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ABSTRACT

Introduction: Lid-parallel conjunctival folds
(LIPCOF) and conjunctivochalasis (CCH) are
similar conditions that seem to be related to dry
eye severity. In addition, there is a lack of
studies on the topic of LIPCOF and CCH on dry
eye symptoms in non-contact lens and contact
lens (CL) wearers. Therefore, the aim of this
study is to review the relationship of LIPCOF
and CCH with dry eye symptoms in non-CL and
CL wearers, as well as to report the treatment of
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dry eye disease (DED) in non-CL and CL wearers
who present LIPCOF or CCH.

Methods: A literature review of full-length
original studies in two databases, PubMed and
Scopus, was performed. The search period
included observational studies in humans pub-
lished between April 21, 2009 and March 20,
2023.

Results: A total of 26 studies were included.
The studies suggest that LIPCOF and CCH are
significantly related to dry eye symptoms in
non-CL and CL wearers. However, the impact of
CL wear on LIPCOF and CCH may be complex
and may vary depending on individual factors
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such as lens type, lens care regimen, and pre-
existing ocular conditions. Regarding LIPCOF
management, tear substitutes seem to signifi-
cantly reduce LIPCOF and dry eye symptoms in
non-CL wearers, while vectored thermal pulsa-
tion (VTP) and microblepharoexfoliation (MBE)
are suggested as promising treatment for LIP-
COF and dry eye symptoms in CL wearers.
Regarding CCH management, surgical inter-
ventions may be effective in reducing CCH
when medical treatments have no response. In
addition, an ocular examination by slit lamp is
necessary to distinguish both conditions.
Conclusions: Tear substitutes, VIP, MBE, and
fitting CLs with low coefficient of friction (CoF)
seem to reduce and prevent LIPCOF. However,
surgical treatment options seem to be more
effective in the complete elimination of CCH.
An adequate evaluation and differentiation
between LIPCOF and CCH are important, and
they should be considered by practitioners in
managing dry eye symptoms in non-CL and CL
wearers.

Keywords: Lid-parallel conjunctival folds;
Conjunctivochalasis; Dry eye symptoms;
Contact lens wearers

Key Summary Points

Lid-parallel conjunctival folds (LIPCOF)
and conjunctivochalasis (CCH) are similar
conditions that are related to dry eye
disease (DED), suggesting different
management approaches.

Tear substitutes, vectored thermal
pulsation, microblepharoexfoliation, and
fitting contact lenses with low coefficient
of friction seem to reduce and prevent lid-
parallel conjunctival folds.

High-frequency radiowave electrosurgery
seems to be a promising treatment for the
complete elimination of
conjunctivochalasis, avoiding the
postoperative complications of traditional
surgical techniques.

Differentiation between LIPCOF and CCH
is important, and it should be considered
by practitioners in managing dry eye
symptoms.

INTRODUCTION

Lid-parallel conjunctival folds (LIPCOF) are
folds located in the inferonasal and inferotem-
poral quadrants of the bulbar conjunctiva, par-
allel to the lower eyelid margin [1, 2], and were
first described by Hoh et al. [3]. Subsequent
studies have suggested that LIPCOF are influ-
enced by mechanical forces in blinks, being
considered as a possible marker of dry eye
symptoms [1, 4, 5]. In a comparative study,
Veres et al. [6] evaluated the presence of LIPCOF
in patients with dry eye and healthy controls by
optical coherence tomography (OCT). The
study reported that LIPCOF was more pro-
nounced in patients with dry eye compared to
healthy controls and that LIPCOF was signifi-
cantly correlated with dry eye symptom sever-
ity. The presence and severity of LIPCOF may be
influenced by demographic and contact lens
(CL)-related factors [7-10]. In a recent study,
Pult et al. [4] aimed to determine the relation-
ship between blinking and LIPCOF in patients
with and without dry eye symptoms. The results
showed that LIPCOF were more pronounced in
patients with dry eye symptoms compared to
those without dry eye symptoms, and that
blinking frequency and amplitude were lower in
patients with dry eye symptoms. LIPCOF are
observed with a slit lamp under high magnifi-
cation (x25) in the area perpendicular to the
temporal and nasal limbus above the lower
eyelid (Fig. 1) [8] and are classified using a four-
grade scale based on the number of folds pre-
sent. Through this slit lamp ocular examina-
tion, LIPCOF should be differentiated from
other ocular conditions such as conjunc-
tivochalasis (CCH) (Fig. 2). CCH is defined as
loose, redundant conjunctival folds, most typi-
cally in the inferior bulbar conjunctiva of both
eyes that are considered to occur secondary to
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normal aging [11]. Although LIPCOF may rep-
resent the first mild stages of CCH, the differ-
ential diagnosis lies mainly in the shape of the
folds. LIPCOF has regular and parallel folds,
while CCH has wider and irregular folds. In
addition, there are other features that aid in
their differentiation, e.g., LIPCOF does not
occur centrally and its cross-sectional area is
much smaller than that of CCH, which suggests
different management approaches are required
[12, 13].

CL wear provides numerous benefits such as
improved visual acuity and enhanced quality of
life [14, 15]. However, CL wear can also have
negative impacts on ocular health [16, 17]. In
addition, the prevalence of dry eye symptoms in
CL wearers is higher than in non-CL wearers,
which results in discomfort, and therefore
reduces CL wearing time [18-20]. The influence
of CL wear on LIPCOF and CCH is not fully
understood [9, 13, 21-23]. Some studies have
found that CL wear can exacerbate LIPCOF and
CCH, possibly because of increased friction
between the moving eyelid and the ocular sur-
face when the normal tear film is disrupted by
the presence of the CL [22-26].

