatory therapy
(corticosteroids, NSAIDs, cyclosporine), with
Sjogren’s syndrome-related DED or other con-
comitant OS diseases, presenting moderate and
severe corneal and/or conjunctival epitheliopa-
thy (Oxford score > 3), pregnant or lactating
were not collected. Patients who used contact
lenses or other concomitant topical eye drops,
apart from hypotensive products containing
benzalkonium chloride or prostaglandin in
patients with glaucoma and antihistamine eye
drops and membrane stabilizers in allergic
patients, were not considered. Medical records
from September 2021 to December 2022 were
considered.

Patients were retrospectively divided into
two groups according to the treatment pre-
scribed at diagnosis:

1. Standard group: patients treated with a
standard tear substitute (STS) (Systane®
ultra, Alcon, hereafter termed STS treatment
Su; Optive Fusion®, Allergan, hereafter

termed STS treatment OF; Thealoz® Duo,
Thea, hereafter termed STS treatment TD);

2. HALH group: patients treated with the HA-
based low-hydrocortisone eye drops con-
taining 0.2% sodium hyaluronate and
0.001% hydrocortisone sodium phosphate
(Idroﬂog®, Alfa Intes; Italy; medical device
class III).

The study was conducted in accordance with
the Declaration of Helsinki of 1964 and its later
amendments. The inter-company Ethics Com-
mittee of Messina approved this study (Protocol
number: 38-23). All participants provided writ-
ten informed consent for using clinical data for
scientific purposes.

Study Measures

The study’s primary aim was to retrospectively
compare the changes induced by different
therapies on the parameters measured by Ker-
atograph® or collected by traditional low-tech
measures and the OSDI score.

The following Keratograph® parameters were
collected from the medical records: NIKBUT
(first, average and class), TMH, conjunctival
hyperemia, eyelid meibography and conjunc-
tivochalasis. Low-tech measures were TBUT,
Schirmer test, epithelial damage and slit-lamp
grading of hyperemia according to Efron scale.
The OSDI score was also considered. All mea-
sures were collected retrospectively at the diag-
nosis (TO) and 15- and 45-day follow-up visits.
For each patient, the worst eye at baseline -
intended as the one with lower TBUT at TO or, if
both eyes had the same TBUT, the eye with
lower NIKBUT — was considered. Eventual rel-
evant side effects (e.g., increased intraocular
pressure) were collected from medical records.

Statistical Analysis

Continuous variables were shown as mean and
standard deviation or median and interquartile
range, and categorical variables as number and
percentage. For comparison of continuous
variables within the same patients, the Wil-
coxon signed-rank test was used. For the
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comparison of continuous variables between
patients, the Mann-Whitney test was used.
McNemar's test was used to compare categorical
variables among patients. An analysis by sub-
groups was carried out to verify a possible
interaction between the pathology triggering
lacrimal dysfunction and the effect of the eye
drops. Three subgroups were identified based on
the cause of the lacrimal dysfunction: allergy,
MGD and DED owing to cataract surgery.
Patients using glaucoma medications were
excluded because of the small sample size
(n=9). Furthermore, the comparisons were
repeated for each eye drop to verify the possible
interaction between the drug effect and each
specific drug.

RESULTS

Demography and Baseline Characteristics

A total of 155 patients were considered in the
study; 92 (59%) were females (mean [SD] age
was 63 [16] years). At the diagnosis of DED, 76
(49%) patients were prescribed HALH, 79 (51%)
STS. The demography and baseline characteris-
tics of patients were homogeneous (Table 1).
The study’s main findings are reported in
Table 2 (high-tech data) and Table 3 (low-tech
data). Subgroup analyses according to DED
subtype and STS treatment are reported in
Table 4 and in Supplementary Tables 1-4.

Tear Film Stability

A significant improvement in the NIKBUT-first
parameter was reported after 15 and 45 days in
all patients treated with HALH, compared with
baseline (5.3 £ 3.3 vs 6.4 3.6 vs 7.2 + 3.4s;
p < 0.001 at both time points; Fig. 1; Table 2).
In patients treated with other products, the
improvement was significant only after 45 days
of treatment compared with baseline (5.4 + 4.6
vs 6.1 £ 3.7 s; p = 0.020; Fig. 1; Table 2). At both
time points, the NIKBUT-first was significantly
improved in the HALH group compared with
the STS group (Fig.1; Table 2; p <0.05 for
both).

