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Mathematical Projection Model of Visual Loss Due to

Fuchs Corneal Dystrophy

Shin Hatou," Shigeto Shimmura," Jun Shimazaki,> Tomobiko Usui,®> Shiro Amano,’
Hideaki Yokogawa,* Akira Kobayashi,* Xiaodong Zbeng,> Atsushi Shiraishi,’
Yuichi Obashi,® Tsutomu Inatomi,® and Kazuo Tsubota'

Purrose. To devise a mathematical disease classification
model for eyes with primary guttata cornea, on the bases of
endothelial loss trajectory and probability of advanced dis-
ease.

MEeTHODS. A series of 1971 patients (3281 eyes), some with
and some without guttata corneas, undergoing specular mi-
croscopy were retrospectively reviewed. The eyes were
classified into four stages; stage 0, without guttae; 1, guttata
cornea without edema; 2, mild Fuchs’ corneal dystrophy
(FCD); and 3, severe FCD, according to clinical records, and
patient age and corneal endothelial cell density (ECD) were
plotted. Nonparametric density smoothing was used to cre-
ate a contour map, and a bestfit curve for ECD loss was
calculated. The relation between ECD decrease rate and the
stages were evaluated.

ResuLts. Endothelial decrease rate in stage 0 was 0.44%/year,
which was compatible with that of normal eyes reported in
previous studies. Decrease rates of stages 1, 2, and 3 were
0.81%, 2.65%, and 3.08%/ year, respectively. The age-ECD loss
curves of 1.40%/year (ECO, ) and 2.00%/year (ECO, () further
divided stage 1 into three subgroups; stage la, asymptomatic
guttata cornea; 1b, borderline guttata cornea; and 1c¢, pre-FCD.
The ECO, , cutoff line differentiated eyes with FCD from those
without edema with a sensitivity and specificity of >90%. Stage
1c eyes were below ECO, , and had a decrease rate as high as
FCD.

Concrusions. This mathematical model can be used to predict
the prognosis of patients with primary guttata cornea. (Invest
Opbthalmol Vis Sci. 2011;52:7888-7893) DOI:10.1167/
iovs.11-8040
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Fuchs’ corneal dystrophy (FCD) is a progressive, bilateral
corneal dystrophy.' There is a progressive loss of corneal
endothelial cells with secretion of an abnormally thickened
basement membrane, leading to corneal guttae formation.'
On specular microscopy, these corneal guttae are observed
as dark areas.’* As endothelial function deteriorates, cor-
neal edema increases and visual acuity declines,? and FCD is
a major indication for keratoplasty (corneal transplants) in
the United States.?~> Although FCD is recognized as a dom-
inantly inherited disorder, females are predisposed to it and
develop corneal guttae 2.5 times more frequently than do
males, progressing to corneal edema 5.7 times more often
than do males.® The prevalence of primary guttata cornea
and FCD are lower in Japan than in the United States.”® This
difference in prevalence is thought to be mainly attributable
to the racial difference.”

Primary guttata cornea is believed to be a preliminary stage of
FCD. Krachmer et al.° graded guttata cornea and FCD according
to a spread of guttae and reported that there was a positive
correlation between age and grade of guttae. However, the exact
natural course of guttata cornea, or whether all cases of guttata
cornea progress to FCD remains to be determined. A prospective
study that follows the decline in endothelial cells density (ECD)
with age would be ideal for predicting the natural course of
guttata cornea; however, a very long follow-up would be re-
quired, and recruiting asymptomatic potential patients is practi-
cally impossible, especially in Japan. A retrospective study with a
large database and an adequate mathematical model can be used
in a similar way to predict the prognosis of patients with guttata
cornea. In this report, we retrospectively reviewed age and ECD
in a large group of hospital-based patients and evaluated the
prevalence of guttae, male:female ratio, and distribution of age
and ECD. In addition, we propose a new classification of guttata
cornea based on a mathematical model that adequately predicts
the prognosis of disease.

METHODS

Subjects

Clinical records of outpatients who underwent specular microscopy
for corneal endothelial cell counts from January through December
2009 in six hospitals affiliated with the Fuchs’ Corneal Dystrophy Study
Group of Japan were retrospectively reviewed. The purpose of spec-
ular microscopy for those patients were routine examination before
ocular surgery, follow-up for corneal diseases that were thought to
have little effect on endothelium (such as keratoconus or lattice cor-
neal dystrophy), or follow-up for diagnosed Fuchs’ corneal dystrophy.
Patients who had a history of trauma, corneal infection, intraocular
inflammation, intraocular surgery, or laser iridotomy were excluded
from the study. Endothelial photographs were taken at the center of
the pupillary area with a noncontact specular microscope (Nonkon
Robo F & A; Konan Medical, Nishinomiya, Japan, or EM-3000; Tomey,

Investigative Ophthalmology & Visual Science, October 2011, Vol. 52, No. 11
Copyright 2011 The Association for Research in Vision and Ophthalmology, Inc.



