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Abstract

Background Transepithelial corneal crosslinking (CXL) is a novel surgical approach for the treatment of keratoco-
nus, which is a bilateral asymmetrical ophthalmological disease accompanied by progressive corneal ectasia. Silicon
hydrogel (SiH) contact lenses have been extensively used in clinical ophthalmologic medicine, as a postoperative
ophthalmological intervention. However, the ideal lens application duration after transepithelial CXL remains uncer-
tain. Here, we aimed to investigate the effects and comfort of immediate corneal contact lens use after transepithelial
CXL for keratoconus.

Methods In this prospective study, 60 patients with keratoconus who underwent transepithelial CXL treat-

ment were enrolled from September 2021 to January 2023 with a male:female ratio of 39:21, and an average age
of 2542 +5.47 years. The patients were divided randomly into two groups: group A contained 30 patients wearing
silicone hydrogel contact lenses for 7 days postoperatively, and group B contained 30 patients wearing the same
contact lenses for 3 days.

Ten subjective ophthalmologic symptoms were surveyed by the patients, including pain, photophobia, foreign body
sensation, tearing, burning, blurred vision, dry eyes, difficulty opening the eyes, astringency, and stinging. Ophthalmo-
logic signs, including corneal edema and conjunctival congestion, were recorded by a single clinician on postopera-
tive days 1,3,and 7.

Results Each surgical procedure was readily performed without complications, and both groups postoperative day
7 (P=0.04), where group B scored (0.01£0.41) lesser than group A (0.12+0.29), whilst corneal edema in both groups
recorded significantly different on postoperative days 5 and 7 (group A demonstrated the result of 0.17+£0.14

and 0.08+0.11 for the respective days, whereas group B indicated 0.10+0.13 and 0.03+0.07 at the corresponding
times).
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Conclusions Immediate use of silicone hydrogel corneal lenses after transepithelial CXL effectively alleviates postop-
erative ocular distress, particularly with a three-day use period as the ideal duration.

Keywords Transepithelial corneal cross liking, Corneal contact lens, Comfortability, Ophthalmologic care

Background

Keratoconus is a bilateral asymmetrical ophthalmologi-
cal disease accompanied by progressive corneal ectasia.
The major clinical characteristics are substantial thin-
ning and bulging of the cornea, as well as astigmatism
to various extents, resulting in a rapid reduction in vis-
ual acuity.

The prevalence and incidence rates are approximately
1:375, and are distributed globally [1]. There is no bias
for disease occurrence in both sexes and it affects vary-
ing ethnicities to different degrees [2, 3].

Corneal crosslinking (CXL) is regarded as an effective
clinical treatment for preventing disease progression
[4]. Transepithelial CXL is a novel surgical approach for
the treatment of keratoconus. Unlike traditional CXL,
transepithelial CXL does not involve removal of the
corneal epithelium [5].

Although the corneal epithelial layer is untouched
during transepithelial CXL procedures, topical destruc-
tion caused by riboflavin infiltration and UV light expo-
sure may lead to postoperative pain, photophobia, and
foreign body sensation in patients [6]. Therefore, it is
essential to provide postoperative ophthalmological
interventions such as wearing corneal contact lenses
[7].

The main component of the silicon hydrogel (SiH)
corneal contact lens is silicone hydrogel, containing
38% hydrogen, a diameter of 14 mm, with base curve
8.8 mm, and corneal central thickness of 0.07 mm [8—
10]. Compared with other contact lenses, this particu-
lar lens is smooth with high oxygen permeability, which
effectively facilitates the repair of the corneal epithelial
layer, providing satisfactory postoperative results for
patients [8—11].

The US Food and Drug Administration (FDA) has
approved the overnight use or continuous wearing
of contact lenses as part of the treatment of kerato-
conus [12]. Therefore, SiH contact lenses have been
extensively used in clinical ophthalmologic medicine.
However, the ideal lens application duration after tran-
sepithelial CXL remains uncertain.

