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Purpose: To elucidate the morphological alterations of the conjunctiva in atopic keratoconjunctivitis (AKC) using the
new generation Heidelberg Retina Tomograph Il (HRT Il)/Rostock Cornea Module confocal microscope in a prospective
controlled study.

Methods: Sixteen eyes from AKC patients (eight males, mean agex20.3ears) were treated with 0.05% topical
cyclosporine A (CsA) in addition to topical steroid and anti-allergic eye drops and 12 eyes from patients with AKC were
treated using topical steroids and anti-allergic drops (six males, mean agd022 y&ar). These two groups, as well as

14 eyes from normal subjects (six males, one female, average agé.8¢dars) were studied. All subjects underwent
corneal sensitivity measurements, the Schirmer test, tear film break-up time (BUT), fluorescein, Rose Bengal staining of
the ocular surface, and confocal laser scanning microscopy of the tarsal palpebral conjunctiva. The density of conjunctival
inflammatory infiltrates was calculated. Morphological characteristics of the papillary lesions were also studied.

Results: Corneal sensitivity, tear stability, and vital staining scores were significantly worse in patients with AKC com-
pared to control subjects (p<0.01). Eyes of AKC patients using CsA showed a significantly lower density of inflammatory
infiltrates compared to eyes on topical steroid and anti-allergic drops. Conjunctival inflammatory cell density showed a
negative correlation with tear stability and corneal sensitivity and a positive correlation with the vital staining scores.
Papillary lesions revealed remarkable fibrosis in patients using CsA.

Conclusions: Confocal scanning laser microscopy was an efficient and a noninvasive tool for the quantitative assessment
of the conjunctival inflammation and evaluation of pathological alterations in the papillary lesions and their relation to the
ocular surface disease in patients with AKC.

Atopic diseases such as bronchial asthma, allergic rhini-  To our knowledge, in vivo alterations of the conjunctiva
tis, atopic dermatitis, and ocular allergic disorders are amorigy confocal laser scanning in patients with AKC have not been
the most frequent conditions experienced by allergic patientseported previously.

Recent studies indicate that the lifetime prevalence rates for An increased understanding of the conjunctival alterations
these atopic diseases in children and adolescents vary betwesrthe cellular level and the relation with tear functions may
24-45% [1]. Atopic keratoconjunctivitis (AKC) is a bilateral help explain the pathogenesis and the subsequent clinical ap-
chronic hypersensitivity disease of the ocular surface assogiearance of the atopic ocular allergies, which may potentially
ated with systemic atopic dermatitis (AD). The ocular inflam-cause blindness. To that end, we carried out confocal scan-
matory process and the release of allergic mediators onto théng laser microscopy on the tarsal conjunctiva in AKC pa-
ocular surface and tear film are thought to be responsible forteents. We also performed tear function and ocular surface
wide range of clinical corneal and conjunctival manifestationgxaminations including Schirmer test, tear film break-up time
including superficial punctate keratitis, macroerosions, cor(BUT), vital stainings, and corneal sensitivity measurements
neal ulceration, plaque formation, dry eyes, corneathen compared the results with those of healthy control sub-
neovascularization, lipid infiltration, conjunctival papillary jects to be able to provide further insight into the underlying
hypertrophy, cicatrization, and symblepharon [2]. mechanisms of the disease process in AKC.
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0.01% betamethasone g.i.d. for eight weeks and were thaoalization of the deep tarsal vessels was graded as three points.
additionally prescribed unpreserved 0.05% topicalThe subjects then underwent tear function and ocular surface
cyclosporine A (CsA) eye drops g.i.d. for another eight weeksexaminations including corneal sensitivity measurements, tear
Fourteen eyes from normal subjects (six males, one femalfim break-up time (BUT), fluorescein and Rose Bengal stain-
average age 30:8.8 years) were studied as well as 12 eyesng of the ocular surface, Schirmer test I, and confocal scan-
from patients with AKC who were also refractory to the sameiing laser microscopy of the upper palpebral conjunctiva.
treatment regimen of unpreserved topical 0.025% ketotife@onfocal images before and after topical cyclosporine were
fumarate g.i.d. and unpreserved topical 0.01% betamethasoaeailable in one patient. This research followed the tenets of
g.i.d. for eight weeks and who did not consent to topical CsAhe Declaration of Helsinki. Informed consents from all sub-
use (six males, mean age: 2210.0 years). Patients who jects and permission for the ocular surface examinations from
strictly adhered to their treatment regimens including the frethe Ethical Committee of Keio University School of Medi-
guency of instillations during the aforementioned periods wereine were obtained.