Patients with MGD receiving HALH had
better NIKBUT first than those receiving STS
after 15days of treatment (8.6 6.6 vs
4.5+ 4.8s, p=0.026); HALH was also more
effective than STS in patients undergone catar-
act surgery after 45 days of treatment (7.5 + 3.5
vs 5.4 £ 3.0s; p=0.006; Table 4). Subgroup
analyses according to treatment further support
this result, reporting a significant difference in
NIKBUT-first between HALH and STS treatment
Su (most used in patients with MGD) after
15 days (p = 0.010; Table 4) and between HALH
and STS treatment TD (most used after cataract
surgery) at both time points (p = 0.029 and
p = 0.009, respectively; Table 4).

The NIKBUT-average parameter showed a
significant improvement after 15 days (8.3
[6.4-10.4] s) and 45 days (9.5 [7.4-12.2] s) in
patients treated with HALH compared with
baseline (7.4 [4.8-9.6] s; p < 0.001) at both time
points. Patients treated with other products
showed a clinical improvement only after
45 days (8.8 [6.5-11.8] versus 7.0 [5.0-9.7] s;
p = 0.005).

Regarding NIKBUT class, after 15 days of
HALH, there was no significant variation
(Table 5; McNematr’s test, p = 0.146); in con-
trast, after 45 days of treatment, 22 (29%)
patients improved their NIKBUT class, reporting
a significant variation of this parameter
(Table 5; McNemar’s test, p = 0.004). No signif-
icant variation of NIKBUT class was reported
among STS patients during the study period.

The mean TBUT assessed with low technol-
ogy reported a significant improvement after 15
and 45days of treatment in both patients
group, compared with baseline (p < 0.001 for all
comparisons; Table 3). A significant improve-
ment in mean TBUT was reported in the HALH
group compared with the STS group only after
45 days of treatment (6.8 & 2.6 vs 5.6 + 2.3 s,
p = 0.002; Table 3).

Tear Production Assessment

The mean TMH values assessed by Keratograph®
were homogeneous at baseline between groups
(p = 0.610; Table 2). No significant differences
were reported in the mean TMH after 15 and
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Table 1 Baseline characteristics

Characteristics HALH STS p value
group group
Opverall population
n =155 n=76 n=79 -
Females (n = 92) 41 (54%) S1(65%)  0.194
Age (years) 63 + 17 64+ 15 0948
OSDI score 29 £ 15 29 £ 14 0955
NIKBUT first 53 £33 54 £ 46 0.502
(s)
TBUT (s) 45+ 15 42+ 17 0202
Patients with allergy
n =237 16 (21%) 21 27%) -
Females (2 = 26) 9 (56%) 17 (81%)  0.108
Age (years) 42 £ 18 52420 0162
OSDI score 31+ 12 31+£13 0938
NIKBUT first 52 £ 35 52+30 0987
(s)
TBUT (s) 39+ 13 40 £15 0897
Patients with MGD
n =29 12 (16%) 17 (22%) -
Females (2 = 26) 6 (50%) 9 (53%)  0.878
Age (years) 58 + 18 67 +10  0.081
OSDI score 45 + 18 3815 0308
NIKBUT-fist 7.3 & 6.3 36+ 69 0711
(s)
TBUT (s) 334+ 12 264+ 13 0211
Patients post-cataract surgery
n="74 37 (49%) 37 (47%) -
Females (2 = 42) 20 (54%) 22 (60%)  0.641
Age (years) 73 £ 8 70 + 8 0.057
OSDI score 20+ 7 21 £8 0.349
NIKBUT first 5.0 + 1.7 50 £ 42 0.158
(s)
TBUT (s) 55+ 1.1 51+ 14 0211

Table 1 continued

Characteristics HALH STS p value
group group

Patients with glaucoma

n=9 6 (8%) 3(4%) -
Females (2 = 9) 6 (8%) 3(4%) 0490
Age (years) 73 £ 8 73+ 11 0957
OSDI score 37 £ 17 43 + 18 0.545

NIKBUT first 4.0 & 1.9 39423 0933
(s)
TBUT (s) 37+ 1.0 40+ 00 0577

Data are presented as 7 (%) or mean £ SD

NIKBUT noninvasive Keratograph tear breakup time,
TBUT tear breakup time, OSDI Ocular Surface Disease
Index, MGD meibomian gland dysfunction, SD standard
deviation, ST standard tear substitute, HALH hyaluronic
acid and low-hydrocortisone eye drops

45 days of treatment compared with baseline in
the overall population (Table 2). Comparable
mean TMH values were reported between
groups at 15 and 45 days (Table 2).

