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Abstract

Purpose: Open-angle glaucoma associated with severe atopic dermatitis (atopic
glaucoma) tends to be severe and difficult to treat due to ocular surface/eye lid
inflammation. To determine the validity of regarding atopic glaucoma as a clinical
entity, we carried out retrospective analysis and pathological investigations. Methods:
45 cases (62 eyes) of atopic glaucoma were reviewed retrospectively. During surgical
treatment, aqueous humor and scleral specimens were obtained. The aqueous humor
samples were analyzed by multiplex cytokine assay. The surgical specimens were
analyzed histologically. Results: Atopic glaucoma was often associated with atopic
cataracts (43 eyes) and retinal detachments (19 eyes). A history of glucocorticoid
medications was absent in 12 cases. A total of 50 eyes required surgical interventions
due to advanced visual field defects and/or high intraocular pressures. Bleb associated
post-surgical infections were observed in 7 eyes. Elevated levels of inflammatory
cytokines (IL-8, and CCL2) were observed in the aqueous humor samples obtained
from atopic glaucoma patients compared to those from senile cataract patients.
Ultrastructural analysis of trabecular meshwork tissues obtained from atopic glaucoma
patients showed abnormal accumulation of 10-30 nm fibers in the corneoscleral
meshwork. Conclusion: We would like to propose atopic glaucoma as a new clinical
entity, ranging from pure atopic glaucoma to a mixed type of atopic/steroid-induced
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glaucoma, that should be considered one of the clinical features of atopic ocular
complications.
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controversy but consider this a good thing

few minor points:
Conclusion of the abstract. The statement is too emphatic. You should
propose a new clinical entity rather than saying 'is'

Thank you very much for your comment. As suggested, we changed the

conclusion to the following: We would like to propose atopic glaucoma as a new

clinical entity, ranging from pure atopic glaucoma to a mixed type of

atopic/steroid-induced glaucoma, that should be considered one of the clinical features

of atopic ocular complications.
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are well-recognized risk for secondary glaucoma. This should be
mentioned in the Discussion.
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Abstract

Purpose: Open-angle glaucoma associated with severe atopic dermatitis (atopic

glaucoma) tends to be severe and difficult to treat due to ocular surface/eye lid

inflammation. To determine the validity of regarding atopic glaucoma as a clinical entity,

we carried out retrospective analysis and pathological investigations. Methods: 45

cases (62 eyes) of atopic glaucoma were reviewed retrospectively. During surgical

treatment, aqueous humor and scleral specimens were obtained. The aqueous humor

samples were analyzed by multiplex cytokine assay. The surgical specimens were

analyzed histologically. Results: Atopic glaucoma was often associated with atopic

cataracts (43 eyes) and retinal detachments (19 eyes). A history of glucocorticoid

medications was absent in 12 cases. A total of 50 eyes required surgical interventions

due to advanced visual field defects and/or high intraocular pressures. Bleb associated

post-surgical infections were observed in 7 eyes. Elevated levels of inflammatory

cytokines (IL-8, and CCL2) were observed in the aqueous humor samples obtained

from atopic glaucoma patients compared to those from senile cataract patients.

Ultrastructural analysis of trabecular meshwork tissues obtained from atopic glaucoma

patients showed abnormal accumulation of 10-30 nm fibers in the corneoscleral

meshwork. Conclusion: We would like to propose atopic glaucoma as a new clinical




entity, ranging from pure atopic glaucoma to a mixed type of atopic/steroid-induced

glaucoma, that should be considered one of the clinical features of atopic ocular

complications.

Key Words: Glaucoma; Atopic dermatitis; Inflammation; Cytokines

Introduction

Ocular complications of atopic dermatitis such as atopic keratoconjunctivitis®, atopic
cataracts’ and retinal detachment®, are well recognized. Although the relationship
between atopic dermatitis and glaucoma was first suspected by Harris at 1960°, the
glaucoma associated with atopic dermatitis is often considered as an adverse effect of
glucocorticoids, which are widely used for treatment of severe atopic dermatitis.