Therefore, in this study, we investigated the impact
of contact lens application after transepithelial CXL to
analyze whether the patient’s overall comfort is related
to the duration of lens wearing and to further evaluate
patient satisfaction based on the attained ophthalmo-
logic evidence.

Methods

Participants

Patients received transepithelial CXL between Septem-
ber 2021 and January 2023 and were selected from the
Fudan University-affiliated Eye and ENT hospital. The
inclusion criterion was clear diagnosis of spontaneous
keratoconus, pediatric keratoconus, increase of maxi-
mum keratometry by at least 1 Diopter (D) or increase of
pachymetry by at least 20 microns in a year,

preoperative topography (examined with a Pentacam
produced by Oculus Optikgerite, Wetzlar, Germany)
results indication of the thinnest corneal thickness>380
um, and age ranges between 18—35 years old. Carriers of
systemic diseases, autoimmune diseases, or psychologi-
cal diseases were excluded. The evaluation of lens com-
fort was conducted by an experienced ophthalmologist,
observed via a slit-lamp, and postoperative corneal mor-
phologies were recorded for each individual.

In this prospective study, 60 participants (60 eyes) were
recruited, with an average age of 25.42 +5.47 years. The
male:female ratio was 39:2. The patients were divided
into groups A and B based on the random number table
method, and each group contained 30 patients. There
were no significant differences between the two groups
(P>0.05) as indicated in Table 1.

Study protocol
After a routine preoperative examination, each surgery
was performed by the same experienced senior physician.
The surgical procedure was the same as that used
in our previous study [13]. The cornea was infil-
trated with Sufficient Paracel (Avedro, Waltham, MA,
USA) which includes 0.25% riboflavin-5-phosphate,
NaCl, 1.2% hydroxypropyl methylcellulose (HPMC),
0.01% benzalkonium chloride, sodium edetate and

Table 1 Participants' basic information for two groups
(Mean +SD, N=60)
7 days post- 3 days post- Pvalue
surgery surgery
Age 25.50+5.05 2533+£590 091
Sex (male/female) 19/11 20/10 1.00
Kmax (D) 5934+8.15 59.80£9.66 0.84
Corneal thinnest 443.8+41.39 449.0+£37.45 061

point

Kmax Maximum keratometry
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trometamol for 14 min, then exposed to UV light with
a wavelength of 370 nm and intensity of 45 mW/cm2
(Avedro, Waltham, MA, USA). The exposure time was
5 min 20 s for pulse irradiation with 1 s bright and 1 s
dark, and the total energy was 7.2 J/cm2.

Once the surgical procedure was completed, both
groups were immediately fixed with AcuVue Oasys SiH
contact lenses (Johnson&Johnson, ACUVUE, USA).
In terms of postoperative medication use, each patient
was provided with Clopito (Santen, Japan) and Flumei
drops (Santen, Japan) after surgery, accompanied with
a follow up period of 7 days.

On the day after the operation, the researcher evalu-
ated the lens condition of each patient using a slit-lamp
microscope, including the central position of the lens,
any horizontal or vertical lens displacement, degree of
lens movement during natural blinking in the original
ocular position and upward gaze position, and wet-
tability of the lens. Patients in Group A underwent
lens removal at postoperative day 7, whereas those in
Group B underwent lens removal after 3 days.

Postoperative observation
Subjective symptoms of the operative eye

Postoperative comfortability A standard self-admin-
istered questionnaire was adopted for both groups to
record the postoperative comfort of the ocular area,
which was administered on postoperative days 1, 3, 5, and
7. The questionnaire assessed 10 symptoms, including
photophobia, tearing, burning, pain, foreign body sensa-
tion, blurred vision, difficulty opening the eyes, dry eyes,
edema, and sting. Each feature was scored from 0-3,
where a score of 0 was considered asymptomatic, and
scores of 1, 2, and 3 were rated as mild, moderate, and
severe, respectively. The participants received a tutorial
regarding the questionnaire, and the completed question-
naires were collected on the day of the re-examination.