Although LIPCOF and CCH also seem to
increase  dry  eye symptom severity
[6, 10, 11, 27, 28], this relationship remains
unclear. In addition, to the best of our knowl-
edge there is no review exploring all the litera-
ture available on the topic of LIPCOF and CCH

on dry eye symptoms in non-CL and CL wear-
ers. Therefore, the purpose of this review of the
literature is to identify the relationship of LIP-
COF and CCH with dry eye symptoms in non-
CL and CL wearers, as well as to report the
management of dry eye disease (DED) in non-
CL and CL wearers with LIPCOF or CCH.
Through this review, a comprehensive overview
of the current evidence of LIPCOF and CCH on
DED in non-CL and CL wearers is provided,
enabling evidence-based decision-making and
guiding future research directions.

METHODS

Data Sources and Search Strategy

In this review of the literature, 168 articles
published between April21, 2009 and
March 20, 2023 were identified through
PubMed and Scopus databases. The data search
strategy with Boolean operators was as follows:
(lid-parallel conjunctival folds OR LIPCOF OR
conjunctivochalasis) AND (dry eye symptoms
OR meibomian gland dysfunction OR MGD OR
non-contact lens wear OR non-CL wear OR
contact lens wear OR CL wear OR treatment OR
management). The references of the retrieved
articles were reviewed to identify whether other
related articles met the inclusion criteria.

Fig. 1 Images of the areas of observation for the identi-
fication of lid-parallel conjunctival folds (LIPCOF).
a LIPCOF in the temporal region of the right eye without
fluorescein (grade 2). b The arca marked in yellow
represents the area of the lower eyelid where LIPCOF
can be observed, while the black lines indicate the location

of the folds on the eyelid. ¢ LIPCOF in the temporal
region of the left eye with fluorescein (grade 2). Pictures
were obtained with the S390L Firefly Wide Dynamic
Range (WDR) slit lamp
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Fig. 2 Slit lamp images of conjunctivochalasis (CCH)
with fluorescein. a CCH in the temporal region of the

right eye (grade 3), b CCH in the middle region (grade 3),

Study Selection

All 168 articles identified through the search
strategy were considered and analyzed. These
articles were reviewed by two investigators who
selected them according to the inclusion and
exclusion criteria. For the inclusion, articles had
to meet all of the following criteria: (1) human
studies; (2) original full-length studies reporting
on LIPCOF or CCH and its potential associa-
tions with dry eye symptoms in non-CL and CL
wearers; and (3) full-length studies examining
the effectiveness and safety of interventions for
dry eye symptoms in non-CL and CL wearers
who present LIPCOF or CCH. The same applies
to the following exclusion criteria: (1) non-
English publications and (2) unindexed jour-
nals. Before inclusion, it was confirmed that the
studies clearly and correctly defined LIPCOF
and CCH. In addition, no restrictions were
placed on the country in which the study was
conducted, the follow-up period, the sample
size, or the results of the studies.

This article does not contain any studies
with human participants or animals performed
by any of the authors. Since all the reported
data were obtained from the available published
literature, neither institutional review board
approval nor informed consent was required for
the completion of this study.

and ¢ CCH in the temporal region of the left eye
(grade 3). Cobalt blue filter is activated in all images

RESULTS AND DISCUSSION

Relationship Between LIPCOF and Dry Eye
Symptoms in Non-CL and CL Wearers

A summary of the studies reporting the rela-
tionship between LIPCOF and dry eye symp-
toms is shown in Table 1. Several studies have
extensively reported this relationship in non-CL
wearers. In a comparative study, Veres et al. [6]
reported that patients with dry eye had more
severe LIPCOF than healthy controls. This study
also showed that LIPCOF was significantly cor-
related with dry eye symptom severity. Similar
results were reported by Németh et al. [10] with
significant positive correlation between LIPCOF
and dry eye symptom severity. In addition, Pult
et al. [29] investigated the relationship between
traditional test, new clinical tests such as LIP-
COF stage and dry eye symptoms, and whether
a combination of these tests can improve the
ability to predict the development of dry eye
symptoms. The results showed that the stron-
gest relationship was found by combining non-
invasive tear film breakup time (NIBUT) with
nasal LIPCOF, which had the best predictive
ability for detecting dry eye symptoms. In a
different study, Pult and Bandlitz [27] deter-
mined the sensitivity and specificity of LIPCOF
to predict dry eye symptoms with values of
83.6% and 54.8%, respectively. However, stud-
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Table 1 Summary of the relationship between LIPCOF and dry eye symptoms in the selected studies

Authors Country Purpose Design Population Age (years) Eyes Summary points

(date)

Pult et al.  Germany To investigate the Monocentric CLW 32 [18 to 61 LIPCOF and LWE
[20] predictive value of Case series 55] were significantly
(2008) LIPCOF and LWE more pronounced in

as objective CLW with dry eye

measures of symptoms. LIPCOF

discomfort, and its and LWE are

relation to the significantly

ocular surface correlated.
However, LIPCOF
Sum severity scores
appear to be most
predictive for dry
eye symptoms

Pult et al.  Germany To investigated Monocentric CLW 31 [19 to 33 LIPCOF, NIBUT,
(7] whether a Case series 44) and OSDI were
(2009) combination of significant

LIPCOF and LWE discriminators for

plus other tear film dry eye symptoms in

tests was better able CLW compared to

to predict dry eye other tear film tests.