then referred to the Allergy and Ocular Surface/Visual Optics  Corneal sensitivity measurements: Measurements of cor-
research group for examination of tear functions and oculareal sensitivity were performed using a Cochet-Bonnet
surface health parameters. All tear function and ocular suaesthesiometer as described previously [4]. The examination
face examinations were performed by the same researcheas initiated by a 60 mm length of nylon filament perpen-
(M.D.). Confocal scanning laser microscopy examinationglicularly applied to the central cornea and continued by short-
were performed by the same researcher (E.S.). All AKC paening it by 5 mm until the patient felt the contact of the fila-
tients had active AD. AD patients (diagnosis confirmed withment. A corneal sensitivity measurement of less than 50 mm
positive radioallergosorbent tests (RAST) and scratch testgjas regarded as low corneal sensitivity in this study.

who had symptoms of allergic conjunctivitis without seasonal  Tear function testsand ocular surfacevital staining: The
aggravation and were presenting with conjunctival papillastandard tear film break-up time measurement was performed.
and keratopathy were diagnosed as having AKC. Skin prickhe ocular surface was examined by the double vital staining
tests were performed with allergen extracts of rye grassnethod. Twaul of preservative-free combination of 1% Rose
Dermatophesagoides pteronyssinus (house dust mitePhleum  Bengal and 1% fluorescein dye were instilled into the con-
pratense (timothy) pollen, cedar tree pollen, cat dander, dogunctival sac as previously reported [5,6]. The interval between
dander, penicillium, rice, tuna, salmon, shrimp, chedar cheesthe last complete blink and the appearance of the first corneal
milk (SRL, Tokyo, Japan) by applying a drop of allergens tdlack spot in the stained tear film was measured three times
the forearm and then puncturing the skin with a prick needleand the mean value of the measurements was calculated. Fluo-
Histamine was used as a positive control (1 mg/ml) and theescein and Rose Bengal stainings of the ocular surface were
diluent, buffered saline containing 0.03% human serum albwalso noted and scored. Both fluorescein and Rose Bengal stain-
min, was used as a negative control. A wheal and flare reairtg scores ranged between 0 and 9 points. Any score above 3
tion with a diameter of >2 mm and occurring within 15 minpoints was regarded as abnormal. For further evaluation of
from the application of the allergen, indicated a positive allertears, the standard Schirmer test was performed. The standard-
gic response. Those patients who had a history of Steveniged strips of filter paper (Alcon Inc., Fort Worth, TX) were
Johnson syndrome, chemical, thermal, or radiation injury, kerglaced in the lateral canthus away from the cornea and left in
toconus, ocular or systemic disease other than AKC, a histoplace for five min with the eyes closed [7]. Readings were
of ocular surgery, or contact lens or drug use that would altgecorded in millimeters of wetting for five min. A reading of
the ocular surface were excluded. less than 5 mm was referred as an aqueous deficiency.

As the ethics board committee did not allow a wash-out ~ Confocal scanning laser microscopy: In vivo confocal
period in subjects with an active disease process to study teeanning laser microscopy (CSLM) was performed on all sub-
naive ocular surface status, patients being treated wifkcts with a new generation confocal microscope, the Rostock
nonpreserved 0.05% topical CsA eye drops g.i.d. plus topic&orneal Software Version 1.2 of the Heidelberg Retina Tomo-
0.025% ketotifen fumarate g.i.d. plus topical 0.01%graph Il (RCM/HRT II; Heidelberg Engineering GmbH,
betamethasone q.i.d. for eight weeks or patients being treatBissenheim, Germany). After the administration of topical
with topical 0.025% ketotifen fumarate g.i.d. plus topicalanesthesia with 0.4% oxybuprocaine, the subject’s chin was
0.01% betamethasone q.i.d. for eight weeks were included placed in the chin rest. The objective of the microscope was
this study. No patients were being treated with systemic ste&n immersion lens (magnification 63C; Zeiss, Oberkochen,
roids, prostaglandin inhibitors, or systemic immunosuppressermany) covered by a polymethylmethacrylate cap (Tomo-
sants at the time of inclusion in the study. Cap; Heidelberg Engineering GmbH). Comfort gel

