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Novel ointment treatment reduces ocular
surface discomfort and corneal edema
after cataract surgery
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Abstract

Cataract surgery is one of the most common surgical procedures performed in Italy and world-
wide, with more than 9.5 million cataract surgeries performed throughout the world each year.
However, despite the technological improvements, we sometimes observe a delayed recovery due
to two specific problems: 1) postsurgical ocular surface discomfort; 2) transient corneal edema
(TCE). Patients with these problems report symptoms such as burning, foreign body sensation,
dry eye and tearing, which negatively affect their quality of life. Postsurgical ocular surface dis-
comfort may be divided in two different types: 1) immediate discomfort, starting immediately
after surgery as a foreign body sensation related to epithelial alteration due to the topical anes-
thetic; 2) delayed ocular discomfort, starting around 7 days after surgery and persisting for at
least 3-4 months. Transient corneal edema is one of the most common complications seen after
phacoemulsification. The purpose of the present study was to evaluate the clinical safety and
the efficacy of a novel hypertonic ointment (Edenight®) containing 0.4% sodium hyaluronate
and 4.5% sodium chloride on the immediate recovery from ocular surface discomfort and tran-
sient corneal edema after cataract surgery.

We analysed 83 patients who underwent standard cataract surgery, who were divided in two
groups: 50 patients in group 1 treated with the hypertonic ointment; 33 patients in group 2
who were not treated with the ointment. We evaluated the level of postoperative ocular surface
discomfort with a questionnaire administered 7 days after cataract surgery (5-grade discomfort
score). For the analysis of transient corneal edema, we measured the progression of corneal thick-
ness (optical pachymetry) from baseline (before surgery) through the treatment period (day 1
and day 7).

The results of this clinical series demonstrate that the use of the hypertonic ointment containing
0.4% sodium hyaluronate and 4.5% sodium chloride immediately after surgery facilitates a rapid
decrease of ocular surface discomfort and corneal thickness, improving quality of vision as early
as one week after phacoemulsification. In conclusion, the use of Edenight® ointment represents a
safe and effective adjunct in postoperative management after cataract surgery.
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Introduction

Phacoemulsification is the most common-
ly performed cataract surgery today. With
the development of medical science and
technology, evolutionary and revolutionary
changes have also occurred in cataract sur-
gery, consistent with the shift in the oph-
thalmology paradigm from rehabilitation
of blindness to optimization of vision func-
tion.! Cataract surgery aims to restore opti-
mal vision and is characterized by rapid re-
covery with minimal side effects, long-term
stability, and patient satisfaction.

Sometimes there is a delay in recovery due
to two specific problems: 1) postsurgical oc-
ular discomfort; 2) transient corneal edema
(TCE). Patients with these problems report
symptoms such as burning, foreign body
sensation, dry eye, tearing and blurred vi-
sion, which affect their quality of life and

their quality of sight. In addition, other vi-

sual disturbances such as blurred vision can
be related to a transient postsurgical edema
in the first days after the cataract surgery.

Postsurgical ocular surface discomfort can
be clinically divided into two different types:
1) immediate discomfort, which begins im-
mediately after cataract surgery; 2) delayed
discomfort, starting around 7 days after sur-
gery and persisting for at least 3-4 months.

Immediate discomfort is related to the ep-
ithelial alterations caused by preoperative
preparation with topical disinfectants and
anesthetics, and by irregularity of the cor-
neal incision (Figure 1). Furthermore each
incision causes a diastasis of the incised
flaps,®! which is filled by the epithelial
cells. As corneal curvature increases from
the periphery to the centre, the further the
corneal incisions are advanced towards the

centre, the more they induce diastasis.!

Prof. Vineenze Orfeo

Figure 1. Intraoperative picture of an eye with epithelial alteration before cataract surgery. Reproduced

from? with permission of Fabiano Editore.
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Figure 2. Incision diastasis. Reproduced from? with permission of Fabiano Editore.

To minimize the diastasis and immediate
discomfort, authors suggest making the
incision in the corneal periphery just be-
fore the conjunctiva. Over the years, sev-
eral reports have shown a greater diastasis
and therefore greater discomfort when the
cut is performed in three steps (Figure 2),
with the first vertical incision. This vertical
incision is to be avoided because it tends to
cause significant diastasis. A two-step cut,
entering the cornea obliquely, significantly
reduces possible flap diastasis (Figure 3),

while providing the same seal.”

These factors, and in particular the diastasis
caused by a three-step cut, are responsible
for changes in tear film composition and
distribution and resulting areas of surface
irregularity with repeated breakage of the
tear film in the points of altered epithelium.
The final result of these alterations is im-
mediate ocular surface discomfort.”

