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Editorial
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"is special issue focuses on the current approaches for
diagnosis, evaluation, and management of autoimmune
diseases of the anterior segment of the eye, which range from
immune keratoconjunctivitis to anterior uveitis. Immune
diseases of the anterior segment of the eye may be caused by
several local or systemic conditions and may present in
a wide range of diseases including dry eye syndrome, ocular
cicatricial pemphigoid (OCP), graft versus host disease
(GVHD), and some forms of anterior uveitis often associ-
ated with systemic autoimmune diseases such as ankylosing
spondylitis. "ese conditions represent some of the most
difficult conditions to diagnose and manage in ophthal-
mology and often require a multidisciplinary approach.

Specifically, in this special issue, Tao and colleagues
evaluated reliability and validity of the most commonly used
quality of life questionnaires in Chinese patients with dry eye
disease; Szepessy et al. evaluated the alterations of central
retinal and choroidal thickness and the severity of anterior
chamber inflammation in patients with acute anterior uveitis
associated with seronegative spondyloarthropathy; Qui et al.
described the characteristics of ocular manifestations of
a large cohort of patients with a diagnosis of acute or chronic
ocular GVHD; Nebbioso et al. evaluated the potential role of
vascular endothelial growth factor (VEGF) and mucins in
patients with vernal keratoconjunctivitis (VKC). In addition,
Leuci et al. reported the long-term clinical outcome of 6
patients with OCP treated with intravenous immunoglob-
ulin therapy (IVIg), which maintained remission of the
disease and did not show progression, for a total follow-up
period of 9 years after the end of IVIg treatment.

"e topics presented in this special issue evaluated few
aspects of the large and heterogeneous group of disorders

which may be included in the group of autoimmune diseases
of the anterior segment of the eye. However, it is clear that
these conditions require a multidisciplinary approach and
often represent a challenge for clinicians due to the lack of
specific diagnostic criteria and specific treatments. In fact,
most immune diseases are currently treated with local or
systemic corticosteroids or immunosuppressive drugs,
which may be effective in controlling the inflammatory
reaction but are commonly associated with important local
and systemic side effects. By this point of view, the increasing
understanding of novel pathogenic mechanisms of auto-
immune diseases will lead to the development of novel, more
specific drugs designed to target the molecules involved in
the inflammatory reaction.

In addition, autoimmune diseases of the anterior seg-
ment of the eye may have complications that extend beyond
the anterior segment and can impair visual function. In fact,
visual functionmay be directly impaired in dry eye disease or
immune keratoconjuctivits due to corneal damage and
scarring, or, alternatively, other autoimmune diseases such
as anterior uveitis may induce glaucoma with damage to the
optic nerve or macular changes, which cause decrease of
visual acuity. Not only the diseases but also some of their
treatments may induce long-term adverse effects impairing
visual function; for example, chronic use of corticosteroid
eye drops in patients with immune diseases of the eye is
a well-known cause of cataract and glaucoma.

Based on these considerations, it is clear that a further
progress in understanding the pathogenesis of ocular im-
mune reactions is highly sought after, together with more
standardized diagnostic procedures and protocols for several
autoimmune diseases of the anterior segment of the eye.
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Such progresses will hopefully also lead to the development
of novel and more targeted therapeutic approaches that can
improve clinical outcome and quality of life of patients with
these diseases.
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Background. Vernal keratoconjunctivitis (VKC) is a rare ocular surface inflammatory disease that affects mainly boys in the first
decade of life. Clinical observations show that it generally regresses spontaneously with the onset of puberty, but therapeutic
measures must be taken before then to control the course of the disease. Purpose.To evaluate the role of the lacrimal mucous
component in VKC patients and compare tear ferning test (TFT) modifications, MUC5AC levels in tears, and density of
conjunctival goblet cells to clinical characteristics before and after treatment with cyclosporine A (CY) in eye drops. Methods.
Forty-seven patients affected by VKC and 30 healthy subjects aged between 3 and 16 years of life were enrolled. All individuals
were submitted to complete eye examination and skin prick test (SPT) for the most common allergens. 'en, they were subjected
to collection of the tears and to impression cytology to evaluate TFT, MUC5AC levels, and conjunctival goblet cell density, before
and after treatment with CY in eye drops. Results. Comparing the VKC group vs. the control group at baseline, a significant
alteration in the degree of the ferns was found, indicating a pathological condition of the lacrimal mucous layer. In addition, an
increased number of goblet cells were observed in the patients. 'e concentration of lacrimal secretory mucins (MUC5AC) did
not show significant differences between the 2 groups. Patients treated with CY have reported improvements of some signs and
symptoms of disease activity, including TFT, and a tendency of conjunctival goblet cell density to normalise. Conclusions. 'e
results obtained demonstrated for the first time a significant alteration of the lacrimal mucin component evaluated in the VKC
group, and an improvement of the latter after CY therapy.

1. Introduction

Vernal keratoconjunctivitis (VKC) is an ocular chronic
inflammation that mainly affects children (males/females �

3/1) in the first decade of life and tends to regress generally
in puberty [1, 2]. 'is form is relatively rare and is more
frequent in warm, dry, and windy climates, such as the
Mediterranean, Central Africa, India, and South America.
Type I hypersensitivity linked to immunoglobulin E (IgE)
and mediated '2 lymphocytes appears to be, in fact,
only one of the cofactors of the disease in which environ-
mental, hormonal, hereditary, and immune-allergological
factors interact; so, the etiopathogenesis of this disease is

multifactorial [2, 3]. 'e typical ocular symptoms are
conjunctival hyperemia, itching, tearing, photophobia, and
foreign body sensation. 'e recent literature distinguishes
this disease into 4 types [3–5]:

(1) Tarsal form: small, medium, and/or giant papillae on
the tarsal conjunctiva are visible with the eversion of
the upper eyelid

(2) Limbal form: nodules or Horner–Trantas dots are
present on the corneal limbus

(3) Corneal form: alterations of the corneal stroma and
nerves are associated with intense hypersensitivity
and photophobia
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(4) Mixed form which has intermediate characteristics
of the 3 types

'ough called “vernal”, VKC often has a chronic course
throughout the year with seasonal outbreaks, in spring and
summer, characterised by a worsening of symptoms, and
frequent corneal involvement, ranging from superficial
punctate keratitis with corneal ulcers that compromise visual
function [3–5]. Diagnosis is based on clinical features, age,
familiarity, disease progression, and the presence of typical
clinical signs and symptoms. Allergic mediators such as his-
tamine, leukotrienes, and prostaglandins directly stimulate
secretory activity of conjunctival goblet cells, while in-
flammatory cytokines may regulate the secretion, proliferation,
and apoptosis of the many cells involved. In fact, alterations in
the expression of mucins on the ocular surface are associated
with numerous pathologies, and it has been observed that
a reduction or a dysfunction of the conjunctival caliciform cells
results in instability of the tear film [6, 7].

In particular, several transmembrane mucins (MUC1,
MUC4, and MUC16), and secretion mucins have been
identified (MUC2 andMUC5AC) on the ocular surface [6–8].
MUC5AC is the major secretory mucin of the tear film, and its
concentration in human tears ranges from 1 to more than
200ng/mL. Moreover, the production of MUC5AC by the
goblet cells is a target of regulation for allergic and in-
flammatory mediators produced by innate and adaptive im-
munity cells. Secretory mucous membranes remove allergens
and pathogens from the ocular surface and play an important
lubricating activity in epithelial cells. In fact, in patients with
VKC, there is an increase in the number of conjunctival goblet
cells; following the use of antihistamines and anti-
inflammatory topical drugs with VKC, there is a reduction
in the number of conjunctival caliciform cells to normal values
[9–11]. Moreover, the expression ofMUC5ACmRNA derived
from goblet cells is reduced in eyes with corneal shield ulcers.
At the same time, MUC1, MUC2, and MUC4 expression
increases as a possible defense mechanism to compensate for
the reduced protective effect of MUC5AC [8–10].

Cyclosporine A (CY) is a neutral, hydrophobic, cyclic
polypeptide calcineurin inhibitor which was first purified in
1979 from cultures of the fungus Tolypocladium inflatum
gams and from other imperfect fungi. Topical CY does not
penetrate ocular tissues due to its poor water solubility and
acts on conjunctiva as an immunomodulator, causing a re-
duction of inflammatory cells, particularly Tcells, HLA-DR+
cells, and plasma cells [5–7, 12].

'e purpose of this study was to evaluate the role of the
lacrimal mucous component in VKC patients. In particular,
the mucous component of the tear film was evaluated by tear
ferning test (TFT), dosing of MUC5AC levels, and density of
conjunctival goblet cells. In addition, modifications of TFT,
MUC5AC levels in tears and conjunctival goblet cell density
were compared to clinical features and evaluated prior and
after treatment with topical CY.

2. Materials and Methods

We enrolled 47 children (38 males and 9 females) between 3
and 16 years of age with clinical diagnosis of VKC.'ey were

submitted to ophthalmology clinic study by the Department
of Allergology and Pediatric Immunology of the “Sapienza
University of Rome”. Also, we enrolled 30 healthy controls
(20 males and 10 females) aged 5–16 years. Inclusion criteria
for the children in the study were as follows:

(i) Diagnosis of VKC based on the child’s history and
the presence of some signs and symptoms, including
itching, photophobia, and tearing in the
spring/summer

(ii) Age between 3 and 16 years
(iii) Symptoms associated with the presence of tarsal

conjunctival papillae and/or limbal nodules, and
mucous secretion

(iv) Persistent or recurrent symptoms of VKC with little
or no response to common pharmacological
products for allergies

(v) No use of contact lenses

Exclusion criteria were as follows:

(i) Diagnosis of ocular pathologies such as glaucoma,
blepharitis, ocular infections, cheratoconus, iritis,
cataract, and other corneal or conjunctivitis
pathologies

(ii) Diagnosis of systemic pathologies such as cancer,
arteriosa hypertension, diabetes, cardiophathies,
etc.

(iii) Ocular surgery in the six months prior to inclusion
in the study

(iv) Systemic or local therapy for other pathologies

In accordance with the Helsinki Declaration, all parents
were informed about the use of their data, and informed
consent was obtained. 'e study also fully complied with
the Good Clinical Practice guidelines and was approved by
the Ethics Committee of our Hospital, Sapienza University
of Rome (Authorization Rif. CE: 2336/26.01.2012-
23/11/2015).

For each patient, the following anamnestic data were
collected: age, sex, family history of atopy, and autoim-
mune diseases, presence of associated atopic conditions,
age of VKC onset, perennial or seasonal course, and prior
topical therapy. All patients underwent a skin prick test
(SPT) for the most common inhaled and food allergens:
dog and cat epithelium, parietary, grass and olive pollen,
dust mites, pine, birch, plane and cypress, cow’s milk
proteins, eggs, fish, wheat, and soy. Patients were also
subjected to a complete eye examination with visual acuity
measurement, front and back biomicroscopy, indirect
ophthalmoscopy, and a clinical technique to evaluate the
ocular tear film by the Schirmer I test, break-time test
(BUT), fluorescein test, etc. Some clinical signs and
symptoms of pathological activity to baseline were evalu-
ated with a score from 0 to 3. 'e total score of the
signs (TSS) was calculated as the sum of the score of
conjunctival hyperemia and chemosis, conjunctival serous
and mucosal secretion, large and small tarsal papillae,
limbal dots or nodules, and superficial wound corneal
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epithelium or corneal ulceration, obtaining a TSS from 0 to
18. 'e total score of the symptoms (TSyS) was calculated
as the sum of the score of itching, photophobia, tearing, and
foreign body sensation obtaining a TSyS from 0 to 12. 'e
tears and conjunctival cells of the patients were collected to
perform: TFT, impression cytology, and MUC5AC levels.
All investigations were carried out by the same physician.
In the past, 33 patients (70.21%) had previously been
treated with antiallergic and/or anti-inflammatory topical
therapy, but without symptom control except for short
periods. All patients were prescribed a multidose bottle of
galenic preparation containing 1% CY in 15mL of 0.1%
sodium hyaluronate to be applied 3 times/day (Vismed
Light®, Medivis Srl Catania, Italy, and 1% CY). Patients
were re-evaluated 3 months after the start of topical
therapy.

2.1. Procedure

2.1.1. Tear Ferning Test (TFT). All patients and controls were
subjected to TFT. 'e technique was performed by drawing
tears from the lower marginal lacrimal meniscus with a glass
microcapillary tube. 'e collection of the material was
performed at the beginning of the ophthalmic examination
to avoid any contamination or dilution by topical anesthetics
or colorants such as fluorescein. 'e sample thus obtained
was placed on an optical microscopy slide and left to dry by
evaporation at room temperature; slides were then evaluated
at the optical microscope to classify the response to the
sifting test [13–15]. 'us, qualitative TFT was used for as-
sessment of protein denaturation according to some authors
[13–15] (Figure 1).

Type I, continuous. Large, uniform, and thickly
branched ferns without the presence of free spaces
between the ferns for the right amount of protein.
Type II, discontinuous. Abundant felcization but with
empty spaces between branches; decreased film
stability.
Type III, reduced. Sparse ferns with empty spaces and
mucin accumulations.
Type IV, no ferns, presence of clusters of degenerate
substances. Typical signs of dry eye. Tear film altered by
stability, pH, firmness, and osmolarity.

Type I was considered normal to indicate good mucous
efficiency and hence indirectly good tear film. Types II and
III were considered as a transition form to indicate a state of
difficulty in the mucus to maintain its integrity and func-
tions. In types II and III, it is possible to find needle-like
ferns instead of arboriforms due to the presence of an
abundant protein mat rich in sugars and salts which alters
the fern structure. Precipitated glycoproteins are antibodies
such as IgM, IgG, and IgE, and in allergic subjects, IgE takes
on the appearance of a small cross. Type IV was indicated as
corresponding to a profound mucosal alteration. Qualitative
TFT was evaluated with a score of 1 to 4 and calculated as
type I to IV in both patients and controls, before and after
topical therapy.

2.1.2. Conjunctival Impression Cytology. 'e patients were
also subjected to conjunctival impression cytology, taking
four samples per patient, two specimens per eye, at the level
of the nasal and temporal conjunctiva. Impression cytology
was obtained after the administration of topical anaesthesia
with 2 drops of 4% ossibuprocain. 'e filters used for the
collection were special nitrocellulose filters (Millicell-®CMCulture Plate Insert, 0.4 μm, Ø 12mm, PICM 012 50,
Millipore). 'e operator kept the membrane on the con-
junctiva for 5 seconds using the plastic support.

'e preparations were then fixed with the Bio-Fix cy-
tological fixator (Kaltek s.r.l.), placed in its original container
and numbered for subject, eye, area, and date of exam. 'e
samples were stored in a freezer at −80°C, pending semi-
Schiff (PAS) staining.

PAS colouration was performed by applying the fol-
lowing procedure to all cytology samples:

(i) periodic acid at 0.5% for 2min; washing in distilled
water

(ii) Schiff reagent for 10min; washing in running water
trays for 5 minutes

(iii) Pure haematoxylin for 2min; washing in running
water trays for 5 minutes

'e samples were then observed under NIKON Eclipse
E600 optical microscope to perform caliciform-forming cell
counts. 'e density of the goblet cells was defined as the
average of the cells per field in 3 different random fields.

2.1.3. Dosing of MUC5AC Levels. 'e tears of the patients
were collected by inserting Microsponges (Alcon Labora-
tory, Fort Worth, Texas) into the inferior tarsal conjunctiva
of both eyes for 60 seconds. 'e sponges were removed and
put in a 1.5-mL Eppendorf vial containing the subject’s
identification number, the eye examined, and the date of
withdrawal. So prepared, the sample was centrifuged, 12000
revolutions per minute (rpm) for 5 minutes, and stored in
a freezer at −80°C. 'e immunoenzymatic test (ELISA) was
performed on the samples collected to search for MUC5AC
(Abbexa). 'e exam was a direct Sandwich test. 'e tear
sample diluted at 30 :1 was added to prefilled wells with the
anti-MUC5AC antibody and left to incubate. A second
antibody conjugated to an enzyme such as peroxidase was
used to observe the positivity of the reaction. After washing
to remove excess substances, the chromogenic substrate,
tetramethylbenzidine, was added. 'en, a colourimetric
reaction was developed to allow quantification of the reagent
indirectly bound to the enzyme by means of a suitable
spectrophotometer.

2.2. Statistical Analysis. Qualitative variables were sum-
marised by percentages and counts. 'e differences between
groups were evaluated by Fisher’s test or chi-square test.
Quantitative variables were summarised by mean and
standard deviation (SD).'e differences between the groups
were evaluated by nonparametric test by Mann–Whitney.
TFT scores, the number of conjunctival goblet cells, and
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lacrimal MUC5AC levels were compared at baseline and after
therapy in the different groups by the t-test for independent
samples and the Wilcoxon test for paired samples. 'e
correlations between clinical, demographic, and biological
parameters were performed by Spearman rho. Values of
p< 0.05 were considered statistically significant. Statistical
analysis was conducted with the SPSS 18.0 software (Statistical
Package of Social Sciences, Chicago, IL, USA).

