16/7/2019 The British journal of ophthalmology. - NLM Catalog - NCBI

NLM Catalog v |"Br J Ophthalmol"[Title Abbreviation]

The British journal of ophthalmology

Author(s): British Medical Association
Institute of Ophthalmology (London England)
NLM Title Abbreviation: Br J Ophthalmol
ISO Abbreviation: Br J Ophthalmol
Title(s): The British journal of ophthalmology.

Other Title(s): BJO : British journal of ophthalmology
BR J OPHTHALMOL
Brit. J. Ophthal.
Brit. J. Ophth.
Brit J Ophthal
BRIT J OPH TH

Merged From: Ophthalmoscope
Ophthalmic review
Royal London Ophthalmic Hospital reports
Publication Start Year: 1917

Frequency: Monthly

Country of Publication: England
Publisher: 1917-Dec. 1991: London : British Medical Association
Latest Publisher: Jan. 1992- : London : BMJ Pub. Group
Description: v. illus., ports.
Language: English
ISSN: 0007-1161 (Print)

1468-2079 (Electronic)
0007-1161 (Linking)

Coden: BJOPAL
LCCN: sc 85001047

Electronic Links: http://bjo.bmj.com/
http://www.ncbi.nlm.nih.gov/pmc/journals/152/
In: MEDLINE: v49n7,Jul. 1965-
Index medicus

PubMed: v1, 1917-
OLDMEDLINE
PMC Inactive

Current Indexing Status: Currently indexed for MEDLINE.

Current Subset: Index Medicus
Version Indexed: Electronic
MeSH: Ophthalmology*
Broad Subject Term(s): Ophthalmology
Publication Type(s): Periodical

Notes: Issues for <Feb. 1995- > hawe the title: BJO : British journal of
ophthalmology.
Bound with v. 12, 17, and 29 are its Monograph supplements 3, 6, and
10, respectively.

https:/Aww.ncbi.nim.nih.gov/nimcatalog ?term=%22Br+J+Ophthalmol %22[Title+ Abbreviation] 1/2



16/7/2019 The British journal of ophthalmology. - NLM Catalog - NCBI
Also issued online.
Vols. for 1949-1968 issued by the Institute of Ophthalmology (with the
British Medical Association, 1950-<1968>; <1978- > by the British
Medical Association.

Indexes: Vols. 1-10, 1917-26, in v. 10; Vols. 11-20, 1927-36, with v. 20;
Vols. 21-30, 1937-46, with v. 30.

Formed by the union of. Ophthalmoscope, Ophthalmic review, and Royal
London Ophthalmic Hospital reports.

Other ID: (DNLM)B35080000(s)
(OCoLC)01537295

NLM ID: 0421041 [Serial]

https:/Aww.ncbi.nim.nih.gov/nimcatalog ?term=%22Br+J+Ophthalmol %22[Title+ Abbreviation]

22



British Journal of

Ophthalmolog

‘Natrsl OAT ‘Mutant OAT

bjobmi.com BM)

Contents

Editorial

293 Individualisation of glaucoma quality of life
measures: a way forward?
M Dempster, N K McCorry, M Donnelly, K Batton,
A Azuara-Blanco

Global issues

296 Clinical profile, risk factors and outcome of
medical, surgical and adjunct interventions in
patients with Pythium insidiosum keratitis
S Agarwal, G lyer, B Stinivasan, S Benurwar,
M Agarwal, N Narayanan, N Lakshmipathy,
N Radhika, R Rajagopal, S Krishnakumar,
L Therese K

Reviews

301 Punctal occlusion for dry eye syndrome:
summary of a Cochrane systematic review
A-M Ervin, A Law, A D Pucker

307 Interface infectious keratitis after anterior and
posterior lamellar keratoplasty. Clinical features
s and treatment strategies. A review
L Fontana, A Moramarco, E Mandara, G Russello,
A lovieno