Severity of postoperative ocular pain 'The visual ana-
logue scale (VAS) is used to assess the severity of post-
operative ocular pain. The VAS for pain is composed of
a 10 c¢m straight line, which is marked with 0 at one end
and 10 at the other. A score of 0 represents “no pain,’
score 1-3 represents “mild pain,” which does not affect
sleeping; score 4—6 is defined as “moderate pain,” which
affects night sleep; score 7-10 is regarded as “severe
pain,” which severely affects sleeping [14]. The partici-
pants were asked to rate their scores based on their sub-
jective pain sensation.
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Objective signs of the operative eye

1) A single blinded test was applied for corneal edema
assessment, where one senior ophthalmologist
masked the allocation of the participant’s group while
examining the ocular condition of each participant
using slit-lamp microscopy. The resulting ocular sta-
tus was recorded using a score range between 0-3.
A higher score represents worse symptoms, where 0
implies a symptom-free cornea and 3 indicates the
most edematous cornea. In addition, conjunctival
congestion was examined by the same experienced
doctor via slit-lamp using the same single blinding
method and the ophthalmologic status was recorded.
Scoring ranged 0-3, and the higher the score, the
worse the conjunctival congestion.

2) Corneal contact lens conditions were also recorded
at each examination.

Statistical analysis

The database was established in Excel using SPSS 20.0
statistical software. All the data were tested for homo-
geneity of variance and sphericity. Further, analysis of
variance (ANOVA) and chi-square tests were used for
comparison of preoperative basic condition in the two
groups, and repeated measures analysis of variance
(rANOVA) and one-way ANOVA were used for postop-
erative comparison between groups; P<0.05 was consid-
ered statistically significant. Lens displacements from the
center were analyzed using the mean standard deviation.

Results

All surgical procedures were performed smoothly with-
out any complications. In total, 60 patients in groups A
and B completed the entire period of lens wearing and
observation.

Adaptability of the Acuvue Oasys contact lens

The center of the lens was well accommodated as it
evenly covered the entire cornea. The degree of hori-
zontal and vertical displacement of the lens center was
within 1 mm, and the necessary mobility for lens in situ
and upward gazing positions was sufficient, which were
0.61+0.38 mm and 0.88+0.12 mm, respectively. No
accidental lens detachment occurred, and the wetness
of the lens was ample.

Patient ocular subjective symptom score

Subjective signs of both groups

The subjective signs for both groups were thor-
oughly examined with the corresponding time effect,



Liu et al. BMC Ophthalmology (2023) 23:471

indicating obvious statistical differences between the
two groups (P<0.001), whereas the grouping effect was
not statistically significant (P=0.50), as illustrated in
Table 2 and Fig. 1.

The total subjective symptom scores in the two
groups demonstrated a downward trend with time,
stipulating the highest score on postoperative day 1,
followed by a significant reduction on postoperative
day 3; only a few decreases were observed from post-
operative days 3 to 5 and 5 to 7. The distinguishing
symptoms that patients reported postoperatively were
"foreign body sensation,” “dry eyes,” “pain,” and "photo-
phobia” In particular, 88.3% of participants complained

Page 4 of 9

of foreign body sensation, 72% had dry eyes, 61% had
photophobia, and 42% patients with varying degrees of
pain.

Further, at postoperative day 7, score of “pain”
indicated an obvious statistical difference between
two groups (P=0.04), where the score of group B
(0.01+£0.41) with lens removal after postoperative day
3 was distinctly lesser in pain than that of group A
(0.12+£0.29) with lens removal after postoperative day
7. The corneal edema score for the two groups mani-
fested a statistical difference on postoperative days 5
and 7 (P=0.04, P=0.02), where group B scored lower
than group A.