IT0VS, October 2011, Vol. 52, No. 11

Nagoya, Japan), and analyses of the photographs were performed with
an automatic cell analysis system attached to the microscope. Data
concerning patient age, sex, presence of guttae, and ECD were re-
corded. The eyes were classified into four groups by slit lamp exami-
nation according to modified Stocker’s classification’:

Stage 1: Guttata cornea without the stroma or the epithelium being
affected

Stage 2: Permeation of corneal stroma with fluid, edema of epithe-
lium, and bullae formation

Stage 3: Late stages with subepithelial connective tissue formation,
vascularization, and scar formation

Other eyes without corneal guttae were classified as stage 0. During
the rest of the article, the term Fuchs’ corneal dystrophy (FCD)
represents stage 2 and 3, since eyes in these stages have symptoms
related to corneal edema. The study complied with the Declaration
of Helsinki. Approval was granted by the Committee for the Protec-
tion of Human Subjects of each hospital.

Mathematical Model of Endothelial Cell Loss Rate

To construct a mathematical model of decrease in endothelial cells, we
made the following two assumptions:

1. The ECD at 5 years of age is 3600 cells/mm?. This is common to
all classes.

From 5 years of age, the decrease rate (percent/year) of ECD
is constant in each class, but different between classes.

Murphy et al.’® reported that during first 2 years of life ECD decreased
rapidly because of corneal growth, and after that the decrease rate slows
down to 0.56%/year. The effect of corneal growth on ECD ends at 5 years
of age or earlier. To simplify our mathematical model, we assumed that
ECD at 5 years of age was comumon to all classes and regarded this point
as the base point of age-ECD curve in our mathematical model. Because
the onset of FCD is in adulthood, we believe that this assumption is
acceptable. We substituted the mean ECD of normal 5-year-old children
(3600 cells/mm?) in the report of Nucci et al.'! for the base point. We
assumed that the (percentage) decrease rate is dependent on the class,
and it is constant in each class from 5 years of age. Based on these
assumptions, the following differential equation stands:

dE/d(t) = —(D/100) -

Egeqy = 3600

TasLe 1. The Age, Sex, and Stages of Reviewed Patients and Eyes

Endothelial Cell Loss in Fuchs’ Dystrophy 7889

where ¢ is age 5 years; E,, is endothelial cell density at ¢ years (in cells
per square millimeter); and D is the decrease rate (percent).
The solution to the differential equation is the following:

E(I) — 36009[ =(D/100)]

Using this mathematical model, an age-ECD curve in each class can be
drawn by the least-squares method. An age-ECD curve of optimal
decrease rate can be drawn as well.

Statistical Analysis

Scatterplotting, analysis of variance (ANOVA), nonparametric den-
sity smoothing, age-ECD curve, and other statistical analyses were
calculated by or written in commercial software (Excel 2007; Mi-
crosoft, Redmond, WA, and JMP 8 software; SAS, Cary, NC). P <
0.05 was considered statistically significant.

REsuLTS

Characteristics of Patients

Age, sex, and stage of reviewed patients and eyes are presented
in Table 1. The prevalence of guttata cornea (stage 1+2+3)
was 12.73%. The prevalence of stage 1 was 10.65%, and FCD
(stage 2+3) was 2.08%. The male: female ratio in each stage
was as follows; 1: 1.03 (stage 0), 1: 1.88 (stage 1), 1: 2.43 (stage
2), and 1: 4.67 (stage 3). Females were more predisposed to
stage 1 or FCD than males, and the ratio increased in advanced
stages.