315 Ophthalmic manifestations of Gaucher disease:
the most common lysosomal storage disorder
AW Winter, A Salimi, L H Ospina, | C P Roos

Clinical science

327 Invivo confocal microscopy indicates an
inverse relationship between the sub-basal
corneal plexus and the conjunctivalisation in
patients with limbal stem cell deficiency
M Caro-Magdaleno, A Alfaro-Judrez,
] Montero-Iruzubieta, A Ferndndez-Palacin,
A Muiioz-Morales, M A Castilla-Martino,
C Spinola-Muioz, E Rodriguez-de-la-Riia

332 Lack of tumour pigmentation in conjunctival
melanoma is associated with light iris colour
and worse prognosis
N J Brouwer, M Marinkovic, G P M Luyten,

C L Shields, M ] Jager

338 Rapid assessment of avoidable blindness in
Papua New Guinea: a nationwide survey
L Lee, F D'Esposito, ] Garap, G Wabulembo,
S P Koim, D Keys, AT Cama, H Limburg,
A Burnett

Volume 103 Issue 3 | BJO March 2019

343 Seasonal variation of refractive error change
among young schoolchildren in a population-
based cohort study in Taipei
D-C Tsai, N Huang, S-Y Fang, C-C Hsu, P-Y Lin,
S-Y Chen, Y-M Liou, A W-H Chiu, C J-L Liu

349 Intraocular pressure and myopia progression
in Chinese children: the Anyang Childhood Eye
Study
S-M Li, R Iribarren, H Li, M-T Kang, L Liu,
S-F Wei, WK Stell, G Martin, N Wang

355 Ten-year incidence of primary angle closure in
elderly Chinese: the Liwan Eye Study
wrons [ Wang, W Huang, S Huang, | Zhang, X Guo,

CHOICE

D S Friedman, P | Foster, M He

361 Variability of vertical cup to disc ratio
measurement and the effects of glaucoma
5-year risk estimation in untreated ocular
hypertensive eyes
P P Chan, V Chiu, M O Wong

369 The impact of SIGN glaucoma guidelines
on false-positive referrals from community
optometrists in Central Scotland
S Sii, A Nasser, C'Y Loo, C Croghan, A Rotchford,
P K Agarwal

374 Optic nerve head cupping in glaucomatous
and non-glaucomatous optic neuropathy
M A Fard, S Moghimi, A Sahraian, R Ritch

379 Diagnostic value of ganglion cell-inner plexiform
layer for early detection of ethambutol-induced
optic neuropathy
J-Y Lee, | Han, ] G Seo, K-A Park, S'Y Oh

MORE CONTENTS »

% This article has been chosen by the Editor to be of special interest
orimportance and is freely available online.

EDITOR'S
CHOICE

This article has been made freely available online under the BMJ
Journals open access scheme.
OPHNACES Soe http://authors.bmj.com/open-access

This journal is a member of and subscribes to the

‘C O PE principles of the Committee on Publication Ethics
Member since 2005 WWW.publicationethics.org.uk

JM00005
@ equator

network

(vrecycle

this magazine please recycle it.

When you have finished with

"ybuAdos Agq paroalold 1senb Aq 6T0Z AINC 9T uo ywod fwq olgy/:dny wouy papeojumoq "6T0Z Y2JeA T uo se paysiignd isii ;jowreyiydo ¢ 19



http://bjo.bmj.com/
Caro
Resaltado


Contents

385

390

OPEN ACCESS

398

404

Comparison of long-term clinical evolution in
highly myopic eyes with vertical oval-shaped
dome with or without untreated serous retinal
detachment

A Garcia-Ben, [ Garcia-Basterra,

A Gonzdlez-Gomez, I Baquero-Aranda,

M ] Morillo-Sanchez, A Soler-Garcia,

J M Garcia-Campos

Detailed genetic characteristics of an
international large cohort of patients with
Stargardt disease: ProgStar study report 8