3. Results

'e study included 47 patients (38 males, 9 females) aged 3
to 16 (mean age 8.8 ± 4.7 SD years) with VKC, and 30
healthy, nonallergic controls (20 males, 10 females), aged 5
to 16 (mean age 11.3 ± 4.2 SD years). According to the
literature, VKC prevalence was higher in males than in
females (79.85% vs 20.15%) in the population we studied.

Fifty-seven percent of patients had a family history of allergic
diseases, and 12% had a parent with autoimmune disease.
Two patients had VKC in the family (cousin/father). Forty-
six percent of the patients were positive for the allergen SPT.
'irty percent of the sample tested had a positive allergic
history (25% rhinitis; 5% atopic dermatitis). 'e average
onset of VKC was 2.7 ± 1.3 SD years before. 'irty patients
(63.83%) were affected by tarsal form, 12 (25.53%) by limbal
form, 3 (6.38%) by mixed form, and 2 (4.26%) by corneal
form. 'e VKC patients instilled 1% CY in 0.1% sodium
hyaluronate 3 times at day. 'en, they were re-evaluated 3
months after the start of topical therapy. 'e clinical and
demographic characteristics of the sample being studied are
summarised in Table 1.

'e mean ages between the different groups were not
statistically significant. 'e test results were found to be
normal in the control group and abnormal in the VKC group.

Type I

II II

III III

IV IV

Figure 1: Tear ferns (100×magnification). Type I (control): uniform and compact branched fern. Type II: the number of branches decreased,
while the interval increased. Type III: the number of branches decreased significantly, and the interval space increased significantly. Type IV:
the number of ferns is low, and the pattern is indefinite.
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Comparing the VKC group vs. healthy controls at
baseline, we found a significant increase in the degree of the
TFT that was 2.43 ± 0.80 SD in VKC subjects and 1.17 ±
0.40 SD in healthy subjects (p< 0.001) (Figure 2(a)). 'is
indicated a pathological alteration of the lacrimal mucous
layer. In addition, VKC patients had an increased number of
goblet cells, 30 ± 20 SD cells/field, compared to healthy
controls, 25 ± 11 SD cells/field, although this was not sta-
tistically significant (Figure 2(b)). 'e concentration of
MUC5AC did not show significant differences between
patients with VKC and healthy controls: VKC: 4,103.33 ±
286.35 SDpg/mL vs. healthy: 3,795.40 ± 837.44 SDpg/mL
(Figure 2(c)).

Probably, this indicates a pathological alteration of the
lacrimal mucous layer related to the production of fibro-
blastic material. An irritation of the goblet cells without
statistically significant variation of their number and of the
concentration of MUC5AC is present.

By correlating the clinical and biological parameters, the
TFTscore showed a direct correlation withmucous secretion
severity (p � 0.004, R � 0.373) and conjunctival
chemosis (p � 0.031, R � 0.278), indicating that in
patients with secretion and severe chemosis, TFT also
demonstrates poor quality of the lacrimal mucous compo-
nent (Figures 3(a) and 3(b)).

'e greatest number of conjunctival goblet cells corre-
lated significantly with the greater severity of the tarsal
papillae (p � 0.005, R � 0.499) and limbal nodules
(p � 0.047, R � 0.328). In addition, a statistically significant
inverse correlation between the number of goblet cells and
the duration of the chronic disease was demonstrated
(p � 0.048, R � −0.465) for probable chronic damage to the
conjunctival tissue (Figures 4(a)–4(c)).

'e lacrimal MUC5AC levels correlated inversely with
TSS (p � 0.042, R � −0.356) (Figure 5(a)) and with TFTscore
(p � 0.047, R � −0.427) (Figure 5(b)) of VKC patients.'ese
data indicated that a higher concentration of MUC5AC
correlated with a less severe VKC and with a better quality of
the tear mucous component.

Patients were re-evaluated 3 months after the start of
1% CY topical therapy, and no side effect attributable
to the use of topical drug was found (Figures 6(a)–6(c) and
7(a)–7(c)) Some signs and symptoms of pathological ac-
tivity improved after CY if compared to baseline, such as
the following:

(1) Conjunctival hyperemia/chemosis, baseline 2.5
(±0.5 SD) score, and posttherapy 0.40 (±0.49 SD)
score (p � 0.001)

(2) Tarsal papillae, baseline 2.3 (±0.5 SD) score, and
posttherapy 1.61(±0.2 SD) score (p � 0.016)

(3) Lacrimation, baseline 2.3 (±0.7 SD) score, and
posttherapy 0.65 (±0.06 SD) score (p � 0.045)

(4) TFT, baseline 2.43 (±0.80 SD) score, and posttherapy
1.93 (±0.67) score (p � 0.044)

(5) Improved density of conjunctival goblet cells,
baseline 30 (±20 SD) cells/field, and posttherapy 23
(±8 SD) cells/field (p � 0.044)

'ere were no changes in lacrimal MUC5AC levels,
baseline 4,103.33 (±286.35 SD) pg/mL, and posttherapy
3,909.18 (±606.01 SD) pg/mL.

4. Discussion

In our study, we evaluated the clinical and structural
modifications of the lacrimal mucinic component in patients
affected by VKC. In particular, the results obtained dem-
onstrated for the first time that there was a significant al-
teration of the lacrimal mucus in subjects with VKC
compared to controls, andmoreover, the degree of alteration
of the lacrimal mucin component correlated significantly
with the severity of the pathology. In addition, the pa-
rameters of the disease showed a significant improvement
after immunomodulatory therapy with topical CY.

Tabbara and Okumoto were the first to report the use
of ferning as a qualitative test for ocular tear discomfort in
91% of patients with several forms of conjunctivitis [16].
Beside, Norn (1994) believes, after having examined for
various ocular disorders 225 subjects, that the ferning
method has a sensitivity and a specificity of the same order
as the commonly used tests for qualitative and quanti-
tative lacrimal film (Schirmer I, BUT, rose bengale, lac-
toferrin) [15]. Other authors suggest that TFT could be
used as a simple, inexpensive, and low-invasive test to
clinically evaluate the tear film [13]. Both the BUT and
TFT tests reflect the dysfunction of tear mucin indirectly
[17]. Our research shows that TFT could be useful in the
objective evaluation of tear film and also be a marker of

Table 1: Clinical and demographic characteristics of 47 VKC
patients.
Age range 3–16 years
Age (average ± SD) 8.8 ± 4.7 years
VKC onset (average ± SD) 2.7 ± 1.3 years
Sex: male and female 38 (79.85%) 9 (20.15%)

Forms of VKC

Tarsal: 30 (63.83%)
Limbal: 12 (25.53%)
Mixed: 3 (6.38%)
Corneal: 2 (4.26%)

Total score of signs 12.5 ± 2.0 SD
Total score of symptoms 8.1 ± 2.1 SD
TFT score (average ± SD) 2.43 ± 0.80
Lacrimal MUC5AC (pg/ml) 4,103.33 ± 286.35 SD
Density goblet (cells/field) 30.0 ± 20.0 SD
Score of signs (TSS) Average ± SD
Hyperemia/chemosis conjunctival 2.5 ± 0.5
Mucous and serious secretions 2.3 ± 0.7
Tarsal papillae < 3mm 2.3 ± 0.5
Tarsal papillae > 3mm 2.2 ± 0.4
Horner–Trantas nodules 2.5 ± 0.2
Epithelial keratitis 0.5 ± 0.02
Score of symptoms (TSyS) Average ± SD
Itching and photophobia 4.0 ± 0.7
Tearing 2.1 ± 0.8
Foreign body sensation 2.0 ± 0.6
VKC: vernal keratoconjunctivitis; SD: standard deviation; TFT: tear ferning
test.
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Figure 2: Significant increase of the TFT (tear ferning test) score in VKC (vernal keratoconjunctivitis) patients, 2.43 ± 0.80 SD, vs. controls,
1.17 ± 0.40 SD (p< 0.001) (a). Increase in the goblet cells density, though not statistically significant, 30 ± 20 SD cells/field in VKC patients,
vs. controls, 25 ± 11 SD cells/field (b). 'e concentration of MUC5AC does not show significant differences between VKC patients, 4,103.33
± 286.35 SD pg/mL, and controls, 3,795.40 ± 837.44 SD pg/mL (c).
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Figure 3: 'e tear ferning test (TFT) score shows direct correlation with mucous secretion severity (p � 0.004, R � 0.373) (a) and
conjunctival chemosis (p � 0.031, R � 0.278) (b), indicating altered quality of the lacrimal mucous component.
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therapeutic efficacy in patients with VKC. Indeed, there
are some factors that may change TFT, and the exact
nature of what determines the pattern is still not fully
understood [13]. In fact, rapid crystallisation of the tears,
evaporation, temperature, humidity, impurities, role of
electrolytes, spatial location of organic molecules, etc. play
a role in the formation of the ferns under the microscope
[13]. Precisely for these reasons, according to other au-
thors, it could be more useful to use other tests like
counting the number of goblet cells, or rose bengal 1%
stain, or lissamine green 2% stain score [18, 19]. For now,
the recent literature (Zeev, 2014) asserts that the nu-
merous diagnostic tests used are not yet widely accepted
and are often not reproducible [20].

Data of our research were accompanied by the dem-
onstration of an increased density of goblet cells in the
conjunctival epithelium of VKC patients with a more severe
score of tarsal and limbal papillae, both of which are indexes
of disease severity [21]. Aragona et al. demonstrated that, in
the conjunctival epithelium of VKC patients, there were
alterations in calcium density, intercellular junctions, the
amount of nuclear chromatin, and the degree of cellular
keratinization with a higher number of goblet cells, but
smaller in shape than in healthy controls [22]. In addition,
we observed under optical microscope that the goblet cells
appeared to be clustered and sometimes clotted in mucine
clusters associated with the presence of metaplasic cellular
specimens with some pyknotic nuclei [22] (Figure 8).
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Figure 4: 'e greatest number of conjunctival goblet cells correlates significantly with the greater severity of the tarsal papillae (p � 0.005, R � 0.499)
(a), and limbal nodules (p � 0.047, R � 0.328) (b). In addition, inverse correlation between the number of goblet cells and the duration of the chronic
disease was demonstrated (p � 0.048, R � −0.465) for probable chronic damage to the conjunctival tissue (c).
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Figure 5: Lacrimal MUC5AC levels correlates inversely with TSS (total score of the signs) (p � 0.042, R � −0.356) (a) and with TFT (tear
ferning test) score (p � 0.047, R � −0.427) (b) of VKC (vernal keratoconjunctivitis) patients for less severe VKC and better quality of the tear
mucous component.
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Conjunctival epithelium, therefore, reacts to the in-
flammatory stimulus with structural changes that can be
considered partly as defense mechanisms and partly as
degenerative signs. On the contrary, in both type-1, IgE-
mediated, and type-4 hypersensitivity reactions, T-lym-
phocytes play a role in the development of VKC disease.
Subsequently, the increase in mucus secretion could also
play an important role in the pathogenesis of the disease by
providing a network on which allergens may bind, stressing
inflammatory stimulation.'is could indicate a pathological
alteration of the lacrimal mucous layer related to infiltration
of conjunctival, limbal, and corneal inflammatory cells with
production of fibroblastic material. In fact, the conjunctiva is
characterised by an infiltration of inflammatory cells, es-
pecially eosinophils, mast cells, and T-lymphocytes
[3, 21–23]. Patients with VKC have been shown to have
increased levels of activated CD4+, '2-lymphocites, and of
inflammatory cytokines IL-3, IL-4, IL-5, and IL-6, indicating
that there is a hypersensitivity reaction to an unknown
pathogen [3, 21–23]. Inflammatory cytokines may regulate
the secretion, proliferation, and apoptosis of goblet cells
[24–26], while allergic mediators such as histamine, leu-
kotrienes, and prostaglandins directly stimulate the secre-
tory activity of these cells [24–27].

Our patients showed only an irritation of the goblet cells
without a statistically significant variation of their number
and of MUC5AC concentration. 'is aspect would represent

the first phase of conjunctival inflammatory response. With
the persistence of the inflammatory stimulus, the degenerative
cell phenomena would manifest themselves as the sign of
persistent damage to the ocular surface [22].

Moreover, we showed that, in patients with long-term
disease, the density of conjuntival goblet cells is lower
(Figure 4(c)), indicating a progressive squamous metaplasia
of the conjunctiva associated with the duration of chronic
inflammation. 'is could be due to the fact that in-
flammatory mediators initially stimulate a hyperplasia of
conjunctival goblet cells while the persistence of the in-
flammation could cause a reduction in the density of goblet
cells [21–23]. In our study, we also evaluated the tendency of
the number of conjunctival goblet cells to normalise in
patients with VKC after topical CY therapy. Although these
data do not reach statistical significance, they stimulate
a reflection on the immunoregulatory properties of drug
treatment. 'erapeutic activity could be useful to stimulate
the still viable cells that in just 3 months of topical therapy
have recovered their functionality [28, 29].

As is well known, CY is an immunomodulator that
reduces the proliferation of CD4+ lymphocytes through
interleukin-2 (IL-2) transcription blockade; it reduces
conjunctival fibroblasts and IL-1 production [2, 30, 31]. CY
also has an inhibitory effect on the activation of eosinophils,
basophils, andmast cells and on the release of histamine, and
inflammation mediators [30, 32]. We noticed a significant
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Figure 6: Some signs of pathology improvement 3 months after the start of CY (cyclosporine) therapy, such as: conjunctival hyper-
emia/chemosis, baseline 2.5 (±0.5 SD) score, and posttherapy 0.40 (±0.49 SD) score (p � 0.001) (a); tarsal papillae, baseline 2.3 (±0.5 SD)
score, and posttherapy 1.61 (±0.2) score (p � 0.016) (b); and lacrimation, baseline 2.3 (±0.7 SD) score, and posttherapy 0.65 (±0.06 SD) score
(p � 0.045) (c).
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improvement in the signs and symptoms of patients with
VKC after 3 months of 1% CY topical therapy [32, 33]. Our
data did not reveal differences in the concentration of lac-
rimal MUC5AC between patients with VKC and healthy
controls, but correlations with clinical data showed a greater
concentration ofMUC5AC in the tears of less severe patients
and with a better quality of mucus (Figures 5(a) and 5(b)).
Such evidence suggests a protective role of MUC5AC, where
a higher concentration of lacrimal MUC5AC is associated
with better quality of the tear mucus component. In fact, we
know that MUC5AC contributes to making the tear film

a non-Newtonian viscoelastic structure, capable of modi-
fying its viscosity depending on the size of the applied force,
thereby reducing the friction between the eye and eyelid
[24, 27].

5. Conclusions

'is research confirmed the data of the literature on efficacy
of topical CY therapy in patients with VKC, demonstrating
a statistically significant improvement in clinical and
structural ocular inflammation. 'e results also showed, for

Figure 8: Observation of conjunctival cytogenes by an optical microscope. 'e goblet cells appear to be clustered and clotted in mucine
clusters associated with the presence of metaplasic cellular specimens with some pyknotic nuclei.
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Figure 7: Some signs of pathology improvement 3 months after the start of CY (cyclosporine) therapy, such as TFT (tear ferning test),
baseline 2.43 (±0.80 SD) score, and posttherapy 1.93 (±0.67) score (p � 0.044) (a); density of conjunctival goblet cells, baseline 30 (±20 SD)
cells/field, and posttherapy 23 (±8 SD) cells/field (p � 0.044) (b). 'ere are no changes in the MUC5AC levels before (4,103.33 ± 286.35 SD
pg/ml) and after therapy (3,909.18 ± 606.01 SD pg/ml) (c), even because a 3-month treatment period is too short to evaluate the possible
functional improvement of the conjunctiva in patients with chronic VKC (vernal keratoconjunctivitis).
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the first time, a significant alteration of the lacrimal mucinic
component evaluated by TFT in subjects with VKC com-
pared with healthy controls, before and after CY topical
therapy.'ese observations encourage to consider a possible
use of TFT in daily clinical practice, and the density of
conjunctival goblet cells in VKC patients could be a marker
of duration of the disease.

