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Purpose: This report aims to document a long-term follow-up of a rare case of Brown-McLean syndrome where
high-density central corneal endothelial cells (CECs) were maintained, yet the peripheral area developed corneal
edema.

Observations: A 72-year-old Japanese male was referred to our hospital. He had a history of three instances of
rhegmatogenous retinal detachment in the right eye, requiring three intraocular surgeries. While the circum-
ferential corneal peripheral regions, predominantly in the nasal and temporal areas, exhibited corneal edema, the
central region remained clear. The central corneal thickness was measured at 541 pm, and the thickness in the
nasal and temporal regions exceeded 700 pm. CEC density at the center was determined to be 2499 cells/mm?
using a non-contact specular microscope, but imaging of the nasal and temporal cornea was obscure due to
corneal edema. Panoramic images of the corneal endothelial layer, captured via slit-scanning wide-field contact
specular microscopy, showed a high-density and uniform distribution of cells across the clear corneal region,
close to the border between edematous and non-edematous areas. Twelve years after the initial visit, the central
cornea maintained its transparency and a CEC density of 2456 cells/mm?. Despite the entire peripheral corneal
edema, there was no noted deterioration from twelve years prior. The annual reduction in central cornea CECs
was a mere 0.09 %.

Conclusions and importance: This case implies the unintended formation of a biological barrier at the border or a
possible lack of CEC affinity of centrifugal movement, among other unidentified factors. Such factors may hinder
the migration of CECs from the central to the peripheral regions of the cornea, a discovery that is crucial for
advancing our knowledge of corneal endothelial biology and exploring new treatment options.

1. Introduction

Corneal endothelial cells (CECs) are pivotal in maintaining corneal
transparency by regulating the fluid exchange between the aqueous
humor and the corneal stroma, a process essential for the homeostasis of
corneal clarity. CECs exhibit limited proliferative capacity.? A reduc-
tion in their density below 400 cells/mm?, often due to surgical trauma
from intraocular procedures or diseases like Fuchs endothelial corneal
dystrophy, can result in corneal endothelial dysfunction.®* This may
progress to central corneal endothelial failure, causing significant visual
impairment. While such scenarios are common, instances of peripheral
corneal edema are rare. Brown-McLean Syndrome (BMS)® is one such
condition, thought to be linked to intracapsular cataract extraction or
multiple intraocular surgeries. Although literature indicates that the
central cornea in BMS remains clear for a prolonged period,’ ® there is a

lack of detailed, long-term follow-up or theoretical explanation of its
endothelial behavior.

Understanding the in vivo distribution of CECs is vital for compre-
hending their kinetics and pathology. Traditional methods like non-
contact specular microscopy or confocal microscopy provide limited
insights into CEC characteristics, such as cell size and morphology, due
to their restricted area coverage and discontinuous nature.” '’ In
contrast, slit-scanning wide-field contact specular microscopy allows for
the observation of a continuous, wide-field area. This technique facili-
tates the creation of panoramic images, enabling comparative analysis of
central and peripheral regions and offering a more comprehensive un-
derstanding of CEC distribution and behavior.

Therefore, employing this advanced imaging technology, this BMS
case report seeks to illuminate a unique CEC manifestation. In this
instance, despite the high CEC density maintaining central corneal
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clarity, the surrounding 360-degree peripheral corneal area developed
edema without any observable CEC image. Remarkably, this high CEC
density in the central cornea has been maintained for over twelve years
since the initial consultation.

2. Case report

A 72-year-old Japanese male was referred to the Department of
Ophthalmology at Kyoto Prefectural University of Medicine, Kyoto,
Japan, in April 2012. He had experienced rhegmatogenous retinal de-
tachments in his right eye over 50 years ago, and underwent three
intraocular surgeries 40 to 35 years ago, resulting in an aphakic eye with
iris damage, and corneal edema developed around 2005. Additionally,
he developed corneal edema accompanied by epithelial bullae around
the entire peripheral cornea, predominantly in the nasal and temporal
regions (Fig. 1A B). The central cornea thickness measured 541 pm,
while the thickness in the nasal and temporal mid-peripheral region
exceeded 700 pm by use of a rotating Scheimpflug imaging-system
camera (Pentacam HR; Oculus Optikgerate GmbH). The CEC density
was assessed at 2499 cells/mm? without any guttae appearance by non-
contact specular microscope (EM-4000™ Tomey Corporation, Japan).
However, the specular microscopic image at the nasal and temporal
cornea was obscured due to the corneal edema. A panoramic image
captured by a slit-scanning wide-field contact specular microscope
(CellChek™; Konan Medical, Japan) revealed high CEC density and
uniform cell distribution in the clear cornea regions, extending up to the
border between the edematous and non-edematous areas (Fig. 2). The
best correct visual acuity and the intraocular pressure (IOP) in his right
eye were 20/80, and 10 mmHg. The cornea and IOP in his left eye were
within normal range.