Delayed postsurgical ocular surface dis-
comfort is a consequence of corneal nerve
cutting. Cutting of the corneal nerve end-
ings plays an important role in delayed dis-

comfort as it results in an area of localized

Figure 3. Graphic scheme of a three-step incision (A) and two-step incision (B). Reproduced from™ with
permission of Fabiano Editore.
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Area of hyperesthesia
Area of hypoesthesia

Incision

Figure 4. Schematic hypothesis of the alteration of corneal sensitivity surrounding the incision.
Reproduced from? with permission of Fabiano Editore.

hypoesthesia surrounded by an area of
hyperesthesia, which induces hyperalge-
sia phenomena and a consequent cascade
of changes in the efficiency of the nervous
regulation of the ocular surface until recov-
ery of the integrity of the nerves (Figure 4).
These phenomena, starting around 7 days
after surgery, may persist up to 3-4 months
after cataract surgery.

A second aspect of delayed functional re-
covery can be postsurgical transient corneal
edema (TCE).

TCE with faint folds of Descemet’s mem-
brane is a relatively common finding after
uncomplicated phacoemulsification cata-
ract surgery.” It is usually detected in the
early postoperative period, and resolves
spontaneously within a few weeks. Fac-
tors contributing to TCE include previous
corneal pathology, such as cornea guttata,

Fuchs” endothelial dystrophy, age, under-

lying systemic disease, and surgical trau-
ma.® However, it is not rare to find TCE
even in eyes without any detectable risk
factors. TCE after phacoemulsification usu-
ally regresses within a week after surgery,”
but resolution can be delayed (Figure 5).
The exact etiology of early postoperative
TCE is not clear, but it is probably the re-
sult of inflammation or endothelial injury
during cataract surgery. Many factors like-
ly affect the corneal endothelium during a
phacoemulsification procedure. These can
be divided into three groups: (1) direct me-
chanical trauma to the endothelium due to
accidental contact with lens fragments, in-
struments, or intraocular lenses (IOLs), (2)
ultrasound energy affecting the endothe-
lium directly or via the generation of hy-
droxyl radicals,'™™ and (3) the effects of the
irrigating solution (nature, volume, turbu-

lence). These corneal insults result in tran-
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Figure 5. Slit-lamp picture of normal cornea (A);
moderate corneal edema (B); severe corneal ede-
ma (C).

sient postoperative corneal edema caused
by a decrease in the endothelial pump
function, which occurs to varying degrees

early in the course of most cataract proce-

dures, although sometimes subclinically.!"!
Optical or topical measurements of corne-
al pachymetry can estimate the severity of
the corneal edema.

Given the increasing number of cataract
surgeries performed worldwide, postop-
erative corneal edema, although mainly
transient, is a common cause of suboptimal
visual outcome. To prevent edema devel-
opment, viscoelastic protective solutions are
used during the surgery. The main reason
for using viscoelastic solutions, especially
sodium hyaluronate (SH), in cataract sur-
gery is to maintain a stable anterior cham-
ber depth and protect the corneal endothe-
lial cells from being damaged during the
surgical procedure. For this reason it cer-
tainly makes sense to reduce corneal ede-
ma in the early postoperative period. When
the pumping function of the endothelium is
impaired, hypertonic solutions, due to their
osmotic properties, are able to help restore
the state of normal corneal hydration and
ensure the elimination of water from the
stromal layers throughout the epithelium.
As already demonstrated by Knezovi¢ et
al.", hypertonic solutions may have a sig-
nificant effect on corneal hydration by in-
creasing the transfer of water from the stro-
ma to the tears.

The authors hypothesize that application
of a hypertonic ointment containing 0.4%
sodium hyaluronate (SH) and 4.5% sodi-
um chloride (NaCl) (Edenight® NTCS.r.l,,
Italy) increases saline concentration in the
tear film and consequently recalls water
from the corneal layers towards the sur-
face. The sodium hyaluronate contained

in Edenight® forms a protective shield on
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the corneal surface, providing protection
and hydration.

The ointment formulation of sodium hy-
aluronate administered immediately af-
ter surgery facilitates application, making
it more tolerable to patients and persist-
ing for many hours on the ocular surface.
Moreover, Edenight®, thanks to its high
content of sodium chloride (NaCl), is
characterized by a higher osmolarity than
the tear fluid: this difference is necessary

for reabsorption of the edematous fluid.