K Fujinami, R W Strauss, | (P-Wen) Chiang,

1S Audo, P S Bernstein, D G Birch, S M Bomott,
AV Cideciyan, A-M Ervin, M ] Marino, J-A Sahel,
S Mohand-Said, ] S Sunness, E I Traboulsi, S West,
R Wojciechowski, E Zrenner, M Michaelides,

H P N Scholl, ProgStar Study Group

Contrast sensitivity and visual acuity under low
light conditions in macular telangiectasia type 2
S Miiller, T F C Heeren, R Bonelli, M Frutiger,

P Charbel Issa, C A Egan, F G Holz

Macular dysfunction in patients with macula-on
rhegmatogenous retinal detachments

K Akiyama, K Fujinami, K Watanabe, T Noda,

Y Miyake, K Tsunoda

410

415

Volume 103 Issue 3 | BJO March 2019

Acute macular neuroretinopathy:
pathogenetic insights from optical
coherence tomography angiography

G Casalino, A Arrigo, F Romano, M R Munk,
F Bandello, M B Parodi

Repeatability, interocular correlation and
agreement of quantitative swept-source

optical coherence tomography angiography
macular metrics in healthy subjects

D Fang, F'Y Tang, H Huang, C'Y Cheung, H Chen

Laboratory science

an

Lymphatic vessels identified in failed

( comeal transplants with neovascularisation
NS VT A Diamond, S WS Chan, X Zhou, Y Glinka,

428

E Girard, Y Yucel, N Gupta

Diagnostic value of a combination of

next- generation sequencing, chorioretinal
imaging and metabolic analysis: lessons
from a consanguineous Chinese family with
gyrate atrophy of the choroid and retina
stemming from a novel OAT variant

J Huang, ] Fu, S Fu, L Yang, K Nie, C Duan,
J Cheng, Y Li, HLv, R Chen, L Liu, | Fu

"WbuAdoo Ag parosiold 1senb Ag 6T0zZ AN 9T uo /wod fwig-olgy/:dny wouy papeojumoq “6T0Z YdeN T uo se paysignd 1suy ;jowreyydo (19


http://bjo.bmj.com/

Clinical science

In vivo confocal microscopy indicates an inverse
relationship between the sub-basal corneal plexus
and the conjunctivalisation in patients with limbal
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ABSTRACT

Background/aims Limbal stem cell deficiency (LSCD)
is characterised by a marked decrease in limbal stem
cells. It is classified primarily using subjective slit-lamp
observations. In vivo confocal microscopy (IVCM) can
non-invasively provide objective information on the
condition of the limbal niche, the corneal epithelial basal
cell density and the corneal sub-basal nerve plexus
density (SND). We here used IVCM to evaluate changes
in SND to improve LSCD classification.

Methods We evaluated and classified 38 patients
(76 eyes, 44 with LSC and 32 control eyes) using the
Rama, Lopez-Garcia and Deng (clinical and confocal)
classifications and evaluated the concordance of the
confocal and clinical classifications. We constructed a
logistic regression model using multivariate analysis

to correlate different degrees of conjunctivalisation
with IVCM parameters and used receiver operating
characteristic (ROC) curve analysis to establish the SND
cut-off value with maximum diagnostic sensitivity and
specificity.

Results The classification systems correlated
moderately at best (kappa, 0.449). The corneal SND

of cases (6469+6295 um/mmz) was less (p<0.001)
than in controls (20911+4142 pm/mmz). The SND, but
not basal cell density, played a protective role against
conjunctivalisation (OR, 0.069; 95% Cl 0.008-0.619;
p=0.01). An SND cut-off value of 17 215 pm/mm?
yielded a sensitivity and specificity of 95.5% and 90.6%,
respectively, for LSCD diagnosis.

Conclusion The density of the corneal sub-basal nerve
plexus was inversely related to conjunctivalisation in
LSCD. Further studies are needed to verify this and to
elucidate the directionality between these factors.