symptoms The best test
combination was
NIBUT plus
LIPCOF Sum and
OSDI

Pult et al.  Germany To evaluate the Monocentric Non-CLW 35 [19 to 47 LIPCOF, NIBUT,
(27] relationship Case series 70] TMH, and LWE
(2011) between traditional were significantly

tests, LWE,
LIPCOF, and dry

cye symptoms

correlated with dry
eye symptoms. The
strongest
relationship
appeared by
combining NIBUT
with nasal LIPCOF
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Table 1 continued

Authors Country Purpose Design Population Age (years) Eyes Summary points
(date)
Veres et al. Hungary To analyze the Monocentric Non-CLW 50 [20 to 100 LIPCOF were
(6] morphologic Case—control 89] significantly more
(2011) appearance of pronounced in the
LIPCOF by OCT dry eye group
and relate it to dry compared to healthy
eye symptoms and controls. LIPCOF
signs severity was
significantly
correlated with dry
eye symptom
severity
Németh Hungary To assess the clinical ~ Multicenter ~ Non-CLW 527 £ 162 272 LIPCOF grade
et al. application of Case serics showed a significant
[10] LIPCOF grade as a correlation with the
(2012) diagnostic test for overall subjective
dry eye symptoms. The
sensitivity and
specificity of
LIPCOF grading
for discriminating
between normal and
dry eyes were best
with the cutoff
between LIPCOF
grade I and 2
Pult et al.  Germany To investigate the Monocentric Non-CLW 424 4+ 123 60  LIPCOF were
(3] relationship Case series significantly more
(2013) between LIPCOF, pronounced in

blink action, and

dry eye symptoms

individuals with dry
eye symptoms
compared to those
without dry eye
symptoms. Blinking
frequency and
amplitude were
significantly lower

in the dry eye group
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Table 1 continued

Authors Country Purpose Design Population Age (years) Eyes Summary points
(date)
Pult et al.  Germany To investigated the Monocentric Non-CLW  37.0 &+ 12.9 148 LIPCOF
[27] sensitivity and Case serics demonstrated high
(2018) specificity of predictive ability of
LIPCOF to predict dry eye with
dry eye sensitivity and
specificity values of
83.6% and 54.8%,
respectively
Siddireddy ~ Australia To evaluate the Monocentric CLW 23 [18-41] 30  LIPCOF, palpebral
et al. potential of eyelid Case series conjunctival health,
[23] and tear film tear evaporation
(2018) parameters as rate, and clinical

predictive factors for
diagnosing dry eye

symptoms

signs related to
meibomian gland
secretions and
morphology may be
useful in predicting
dry eye symptoms in
CLW

CLW contact lens wearers, LIPCOF lid-parallel conjunctival folds, LWE lid wiper epitheliopathy, NIBUT non-invasive tear
film breakup time, OCT optic coherence tomography, OSDI ocular surface disease index, TMH tear meniscus height

ies reporting the relationship between LIPCOF
and dry eye symptoms in CL wearers are lim-
ited. To the best of our knowledge, Pult et al.
[20] was the first article that reported the rela-
tionship between lid wiper epitheliopathy
(LWE), LIPCOF and dry eye symptoms in soft
CL wearers. A total of 61 patients were included
in this study and were classified as either having
dry eye symptoms or being asymptomatic on
the basis of the contact lens dry eye question-
naire-8 (CLDEQ-8). The following clinical signs
were evaluated: (1) LIPCOF, (2) LWE, (3) corneal
fluorescein staining (CES), (4) limbal and bulbar
hyperemia, and (5) pre-lens tear breakup time
(PLBUT). The results showed that LWE and
LIPCOF severity scores were significantly higher
in CL wearers with dry eye symptoms compared
to non-CL wearers, but there were no significant

differences in PLBUT, CFS, or hyperemia
between both groups. In addition, the LIPCOF
Sum severity scores were found to be the most
predictive for dry eye symptoms. In a different
study, Pult et al. [7] also reported that LIPCOF
and NIBUT were significant discriminators for
dry eye symptoms in 33 new soft CL wearers.
Recently, Siddireddy et al. [23] aimed to deter-
mine whether clinical markers related to the
eyelids and tear film could be used to predict
symptoms of discomfort in CL wearers. The
study evaluated the following clinical signs in
30 soft CL wearers: (1) LIPCOF, (2) tear evapo-
ration rate with and without CLs, (3) palpebral
conjunctival roughness, staining, hyperemia,
and (4) meibomian gland evaluation which
included meibum quality and expressibility,
and the presence of capping, pouting, or foam
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Table 2 Summary of the LIPCOF management in the selected studies