A larger study population and an increase in observation
time by at least 12 months after therapy will be necessary to
better understand the role of mucins in maintaining the
integrity of the mucus barrier and of the ocular surface. All
this, in order to lead to a therapeutic strategy to reduce the
signs and symptoms, avoid conjunctival fibrosis, and allow,
when possible, healing from the disease.
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Mucous membrane pemphigoid (MMP) is a heterogeneous group of rare, systemic, autoimmune subepidermal inflammatory
disease that affects mucous membranes and the eye. In its most severe forms, this disease needs systemic therapy, usually based on
steroids and immunosuppressant agents. In unresponsive cases or in the presence of contraindications or severe side effects due to
conventional systemic corticosteroid and/or immunosuppressant therapy, a therapy shift to high-dose intravenous immuno-
globulins (IVIg) has been recommended in other reports. $is new therapy has proven to be effective in stopping ocular
pemphigoid, but the data regarding the long-term effect on the disease activity or reactivation are extremely scarce, so the novel
scientific aim of this study was to evaluate the clinical outcomes after a 9-year follow-up in 12 eyes (6 patients) affected by MMP
with ocular involvement, successfully treated with IVIg therapy, as previously described in our report published in 2008. $e
evaluation of ocular and extraocular disease progression was performed at the end of IVIg therapy and at the end of the follow-up
period. After 9 years, all the eyes enrolled showed a long-lasting remission of ocular and oral symptoms with a significant steroid-
sparing effect. In conclusion, the IVIg has to be considered as a safe and successful alternative therapy in patients with severe
ocular mucous membrane pemphigoid; furthermore, this kind of therapy seems to be effective in maintaining the clinical
remission by the time.

1. Introduction

Mucous membrane pemphigoid (MMP) is a severe, sys-
temic, autoimmune bullous disease that affects mucous
membranes like ocular conjunctiva (64%), oral mucosa
(85%), and occasionally the skin [1], which can have major
morbidities and, rarely, deadly consequences [2–4].

Ocular MMP accounts for 61% of the cases of newly
diagnosed cicatricial conjunctivitis between 60 and 80 years
of age, with an incidence calculated as 0.8 per million

population, and it affects women more often than men with
a male-to-female ratio of nearly 2 :1 [5]. Several studies have
demonstrated an increased incidence of the HLA-
DBQ1∗0301 allele in patients with MMP [6–8].

$e main ocular sign of this autoimmune disease is
a cicatricial symblepharon due to a subepithelial, complement-
mediated inflammation caused by autoantibodies (IgG or IgA)
directed to some antigen in the basement membrane [9].

Several studies demonstrated that the target antigens in
the conjunctival basement membrane zone, such as antigen
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180 (BP180) [10, 11], antigen 230 (BP230) [12], antigens
205 kd, 160 kd, 85 kd [13], laminin 5 (epilegrin) [14, 15], and
β4-integrin [12, 16], and antigen 168 kd [17], are frequent in
multiple mucosal sites and occasionally also in the skin.

$e pathology produces a scar and it may affect the eye
and other areas at the same time, in particular, the oral
mucosa (85% of patients), the nasal mucosa (20–40%), the
skin (25–30%), anogenital area and/or pharynx (20%),
larynx (5–15%), and esophagus (5–15%) [5].

A subset of patients affected by MMP only suffer from
ocular involvement: this peculiar MMP is known as ocular
cicatricial pemphigoid (OCP) [9]. Both the MMP with
ocular involvement and the OCP start with a conjunctival
inflammation but in the latter stage the corneal scarring can
lead to blindness [2].

Due to its severe scarring in the ocular, laryngeal, tra-
cheal, oral, and esophageal involvement, the MMP may lead
to a devastating course; hence, an aggressive therapy should
be started immediately.

Systemic corticosteroids, together with the introduction
of other immunosuppressive drugs, are the mainstay of
treatment for severe MMP. Indications for systemic therapy
include ocular disease unresponsive to less aggressive topical
measures [4]. However, the high doses and prolonged ad-
ministrations of corticosteroids that are often needed to
control the disease can lead to many adverse, serious, and
even life-threatening sequelae [4].

Alternative immunosuppressants such as cyclophos-
phamide, azathioprine, methotrexate, mycophenolate
mofetil, dapsone, daclizumab, and mitomycin-C are also
used [4, 18, 19], but some patients do not respond to these
agents or they present serious adverse effects. In these un-
responsive cases, the high dose of intravenous immuno-
globulins (IVIg) therapy has been recommended thanks to
its proven efficacy in several studies [20–25]; also our group
showed a good result with this kind of therapy [26].

However, a challenge in the management of this kind of
patients is to decide how much to prolong the IVIg therapy
and also to assess the long-term effect on the ocular disease.
In this study, on the basis of a previously published clinical
trial on 6 patients successfully treated with IVIg [26], we
report data about the long-lasting clinical remission during
a nine-year follow-up since the last cycle of IVIg treatment.

2. Materials and Methods

An observational, retrospective, case-series study was con-
ducted at the Oral Medicine Complex Unit, Department of
Neuroscience, Reproductive and Odontostomatological
Sciences, University Federico II of Naples, and was approved
by the ethics committee. $e study group consists of 12 eyes
of 6 patients, who gave their informed consent to take part in
the research study.

$is cohort was the same included in our previous study
published in 2008 [26]: three males and three females, who
underwent to a nine-year follow-up. $e age ranged from 58
to 80 (mean 69.5). All patients had initially at least ocular and
oropharyngeal involvement. $e diagnosis was made on the
basis of clinical presentation, histology, immunopathological,

and serological studies. All patients presented with bilateral
conjunctival lesions, and all the eyes were classified into four
stages ranging from I to IV according to Foster’s classification
[9]. For some patients, we also report the involvement of
multiple mucosae and/or skin. One patient had nasal mucosal
involvement, and two female patients and one male patient
had genital lesions. Skin bullae were noticed by two patients.
All clinical data are described in Table 1.

$e inclusion criteria were based on the following:

Clinically, the presence of active and/or progressive
cicatricial inflammatory conjunctivitis (with the ex-
clusion of any other possible pathology simulating the
pemphigoid (pseudopemphigoid [27])), eventually
associated with severe MMP manifesting as
bullae/ulcers of the oropharyngeal
Routine histology and direct immunofluorescence
showing subepithelial split with mixed inflammatory
cell infiltrate and deposits of IgG/C3 at dermoepi-
dermal junction [2]; indirect immunofluorescence on
salt split skin [28] and enzyme-linked immunosorbent
assay (ELISA BP 180 and 230) positivity [29]
$e unresponsiveness to at least 6 months of conven-
tional therapy and/or one or more contraindications to
the use of high-dose long-term systemic corticosteroids
(severe osteoporosis, diabetes, peptic ulcer disease, hy-
pertension, and a previous myocardial infarction) [24]

$e data examined in the study were collected and ret-
rospectively reviewed in order to investigate the following:

$e previous treatments with relative side effects
$e IVIg protocol used
$e IVIg clinical response to and modality of therapy
and adverse effects

In particular, with regard to previous therapies, we
recorded the following data for each patient, before and
during IVIg therapy: (1) the highest dose of corticosteroids,
which was defined as the maximum dose per day a patient
received to control MMP during the course of the disease;
(2) the duration of corticosteroid therapy; (3) the number of
relapses defined as appearance of 3 or more new lesions
a month (skin blisters, oral mucosal erosions, and con-
junctival lesions) which did not heal within 1 week, or the
extension of a known conjunctival lesions in a patient who
has achieved disease control [19]; and (4) the number of
recurrences defined as reappearance of inflammation (which
did not justify a change in systemic therapy) caused by the
disease on a ocular or extraocular side already involved
before the enrollment.

$e relapse is well defined upon the criteria explained in
the recommendations of an international panel of expert
[19], while we also considered the recurrence in order to
understand if the inflammation was totally controlled also in
the OCP sites previously involved before the start of the
therapy.

Side effects that were invariably expected from pro-
longed use of steroids and/or immunosuppressive agents

2 Journal of Ophthalmology
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were collected and classified into two groups: those which
required medical treatments (glaucoma or cataract, osteo-
porosis, haemorrhagic cystitis, amenorrhoea, psychological
reactions, steroid-induced acne, aseptic bone necrosis, and
hyperglycaemia) and those which did not need any specific
medical treatment (Cushing syndrome or insomnia).

Regarding the IVIg therapy, we studied the modality of
IVIg therapy, the time to obtain clinical response, and the
number of relapses or recurrence during or after the IVIg. As
an evaluation of the clinical response, the patients had
complete ophthalmological, mucosal, and skin examination
at baseline and every 1-2 weeks.

From the ocular side, the effective clinical response to the
therapy was considered as the absence of conjunctival in-
flammation (“white and quiet” eye) and the absence of
progressive subepithelial fibrosis, while in the extraocular
involvements, the clinical response was defined as effective if
any healing and/or stopping of the progression of previous
lesions was reported.

3. Results

3.1. Previous 0erapies. $e characteristics of the patients
and the details of therapies (dose duration, side effects, etc.)
are presented in Table 1.

In ocular lesions, topical steroids are ineffective in
controlling the progression of disease [2]. Frequent lubri-
fication and attention to eyelid hygiene are essential only to
reduce symptoms and control secondary infections.

All the patients enrolled complained a progressive ocular
conjunctival inflammation and an extensive oral in-
volvement, so they required systemic therapy with corti-
costeroids (prednisone 1.5mg/Kg/d) and one or more
immunosuppressive agents (dapsone, azathioprine, and
cyclophosphamide). Corticosteroid doses ranged from
60 mg to 100mg/day with a cumulative total dose of steroids
administered before IVIg therapy ranging from 16,200mg to
81,000mg. All patients received at least 1 adjuvant drug.
Four patients developed side effects from conventional
MMP therapy as described in Table 1. MMP conventional
treatment and management of side effects required hospi-
talization in all patients. High-dose corticosteroids and
immunosuppressive agents used in the management of
patients before IVIg therapy were gradually tapered during
the course of IVIg therapy. Corticosteroids and immuno-
suppressive agents used in the management of patients
before IVIg therapy were given at highest dosage for at least
90 days and kept unchanged during the attack phase and
then gradually tapered during the course of the treatment
(maintenance phase).

3.2. IVIg Protocol and Patients Monitoring. $e consensus
statement of the use of intravenous immunoglobulin therapy
in the treatment of autoimmune mucocutaneous blistering
diseases describes how to assess the optimal dose, the length,
and the frequency of the IVIg therapy [24].

$e blood examinations at the baseline visit, prior to
administer the IVIg cycle, were blood cell count, hepatic and

renal function tests, plasma concentration of albumin and
fibrinogen, lipid profile, routine urinalysis, serum levels of
immunoglobulins specially IgA, rheumatoid factor, cry-
oglobulins, and antibodies to hepatitis B, C, and human
immunodeficiency viruses. All the patients received, 30
minutes before the infusion, a medication with acetamino-
phen (500mg), chlorpheniramine (20mg), and methyl-
prednisolone (40mg) so as to limit a possible allergic reaction
or side effect [24]. $e cycle infusion consisted of IV human
immunoglobulin, 5% solution (Flebogamma-Grifols, Ig vena
NIV-Kedrion, Endobulin-Baxter) injected with an electronic
pumping device (OptimaMS, Fresenius Vial, France), and the
dosage for each cycle 2 g was pro kg in three consecutive days
[30, 31]. $e treatment period before the IVIg ranged from 8
to 20 months, while the number of IVIg cycles varied from 10
to 20 (mean 16.8). $e starting cycle frequency was every 2–4
weeks in the active phase.

Once the therapy showed a stop in the ocular MMP signs
(like the stop of the conjunctival scarring and inflammation,
or the healing of the extraocular MMP clinical signs), the
interval time between each cycle was then gradually in-
creased to 6, 8, 10, 12, 14, and 16 weeks (defined as
maintenance therapy period).

In all 6 patients, the recurrence (range from 1 to 4) or the
relapse (from 1 to 3) in this period gave us the indication to
reduce the interval time between each cycle. Vital signs were
monitored during the infusion. Before, during, and after
each cycle, in order to assess all the therapy effects on MMP,
every patient underwent to periodic follow-up visit in two or
more of the following specialities (depending on the sites of
the disease): dermatology, otolaryngology, odonthostoma-
thology, gastroenterologist/endoscopist, clinical immunol-
ogy, endocrinology, gynaecology, and nutritionist. In all
patients, we carefully evaluate the coagulation profile and
introduce preventive measures to reduce the risk of
thromboembolic events such as acetyl-salicylic therapy
(performed in all patients), as suggested by Katz and
Shoenfeld, and subcutaneous calcium heparin (performed in
4 multimorbidity and multitherapy patients) [32, 33].

3.3. Clinical Response, Corticosteroid Tapering, and Adverse
Effects of IVIg 0erapy. All 12 eyes (6 patients) achieved
effective clinical response in 5 to 12 months (mean 9.1) with
IVIg therapy that was able to control active and progressive
disease of the ocular and extraocular lesions and to arrest
scarring (mean stage before IVIg therapy� 2.76± 0.49; mean
stage after IVIg therapy� 2.42± 0.90). No extraocular new
lesions or new areas of involvement were observed after the
initiation of IVIg. $ese 6 patients have been maintained in
a sustained remission for a total follow-up period of 9 years
after the discontinuation of IVIg therapy. Successful clinical
results previously described [26] have not changed, and no
recurrence/relapse has been recorded throughout all the
retrospective observational period.

4. Discussion

In this study, we report the successful long-term effects of
IVIg therapy in the same 6 “high-risk” [4] MMP patients,
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earlier reported in our previous study [26], affected by ocular
and extraocular involvement.

$is kind of therapy has a well-established literature data
supporting its effectiveness in ocular MMP [21–25], but
studies about the long-term effect on the disease activity or
reactivation are very scarce: in this study, the novel scientific
content is to report the data about 9-year follow-up and, to
the best of our knowledge, this is one of the longest follow-
up time ever reported in the scientific literature.

All the patients enrolled were unresponsive or presented
major contraindications to conventional therapies with
high-dose oral corticosteroids in combination with immu-
nosuppressants, so they were treated with IVIg.

Today, it is still unclear themechanism by which the IVIg
produces its effect in autoimmune disease, probably an
initial anti-inflammatory effect is followed by the immu-
nomodulation effect [24, 32, 34, 35]. $e most recent studies
[21–23, 29, 35–39] suggest the off-label IVIg use if the
conventional therapy does not allow a good control of the
disease or the contraindications of conventional therapy are
remarkable. $e use of IVIg has been proved to be effective
in several chronic inflammatory or autoimmune diseases,
such as Kawasaki’s diseases, chronic inflammatory neu-
ropathies, myasthenia gravis, dermatomyositis, and idio-
pathic thrombocytopenic purpura [36], and the prevalence
of the life-threatening side effects is low if compared to
systemic corticosteroids or immunosuppressant [37].

In all 6 patients, the ocular signs were accompanied with
gingival, buccal, and palate lesions as signs of MMP. One of
the key features of the disease prognosis and follow-up is the
early diagnosis and consequently early beginning of the
therapy. WhenMMP appears as chronic conjunctivitis (“red
eye”), specialists have difficulty in making a diagnosis in the

early stages of the disease, and in many cases, MMP is not
recognized until the disease process resulted in progressive
scar formation and tissue contraction (symblepharon). $e
inferior fornix becomes shortened, and symblepharon for-
mation increases to the point that the eyelids become firmly
attached to the globe, inhibiting its movement. At later
stages, the eyelids grow together and the conjunctival sac is
obliterated (ankyloblepharon) (Figure 1). $e progressive
ocular disease can lead to blindness [1]. In oral cavity, the
blisters quickly turn into ulcers that are frequent sites of
secondary infection characterized by pain and result in poor
nutrition. Healing reveals adhesions and scar formation.
However, in exclusively oral involvement, the patients are
defined as “low risk” in comparison with ocular, nasopha-
ryngeal, esophageal, and laryngeal mucosa involvement
[4, 5].$erefore, the classification of patients in high and low
risk is essential for clinician’s decision on the correct mo-
dality and choice of treatment and drugs [5].

Among blistering disease, MMP is the most difficult to
control: moreover, it may be a devastating systemic disease
due to its severe ocular, laryngeal, tracheal, oral, and
esophageal involvement.

$e prognosis and the treatment of this pathology re-
quire early and very careful clinical and laboratory moni-
toring by a multidisciplinary team of specialists. IVIg
appears to be safe [37–41], frequently associated with a va-
riety of mild and temporarily adverse effects, such as low-
grade fever, headache, nausea, myalgia, chills, arthralgias,
flushing, abdominal cramps, and leucopenia. Although rare,
the serious and potentially fatal side effects include ana-
phylactic reactions, aseptic meningitis, acute renal failure,
stroke, myocardial infarction, and other thrombotic com-
plications [42]. Many of these side effects have occurred in
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Figure 1: Synthetic clinical progression of the disease localized to conjunctiva.
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patients who have significant, underlying risk factors and
comorbid conditions for the development of the event. A
complete medical evaluation of the patient before the ini-
tiation of therapy is extremely important to identify risk
factors that are associated with such side effects [37].

If compared to conventional therapy, also the IVIg needs
a peculiar attention in several aspects (adequate patient
selection, need of premedication, monitoring of patients,
and modality of infusion) which are very important because
they, if not well evaluated, can cause important and dan-
gerous side effects.