Age-ECD Curve of 2.0% Differentiates
Fuchs’ Dystrophy

Figure 1, left shows the scatterplot between age and ECD for
each stage. Nonparametric density smoothing was drawn on
the scatterplot (Fig. 1, right), which represents the contour of
plot density. The age-ECD curves based on our mathematical
model were drawn by the least-squares method. Table 2 shows
ECD with sample sizes at 5-year intervals for grades 0 to 3,
which enables the mean ECD data of grade O to 3 to be
compared at various ages. ;

The decreased rate curve of stage 1 age-ECD was 0.81%,
which was closer to that of stage 0 (decrease rate, 0.44%) than
that of stage 2 (2.65%) or stage 3 (3.08%). The decrease rate of
stage O in our study was 0.44%, which is within the range of

Prevalence (%)

Patient Stage Age, y (Mean * SD) Male (n) Female (n) Total (n) Total Male Female
0 65.3 £ 16.2 848 872 1720
1 68.5 = 14.3 73 137 210 10.65 7.84 13.17
2 70.3 * 10.6 7 17 24 1.22 0.75 1.63
3 751 % 12.4 3 14 17 0.86 ]2'08 032 ]1‘07 135 ]2'98
Total 66.6 = 15.4 931 1040 1971 12.73 8.91 16.15
Eye Stage Male (n) Female (n) Total (n)
0 1426 1483 2909
1 103 205 308
2 13 28 41
3 5 18 23
Total 1547 1734 3281

Prevalence of FCD was calculated as sum of stage 2 and 3. In this table, if a patient had eyes in different stages, then he or she was classified

in the severer of the stages between the eyes.
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FIGURE 1. Scatterplots (left) and
contour maps of nonparametric den-
sity smoothing (right) of each stage.
(A-1, A-2) Stage 0, (B-1, B-2) stage 1,
(C-1, C-2) stage 2, and (D-1, D-2)

45 65
AGE (years)

stage 3. Red curves: age-ECD curves
of each stage calculated by least-
squares method. The decrease rates
of each stage were 0.44% (stage 0),
0.81% (stage 1), 2.65% (stage 2), and
3.08% (stage 3). The contour maps
showed that the age-ECD curve of
2.00% decrease rate (ECO,,, black
curves) ran through a trough be-
tween peaks of all stages. Most of the
peaks in stages 0 and 1 were located
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normal eyes reported in previous studies (Table 3).'¢'271¢

Contour maps show that most of the peaks in stage 0 and 1 were
located above the age-ECD curve of the 2.00% decrease rate,
whereas peaks of stage 2 and 3 were located below this curve.
Table 4 shows binary classification based on the age-ECD curve of
a 2.00% decrease rate, designated novel ECD cutoff 2 (ECO, ),
dividing stages 0+ 1 and stages 2+3 (Table 4) or stage 1 and stages
2+3 (Table 4). The high sensitivity and specificity of these
classifications suggested that ECO, , is an adequate cutoff be-
tween eyes with corneal edema and those without edema.

27

above ECO,,, whereas peaks of
stages 2 and 3 were located below
ECO, .

AGE (years)

Age-ECD Curve of 1.4% and 2.0% Divides Stage 1
into Three Distinct Groups

The contour map of stage 1 consisted of several peaks. Figure 2
shows that the age-ECD curve of the 1.40% decrease rate,
designated novel ECD-cutoff point 1 (ECO, ), divides these
peaks into a high-density group (>ECO, ), and a low-density
group (<ECO, ). ANOVA revealed that the age-ECD curves of
each group predicted ECD according to age, with statistical
significance: The F ratio and P value were 803.3 and <0.0001
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TaBLE 2. Mean ECD with Sample Sizes at 5-Year Intervals for Grades 0 to 3

