NONCONTACT IN VIVO CONFOCAL LASER SCANNING MICROSCOPY OF EXFOLIATION SYNDROME
BY Zaher Sheity MD,* Pat-Michael Palmiero MD, Celso Tello MD, Jeffrey M. Liebmann MD, AND Robert Ritch MD

ABSTRACT

Purpose: To visualize structural alterations of the cornea, iris, and lens in patients with exfoliation syndrome (XFS) using a
noncontact in vivo laser scanning confocal microscope and to correlate these with the clinical features.

Methods: The cornea, iris, and lens of 30 eyes with XFS were imaged using the Rostock Cornea Module of Heidelberg Retina
Tomograph 11 (50x noncontact Nikon lens, an estimated 1 to 2 pm transverse resolution, 500x500-um field of view). Serial transverse
section images, as well as anterior segment photographs, were taken and analyzed.

Results: The corneal stroma and endothelium of 19 eyes (63%) showed different amounts and sizes of scattered small hyperreflective
deposits. The irides revealed hyperreflective deposits on the anterior outer surfaces and/or pupillary margin corresponding to
exfoliation material (XFM) and/or pigment granules. The anterior lens capsule showed varying degrees of peripupillary fibrillar
hyperreflective deposits, hyperreflective areas with apparent epithelial cells centrally, and uniform epithelial cells in the clear
intermediate zone. On the anterior capsule in 4 pseudophakic eyes, XFM appeared as hyperreflective round deposits. Hyperreflective
floating deposits were seen in the aqueous humor in the pupillary region of the posterior chamber of 6 eyes (20%).

Conclusions: Noncontact in vivo confocal microscopy permits visualization of XFM in the cornea, iris, and lens. This new technique
may improve early detection of anterior segment abnormalities by providing information about subclinical cellular pathology, such as
early pregranular XFS.
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INTRODUCTION

In vivo scanning laser confocal microscopy is a noninvasive technique that provides 1- to 2-pum resolution of anterior segment tissues.
It collects serial section images within a specific thickness.*® The Rostock Cornea Module (RCM) uses laser scanning technology and
originally consisted of a contact lens system attachment to the Heidelberg Retina Tomograph (I1). The distance from the cornea to the
microscope is stabilized by a single-use contact element.* The contact RCM, with 800x magnification and a 250- to 400-pm field of
view, can successfully visualize cellular changes in such conditions as pterygium, keratoconjunctivitis, keratitis, and corneal
dystrophies.>?

Exfoliation syndrome (XFS) is an age-related disease characterized by the production and progressive accumulation of an
abnormal, fibrillar extracellular material in virtually all tissues of the anterior segment and in many extraocular tissues and connective
tissue portions of various visceral organs.???® Exfoliation material (XFM) is found by electron microscopy and indirect
immunofluorescence in the stromal connective tissue of the conjunctiva, ciliary body, and iris; iris dilator muscle; and basement
membrane of the corneal epithelium, pigmented ciliary epithelium, and lens capsule.”® The presence of XFM on the anterior lens
surface is the most consistent and important clinical diagnostic feature of XFS. Subclinical XFM and/or XFM-related changes in the
conjunctiva, lens capsule, and zonules have been reported in the unaffected eye of patients with clinically unilateral XFS by electron
microscopy and ultrasound biomicroscopy.**3

The contact RCM cannot image intraocular tissues because of its limited working distance (1.5 mm). The need to examine
intraocular tissue has led to the development of a novel noncontact lens prototype. The noncontact RCM, with a working distance of
13.8 mm, is less affected by anatomic lid barriers and is able to visualize ocular surface tissues as well as anterior segment structures
up to the posterior lens capsule. We successfully used this lens prototype to image filtering blebs (Sbeity Z et al., Association for
Research in Vision and Ophthalmology, 2008, Abstract 826) and minute anatomic changes in such anterior segment disorders as
pigment dispersion syndrome and uveitis (Sbeity Z et al., World Ophthalmology Congress, 2008, Abstract).

To our knowledge, no prospective study has been done to screen the corneal layers, iris, and lens in patients with XFS using this
new device. We determined the ability of this prototype to image in vivo anatomic microstructural alterations in XFS and correlated
these with the clinical findings.

