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Abstract
Aims—To report the appearances of irido-
corneal endothelial (ICE) syndrome from
real time, white light confocal microscopy.
Methods—Three consecutive patients,
each with ICE syndrome, were examined
prospectively. Corneal specular and con-
focal microscopic examinations were per-
formed in all three patients. In the first
patient, a penetrating keratoplasty was
performed and the cornea was examined
by light and scanning electron micros-
copy. No surgery was performed in the
remaining two patients.
Results—In the first patient corneal
oedema prevented endothelial specular
microscopy. Confocal microscopy per-
formed before penetrating keratoplasty
successfully revealed abnormal epithelial-
like endothelial cells. Histological exami-
nations of the cornea following penetrating
keratoplasty revealed the presence of mul-
tilayered endothelial cells with epithelial
features (microvilli). In the remaining two
patients, specular microscopy showed the
presence of ICE cells with typical dark/light
reversal. Confocal microscopy demon-
strated groups of endothelial cells with epi-
theloid appearances. In all three patients,
the contralateral endothelial appearance
was normal by specular and confocal
microscopy, except for moderate endothe-
lial polymegathism in one patient.
Epithelial-like endothelial cells were char-
acterised by prominent nuclei on confocal
microscopy.
Conclusions—The application of confocal
microscopy indicates that the ICE syn-
drome is characterised by epitheloid
changes in the endothelium. Confocal mi-
croscopy may be used to diagnose the ICE
syndrome by demonstrating epithelial-like
endothelial cells with hyperreflective nu-
clei. This technique is especially of value in
cases of corneal oedema, since specular
microscopy may fail to image the endothe-
lium in such cases.
(Br J Ophthalmol 1999;83:697–702)

The iridocorneal endothelial (ICE) syndrome
is a progressive, usually unilateral, and non-
familial disorder with female predominance. It
is characterised by corneal failure, iris destruc-
tion, and glaucoma. An abnormality of the
corneal endothelium is thought to be the com-
mon aetiological basis for the diVerent mani-
festations. 1 2

Confocal microscopy allows superior verti-
cal and lateral resolution and image contrast,
compared with conventional imaging methods,
and real time in vivo examination of all layers
of the cornea.3 Clinically, it has been success-
fully used to reveal distinguishing characteris-
tics in Fuchs’ endothelial dystrophy, various
traumatic lesions, and infectious keratitis.4−13

Because of the optical properties of the
confocal microscope, which makes it particu-
larly suitable for endothelial examination,4 and
since the ICE syndrome is characterised by cor-
neal endothelial abnormality, it is likely that
confocal microscopy may provide a new diag-
nostic approach to the ICE syndrome. We
report in this study three consecutive cases of
ICE syndrome. Results of confocal microscopic
examination of the corneas are presented.

Materials and methods
Three patients diagnosed with the ICE syn-
drome were examined. All patients underwent
specular microscopy using a non-contact
microscope (Topcon SP 2000 P, Tokyo,
Japan). In the first patient, confocal micros-
copy was performed using a prototype tandem
scanning, white light, confocal microscope
(LSU Eye Center, New Orleans, LA, USA),
which had a 20×/0.60 contact objective. In the
second and the third patients, our current pro-
totype tandem scanning, white light, confocal
microscope (LSU Eye Center, New Orleans,
LA, USA), utilising a 24×/0.60 contact objec-
tive, was used. With both microscopes, lique-
fied methylcellulose was used as a coupling gel.
The images were captured using a video
camera (CCD 200 E, Videoscope Inter-
national, Washington DC, USA) and stored on
S-VHS video tapes.

CASE 1

A 46 year old white male patient with
decreased vision in the left eye was referred
with suspected herpes simplex virus keratitis.
His family history was negative for ocular
diseases. The patient had self medicated with
preservative-free artificial tears in the left eye.
Best corrected vision was 20/20 and 20/70 in
the right and left eye, respectively. Slit lamp
and funduscopic examinations of the right eye
were normal. In the left eye, corneal oedema
was noted along with epithelial bullae. The
endothelium had a hammered silver appear-
ance. There were no keratic precipitates and
the anterior chamber was quiet. No abnormali-
ties could be detected in the posterior segment.
The intraocular pressure was 13 mm Hg in the
right eye and 11 mm Hg in the left.
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Corneal thickness measured by ultrasound
pachymetry was 0.554 µm in the right eye and
0.656 µm in the left eye. Corneal endothelial
specular microscopy was unremarkable in the
right eye and prevented by corneal oedema in
the left eye. Confocal microscopic examination
of the right cornea was unremarkable. In the
left eye, it readily revealed the presence of epi-
theloid appearing endothelial cells. Unlike in
the normal cornea (Fig 1A), the abnormal

endothelial cells presented hyperreflective nu-
clei (Fig 1B). Their tissue organisation was
found to be similar to the normal endothelium,
where the cells are relatively regular in shape
and size. No inflammatory cells were seen.