09y 10-14y 15-19y 2024y 25-29y
Eyes ECD Eyes ECD Eyes ECD Eyes ECD Eyes ECD
Stage 0 4 3073.3 * 392.6 7 3020.4 *+ 330.1 47 2769.2 = 530.1 31 2837.4 = 567.3 60 2853.1 * 507.6
Stage 1 0 — 0 — 0 — 4 2765.0 = 128.8 6 2954.5 = 175.6
Stage 2 0 — 0 — 0 — 0 — 0 -
Stage 3 0 — 0 — 0 — 0 —_ 0 —
30-34y 35-39y 4044y 4549y 50-54y
Eyes ECD Eyes ECD Eyes ECD Eyes ECD Eyes ECD
Stage 0 58 2732.6 £ 511.3 54 2741.9 = 324.7 80 2672.2 * 462.5 99 2687.8 = 507.8 128  2754.6 £ 370.5
Stage 1 0 — 4 2423.0 = 474.1 7 2503.7 * 541.9 7 1934.3 + 763.9 14 1865.2 £ 703.0
Stage 2 0 — 0 — 0 — 2 881.0 + 60.8 2 592.0 = 120.2
Stage 3 0 — 0 — 1 461.0 1 622.0 0 —
5559y 60-64 y 65-69 y 70-74 'y 75-79y
Eyes ECD Eyes ECD Eyes ECD Eyes ECD Eyes ECD
Stage 0 195  2701.2 * 408.1 325 26719 £ 4644 384 26777 £449.1 494 26984 *= 435.0 496  2691.2 * 4213
Stage 1 25 2105.2 = 673.3 28 2219.4 * 6955 39 2124.8 = 743.7 61 22425 * 719.4 44 2159.0 = 741.7
Stage 2 4 645.8 = 224.3 2 797.5 = 282.1 7 562.9 £ 3295 7 730.7 * 1495 7 483.0 £ 183.7
Stage 3 2 284.5 = 219 0 — 0 — 2 3025+ 3.5 7 524.0 + 4189
80-84y 8589y =90y
Eyes ECD Eyes ECD Eyes ECD
Stage 0 309  2698.9 * 440.4 116 2624.5 = 457.3 22 2563.7 £ 299.3
Stage 1 47 2264.2 = 556.2 17 2279.2 £597.9 5 2962.0 = 597.1
Stage 2 7 680.6 + 318.1 3 723.3 = 155.7 0 —
Stage 3 5 302.4 =54 3 4823 £ 97.1 2 352.5 £ 74.2

Eye data are expressed as the number, and the ECD in cells per square millimeter.

in the high-density group and 945.7 and <0.0001 in the low-
density group. The decrease rate of the age-ECD curve in the
high-density group was 0.56%, which was very close to that of
the stage 0 age-ECD curve. On the other hand, the decrease
rate in the low-density group was 2.00%, which coincided with
ECO,,. These results suggest that the decrease rate of the
high-density group in stage 1 was nearly normal, whereas the
low-density group in stage 1 was located on the border be-
tween eyes with and without corneal edema. We therefore
classified stage 1 on the basis of ECO, 4 and ECO, ,, as follows
(Fig. 3):

Stage 1a, asymptomatic guttata cornea (AGC): above ECO,

Stage 1b, borderline guttata cornea (BGC): between ECO,
and ECO, ,

Stage 1c, preliminary stage of FCD (pre-FCD): below ECO,

TABLE 3. Decrease Rates of Stage 0 in the Present Study and Normal
Unoperated Eyes Reported in the Previous Studies

Author Decrease Rate (%/y) Nation
Murphy et al.** 0.56 United States
Cheng et al.'* » 1.20 England
Amb: t al. 0.60 England
Numl':):f ::l.fi 0.30 japgan
Bourne et al.'® 0.60 United States
Rao et al.'® 0.30 India
Present study 0.44 Japan

DI1SCUSSION

To obtain a sufficient number of age-ECD data to compare FCD
(stage 2+3), guttata cornea without edema (stage 1), and control
group without guttata cornea (stage 0), we performed a retro-

TABLE 4. Binary Classification of Clinical Stage

Classification Based On ECO,,

Clinical
Stage Below ECO, , Above ECO, , Total

Total Eyes
Stage 2+3 60 4 64
Stage 0-+1 122 3095 3217
Total 182 3099 3281
Sensitivity, % 93.75
Specificity, % 96.21
Eyes with Guttata Cornea
Stage 2+3 60 4 64
Stage 1 27 281 308
Total 87 285 372
Sensitivity, % 93.75
Specificity, % 91.23

Data are based on the age-ECD curve of 2.00% decrease rate as a
novel ECD-cut-off (ECO, ), sensitivity and specificity to detect stage
2+3 from total eyes or the eyes with guttata cornea based on the
classification.
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FIGURE 2. (A) The contour map of
nonparametric density smoothing in
stage 1. Stage 1 consisted of several
peaks, and the age-ECD curve of
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1.40% decrease rate (ECO, 4, green
curve) ran through a trough between
peaks of high ECD group (black as-
terisks) and low ECD group (red as-
terisks). (B) High-density group in
stage 1 above ECO, ;. The age-ECD
curve of this group (red curve) was
close to that of stage 0 (red dotted
curve), and the calculated decrease
rate was 0.56%. (C) Low-density
group in stage 1 below ECO, 4. The

Endothelial cell density (cells/mm?)

spective, hospital-based review of total 1971 outpatients. In this
study, we found a somewhat higher prevalence of guttata cornea
than that found in previous reports in Japan. The prevalence of
corneal guttae was reported to be 3.7% (1.5% in men, 5.5% in
women) in Japan,'”'® whereas it ranges from approximately 7%
up to a remarkable 70.4% in North America, Iceland, and Eu-
rope."®'? In our study, the fact that subjects were hospital-based
may have caused a higher prevalence. However, such bias does
not have an effect on the validity of the mathematical model
derived from the data. The following tendency of prevalence
was apparent in our group of subjects: First, females were

age-ECD curve of this group (red
curve) coincided with ECO, , (black
dotted curve), with a decrease rate of
2.00%.