Materials and Methods

A total of 83 eyes in 83 patients (age range,
55 to 82 years) requiring phacoemulsifica-
tion with IOL implantation were enrolled
in this study, performed between June
2020 and September 2020 at the Mediter-
ranean Clinic, Ophthalmology Unit, Na-
ples. All surgical procedures were carried
out by the same surgeon, Prof. Vincenzo
Orfeo. None of the patients included in the
study had a history of dry eye disease, oc-
ular trauma, previous intraocular surgery,
planned combined extraction, corneal
dystrophies, diabetic retinopathy, uveitis,
glaucoma or pseudoexfoliation syndrome,
or a proven allergy to one of the hyperton-
ic ointment components. The patients un-
derwent cataract surgery and were divided
into two groups: group 1, consisting of 50
patients (23 males and 27 females) treat-
ed with 0.4% SH + 4.5% NaCl hypertonic
ointment (Edenight®, NTC S.r.l, Italy) for
1 week, in addition to the classical postop-

erative treatment; group 2, consisting of 33

The purpose of the present clinical case se-
ries was to evaluate, for the first time, the
clinical safety and the efficacy of a 0.4% SH
+ 4.5% NaCl topical ointment, in addition
to usual postoperative therapy (chloram-
phenicol and betamethasone 4 times daily,
indomethacin twice daily and artificial tears
three times daily) on pachymetry values in
patients with ocular surface discomfort and
corneal edema after cataract surgery, com-
pared with usual postoperative treatment

alone.

patients (14 males and 19 females) treat-
ed with the usual postoperative treatment
alone. Edenight® was administered by the
surgeon immediately after the surgery
and then by the patients themselves every
night for 7 consecutive days.

The patients’” level of ocular discomfort was
assessed with a 5-grade discomfort score
(grade 1 = no discomfort; grade 2 = low
discomfort; grade 3 = medium discomfort;
grade 4 = high discomfort; grade 5 = se-
vere discomfort) based on a postoperative
questionnaire investigating eye sensation
over the days following ocular surgery. The
questionnaire, administered to both groups
on postoperative day 7, asked the following
questions: “Are you experiencing any eye
discomfort?”, “Have you felt ocular burn-
ing, tearing or foreign body sensation?” Pa-
tients were instructed to rate their replies on
a scale from 0 to 5.

Each patient also underwent slit-lamp ex-

amination, fluorescein corneal staining and
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tear film BUT measurement (normal values
up to 8 seconds), that proved compatible
with the score that the patient had assigned
to his discomfort.

TCE was evaluated with a Nidek Specular
Microscope CEM-530 before surgery, and
again one day and one week after surgery.
The surgical protocol was standardized in
all patients with regard to the administra-
tion of topical anesthesia, the type of irri-
gating fluid (balanced electrolyte solution),

Discovisc (1.65% sodium hyaluronate, 4%

Results

The patients who received the sodium hy-
aluronate (SH) 0.4% and sodium chloride
(NaCl) 4.5% hypertonic ointment in addi-
tion to standard postoperative treatment
reported statistically significantly bet-
ter eye sensation after surgery compared
with the group treated with standard
therapy alone. As shown in Table 1, out
of a total of 50 patients in group 1, 25 pa-

chondroitin sulfate; Alcon Italy S.p.A.) and
intracameral antibiotic (0.1 ml of preser-
vative-free cefuroxime 0.5%). All surgeries
were performed by the same experienced
surgeon.

Statistical analyses were performed using
the Statplus software package (Version 7.0.1
AnalystSoft, USA). For quantitative values,
mean comparisons were performed by a
parametric 2-tailed paired Student t-test. A
p value of <0.05 was considered statistically

significant.

tients (50%) reported no ocular discom-
fort, 42% (n=21) low discomfort, 6% (n=3)
medium discomfort (score of 3), only 1 pa-
tient (2%) reported high discomfort, and
no patient reported severe discomfort. The
postoperative ocular discomfort scores of
patients receiving standard postoperative
treatment alone are shown in Table 2.

Out of a total of 33 patients, only 8 pa-

TABLE 1. Discomfort score in treated group (Ointment)
Score ‘ 1 ‘ 2 ‘ 3 4 5
25 21 3 1 0
50% 42% 6% 2% 0%
TABLE 2. Discomfort score in untreated group (No ointment)
Score ‘ 1 ‘ 2 ‘ 3 4 5
8 4 5 9 7
24% 12.10% 15% 27.27% 21.21%
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Figure 6. Discomfort score in the treated group and control group.

tients (24%) reported no symptoms of oc-
ular discomfort, 12.1% (n=4) reported low
discomfort, 15% (n=5) medium discom-
fort (score of 3), 9 patients (27.27%) high
discomfort, and 21.21% (n=7) reported
severe discomfort.