As a consequence, the patient undergoing IVIg therapy
needs a medical-multidisciplinary team which has to be used
to handle this immunosuppressant drugs. Another limit of
this therapy is the high cost: on this issue, we want to report
a previous study from Daoud and Amin [43, 44] comparing
the cost of the conventional therapy versus the IVIg: the
authors point out that, even if the cost of the therapy is
higher when the IVIg is used, the cost in relation on the side
effects caused by both therapies is definitely lower in the IVIg
therapy.

In our study, we reported a sustained long-term re-
mission after discontinuation of IVIg for all of 6 patients,
and no disease progression was observed. Similar outcome
derives from Naveed Sami’s study, in which 10 patients with
progressive ocular-cicatricial pemphigoid (OCP), with se-
vere refractory to conventional therapy and treated with
IVIg therapy, have been maintained in a sustained remission
for a total follow-up period ranging from 24 to 48 months
(mean, 35) after discontinuing IVIg.

5. Conclusions

Overall, our data indicate that when current guidelines are
followed, IVIg therapy could be able to rapidly control the
activity of the disease producing a very effective clinical
response together, allowing clinicians to taper consistently
doses of corticosteroids and immunosuppressants. Further,
IVIg therapy could be easily and safely performed in heavily
pretreated MMP patients with only minor side effects and
introduced as an alternative treatment modality in patients
with severe disease in which long-lasting complete clinical
remission could be achieved.
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Background. Vernal keratoconjunctivitis (VKC) is a rare inflammatory disease involving the ocular surface, with seasonally
exacerbated symptoms. Both type-1 and type-4 hypersensitivity reactions play a role in the development of VKC. Purpose.(e aim
of the present study was to assess the presence and evaluate the concentration of the vascular endothelial growth factor (VEGF) in
tear and blood samples from patients with VKC, during the acute phase, based on the histopathological vasculostromal structure
of the tarsal papillae. Methods. Two groups of children aged between 6 and 16 years of life were enrolled: 21 patients (16 males,
76%) affected by VKC, tarsal or mixed form, and 13 healthy children (5 males, 38%) used as controls. Blood and tear samples were
obtained from all patients, in order to specifically assess the presence of VEGF. Statistical analyses were performed with one-way
ANOVA, followed by post hoc comparisons with the Bonferroni tests. Pearson’s correlation was chosen as statistical analysis to
assess the relationship between the expression levels of VEGF in tears and blood and the clinical parameters measured. Results.
Comparing the 2 groups for VEGF concentration, a statistically significant difference was found in tear samples: the mean value
was 12.13 pg/mL (±5.54 SD) in the patient group and 7 pg/ml (±4.76 SD) in controls (p< 0.05). However, no statistically sig-
nificant difference was found when comparing VEGF concentration in blood samples (p> 0.05), with amean value of 45.17 pg/mL
(±18.67 SD) in VKC patients and 38.08 pg/mL (±19.43 SD) in controls. Conclusions. (is pilot study highlights the importance of
lacrimal and vascular inflammatory biomarkers that can be detected in VKC patients during the acute phase, but not in healthy
children. (e small group of patients warrants additional studies on a larger sample, not only to further investigate the role of
VEGF but also to evaluate the angiogenic biomarkers before and after topical treatment.

1. Introduction

Vernal keratoconjunctivitis (VKC) is a rare (<1 :10.000),
chronic, bilateral, at times asymmetrical, often severe in-
flammation of the ocular surface. It was first described in the
ophthalmic literature as conjunctiva lymphatica more than
150 years ago. Subsequently, numerous authors referred to it
using different names, each one labeling one of the various
aspects of the disease [1–3]. VKC especially affects young

males, with an average age of onset of 6-7 years and a re-
ported male-to-female ratio varying from 4 :1 to 2 :1, and
tends to regress during or soon after puberty, disappearing
in the majority of cases around 4–10 years after onset. It is
more common in dry and hot climates, such as the Medi-
terranean area, Central Africa, West Africa, the Middle East,
Japan, the Indian subcontinent, and South America [3–6].
VKC is typically characterized by seasonal exacerbations,
although the most severe forms can suffer from perennial
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symptoms, and visual impairment may occur if the cornea is
involved. According to the predominant conjunctival dis-
trict involved, three forms of vernal keratoconjunctivitis
have been identified and described: tarsal (palpebral), limbal
(bulbar), andmixed type. In the first form, more prevalent in
Europe and the Americas, large papillae (>1mm) occur
predominantly at the upper tarsus and those with a size of
7-8mm are known as cobblestone papillae, constituting
from the vasculostromal structure of collagen types I and II
and proteoglycans [3–5]. (e limbal form, which is more
seen in Africa, is usually accompanied by limbal infiltrates
and Horner–Trantas nodules; the mixed type presents in-
termediate characteristics between the two. A recent study
has suggested an update to this classification that should
include a phenotype with a predominant corneal in-
volvement. Even though this was associated with nonspecific
alterations of the corneal epithelium, relevant changes were
measured by confocal microscopy and they were correlated
with the degree of photophobia reported by patients. Cor-
neal changes include punctate epithelial keratitis, epithelial
macroerosions, gelatinous limbal hypertrophy, and plaque
formation [3–5]. If untreated, the initial damage may lead to
the onset of oval-shaped epithelial defects, known as shield
ulcers, which are reported to occur in 3–11% of patients
[3–6]. (ese undoubtedly represent the most severe signs of
the disease, as they can have a heavy impact on the quality of
life and even cause visual impairment or lead to astigmatism,
keratoconus, corneal perforations, and scars. Although the
allergic nature of VKC has been accepted for a long time, its
exact aetiology and pathogenesis are still unclear. (e role of
hormonal factors is suggested by positive staining for oes-
trogen and progesterone receptors in the conjunctiva from
patients, predilection for male sex, and resolution after pu-
berty [3, 6, 7]. Genetic predisposition also contributes to the
development of this disease, and although no relationship has
been found yet between VKC and a particular genotype, the
constant and increased presence of eosinophils in blood, tears,
and conjunctival scrapings, the expression of a multitude of
mediators and cytokines, and the predominance of CD4 cells
locally suggest that VKC may be a phenotypic model of
upregulation of the cytokine gene cluster on chromosome 5q
[7–12]. In addition, multiple studies have investigated the
family history of allergic diseases (asthma, rhinitis, eczema,
urticaria, and dermatitis) and immunological diseases
(Hashimoto’s thyroiditis, type I diabetes, psoriasis, rheuma-
toid arthritis, and systemic lupus erythematosus), reporting
such an association in roughly half of the patients diagnosed
with VKC [3, 5, 6, 13, 14]. At this point, the accumulation of
a large amount of immunological data has established that the
pathogenesis of VKC is muchmore complex than amere type
1 hypersensitivity reaction, also involving IgE-independent
(type IV) mechanisms and cytokines, such as the interleukin
17 (IL-17) [7, 10, 12].

(e purpose of the present study was to assess the
presence and evaluate the concentration of vascular endo-
thelial growth factor (VEGF) in tear and blood samples of
patients affected by VKC, during its acute phase, comparing
the results with a control group, in order to evaluate the role
of VEGF in the pathogenesis of this disease.

2. Patients and Methods

(e study was performed at the Department of Sense Organs
of the “Policlinico Umberto I” and at the Department of
Pediatrics, Division of Allergy and Immunology, Sapienza
University of Rome. In accordance with the Helsinki Dec-
laration, all parents were informed about the use of their data
and informed consent was obtained. (e study also fully
obeyed the Good Clinical Practice guidelines and was ap-
proved by the Ethical Committee of our hospital, Sapienza
University of Rome (authorization Rif. CE: 4708, 9/11/2017;
Prot. Cod.: VKC06/2017).

We enrolled 21 children (16 males, 76%), aged between 6
and 16 years of life, affected by tarsal and mixed forms of
VKC (Figure 1; Table 1). (irteen healthy children (8 males,
62%) with negative skin prick test (SPT), without allergic,
ocular, and systemic disease, cross-matched for sex and age
with patients affected by VKC, were used as controls. At the
time of enrolment, a complete hematologic and cardiologic
examination was performed, systemic blood pressure was
determined, and blood samples were collected. A complete
ophthalmic evaluation was performed on both eyes through
a detailed medical and ocular history. (e eye examination
included the following:

(i) Best-corrected visual acuity (BCVA) for far and
near distance

(ii) Slit-lamp biomicroscopy
(iii) Intraocular pressure measurements
(iv) Dilated fundus examination

(e diagnosis and follow-up were performed by an expert
ophthalmologist through a score based on ocular signs such as
little and/or giant papillae, conjunctival hyperemia, keratitis,
and Horner–Trantas dots and on subjective ocular symptoms
such as itching, photophobia, foreign body sensation, tearing,
and mucous secretion according to the system described by
each variable. In this score, each variable was graded as
follows: 0� absent; 1� light; 2�mild; 3�moderate; and
4� severe [3, 9]. Patients with a total score ≥10 were included
in the study. Some authors subsequently expanded it by
including two supplemental parameters: the duration of
symptoms (0 if <1 year, 1 if >1 year, and 2 if >2 years) and
the worsening of symptoms in spring and summer (0 if not
present and 1 if present). Conjunctival scraping was also
performed, in order to further improve the diagnosis in
patients with VKC. Skin prick tests (SPTs) were performed on
each patient for common inhalants and food allergens
(Lofarma, Milan, Italy):Dermatophagoides pteronyssinus (Der
P), Dermatophagoides farinae (Der F), dog/cat dander, Olea
europaea, Lolium perenne, Alternaria alternata, Parietaria
officinalis, lactalbumin, β-lactoglobulin, casein, egg white and
yolk, soy, and cod fish. A positive SPT was defined by the
presence of a wheal more than 3mm respect to the wheal size
of the control (saline solution). Serum was obtained from the
peripheral blood samples collected from all the children in-
cluded in the study to evaluate the serum level of VEGF,
autoimmunity, ANA, and total IgE (Table 1). Blood samples
were obtained at enrolment. In both patients and controls,
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tear samples were obtained as follows: 20–50 µl of open eye
tears was gently collected from the external canthus of the
most affected eye using a capillary micropipette and avoiding
the tear reflex as much as possible.(e samples were placed in
Eppendorf Tubes, centrifuged at 160×g for 8min, and stored
at −80°C. (e samples were successively probed using three
microwell plate arrays.

3. VEGF Level Measurement

Lacrimal and serum VEGF levels in healthy and VKC pa-
tients were determined with the VEGF EIA Kit from Enzo
Life Sciences and following manufacturer’s instructions.
Briefly, 100ml of samples was mixed with 100ml of the assay
buffer and placed in each well of a 96-well plate.(emix was
then incubated for 18 h at 4°C. (e following day, each well
was rinsed with a washing buffer before adding 100ml of an
anti-VEGF antibody/well. (e antibody was incubated for
30min at 4°C. Afterward, 100ml of a substrate solution was
added and incubated for 30 minutes at room temperature
(RT) in the dark. After adding a stop solution, the optical
density at 450 nm was measured using the GloMax-Multi
Detection System (Promega, Milan, Italy). (e fluorescence
intensity of the assay buffer was subtracted from each ex-
perimental sample.

4. Statistical Analysis

Data obtained were used for statistical analysis. Quantitative
variables were summarized with mean and standard de-
viation (SD). (e differences between groups were evaluated
by Fisher’s chi-square test or test. (e correlations between
clinical, demographic, and biological parameters were
performed with Spearman’s rho.(e results are expressed as
means± SD and 95% confidence intervals (95%CIs). Sta-
tistical analyses were performed with one-way ANOVA,
followed by post hoc comparisons with the Bonferroni tests.
Calculation of Pearson’s correlation was also chosen as
statistical analysis. Values were relieved to assess the re-
lationship between the expression levels of VEGF in tears
and blood and the clinical parameters measured. A p val-
ue< 0.05 was considered statistically significant. Statistical
analysis was conducted through the SPSS 18.0 software
(Statistical Package of Social Sciences, Chicago, IL, USA).

5. Results

(e study included 21 patients (16 males and 5 females) aged
between 6 and 16 years of life (mean 8.62; SD± 2.65), af-
fected by tarsal and mixed forms of VKC, and thirteen
healthy children (8 males and 5 females) aged between 6 and

(a) (b)

Figure 1: Patient affected from vernal keratoconjunctivitis (VKC). (a) Mixed form with cornel signs limbar neovascular and (b) tarsal
papillae on the superior conjunctiva.

Table 1: Demographics and clinical grading of 21 vernal keratoconjunctivitis (VKC) patients.

Characteristics of VKC patients
Sex 16 males (76%) 5 females (24%)
Age (from 6 to 16 years) Mean 8.62 SD± 2.65
VA (BCVA) 20/20 SD± 0.0

Atopic SPT 11 positive (52.4%); major allergens:
house dust and grasses 10 negative (47.6%)

Family condition 12 (57%) familiar with allergic DS 3 (14%) familiar with autoimmune DS
VKC forms Tarsal: 13 (62%) Mixed: 8 (38%)
Vitamin D levels (VKC vs controls) (in ng/ml) 19.8± 6.7 vs 24.7± 6.5 Lower levels if compared to controls (p< 0.0001)
ANA positivity 30.8% Total IgE 4100UI/ml 46.1%
Photophobia (grade 4) 42.3% Secretion or tearing 28.8%
Foreign body sensation 25.4% Itching and conjunctival hyperemia 11.5%

SD: standard deviation; VA: visual acuity; BCVA: best-corrected visual acuity for far distance; SPT: skin prick test for several common inhalants and food
allergens; DS: diseases.
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15 years (mean 7.98; SD± 3.2). (e 2 groups for mean age
and gender were not statistically significant. According to
literature, VKC prevalence was higher in males than in
females (76% vs 24%) in the population we studied
[1, 3, 14, 15]. Allergological, serological, and lacrimal tests
were normal in the control group, while 11 VKC patients
(52.4%) showed positive Skin Prick Test (SPT) for several
common inhalants and food allergens. Fifty-seven percent of
patients were familiar with allergic diseases and 14% had
a parent with autoimmune disease. Comparing the 2 groups
after using the VEGF EIA kit for VEGF concentration,
a statistically significant difference was found in tear sam-
ples: the mean value was 12.13 pg/mL (±5.54 SD) in the
patients group and 7 pg/ml (±4.76 SD) in controls (p< 0.05)
(Figure 2). However, no statistically significant difference
was found when comparing VEGF concentration in blood
samples (p> 0.05), with a mean value of 45.17 pg/mL
(±18.67 SD) in VKC patients and 38.08 pg/ml (±19.43
SD) in controls (p � 0.29) (Table 2).

(e correlation of Pearson revealed an r value of −0.14,
−0.18, −0.15, and −0.12 between the expression levels of
VEGF in tears and the clinical parameters giant papillae,
foreign body, conjunctival hyperemia, and itching, re-
spectively. Moreover, the correlation of Pearson showed an r
value of −0.28, 0.01, 0.04, and −0.03 between the expression
levels of VEGF in serum and the clinical parameters giant
papillae, foreign body, conjunctival hyperemia, and itching,
respectively. (ere were significant correlations between the
mean values of VEGF tears and the clinical parameters
(p< 0.05). However, the statistically significant correlation
was only identified between VEGF serum and giant papillae,
and there was no relationship between VEGF serum and the
other clinical parameters (Table 3).

6. Discussion

(e purpose of this study was to assess the presence and
evaluate the concentration of VEGF in tear and blood
samples of patients affected by VKC in acute phase in
comparison with the control group in order to assess the
pathogenic role of VEGF.

VKC is a rare, chronic ocular disease that affects chil-
dren, mainly involving males over females, and usually
regressing during or soon after puberty. (is aspect em-
phasizes the role of hormonal factors in the pathogenesis of
the disease, as pointed by several studies [3, 9, 15]. Although
VKC has been always regarded as an IgE-mediated disease,
the literature reports that roughly 50% of patients have
a positive SPT or high levels of serum IgE. Our data were in
line with these findings. (us, the IgE-mast-cell-mediated
process and (1 response are not enough to explain all the
mechanisms of the disease. (e role of (2 responses in
VKC has been studied for a long time, and VKC is actually
not regarded just as an ocular disease but as a systemic
disease with a T-cell-activated response. Many studies
underlined the role of single cytokines and mediators in the
development of the disease, such as the IL-17 and the
HMGB-1 [11–13, 15]. In the present study, we focused on
the assessment and quantification of the VEGF, comparing

the concentration of such a molecule in tear and blood
samples from VKC and control subjects. Tear samples are
relatively easy to collect from the patients as a noninvasive
diagnostic procedure that provides valuable information on
differential tear cytology and levels of mediators at the site of
inflammation [7, 10, 11]. (e critical limitation of such
a procedure is the volume of the tear sample, which ideally
should be collected without stimulating the tear reflex, and
the quantity of the sample obtainable, often very limited.
Determination of tear mediator, cytokine, or chemokine
levels is not yet used for diagnosis, but only for the study of
allergic physiopathology or for the evaluation of efficacy of
antiallergic agents [4, 7, 10, 11, 16]. (e concentration and
distribution of inflammatory mediators or inhibitors in the
tear fluid have been extensively studied in ocular allergy, in
an attempt to find a disease marker, to better understand the
immune mechanisms involved in the ocular surface in-
flammation and to identify potential targets for therapeutic
interventions [7, 8].