AGE (years)

more predisposed to stages 1, 2, and 3 than were males, and
the female ratio increased as stages progressed. Second, the
prevalence of FCD was much smaller than stage 1. An
increase in the female ratio in progressing stages suggested
that sex may have some role not only in the onset but also
the progression of the disease. Apparent difference of prev-
alence between FCD and stage 1 suggest the existence of a
patient group in stage 1 that does not progress to corneal
edema despite having guttata cornea.

Our model is based on the assumptions that the ECD at 5
years of age is common to all classes and that the decrease rate
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of ECD percentage per year) is constant but with a different
value of each class. The use of these assumptions may be a
debatable point when discussing the validity of our study.
However, the results of our mathematical model show ECD
decrease rates that are acceptable when compared with clini-
cal observations. The decrease rate of 0.44% in stage 0 is within
the range of values of normal unoperated eyes reported in the
previous studies.'®'*"*¢ Furthermore, since ECO, , and ECO,
runs through a clearly defined trough between peaks on the
scatterplot, and ECO, , divided stages 0+1 and stages 2+3 or
stage 1 and stages 2+3 with high sensitivity and specificity, we
believe our mathematical model for classifying patients with
guttae based on ECD decrease rates is adequate for predicting
the prognosis.

The ECO, 4 and ECO, , curves based on our mathematical
model divided stage 1 into three subgroups, stage 1a, 1b, and
1c. The ECD decrease rate of stage 1la was close to that of stage
0, that is, almost normal. Schnitzer and Krachmer reported on
44 relatives of 12 families with guttata cornea which appeared
normal on slitlamp examination and endothelial cell parame-
ters.”® These eyes presumably belonged to stage 1a of our
classification. In addition, because the distribution of patients
of stage 1a was located above ECO, 4, the risk of progressing to
corneal edema may be as low as stage 0. If a patient was on the
curve of a 1.4% decrease rate, the ECD would be 1095 cells/
mm” even when he was 90 years old. Presumption of low risk
of stage 1 is supported by analysis of variance, showing that
age-ECD curves of each stage had significant predictability.

It was surprising that the age-ECD curve of the low-density
group of stage 1 (stages 1b and 1¢) coincided completely with
ECO, ,. The former was calculated by the least-squares method
of the low-density group of stage 1, whereas the latter was
obtained from trough between peaks of stages O to 3 on
scatterplots. This result suggests that the low-density group of
stage 1 was located on the border between stage 0 and FCD.
Eyes in stage 1c below ECO, , have a decrease rate as high as
FCD, suggesting that these eyes have a risk to progress to FCD,
even if there was no corneal edema present. This was the
rationale for referring to stage 1c as pre-FCD. Further prospec-
tive study of patients in stage 1b and 1c is needed to determine
whether stage 1c is a preliminary stage of FCD.

Recently, several pathogenic mechanisms, such as oxidative
stress or unfolded protein response, have been reported as
causes of FCD.?"** The difference in resistance against such
stress may cause the difference in decrease rates between
stages. Previous reports suggested that ECD of some eyes with
guttata cornea did not decrease significantly compared with
normal eyes after cataract surgery,”>* whereas some eyes in
other reports showed a significantly higher decrease.?* When
we adapted data from these reports to our classification, we
found that most of the former eyes with no difference in ECD
(18/21 eyes) were categorized as stage 1a, suggesting that our
classification may be used to identify patients with a higher risk
of endothelial damage due to external stress. Future studies on
guttata corneas using our classification may help clarify the
mechanism of FCD progression.

In conclusion, we assessed distribution and endothelial loss
rate of guttata cornea stages 0 to 3 and determined new cutoff
curves ECO, ; and ECO, , by using scatterplots. Our mathe-
matical model is a simple method for predicting the prognosis
of patients with guttata cornea.
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Clinical Significance of Owl Eye Morphologic Features
by In Vivo Laser Confocal Microscopy in Patients with
Cytomegalovirus Corneal Endotheliitis

AKIRA KOBAYASHI, HIDEAKI YOKOGAWA, TOMOMI HIGASHIDE, KOJI NITTA, AND
KAZUHISA SUGIYAMA

® OBJECTIVE: To demonstrate the clinical significance of
owl eye morphologic features observed by in vivo laser
confocal microscopy in patients with cytomegalovirus
(CMYV) corneal endotheliitis.