Because of the suspicion of herpetic disci-
form keratitis, the patient was treated with topi-
cal trifluorothymidine 1% and prednisolone
acetate 1% four times daily in the left eye.
However, corneal oedema worsened over a
period of 2 months following the first visit
despite the treatment. A more careful examina-
tion of the anterior segment revealed subtle iris
atrophy. The combination of iris abnormality
and corneal oedema pointed to the diagnosis of
ICE syndrome. Chandler’s syndrome, one form
of the ICE syndrome characterised by corneal
decompensation, was suspected and a func-
tional penetrating keratoplasty was performed.
Intraoperatively, iris atrophy was confirmed.
The abnormal cornea underwent histopatho-
logical examination and endothelial cells with
characteristics of epithelial cells were found. On
light microscopy they appeared larger in height
compared with normal endothelial cells and at
some areas were multilayered (Fig 2). On scan-
ning electron microscopy an abnormally high
number of microvilli were found on the surface
of abnormal cells (Fig 3).

CASE 2

A 73 year old white female patient with a
history of progressive decrease of vision in the
left eye was seen in the LSU Eye Center Clinic.
The left eye had previously been diagnosed
with Chandler’s syndrome and iris abnormal-
ity. The patient underwent uncomplicated
phacoemulsification and posterior chamber
intraocular lens implantation in the left eye 4
years earlier. Familial and general medical his-
tory was unremarkable. Best corrected visual
acuity was 20/30 in the right eye, and 20/50 in
the left eye. Slit lamp examination of the right
eye revealed a normal anterior segment with
moderate nuclear cataract. In the left eye the
endothelium had a hammered silver appear-
ance and the cornea appeared thickened.
There was a large iris hole at five o’clock.
Intraocular pressures were 16 mm Hg in the

Figure 1 (A) Confocal microscopic appearance of normal
endothelial cells from a normal subject. (B) Confocal
microscopy (original magnification ×210 ). Abnormal
endothelial cells with well identifiable nuclei resembling the
confocal microscopic appearance of corneal epithelial cells
were found. The cells were relatively regular in shape and
size. The dark oval image at the upper part of the picture is
an artefact.

Figure 2 Light microscopy. Histological examination of the endothelium demonstrated
multilayered epithelial-like cells.

Figure 3 Scanning electron microscopy. Microvilli were
found in abnormally high numbers on the surface of many
endothelial cells (upper half of the photograph).
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right eye and 18 mm Hg in the left. The
remainder of the ocular examination was
normal.

Measurement of the corneal thickness by
ultrasound pachymetry confirmed the clinical
impression of early endothelial decompensa-
tion in the left eye. The right cornea measured
550 µm versus 617 µm in the left eye. Specular
microscopy of the left eye revealed the presence
of rounded dark cells with light borders and
occasional light bodies within cell boundaries
(Fig 4A). In the right eye, specular microscopic
examination showed moderate endothelial
polymegathism (Fig 4B). On confocal micros-
copy the right eye presented moderate en-
dothelial polymegathism. In the left eye,
groups of hyperreflective epithelial-like en-
dothelial cells with highly reflective nuclei were
seen (Fig 5A). Other groups of cells had
hyporeflective cytoplasms and hyperreflective
boundaries and nuclei. They resembled the
confocal microscopic appearance of epithelial
wing cells (Fig 5B).14 Both groups of cells con-
served the regular pattern of normal endothe-
lium. In other areas, frankly abnormal cells
with hyperreflective nuclei were detected (Fig
5C). They strongly mimic the appearance of
corneal surface epithelial cells,14 and cellular
regularity in shape and size was lost. Small
hyperreflective structures were found within
and adjacent to these abnormal areas. Finally,
relatively normal appearing cells adjacent to
abnormal areas could be found.