Twelve years following the initial consultation, the central region of
the cornea continued to exhibit transparency, with a CEC density of
2456 cells/mm? without cornea guttae. Despite the presence of pe-
ripheral corneal edema, there was no deterioration compared to the
state twelve years prior (Fig. 1C D). Remarkably, the annual reduction
rate of CECs in the central cornea was 0.09 % (Fig. 3), indicating a
minimal decrease in CEC density and suggesting a stable environment in

Fig. 1. Slit-lamp photographs of the right eye at the initial referral visit and
twelve years later. At initial visit, the central part of the cornea showed no
edema, while peripheral corneal edema was evident (A, B). Initially, the central
cornea measured 541 pm in thickness, and the peripheral cornea exceeded 700
pm. Twelve years later, the photographs revealed no progression in the corneal
edema (C, D). The central cornea thickness was 557 pm, while the peripheral
thickness remained over 700 pm.
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the anterior chamber. Notably, no migration of cells into the edematous
peripheral corneal area was observed.

3. Discussion

We encountered a rare case of BMS where, despite the presence of
corneal edema in the peripheral region, the central CEC density
remained high, thus preserving corneal transparency. Impressively,
even after twelve years, both the transparency and CEC density in the
central region were maintained, with no further progression of edema in
the peripheral region.

In this study, we observed that while the center of cornea remained
transparent, the peripheral cornea exhibited edema due to corneal
endothelial failure. Commonly, an enlargement or undetectable image
of CECs is first observed in the central region in Fuchs endothelial
corneal dystrophy. This led us to hypothesize a gradual decrease in CEC
density from the center towards the periphery. Contrary to our expec-
tations, however, we found that high-density CECs were present not only
in the center but also in the mid-periphery via non-contact specular
microscope.

Using a slit-scanning wide-field contact specular microscope, we
were able to capture continuous wide-field images from one edge of the
cornea to the other, provided that corneal transparency is maintained. In
this particular case, CEC density exceeded 2000 cells/mm? in all trans-
parent regions, including the area close to the border between edema-
tous and non-edematous regions. This was observed despite the
speculated endothelial cell damage on both the nasal and temporal side.
Significantly, the observation revealed a consistent, high-density dis-
tribution of CECs within the border, yet the likelihood of this being
sustained through cell proliferation appears improbable.

According to various studies,'>'* significant regional differences in
endothelial cell density have been noted for several years post-cataract
surgery. This evidence indicates that heterogeneity in CEC distribution
in vivo can occur and be sustained following acute CEC loss due to
factors like cell migration, even in the absence of significant cell pro-
liferation. CEC confluence is typically maintained by contact inhibition,
which is demarcated by Schwalbe’s line in normal subjects,'® marking
the corneal border and the termination of Descemet’s membrane. In this
case, we hypothesize that a Schwalbe’s line-like structure might have
inadvertently formed in the peripheral area or that the presence of
disintegrated cells could be preventing the migration of CECs from the
center to the periphery. Alternatively, the other hypothesis is that CECs
may be a preferable movement of centripetal, but not centrifugal.

4. Conclusions

This case introduces the possibility of a biological structure similar to
Schwalbe’s line having developed in the peripheral area, or that CECs
may exhibit a preference for centripetal movement, or other unknown
factors. Should the former scenario be confirmed, it presents the
intriguing potential of intentionally creating a comparable mechanical
barrier in future therapeutic approaches. In the context of endothelial
biology, it is crucial to explore the underlying reasons for the impaired
migration of CECs from the central to the peripheral regions.

Patient consent

Consent to publish this case report has been obtained from the pa-
tient in writing. This report does not contain any personal information
that could lead to the identification of the patient. The protocols of this
study were approved by the Institutional Review Board and the Ethics
Committee of Kyoto Prefectural University of Medicine (Approval No.
ERB-C-1235-3), and all procedures were performed in accordance with
the tenets set forth in the Declaration of Helsinki.
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Fig. 2. Representative panoramic images created by a slit-scanning wide-field contact specular microscope (CellChek™; Konan Medical, Japan) (A). Magnified
images showcase the nasal peripheral (B), central (C), and temporal peripheral (D) regions. The peripheral regions are close to the border of the corneal edema (Scale

bar = 100 pm).
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Fig. 3. Annual central CEC density monitored from the initial visit through
twelve years later. This analysis was conducted using non-contact specular
microscopy images (EM-4000 Tomey Corporation) (A). The image at the initial
visit in 2012 (B), 2015 (C), 2018 (D), and 2021 (E). CEC density was 2499,
2601, 2609, and 2706 cells/mm?, respectively.
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