Otherwise, in the subgroup of patients with
DED after cataract surgery, an improvement in
mean TMH was reported after 45 days of treat-
ment in the HALH group compared with base-
line and the STS group (p =0.002 for both;
Supplementary Table 1).

The assessment of tear production by the
Schirmer test reported a significant improvement
in the HALH group at both time points compared
with baseline (p = 0.041 at 15 days, and p < 0.001
at 45 days; Table 3); otherwise, in the STS group,
the improvement was reported only after 45 days
of treatment (p = 0.001; Table 3). Comparable
Schirmer test values were reported between
groups at 15 and 45 days (Table 3).

Improvement in the Schirmer test at both
time points compared with baseline was repor-
ted in patients with DED after cataract surgery
treated only with the HALH (p =0.023 and
p < 0.001, respectively; Supplementary Table 1);
however, this difference was not significant
when compared with the STS group (Supple-
mentary Table 1).
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5, Conjunctival Hyperemia
= . o o} I5)
h : N N B Automated assessment of hyperemia showed a
=2 & z ® E significant improvement in both groups of
2 D A= 8 - patients during the follow-up period (p < 0.001
i AR in the HALH group at both time points;
g 0 v = p =0.038 and p = 0.003 in the STS group at 15-
le®|y 58 5 8| 2 and 45-days post-treatment, respectively;
- d . . . .
2 ég 2297579 3 Table 2), without significant differences
. a between groups (Table 2).
R P - £ In the subgroup of patients with post-catar-
Tolg g 3 2 DED, h i i d af
= g 2 act surgery , hyperemia was improved after
g 15 and 45 days of treatment compared with
Ll BlEELEL| 3 baseline values (p=0.008 and p < 0.001,
flExla s S| © respectively) only in the HALH group (Supple-
f; E mentary Table 2). However, no significant dif-
= - S o @3 4 ference was reported between the two groups at
2 E IR &y 2| B different time points (p = 0.241 and 0.331 after
FlEs s n s 2 3| E 15 and 45days of treatment, respectively).
g Among STS treatments, only OF treatment after
% |2 2 © g 45 days showed a significant improvement in
& |e S s £ hyperemia compared with baseline (p = 0.023;
cle s = Y Supplementary Table 3).
¥R R ¢ R g by . . . .
STlE 2% €y 2 A significant improvement in the Efron
el s 2 A S 2 scale score was reported in the HALH group
’ . é after 45 days of treatment (p < 0.001; Table 3),
E «S|lE8: £z £ without significant differences between groups
g | = el U P z . .
ElZlla e 253 = at both time points (Table 3). However, after
S : 15 days of HALH treatment, there was a sig-
R - & nificant improvement in the hyperemia stage
folg g g E in the subgroup of patients with post-cataract
=
o o « L surgery DED (n =9, 36% of patients improved
g 3 TR B their stage; McNemar’s test, p = 0.004). This
ks T gilz 2838 = improvement was enhanced at 45 days when
g < £ 48% of patients (n=12) improved their
] g .
Slp| ole s 2 g hyperemia stage (McNemar’s test, p < 0.001).
= _g ET HoH - HE é In the STS group, the improvement in the
slglEs|2 2 3 2 v 3 g F hyperemia stage was reported only at the
E 5, i < 45-day follow-up visit (n =12, 48%; McNe-
o f
3  |g g & Ty e mar’s test, p < 0.001).
R = g v_'d
= NEREREIEE EE Eyelid Meibography
b Sl oH 2 H 2| 5B g £ . . .
5 glls =S o S| gs SE and Conjunctivochalasis
z v F A A ﬁ & . = s
[} £ g8 EE
E 2| e - e _|E5E8s EE No differences were reported between groups in
&2ls E'f VRSN “ED 2 R E;E; the follow-up period for eyelid meibography
| ElE2|S & v & v ;22’]4; §E 00 and conjunctivochalasis parameters at each
2 v w|EFEsi%c: time point (Table 2).
= 2 iwT|EEEA0TEE
= EE L8 LlE8FFTi &
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Table 4 Subgroup analyses of NIKBUT-first (seconds) according to lacrimal dysfunction and treatment