As highlighted in the graph below
(Figure 6), we found a significant differ-
ence between the group treated with the
ointment and the control group, with very
low levels of ocular surface discomfort in
the immediate postoperative period in
the group that used the ointment.

Central corneal thickness increased by an
average of 69 pm (+12.8%) (68 in the treated
group versus 70 in the controls) on postop-
erative day 1, showing a significant increase
over baseline in both groups.

In the group treated with the Edenight®
ointment, central corneal thickness had de-

creased by 10% by day 7 after surgery com-
pared with day 1, reverting to preoperative
values, and was no longer statistically dif-
ferent from preoperative pachymetry val-
ues; in the control group, although central
corneal thickness also diminished from
day 1 to day 7, it remained nonetheless sig-
nificantly higher (p<0.001), as shown in
Table 3 and Figure 7.

In group 1, mean corneal pachymetry on
day 7 was 554 + 43 pm, as against a val-
ue of 617 + 43 pym on day 1, a statistically
non-significant difference compared with
preoperative pachymetry.

In group 2, mean corneal pachymetry on
day 7 was 570 + 43, indicating a statistical-
ly significant difference from the value at
baseline (542 + 34, p<0.01).

No side effects were observed or reported

by the patients in either group.

10
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TABLE 3. Corneal pachymetry (um) in the two groups of patients

Observation period Group 1 Group 2
(Edenight®) (Controls)
Baseline 549 + 41 542 + 34
Day 1 617 £ 85 612 £ 74
Day 7 554 + 43 570 + 47
Difference day 7 versus day 1 P < 0.001 P < 0.001
Difference day 7 versus baseline ns P < 0.001
B Ointment ¥ No ointment
620
610
600
P<0.01
590
E 580
g
g 570
-y
8 560
F:
£ 550
S
540
530
520
T baseline C baseline Tday 1 Cday 1 Tday 7 Cday7

Figure 7. Statistically significant differences in corneal pachymetry (um) in the two patient groups on

day 7 versus preoperative values.

Discussion

The cornea is a vital structure of the eye
and some of its critical functions include
maintenance of clarity, ocular defense
mechanisms, and a powerful converging
lens system. The cornea provides two-

thirds of the eye’s refractive power and

must have smooth surfaces and a high
degree of transparency to refract light
rays with minimal light scattering. Oc-
ular surface alterations give rise to a va-
riety of symptoms, such as a sensation of

foreign body or tearing which may worsen

1
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in the immediate postoperative period."
Immediate ocular surface discomfort can
turn into patient dissatisfaction after cat-
aract surgery regardless of the success of
the procedure. As stated, the discomfort
could be related to the preoperative patient
preparation which alters the normal com-
position of the tear film causing areas of
surface irregularity with repeated tear film
break-up." In addition, these symptoms
could be related to the corneal incision.
Each incision induces a diastasis of the in-
cised flaps. This diastasis is filled by the
epithelial cells that soften the profile of the
incision, smoothing it. However, the more
the corneal incision is advanced towards
the center of the cornea, the more it caus-
es diastasis and increases the foreign body
sensation. Over the following days, cutting
of the nerve endings plays an even more
important role by inducing an area of local-
ized hypoesthesia, surrounded by an area
of hyperesthesia, which leads to hyperal-
gesia phenomena. Most likely this is at the
basis of the discomfort which arises around
day 7 and lasts about 3 months. Therefore,
in order to explain the discomfort, we have
moved from a single, “mechanical” theory
to what in most cases may be considered a
“neurogenic” theory.” An additional factor
could be “inflamm-aging”, which refers to
the inflammatory phenomena or subclin-
ical inflammation present in the elderly
that delays the recovery of good function-
ality."”l' A small cut in a clear cornea could
sever microscopic nerves of varying size.
The elderly patient has a less efficient oc-
ular surface, has less functional recovery

and is much more prone to developing in-

flammation caused by damage to the nerve
tibers. Furthermore, significant changes in
tear film composition have been found af-
ter cataract surgery, with a significant pres-
ence of cytokines and other inflammatory
mediators, such as IFN-y, which promotes
the loss of goblet cells on the ocular sur-
face. Inflammatory cytokines could be an
important target to be monitored to reduce
delayed ocular surface damage following
cataract surgery.'¥ For these reasons, a
tear substitute is recommended for at least
3-4 months after surgery. The postoper-
ative course, especially that following the
suspension of anti-inflammatory drugs, is
often characterized by ocular discomfort
due to the presence of a para-inflammatory
condition.