A conventional slit-lamp microscopic examination was(Bausch&Lomb, GmbH, Berlin, Germany) was used as a cou-
performed. Severity of conjunctival injection was graded on @ling agent between the applanating lens cap and the conjunc-
four-point scale as described previously [3]. Briefly, the abitiva. By adjusting the controller, the center of the Tomo-Cap
sence of an injection was graded as zero and mild injectiomas applanated onto the center of the upper palpebral con-
was graded as one point. Moderate injection with edema @dinctiva, and in vivo digital images of the conjunctiva were
the palpebral conjunctiva and hazy view of the deep tarsaisualized directly on the computer screen. When the first su-
vessels was given two points. Severe injection obscuring vperficial cells were seen, the digital micrometer gauge was set
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at zero. By pressing on the foot pedal, sequence images wdegent layers of the conjunctiva in patients with AKC were
recorded by a charge-coupled device (CCD) color camera (fivabserved and compared with those of normal eyes. The three
frames/s) while gradually moving the focal plane forward intdbest focused images from the conjunctival epithelium were
the conjunctival stroma. selected for inflammatory cell counting. After selecting three

The laser source employed in the Heidelberg Retina Taandom nonoverlapping frames of 0.02 fron each image,
mograph [lI/Rostock Corneal Module is a diode laser with d@he cells were manually marked inside the frame, and the in-
wavelength of 670 nm. Two-dimensional images consisted dfammatory cell densities were calculated automatically by the
384x384 picture elements, covering an area of#d@y 400  software installed in the machine. Selected images were ran-
um. Transversal field of view was captured using the “40@omly presented to a masked observer for analysis.

FOV” field lens. Digital resolution was quoted agrh/pixel Satistical analysis: Data were processed using the Instat,
at transversal and@n/pixel at longitudinal by the manufac- GraphPad software version InStat 3.0 (San Diego, CA). The
turer. Kruskal-Wallis test was used to compare the parameters be-

Conjunctival image analysis: At least three sequences tween the AKC subjects and the normal controls. The
(100 images per sequence) of conjunctival CSLM images wel®pearman rank correlation analysis was used to determine the
taken for each eye. The morphological characteristics in difeorrelation between the conjunctival inflammatory cell densi-

TABLE 1. PATIENT CHARACTERISTICS AND EXAMINATION FINDINGS

Conj uncti val Conf ocal
Age i njection Schi rmer BUT FS RB 1 CD
Nunber Pat i ent Gender (years) Tr eat ment grade (nmm (s) (pts) (pts) (cell s/ m¥)
1 OY. RE M 11 TS+TAA+CsA  Severe (&) 15 6 9 6 1781
LE 27 6 9 6 1781
2 O K RE M 13 TS+TAA+CsA  Mdderate (&) 12 6 9 9 1143
LE 35 6 9 9 1140
3 K.M RE M 27 TS+TAA+CsA Moderate (&) 5 2 9 4 1281
LE 5 3 6 3 250
4 K J. RE M 25 TS+TAA+CsA Mbderate (Q2) 2 3 9 4 556
LE 2 3 5 4 431
5 M S. RE M 20 TS+TAA+CsA  Mbderate (&) 7 6 9 6 NA
LE 9 5 0 0 264
6 F.M RE M 23 TS+TAA+CsA  Mdderate (&) 12 2 0 0 437
LE 12 3 1 1 875
7 MT. RE M 27 TS+TAA+CsA  Mdderate (&) 6 3 9 9 543
LE 9 2 9 9 150
8 Y.T. RE M 17 TS+TAA+CsA Mbderate (Q2) 13 5 2 0 750
LE 25 5 3 0 587
9 Y.K. RE M 33 TS+TAA Severe (&) 24 8 9 0 868
LE 20 8 9 0 650
10 S.A RE M 22 TS+TAA Severe (X) 16 2 9 9 2058
LE 16 3 9 9 2218
11 S.T. RE M 13 TS+TAA Severe (&) 7 0 9 9 1450
LE 13 1 9 9 1446
12 MT. RE M 27 TS+TAA Severe (&) 6 3 9 9 1600
LE 9 2 9 9 1296
13 Y.J. RE M 37 TS+TAA Severe (&) 22 1 9 9 1460
LE 22 1 9 9 1436
14 K. T. RE M 9 TS+TAA Severe (&) 25 0 9 9 1800
LE 25 0 9 9 1096