INTRODUCTION
For survival, replication and engendering a healthy
corneal epithelium, the different parts of the limbus
(limbal niche, microenvironment and stem cells)
must be well harmonised and fully functional.
Limbal stem cell deficiency (LSCD) is a disease
characterised by a critical reduction in the number
of limbal stem cells.

Currently, LSCD is classified based primarily
on symptoms and signs that are mainly observed
with a slit-lamp. These classifications are therefore

subjective; moreover, they do not provide the neces-
sary information for treatment and prognosis. In
vivo confocal microscopy (IVCM) is a non-invasive
method that provides objective information on the
condition of the limbal niche, the basal cell density
of the corneal epithelium and the corneal sub-basal
nerve plexus density (SND), which is reduced in the
early stages of LSCD.!

We conducted this study to obtain better
LSCD classification by evaluating changes in the
sub-basal corneal nerve plexus using IVCM.

METHODS

Study design

This study investigated patients who were diag-
nosed with LSCD at the Virgen Macarena and
Virgen del Rocio University Hospitals in Seville
between 20 November 2016 and 30 May 2017.
The inclusion criteria were an age over 18 years,
an aetiology compatible with LSCD, in addition
to signs and symptoms based on the Dua clinical
criteria, such as presenting corneal conjunctival-
isation, which involves the proliferation of the
conjunctival epithelium and goblet cells over the
corneal surface.? Patients who could not complete
the case history review and/or basic clinical exam-
ination were excluded.

During the first visit, we collected data on
medical history and clinical examinations (table 1).
LSCD was classified as shown in online supplemen-
tary e-table Te.

During the second visit, we conducted IVCM,
Heidelberg retinal tomography II using the Rostock
Cornea Module (HRT II-RCM; Heidelberg Engi-
neering GmbH, Heidelberg, Germany). We mainly
used the section mode (individual two-dimensional
images), except in the central, inferior and superior
area; we obtained two volumes of each of these
areas, which involved 40 two-dimensional images
taken at an 80 wm depth range (one image every
2 pm). We used this standard protocol in order to
locate the sub-basal nerve plexus more accurately.
After the IVCM analysis, we conducted image anal-
ysis, which entailed a cell analysis according to the
parameters reported by Deng et al.! The numbers of
wing and superficial basal cells were counted using
the HRT II confocal microscope. The SND, given in
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Table 1  Data recorded during the first visit
Case history review » Aetiology of limbal stem cell deficiency, according to the classification by Gris and Perez-Santonja et al.'®
» Assessment of symptoms according to the Lopez-Garcia scale’: corneal erosion or recurrent ulcers in the past 6 months, presence and grade
(mild, moderate or severe) of photophobia of each eye, separately, and presence and grade (mild, moderate or severe) of epiphora in each eye,
separately.
Clinical examination » Visual acuity (ETDRS optotype at 4 m).

Intraocular pressure (Perkins tonometer).

vy

a. Corneal conjunctivalisation:

1. Presence or absence of conjunctivalisation (yes/no).

2. Affected corneal clock-hours sectors.

Slit-lamp examination to grade each patient based on the Lopez-Garcia,> Rama* and Deng symptom scales':

3. Degree of corneal invasion by conjunctivalisation towards the corneal apex, in millimetres, classified as follows:

- <1 mm.
— >1 mm and impairment <180°.
— >1 mm and impairment >180°.
4. Dull corneal reflex (yes/no).
5. Central cornea involvement (yes/no).

b. Corneal staining with fluorescein eye drops:
— Corneal epithelial defect.

— Late and persistent staining.

20 mg/mL fluorescein staining and Oxford scale.

Tear break-up time.
Schirmer’s | test, without anaesthesia.

\ A A A4

1% lissamine green staining and Van Bijsterveld scale.

the nerve length (um) per area (mm?) was measured using Image
J and Neuron J software, and the average of three images of the
central subbasal nerve plexus per eye was used for analysis.

The controls did not present any current or previous ocular
pathology; these individuals were selected from friends or
‘married-in’ family members, without a close genetic relation-
ship with the patient.