In this study, the immediate postoperative
administration of the hypertonic ointment
based on 0.4% sodium hyaluronate and
4.5% sodium chloride (Edenight®) pro-
vided excellent results, with a quick resto-
ration of ocular surface homeostasis. This
ointment could also be recommended for
use a few days before surgery as well as for
a longer postoperative period to prevent
and treat any symptoms of ocular discom-
fort.

In addition, when the corneal endothelial
cells are injured by a mechanical or chem-
ical insult, they cannot regenerate and flu-
id accumulates in the cornea, resulting in
corneal edema and progressive clouding of
vision.

Any appreciable extent of corneal edema
is associated with an increase in corneal
thickness, reduction in transparency and

vision impairment. In recent years, there

12
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has been an increasing interest in the pre-
vention and management of postoperative
corneal decompensation, which may lead
to transient or permanent visual acuity de-
crease and patient discomfort."*2 Osmotic
agents are the most frequently used topical
medications in physician-based ophthal-
mology to address the symptoms of corne-
al edema.?!! Several studies have been car-
ried out in order to investigate the efficacy
of hypertonic agents in reducing corneal
edema. Luxenberg and Green in the 70s
demonstrated the effectiveness of topical-
ly administered hypertonic agents in sev-
en cases with corneal swelling of varying
etiology.”?! Other studies documented su-
perior efficacy of 5% sodium chloride oph-
thalmic ointment (5% NaCl) in comparison
to other hyperosmotic agents including
colloidal dextran polysaccharide, glycerine,
sodium sulfacetamide solution, gum cellu-
lose, and Karo syrup.?*?* Improvement of
visual acuity and corneal edema was also
demonstrated in patients with bullous ker-
atopathy when treated with the combina-
tion of a hydrophilic contact lens and hy-
pertonic saline.™ In 2018 Yin and Levy™
reported favorable results of the use of a
hypertonic solution with hyaluronic acid
on visual acuity and corneal pachymetry in
45 patients compared with a control group
after cataract surgery. The administration
of hypertonic formulations usually leads to
significant improvement of visual acuity in
a short period after phacoemulsification.
In the author’s experience, the ointment
formulation is more effective than the
solution form, and the use of a hypertonic

ointment at bedtime may improve morn-

ing vision given the minimal evaporation
of the tear film overnight.

In this study, we investigated for the first
time the safety and efficacy of a hypertonic
ointment containing 0.4% sodium hyaluro-
nate with 4.5% sodium chloride (Edenight®)
administered postoperatively, compared
with standard treatment in patients who
underwent uneventful phacoemulsifica-
tion. We found a better and faster ocular
surface recovery in subjects receiving the
sodium hyaluronate and hypertonic saline
ointment, as assessed by means of the dis-
comfort score. This is most likely related to
a better protection of the eye in the imme-
diate postoperative period and downregu-
lation of the production of proinflammato-
ry cytokines after cataract surgery. Sodium
hyaluronate, as a viscoelastic polymer, im-
proves stability and restores the balance of
the tear film, thereby maintaining the ocu-
lar surface lubricated, moisturized and pro-
tected. Its viscous nature enables prolonged
adhesion to the ocular surface where it ex-
erts its moisturizing and protective action
even during the night hours. Moreover, by
stabilizing the tear film, it can contribute to
visual acuity improvement.

In our study, central corneal thickness re-
covered significantly faster in subjects re-
ceiving the hypertonic saline and sodium
hyaluronate ointment, to the extent that the
mean thickness measured by pachymetry
had returned to preoperative values only
one week after surgery. Sodium chloride,
thanks to its osmotic power, allows water
transfer from stroma to tears, and transient-
ly improves corneal hydration; the hyper-

osmolar formulation is therefore a logical

13
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and effective treatment for low-to-moderate
corneal edema. Sodium hyaluronate has a
protective and healing effect on the corne-
al epithelium and allows better tolerance of

the treatment.?"!

Conclusion

The results of our clinical case series show,
for the first time, that the postoperative ad-
ministration of an ointment with the char-
acteristics of Edenight® allows two positive
outcomes: 1) on the one hand, a faster res-
toration of the immediate ocular surface al-
teration caused by the procedure itself, with
improvement of ocular surface and tear film
equilibrium and 2) the prevention of cor-
neal edema, which can cause suboptimal
vision and last for a long time. Use of the
0.4% sodium hyaluronate with 4.5% hyper-

tonic saline ointment proved to be a simple,
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