The table demonstrates the gender, age, and treatment protocols assigned for each patient, the results of tear fonotarstesise vital
stainings, conjunctival inflammatory cell densities (as determined by confocal microscopy), and conjunctival injectiosgrssies lay slit
lamp microscopy. Note the comparatively higher conjunctival injection grades, lower BUT values, higher vital staining ddogiean
inflammatory cell numbers in patients not using CsA. RE: right eye; LE: left eye; TS: topical steroid; TAA: topical anti@lkgiopical
cyclosporine; BUT: tear film break-up time; FS: fluorescein score; RB: Rose Bengal score; ICD: inflammatory cell densitie.G: gr
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ties and corneal sensitivity as well as between the tear quachemosis, and papillary hypertrophy. All patients except one
tity, tear stability, and ocular surface vital stainings. A prob+eceiving additional CsA had moderate conjunctival injection
ability level of less than 5% was considered statistically sigiGrade 2). The other six patients not receiving topical CsA

nificant. had severe conjunctival injection (Table 1). Patient character-
istics and findings of examinations are summarized in Table
RESULTS 1.
Patient characteristics and dlit lamp findings: All patients Tear function examinations: The mean BUT value in eyes

with AKC had active severe AD with pruritus, typical flexural of AKC patients with or without topical CsA use was signifi-
lichenification, papular eruptions, and a tendency towardantly lower than the control eyes (p<0.05). All eyes of pa-
chronically relapsing dermatitis. Personal or family history oftients with AKC and the control subjects had hormal Schirmer
atopic disease and “positive” immediate skin reactivity werdest values without statistically significant differences (p>0.05)
present in all cases at the time of examination. All patientas shown in Figure 1A,B.

with AKC had positive skin reactivity to multiple allergens. Ocular surfacevital stainings: The mean fluorescein and
The most frequent sensitizing allergens in patients with AKGRose Bengal staining scores in eyes of AKC patients with or
wereDer matophagoides pteronyssinus, cedar tree pollen, and
Phleum pratense pollen. All patients with AKC complained

of allergic and dry eye symptomatology, including itchiness 42 Fluorescein
redness, dryness, foreign body sensation, and irritation. *
Upon slit lamp observation, all patients had active atopic  1() Tg_o
keratoconjunctivitis as evidenced by conjunctival injection, *
. 8 6.1
f‘ BUT 'S 6
* o
4
2
0
0 Normal AKC AkC
with CsA without CsA
Rose Bengal
12
10 .
* 7.0
Normal AKC AKC 8
with CsA without CsA ©
B i 0 6
30 Schirmer | test a
4
2
0 0.08 T

Normal AKC AkC
with CsA without CsA

Figure 2. Comparison of vital staining scores in atopic keratocon-
junctivitis patients and normal controls. Note the statistically sig-

Normal AKC AKC nificant higher vital staining scores in eyes of patients with AKC

with CsA without CsA compared to controls. Fluorescein and Rose- Bengal scores were also
significantly higher in eyes of patients using only topical steroids