Epithelial cells, fibroblasts, and inflammatory cells in-
cluding eosinophils andmonocytes/macrophages are possible
sources of VEGF in VKC [7, 17]. Angiogenic and growth
factor pathological expression is frequently associated with
the expression ofmatrixmetalloproteases (MMPs) [7].MMPs
cause the extravasation of leukocytes through limited pro-
teolysis of basement membranes; degradation of pro-
teoglycans, laminin, fibronectin, and collagens; and activation
of the precursor forms of otherMMPs. An imbalance between
MMPs and their natural tissue inhibitors (TIMP) is also
probably involved in the pathogenesis of conjunctival in-
flammation, remodeling, and corneal changes in VKC. In fact,
MMP-1, MMP-2, MMP-3, MMP-8, MMP-9, and MMP-10
are highly expressed in all forms of active VKC, consequently
to the increase of proinflammatory cytokines, such as IL-1b
and tumor necrosis factor-α (TNF-α) [7]. Moreover, chronic
conjunctival inflammation in VKC is associated with in-
creased expression of α3 and α6 integrin subunits’ receptors,
epidermal growth factor receptor (EGFR), VEGF, trans-
forming growth factor-b (TGF-b), basic fibroblast growth
factor (bFGF), and platelet-derived growth factor (PDGF),
thus suggesting a possible contribution of integrins, EGFR,
and growth factors in VKC conjunctival remodeling and also
a role of growth factors in the expression and function of
integrins [8].

On the other hand, an anti-VEGF therapy could be
helpful for anterior segment eye disease as an adjunct in the
treatment of allergic and immunologic eye diseases. (e
most important growth factor in corneal angiogenesis is
VEGF, and it is upregulated during corneal neo-
vascularization (NV). Recently, anti-VEGF therapies are one
of the most important drugs used for corneal NV treatment.
In fact, anti-VEGF therapies (bevacizumab, ranibizumab,
and aflibercept) have shown efficacy in attenuation of
corneal neovascularization in both animal models and
clinical trials [22, 23]. Case reports in this area include, for
example, topical bevacizumab use in a patient with long-
standing ocular cicatricial pemphigoid unresponsive to
steroid, but moderately responding to the treatment, a single
case of ocular graft-versus-host disease that responded
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partially to subconjunctival bevacizumab, and a report of
topical bevacizumab application in 2 patients with
Stevens–Johnson syndrome [22, 23]. Visual acuity improved
in all 3 eyes, with decreased corneal NV, haze, and con-
junctival injection without any serious adverse events. In
conclusion, bevacizumab has partially reduced corneal NV
through different routes of administrations: topical, sub-
conjunctival, and intraocular application, while early
treatment with subconjunctival administration of ranibi-
zumab may successfully reduce corneal NV. Establishment
of safe doses is highly important before these drugs can be
involved in the clinical setting [22, 23].

(us, VEGF becomes a potential marker for the disease
and/or its severity. It is our aim to cover in a future study
how the tear levels of such a mediator could possibly be
modified before and after treatment with therapeutic ocular
drops [4, 18–21]. When evaluating blood samples, the dif-
ference was not statistically significant. However, we found
a statistically significant difference of the VEGF concen-
tration in tears between VKC and control groups. Again, this
finding suggests the need for further studies, which should
include a larger number of patients suffering from VKC.

(en, VEGF concentration could be evaluated before and
after treatment with cyclosporine or anti-VEGF ocular drops
to investigation to better understand its role in the patho-
genesis of the disease. In summary, it might even be seen as
a potential therapeutic target.

Data Availability

(e data of this study can be obtained from the medical
database of Policlinico Umberto I, Sapienza University of
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Figure 2: EIA values for VEGF concentration in tears and blood in control and vernal keratoconjunctivitis (VKC) groups.

TABLE 2: Comparisons of the 2 groups after using the VEGF EIA kit for vascular endothelial growth factor (VEGF) concentration.

VKC group (N � 21) Control group (N � 13) p value
VEGF tears in pg/mL: 12.13± 5.54 Tears in pg/mL: 7± 4.76 <0.05 (0.011)
VEGF serum in pg/mL: 45.17± 18.67 Serum in pg/mL: 38.08± 19.43 NS> 0.05 (0.29)
SD: standard deviation; NS: not statistically significant. (e values are expressed as mean ± SD. A statistically significant difference was found in tear samples
(p< 0.05). No statistically significant difference was found when comparing VEGF concentration in blood samples (p> 0.05).

Table 3: Pearson correlation coefficient (CC) results (parametric test) (statistical significance was set at p< 0.05).

VKC group (N � 21), mean value in pg/mL (±SD)
VEGF relationship Clinic score Pearson CC p value
Tears/giant papillae 12.13 (5.54) 3.43 (0.59) −0.14 <0.05
Tears/foreign body 12.13 (5.54) 3.24 (0.83) −0.18 <0.05
Tears/conjunctival hyperemia 12.13 (5.54) 2.76 (0.97) −0.15 <0.05
Tears/itching 12.13 (5.54) 2.57 (0.73) −0.12 <0.05
Serum/giant papillae 45.17 (18.67) 3.43 (0.59) −0.28 <0.05
Serum/foreign body 45.17 (18.67) 3.24 (0.83) 0.01 NS
Serum/conjunctival hyperemia 45.17 (18.67) 2.76 (0.97) 0.04 NS
Serum/itching 45.17 (18.67) 2.57 (0.73) −0.03 NS
NS: not statistically significant.
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Purpose. To investigate the psychometric properties of three commonly used dry eye questionnaires including McMonnies
Questionnaire (MQ), the Ocular Surface Disease Index (OSDI), and the Salisbury Eye Evaluation Questionnaire (SEEQ) in
Chinese. Methods. ,is prospective cross-sectional study was conducted at the Eye Hospital of Wenzhou Medical University.
Ninety-eight participants completed three questionnaires in a random order. Ophthalmic examinations including tear break-up
time, corneal fluorescein staining score, and Schirmer I test were performed. Reliability, validity, and accuracy were assessed for
three questionnaires. Results. ,ere were 35 mild-to-moderate dry eye patients, 14 severe dry eye patients, and 49 non-dry eye
patients. ,e Cronbach α of MQ, OSDI, and SEEQ was 0.54, 0.74, and 0.76, respectively, and the intraclass correlation coefficients
were 0.91, 0.90, and 0.94, respectively. ,ere were significant differences (P< 0.05) in MQ and OSDI scores among different
groups, but there were no statistically significant differences between the mild-to-moderate group and the severe group in terms of
SEEQ scores. With cutoff values for abnormal MQ of 15, OSDI of 27.2, and SEED of 1, respectively, good dry eye diagnostic
accuracies were obtained. Conclusions. ,e three questionnaires showed fair accuracy in the diagnosis of dry eye.,e cutoff values
of OSDI changed when applied to Chinese people.

1. Introduction

Dry eye is a kind of disease caused by abnormal tear quantity
and quality or decreased stability of tear film due to ab-
normal tear dynamics, and it is accompanied by eye dis-
comfort and/or tissue lesions characteristics of the eye [1].
Dry eye symptoms may be present in the absence of sig-
nificant damage to the ocular surface, and one of the goals of
dry eye treatment is to improve symptoms. ,erefore, it is of
great significance to evaluate the symptoms in the diagnosis
and monitoring of the therapeutic efficacy of dry eye.

As early as 1986, McMonnies [2] pointed out that
surveying a patient’s medical history is of great significance
for dry eye diagnosis and designed McMonnies dry eye
questionnaire (McMonnies Questionnaire (MQ)). Since
then, a series of dry eye questionnaires has been developed
for epidemiological investigation and clinical study of dry

eye [3, 4]. At present, the dry eye questionnaire used in
clinical or scientific research in China is mainly based on the
direct translation of foreign questionnaires. ,ree kinds of
questionnaires have been used widely, including MQ, the
Ocular Surface Disease Index (OSDI), and the Salisbury Eye
Evaluation Questionnaire (SEEQ). ,ese questionnaires
differ in length and design, and there is a certain degree of
blindness in the choice of questionnaire in clinical or sci-
entific research. As the research object of these question-
naires is Western, when it is applied to the Chinese people,
its reliability and validity will be changed, and the diagnostic
value of dry eye will also need to be reevaluated.,erefore, in
the present study, we compared the psychometric charac-
teristics (reliability, validity, and accuracy) of the three
common dry eye questionnaires, providing information
for the further design and improvement of dry eye
questionnaires.
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2. Subjects and Methods

,e study was approved by the human subjects’ review
board at the Eye Hospital of Wenzhou Medical University.
Each subject signed a consent form and was treated in
accordance with the principles of the Declaration of Hel-
sinki. Ninety-eight subjects (46 females and 52 males, mean
age: 33.4± 16.8 year, ranging from 18 to 76 years) were
recruited from either students at Wenzhou Medical Uni-
versity or outpatients at the Affiliated Eye Hospital of
Wenzhou Medical University. Patients with systemic or
other ocular diseases were excluded from this study.

All subjects first completed the MQ, OSDI, and SEEQ in
a random order and then had objective eye examinations
according to the following order: tear film break-up time
(TBUT), fluorescein corneal staining (FL), and Schirmer I
test (SIT). Tear break-up time was defined as the interval
between the last complete blink and the appearance of the
first black spot. ,e mean value of 3 measurements of each
eye was calculated. ,e cornea of each eye was divided into
upper, middle, and lower parts during fluorescein staining
score evaluation, with each part being graded from 0 to 3: no
staining was defined as grade 0, tiny and scattered dyeing
was grade 1, larger and diffuse staining was grade 3, staining
between 1 and 3 was defined as 2, and the total score ranged
from 0 to 9 points [5].,e length of wetting of filter strip in 5
minutes after surface anesthesia was measured and recorded
as the Schirmer test value.

2-3 weeks after the first questionnaire survey, a survey of
three dry questionnaires was derived via telephone in-
terview. If subjects had dry eye intervention (such as the use
of artificial tears, tears embolism, etc.) or ocular surgery or
other eye diseases during the two surveys, the subjects were
not included in the repeatability analysis.

,e Japanese diagnostic criterion of dry eye was adopted
in the present study [6]: (1) subjective symptoms of dry eye;
(2) TBUT< 5 s or SIT< 5mm/5min; (3) ocular surface le-
sions: corneal fluorescein staining was greater than 3 points. If
all criteria mentioned above were positive, the subject was
diagnosed as dry eye. To evaluate the severity of dry eye, the
following grade standard was adopted [7]: (1) at least three dry
eye symptoms often occur; (2) corneal fluorescein staining
was greater than 6; (3) TBUT< 5 s; (4) SIT< 5mm/5min. Any
of the above being positive was recorded as 2 points, whereas
negative results were recorded as 1 point.,e scores of 4 items
were added together, and a total score of 4–6 points were
identified as mild-to-moderate dry eye, whereas 7-8 points
was identified as severe dry eye.

,e SPSS Statistical Package Program 13.0 (SPSS, Cary,
NC) was used for data processing; P< 0.05 was considered
statistically significant. Data are presented as the mean±
standard deviations (SD). Reliability refers to the consistency
of a measuring test.,e internal consistency reliability of each
questionnaire was evaluated by Cronbach’s alpha coefficient;
the test-retest reliability of each questionnaire was tested
by the intraclass correlation coefficient (ICC). Validity refers
to the degree to which a measurement corresponds accurately
with reality. ,e construct validity of the questionnaire was
evaluated with factor analysis, the concurrent validity of each

questionnaire was assessed by Spearman correlation analysis,
and the discriminant validity of each questionnaire was
evaluated by using the multiple comparison of rank sum test.
Accuracy is the degree of closeness of a measurement to its
actual value. ,e accuracy of each dry eye questionnaire for
the diagnosis of dry eye was described by the area under the
receiver operating characteristic curve (ROC). Based upon the
normal MQ of 12.82± 5.21 [8], the minimum sample size to
detect a 9.0 group difference with a 99% statistical power was
28 [9]. Similarly, based upon the normal OSDI of 9.6± 14.2
[7], theminimum sample size to detect a 20.0 group difference
with a 99% statistical power was 40 [9].,erefore, the 98 cases
in this study were more than adequate.

3. Results

Ninety-eight subjects were recruited for this study: among
these, 49 cases were diagnosed with dry eye (mild-to-
moderate dry eye in 35 cases and severe dry eye in 14
cases). Another investigation was performed 2-3 weeks after
the first survey: subjects who had either drug or surgical
intervention for dry eye were removed, and 39 measure-
ments were obtained for repeatability analysis. ,e average
age of the dry eye group was 35.3± 18.1 years, the average age
of the non-dry eye group was 31.4± 15.2 year, and there was
no significant difference in age and gender between the two
groups (P � 0.564 and 0.544, resp., χ2 test). Dry eye ques-
tionnaire scores and clinical dry eye test results were sta-
tistically significantly different between the two groups
(P< 0.001, Wilcoxon rank sum test, Table 1).

3.1. Reliability. ,e Cronbach’s alpha coefficient of MQ was
0.54, and the average correlation coefficient of each item was
0.22, indicating that the internal consistency reliability of the
questionnaire was low. ,e overall alpha reliability co-
efficient of OSDI was 0.74, and the alpha reliability co-
efficients of “eye symptoms,” “visual function,” and
“environmental triggering factors” were 0.67, 0.71, and 0.86,
respectively, indicating that the internal consistency re-
liability of the scale was relatively high. ,e overall alpha
reliability coefficient of SEEQ was 0.76, and the average
correlation coefficient of each item was 0.50, showing that
the internal consistency was good.

,e MQ scores of the two surveys were 10.2± 6.5 and
10.3± 6.3, the OSDI scores were 22.7± 13 and 22.5± 10.5,
and the SEEQ scores were 0.6± 1 and 0.7± 0.9. ,eir ICC
were 0.91 (95% confidence interval: 0.87–0.94), 0.90 (95%
confidence interval: 0.85–0.94), and 0.94 (95% confidence
interval: 0.90–0.96), respectively, showing that the test-retest
reliability of the questionnaires was good.

3.2.Validity. ,e construct validity of the questionnaire was
evaluated by factor analysis. ,e scores of each item in the
questionnaire were rotated with the maximum variance, and
the principal component analysis method was used for
analysis. MQ and OSDI each identified 4 main common
factors, and SEEQ identified 2 common factors (charac-
teristic value was greater than 1). ,e factor loads of each
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item of the questionnaire were only on one factor and were
in middle to high degree (>0.4, Tables 2–4), suggesting that
the factors are independent of each other and the ques-
tionnaires have good construct validity.

Relationships between the questionnaires and the ob-
jective examination results of the dry eye group are shown in
Table 5. We found that MQ and OSDI scores were positively
correlated (r � 0.597, P< 0.001), the MQ score was posi-
tively correlated with the SEEQ score (r � 0.381, P � 0.01),
and the OSDI score was positively correlated with the SEEQ
score (r � 0.400, P � 0.01). Apart from the MQ score being
negatively correlated with SIT values (r � −0.309, P � 0.03)
and the SEEQ score being positively correlated with the
corneal fluorescein staining (r � 360, P � 0.01), the ques-
tionnaire scores and other objective eye examination results
were not correlated (P> 0.05).

,ere was significant difference in the MQ scores be-
tween the non-dry eye group and both the mild-to-moderate
dry eye group and the severe dry eye group (P< 0.001,
Table 6). Furthermore, the MQ score of the mild-to-
moderate dry eye group was significantly different from
that of the severe dry eye group (P< 0.001, Table 6). ,e
OSDI total score and the dimension “visual function” were
statistically significant among different groups (P< 0.01 for
all comparisons, Table 6). ,ere was statistical difference
between the non-dry eye group and the mild-to-moderate
dry eye group in the dimension “eye symptom” (P< 0.001,
Table 6); there was no significant difference between the
non-dry eye group and the mild-to-moderate dry eye group
in the dimension “environmental trigger” (P � 0.04,
α� 0.017, according to α� 0.05; the number of comparisons,
Table 6); there was no statistically significant difference in
the SEEQ score between themild-to-moderate dry eye group
and the severe dry eye group in the dimension of “eye
symptoms”; and “environmental trigger” and SEEQ scores
were not statistically different (P> 0.02, α� 0.017 according
to α� 0.05; comparison of the number of times, Table 6),
although the SEEQ scores among other groups were sta-
tistically significantly different (P< 0.02, α� 0.017 according
to α� 0.05; comparison of the number of times, Table 6).