METHODS

The cornea, iris, and lens of eyes with XFS were imaged using the noncontact RCM of the Heidelberg Retina Tomograph 1l
(Heidelberg Engineering Inc, Dossenheim, Germany). The study was approved by the Institutional Review Board of The New York
Eye and Ear Infirmary and followed the tenets of the Declaration of Helsinki. All patients underwent a complete ophthalmic
examination. The diagnosis of XFS was made by visualizing XFM on the anterior lens surface and/or pupillary margin on slit-lamp
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biomicroscopy following pupillary dilation. All phakic eyes had the classic pattern of 3 distinct zones (homogeneous central disc,
intermediate clear zone, and peripheral granular zone). Pseudophakic eyes had remnants of XFM on their pupillary borders.

A 50x noncontact objective lens (Nikon, CF plan 0.45) with a working distance of 13.8 mm, an estimated 1- to 2-um transverse
resolution, and 500x500-um field of view (Figure 1) was used.” Serial transverse (parallel to the cornea, iris, and anterior lens capsule)
and oblique section images, in addition to slit-lamp photographs, were taken and analyzed. Patients were instructed to look straight
ahead, and images of all corneal layers were taken with the focal plane parallel to the central cornea. A z-axis drive knob was used to
advance the focal plane from the corneal epithelium to endothelium. The focal plane was then moved to visualize the central and
midperipheral iris (pupillary margin was first imaged to confirm the location of the focal plane on the iris) and then further advanced
to screen the anterior lens capsule and lens. While positioned at the anterior lens capsule, the focal plane was moved horizontally and
vertically to screen for XFM in all 4 directions. For optimal visualization of the lens, patients with miotic pupils were given mydriatics
before imaging. Alternatively, a darkened room was used for patients who had reactive pupils. A minimum of 3 scans consisting of
100 transverse section images were taken of the cornea, iris, and lens. All captured images were saved digitally in a video mode.

FIGURE 1

Noncontact Rostock Cornea Module: A 50x Nikon lens with 13.8-mm working distance and
500x500-um field of view is attached to the Heidelberg Retina Tomograph (HRTII).

RESULTS

Thirty consecutive eyes of 17 patients (12 females, 5 males) with unilateral or bilateral XFS were enrolled. The mean age was 73.1 £
10.1 years (range, 55-94 years). Twenty-one eyes (70%) had exfoliative glaucoma or ocular hypertension and were being treated with
antiglaucoma medications (Table 1). Thirteen patients had bilateral XFS, and 8 eyes were pseudophakic with remnants of XFM on
their pupillary borders seen biomicroscopically. All patients had clinically unremarkable corneas.

TABLE 1. DEMOGRAPHIC INFORMATION FOR
PATIENTS WITH EXFOLIATION SYNDROME

Gender
Male 5
Female 12
Race
White 17
Black 0
Hispanic 0
Age (yr)
Mean (£SD) 73.1+10.1
Range 55-94
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CORNEA

The corneal endothelium of 19 eyes (63%) revealed different degrees of round, pleomorphic, hyperreflective dots scattered throughout
the endothelium (Figure 2, top). This finding was also detected in both eyes of 2 patients with clinically unilateral XFS. Two of the 19
eyes demonstrated hyperreflective fibrillar particles in the subepithelial anterior stroma (Figure 2, middle). No eyes had clinical
evidence of corneal endothelial changes on slit-lamp biomicroscopy. One patient with bilateral XFS had a relatively thickened,
slightly tortuous nerve plexus in the central anterior stroma bilaterally, which was more prominent in the eye with greater
glaucomatous optic neuropathy (Figure 2, bottom). Few eyes demonstrated early degrees of corneal endothelial polymegathism,
guttata, and/or reduced cell counts (Table 2). The noncontact RCM images of the corneal layers in 11 eyes were unremarkable.