Figure 1. Comparison of tear functions in atopic keratoconjunctivitiand anti-allergic eye drops compared to patients using an additional
patients and normal controlsA: Note the statistically significant treatment of topical CsA. The asterisk denotes that p<0.05. AKC
tear instability in eyes of AKC patients compared to healthy controlith CsA: Atopic keratoconjunctivitis patients using topical CsA in
subjects. The asterisk denotes that p<OB)3Note the absence of addition to topical antiallergic and steroid eye drops; AKC without
statistically significant differences between the eyes of patients witsA: Atopic keratoconjunctivitis patients using topical antiallergic
AKC and healthy control subjects. and steroid eye drops only.
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without topical CsA were significantly higher than those ofand confocal scanning microscopy findings of the upper palpe-
the control group. The mean fluorescein and Rose Bengal staioral conjunctiva from a control subject.
ing scores in eyes of AKC patients with topical CsAwere sig-  Confocal images from AKC eyes without topical CsA
nificantly lower than the mean vital staining scores of AKCdemonstrated extensive inflammation consisting of neurophils
patients without topical CsA (p<0.05), as shown in Figure 2on the surface of the papillary formations. Deeper images in
Corneal sensitivity: Mean corneal sensitivity was sig- the papillary formations showed hyperreflective edematous
nificantly lower in the eyes of AKC patients with or without areas and lacunae with neutrophil infiltrates. Figure 6A-C show
topical CsA use than in the eyes of healthy control subjects amiterior segment photographs and confocal scanning micros-
shown in Figure 3 (p<0.05). copy findings of the upper palpebral conjunctiva from an AKC
Confocal scanning laser microscopy findings-inflamma- patient using only unpreserved topical 0.025% ketotifen fu-
tory cell densities: Conjunctival inflammatory cell densities marate g.i.d. and unpreserved topical 0.01% betamethasone
in eyes of AKC patients with topical CsA and without topicalq.i.d.

CsA as well as in normal control eyes were 888 cells/ Confocal images from AKC eyes with topical CsA dem-
mn?, 1448803 cells/mm, and 394158 cells/mm, respec- onstrated less inflammation on the surface of the papillary for-
tively. mations. Deeper images in the papillary formations showed

The mean conjunctival inflammatory cell density was sig{fibrosis and vascular neoformations with few inflammatory
nificantly lower in the controls and in the eyes with AKC us-infiltrates. Figure 7A-C show anterior segment photographs
ing topical CsA than in the AKC eyes without CsA drops asand confocal scanning microscopy findings of the upper palpe-
shown in Figure 4 (p<0.05). bral conjunctiva from an AKC patient on topical CsA. The

Correlation between corneal sensitivities, tear functions, Schirmer test score at the time of the examination of this sub-
vital staining scores, and conjunctival inflammatory cell den-  ject was 25 mm. The tear film break up time was 5 s and con-
sity: By Spearman correlation analysis, we found significanfocal inflammatory cell density was 587 cells/m@onfocal
positive correlations between inflammatory cell densities, conimages from another representative AKC patient on topical
junctival injection grades, and vital staining scores. A nega€sA demonstrated less inflammation on the surface of the
tive correlation was observed between tear film break-up timg@apillary formations. Deeper sections revealed extensive fi-
corneal sensitivity, and inflammatory cell densities of the conbrosis with lacunar spaces displaying no inflammatory infil-
junctiva. The Spearman correlation indices and the p value tfates. The Schirmer test score was 2 mm. The tear film break
significance are shown in Table 2. up time was 3 s and the confocal inflammatory cell density

Morphological observations of the conjunctival epithe-  was 556 cells/mi(Figure 7D-F). Confocal scans from an-
liumand papillary formations: We could identify either neu- other representative patient using topical CsA demonstrated
trophils (12-15u) or dendritic cells in the confocal scan im- less inflammation on the edges of the surface of the papillary
ages of all subjects. formations and dendritic cells. The Schirmer test score was 5

No papillary formations were observed in the control submm. The tear film break up time was 3 s and the confocal
jects. A few neutrophils dispersed in the conjunctival epitheinflammatory cell density was 250 cells/rh(figure 7H-J).
lium could be observed in all controls. No high reflectionsFigure 8A,B show the improvements in the injection and edema
suggesting edema or opacification were noted in the normaf the tarsal conjunctiva and the regression of papillary for-
control eyes. Figure 5A,B shows anterior segment photograpinsations in a patient with AKC who received eight weeks of
topical CsA drops in addition to the anti-allergic and steroid

Comeal sensitivity eye drops. Figure 8C,D show the improvements in the corneal

70 -

€0 2500 Inflammatory cell density
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El NE
= £ 1500
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20 & 1000