HALH group STS group p value*
Patients with MGD
Baseline 73 £ 63 3.6 £69 0.711
15 days 8.6 £ 6.6 45 + 48 0.026
45 days 7.6 £ 4.1 7.1 £ 54 0.677
Patients post-cataract surgery
Baseline 50+ 1.7 5.0 + 42 0.158
15 days 61 %29 5.5 %37 0.121
45 days 75 £ 35 54+ 3.0 0.006
Patients with allergy
Baseline 52 £ 35 52+ 3.0 0.987
15 days 65+23 6.8 £3.9 0.950
45 days 69 £25 6.7 £ 32 0.539
STS treatment Su
HALH group STS treatment Su p-value*
Baseline 53 £33 54+ 54 0.190
15 days 64+ 3.6 51 =+ 4.0 0.010
45 days 72+ 34 64+ 40 0.203
STS treatment TD
HALH group STS treatment TD p value*
Baseline 53 £33 5.4 %+ 5.0 0.213
15 days 64+ 3.6 52+ 3.6 0.029
45 days 72 £ 34 5.5 %+ 3.7 0.009

Mean £ SD were reported

NIKBUT noninvasive Keratograph tear breakup time, HALH hyaluronic acid and low-hydrocortisone eye drops, STS
standard tear substitute, MGD meibomian gland dysfunction, Sx Systane® ultra, 7D Thealoz® Duo, SD standard deviation

*Statistically significant p values are reported in bold

Epithelial Alterations

The proportion of patients with epithelial
damage was reduced in both HALH and STS
patients from baseline to the 45-day follow-up
visit; the percentage reduction was significant
only in the STS group (p = 0.035 at 15 days and
p =0.003 at 45 days). No significant differences
were reported between the two groups (Table 3).

OSDI Score

Both treatments reported significant improve-
ment in symptoms during the follow-up as
measured by the OSDI score (p < 0.001 for all
comparisons; Table 3). No differences were
reported between groups at each time point
(Table 3).
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Fig. 1 NIKBUT first. A significant improvement in the
NIKBUT first was reported after 15 and 45 days in
patients treated with the low-hydrocortisone eye drops and
at 45 days in patients treated with standard tear substi-
tutes, compared with baseline. The NIKBUT first was
significantly improved in the HALH group compared with

Table S NIKBUT class analysis in the HALH group by

follow-up visits

Class  Baseline, n (%)

0 1 2 3

15 days (n = 74)

0 10 (14%) 1 (1%) 0 0

1 1 (1%) 27 (37%) 7 (10%) 0

2 0 3 (4%) 24 (32%) 1 (1%)
45 days (n = 75)

0 9 (12%) 6 (8%) 1 (1%) 0

1 2 (3%) 21 (28%) 15 (20%) 0

2 0 4 (5%) 16 (21%) 1 (1%)

NIKBUT noninvasive Keratograph tear breakup time,
HALH hyaluronic acid and low-hydrocortisone eye drops

In the subgroup of patients with post-catar-
act surgery DED treated with HALH, the OSDI
score significantly decreased after 45 days

15 days

[ HALH group
[ STS group

45 days

the STS group at both time points. **p < 0.001;
*» < 0.05. NIKBUT noninvasive Keratograph tear
breakup time, HALH hyaluronic acid and low-hydrocor-
tisone eye drops, 7§ standard tear substitute

compared with the STS group (p = 0.048; Sup-
plementary Table 4). No relevant side effects
(e.g., increased 10P) were reported in medical
records.