Statistical analysis

The sample size was based on the various objectives of the study
as follows. First, to compare the means of two independent
samples (subcategories determined according to conjunctivalisa-
tion >180° limbal and corneal advance of conjunctivalisation

Table 2 General description of the study cohort
Cases Controls
Variables n=44 (eyes) n=32 (eyes) P values
Age, years 52.0 (19.0) 54.7 (14.5) 0.291
Male sex 50% (participants)  50% (participants) 0.082
Laterality 50% 50% 0.610
(right eye)
Case history Ulcers <6 months* 0(0-4.7) 0(0-0) 0.009
Examination VA ETDRS 4 m 50.8 (31.8) 81.8(11.7) 0.001
Schirmer | 9(2.2-15) 15 (4.5-18) 0.153
TBUT, s 2(3.5-1) 7.5 (4.75-10) <0.001
0P, mm Hg 12 (10-14) 12.5 (11.75-14) 0.190
Oxford Scale 4 (2-6) 0(0-1) <0.001
Van Bijsterveld Scale 4(2-5.5) 0(0-0.25) <0.001
IVCM Superficial cell density 416 (234) 499 (370) 1
Wings cell density 3047 (1327) 4578 (950) 0.024
Central basal cell 4404 (2512) 6107 (628) 0.322
density
Subbasal nerve 6469 (6295) 20911 (4142) <0.001

plexus density, pm/
mm’

Continuous data are given as means (SD); qualitative variables are given as percentages; or median
(25th percentile; 75th percentile).

|0P, intraocular pressure; IVCM, in vivo confocal microscopy; TBUT, tear break-up time; VA, visual
acuity.

>1 mm), we employed the Satterthwaite test for unequal vari-
ances and determined sample size by using the sample size
calculation programme nQuery Advisor Release 7.0 (Statistical
Solutions, Broadway, Saugus, Massachusetts, USA) and the infor-
mation provided by a pilot study. Second, in the case—control
analysis, to detect a difference between them of 5000 pm/mm?
in the variable ‘SND’, SD of 9000 pm/mm? and 5400 pm/mm?*
in two groups (obtained from a pilot study), an error o of 5%
and an error B of 20% (power of 80%), we required 32 eyes in
each group.

We determined the intraclass correlation coefficient to assess
the reliability of measurements performed by different methods
in the same participants. To this end, we calculated a sample size
for which we assumed a lowest intraclass correlation coefficient
of 0.6 (based on a pilot study), a 95% CI, an interval precision
or amplitude of 0.15 and the use of two measurement methods.

Descriptive statistics (percentages, means and medians)
were computed for the demographic and clinical variables. To
compare two qualitative variables, we created contingency tables
and performed the y” test. To compare numerical variables, we
applied the parametric Student’s t-test for independent samples
and the Mann-Whitney U test or the Wilcoxon test for non-nor-
mally distributed data.

We also compared the Deng,! Lépez-Garcia® and Rama* clin-
ical classifications with Deng’s confocal classification by calcu-
lating the kappa index to assess the degree of concordance with
the staging scales (Landis-Koch).

To analyse the relationship between the presence of conjunc-
tivalisation and other variables, we divided the cohort into three
different types, based on the above classifications: the presence
or absence of conjunctivalisation, conjunctivalisation in fewer
than three or in three or more clock-hour sectors and conjunc-
tivalisation of equal or less than 1 mm of corneal invasion and
impairment of less than 180° of the limbal circumference or
conjunctivalisation of more than 1 mm of corneal invasion and
impairment of equal or more than 180° of the limbal circumfer-
ence (table 1). This last criterion was chosen as it was considered
more appropriate for performing multivariate analysis with a
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AETIOLOGY

Figure 1

=

12%

Aetiologies of limbal stem cell deficiency in the study cohort.