We would like to propose atopic glaucoma as a clinical entity for the following reasons.
First, we experienced several patients with severe atopic dermatitis patients who had
advanced glaucoma, but who had been refusing for glucocorticoid therapy due to the
fear of adverse effects. Second, many atopic glaucoma patients showed had poor visual
outcomes due to severe glaucomatous optic nerve changes and the coexistence of other
atopy-related ocular complications like cataracts and retinal detachment. Third, atopic

glaucoma often requires surgical interventions due to high intraocular pressure, and



tends to be severe glaucoma because of scar formation at the ocular surface.

In this study we retrospectively analyzed 45 atopic glaucoma patients, and describe the

clinical features of atopic glaucoma. We also examined aqueous humor and trabecular

meshwork tissue obtained from atopic glaucoma patients to investigate the effects of

inflammation and status of aqueous outflow pathways.

Material and Methods

Patients

For this study, 45 patients with atopic glaucoma (62 eyes) were recruited from glaucoma

clinic in Juntendo University Hospital, the Japan Red Cross Society Medical Centre,

Kyoto Prefectural University Hospital, and the Hokkaido University Hospital in Japan.

Detailed clinical information of the patients is summarized in Table 1.

Atopic dermatitis is a pruritic, typical eczematous dermatitis and its symptoms

chronically fluctuate with remissions and relapses. All the patients had severe or very

severe atopic dermatitis according to the criteria of atopic dermatitis of the Japanese

Dermatological Society.5 In the criteria, rashes with severe inflammation are observed

on 10-30% of the body surface area in severe atopic dermatitis and more than 30% of

the body surface area in very severe atopic dermatitis. All the patients had severe

eczematous dermatitis on the face. Atopic glaucoma was defined as the presence of



severe or very severe atopic dermatitis with glaucomatous cupping having a vertical cup

ratio of >0.7 and/or notching or saucerization with compatible visual field loss and

IOP>21mmHg (Table 2). Clinical specimens (aqueous humor and trabecular meshwork

tissues) were obtained from patients during glaucoma surgery and/or cataract surgery

after receiving written informed consent. For aqueous humor analysis, we excluded the

samples from patients with glucocorticoid usage. All procedures were approved by the

ethical committee of Juntendo University, the Japan Red Cross Society Medical Centre,

Kyoto Prefectural University of Medicine, and Hokkaido University and the study was

conducted in accordance with the tenets of the Declaration of Helsinki.

Multiplex cytokine analysis of aqueous humor

Multiplex cytokine analysis was carried out using the Bio-Plex Pro custom-made

immunobeads assay (measuring IL-4, IL-5, IL-6, IL-8, IL-13, IFN-gamma, MCP-1, and

TNF-alpha) and Bio-Plex 200 suspension array system purchased from Bio-Rad

Laboratories Inc. (Hercules, CA), according to manufacturer’s protocols. The volume of

aqueous humor obtained from patients was 150-200ul, depending on the condition of

the eye. The aqueous humor was kept frozen until the multiplex cytokine analysis. For

multiplex assay, 50ul of aqueous humor was used in one well, and the analysis was

carried out in duplicate. All the samples were assayed together in one batch. Clinical



information on the patients is summarized in Table 3.

Ultrastructural analysis of trabecular meshwork tissue.

Ultrastructural analysis of trabecular meshwork tissue was carried out as previously
described.® In brief, blocks of human trabecular meshwork tissues obtained during TLE
surgery were fixed with a mixture of 1% formalin and 1% glutaraldehyde. We examined
3 trabecular meshwork tissue samples from atopic glaucoma patients (cases no 6, 7, and
11) and 18 specimens from primary open angle glaucoma (POAG) patients (17 to 84
years old, including three samples from patients with prior histories of cataract surgery).
The samples were embedded in epoxy resin and ultrathin sections were made. The
ultrathin sections were then examined using a transmission electron microscope
(JEM-1010; JEOL, Tokyo, Japan).