CASE 3

A 53 year old nurse previously diagnosed with
the ICE syndrome volunteered to participate

in the study. She had been diagnosed with uni-
lateral glaucoma for at least 2 years and
progressive iris atrophy was noted in the right
eye. Uncomplicated trabeculectomy with mito-
mycin C application was performed 4 months

Figure 4 Specular microscopy. (A) Rounded dark cells
with light borders and occasional light bodies within cell
boundaries could be identified in the endothelium of the
abnormal cornea. (B) In the fellow eye, the endothelium
exhibited polymegathism, but no characteristics of ICE
syndrome.

Figure 5 Confocal microscopy (original magnification
×210). (A) Epithelial-like endothelial cells with well
recognisable nuclei, of which some are indicated by arrows,
were detected. Note the regularity of the cells. (B) Less
hyperreflective cell bodies with central hyperreflective nuclei
resembling the confocal microscopic appearance of epithelial
wing cells were seen. The cells were relatively regular in size
and shape. (C) Areas of highly abnormal cells characterised
by marked epithelial-like appearance and loss of regularity in
size and shape were found. Hyperreflective structures were
found within and adjacent to these abnormal areas.
Relatively normal appearing endothelial cells were also
detected (upper right corner of the photograph).
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earlier in the right eye. She was treated with
topical fluorometholone 0.1% twice daily and
diclofenac sodium 0.1% four times daily in the
right eye. Her best corrected visual acuity was
20/30 in the right eye and 20/20 in the left eye.
The right cornea had a well formed filtering
bleb and the endothelium had a hammered sil-
ver appearance. The iridocorneal angle was
open with visible trabecular meshwork for 360
degrees and visible ciliary processes for 330
degrees. The pupil was ectopic with an intact
margin and the iris had a large peripheral hole
inferonasally creating a pseudopupil. Slit lamp
examination of the left eye was unremarkable.
Intraocular pressure was 9 mm Hg in the right
eye and 15 mm Hg in the left eye. No other
abnormalities were found.

Corneal thickness was 521 µm in the right
eye and 514 µm in the left eye. Specular micro-
scopy showed abnormal endothelial cells with

dark light reversal and occasional central bright
reflex in the right eye (Fig 6A). The endothe-
lium of the left eye appeared normal (Fig 6B).
Confocal microscopy of the endothelium
revealed the presence of epithelial-like cells in
the right eye (Fig 7). Nuclei could be visualised
with the abnormal cell morphology. The cells
were relatively regular in size and shape.

Discussion
Specular microscopy is an invaluable diagnos-
tic tool in the ICE syndrome. Demonstration
of typical endothelial changes allows confirma-
tion of the diagnosis.15 However, in cases of
corneal decompensation, as may occur in the
ICE syndrome, its use may be precluded by the
thickened, oedematous cornea. Advantages of
confocal microscopy include high resolution
imaging of the cells at all layers of the cornea.
Reports of confocal microscopic findings in
corneal diseases are essential in making the
confocal microscope a clinically valuable diag-
nostic tool.

The ICE syndrome should be distinguished
from posterior polymorphous dystrophy. The
definite diagnosis may be made by specular
microscopy. Abnormal endothelial cells with
dark/light reversal, as found in patients 2 and 3,
are pathognomonic of the ICE syndrome.15 16

In patient 1, specular microscopy was pre-
vented by corneal oedema. Therefore, other
diagnostic criteria had to be used. Clinical fea-
tures helped to distinguish the two entities.
Unlike in posterior polymorphous dystrophy,
which is bilateral, the presentation of patient 1
was unilateral. Furthermore, features in poste-
rior polymorphous dystrophy include vesicles,
banding, or Descemet’s membrane opacity at
the level of the endothelium, while the
hammered silver appearance of the endothe-
lium found in patient 1 was compatible with
the diagnosis of the ICE syndrome. It should
be noted that Fuchs’ endothelial dystrophy
may also present a hammered silver endothelial
appearance. However, histopathological exam-
ination in our case excluded its eventuality. A
herpetic origin was very unlikely because of
lack of keratic precipitates, iritis, and response
to topical steroids.