Authors Country Purpose Design F/U Population Age Eyes Summary points
(date) (months) (years)
Related to CL
Pult et al.  Germany To investigate the Randomized 3 CLW 35 [NR] 60 Refitting with senofilcon A daily wear
[26] impact of CL on Controlled silicone hydrogel lenses or
(2019) LIPCOF discontinuing lens wear may be
Masked effective treatments for improving
LIPCOF, LWE, and dry eye
symptoms in experienced CLW
Tear substitutes
Essactal.  England  To evaluate the Monocentric 1 Non-CLW 61 £ 142 100 LIPCOF grade was significantly
[37] effects of four Randomized decreased from 1.6 £ 0.8 to
(2017) preservative-free 1.3 £ 0.8 after applying these ATs
AT on DED Masked 24 % 15 times a day. OSDI and
Crossover CEFS also showed a significant
improvement
Eyelid treatments
Finis et al.  Germany To evaluate the Monocentric 3 Non-CLW 50 £19 62  LIPCOF grade remained unchanged
[40] effectiveness of a Randomized in both groups. OSDI achieved a
(2014) single VTP session significant improvement in VTP
versus eyelid Masked treatment group compared to
warming on Crossover eyelid warming group. MGS
MGD showed significant improvement in
both groups
Finis et al. Germany To assess the Monocentric 6 Non-CLW 50 £22 52 LIPCOF grade was significantly
[41] effectiveness of a . decreased from 2.3 £ 1.1 to
Randomized
(2014) single VTP session 2.0 £ 0.9. OSDI, LLT, MGS, and
on MGD Masked conjunctival hyperemia also
achieved a significant improvement
Blackie Canada  To evaluate the Monocentric 3 CLW 42 £ 145 110 LIPCOF grade achieved significant
et al. [42] cffects of asingle  p o0 d improvement of 0.5 points in the
(2018) VTP session on VTP treatment group compared to
MGD Controlled control group. OSDI, MGS,
Unmasked TBUT, and LWE also showed
significant improvements in the
VTP treatment group compared to
control group
Siddireddy ~ Australia  To assess the effects  Monocentric  0.25 CLW 23 (18 t0 60 LIPCOF grade achieved significant
et al. [48] of MBE versus Randomized 41] improvement of 0.5 points in the
(2019) hypoallergenic MBE group compared to eyelid
foam cleanser Unmasked hygiene group. LWE, TBUT, and
Crossover MGS also showed significant

improvements

AT artificial tear, CFS corneal fluorescein staining, CL contact lens, CLIW contact lens wearer, DED dry eye disease, LIPCOF lid-parallel conjunctival folds,

LWE lid wiper epitheliopathy, MBE microblepharoexfoliation, MGD meibomian gland dysfunction, MGS meibomian glands secretion, NR not reported,

OSDI ocular surface disease index, SH sodium hyaluronate, TBUT tear film breakup time, 7MA tear meniscus area, TP vectored thermal pulsation, LLT

lipid layer thickness
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Table 3 Summary of the relationship between CCH and dry eye symptoms in the selected studies

Authors  Country Purpose Design Population Age (years) Eyes Summary points
(date)
Mimura  Japan To assess the incidence  Monocentric CLW 29.3 £ 124 1106 CCH prevalence
et al. and severity of Case—control  Non-CLW increased with age in
[22] CCH in CLW, as all groups. CCH
(2009) well as to compare grade was
the severity of significantly higher
conjunctivochalasis in CL wearers than
between CLW and in non-CLW. RGP
non-CLW CLW also showed
significant higher
CCH grade
compared to soft
CLW

Le et al.  China To investigate the Monocentric Non-CLW 64 & 11.9 360 Patients with CCH

(50] impact of CCH on showed higher tear

Cross-

(2014) tear film, dry eye sectional film instability, dry
symptoms, and eye symptoms, and
quality of life Controlled impaired quality of

life compared to

healthy controls

Chhadva USA To study the Monocentric Non-CLW 63 £ 9.2 96  Patients with nasal
et al. relationship between -, nerol CCH reported

(28] CCH and dry eye higher dry eye

(2015) signs and symptoms symptoms and

impaired quality of
life compared to
patients with non-
nasal CCH and
non-CCH. Patients
with nasal CCH
also showed
increased
meibomian gland
dropout and eyelid
vasculature
compared to
patients with non-

CCH
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Table 3 continued

Authors  Country Purpose Design Population Age (years) Eyes Summary points
(date)
Dalianis  Greece  To investigate the Monocentric Non-CLW 77 [49-85] 60 CCH severity
et al. manifestation of dry (-, ceries significantly
[49] eye symptoms in increases dry eye
(2018) patients with CCH symptoms. TBUT is

also significantly
reduced according

to CCH severity

CCH conjunctivochalasis, CL contact lens, CLWV contact lens wearers, RGP rigid gas permeable, TBUT, tear film breakup

time

at meibomian gland orifices. All patients also
completed CLDEQ-8 to assess ocular discom-
fort. The results showed that LIPCOF, palpebral
conjunctival health, tear evaporation rate, and
clinical signs related to meibomian gland
secretions and morphology may be useful in
predicting symptoms of discomfort in CL
wearers. It is important to mention that to the
best of our knowledge, no studies have been
published evaluating the relationship between
LIPCOF and dry eye symptoms in rigid gas
permeable (RGP) CL wearers. This may be
because their use is more limited than soft CLs
[30].

Overall, these findings suggest that LWE and
LIPCOF are the main clinical signs that may be
useful for predicting dry eye symptoms in non-
CL and soft CL wearers. The development of
both clinical signs may be related to the
mechanical forces produced during blinking,
which are increased in CL wearers. However, it
is important to consider that the relationship
between LIPCOF and dry eye symptoms is not
yet fully understood, and the repeatability of
LIPCOF as a measure is limited, which influ-
ences the results of studies.