DISCUSSION

The noninvasive diagnostic workup of DED
using high-tech, all-in-one devices, such as
Keratograph®, have been recommended by
experts and is gaining popularity in many set-
tings thanks to several major advantages [32].
Indeed, the procedure is operator-independent,
contactless, and no dyes are required. Aside
from the request not to blink during the video
recording of NIKBUT analysis, which may lead
to increased tearing reflex, OS homeostasis is by
far less altered than with low-tech measures,
thus providing a more objective assessment of
DED parameters than low-tech measures [16].
Keratograph® has been successfully used for
the diagnosis and monitoring of various OS
diseases in recent studies [21, 33-37], the most
commonly studied parameter being NIKBUT. A
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recent randomized trial showed that the dis-
criminative ability of NIKBUT in detecting dry
eye is significantly higher than TBUT (area
under the receiver operating characteristic
curve of 0.68 and 0.57, respectively) [38]. At the
same time, the reproducibility of this measure is
still debated: it has been reported that it may be
high in some patients (even higher than TBUT)
[39], although other reports suggested that
TBUT is more reproducible than NIKBUT
[16, 40, 41].

In this study, we retrospectively evaluated
the activity of HALH versus standard lubricating
eye drops in the most common types of DED
(post-cataract surgery, MGD, allergy and glau-
coma medications). Overall, the efficacy of
HALH and STS in treating DED was confirmed
by both high- and low-tech measures. Yet,
HALH treatment achieved higher significance
than STS when changes were inspected by Ker-
atograph®  NIKBUT-first (p <0.001  and
p < 0.05, respectively; Table 2). NIKBUT-first
showed a significant improvement in the HALH
group versus STS at 15 days, whereas such a
difference was latent with TBUT until 45 days.

The superiority of high-tech measures in
detecting changes at follow-up was previously
supported [34] while refuted elsewhere [35, 42].
Using Keratograph®, we were able to report
early and additional significant differences
among treatments compared with the use of
low-tech assessments and to report the
enhanced activity of the HALH treatment even
in specific DED subgroups: NIKBUT-first in the
HALH group was enhanced in patients with
MGD after 15 days of treatment and in patients
who had wundergone cataract surgery after
45 days of treatment. Moreover, only patients
in the HALH group reported a statistically sig-
nificant improvement in the NIKBUT class after
45 days of treatment.

Such a feature was also reported by compar-
ing other parameters. TMH and Schirmer are
noninvasive and invasive tests for quantita-
tively evaluating tears amount, respectively
[43]. In this study, both parameters significantly
improved at follow-up; however, only TMH was
able to identify earlier and more frequent
changes than the Schirmer test, which were all
in favor of HALH. Nevertheless, results on TMH

and Schirmer test should be interpreted with
caution because the tearing reflex may have
been stimulated during the study examination,
particularly in the context of a retrospective,
clinical-based study.

Conjunctival hyperemia is an important sign
of OS irritation and inflammation [44]. Both STS
and HALH treatments improved conjunctival
hyperemia and reduced the percentage of
patients reporting epithelial alterations. When
considering hyperemia in patients with DED
after cataract surgery treated with HALH, the
improvement was significant compared with
baseline at both time points (p = 0.008 and
p < 0.001, respectively), although without dif-
ferences between groups. Low-tech measures
supported this result, reporting a significant
improvement in the hyperemia stage at both
15 days (36% of patients improved their stage)
and 45 days (48% of patients improved their
stage) of treatment in the HALH group.
Regarding epithelial damage, a significant
improvement was reported only in the STS
group, although the difference at 45 days was
not statistically significant between treatments.
Moreover, it must be considered that the
severity of epithelial damage at baseline was
different in the two groups (27% for HALH
versus 43% for STS), making recovery more
likely in the STS group.

Both  treatments reported significant
improvement in symptoms during the follow-
up period, as measured by the OSDI score in the
overall population (p < 0.001 for all compar-
isons). Again, considering the subgroup of
patients with post-cataract surgery DED treated
with HALH, the OSDI score significantly
decreased after 45 days compared with the STS
group.