Table 3 Variables showing statistically significant differences
among groups divided according to conjunctivalisation progression

<3 clock-hours/

Conjunctivalisation =3 clock-hours <180°/

yes/no conjunctivalisation =>180°
Variables P values P values P values
VA ETDRS* 0.001 <0.001 0.001
Schirmer I* 0.04 0.05 0.04
TBUT* <0.001 <0.001 <0.001
Oxford Scale* <0.001 <0.001 <0.001
Van Bijsterveld Scale® <0.001 <0.001 <0.001
Late persistent staining*  <0.001 <0.001 <0.001
Dull corneal reflex* <0.001 <0.001 0.02
Central corneal <0.001 <0.001 <0.001
involvement*
Corneal epithelial defect*  0.001 0.04 0.002
Visualisation of crypts in 0.005 0.016 NSSD
confocal microscopy
Symblepharon 0.01 NSSD NSSD
Epiphora (scale) <0.001 NSSD NSSD
Photophobia (scale) 0.01 NSSD NSSD
Corneal ulcers in the last 0.005 NSSD 0.004
6 months
Age 0.04 NSSD 0.04
Corneal subbasal nerve ~ NSSD NSSD 0.03
plexus density
Central area wings cell NSSD NSSD 0.006

density

The variables not listed in this table demonstrated no statistically significant
differences. The variables that, regardless of the criterion for dividing the groups
according to progression of conjunctivalisation, always had statistically significant
differences (p< 0.05) in the various groups are marked with "*'.
NSSD, no statistically significant differences (p=0.05); TBUT, tear break-up time; VA,

visual acuity.

u Mucosy rechial conjund ivitis

# Ocd ar graft-versus-host dsease

¥ Thermal or chemicl burns

¥ Due to texicity, surgery, or chemotherapy
® Recurrert pterygium

¥ Extended wearing of contact lens

u Severe infectious keratitis (not herpetic)

¥ Unidentified corigin

non-automated method of including variables. We calculated the
individual ORs and respective 95% ClIs for the variables included
in the model. The reliability of the model was determined using
the Hosmer-Lemeshow index.

For the SND, the area under the receiver operating character-
istic (ROC) curve, its 95% CI and the optimal cut-off value for
distinguishing cases from controls were determined.

We used IBM SPSS V.22.0 statistical suite for Windows for all
data analysis.

RESULTS
In total, we studied 76 eyes of 38 participants 32 of these eyes
acted as controls (table 2).

The aetiology of the condition in the patients was determined
as summarised in figure 1.

In the concordance analysis of the staging scales, we compared
Deng’s confocal classification with the Deng,' Lépez-Garcia®
and Rama® clinical classifications. The respective kappa indices
were 0.403 (moderate agreement), 0.449 (moderate agreement)
and 0.215 (poor agreement).

The relationship between the presence of conjunctivalisa-
tion and the remaining variables is detailed in table 3. Variables
not listed in table 3 demonstrated no statistically significant
differences.

Table 2 summarises the general description of the main vari-
ables in the cases and controls.

As control values, we used the SND data obtained from our
controls, which were similar to the well-established normal
values referenced in the literature. However, the SND of cases
(online supplementary e-figure 1) measured with [IVCM was
significantly lower 6469 (6295) um/mm? (p<0.001) than in our
controls 20 911 (4142) wm/mm? and than those referenced in
the literature: Parissi et al*: 19 000 (4500) um/mm?* (p<0.001),
Niederer et al®: 20 000 (6000) pm/mm?* (p<0.001) and Lagali
et al’: 18 300 (3700) ,uum/mm2 (p<0.001) (online supplementary
e-table 2).
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Lo ROC curve for Corneal subbasal nerve plexus density

0,8

0,6+

0,4+

True positive rate (Sensitivity)

0,24

0,0

0,0 02 04 0 08 1.0
False positive rate (1 - Specificity)

Figure 2 ROC for corneal subbasal nerve plexus density. ROC, receiver
operating characteristic.