3.3. Accuracy. Using sensitivity as the longitudinal co-
ordinate and 1-specificity as the horizontal coordinate, the
ROC curves of MQ, OSDI, and SEEQ were constructed
(Figure 1). ,e areas under the ROC curve were 0.92± 0.26,

0.89± 0.35, and 0.91± 0.33, respectively, showing that the
values of the three questionnaires in the diagnosis of dry eye
were high, especially for the MQ. ,e diagnosis threshold is
determined when the sum of sensitivity and specificity is
largest in this diagram. ,e diagnostic threshold value of
MQ was 14.5 (as the questionnaire score is an integer, the
actual diagnostic threshold value was 15); the OSDI di-
agnostic threshold was 27.2; and the diagnostic threshold
value of SEEQ was 1. With the cutoff values mentioned
above, the sensitivity and specificity of MQ, OSDI, and
SEEQ for the diagnosis of dry eye were 75.5% and 93.9%,
75.5% and 87.8%, and 85.7% and 91.8%, respectively.

4. Discussions

Dry eye is a chronic, symptomatic ocular surface disease,
with symptoms that differ in severity in different patients,
and the irritation symptoms of dry eye cause adverse effects
on the daily life of patients. However, the presence of
a symptom is not always clear, especially when it is hidden,
and patients may consider it as an inevitable result of visual
symptoms (such as the general embodiment of ageing). ,e
structured design of the questionnaire is helpful for finding
these hidden symptoms. ,e International Dry Eye
Workshop (2007) recommends that all clinical trials related
to dry eye should include the use of a well-designed and
effective questionnaire that evaluates subjective symptoms
and visual function. Moreover, the questionnaire may be the
best way to determine whether clinical treatment in-
tervention is effective [10].

,e importance of medical history in the diagnosis of dry
eye was first proposed byMcMonnies, who designed theMQ
[2]. ,e total score of MQ is between 0 and 45, with patients
whose total score ≥15 points being considered as dry eye
[11]. MQ focuses on the risk factors for dry eye and can help
to determine both the existence of dry eye and individuals
who are exposed to the risk factors for dry eye. However, the
recall period is not specified, symptoms that happened a long
time ago may be overlaid with current symptoms. Mean-
while, as the symptoms and influencing factors are mixed in
the answers, it is difficult to analyze the influencing factors
after the diagnosis of dry eye. In the present study, we found
that the alpha reliability coefficient of MQ was 0.54, in-
dicating that the internal consistency reliability is low. As
MQ covers a wide range of factors, it has a certain “het-
erogeneity”; this result can also be seen from factor analysis.
Low internal consistency also suggests that, when using MQ
either to compare two control groups or to conduct a lon-
gitudinal study, a large sample is needed. MQ has good
reliability and construct validity. As some of the MQ’s
questions (such as age, gender, previous dry eye treatment,
andmedication history) did not change during the 2-3 weeks
of our follow-up, this partly explained the observed ICC
values. Assessment of the discriminant validity showed that
MQ was effective at distinguishing the non-dry eye from the
dry eye. Moreover, the level of score has a discriminant value
for the severity of the dry eye. ,e higher the score, the more
serious the degree of dry eye; these results were inconsistent
with the results of Nichols et al. [12].

Table 1: Results of the questionnaires and clinical dry eye test in
dry eye group (n � 49) and non-dry eye group (n � 49).

Dry eye Non-dry eye P

MQ 16.4± 4.5 7.0± 4.6 <0.001
OSDI 35.8± 13.4 15.3± 9.9 <0.001
SEEQ 1.4± 0.9 0.1± 0.3 <0.001
TBUT (s) 3.2± 1.1 7.2± 3.3 <0.001
SIT (mm/5min) 3.8± 2.2 7.9± 4.4 <0.001
FL 5.3± 2.2 0.4± 0.8 <0.001
MQ: McMonnies Questionnaire; OSDI: Ocular Surface Disease Index;
SEEQ: Salisbury Eye Evaluation Questionnaire; TBUT: tear film break-up
time; SIT: Schirmer I test; FL: fluorescein corneal staining.
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OSDI was designed by the Allergan research team [3].
,e purpose of this questionnaire is to rapidly assess eye
irritation symptoms associated with dry eye and the effects of
these symptoms on visual function. Due to the subblock
answer and the designated recall period of one week, patients
can evaluate themselves each week. However, as the ques-
tionnaire does not involve dry eye-related factors (such as
drug usage, etc.), it does not facilitate the patient’s etiological
therapy. We assume that the condition of the patient during
the two repeated measurements is stable; however, in fact,
the state of a typical dry eye patient is often volatile and
inevitably affects the outcome of the retest. ,ere were
significant differences in the OSDI total score and the scores
of “visual function” between the non-dry eye group and the
dry eye group and between the mild-to-moderate dry eye
group and the severe dry eye group. ,is showed that OSDI
could not only identify non-dry eyes and dry eyes but also
gauge the severity of dry eye. ,ere was no significant
difference between the scores of the mild-to-moderate dry
eye group and the severe dry eye group in the dimensions of
“eye symptoms” and “environmental trigger,” indicating
that simple eye symptoms and environmental factors have
little value in judging the severity of dry eye; this differs from
the results of Schiffman et al. [7]. ,is may be either because
some severe dry eye symptoms in this experiment were
tolerated or because relative corneal sensation decreased,
accompanied by deterioration of the disease.

SEEQ was proposed by Schein et al. [4] and was orig-
inally designed for the epidemiological study of dry eye in
old people. It involves 6 symptoms and signs of the eye.
According to the frequency of occurrence, when at least one
of the symptoms was frequent, the subject was considered as
dry eye. As the questionnaire is simple and clear, the SEEQ is
often used to study the epidemiology of dry eye in large
populations; however, it misses dry eye patients with no
obvious symptoms. ,e present study found that the alpha
reliability coefficient of SEEQ was 0.76, showing that the
internal consistency is good and the retest reliability and
construct validity are all good. As regards discrimination
validity, the results of the present study indicate that SEEQ
can distinguish the non-dry eye from the dry eye, but it has
no value in discriminating the severity of dry eye; the higher

Table 2: Structural validity analysis of McMonnies dry eye questionnaire.

Question number Common factor 1 Common factor 2 Common factor 3 Common factor 4
1 0.106 0.762 −0.013 −0.076
2 0.596 0.319 −0.322 0.359
3 0.840 0.188 0.024 −0.061
4 0.651 −0.172 0.142 0.117
5 0.387 −0.605 −0.146 0.144
6 0.067 −0.481 −0.567 −0.043
7 0.081 0.154 0.631 −0.242
8 0.190 0.499 0.051 0.047
9 0.138 0.111 0.656 0.390
10 0.193 −0.262 0.063 −0.703
11 0.249 −0.375 0.006 −0.624
12 0.685 0.063 0.338 −0.165

Table 3: Structural validity analysis of Ocular Surface Disease Index.

Dimension Question number Common factor 1 Common factor 2 Common factor 3 Common factor 4
1 1 0.664 −0.011 0.233 0.418
1 2 0.677 0.199 0.069 0.289
1 3 −0.045 0.040 −0.050 −0.855
2 4 −0.211 0.194 0.755 0.174
2 5 0.193 0.072 0.829 −0.147
2 6 −0.024 0.882 0.159 0.008
2 7 0.066 0.688 0.271 0.076
2 8 0.539 0.481 −0.247 −0.466
2 9 0.112 0.860 −0.075 −0.042
3 10 0.786 −0.105 0.059 −0.066
3 11 0.851 0.138 −0.118 −0.261
3 12 0.906 0.083 −0.114 −0.172

Table 4: Structural validity analysis of Salisbury Eye Evaluation
Questionnaire.

Question number Common factor 1 Common factor 2
1 −0.014 −0.900
2 0.364 0.780
3 0.578 0.205
4 0.640 0.538
5 0.860 −0.108
6 0.649 0.274
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the score, the higher the possibility of dry eye, but this does
not mean that the degree of dry eye is more serious.

From the results of concurrent validity, the question-
naire scores were positively correlated with each other.
However, the correlation in our study was not high, which
suggests that the properties of some dry eye patients mea-
sured by OSDI were not reflected in the MQ questionnaire.
Considering the different content and structure of the
questionnaires, this correlation can be expected. In the
present study, we found that the consistency of dry eye
symptoms and clinical examination results were poor.,is is
similar to the results of previous studies on the correlation
between dry eye symptoms and signs. Schein et al. [4]
surveyed dry eye symptoms in 2,249 elderly people and
found that the SIT value was not correlated with the fre-
quency of symptoms; Nichols et al. [13] found that dryness
and foreign body sensation of dry eye patients were not
correlated with tear meniscus height, the phenol red thread,
the SIT value, and corneal fluorescein staining. ,e lack of
correlation between dry eye questionnaires and clinical
examination may be due to the dry eye group containing
different types of dry eye patients. When using a subtype of
patients, the correlation was better [7]. ,ere is a lack of
correlation between self-reported symptoms and dry eye
clinical examination, which is also a puzzling and difficult
problem encountered in clinical dry eye treatment and
research.

It is generally accepted that the MQ score is ≥15, and the
SEEQ score is ≥1 for patients with dry eye [4, 11]. According
to Schiffman et al. [7], the OSDI diagnostic threshold has
been identified as 15. ,e diagnostic threshold of OSDI
obtained in the present study differs from that of Western
people, this may be due to differences in diagnostic criteria of
dry eye, in addition to ethnic differences. As the three

questionnaires were designed according to the Western
cultural background and living environment, the threshold
value of the diagnosis was changed when they were applied
to the East. However, large sample population studies will be
needed to confirm the specific threshold in future. Domestic
dry eye researchers can combine the characteristics of dry
eye questionnaires developed in foreign countries with
Chinese people’s habits and environment, thereby designing
questionnaires that are more suitable for Chinese people.
Future questionnaires may be focusing on developing
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Figure 1: Receiver operating characteristic (ROC) curve of MQ,
OSDI, and SEEQ. ,e area under the ROC curve (AUC) ranged
from 0.89 to 0.92. MQ had the largest area, 0.92. When the cutoff
value for abnormal MQ was 15, good diagnostic accuracy was
obtained with 75.5% sensitivity and 93.9% specificity. MQ:
McMonnies Questionnaire; OSDI: Ocular Surface Disease Index;
SEEQ: Salisbury Eye Evaluation Questionnaire.

Table 5: Relationships between questionnaires and the objective examination results of dry eye group.

MQ OSDI SEEQ TBUT SIT FL
MQ — 0.597∗ 0.381∗ −0.156 −0.309∗ 0.146
OSDI — — 0.400∗ −0.246 −0.246 0.079
SEEQ — — — −0.192 −0.205 0.360∗
TBUT — — — — −0.104 −0.163
SIT — — — — — 0.075
∗,ere was a relationship between the two parameters (P< 0.05). MQ: McMonnies Questionnaire; OSDI: Ocular Surface Disease Index; SEEQ: Salisbury Eye
Evaluation Questionnaire; TBUT: tear film break-up time; SIT: Schirmer I test; FL: fluorescein corneal staining.

TABLE 6: MQ, OSDI, and SEEQ evaluated according to the severity of dry eye.

Non-dry eye (n � 49) Mild-to-moderate dry eye (n � 35) Severe dry eye (n � 14)
MQ 7.0± 4.6 15.2± 4.5 19.4± 2.7
OSDI 15.3± 9.9 32.2± 12.5 44.9± 11.7
Eye symptoms’ dimension 10.9± 12.4 27.4± 18.4 39.3± 27.0
Visual function dimension 11.8± 11.0 20.2± 11.7 31.8± 7.8
Environmental trigger dimension 24.8± 19.1 36.4± 23.9 48.8± 18.4
SEEQ 0.1± 0.3 1.2± 0.8 1.9± 0.9
,ere was no statistically significant difference either between the non-dry eye group and the mild-to-moderate dry eye group in the dimension “envi-
ronmental trigger” or between themild tomoderate dry eye group and severe dry eye group in the dimension of “eye symptoms,” and “environmental trigger”
and SEEQ scores were not statistically different. All other comparisons among different groups exhibited statistically significant differences. MQ: McMonnies
Questionnaire; OSDI: Ocular Surface Disease Index; SEEQ: Salisbury Eye Evaluation Questionnaire.
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electronic data system for assessing the effect of dry eye on
quality of life and for self-monitoring.

In conclusion, the three questionnaires showed fair
accuracy in the diagnosis of dry eye. ,e OSDI and the MQ
scores were suitable for grading the severity of dry eye, and
they were employed to screen individuals for the diagnosis of
dry eye in the clinic. Furthermore, the OSDI has designated
a recall period in the questionnaire and may be used to
evaluate the effects of treatments. In contrast, the SEEQ did
not prove suitable in discriminating between different levels
of severity in dry eye patients. ,e SEEQ can be completed
much more quickly than the OSDI and MQ, thus it may be
the more convenient option for epidemiological studies. ,e
cutoff values of OSDI changed when applied to Chinese
people.
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.is study aims at improving the understanding of the subjective symptoms and signs of two different clinical categories of ocular
graft-versus-host disease. After reviewing and screening 193 posthematopoietic stem cell transplantation (HSCT) patients of
Peking University .ird Hospital, we enrolled 148 (21 acute ocular GVHD, 127 chronic ocular GVHD). Patients’ subjective
symptoms, ocular parameters, and typical ocular signs were collected and evaluated at the same visit. Classic acute ocular GVHD
patients had variable levels of conjunctival involvement but few had keratopathy; increasedmucus secretion (21 of 21, 100.0%), red
eye (19 of 21, 90.5%), and lacrimation (11 of 21, 52.4%) were the characteristic symptoms. .e classic chronic ocular group had
severe eye dryness and further corneal lesions, including filamentary keratitis, corneal ulcer, and corneal vascularization. Eye
dryness (115 of 127, 90.6%), increased fibrous secretion (53 of 127, 41.7%), photophobia (50 of 127, 39.4%), and alacrimia (45 of
127, 35.4%) were the most common symptoms. Although 44.1% (56 of 127) of these patients had a history of acute ocular GVHD
episodes, most were overlooked, so they did not receive stepwise evaluation and treatment. Management of ocular GVHD is very
challenging and requires cooperation among disciplines.

1. Introduction

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is a potentially curative treatment for a variety of
hematologic malignancies, and indications for HSCT could
expand to other blood disorders, such as aplastic anemia,
sickle cell disease, and immune disorders [1–3]. More than
25,000 HSCT procedures are performed annually, and the
number of transplants and survival rates are increasing
worldwide [4, 5].

Graft-versus-host disease (GVHD), an immune-mediated
disease caused by complex interactions between donor and
recipient immune systems, is a leading cause of morbidity and
mortality following HSCT [4, 6, 7]. .e 2014 National In-
stitutes of Health Consensus recognized 2 principal categories
of GVHD (acute and chronic) according to clinical features
rather than the temporal relationship to the time of trans-
plantation. Acute GVHD, which is stimulated by damaged
recipient tissue and amplified by donor t-cells, includes the
classic manifestations of erythema, maculopapular rash,

nausea, vomiting, anorexia, profuse diarrhea, ileus, and cho-
lestatic liver disease. Broad categories of this type of GVHD
include classic and late-onset acute GVHD, which occurs
within 100 days after transplantation or donor lymphocyte
infusion. Chronic GVHD, related to thymic damage and
impaired negative selection of autoreactive t-cells, is diagnosed
according to at least one diagnostic manifestation or at least
one distinctive manifestation plus a pertinent biopsy, labora-
tory, or other tests (e.g., Schirmer’s test) in each organ [6, 8].
.e simultaneous presence of features of acute GVHD in
patients with chronic GVHD is defined as an overlap syn-
drome and is classified as a subset of chronic GVHD.

Ocular manifestations can be found in more than 60% of
GVHD patients [9]. Dry eye is the most common symptom
of GVHD; other distinctive manifestations of chronic ocular
GVHD include gritty, cicatricial conjunctivitis, keratocon-
junctivitis sicca, and confluent areas of punctate keratopathy
[8, 10]. However, these symptoms are inadequate to di-
agnose ocular GVHD, and reports of other representative
subjective symptoms and signs of ocular GVHD are limited.
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.us, physicians are challenged by early recognition and
referral of ocular GVHD.

.e purpose of this study is to describe, analyze, and
compare the characteristics of ocular manifestations of
a large cohort of patients with a diagnosis of either acute or
chronic ocular GVHD.

2. Materials and Methods

Records of 193 post-HSCT patients who visited Peking
University .ird Hospital Cornea and Ocular Surface
Disease Specialist Clinic from July 2015 to July 2017 were
reviewed. Patients who met the following criteria were el-
igible for the study: (1) diagnosed with ocular GVHD; (2)
first visit to ophthalmology clinic; and (3) had not received
topical immunosuppressant treatment. Criteria for acute
ocular GVHD: (1) recent eye discomfort; (2) classic acute
GVHD with skin, GI, or liver involvement; (3) without
classic histological or clinical signs of chronic GVHD; and
(4) no evidence of infection. Criteria for chronic ocular
GVHD: (1) new ocular sicca documented by low Schirmer’s
test with a mean value of ≤5mm at 5 minutes or (2) a new
onset of keratoconjunctivitis sicca detected by slit lamp exam
with mean Schirmer’s test values of 6 to 10mm [6].