DED Management in Non-CL and CL
Wearers with LIPCOF

Soft Contact Lens-Related Design, Material,
and Fitting Characteristics

A summary of the studies reporting the LIPCOF
management is shown in Table2. The

mechanical forces between the anterior surface
of CL and the lid wiper have been linked to CL
discomfort and may also be related to the
development of LIPCOF and LWE, increasing
dry eye symptoms [21]. Reduction of mechani-
cal forces can be achieved through various CL
design, material, and fitting characteristics [31].
Regarding CL design, fitting CLs with low
coefficient of friction (CoF) may reduce the
mechanical forces between the CL and the lid
wiper, which may improve CL discomfort and
prevents LIPCOF and LWE [13]. A tribological
perspective suggests that the ocular surface CoF
is similar to that of hydrophilic polymer brushes
at low sliding velocity, and that a fluid film
between the sliding partners prevents wear at
high velocity [13]. However, in patients with
dry eye, the failure to maintain a full fluid film
lubrication regime with high speeds like those
that occur in blinking may lead to increased
shear rates, deformation, and wear of the sliding
pairs, potentially as a result of tear film viscosity
[1, 13]. Therefore, it may be beneficial to address
factors that affect tear film viscosity and proper
ocular surface lubrication maintenance to pre-
vent LIPCOF and LWE [14]. Moreover, a better
understanding of the relationship between CoF
and CL discomfort may also help prevent CL
wear discontinuation [31].

Regarding CL material, some studies have
evaluated CL comfort with silicone hydrogel
CLs and conventional hydrogel CLs, concluding
that both materials achieve similar levels of
comfort [32, 33]. In a recent study, Insua Pereira

A\ Adis



661

Ophthalmol Ther (2024) 13:651-670

paarodar oxom suonesdwods HDD 10§ 1ueess uLqy jo (z102)
auedyTudts oN auswasordur auedyrudis uonafur [eandunf(uodqns [8¢]
pamoys os[e 21035 [(JSO ‘sauaned $IU3S 9L (I UOISOXD [ed1SIns Te 3
[[e ur auasqe sem Aouepunpar [eandun(uo)  G¢Y PETF 9L MTD-UON € OUIUIOUOJA] JO SSOUIAIIDIJO O SSISSE O] VSN sso(J
paa1odar oxom suonesdwods
saneradoisod 10 aanerndoenur (£L107)
oN “usurasordwr 1uedsyrudis pamoys HDD 10§ [09]
OS[e 21025 YD) 'SSED Y1 JO %G/ SOHOS STD  yoneziromed [eAnoun(uod Te »
ur Juasqe sem Aouepunpal eandun(uod) ¢ /98 F 7L MTD-UON [ OLIIUSDOUOJN JO SIWIODINO 91 JIEN[eAd O] epeue))  odenueg
patodax a1om suoneordwod
sanerddoisod 10 sanerddoenur (S107)
oN ‘stuawsordur JuesyyruSis pamoys HD)D 10} UOnEZLIAINEd [69]
osfe T'TT pue 21025 [(JSQ "Sa5d 23 $I3S 2L [eandunfuod 193¢ Wiy Te 3
JO 99°08 Ul paajosar A[19[dwod sem HDD 9¢ 60T F 989 MTOUON [ OLIUSIOUOJA  Ied1 UT SI3UBYD OUI SSISSE O] BUIyD) ueyD)
[es8ing
1dwaroxdurn HOD U0 HS %ST°0 pue (8100)
JuedYTUSIS PaMoys 1ey3 dqeLiea A[uo oy JUIWEYIDPWOI) DB[OI0IY (6]
SeM 2I0DS J(JSO “IUSWIILDI] [EDIPIUT 1o1Je SOHOS D g4 ¢+ reardoa Sururquioo jo Te 3
Apueoyrudis ofueyd 10u pip v2IE DD 0T OT'8 F 65 MID-UON [ OLIIUSDOUOJN  SSOUDANDIYD oY 2len[ead o] Aoymny — uelede)
Juswasoxduwr
auedyruSts € pamoys os[e G pue HDD uo 1y
‘LN 91058 [qSO IUSUIIean] Jedrpaw Surureauos-1S %5100 (S102)
Pye 9°0 F H'1 01§ F 67 Wwoy SILIDS SISE) pue [01204]3 sruoiost [9¢]
paseardop Apueoyrudis sem opeiS DD 0% §LT FH9 M TD-UON € OLIIUIOUOA Jo s109552 ot ssasse 0], AreSunpy e 39 sSTY
[E2IPIN
(syruour) (s1eP)
syutod Lxewrwng  soAg  (sxeak) oSy uonendog n/a uSso(q ssodmg Anuno) s1oyIny

mu_.muzum ﬁuuuuﬁvm

o ur awdwadeurw O A Jo Arewwing ¥ dqe,

I\ Adis



Ophthalmol Ther (2024) 13:651-670

662

BOTE SOSTUOW 18] Py 7 Own dnyealq wiy 1ea 7)g [
“oreuoIN[eAy WNIPOS £ “XOPUI ISLISIP IJINS IL[NO0 [(7S(O ‘Uondunysp pue[d uerwoqow 7oy ‘ssouxpnyy 1ake] pidip 777 198msonosp aaemorper Lusnboy
-YBIY ST ‘SI9TedM SUD[ 1DEIUOD 47/ ‘GUIUTLIS UIOISIION [EdUI0D §,77) AUDWSSasse 940 AIp UBIpeur)) 7)) SISE[EYd0ANIUN(UODd F77)7) “Tea [epynIe J§

pa11odar axom suonesrdwos

aaneradoasod aueoyrudis oN

20U pIp sudis pare[I-OIA IOAIMOL]

‘syudurasordwr auedyTuSts pamoys YIALL

PuE ‘§ID ‘1.Ng.I @103 [JSO ‘sausned
[[e ur paajosax Lpadwod sem HOD  0F  ¥71 F 79 ATOUON I

uoneddwod

aaperadoasod urew oy3 sem erworadAy

eAndOUN(UOd PN 7 2pei8 HDD

qam syuonred 01 paredwod swoadwids oo

£1p ur quswasoxduir Juesyrudis pamoys

I opeid DD s sausne sausned
[re ur poonpar Apueoyrudis sem DD 0% [S8-6%] L  MTID-UON 8