® DESIGN: Observational case series.

® METHODS: PARTICIPANTS: Six eyes of 6 patients (6
men; mean age, 73.3 years) with cytomegalovirus corneal
endotheliitis diagnosed by clinical manifestations to-
gether with polymerase chain reaction from aqueous
humor samples. INTERVENTION: All patients were exam-
ined by slit-lamp biomicroscopy and in vivo laser confocal
microscopy. MAIN OUTCOME MEASURES: Clinical manifes-
tations were summarized by reviewing medical records.
Selected confocal images of corneal layers were evaluated
qualitatively for shape and degree of light reflection of
abnormal cells and deposits.

® RESULTS: All patients had long histories of anterior
uveitis with intraocular pressure elevation, corneal edema
with keratic precipitates, and decrease of endothelial cell
densities. Coin-shaped lesions were observed by slit lamp
only in 1 patient at the first visit and in 2 additional patients
at subsequent follow-up. In all patients, confocal micros-
copy demonstrated reduced subepithelial nerves, subepithe-
lial opacity, increased reflectivity of keratocytes, highly
reflective dots, and needle-shaped bodies. Owl eye morpho-
logic features were observed consistently in all patients at
the initial visit, and highly reflective round bodies were
detected in 5 patients; most notably, these confocal features
were reversible after resolution of endotheliitis.

® CONCLUSIONS: Owl eye morphologic features and
highly reflective round bodies observed by confocal micros-
copy may be useful as an adjunct for the noninvasive
diagnosis of cytomegalovirus corneal endotheliitis. Revers-
ibility of these features after resolution of endotheliitis may
be useful for monitoring the therapeutic effects without
multiple anterior chamber tap.  (Am J Ophthalmol 2011;
xx:xxx. © 2011 by Elsevier Inc. All rights reserved.)
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ORNEAL ENDOTHELIITIS, CHARACTERIZED BY COR-
neal edema associated with linear keratic precipi-
tates and endothelial dysfunction,' may be caused
by herpes simplex virus (HSV),? varicella zoster virus
(VZV),? or other viruses such as mumps.* It often leads to
irreversible corneal endothelial cell damage and severe
visual disturbance. Most recently, cytomegalovirus (CMV)
was recognized as a new etiologic factor for corneal endothe-
liitis.” Clinical manifestations of CMV endotheliitis are
characterized by linear keratic precipitates associated with
multiple coin-shaped lesions and local corneal stromal edema
with minimal anterior chamber reactions.® The intraocular
pressure (IOP) of these patients frequently is increased, and
they often are treated with topical or systemic antiglaucoma
medication because of the diagnosis of secondary glaucoma of
unknown origin.® The patients also may have had past
histories of several penetrating keratoplasties.®®
In vivo white-light confocal microscopy has been used
as a noninvasive technique for the observation of normal
and pathologic corneal microstructures at the cellular level
in real time.” ™" Most recently, new-generation scanning
laser in vivo confocal microscopy (Heidelberg Retina
Tomograph 2 Rostock Cornea Module [HRT 2-RCM];
Heidelberg Engineering GmbH, Dossenheim, Germany)
has become available.'*"® This new device provides
high-definition histologic-like images of corneal micro-
structures in vivo, with an axial resolution of approxi-
mately 4 wm and improved resolution compared with
conventional white-light confocal microscopes (for exam-
ple, 10 wm axial optical resolution with ConfoScan 2
[Nidek Technologies, Vigonza, Italy]).!”'® Previously, Shi-
raishi and associates demonstrated large corneal endothe-
lial cells with an area of high reflection in the nucleus
surrounded by a halo of low reflection in a single patient
with CMV corneal endotheliitis using the HRT 2-RCM."
The authors suggest that these owl eye morphologic
features in the corneal endothelium may be characteristic
of CMV endotheliitis. A small number of case reports also
have suggested an association of owl eye morphologic
features in the corneal endothelium and CMV corneal
endotheliitis.®®
In this article, we report clinical manifestations in 6
Japanese patients with polymerase chain reaction

(PCR)-proven CMV corneal endotheliitis and the re-
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TABLE. Clinical Data and Slit-Lamp Biomicroscopic Findings of 6 Patients with Cytomegalovirus Corneal Endotheliitis