We excluded patients with the following criteria: (1)
signs of infection, glaucoma, retinopathy, allergy or other
immune diseases; (2) with incomplete medical records; or
(3) unable to be followed and interviewed in the clinic. .e
study was approved by the Peking University.ird Hospital
Medical Science Research Ethics Committee (protocol
number: M2017275) and conducted in accordance with the
Helsinki Declaration; all participants or their guardians
provided written consent.

2.1. Outcome Measures

(1) Data were collected on patients’ demographic and
transplant characteristics, such as age, gender, pri-
mary diseases for which HSCT was performed,
donor-to-recipient information, systemic GVHD,
and conditioning regimens.

(2) Patients’ major symptoms: patients’ symptoms were
evaluated with a special designed questionnaire
which included 11 common subjective ocular dis-
comforts (they were increased eye discharge, eye
dryness, red eye, foreign body sensation, fluctuating
vision, photophobia, burning sensation, lacrimation,
alacrimia, edema of eyelids or conjunctiva, and
ocular fatigue) at their first visit. .e severity of each
symptom was graded on a scale of 0 to 4, where
0 indicated none of the time; 1, some of the time; 2,
half of the time; 3, most of the time; and 4, all of the
time. Patients were asked to grade each symptom
according to their present and previous initial dis-
comfort feelings, respectively. We chose symptoms
scored ≥3 as major ones for each patient in the study.
.e questionnaire also included essential time in-
tervals (e.g., latency, i.e., interval from transplant to

initial ocular symptoms, time interval between initial
symptoms and first visit, and interval between
transplant and first visit).

(3) Objective ocular examinations: during each patient’s
first visit to the ophthalmology clinic, we collected
the following ocular parameters: (1) best observed
vision acuity (measured in logMAR); (2) intraocular
pressure (measured with noncontact tonometer); (3)
corneal fluorescein staining score (following the
consensus on clinical diagnosis and treatment of dry
eye in China, cornea was divided into four quad-
rants; then for each quadrant, no corneal epithelium
stained scored 0, 1–30 stained points scored 1, >30
stained points without fusion scored 2, and punctate
keratopathy fusion and/or corneal filiform paraphyte
and/or corneal ulcer scored 3; final score for each eye
is the sum of each quadrant’s score) [11]; (4) fluo-
rescein tear film break-up time (TBUT); (5)
Schirmer’s test score without anesthesia; and (6)
conjunctival disease grade (acute GVHD: conjunc-
tival hyperemia, stage I; hyperemia with chemosis
and/or serosanguineous exudates, stage II; pseudo-
membranous conjunctivitis, stage III; and pseudo-
membranous conjunctivitis with corneal epithelial
sloughing, stage IV) [12].

2.2. Statistical Analysis. Data were summarized as mean±
SD or as counts and proportions. We compared de-
mographic, transplant characteristics, and objective ocular
examination parameters of chronic and acute GVHD pa-
tients using independent sample T-test and Mann–Whitney
U test. .e chi-square test was used to compare frequencies
of different symptoms between the two groups. A two-sided
P value less than 0.05 was considered statistically significant.

3. Results

3.1. Patients’ Demographics. Records of 193 consecutive
post-allo-HSCT patients examined in the Department of
Ophthalmology, Peking University .ird Hospital, Beijing,
were reviewed, and after screening, 148 patients were en-
rolled in the study (Figure 1). According to diagnostic
criteria described above, patients were categorized into acute
(21 of 148, 14.2%) or chronic (127 of 148, 85.8%) ocular
GVHD groups. .e demographics and transplant charac-
teristics, shown in Table 1, were similar between the two
groups (P> 0.05).

3.2. Subjective Symptom Questionnaire

3.2.1. Acute Ocular GVHD Group. In our study, 21 patients
were diagnosed with acute ocular GVHD. Mean latency
from transplant to initial ocular symptoms was 8.0± 5.0
months; mean interval between transplantation and first
visit was 8.6± 5.4 months. All patients, 21 of 21 (100%),
visited ophthalmologists within 2 months of sensing initial
ocular discomfort. .e ocular symptoms reported at first
visits were similar to their initial symptoms.
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.is group reported increased eye discharge (21 of 21,
100.0%), red eye (19 of 21, 90.5%), lacrimation (11 of 21,
52.4%), and eye dryness (9 of 21, 42.9%) most often. (Fre-
quencies of each symptom are shown in Figure 2). Notably,
all patients in this group described their eye discharge as
clear and thick mucus secretions. Typical secretions of acute
GVHD are shown in Figures 3(a) and 3(b).

3.2.2. Chronic Ocular GVHDGroup. Chronic ocular GVHD
was diagnosed in 127 patients. Mean latency from transplant
to initial ocular symptoms was 10.7± 9.1 months (similar to
that of acute ocular GVHD, P � 0.091). However, mean
interval between initial discomfort and first visit was 9.9±
14.1 months, and the interval between onset of initial ocular
discomfort and first ophthalmologist visit was >2months for
82 of 127 (64.6%) and >6 months for 59 patients (46.5%).

.e symptoms often reported at the first visit were eye
dryness (115 of 127, 90.6%), increased eye discharge (68 of
127, 53.5%), photophobia (50 of 127, 39.4%), and alacrimia
(45 of 127, 35.4%). Among patients with increased eye
discharge, 77.9% (53 of 68) described discharge as white and
stringy fibrous secretions, and the other 22.1% (15 of 68)
reported mucus secretions. Typical fibrous secretions are
shown in Figures 3(g) and 3(h).

Among initial symptoms recalled at the first visit, in-
creased eye discharge (90 of 127, 70.9%), red eye (76 of 127,
59.8%), eye dryness (69 of 127, 54.3%), and fluctuating vision
(32 of 127, 25.2%) were most common. In addition, 44.1%
(56 of 127) of patients reported symptoms (mucus ocular
secretions, red eye and systemic symptoms) that were similar
to typical acute ocular GVHD manifestations in our study,
and they could recall definite events related to the occur-
rence of initial ocular symptoms. .e events included in-
creased intensity of conditioning regimens (35 of 52, 67.3%),
treatment with interferon (IFN)-a2b (10 of 52, 19.2%),

193 patients a�er
allo-HSCT were reviewed

156 patients met the criteria of
ocular GVHD

14 patients diagnosed
with dry eye

(mild-median) were
excluded∗

3 patients developed
secondary glaucoma

were excluded

8 patients diagnosed
with retinopathy were

excluded 3 patients diagnosed with
allergic conjunctivitis were

excluded
9 patients diagnosed with

bacterial conjunctivitis, viral
conjunctivitis, and viral

keratitis, respectively, were
excluded

8 patients with incomplete
information and unable to

be followed up were
excluded

Finally, 148 patients
were included in the

study

Figure 1: Flow diagram of patient selection. ∗.ese patients re-
ported onset of dry eye symptoms, including irritation, burning
sensation, dryness, or foreign body sensation that required treat-
ment with frequent topical lubricants. However, signs of ocular
surface abnormalities including decreased Schirmer’s test (≤5mm),
tear break-up time (≤5 seconds), presence of conjunctivitis, and
corneal fluorescein staining were absent.

Table 1: Demographics and transplant characteristic by patient
groups.

Acute GVHD Chronic GVHD
(n � 21,
eyes� 42)

(n � 127,
eyes� 254)

Age (yrs.), mean± SD 29± 12 28± 11
P (independent
sample T-test) 0.704

Gender
Male 13 (61.9%) 79 (62.2%)
Female 8 (38.1%) 48 (37.8%)
P (chi-square test) 0.979

Primary disease
Acute lymphoid
leukemia 2 (9.5%) 38 (29.9%)

Acute myeloid
leukemia 9 (42.9%) 48 (37.8%)

Myelodysplastic
syndrome 6 (28.6%) 31 (24.4%)

Chronic myeloid
leukemia 1 (4.8%) 5 (3.9%)

Non-Hodgkin’s
lymphoma 0 (0.0%) 3 (2.4%)

Hodgkin’s lymphoma 1 (4.8%) 0 (0.0%)
Aplastic anemia 2 (9.5%) 2 (1.6%)

Donor-recipient gender
disparity

Female donor to male
recipient 8 (38.1%) 36 (28.3%)

Male donor to female
recipient 4 (19.0%) 33 (26.0%)

Essential time points
Interval from transplant
to initial ocular symptoms
(months), mean± SD

8.0± 5.0 10.7± 9.1

P (Mann–Whitney U
test) 0.091

Interval between initial
symptoms and first visit
(months), mean± SD

0.6± 0.7 9.9± 14.1

P (Mann–Whitney U
test) <0.001

Interval between
transplant and first visit
(months), mean± SD

8.6± 5.4 20.4± 17.7

P (Mann–Whitney U
test) <0.001

GVHD� graft-versus-host disease.
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retransplant or reinfusion of donor lymphocyte (5 of 52,
9.6%), fatigue (1 of 52, 1.9%), and pulmonary infection (1 of
52, 1.9%). Ocular manifestations improved with intensive
conditioning immunosuppressant, and these patients were
followed in oncology or internal medicine departments until
severe ocular complications occurred or symptoms became
unbearable.

Frequencies of subjective symptoms of different clinical
ocular GVHD categories are shown in Figure 2(a). In Fig-
ure 2(b), we analyzed secretion composition differences
between GVHD categories. .e frequencies of characteristic
symptoms (increased mucus secretion, red eye, and lacri-
mation) in the acute ocular GVHD group differed signifi-
cantly from those inherent to the chronic ocular GVHD
group (eye dryness, increased fibrous secretion, alacrimia,
and photophobia) (P< 0.05).

3.2.3. Objective Ocular Examinations. Best corrected visual
acuities and intraocular pressures were all within normal
limits and were similar between the two groups. Patients in
the acute GVHD group had different levels of conjunctival
involvement but few had keratopathy (corneal fluorescein
staining score 2.5± 3.8) (Figures 3(c) and 3(d)). 59.5 percent
(25 of 42) of eyes were in stage I of conjunctival disease, and
21.4 percent (9 of 42) of eyes (stage III and stage IV)
appeared to have severe conjunctival and corneal in-
volvement of pseudomembranous conjunctivitis, corneal
epithelial sloughing, and limbus damage. However, the
chronic group had severe eye dryness and further corneal
lesions: 30 (11.8%) eyes developed filamentary keratitis
(Figure 3(i)), 20 (7.9%) eyes developed corneal ulcer, 6
(2.4%) eyes developed spontaneous corneal perforation
(Figure 3(j)), and 2 (0.8%) eyes developed corneal

vascularization (Figure 3(k)). Corneal fluorescein staining,
TBUT, and Schirmer’s tear secretion score were also sig-
nificantly different from the acute GVHD group (P< 0.05)
(Table 2).

4. Discussion

4.1. Manifestations of Acute Ocular GVHD. According to
previous studies, the prevalence of ocular involvement in
post-HSCT patients is approximately 30%–40%; acute
GVHD only accounts for 1% of this [13, 14]. Studies of acute
ocular GVHD are limited. Jabs et al. [12] described distinct-
appearing conjunctivitis as an acute GVHD involvement of
the conjunctiva and formulated a clinical-staging system
from mild conjunctival hyperemia to severe pseudomem-
branous conjunctivitis with corneal epithelial sloughing (see
disease-grading details in Materials and Methods). Uchino
et al. [15] reported a juvenile case of pseudomembranous
conjunctivitis accompanied with corneal ulcer (stage IV)
and corneal epithelial defects, which eventually disappeared
after pseudomembrane excision. Inflammatory cells, in-
cluding macrophages, neutrophils, T cells, and natural killer
cells that accumulate in the conjunctiva in acute ocular
GVHD promote the release of cytokines (tumor necrosis
factor (TNF)-α, interleukin (IL)-6, etc.) that resulted in
further corneal epithelial defects [8, 15]. .us, it is our belief
that conjunctival involvement is the early and primary
manifestation of acute ocular GVHD.

In our study, patients with acute ocular GVHD all
demonstrated acute conjunctival inflammation but fewer
had lacrimal secretion dysfunction and corneal lesions. .e
most characteristic acute ocular GVHD manifestation was
increased mucus eye secretions. We found corresponding
signs in each affected eye. Red eye and lacrimation were also
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Figure 2: Symptoms of different clinical ocular GVHD categories. (a) Frequencies of different subjective symptoms. (b) Secretion compositions
of different ocular disease GVHD categories. cGVHD� chronic graft-versus-host disease; aGVHD� acute graft-versus-host disease.
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frequent in this group. In our study, the majority of patients
with acute ocular GVHD had mild-moderate involvement
and often could be cured with intensive conditioning im-
munosuppressant. However, it is advantageous to follow
these patients closely because patients developed pseudo-
membrane formation and/or corneal epithelium loss (stage
III-IV) that indicated a severe systemic involvement by
GVHD as well as decreased survival rate [4, 12]. Moreover,
acute ocular involvement is a predecessor of chronic ocular

GVHD [16]. It is also important and necessary to exclude the
diagnoses of anterior segment infections, including viral
keratitis, viral conjunctivitis, and bacterial conjunctivitis that
could occur in post-HSCT patients (Figures 1 and 3).

Although eye dryness was frequently reported,
Schirmer’s test, TBUT, and corneal fluorescein staining
scores were almost always within normal limits. Perhaps,
poor reading habits, underlying diseases, and conditioning
regimens led to dry eye problems.

(c)(a) (b)

(f)(d) (e)

(i)(g) (h)

(j) (k)

Figure 3: Typical ocular signs of ocular GVHD. (a)–(f) Signs of acute ocular GVHD and differential diagnosis: (a) mucus secretion (arrow)
and conjunctival injection of acute ocular GVHD; (b) mucus secretion using fluorescein dye and visualized under a cobalt blue light; (c) and
(d) conjunctiva and cornea signs of mild acute ocular GVHD; (e) and (f) conjunctiva and cornea signs of a post allo-HSCT patient who
complained of red eye, lacrimation, and increased eye discharge and was diagnosed with viral corneal dermatitis eventually. (g)–(k) Signs
and complications of chronic ocular GVHD: (g) and (h) typical fibrous secretion (arrow) of chronic ocular GVHD; (i) filamentary keratitis;
(j) corneal perforation; and (k) corneal vascularization.
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4.2. Manifestations of Chronic Ocular GVHD. Dry eye is the
most common manifestation of chronic ocular GVHD. .e
National Institutes of Health censensus document defines dry
eye and corresponding ocular signs as distinctive manifes-
tations of chronic ocular GVHD. An ocular distinctive
manifestation with impaired Schirmer’s test is sufficient for
the diagnosis of the disease [6]. .e international chronic
ocular consensus group strongly recommended dry eye
disease as a diagnostic clinical entity for chronic GVHD [4].
In our study, ocular chronic GVHD severe eye dryness
predominated and was accompanied by corresponding se-
rious ocular signs, including corneal fluorescein staining
(6.7± 4.8), decreased TBUT (2.1± 1.8 seconds), and
Schirmer’s tear secretion (3.1± 2.4 mm). .ose findings are
consistent with previous research and consensus findings.
Increased fibrous eye secretions, photophobia, and alacrimia
were common complaints in this group. Besides, photo-
phobia, burning sensation, foreign body sensation, and
fluctuating vision indicated further corneal lesion, for ex-
ample, punctate keratopathy fusion, filamentary keratitis,
corneal ulcer, and corneal perforation occurred in 10%–40%
eyes of this group. In our study, 22.8% of chronic ocular
GVHD patients developed severe ocular complications;
spontaneous corneal perforation, corneal vascularization, and
even endophthalmitis have been reported before [17–19].
Moreover, chronic ocular GVHD greatly impairs patient’s
vision-related quality of life and affects their educational level,
job position, and underlying disease [20, 21].

However, we also found that 44.1% (56 of 127) of chronic
ocular GVHD patients had a definite history of acute ocular
GVHD episode. Ocular symptoms that were mild initially
were ignored or only treated with artificial tears. Over time,
manifestations progressed and patients were finally referred

to ophthalmologists when severe ocular complications arose
or symptoms became unbearable. .ese patients might have
missed the best opportunity for prophylaxis and treatment
to restore lacrimal secretion function. Had patients reported
mild discomfort, we could have detected the ocular surface
changes of chronic ocular GVHD directly and, thus, given
comprehensive treatments with early intervention and
regular follow-up.

Our primary limitation is the retrospective nature of the
study; patients’ recall of initial subjective symptoms on the
questionnaire may also be inaccurate. Ocular GVHD pa-
tients always struggle with visiting an ophthalmological
clinic promptly due to burdens of relapses of underlying
disease, systemic GVHD, and infections. Ophthalmologists
and physicians are challenged to recognize, diagnose, and
evaluate ocular GVHD, and even more so to understand
progression of the disease. We tried to report accurate re-
sults. Few essential records were missing, and we confirmed
data from medical records with patients or their families
through face-to-face interviews. Certainly, further large,
long-term, prospective clinical studies are necessary to better
describe this disease accurately.