FIGURE 2

Top panel, A healthy cornea of a patient
with XFS showing scattered
hyperreflective deposits of different sizes
(arrows) in the posterior stroma and the
endothelium (left and middle images).
Image of a healthy cornea in another
patient ~ with no  evidence of
hyperreflective deposits (right image).
Middle panel, A healthy cornea of a
patient with XFS revealing
hyperreflective fibrillar structure in the
anterior stroma (arrow) with scattered,
tiny hyperreflective deposits. Bottom
panel, The anterior stroma of a patient
with XFS showing a bilateral thickened
nerve plexus (white arrows) in all 3
images and a slightly tortuous normal-
sized nerve loop (black arrow) in the
anterior stroma (left image).

IRIS

The anterior iris surface in most eyes revealed sparse, scattered, hyperreflective deposits of different sizes, presumably corresponding
to both dispersed pigment granules and XFM (Figure 3, row 1). The XFM and intact pigmentary ruff found on the pupillary margin
were demonstrated as hyperreflective material (Figure 3, row 2). Regions of iris atrophy over the sphincter muscles were displayed as
large hyporeflective, dark areas signifying reduced connective tissue when imaged by the noncontact RCM (Figure 3, row 3). Deep
stromal iris vessels filled with fine hyperreflective dots were seen only sporadically in some XFS patients (Figure 3, row 4). Imaging
of iris vessels was technically difficult because of abrupt saccadic eye movements and absence of scan depth information. Also, the
increased incidence of iris small vessel obstruction in patients with XFS may play a pivotal role in the ability of RCM to detect iris
blood vessels.
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TABLE 2. CONFOCAL MICROSCOPY FINDINGS IN 30 EYES WITH EXFOLIATION SYNDROME

CORNEA IRIS POSTERIOR LENS CAPSULE LENS
CHAMBER
Scattered pleomorphic HDs  HDs on the pupillary HDs in the Fibrillary HDs Hyporeflective

in the endothelium and border
(19/30) and iris surface

area (10/30)

posterior stroma (19/30)

Thickened subepithelial
nerve plexus (2/30)

Hyporeflective areas at the

pupillary area
(6/30)

adjacent to normal
epithelial cells (22/30)  hyperreflective

spaces (10/30),

dense fibers

Central homogenous (4/30)
hyperreflective

material with

pupillary ruff Smooth IOL
Pleomorphic and hidden epithelial cells  gyrface with
polymegathic endothelial (22/30) HDs on the
cells (5/30) anterior capsule
(4/6)
HD, hyperreflexive deposit; IOL, intraocular lens.
FIGURE 3
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Row 1, Multiple hyperreflective
deposits (arrows) on the anterior iris
surface of a patient with XFS
corresponding to pigment granules
(right image) and XFM (left image).
Row 2, The exfoliation material on the
pupillary margin demonstrated
hyperreflectivity ~ (arrows)  when
imaged by noncontact RCM (left
image). Row 3, Unlike the normal iris
(left image), the iris sphincter area of a
patient with XFS shows hyporeflective
spaces and reduced connective tissue
(arrows, middle image); the pupillary
border (arrow head) is thin and
without a pigment ruff (right image).
Row 4, A deep stromal iris vessel
(arrow) filled with tiny hyperreflective
dots (*) corresponding to red blood
cells seen in 2 consecutive images of
the iris of a patient with XFS.
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LENS

Imaging of the anterior lens capsule with the classic 3-zone pattern of XFM distribution revealed (1) different extents of
hyperreflective, fibrillar, peripupillary deposits (granular peripheral zone); (2) homogenous, hyperreflective areas and hidden
(covered) epithelial cells centrally (central disc); and (3) uniform epithelial cells in the intermediate zone (clear zone; Figure 4, top).
The unaffected eye of patients with clinically unilateral XFS showed either a normal lens capsule or signs of possible early
pregranular changes (Figure 4, bottom). Remnants of XFM deposits on the peripupillary anterior capsule in a pseudophakic eye
revealed hyperreflective round deposits (Figure 5). While imaging the anterior capsule in 6 eyes (5 phakic and 1 pseudophakic), we
noted multiple floating hyperreflective dots of different sizes in the pupillary area of the posterior chamber corresponding to either
liberated XFM or pigment granules (Figure 5). All 6 eyes had glaucoma and were being treated with hypotensive medication with no
signs of pigment cells in their anterior and posterior chambers on slit-lamp biomicroscopy. Unfortunately, there were no images taken
both before and after pupillary dilation to study the effect of this on these floating particles. Pupillary dilation was thought not to be a
factor in inducing these floating deposits, as 3 of these eyes were not dilated when imaged. Imaging the cataractous lenses
demonstrated hyperreflective, dense cortical fibers with multiple large hyporeflective cavitations. This corresponded to the vacuoles
seen clinically (Figure 6). The noncontact RCM could also visualize intraocular lenses. In all pseudophakic eyes the central optic of
the IOL showed a smooth surface with few scratches and no evidence of hyperreflective deposits (Figure 6).