Our study suggests that the ICE syndrome
may have three “epithelioid” presentations on
confocal microscopy: epithelial-like cells with
regular shape and size, cells resembling the
appearance of epithelial wing cells on confocal
microscopy, or highly disorganised cells frankly
mimicking the appearance of surface corneal
epithelial cells. Hyperreflective nuclei, which
are found under normal conditions in the cor-
neal epithelium but not in the endothelium,
were common to the three presentations. Find-
ings of epithelial features correlate well with
previous histopathological reports. Histologi-
cally, populations of abnormal endothelial
cells, named ICE cells, are characteristic of the
disorder. They were found to be morphologi-
cally and immunohistochemically similar to
corneal epithelial cells.17 18 The ability to diVer-
entiate epithelial from endothelial phenotype is
a diagnostic characteristic that is not provided
by specular microscopy.

Figure 6 Specular microscopy. Endothelial cells are seen
with dark/light reversal and occasional central bright reflex in
the clinically abnormal eye (A), not in the normal eye (B).

Figure 7 Confocal microscopy (original magnification
×210). The arrows indicate some epithelial-like endothelial
cells with nuclear hyperreflectivity.
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When examined by transmission electron
microscopy, human Descemet’s membrane is
composed of a thin non-banded layer adjacent
to the stroma, an anterior banded zone
composed of wide spaced collagen forming a
highly ordered array, and a posterior amor-
phous unbanded zone.19 Diseases such as the
ICE syndrome have been reported with large
amounts of wide spaced collagen deposition
posterior to Descemet’s membrane.20 How-
ever, this abnormal collagen deposition could
not be identified in our patients.

It should be pointed out that, in patient 1,
microvilli on the surface of endothelial cells
seen by electron microscopy might represent a
regenerative activity. In patient 2, it is not clear
whether the previous phacoemulsification
might have contributed to the changes. In our
opinion this is unlikely, since long term
changes following phacoemulsification usually
consist of cell loss rather than endothelial
metaplasia.21 In this patient, the exact nature of
the hyperreflective structures is unknown.
They do not appear to be cells of immune ori-
gin. They might represent keratin or other
products secreted by the epithelioid metaplas-
tic cells. Alternatively, they might represent
cellular debris or products of cellular degenera-
tion from the epithelial-like cells or even
stressed endothelial cells. Further investigation
of these materials is necessary to determine
their composition and origin. Finally, endothe-
lial polymegathism in the fellow eye in patient
2 has previously been reported in the ICE
syndrome.22

It should be noted that epithelial-like en-
dothelial cells have also been reported in
posterior polymorphous dystrophy.23-25 It is not
clear whether confocal microscopy may allow
us to diVerentiate epithelial-like changes in the
ICE syndrome from those found in posterior
polymorphous dystrophy.

Cavanagh et al presented a case of ICE syn-
drome in a 18 year old patient.26 Using confo-
cal microscopy they found epithelial-like en-
dothelial cells, where nuclei could also be
identified. They did not describe changes in
Descemet’s membrane. In their case, the
abnormal endothelial cells were relatively
regular in shape and size and still conserved
tissue architecture reminiscent of normal
endothelial cells, just as in patients 1 and 3 of
our study. In contrast, our second patient, who
was much older, also presented frankly disor-
ganised, abnormal, and epithelial-like cells. We
hypothesise that the regular epithelial-like
cells, seen in younger patients, represent an
early stage of the disease, where the character-
istic organisation of the endothelium is still
preserved. As the disease progresses, the
abnormal cells may become more irregular in
size, shape, and reflectivity, and more epith-
eloid, thereby losing the tissue characteristics
of the endothelium. This theory is supported
by recent data suggesting that the epithelial-
like cells result from endothelial metaplasia.2 It
is possible that with more advanced metapla-
sia, the endothelial cells would undergo more
epitheloid changes and lose their regular
pattern. Of interest is the coexistence of

normal appearing endothelial cells and abnor-
mal epithelial-like cells within the same cornea
found in patient 2. It is compatible with the
hypothesis that the abnormal cells would stem
from one cell or a group of endothelial cells.
These speculations correlate with previous evi-
dence suggesting that some endothelial cells
were undergoing a degenerative change while
others were transforming into ICE cells.27

However, this evidence needs to be validated
by additional confocal microscopic observa-
tions and further studies are needed to under-
stand the pathophysiological mechanisms lead-
ing to the endothelial changes in the ICE
syndrome.

Confocal microscopy is a diagnostic tool
with much potential. It may allow rapid
diagnosis of the ICE syndrome by demonstrat-
ing epithelial-like endothelial cells with hyper-
reflective nuclei. It is especially of value in cases
of Chandler’s syndrome, where corneal
oedema may prevent examination of the
endothelium by specular microscopy.
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