$958

a3 Jo 90T ur patrodar arom sisowRYd

pue aSeyrioway [eandun{uodoqng

uowaaoxdwr ueoyruds

pamoys os[e 21038 J(JSO "SsEI Y3

JO 9%06 Ul paajosa1 Apidpdwos sem HOD 0Z I',F 89 MIDUON ¢

paarodax
arom suonesrdwod saneradoisod
10 2anerddoenur oN Juswsordur

JuedYTUSIS MOYs 10U PIp 21095 YD
'STO F 90°0 03 €9°0 F 0'C Wwoy

SILI3S ST

SIIIUIDOUOTA

SILISS IsED)

S1IIU2D0UOIN

SALISS IsE)

JLIIUD0UOIN

SILIIS ST

HOOD (1207)
uo judunean §-YJH jo BIIOY] [29]
mmwcwzuuw&u uLu UuwS—m\B OrH. Lusom .~m 19 M—.
(81027)
HOD [€9]
Uuo judunean mmuﬁmm _.w hle]
mo mwuﬁu\w_uuu..mw uﬂu S$Sasse O.H uuwuuu E>_Hrﬁ
(o107)
HOD (19]
uo juauwlean wﬂbmmm NquM .1w hle)
.wo mwuﬁu>ﬁuun@u uﬂu SSasse Orﬁ Luﬂow E.DOV
(L107)
(09]
HDD 10§ UOISIOXd ?uﬁw.im Te @

paseorop Apueoyrudis sem opeiS DD 7€ L9'8 F UL MTD-UON [ OLIIUSDOUOJN JO SOUIONINO () 2IEN[eAd O],  epeue))  ofenueg
(sypuow) (3ep)
syurod Lrewrwng soAg  (s1eak) afy wonemdog n/q uso(q ssodmg Anuno) stoymy

penunuod § Iqel,

A\ Adis



Ophthalmol Ther (2024) 13:651-670

663

and Lira [34] evaluated the level of comfort and
ocular dryness during wear with six daily dis-
posable CLs (stenfilcon A, delefilcon A, nelfil-
con A, narafilcon A, nesofilcon A, and
omafilcon A). The results showed that hydrogel
silicone CLs (delefilcon A and narafilcon A)
obtained the highest comfort ratings with less
ocular dryness. Similar results were reported by
Vidal-Rohr et al. [35] with a soft monthly dis-
posable hydrogel silicone CL (formofilcon B)
with an ultra-thin coating technology. How-
ever, it is important to consider that CL comfort
is the result of the overall interaction of the lens
with ocular tissues and depends on the
mechanical characteristics, and CL wear
modality of use [33]. Therefore, all these factors,
which vary between patients, may have a large
influence on the results of the studies. Pult et al.
[26] evaluated the presence of LIPCOF, LWE,
and dry eye symptoms after a 12-week follow-up
period in 30 experienced CL wearers, who were
randomly assigned to the following three
groups: (1) discontinuing CL wear (SPEC group),
(2) refitting with senofilcon A two-weekly
replacement daily wear silicone hydrogel CLs
(OAS group), and (3) continuing to wear their
habitual lenses (HCL group). The results showed
that there were no significant differences
between the three groups for LIPCOF, LWE, and
ocular surface disease index (OSDI) scores at
baseline. However, the OAS group and SPEC
group had significant improvements in LIPCOF,
LWE, and OSDI scores at 12-week follow-up,
while the HCL group showed no significant
changes. These results suggest that refitting
with senofilcon A daily wear silicone hydrogel
lenses or discontinuing lens wear may be effec-
tive treatments for improving LIPCOF, LWE,
and dry eye symptoms in experienced CL
wearers. Regarding CL fitting characteristics, it
is known that LIPCOF are impacted by lens
movements in blinks [26]. Therefore, reduced
CL movements or increased CL tightness may
be associated with improved CL comfort and
LIPCOF, as well as increased lens-induced lim-
bal conjunctival staining and indentation
[17, 31].

Tear Substitutes

Artificial tears are the main treatment for DED
and dry eye-related conditions, such as CL dis-
comfort [36]. Essa et al. [37] evaluated the
presence of LIPCOF and dry eye symptoms in 50
patients with DED, who received the following
artificial tears in a randomized order: Clinitas
Soothe (Farmigea SpA., Pisa Italy), Hyabak
(Laboratories Théa, Clermont-Ferrand, France),
Tears Again (Optima Pharmazeutische GmbH,
Freising, Germany), and TheraTears (Advanced
Vision Research Inc., Massachusetts, USA). The
results showed that LIPCOF, OSDI scores, and
CFS were significantly improved with each of
the four artificial tears at 4-week follow-up.
These results suggest that tear substitutes may
be an effective and safe treatment for LIPCOF,
dry eye symptoms, and other variables related
to the ocular surface such as tear film breakup
time (TBUT) and CFS in non-CL wearers.

Vectored Thermal Pulsation

Vectored thermal pulsation (VTP) (TearScience,
Morrisville, USA) is an in-office treatment
designed to treat meibomian gland dysfunction
(MGD) [38]. This system allows one to apply
heat on the eyelids, while simultaneously per-
forming a pulsatile pressure on them to evacu-
ate the meibum from meibomian glands [39].
The efficacy and safety of VTP treatment has
been reported in non-CL wearers with DED. In a
randomized controlled study, Finis et al. [40]
examined the effectiveness of a single VTP
treatment in 31 patients with MGD, who were
classified in the following groups: (1) VTP
treatment group and (2) eyelid warming and
massage group. The results showed that the VTP
treatment group achieved significant improve-
ment in OSDI scores compared to the eyelid
warming and massage group at 3-month follow-
up. LIPCOF, TBUT, lipid layer thickness (LLT),
CFS, and meibomian gland secretions (MGS)
were also improved with no statistically signif-
icant differences between groups. In a different
study, Finis et al. [41] reported that the signifi-
cant improvements achieved in LIPCOF
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remained significant after 6-month follow-up in
the VTP treatment group.