Endothelial
Case Gender/ Age Affected Cell Density
No. Age (y) (y) Eye History of Ocular Disease and Duration (mos) Slit-Lamp Findings (cells/mm?)
1 M 77 Left Anterior uveitis, secondary glaucoma (72) Corneal edema, pigmented KPs 692
(coin-shaped lesions during
follow-up), AC cell
2 M 75 Left Anterior uveitis, secondary glaucoma (24), Corneal edema, pigmented KPs, 1730
diagnosed as Posner- Schlossman coin-shaped lesions, AC cell
syndrome
3 M 63 Right Anterior uveitis, secondary glaucoma Corneal edema, pigmented KPs 1677
(108), diagnosed as Posner- (coin-shaped lesions during
Schlossman syndrome follow-up), AC cell+, iris
atrophy
4 M 83 Right Anterior uveitis, secondary glaucoma (60) Corneal edema, Pigmented KPs 645
AC cell+, fibrin+
5 M 56 Left Anterior uveitis, secondary glaucoma, Corneal edema, pigmented KPs, <1000
(144), diagnosed as Posner- AC cell+, iris atrophy
Schlossman syndrome
6 M 86 Left Anterior uveitis, secondary glaucoma (96), Corneal edema, pigmented KPs, 550

diagnosed as Posner- Schlossman

syndrome

AC cell, depigmented iris

AC = anterior chamber; CMV = cytomegalovirus; DNA = deoxyribonucleic acid; DM = diabetes mellitus; Dx = diamox; F = female;

KPs = keratic precipitates; M = male; PCR = polymerase chain reaction.

Continued on next page

sults of detailed investigations of in vivo corneal micro-
structures of all cell layers with laser scanning confocal
microscopy using the HRT 2-RCM. The diagnostic
value and usefulness of monitoring the therapeutic
effects of this device in CMV corneal endotheliitis also
are described.

METHODS

THE STUDY POPULATION CONSISTED OF 6 EYES OF 6 CON-
secutive patients (6 men; mean, 73.3 years), whose active
CMV corneal endotheliitis was diagnosed and treated
between April 2010 and March 2011 at the Department of
Ophthalmology, Kanazawa University Hospital, Ka-
nazawa, Japan (Patients 1 through 5), or the Department
of Ophthalmology, Fukui-ken Saiseikai Hospital, Fukui,
Japan (Patient 6; Table). The clinical diagnosis was
performed based on slit-lamp findings of active corneal
endotheliitis (such as corneal edema and keratic precipi-
tates) and the detection of CMV by PCR assay in the
aqueous humor from the affected eye. HSV, VZV, Epstein-
Barr virus, human herpes virus 6, and human herpes virus
7 DNA were not detected. Clinical manifestations of the
patients were reviewed retrospectively, with special atten-
tion paid to slit-lamp findings, IOP measurements, and
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corneal endothelial cell density. Also, responses to antivi-
ral treatment were evaluated.

® IN VIVO LASER CONFOCAL MICROSCOPY: Before ex-
amination, written informed consent was obtained from all
subjects after explaining the nature and possible conse-
quences of this study, such as superficial punctate keratopa-
thy. After applying a large drop of contact gel (Comfort
Gel ophthalmic ointment; Bausch & Lomb GmbH, Berlin,
Germany) on the front surface of the microscope lens and
ensuring that no air bubbles had formed, a Tomo-Cap
(Heidelberg Engineering GmbH, Dossenheim, Germany)
was mounted on the holder to cover the microscope lens.
The central and affected areas of the cornea then were
examined layer by layer using the HRT 2-RCM. The HRT
2-RCM uses a X 60 water-immersion objective lens (Olym-
pus Europa GmbH, Hamburg, Germany) and uses a
670-nm diode laser as the light source with a 400-pm? area
of observation.