'g.ént.ral disc

Intermediate zone | T
Granular Clear

—  Hyperreflective fibrills 6 “zone

FIGURE 4

Top, Images of the 3 zones of exfoliation material accumulation on the anterior lens capsule; unlike the
intermediate zone, the granular zones and the central disc are hyperreflective. Bottom, Image of anterior lens
capsule epithelial cells in the unaffected eye of a patient with clinically unilateral XFS (left). The right image
shows presumably early pregranular XFM (arrows).
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FIGURE 5

Hyperreflective round deposits (arrows) shown on the anterior lens capsule of a pseudophakic eye (left image), and on
the lens and in the posterior chamber (middle and right images). A large dendritic-like hyperreflective structure in the
posterior chamber is presumably an inflammatory cell or a large melanocyte (arrow, right image).
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FIGURE 6

Cataractous lens showing large
hyporeflective spaces (vacuoles;
asterisk upper left image) and
dense hyperreflective cortical
fibers (arrow, upper right
image). Image of the optic of a
lens implant (lower left) shows
a smooth surface with few
superficial scratches (arrow).
Note the circular lines in the
confocal image which are
characteristic of a multifocal
diffractive IOL (lower right).
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DISCUSSION

In a single patient with bilateral XFS and clinically healthy corneas, Martone and associates®® found small hyperreflective corneal
endothelial cell deposits, polymegathism, and pleomorphism using the contact RCM. They concluded that these deposits corresponded
to subclinical XFM. In the study reported here, biomicroscopic XFM and pigment granules on the lens and iris were visualized as
hyperreflective deposits when imaged by the noncontact RCM of 30 eyes with XFS and clinically unremarkable corneas. Nineteen
(63%) had variable degrees of hyperreflective deposits in either the anterior corneal stroma and/or the endothelium. We presume that
these deposits correspond to subclinical XFM, as they were very tiny (smaller than an endothelial cell) and irregular in shape. The
incidence of subclinical corneal XFM in our patients (63%) is similar to that of microscopic XFM in the anterior lens capsule of the
unaffected eye of patients with clinically unilateral XFS.** The conjunctiva and iris of eyes of patients suspected of having XFS or of
the unaffected eyes of patients with unilateral XFS have evidenced a similar or somewhat greater incidence of subclinical XFM by
electron microscopy.*** It would be interesting to know the incidence of hyperreflective corneal deposits in controls, in patients
suspected of having XFS, and in the companion eye of a larger group of patients with unilateral XFS. Although thickened nerve
plexuses are not typically seen in XFS, reduced corneal sensitivity has been reported as a sign of exfoliative keratopathy.*”*
Thickened corneal nerves are usually present in isolated ocular conditions (keratoconus, Fuchs dystrophy, herpes keratitis) as well as
in systemic disorders such as congenital ichthyosis, Refsum disease, multiple endocrine neoplasia, and leprosy.” Contact RCM
imaging of stromal and subepithelial nerves in leprosy reveals both thickened stromal nerves and thin, tortuous, and beaded basal
nerves.*" In our patient, the RCM images of the thickened nerves were bilateral but asymmetric. The patient had no history of any
other ocular or systemic disease and had cataract surgery in one eye. Whether this is an isolated nonspecific finding or whether
thickened nerve plexuses may be more frequent in patients with XFS requires further study.