Results

Clinical characteristics of atopic glaucoma (Table 4)

Atopic glaucoma was often associated with atopic cataracts (43 eyes, 69.4%) and retinal
detachments (19 eyes, 30.6%). The onset of and surgery for cataract and retinal
detachment were before the onset of glaucoma. The typical gonioscopic finding for
atopic glaucoma was open angle without any specific changes. A history of

glucocorticoid medications was absent in 12 cases (14 eyes, 22.6%) and no recent usage



was noted for 6 cases (8 eyes, 12.9%), and the remaining cases used glucocorticoid

ointments. A total of 50 eyes (80.6 %) required surgical intervention (trabeculectomy,

trabeculotomy or tube implant surgery) due to advanced visual field defects and/or high

intraocular pressure, and multiple surgical procedures were carried out for 23 eyes

(37.1%). Bleb-associated post-surgical infections were observed in 7 eyes (11.3%). The

highest intraocular pressure was 39.4 + 8.8mmHg (mean + standard deviation).

Analysis of aqueous humor obtained from atopic glaucoma patients

High levels of three inflammatory cytokines (IL-6, IL-8, and CCL2) were detected in

the aqueous humor samples obtained from atopic glaucoma patients (n=5) compared to

those of control (senile cataract [n=9] and POAG [n=6]) patients. (Figure 1) The

concentrations of other cytokines (1L-4, IL-5, I1L-13, IFN-gamma and TNF-alpha) were

below the detection limit except for IFN-gamma (17.13pa/ml) in one sample from

patient No. 31, and IL-13 (1.75pa/ml) in a sample from patient No.42. The

Kruskall-Wallis test was employed to determine if there were significant differences in

the medians of IL-6, IL-8, and CCL2 among the 3 groups, i.e. atopic glaucoma, senile

cataract, and POAG. All pairwise comparisons were performed using the Wilcoxon rank

sum test. Any rank sum test with a p-value < 0.016666 (=.05/3) was judged statistically

significant (Bonferroni-corrected alpha). The IL-8 and CCL2 concentration of atopic



glaucoma samples were significantly higher than in senile cataract samples but there

was no significant difference between atopic glaucoma and POAG samples. There was

no significant difference in the IL-6 concentrations among the three groups. Statistical

analysis was performed using Stata/SE 11.2 for Windows (Statacorp, Texas, US).

Histological analysis of trabecular meshwork tissues obtained during surgery.

Ultrastructural analysis of trabecular meshwork tissue from atopic glaucoma patients

showed deposition of ‘electron-dense microtubules of 10-30nm’7 in the spaces of

corneoscleral meshwork and juxta-canalicular tissue (JCT). (Figure 2 and

Supplementary Figure 4, arrows). In POAG eyes, the 10-30 nm fibers (Figure 3B,

arrows) were observed in JCT, but mostly with elastic fibers (Figure 3B, open arrows)

and intermingled with granular materials (Figure 3B, arrowheads). Conspicuous

deposition of 10-30 nm fibers in the corneoscleral meshwork was observed in the

samples from atopic glaucoma patients. This abnormal accumulation of 10-30 nm fibers

was not observed in any of the samples obtained from POAG patients.

DISCUSSION

In this study we presented a case series of atopic glaucoma. Atopic glaucoma is

open-angle glaucoma associated with severe atopic dermatitis, and often associated with

atopic cataracts and/or retinal detachment and subsequent surgical treatments for




cataracts and/or retinal detachment. Of the 45 cases, 12 cases had no history of

glucocorticoid usage, and 6 were glucocorticoid free for more than 6 months at the time

of diagnosis (Table 1 and 4). In the remaining 27 cases, glucocorticoid ointment was

used but we excluded those cases showing an apparent relation between the

glucocorticoid usage and intraocular pressure.

Several clinical features of atopic glaucoma were noted: (1) frequent association with

middle-aged males (mean age 38.13, male:female ratio, 4:1), with a long history of

chronic atopic dermatitis, consistent with male-dominant occurrence of atopic retinal

detachment (male:female ratio, 1.75:1) in Japan3, (2) severe IOP elevation with

significant visual field loss and corresponding defects of retinal nerve

fiber/glaucomatous cupping was also observed (Supplementary Figure 3). The highest

intraocular pressure (IOP) among atopic glaucoma patients was 39.4 + 8.8mmHg, which

was higher than the average IOP of POAG patients in the Tajimi study (15.2-15.4mmHg,

115 subjects) 8 and the IOP of patients treated with intravitreal triamcinolone acetonide

(only 3 of 172 patients showed IOP>35mmHg, 3 months after injection).> Among our

45 cases of atopic glaucoma, both eyes were affected in 17 and the other 28 were

unilateral. As is the case of glaucoma in exfoliation syndrome 10, the fellow eyes of

atopic glaucoma may be affected subclinically. Considering the relatively young age of



atopic glaucoma patients, the rate of bilateral cases may increase further with aging.