However, the efficacy and safety of VTP
treatment in CL wearers is limited because of
the lack of studies. In a randomized clinical
trial, Blackie et al. [42] reported that single VTP
treatment significantly reduces LIPCOF and dry
eye symptoms in soft CL wearers with MGD
compared to the control group. MGS, TBUT,
and LWE were also significantly improved. In
addition, patients with VTP treatment reported
significant increase in comfortable CL wearing
time that was sustained for 3 months. All these
findings suggest that VIP treatment may be an
effective and safe option to reduce LIPCOF and
dry eye symptoms in non-CL and soft CL
wearers with MGD, as well as to increase com-
fortable CL wearing time.

Microblepharoexfoliation
Microblepharoexfoliation (MBE) (BlephEx LLC,
Franklin, USA) is an in-office procedure that
works by exfoliating the eyelid margins to
remove the accumulated biofilm debris and
epithelial keratinization, resulting in better
meibum outflow [43]. Tear film and eyelid
clinical signs improvements in non-CL wearers
with DED have been reported after MBE treat-
ment [44-47]. However, there have been no
reported studies evaluating LIPCOF changes
after MBE in non-CL wearers.

To the best of our knowledge, Siddireddy
et al. [48] was the first randomized clinical trial
to report significant LIPCOF and dry eye
symptoms reduction in CL wearers after single
MBE treatment compared to control group.
They also reported that LWE, TBUT, tear vol-
ume, tear evaporation rate, lipid layer thickness,
and variables related to meibomian glands such
as meibomian glands orifices capping, foam,
quality, and expressibility were significantly
improved. These results suggest that MBE may
be an effective treatment for LIPCOF, dry eye
symptoms, and other variables related to the
ocular surface in CL wearers.

Relationship Between CCH and Dry Eye
Symptoms in Non-CL and CL Wearers

A summary of the studies reporting the rela-
tionship between CCH and dry eye symptoms is
shown in Table 3. Some studies have reported
this relationship in non-CL wearers. In a retro-
spective study, Dalianis et al. [49] reported that
moderate and severe CCH produces significant
increases in dry eye symptoms compared to
minimal or medium CCH. This study also
reported that patients with higher CCH severity
showed significant reduction in TBUT. Chhadva
et al. [28] analyzed the relationship between
CCH location and dry eye signs and symptoms,
reporting that patients with nasal CCH showed
significant increase in dry eye symptoms com-
pared to patients with non-nasal CCH and non-
CCH. This study also reported that patients
with nasal CCH showed significant reduction in
Schirmer’s test, as well as significant increase in
meibomian gland dropout compared to patients
with non-nasal CCH and non-CCH. Similar
results were obtained by Le et al. [50] who also
reported that CCH has a negative impact on the
patients’ quality of life, which is significantly
correlated with disease severity and tear film
abnormalities. However, the scientific literature
on the relationship between CCH and dry eye
symptoms in CL wearers is limited. To our
knowledge, Mimura et al. [22] was the first
article to report CCH in CL wearers. This study
included 600 CL wearers and 579 non-CL
wearers and reported that CCH prevalence and
severity were significantly higher in CL wearers.
In addition, this study also determined that
RGP CL wearers showed significant increase in
CCH severity compared to soft CL wearers. RGP
CLs may cause more marked chronic stimula-
tion of the conjunctiva than soft CLs because of
their greater stiffness with a higher elastic
modulus, which may lead to more severe CCH.
In addition, it is important to mention that as
Mimura et al. [22] did not evaluate variables
related to DED, a relationship between CCH
and dry eye symptoms could not be established.
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DED Management in Non-CL and CL
Wearers with CCH

A summary of the studies reporting the CCH
management is shown in Table 4. For asymp-
tomatic CCH, no treatment is required [11].
However, if the patient reports symptoms,
medical or surgical treatment may be indicated
[11, 51]. In general, the first-line treatment is
medical, while surgical intervention may be
considered when patients do not respond to
medical treatment [51]. In addition, it is
important to mention that some studies suggest
that CCH may co-exist with DED [52-54].
Therefore, appropriate management of this
condition should be required to achieve maxi-
mal symptoms relief in patients with CCH
[11, 55].

Medical Treatment

Medical treatment aims to reduce CCH symp-
toms by using tears substitutes and non-ster-
oidal anti-inflammatory medications. Kiss et al.
[56] evaluated the efficacy of a preservative-free,
inorganic salt-free artificial tear containing iso-
tonic glycerol and 0.015% sodium hyaluronate
in 20 patients with CCH. Patients were
instructed to apply this artificial tear to both
eyes four times a day during a 3-month follow-
up. The results showed that CCH grading was
significantly reduced from CCH grade 3 to CCH
grade 2 or lower. In addition, OSDI scores,
TBUT, and CFS also showed significant
improvements. Similar results were reported by
Caglayan et al. [57] with significant reduction in
OSDI scores after the combination of 0.5%
ketorolac tromethamine and 0.15% sodium
hyaluronate for a period of 4 weeks. However,
there was no improvement in conjunctival
parameters such as CCH grade and area.