In the multivariate analysis, and through the construction of a
binary logistic regression model, we found that SND acted as an
independent protective factor for corneal conjunctivalisation in
LSCD (OR, 0.069; 95% CI 0.008 to 0.619, p=0.01). Well-fit-
ting models showed non-significance on the Hosmer-Leme-
show % test (p=0.623), indicating that modelled and observed
predictions were not significantly different. The central basal
cell density achieved an exposure value of 0.408 (0.078-2.131)
and could therefore not be considered to be associated with
conjunctivalisation.

ROC curve analysis of the SND in the control subjects and in
patients with LSCD revealed a cut-off value of 17 215 um/mm?,
and the resulting sensitivity and specificity were 95.5% and
90.6%, respectively (online supplementary e-figure 2). The area
under the curve was 95.4%, with CI of 90.6%—100% (figure 2).

DISCUSSION

LSCD is associated with numerous conditions. To ensure
a sample with sufficient statistical power for this study, we
included patients with LSCD of various aetiologies. A consider-
able number of diseases affect limbus of the eye. Given that our
centre is a reference hospital for haematopoietic stem cell trans-
plantation in the community, 15% of our patients had ocular
graft-versus-host disease.

In our analysis of the correlation of the diagnostic scales, the
best correlation indices (although only moderate) were those of
the Deng confocal classification' with the Lépez-Garcia classi-
fication of signs and symptoms,” as well as with the Deng clin-
ical classification." However, the Deng confocal classification
correlated poorly with the Rama classification.”

SND has been widely described as the most reproducible
and reliable measure of the state of neuropathic damage in
other diseases, such as diabetic polyneuropathy and small fibre
neuropathy.® > Thus, we chose to use SND as the measure of
reference. The basal cells of the corneal epithelium and the
corneal sub-basal nerves stimulate the growth, proliferation,
regeneration, differentiation and possibly cell migration through
trophic factors, such as neuropeptides and neurotransmitters. '
Moreover, Niederer et al® have reported that, although SND
decreases with age, along with corneal sensitivity, central basal
cell density does not.

The reduction in the SND with age could explain the delay
in corneal injury healing.'" Rosenberg et al demonstrated the
relationship between the reduction in the SND and the increase
in recurrent erosions, and the delay in healing of the corneal
epithelium in patients with diabetes.'* Moreover, the relation-
ship between corneal neovascularisation and innervation has
been widely studied, although it remains unclear which of these
occurs first. According to Ferrari et al, neovessels and the nerve
plexus in the cornea inhibit each other. Animal models have
shown that an induction of corneal neovascularisation caused
the disappearance of nerves in the area, while denervation led
to neovascularisation within 7 days.’® Experimental models
have demonstrated a delay in corneal healing and the onset of
persistent epithelial defects after corneal denervation.'* "

Based on these findings, we studied the state of the corneal
nerve plexus and corneal cell densities in patients with LSCD. To
assess the nerve plexus, we determined nerve density according
to Misra et al,® Tavakoli ez al’ and Hertz et al.'® We used the
HRT-II confocal microscope with the Rostock cornea module,
given its laser scanning ability, to assess nerve density. These
microscopes are reported to yield the most reproducible, reli-
able and comprehensive results, particularly in terms of nerve
counts, as they provide better contrast and do not lose image
quality in the peripheral regions, as do other confocal micro-
scopes.”” We paid particular attention to the central cornea
because, as other authors have stated, the peripheral basal cells
are typically located in the deep anterior area of the palisades
of Vogt, which is frequently damaged in these patients and is
difficult to locate by IVCM."' The SND values obtained from our
controls (20911+4142 ym/mm?) were similar to those reported
in the literature. The SND in our LSCD cohort was markedly
lower (6469+6295 pm/mm?*) than that reported by Parissi
et al’ in healthy patients (19000%4500 pm/mm?; p<0.001).
Our values were also lower than those reported by Niederer®
(20000=6000.50 pm/mm?; p<0.001) and Lagali (183003700
pm/mm?%; p<0.001).” These results are consistent with the
concept that SND reduction can be used as a diagnostic and
severity criterion in LSCD, and is related to corneal neovascu-
larisation.'