Table 2 Comparison of the total score of subjective symptoms between the two groups (Mean + sd, N=60)

Group n Post-op Time effect Group effect Group *time
F F F
1d 3d 5d 7d
A7) 30 335+£1.55 1.73+£1.19° 1334107 1104099
B(3) 30 2.87+1.36 1.57+1.15° 1.35+0.98° 1.08+0.97° 43.58 049 0.35
P 0.205 0.583 0.950 0.948 <0.001 0.50 1.12
Group A wearing the lens for 7 days whilst group B for 3 days
@ vs Post-op 1d, P<0.05
b vs Post-op 3d, P<0.05
6 =
3-day group
- 7-day group
5= ]
5] 4 =
—
S ;,
S o.
= = ~ N
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Fig. 1 Comparison of the total score of postoperative subjective symptoms between the two groups
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Scores of each postoperative subjective symptoms of the two
groups

There was no significant grouping effect on the total sub-
jective symptom scores between the two groups (P> 0.05)
(Table 3). However, the analyzed data indicated a statis-
tical difference in the "pain” score of the two groups on
postoperative day 7 (P=0.04), where patients in group
B experienced less pain (0.01 +£0.41) than did in group A
(0.12+0.29) (Table 4, Fig. 2).
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In the overall evaluation of 10 subjective symptoms
(rANOVA) between the two groups A and B, except
for "sting" (P=0.42) and "dry eyes" (P=0.26), the time
effects of the score of the remaining eight symptoms
showed significant statistical difference (P<0.05), and
the tendency declined over time; the scores of all 10
symptoms had an obvious decrease at postoperative
day 3. The postoperative "dry eye" symptoms lasted the

Table 3 Score of subjective symptoms of both groups after trans CXL procedure (mean + sd, N=60)

Time after Group P Time effect Group * time
effect

Surgery A(7) B(3) F P F P
Photophobia 1d 0.50+047 0.60+0.49 0.50 - -

3d 0.18+0.36 021+0.38 0.78 - -

5d 0.13+0.32 0.15+£0.34 082 - -

7d 0.08+0.23 0.02+0.10 0.30 22.56 <0.001 092 043
Tearing 1d 0.35+0.46 0.27+041 0.55 - -

3d 0.13+£0.32 0.10£0.28 0.65 - -

5d 0.12+0.31 0.10+0.28 0.80 - -

7d 0.13+032 006+0.22 0.51 428 0.009 1.37 0.26
Foreign body 1d 1.00+£0.37 0.81+£047 0.24 - -
sensation 3d 0.63£0.39 046042 0.12 - -

5d 0.33£0.38 0.25+0.32 0.38 - -

7d 027+0.37 035+£0.37 0.59 3523 <0.001 1.65 0.19
Burning 1d 0.10+£0.28 0.14+0.31 0.61 - -

3d 0.00+0.00 0.06+£0.22 0.15 - -

5d 0.00£0.00 004+0.14 0.13 - -

7d 0.00£0.00 0.00+0.00 0.99 539 0.003 1.89 0.14
Sting 1d 0.12+£0.31 0.04+0.20 0.33 - -

3d 0.05+0.20 0.04+0.20 0.85 - -

5d 0.05+£0.20 0.06+£0.22 0.89 - -

7d 0.05+0.20 0.04+0.20 0.99 0.70 042 1.01 033
Astringent 1d 0.24+044 0.16+0.37 053 - -

3d 0.09+£0.27 0.10+0.29 0.56 - -

5d 0.07+0.26 0.08+0.28 0.71 - -

7d 0.03+£0.19 0.04+0.20 0.99 442 0.008 0.25 0.86
Difficulty 1d 0.17+0.38 0.21£0.40 087 - -
opening eyes 3d 0.07+£0.25 0.08+0.27 0.88 - -

5d 0.07+£0.25 0.08+0.27 0.88 - -

7d 0.03+0.18 0.04+0.20 0.99 433 0.02 0.07 0.94
Edema 1d 0.19+0.39 0.08+0.27 017 - -

3d 0.03+0.19 0.06+0.22 0.65 - -

5d 0.03+0.19 0.04+0.20 092 - -

7d 0.03+0.19 0.04+0.20 0.98 263 0.08 127 0.29
Dry eyes 1d 0.70+£043 0.56+0.43 0.14 - -