In summary, acute conjunctivitis with increased mucus
eye secretions, red eye, and lacrimation indicates a high
probability of acute ocular GVHD if differentiated from
infections. Chronic ocular GVHD is characterized by severe
dry eye and further corneal lesions, including filamentary
keratitis, corneal ulcer, and corneal vascularization. After
diagnosis, it is not difficult to determine ocular GVHD
subsets like classic acute or chronic GVHD, overlap syn-
drome, and late-onset acute GVHD. At an early stage, most
acute ocular GVHD and chronic GVHD cases are over-
looked and therefore do not undergo stepwise evaluation or
treatment, which eventually leads to serious ocular com-
plications and poor quality of life. .e ultimate goal is to
offer better, early prophylaxis and treatment of the discussed
complications. Ocular GVHD or dry eye syndrome of
chronic GVHD should be referred to ophthalmologists who
can then intervene early to evaluate, diagnose, and treat the
corresponding conditions.
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Purpose. To describe and correlate the degree of anterior segment inflammation with central retinal and choroidal thickness throughout
the treatment period (in the course of follow-up) in the eyes affected with acute anterior uveitis in the patients with seronegative
spondyloarthropathy (subgroup: ankylosing spondylitis). Methods. )irty eyes of 30 consecutive Caucasian patients with HLA-B27-
associated acute anterior uveitis were included in this study. )e flare, AC cell number, and central retinal/choroidal thickness were
determined at each visit by optical coherence tomography and laser flare photometry. Treatment consisted of topical corticosteroids.
Statistical analysis was performed byMathWorksMatlab software. Results. In the follow-up period, central retinal thickness was increased
in the first 9-10 days and then decreased until stabilization (after 5-6 weeks). )e flare and AC cell number decreased rapidly at the
beginning of the treatment, in the first 10 days, and thereafter, slower decrease could be observed until complete resolution of in-
flammation. Statistically significant, positive correlation was found between initial laser flare value and maximal central retinal thickness
(r � 0.881, p< 0.001). Positive correlation between flare and retinal thickening was observable throughout the treatment period. Central
choroidal thickness was decreased also significantly during the follow-up (p< 0.001). Conclusions. )e retina and choroid may play
a biomarker function in the anterior segment inflammation of the eye in the patients with seronegative spondyloarthropathy.

1. Introduction

Spondyloarthropathy (SpA) is a group of chronic in-
flammatory rheumatic diseases, which are characterized by
common clinical symptoms and genetic similarities [1].
Spondyloarthropathy is genetically linked (90% of cases), and
the strongest contributing factor is the HLA B27 antigen [1, 2].
Ocular inflammation is a common extra-articular manifesta-
tion of seronegative spondyloarthropathy. Anterior uveitis is
one of the most important features with a prevalence of 25–
30% in the SpA patients [1, 2]. Five major subtypes of SpA are
recognized on the basis of recently proposed classification
criteria (European Spondyloarthropathy Study Group). In this
study, one of the most common subtypes of SpA ankylosing
spondylitis (AS) was studied intentionally.

Acute inflammatory process in the anterior segment, as
opposed to chronic anterior uveitis, is rarely associated with

significant macular edema, but subclinical retinal thickening
has already been described [3, 4]. Our earlier results showed
also close linear correlation between central foveal thickness
and anterior segment inflammation (laser flare photometry
values) at the beginning of the first anterior uveitic attack in
the patients with HLA-B27-related spondyloarthropathy [3].

In recent years, some studies have used EDI-OCT to
evaluate choroidal changes in ocular inflammatory disorders
[5, 6]. Some authors have reported that the patients with
active Vogt–Koyanagi–Harada disease [5] and Behçet dis-
ease [6] exhibit a markedly thickened choroid. Currently,
there are a limited number of reports on choroidal thickness
change in anterior uveitis [7].

)e aim of this study was to describe the evolution of
retinal and choroidal thickness in eyes affected with acute
anterior uveitis in the course of follow-up in the patients with
seronegative spondyloarthropathy. Our goal was to evaluate
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the correlation between flare and retinal/choroidal thickening
throughout the treatment period.

2. Materials and Methods

)is prospective study was performed at the Department of
Ophthalmology of the Semmelweis University (Budapest,
Hungary) on 30 eyes of 30 consecutive Caucasian patients
(24 males and 6 females; age: 27–50 years; mean age: 35
years) with acute anterior uveitis for the first time.

Before their first uveitic attack, rheumatic diseases, se-
ronegative spondyloarthropathy (subtype: ankylosing
spondylitis), have been diagnosed by rheumatologist. All
patients were HLA-B27 positive. )e patients with a history
of psoriatic arthritis (PsA), reactive arthritis (ReA), arthritis
associated with inflammatory bowel disease (AIBD), other
systemic diseases, intermediate uveitis, posterior uveitis,
intraocular surgery, macular disease (e.g., epiretinal fibrosis
and diabetic maculopathy), and amblyopic eyes were ex-
cluded from the study. Ankylosing Spondylitis Disease
Activity Score (ASDAS) of the patients in this study was less
than 2.0 to define “moderate disease activity.” All of them
were treated with systemic nonsteroidal anti-inflammatory
drugs by rheumatologist.

All participants were treated in accordance with the
tenets of the Declaration of Helsinki. Written informed
consent was obtained from all participants in this study.

All patients underwent a comprehensive eye examina-
tion, including best corrected visual acuity (BCVA), mea-
surement of the intraocular pressure, and slit-lamp and
indirect fundus examination after pupil dilation. )e axial
length (AL) of the eyes was measured using optical biometry
(Lenstar LS 900 Haag-Streit AG, Switzerland).

OCT examinations were performed on each eye using
EDI-OCT (Optovue Inc., Fremont, CA, USA) and swept-
source optical coherence tomograph (DRI OCT Triton,
Topcon Co., Tokyo, Japan) by the same operator through
dilated pupils at least 5mm in diameter. )e retinal and
choroidal thickness measurements for the central ETDRS
region of the macula were recorded at each visit throughout
the treatment period (Figure 1).

Quantitative measurements of anterior segment aqueous
flare and inflammatory cells were conducted using a laser
flare meter (Kowa FC-600). Flare values and cell counts were
measured at 30 minutes after pupillary dilation. )e same
examiner has obtained five measurements from each eye,
and the results were averaged after excluding all measure-
ments with artefacts.

SUN (Standardization of Uveitis Nomenclature)Working
Group standardized the grading of anterior segment cells and
flare. For anterior segment cells, in a field size of 1× 1mm slit
beam, the following grades were described: 0 (<1 cell), 0.5+
(1–5 cells), 1+ (6–15 cells), 2+ (16–25 cells), 3+ (26–50 cells),
and 4+ (>50 cells). )e number of the anterior segment cells
was also determined, counted using SUN criteria.

All uveitic eyes were initially managed with topical
corticosteroid drops (prednisolone acetate 1%) every 1–6
hours depending on severity and cyclopentolate (5mg/ml)

three times a day. Steroid was withdrawn slowly, and cor-
ticosteroid drops were continued until the cellular reaction is
absent. Cycloplegics were discontinued when the cellular
reaction is subsiding. )e patients were followed daily until
manifest response to local treatment was observed (defined
as a decrease of anterior segment cells on slit-lamp exam-
ination or a decrease of more than 20% from the baseline in
laser flare photometry) and weekly thereafter until complete
resolution of inflammatory activity.

Statistical analysis was performed byMathWorksMatlab
2012b software and its Statistics Toolbox. A p value of less
than 0.05 was considered as statistically significant.

3. Results

)e clinical signs data at the beginning of the first in-
flammatory episode (best corrected visual acuity (BCVA),
flare, anterior segment cells (AC), intraocular pressure,
central retinal thickness, and central choroidal thickness) are
shown in Table 1.

As expected, flare and anterior segment cell number are
significantly lower between initial flare/AC cell number and
final flare/AC cell number (p< 0.001).

Figure 2 presents the evolution of the mean laser flare
value in the course of follow-up. AC cell number in
the anterior uveitic eyes is significantly decreased during the
treatment period (p< 0.001), as shown in Figure 3. )e
mean initial laser flare value is reduced by 50% after 12 days.
Flare and AC cell number are decreased rapidly at the be-
ginning of the treatment, in the first 10 days, and thereafter
decreased slowly until complete resolution of inflammation.

)e central retinal thickness was significantly decreased
(p< 0.001) between the beginning and the end of the follow-
up period. Figure 4 shows the evolution of mean central
retinal thickness in the treatment period. In the follow-up
period, central retinal thickness increased a little in the first
9-10 days, followed by a progressive decrease until stabili-
zation (after 5-6 weeks). )e mean difference between the
initial and maximal retinal thickness was 8.367 µm.

Statistically significant, positive correlation was found
between initial laser flare value and maximal central retinal
thickness (r � 0.881, p< 0.001) in this homogenous group of
uveitic eyes, as shown in Figure 5. Figure 6 demonstrates that
the positive correlation between flare and retinal thickness
remained throughout the treatment period.

Finally, the central (subfoveal) choroidal thickness was
significantly decreased (p< 0.001) in the treatment period,
as shown in Figures 7 and 8.

4. Discussion

Our study demonstrated a pattern of evolution of the retinal and
choroidal thickness and flare values throughout the treatment
period in the eyes affected by HLA-B27-associated acute an-
terior uveitis (AAU) (subgroup: ankylosing spondylitis).

)e most common posterior segment findings in AAU are
subclinical increase in retinal thickness, choroidal thickness,
and macular edema. A number of studies have investigated
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Figure 1: Retinal (a) and choroidal (b) thickness measurements by swept-source optical coherence tomograph (DRI OCT Triton, Topcon
Co., Tokyo, Japan).

Table 1: Clinical signs of the first anterior uveitic attack in ankylosing spondylitis patients.

BCVA
(Snellen)

Flare
(photon/unit)

AC cell
number (SUN)

IOP
(Hgmm)

Central retinal
thickness (µm)

Central choroidal
thickness (µm)

Minimum 0.6 66.63 12 11 189.00 245.00
Maximum 1.0 135.23 35 18 262.00 312.00
Mean 0.90 90.52 15.56 14.24 220.171 278.166
Standard deviation 0.120 25.315 7.695 2.450 21.056 21.475
Median 0.9 90.23 16 14 219.3 275.5
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Figure 2: )e evolution of the mean laser flare value in the course of follow-up of the acute anterior uveitic patient with ankylosing
spondylitis. )e mean initial laser flare value is reduced by 50% after 12 days.
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retinal thickness of the anterior uveitic patients at the onset of
the inflammation [3, 4, 8–10]. For instance, Moreno-Arrones
et al. [4], Balaskas et al. [8], and our earlier study [3] also
described statistically significant difference in retinal thickness
between the uveitic eyes and the fellow eyes for all OCT
subfields. In contrast, de Lahitte et al. described only peri-
foveolar, pericentral thickening in the patients with juvenile
idiopathic arthritis-associated chronic anterior uveitis [11].

Our earlier results have shown that changes of the an-
terior segment inflammation might cause subclinical retinal
changes [3]. We suppose that ocular inflammation may
produce a breakdown of the blood-retinal barrier and in-
crease vascular permeability which generates retinal
thickening.

In our current study, the evolution of the mean central
foveal thickness and anterior segment flare values in the
treatment period was shown. In this follow-up period,
central retinal thickness increased a little in the first 10 days,
followed by a progressive decrease until stabilization (after
5-6 weeks). )e mean difference between the initial and
maximal retinal thickness was 8.367 µm in our study. )e
maximal retinal thickness of the affected eyes was observed
on day 9-10 from the beginning of the inflammation.
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Figure 5: Statistically significant, positive correlation was found
between initial laser flare value and maximal central retinal
thickness (r � 0.881, p< 0.001) in the acute anterior uveitic eyes.
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Figure 3: )e evolution of AC cell number (SUN) during the
treatment period of the acute anterior uveitic patient with anky-
losing spondylitis.

0 3 6 9 12 20 28 42 56
Time (day)

140

160

180

200

220

240

260

280

Ce
nt

ra
l f

ov
ea

l t
hi

ck
ne

ss
 (µ

m
)

Figure 4: )e evolution of mean central retinal thickness in the
treatment period of the acute anterior uveitic patient with anky-
losing spondylitis (the mean central retinal thickness value is
represented by a bold line).
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Figure 6: Positive linear correlation between flare and retinal
thickness remained throughout the treatment period: (a) 0 days; (b)
10 days; (c) 30 days.
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)is time lag between the retinal thickening and the
onset of inflammation may be the explanation of the de-
velopment of Irvine–Gass syndrome, whereas macular
edema presents several weeks following cataract surgery
(inflammatory agents). )e other typical phenomenon is
diabetic macular edema, which develops slowly as an ac-
cumulative response of the retina for multiple factors, that is,
inflammation. )e main factor triggering macular edema is
the release of inflammatorymediators. In chronic uveitis, the
repeated/long-lasting inflammatory stimuli could result in
additive effects on the retinal thickening. In alignment,
Balaskas et al. presented also an increase in retinal thickness
over a period of 17 to 25 days in the AAU patients [8]. An
important result is that retinal thickness, as measured by
OCT, is a useful clinical parameter to monitor response to
treatment. Changes in retinal thickness in the AAU patients
demonstrate the characteristic pattern of the retinal response
to inflammation and therapy. )e reply of the retina for the
inflammatory agents seems to be delayed.

Anterior segment cells were counted using SUN criteria,
but we have used also laser flare photometry (LFP) to
eliminate the subjectivity in measurements of anterior
segment cells by slit-lamp biomicroscopy [12, 13]. LFP re-
sults were always interpreted in conjunction with the clinical
observations. Flare and AC cell number were decreased
rapidly at the beginning of the treatment, in the first 10 days,
and thereafter, slower decrease could be observed until
complete resolution of inflammation. While the in-
flammation values decreased rapidly in the first 10 days, the
retinal thickness increased slightly in this period; however,
after 10 days, both parameters decreased during the follow-
up period.

)e mean initial laser flare value was reduced by 50%
after 12 days in our study. In the literature, Balaskas et al. [8]
described a 50% reduction of flare after 14 days, and de
Ancos et al. [14] observed the same drop after 2 days.
Contradictory results may come from a different initial
severity of the anterior segment inflammation in the studies.
According to our results, retinal thickness increased slightly
in the first 10 days when flare reduction was remarkable;
however, significant changes in retinal thickness values
could be observed later in the treatment period.

As shown in our earlier study, positive correlation was
found between initial central foveal thickness and initial
laser flare values of the uveitic patient with HLA-B27-
related spondyloarthropathy [3]. Gonzales et al. also de-
scribed that flare was significantly higher in the uveitic
patients with macular edema than in patients without
macular edema [12].

In this study, positive correlation was demonstrated
between flare and central retinal thickness throughout the
treatment period, and also, close correlation was shown
between initial laser flare values and maximal central retinal
thickness. Accordingly, the retina may be an indicator not
only of posterior segment inflammation activity but also the
anterior segment inflammation.
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Figure 7: )e evolution of mean central (subfoveal) choroidal
thickness in the treatment period of the acute anterior uveitic
patient with ankylosing spondylitis. )e mean central choroidal
thickness value is represented by a bold line.
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Figure 8: Swept-source OCT cross-sectional images of a 35-year-
old male anterior uveitic patient with seronegative spondy-
loarthropathy: (a) at the beginning of the anterior uveitis (0 days,
central retinal thickness: 234 µm, central choroidal thickness:
298 µm); (b) after 10 days in the treatment period (10 days, central
retinal thickness: 248 µm, central choroidal thickness: 267 µm); (c)
after a month (30 days, central retinal thickness: 219 µm, central
choroidal thickness: 242 µm).
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)is study also showed a significant decrease in cho-
roidal thickness in the eyes with active anterior uveitis
following anti-inflammatory treatment. It is widely known
that the choroid is influenced by ocular inflammatory
conditions. Several authors have suggested increased vas-
cular permeability in the posterior segment and choroidal
effusion as the mechanisms of choroidal thickening during
ocular inflammation [15, 16]. In the present study, the mean
values of subfoveal choroidal thickness in the eyes with AAU
changed significantly from 278.166 to 239.222 µm. )is
study showed a significant decrease in choroidal thickness in
the eyes with active anterior uveitis after treatment.

Our results indicate that subclinical choroidal in-
flammation may also be present in active anterior uveitis.
)ese findings suggest that choroidal evaluation may be
useful for monitoring disease activity.

Nevertheless, a larger case series could contribute to
a more sophisticated statistical evaluation of the patients
with AAU, but their common inflammatory pattern enables
us to study the inflammation effect of the retina and the
choroid.

In conclusion, swept-source OCT is also a useful tool in
monitoring subclinical retinal and choroidal thickening in
anterior uveitis with the SpA patients in the treatment
period. It may indicate that the retina and choroid play
a biomarker function in anterior segment inflammation but
the reply of the retina for the inflammatory agents seems to
be delayed.
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