Atopic glaucoma often requires surgical intervention. In some cases trabeculotomy

(TLO) is successful; however, re-elevation of IOP is common after TLO surgery due to

unknown reasons. This clinical feature is different from glucocorticoid-induced

glaucoma, which is generally well controlled by TLO surgery.it Complications of

trabeculectomy (TLE) are common among atopic glaucoma patients, and include

encapsulated blebs, leaking blebs, bleb infection, a reduced filtration due to fibrosis and

previous buckling surgery (Table 4, Supplementary Figure 1 and 2). The rate of bleb

infection for TLE with mitomycin-C among cases of atopic glaucoma (7 of 62 eyes,

11.3%) was higher than the reported incidence of bleb-related infections in POAG

(2.1-5.7%). 12 13

We found significantly higher IL-8 and CCL2 expression in the aqueous humor

samples obtained from atopic glaucoma patients than in those from patients with senile

cataracts (Figure 1). We excluded all the samples from the patients with a history of

glucocorticoid use, which may have affected the results of cytokine analysis. Since two

previous studies showed elevated IL-8 protein in the aqueous humor of POAG patients

compared to the control samples, 14 15 elevated IL-8 and CCL2 expression may represent

a common pathological pathway between atopic glaucoma and POAG. However,

10



considering inflammatory nature of atopic glaucoma, it was our surprise to find no

significant differences of IL-6, IL-8 and CCL2 expression between atopic glaucoma

patients and POAG patients (Figure 1). The large variations of IL-6 and CCL2

concentrations among the atopic glaucoma samples suggested that the IL-6 and CCL2

levels might be fluctuate depending on the disease stages (Figure 1). The limitations of

our cytokine assay were the relatively small number of samples and the lack of age and

gender matching between the cases and controls. In addition, there may have been

effects of prior ocular surgery because three of the five atopic glaucoma cases had prior

cataract and/or retinal detachment surgeries. Further cytokine assay is ongoing in our

laboratory to clarify the effects of glucocorticoid use, and of flare-up and remission of

atopic inflammation.

Ultrastructural analysis of trabecular meshwork tissue obtained from atopic glaucoma

patients showed deposition of electron-dense fibers with a diameter of around 10-30 nm

(Figure 2 and supplementary Figure 4, arrows). The same 10-30 nm fibers were found

in JCT and trabecular beams of POAG eyes (Figure 3, arrows). The abnormal 10-30 nm

fiber depositions in atopic glaucoma did not accompany the elastic fiber component,

whereas the 10-30nm fibers observed in the subendothelial spaces and trabecular beams

of the POAG samples accompanied elastic fibers (Figure 3B, open arrows). Originally

11



the 10-30nm filaments or fibers were called oxytalan filaments or electron-dense

filaments associated with elastic fibers.” These 10-30nm fibers were also reported as

“connecting fibrils” which connect between innerwall cells and ciliary muscle, and

serving as the ciliary muscle tendon.1¢ In the POAG eye, the 10-30 nm fibers also

intermingled with granular materials in the POAG eye (Figure 3B, arrowheads), which

are a component of the sheath of the elastic fibers and thought to be aging materials.16

Although the 10-30nm fibers may not be specific to atopic glaucoma, their abnormal

accumulation in the trabecular meshwork without an elastic fiber component might be

related to some pathological feature of atopic glaucoma. It also should be noted that

these *10-30 nm electron-dense fibers’ were different from the ‘fingerprint-like arranged

material resembling basement membranes’ observed in glucocorticoid-induced

glaucoma.1?

In conclusion, we would like to propose atopic glaucoma as a clinical entity. Although

there is a spectrum of diseases from pure atopic glaucoma to a mixed/overlapping type

with glucocorticoid induced-glaucoma (Figure 4), atopic glaucoma tends to be severe

glaucoma associated with inflammatory responses.