3d 0.55+048 044 +045 0.39 - -

5d 0.53+045 0.55+043 0.84 - -

7d 047+045 0.52+044 0.77 1.40 0.26 1.75 017
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Table 4 Comparison of pain scores between the two groups (Mean +sd, N=60)
Time after Surgery Group P Time effect Group effect Group
*time
A(7) B(3) effect
Post-op 1d 0.60£0.81 0.35£0.60 0.34 - - -
Post-op 3d 0.17+0.33 0.15+0.26 0.82 - - -
Post-op 5d 0.06+0.16%° 0.04+0.14° 0.64 F 10.06 2.10 1.88
Post-op 7d 0.12+£0.29%¢ 0.01+0.40° 0.04 P <0.001 0.15 0.15
Group A wearing the lens for 7 days whilst group B for 3 days
@ vs Post-op 1d, P<0.05
b vs Post-op 3d, P<0.05
€ vs Post-op 5d, P<0.05
2.0
- 3-day group 7-day group
1.5=
w
—
£
=)
2 1.0
=
&
=
0.5+ o *
“=~o o
0.0 i =5 o
1 3 5 7

Days postsurgery

Fig. 2 Comparison of pain scores between the two groups

longest, and the pain of varying degrees remained high,
up to 62%, for both groups on postoperative day 7.

Ocular sign assessment under slit-lamp microscopy

1) The time effect of this study demonstrated a signifi-
cant statistical difference between the scores of cor-
neal edema and conjunctival hyperemia on postop-
erative days 1, 3, 5, and 7 (P<0.001), and its tendency
decreased with time, whereas the grouping effect of
ocular sign scores in the two groups was not statisti-
cally significant.

2) The corneal edema scores for both groups were most
statistically significant on days 5 and 7, with P values

of 0.04 and 0.02 correspondingly. In particular, the
score of group B showed an apparent reduction com-
pared to that of group A on these two days (Table 5,
Fig. 3).

Discussion

Ensuring patient comfort and satisfaction is a top prior-
ity in healthcare systems. Application of bandage contact
lens could effectively promote epithelialization and ease
the postoperative symptoms after corneal crosslinking
[15-18]. Though there is postoperative care solely apply-
ing pharmacological agents such as topical NSAIDS,
corticosteroids, and anesthetics [19]. Yet, to the best of
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Table 5 Comparison of ocular signs scores under slit-lamp between the two groups (Mean +sd, N=60)
Post-op Group P Time effect Group effect Group*time
effect
duration A (7) B (3)
Corneal edema 1d 0.50+0.33 048+0.28 0.97
3d 0.29+0.21 0.29+0.20° 0.80
5d 0.17+0.142° 0.10+0.13° 0.04 P 48.96 0.16 0.56
7d 0.08+0.11¢ 0.03+0.07%¢ 0.02 F <0.001 0.68 0.65
Conjunctival 1d 0.36+034 0.35+0.19 0.89
congestion 3d 0.18+0.15° 0.17+0.14° 071
5d 0.13+0.12° 0.10+0.12%° 0.35 P 20.13 0.27 0.07
7d 0.08+0.13% 0.05+0.09%° 023 F <0.001 0.60 0.97

Group A wearing the lens for 7 days whilst group B for 3 days
@ vs Post-op 1d, P<0.05
b vs Post-op 3d, P<0.05
€ vs Post-op 5d, P<0.05

1.5=
3-day group 7-day group
2z 1.0+
=
'S
2 T
<
£
=%}
<
-]
© 0.5+
' *
4 *
1 & 4
0.0 T T T T
1 3 5 7

Days postsurgery

Fig. 3 Comparison of Corneal edema score between the two groups

our knowledge, exclusive use of pharmacological agents
postoperatively could not shorten the time of recovery
or relieve the postoperative symptoms. In this study, we
explored the possibility of shortening the postoperative
wear time of contact lenses using highly oxygen-permea-
ble lenses after transepithelial CXL surgery.

Through rigorous observation, we discovered that
it was feasible for patients to remove their lenses only
3 days after the procedure. This finding has the potential
to significantly reduce the interval between follow-up
visits and increase patient satisfaction, particularly for

those traveling from other provinces or suburban areas to
receive medical treatment.