394.3
10 500
Normal AKC AKC 0 Normal AKC AKC
with CsA without CsA with CsA without CsA

Figure 3. Comparison of corneal sensitivity scores in atopic keratd-igure 4. Comparison of conjunctival inflammatory cell densities in
conjunctivitis patients and normal controls. Note the statisticallyatopic keratoconjunctivitis patients and normal controls. Note the
lower corneal sensitivity values in eyes with AKC compared to conhigher densities of conjunctival inflammatory cells in eyes with AKC
trol eyes. The asterisk denotes that p<0.05. compared to healthy control eyes. The asterisk denotes that p<0.05.
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epithelial surface with CsA treatment. Figure 8E,F show theonjunctiva [9]. The device has been applied to the investiga-
dramatic decrease in the conjunctival inflammatory cell infil-tion of the morphology of normal human ocular surface and
trates on the surface of the papillary formations and the fipathological alterations in dry eyes, diabetes, acanthamoeba
brotic response within the papillary formations. The pre- anderatitis, infectious corneal ulcers, herpetic keratitis, kerato-
post-treatment Schirmer test values were 15 mm and 12 moonus, aging, contact lens wear, and after refractive surgical
OD, respectively. The tear film break-up times before and afprocedures [10-19]. To the best of our knowledge, in vivo al-
ter topical CsA treatment were 1 s and 5 s. The confocal irterations of the conjunctiva by confocal laser scanning in pa-
flammatory cell densities before and after treatment were 178fents with AKC have not been previously reported.

cells/mnt and 95 cells/mi) respectively.

TABLE 2. CONJUNCTIVAL INFLAMMATION, TEAR FUNCTION, AND

DISCUSSION OCULAR SURFACE STATUS
Histopathologically, the tarsal conjunctival changes in AKC

have been reported as hyperplasia of the connective tisst Infiltrate den_suty (CSLM)
proliferative and degenerative changes in the epithelium, ar ?(‘)):f;g;;? correlation o value
prominent infiltration of the epithelium and substantia pro — -
pria consisting of eosinophils, lymphocytes, mast cells, mac Conjunctival 0.6552 0.0002
rophages, basophils, plasma cells, and dendritic cells. One Injection Grade

the 'most' spectacular evgnts in AKQ is the qvergrowth pf th Shirmer | 0.059 0.778
conjunctival connective tissue forming gelatinous, sessile pé g, 1 20.471 0.013*
pillae. In the deep layers of the conjunctiva, the collagen fi gy escein scores  0.522 0.005*
bers form a fibrous structure within the papilla. A prolifera- Rose Bengal scores 0.416 0.031*
tion of capillaries and vascular neoformations provides vas corneal sensitivity -0.439 0.028*

cular support to the papillae. Hyaline degeneration of the con-

junctival stroma has also been observed in the papillary le-

sions [8]. Invasive techniques such as brush cytology and coNete the significant positive correlations between conjunctival in-

junctival biopsies have been the source of such invaluable iflammatory cell densities and conjunctival injection grades, and ocular

formation in many studies. surface vital staining scores (the higher the inflammatory cell den-
The Confocal Rostock Scanning Laser Microscope?ity' the higher the conjunctival injection grades and the vital stain-

equipped with the Rostock Cornea Module is a new technod Scores). Note also the significant negative correlations between
quipp the conjunctival inflammatory cell densities, tear stability (BUT) and

ogy lgnapllng rl.apld’l nonmyaswe, hl]?th’EiOMtlon microstruce orneal sensitivity values (the higher the inflammatory cell density,
tural in vivo clinical examination of the human cornea anQye |oyer the the tear stability and the corneal sensitivity).