Surgical Treatment

Surgical treatment aims to reconstruct and
smooth the bulbar conjunctival surface.
Although different surgical approaches have
been proposed, conjunctival cauterization and
surgical excision with or without amniotic
membrane transplantation are the most popu-
lar [11, 51]. These treatments significantly

reduce the mechanical effects of the redundant
conjunctiva, which improves ocular symptoms
and signs [58-60]. However, several postopera-
tive complications associated with powerful
cauterization and sutures in surgical excision
have been reported [51]. High-frequency radio-
wave electrosurgery (HFR-ES) is a novel treat-
ment that works by ablating the target
conjunctiva with a fine-needle electrode and
the 4.0-MHz radiowave system (Ellman Inter-
national Inc., Hewlett, USA) [61]. In addition,
this technique achieves shrinkage of the
redundant conjunctiva without tissue charring,
avoiding complications associated with con-
junctival cauterization and surgical excision
[51]. Some studies have evaluated HFR-ES
treatment efficacy in CCH. Ji et al. [62] reported
complete elimination of HCC in all patients at
1-month follow-up. This study also showed
significant improvements in dry eye symptoms,
TBUT, TMA, and CFS. Youm et al. [61] reported
that 90% of patients recovered a smooth con-
junctival surface with significant dry eye
symptoms relief at 3-month follow-up. Similar
results were reported by Trivli et al. [63] with no
recurrence of CCH after 8-month follow-up. In
addition, these studies reported minimal post-
operative complications such as subconjuncti-
val hemorrhage and mild conjunctival
hyperemia, which was resolved after postoper-
ative treatment.

Limitations

There are several limitations to consider when
interpreting the results of previous studies on
LIPCOF and CCH. First, many of the studies
have used subjective tests to assess LIPCOF,
CCH, and DED. These measures rely on self-re-
port and may be subject to bias. Moreover, there
is a lack of consistency in the methods used to
assess LIPCOF, CCH, and DED across studies.
Some studies have used different clinical grad-
ing scales to assess LIPCOF and CCH, while
different subjective and objective tests have
been used to evaluate DED. This lack of stan-
dardization makes it difficult to compare the
results of different studies and therefore per-
form a systematic review with meta-analysis.
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Second, many of the studies have focused on
specific subpopulations, such as CL wearers or
individuals with MGD. This can limit the gen-
eralizability of the findings to a wider popula-
tion. In addition, there is a lack of long-term
follow-up data in many of the studies, making it
difficult to determine the long-term effective-
ness of the interventions for LIPCOF and CCH.
Finally, there is a lack of understanding of the
underlying biological mechanisms behind the
influence of LIPCOF and CCH on dry eye
symptoms. Therefore, systematic reviews with
meta-analysis that include larger, strictly blind,
multicenter randomized controlled studies
using standardized methods to assess LIPCO
and CCH are needed to understand these con-
ditions more fully, as well as to identify effective
and safe interventions.

Future Directions

There are several potential areas of future
research in the study of LIPCOF and CCH. One
potential line of research is to further investi-
gate the influence of mechanical forces during
blinks on LIPCOF and CCH. Although previous
studies have suggested that mechanical forces
may be related to LIPCOF and CCH, more
research is needed to fully understand the
mechanisms behind this relationship. This
could include studying the effects of different
types of CL on LIPCOF and CCH, as well as
exploring the role of other factors such as
blinking frequency and intensity. A second area
of research could be focused on developing
interventions to prevent or reduce the inci-
dence of LIPCOF and CCH. Studies could
explore the efficacy and safety of different
materials, designs, replacement schedules of
CLs, as well as other non-surgical or surgical
interventions for LIPCOF and CCH. In addition,
studies could be conducted to identify risk fac-
tors for the development of LIPCOF and CCH,
such as certain occupations or activities that
may increase the risk of mechanical forces on
the eye. A third potential area of research would
be to investigate the relationship between LIP-
COF and dry eye symptoms in RGP CL wearers.
While previous studies have found a link

between LIPCOF and dry eye symptoms in non-
CL and soft CL wearers, more research is needed
to understand the nature of this relationship. A
fourth area of research could be focused on
evaluating the influence of CCH on dry eye
symptoms in CL wearers. It would be interesting
to perform studies that assess dry eye symptoms
in CL wearers with CCH compared to those
without CCH, as well as to analyze the correla-
tion between CCH and dry eye symptoms in CL
wearers. Finally, there is a need for more
research on the long-term effects of LIPCOF and
CCH on ocular health. Future studies could
explore the potential for LIPCOF and CCH to
lead to other ocular problems, such as vision
loss or the development of other ocular
conditions.

CONCLUSION

Our research provides new insights into the
management of dry eye symptoms in both CL
and non-CL wearers, particularly in the context
of LIPCOF and CCH. We highlight the impor-
tance of tailored approaches for DED manage-
ment, emphasizing the potential of combining
NIBUT with LIPCOF assessments for more
accurate prediction of dry eye symptoms. Our
findings suggest that low CoF CLs, along with
innovative eyelid treatments like VTP and MBE,
can significantly enhance comfort for CL wear-
ers by mitigating LIPCOF and improving tear
film stability. Additionally, we underscore the
effectiveness of tear substitutes in alleviating
dry eye symptoms in non-CL wearers.

For CCH, our study points to the promising
role of HFR-ES, offering a potential alternative
to traditional surgical methods. These insights
are expected to aid practitioners in more effec-
tively addressing dry eye symptoms associated
with LIPCOF and CCH, enhancing patient out-
comes in both CL and non-CL populations.
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