Using IVCM, Deng et al studied corneal changes that occur in
LSCD (27 eyes of 20 patients) and concluded that some of these
changes are associated with the early stages of LSCD. Conjuncti-
valisation was referred to as a late phenomenon in LSCD, given
that the corneal epithelium cells did not show the conjunctival
phenotype in the early disease stages.! Those authors proposed
that the central basal cell density and SND are useful param-
eters in the early stages of the disease and established cut-off
values for the diagnosis of LSCD at 7930 central basal cells/mm?
and 53 sub-basal plexus nerves/mm?, with high sensitivities and
specificities. For basal cells, this cut-off showed a sensitivity of
95.5% and a specificity of 100%. For SND, the cut-off showed
a sensitivity of 87% and a specificity of 91.7%, indicating that
a reduction of 15.4% and 47.7%, respectively, could be associ-
ated with the early stages of LSCD. Those authors also studied
and compared the central basal cell density and SND in patients
with LSCD in the early stages with those of healthy controls (12
eyes of 10 patients) and found a reduction of 38% and 58%,
respectively, in these parameters in patients." They did not assign
greater weight to either of these parameters in diagnosing LSCD.

We therefore set out to establish which parameter was more
strongly related to corneal conjunctivalisation and which might
be a confounding factor in LSCD. To this end, we performed a
multivariate analysis and established a logistic regression model.
SND was an independent protective factor for conjunctivalisation
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(OR, 0.069; 95% CI 0.008 to 0.619, p=0.01), while basal cell
density achieved an exposure value of 0.408, with an interval
that included 1 (0.078-2.131), and was therefore not associated
with conjunctivalisation.

Similarly, other IVCM variables in our study, such as the density
of superficial, wing, central basal, and peripheral basal cells, the
presence of limbal crypts and the presence of the palisades of
Vogt did not show a significant effect. Deng et al confirmed the
importance of corneal innervation in maintaining the corneal
epithelium through the stimulation of ‘proliferation, regenera-
tion, differentiation, and possibly migration’. This is likely to be
mediated by neuropeptides, neurotransmitters, glial cell-derived
neurotrophic factors and neural growth factors." Neither the
study by Deng et al nor our own clarified whether neovascu-
larisation or neural deprivation caused the other phenomenon,
although both studies agreed that the reduction in the SND
precedes neovascularisation. Although it is unclear whether the
degeneration and reduction of the corneal sub-basal nerve plexus
leads to depletion of the basal epithelial cells, or the converse,
our study suggested that the reduction in the SND is a key factor
and might be more important than the reduction in the central
basal cell density of the cornea (online supplementary e-figure
2). This probably involves factors, secreted by the corneal nerve,
which regulate the maintenance of a healthy corneal epithelium.
Thus, measurement of the SND through IVCM, non-invasively
provides objective data that can assist in the early diagnosis and
classification of patients. The ROC curve, constructed with a
very high accuracy level (area under the curve of 95.4% with a
95% CI of 90.6% to 100%), indicated an SND cut-off value that
could distinguish between cases and controls with good sensi-
tivity and specificity (95.5% and 90.6%, respectively). However,
studies with larger sample sizes are needed to help explain the
limits between intermediate and advanced stages of the condi-
tion and to clarify the directionality of the relationship between
the SND, epithelial basal cells and conjunctivalisation.

Our findings show that the corneal nerve density of the corneal
subbasal nerve plexus is inversely related to conjunctivalisation
in LSCD. However, with a small and diverse sample size, the
results should be interpreted cautiously, as the findings might not
be transferable to all patients with LSCD, since this pathology
has a varied aetiopathogenesis and is associated with different
diseases. Further studies with larger, more homogeneous sample
sizes will be necessary to assess the relationship and direction of
causality between corneal SND and conjunctivalisation.
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