Two patients had large, hyperreflective cellular structures (dendritic-like cells) in the aqueous of the posterior chamber,
presumably inflammatory cells or large melanocytes (Figure 5, right image), consisent with a suggested role of inflammation in the
pathogenesis of XFS.* Liberation of pigment granules and XFM in the posterior chamber is an important risk for intraocular pressure
spikes in patients with XFS. Slit-lamp biomicroscopy is sufficient to detect pigment liberation in the anterior chamber of eyes with
XFS after pupillary dilation. The noncontact RCM may help detect liberated pigment or XFM in the posterior chamber, where these
particles are almost impossible to see by slit-lamp biomicroscopy. We detected these in 6 eyes. Noncontact RCM easily detected XFM
on the lens and possible lens epithelial changes related to early pregranular changes. This should allow earlier diagnosis of XFS.
Scheimpflug photographic imaging of the anterior lens capsule of patients with XFS has also been considered diagnostically useful.*®

The quality of corneal images obtained using the noncontact lens was satisfactory and comparable to that of images taken using the
contact lens. The use of artificial tears or lubricant gels can reduce strong surface reflections and optimize image quality by balancing
refractive index differences. Technical issues such as gain, time lag, and a minimally oblique scan may still contribute to histologic-
microscopic discrepancies. The inability to determine the approximate depth of the focal plane adds another limitation to the
noncontact RCM. We used common ocular structures such as the central cornea and pupillary borders to assist in image localization.
The noncontact RCM provides a novel method of examining cellular alterations in XFS between the cornea and the lens, as well as
identifying other anterior segment ocular pathology. To date, ex vivo histology remains the gold standard and only reliable method of
diagnosing and differentiating microstructural abnormalities and in detecting subclinical disorders. This new in vivo technology may
hopefully now be used to screen for cellular abnormalities.

In conclusion, the noncontact RCM permits visualization of microstructural abnormalities within the cornea, iris, and lens. This
promising, rapid, noncontact imaging technique could improve early detection of anterior segment pathology by delivering
information about the cellular and subcellular tissues in subclinical abnormalities, such as pregranular exfoliation syndrome. This
approach needs to be further studied and optimized for imaging intraocular tissues and determining the depth of the focal plane.
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PEER DISCUSSION

DR. DON MINCKLER: It has been a pleasure and a privilege to review and discuss this paper describing the first clinical application
of non-contact in vivo laser scanning microscopy in exfoliation syndrome (XFS) patients, extending the depth of tissue analysis
possible with contact confocal imaging. The authors modified the optical system of a corneal module (Heidelberg Retina Tomograph
I1) to allow non-contact imaging of the anterior segment with estimated transverse resolution of 1-2 microns. Their images extend
through the iris and anterior lens structure. This report includes images at various depths from 30 subjects including many with
exfoliation syndrome and makes clinical correlations with their findings.

As with any new clinical tool, its proper place in our armamentarium will take some time to establish. | found the endothelial
images (Fig 2a) impressive, and presume this device could be applied to many corneal disorders, including those with various degrees
of edema or even hypotony precluding contact confocal studies. The clinical correlation with exfoliative deposits around the pupil and
on the lens are dramatic and reinforce the authors’ suggestion that earlier stages of exfoliation might be detectable with this non-
contact technique than by currently available methods including clinical examination or contact confocal imaging.

Interpretation of some image details, particularly specific cell types in the aqueous and vascular structures in iris is problematic
without morphologic correlation. Sequential non-contact confocal imaging and histology at both light and electron microscopic levels
of autopsy eyes from patients with exfoliation syndrome and other ocular disorders seem highly desirable. Clinical studies of
numerous entities besides exfoliation will hopefully follow, if working distance and tissue penetration permit, including angle
structures, aqueous veins and collector channels in normals and other forms of chronic open-angle glaucoma, in addition to XFS. Any
disease entity involving structural alterations or cell accumulations of material in anterior segment tissues including epithelial or
fibrous ingrowths, ICE, corneal dystrophies, congenital anomalies, tumors, uveitis, and neovascularization would seem amenable to
study with this technology.

My only somewhat substantive criticism of this initial paper is the lack of companion normal anterior segment structures for
comparison by the reader. | look forward to extensive further use of this methodology including perhaps an atlas of confocal images
of normal and pathologic anterior segment structures.
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