Taken together, our results support the
effectiveness of the new tear substitute con-
taining HA and a low hydrocortisone concen-
tration compared with STS in the qualitative
and quantitative improvement in the tear film
in patients with different types of DED. Yet, it is
essential to highlight that statistically signifi-
cant differences may not always be clinically
relevant and, thus, caution in data interpreta-
tion is mandatory. In fact, in the literature there
is paucity of studies that evaluate if the changes
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in OS parameters are clinically meaningful. To
the best of our knowledge, only one study
measured the minimal clinically important dif-
terence for OSDI [45]. Assuming as clinically
relevant a change of OSDI score in mild DED
ranging from 4.5 to 7.3 units, both HALH and
STS were clinically effective in the whole study
population and in all subgroups.

Recent literature suggests that several
degenerative changes in the OS occur with age,
within a process called inflammaging [46, 47]. It
is a chronic, subclinical form of dysregulated
parainflammation that arises with aging and
includes tear instability, decreased tear produc-
tion, increased OSDI score, and inflammatory
markers [48]. With aging, parainflammatory
compensatory mechanisms fail to adequately
restore OS homeostasis. This leads to a persis-
tent asymptomatic inflammatory state, partic-
ularly evident following an insult, such as
cataract surgery [48]. Low-concentration use of
hydrocortisone can help the system to recover
more effectively than STS [31]. From a specula-
tive point of view, this may explain the
observed enhanced activity of the HALH treat-
ment, particularly in patients with surgically-
related DED, who were older than other sub-
groups, and thus may be mainly involved in
inflammaging processes.

Our findings related to the use of STS agree
with previous studies evaluating the effective-
ness of these treatments by assessing the OSDI
score and TBUT value [49-52]. At the same time,
high-tech parameters, such as NIKBUT, were
previously used on DED subjects to assess the
activity of STS [33, 42, 53-55].

Our data are consistent with previous find-
ings that highlighted the possible advantages of
high technology to better diagnose and monitor
patients with DED. Nonetheless, the clinical
advantage of high-tech still needs to be fully
verified and more extensive research with head-
to-head studies as well as meta-analyses are
needed to draw firmer conclusions. In particu-
lar, the best NIKBUT parameter (first, average, or
class) to use has not yet been defined, nor is the
agreement between high- and low-tech mea-
sures. For instance, in our cohort, patients
ameliorating one NIKBUT class (n = 43) or more
had a decrease in the OSDI score from 29 + 16

at baseline to 17 + 7 at day 45 (p < 0.001). The
OSDI score for patients with stable NIKBUT class
(n =94) was 27 + 13 at baseline and 18 4+ 9 at
day 45 (p < 0.001). The OSDI score for patients
who worsened NIKBUT class (n=16) was
35 £ 17 at baseline and 21 £+ 12 at day 45
(p = 0.007). The lack of significant correlation
between low- and high-tech measures and the
OSDI score, as well as the poor correlation
between low- and high-tech measures, has
already been reported using a cross-sectional
dataset [35]. These aspects will be addressed in a
subsequent paper, exploring the correlation
occurring in DED measures during follow-up.
This study has some limitations, mainly
related to the retrospective design and the lack
of patient randomization. The sample size was
large enough to provide robust statistics, but the
glaucoma group was poorly represented and
therefore not analyzed separately. In addition,
the study duration was limited; despite the
progressive amelioration of parameters in both
groups at 45 days, it is reasonable to hypothe-
size that further improvement could have been
achieved with a longer follow-up. However, our
dataset reflects the multicenter, real-life clinical
practice use of HALH and STS, which can be
considered a study’s strength potentially
improving the generalizability of the results.

CONCLUSION

Our study combines, for the first time, low- and
high-tech measures to retrospectively compare
the activity of HALH treatment versus STS.
Obtained results suggest its effectiveness in all
DED subtypes, especially in patients who had
undergone cataract surgery, and its superiority
in terms of tear film stability improvement.

Moreover, our data showed that the benefi-
cial effects of HALH treatment are progressive
over the observation period. Considering the
concept of inflammaging, prolonged use is
needed to fully recover system homeostasis.
From this viewpoint, it is also possible that
longer treatment will highlight further differ-
ences in terms of activity between HALH and
STS.
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Based on the variation in latency shown by
low-tech versus high-tech measures, we recom-
mend longer observation (i.e., 3-6 months) to
fully ascertain whether the early improvement
documented by means of high-tech measures
will be confirmed at subsequent time points
using low-tech tests.
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