Acknowledgements: The authors thank Prof. Julian M. Hopkin (Swansea University,
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Figure Legends

Figure 1. Cytokine analysis of agueous humor

Parallel box plots of cytokine concentrations of aqueous humor are shown. Significantly

higher 1L-8 and CCL2 expression is observed in the aqueous humor samples obtained

from atopic glaucoma patients (n=5) than in the samples obtained from senile cataracts

(n=9) (Bonferroni-adjusted p-value: p<005), but no significant difference was

observed between atopic glaucoma and POAG patients (n=6). No significant difference

was observed for IL-6 expression among the three groups (Kruskal-Wallis multiple

comparison: p-value=NS).

Figure 2. Ultrastructural analysis of a trabeculectomy specimen from the atopic

glaucoma patient

Transmission electron microscopy photographs of inner-wall cells of Schlemm’s canal

and the juxtacanalicular meshwork (JCT). A tissue sample obtained during a

trabeculectomy (TLE) operation (case no. 7 in Table 2) was analyzed. Toluidine blue

staining of the TLE specimen (A) and transmission electron microscope (TEM) images

(B, C, D) of the trabecular meshwork tissue are shown. Increased magnifications of the

13



boxed area are shown in the order A to D. 10-30nm microtubules are indicated by

arrows (D). S: Schlemm’s canal.

Figure 3. Ultrastructural analysis of a trabeculectomy specimen from a POAG

patient

Ultrastructural analysis of a trabeculetomy specimen from a POAG patient (61 years old,

male) Transmission electron microscopy photographs of Schlemm’s canal (S) and the

trabecular meshwork. Figure 3B is a large magnification of the boxed area in Figure 3A.

Elastic fibers (open arrows in Figs. A and B) are observed in the juxta-canalicular

meshwork and the trabecular beams in the corneoscleral meshwork. In higher

magnification (Figure B), 10-30nm fibers (small arrows) are clearly seen adjacent to the

elastic fibers (open arrow) and granular materials (arrowheads).

Figure 4. Concept of atopic glaucoma and overlapping with glucocorticoid-induced

glaucoma

Atopic glaucoma can appear as pure atopic glaucoma to mixed

atopic/glucocorticoid-induced glaucoma. In the pure form of atopic glaucoma, the

atopic dermatitis tends to be severe, often accompanied by atopic cataract and retinal

detachment, and no history of glucocorticoid usage.

14
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Table 1
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Table 1. Clinical characters of the atopic glaucoma patients

Total subjects

Mean age
Male:Female ratio
Affected eyes
Cataracts

Retinal Detachment
Atopic Dermatitis
Glucocorticoid usage

45 (62 eyes)
38.13 (17-68y)
4:1
Bilateral:17, Right only: 18, Left only:10
43 eyes ( both eyes, 18; unilateral, 7)
19 eyes ( both eyes, 5; unilateral, 9)
Very Severe: 35 cases, Severe: 10 cases
27 cases: Topical glucocorticoid
12 cases: No history of glucocorticoid usage
6 cases: More than 6_months of wash period
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Table 2
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Table 2. Diagnostic criteria of Atopic glaucoma

1. Presence of severe or very severe atopic dermatitis, including on their face

Glaucomatous cupping having a vertical cup ratio of > 0.7 and/or notching or saucerization
Presence of compatible visual field loss

IOP>21mmHg

No apparent relation between glucocorticoid usage and intraocular pressure
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Table 3
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Table 3. Clinical information of aqueous humor analysis

Sex Mean age
Atopic glaucoma 5 males 41.2 (27-50y) (Patients 30, 31, 32,42, 44)
POAG 3 males and 3 females 63.0 (46-91y)

Senile cataract 3 males and 6 females 69.3 (58-77y)
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Table 4
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Table 4. Clinkeal Information of the atapic glaucoma patients
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Supplemental Data File (tif, pdf, etc., PDF Preferred)
Click here to download Supplemental Data File (tif, pdf, etc., PDF Preferred): Supplementary Figures 1-4.docx
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