Figure 5. Conjuncival slit lamp photograph and confocal scan images from a normal control subject. Note the absency fuirpagiitbas
(A) and the few inflammatory cells dispersed in the conjunctical epithelium in the control sBhj@tbte the absence of highly reflective
areas suggesting fibrosis in the normal control eyes.
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To be able to provide more clues for the status of the coreorrelated, we found significantly lower break up time scores
junctival epithelium in AKC and to evaluate the ocular sur-in patients with higher confocal inflammatory cell densities.
face effects of two different treatment protocols, we performefRose-Bengal dye has been reported to stain those areas of the
corneal sensitivity measurements, tear film break up timegcular surface devoid of mucins, mainly MUC5AC, the gob-
Schirmer test, ocular surface vital stainings, and tarsal comet cell mucin which is believed to be important for the attain-
junctival confocal scanning laser microscopy in AKC patientsment of tear stability [22]. Conjunctival MUC5AC mRNA
receiving the same protocol of topical steroid and topical antiexpression has been reported to decrease in AKC patients with
allergic drops as well as in patients receiving the aforemersevere conjunctival inflammation [23]. In this study, we found
tioned protocol together with 0.05% topical cyclosporine g.i.dsignificantly higher Rose-Bengal scores in patients with higher
Additionally, we also compared the results with healthy noreonfocal scan inflammatory cell densities. Finally, we had an
mal controls. We found better tear stability, ocular surface viimportant observation that corneal sensitivity was significantly
tal staining, and corneal sensitivity scores in the group receiveduced in eyes with higher confocal inflammatory cell den-
ing topical cyclosporin eye drops when compared to the grougities. We recently reported that the density of corneal long
not using topical cyclosporin. Topical cyclosporin has beemerve fibers and nerve branchings were significantly lower in
found to be more effective in alleviating signs and symptom#&KC patients compared with healthy control subjects in con-
in severe refractory AKC than topical steroid treatments [3]focal laser scans. By confocal laser microscopy, we demon-
Weattribute the better ocular surface features in the AKC grougtrated numerous inflammatory cells in close vicinity of or on
receiving topical cyclosporin to the suppression of ocular suthe corneal subbasal and stromal nerves, which may explain
face inflammation as evidenced by the lower inflammatorythe lower corneal sensitivity scores in patients with AKC and
cell densities calculated from the confocal scan images. Waore severe ocular surface inflammation [24].
found significant positive correlations between conjunctival  In a previous study by us, we noted extensive ocular sur-
inflammatory cell density and ocular surface vital stainings atace inflammatory cell infiltration in AKC in brush cytology
well as significant negative correlations between corneal sesamples and also reported that not only the clinical tarsal con-
sitivity, tear stability, and inflammatory cell density, all of junctival findings but also the inflammatory cell numbers in
which support the contention that conjunctival inflammationbrush cytology specimens correlate with the severity of the
adversely affected tear functions and led to ocular surface eerneal lesions in AKC [25,26]. Our confocal microscopy in
thelial disease. We previously reported that the tear film breakivo observations noninvasively reconfirmed the role of con-
up time was significantly related to conjunctival goblet celljunctival inflammation in the ocular surface disease process
density in patients with AKC [20]. Goblet cells are known toand helped us to evaluate and compare the effects of different
be very sensitive to inflammation and decrease with highereatment protocols on the ocular surface in AKC.
grades of inflammation [21]. Although we did not perform Noteworthy observations were made on the architecture
conjunctival impression cytology in this study, it is our beliefand inflammation status of tarsal conjunctival papillae in in
that patients with higher inflammatory cell densities in confovivo confocal microscopy. We noted much more extensive in-
cal scans might have lower goblet cell densities, explaininfammatory cell infiltrates on the surface of the papillae and
the lower tear film break up time scores. Although weaklyin the lacunar spaces within the papillae along with stromal