In subjective ocular assessment, patients in group B,
who removed the lens after 3 days, experienced less ocu-
lar pain at day 7 with a score of 0.01+0.40 than those in
group A, who removed the lens after 7 days with score
of 0.12+0.29. As pain is one of the concerning postop-
erative matters in CXL surgery, the results of the present
study could serve as a reliable reference for future kerato-
conus post-CXL care. In terms of subjective ocular signs,
group B displayed lower scoring results than group A in
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postoperative corneal edema for day 5 and 7, which were
0.10£0.13 and 0.03+0.07, respectively, for group B and
0.17+0.14 and 0.08 £ 0.11, respectively, for group A.

Compared with conventional “epi-oft” CXL, the cor-
neal epithelium is removed by applying an infiltration
enhancer that assists the thorough infiltration of ribofla-
vin into the corneal stroma. The latter method can effec-
tively eliminate the consequent adverse effects caused by
the absence of an epithelial layer, such as corneal dehy-
dration, subepithelial haze, and endothelial disruption
[20]. Multiple researchers have proposed that “epi-on”
CXL in fact, showed better outcomes for keratoconus
patients and provided even more beneficial impact in
clinical practice [21-24]. However, patients still experi-
ence different levels of stimulative ocular symptoms after
transepithelial CXL because of riboflavin infiltration and
UV light irradiation disruption. The major symptoms
reported by the patients included foreign body sensation,
dry eyes, photophobia, and various ranges of pain. This
study demonstrated that the lens subsequently alleviated
early postoperative symptoms, improving the patient’s
ocular area. The scores of objective and subjective ocu-
lar symptoms for both groups experienced a clear decline
after postoperative day 3 and then further decreased
gradually from day 5 to day 7. Ozcan et al. [9] observed
the effects of two types of SiH contact lenses that have
been utilized in conventional CXL and found that the
material and features of the bandage contact lens used
after CXL facilitated corneal re-epithelialization. Acu-
vue Oasys, equipped with high oxygen permeability, are
composed of a silicone hydrogel with a strong physical
barrier. The immediate use of lenses after transepithelial
CXL could effectively secure the exposed nerve ending
and corneal epithelium and reduce the friction damage
caused by blinking. Postoperative ocular signs reflected
healing and the results of trans-CXL. Contact lenses with
8.8 mm base curve (BC) demonstrated a fine range of
motion either in situ or upward gazing eye position, as
well as sufficient accommodation at the central location,
indicating that the lens is suitable for use in patients after
rapid transepithelial CXL surgery.

In this study, we found that dry eye symptoms lasted
the longest among all negative ocular signs. Several
studies have demonstrated the correlation between
CXL and dry eyes syndrome. In postoperative transepi-
thelial CXL, a marked reduction has been observed in
non-invasive tear break-up time (NITBUT), increased
ocular surface disease index (OSDI), and impaired mei-
bomian gland dysfunction [25, 26]. Furthermore, CXL
can lead to corneal dehydration immediately after the
procedure [27]. Hence, both “epi-on” and “epi-oft” CXL
procedures lead to dry eye or pseudo-dry eye features
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to a certain extent and CXL-caused dry eye symptoms
shall be further investigated for corresponding postop-
erative intervention as several studies have indicated
that symptoms alleviated within 6 months postopera-
tively in the majority of cases [28]. Yet the symptoms
themselves are disturbing, even in the short-term, such
as how the participants in the present research pro-
posed that “dry eyes” was the longest distress amongst
the examined subjective ocular sign.

This study has several limitations. As the present
study was based on the subjective sensations of the
participants, each patient’s identity and profile, such
as educational background or comprehension ability,
could equally influence the results. Further investiga-
tions that incorporate more subjective parameters are
required. Moreover, tolerance of the lens for these two
groups was not examined prior to the intervention,
which may have also affected the results of the study.

In conclusion, 3 days is regarded as a desirable period
for wearing corneal lenses in postoperative trans-
epithelial CXL, showing satisfactory results in clinical
observation, delivering better ocular sensation, and suf-
ficient visual quality for patients with keratoconus.
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