Figure 6. Conjunctival slit lamp photograph and confocal scan images from a patient with atopic keratoconjunctivitis stetopicahd
topical anti-allergic only. The slit lamp photograph reveals cherry red injection of the tarsal conjuxict@an(focal images demonstrated
extensive inflammation on the surface of the papillary formatibhse @rrows;B). Deeper images in the papillary formations showed
hyperreflective edematous areas (black asterisks) and lacunae with inflammatory infilttegtas¢w; C).
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edema in AKC patients not using topical cyclosporin. Scantgcriptional activation of interleukin-2 and interleukin-4 genes
infiltrates in the papillae, dendritic cells, vascular loops, andn patients with organ transplantations, especially with kid-
prominent fibrotic response around lacunar spaces were feaey transplantation [27]. However, use of CsA is also known
tures observed in patients using topical cyclosporin. Lacundo be associated with renal fibrosis marked with extracellular
morphology within the papillae may represent areas of colmatrix accumulation. It has been reported that epithelial-mes-
lagen resorption during the remodeling processes or areasearichymal transition (EMT), a process where the epithelium
stromal degeneration. It was our impression that none of tHeses the epithelial markers and functions and acquires a more
patients who were not using topical cyclosporin had a fibrotidibroblastic phenotype, the myofibroblast, secretes profibrotic
papillary response and lacunar morphology to the extent wiactors [27]. CsA has also been reported to inhibit cytokine-
observed in the patients using topical cyclosporine, suggestiduced matrix metalloproteinase-9 in glomerular mesangial
ing the efficacy of treatment in attaining involution of the pap-cells, resulting in further accumulation of extracellular matrix
illary formations with in vivo evidence. Indeed, CsA has beertomponents [28]. CSA may be inducing EMT and fibrosis in
reported to be very effective in preventing T cell and tranthe conjunctival epithelium of patients with AKC, an issue

Figure 7. Conjunctival slit lamp photograph and confocal scan images from patients with atopic keratoconjunctivitis opdlogisatine.

Upper row:A: The slit lamp photograph reveals injection of the tarsal conjunctiva and papillary hyperBoglonfocal images demon-

strated less inflammation on the surface of the papillary formatimns §rrows).C: Deeper images in the papillary formations showed
fibrosis (pink arrow) and vascular neoformations (white arrows) with few inflammatory infilttétesa(row). Middle row: This row shows

the conjunctival slit lamp photograpB) and confocal scan images from another patient with AKC on topical cyclospbriete the

papillary hypertrophy and conjunctival hyperemia in the slit lamp photograph. Confocal images demonstrated less inflamthation on
surface of the papillary formationsi¢earrows).F: Deeper sections revealed extensive fibrgsis{narrows) with lacunar spaces displaying

no inflammatory infiltrates (pink triangles). Lower row: Conjunctival slit lamp photograph and confocal scan images isshamotiner

patient with AKC.H: Note the conjunctival hyperemia in the slit lamp photograph. Confocal scans demonstrated lesser inflammation on the
edges of the surface of the papillary formatidris€ arrows;l) and dendritic cellsb{ue arrows;J).
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that we have not found to be reported previously. Although  In summary, we reported the first in vivo confocal scan-
CsA has been reported to be safe and efficient in dry eye triaténg laser microscope study to elucidate the alterations of con-
[3], our in vivo confocal laser scan observations of subconfunctival morphology in AKC. Although the findings of this
junctival fibrosis should be kept in mind and stimulate thestudy may be limited by the number of subjects, it provides
physicians in the relevant specialties to closely follow up suchteresting new data regarding the architecture of the papil-
patients for subconjunctival fibrotic changes. lary formations in AKC and provides strong evidence for the

Figure 8. Pre- and post-treatment anterior segment photographs and confocal scan images from a patient with atopic kévétscsijign

topical cyclosporine A andB show the improvements in the injection and edema of the tarsal conjunctiva that is the regression of papillary
formations in a patient with AKC (refractory to steroid and anti-allergic eye drop for eight weeks) who received eight tege&al of
cyclosporine drops in addition to the anti-allergic and steroid eye @@siD show the improvements in the corneal epithelial damage with
cyclosporine treatmenE andF show the dramatic decrease in the conjunctival inflammatory cell infiltrates on the surface of the papillary
formations blue arrows) and the fibrotic response within the papillary formatigres=arrow).
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role of inflammation in the ocular surface disease procesdl
Although AKC patients who usually have a history of various
topical drug use at the time of first examination in many cen-
ters and of recruitment of untreated naive allergic conjuncl-2
tivitis or carrying out a wash out in a severe disease state presen
challenging issues, the tear functions, ocular surface status,
and scanning confocal microscopy of untreated naive atopig
ocular surfaces should be investigated in future studies. Fu-
ture studies may be directed at examining patients over time
to observe whether the changes in the papillary lesions pré4
cede or follow the progression of disease. A time-wise obser-
vation of the pathological alterations in the papilla in future
studies will increase our understanding about the developmem
of papillary lesions.
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