RESULTS

® CLINICAL MANIFESTATIONS: The Table summarizes
the clinical manifestations for 6 eyes of 6 patients. The
mean follow-up period for all patients was 4.2 * 2.5
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TABLE. Clinical Data and Slit-Lamp Biomicroscopic Findings of 6 Patients with Cytomegalovirus Comeal Endotheliitis (Continued)

Intraocular CMV DNA by
Pressure (mm Hg) Visual PCR of Clinical Outcomes
(No. Antiglaucoma  Acuity before/after Aqueous (Follow-up Period after
Systemic Disease Eye Drops) Treatment Humor Treatment CMV Detection, mos)
DM, mixed connective 18 (1) 20/25/20/25 Positive  Systemic ganciclovir 10 mg/kg daily X 7  Clear cornea (8)
tissue disease (oral days, 0.5% ganciclovir, 8 times daily,
prednisolone 2.5 0.1% betamethasone, 4 times daily
mg/day)
Lung cancer (treated) 25 (3+Dx) 20/40/20/40 Positive  0.5% ganciclovir 8 times daily, 0.1% Clear cornea (5)
betamethasone 4 times daily
Hyperlipidemia, fatty 24 (3+Dx) 20/25/20/25 Positive  Systemic ganciclovir 10 mg/kg daily X 7 Edema reduction (5)
liver days, 0.5% ganciclovir 8 times daily,
0.1% betamethasone 4 times daily,
cataract surgery for secondary
cataract
Essential 26 (2) 20/100/20/40 Positive  0.5% ganciclovir 8 times daily, 0.1% Clear cornea (4)
thrombocythemia betamethasone 4 times daily
DM 15 (4) 20/100/12/40 Positive  Systemic ganciclovir 1800 mg daily X 12 Edema reduction (2)
days, 0.5% ganciclovir 8 times daily,
0.1% betamethasone 4 times daily
Hypertension 43 (3+Dx) 20/22/20/16 Positive  Systemic ganciclovir 10 mg/kg daily X Edema reduction (1)

14 days, 0.5% ganciclovir 8 times
daily, 0.1% betamethasone 4 times
daily

months (range, 1 to 8 months). All patients were male
(6/6; 100%) and had long histories (more than 2 years) of
anterior uveitis (6/6; 100%) and IOP elevation of un-
known origin (6/6; 100%) that was treated by corticoste-
roids and antiglaucoma agents (duration, 24 to 144
months; mean * standard deviation, 84.0 * 41.6 months).
All patients had corneal edema (6/6; 100%) and pig-
mented keratic precipitates (6/6; 100%). Three patients
had mild anterior chamber reaction (Patients 3 through 5;
50%), and the remaining 3 patients had no anterior
chamber reaction. Iris atrophy was observed in 3 patients
(Patients 3, 5, and 6; 3/6; 50%). Three patients experi-
enced strong iridocyclitis with fibrin reaction after cataract
surgery (3/4; 75%); the surgery was performed before the
diagnosis of CMV endotheliitis in 1 patient and after the
treatment of CMV endotheliitis in 2 patients. A tentative
diagnosis of Posner-Schlossman syndrome was made in 4
patients (Patients 2, 3, 5, and 6; 4/6; 66.7%), and 5
patients (5/6, 83.3%) initially were referred to our glau-
coma service. Severe glaucomatous visual field defects were
observed in 2 patients (2/6; 33.3%).

Coin-shaped lesions were observed only in Patient 2 at
the first visit. At subsequent follow-up visits, 2 additional
patients had coin-shaped lesions (Patients 1 and 3; total,
3/6; 50%: Figure 1). The coin-shaped lesions were not
detectable in the remaining 3 patients (Patients 4 through
6) throughout the follow-up period. Endothelial cell den-

VoL. xx, NO. x

sity (ECD) was decreased in all eyes (6/6; 100%); 4
patients (Patients 1, 4, 5, and 6) had an ECD of less than
1000/mm?, and the remaining 2 patients had an ECD of
less than 2000/mm?. Patients 1 and 5 had diabetes melli-
tus, and Patient 1 also had mixed connective tissue disease
treated with oral prednisolone 2.5 mg/day. The aqueous
humor samples of all eyes contained CMV DNA (6/6;
100%), but not HSV, VZV, Epstein-Barr virus, human
herpes virus 6, or human herpes virus 7 DNA. All patients
were treated with topical 0.5% ganciclovir (8 times daily)
and 0.1% betamethasone (4 times daily). In addition, all
patients (except Patients 2 and 4) were administrated
intravenous ganciclovir 10 mg/kg daily for 7 days based on
the severity of clinical manifestations. After 1 to 2 months
of treatment, corneal edema, keratic precipitates (KPs),
and IOP were improved in all patients. In Patients 1 and 3,
CMYV DNA was not detected by PCR in aqueous humor
samples after treatment. CMV DNA was not tested again
in the remaining patients.

® IN VIVO LASER CONFOCAL MICROSCOPY: In vivo laser
confocal microscopy demonstrated normal epithelial layers
in 4 patients (Patients 1, 2, 4, and 5; 66.7%) and slightly
increased cell body size with higher intensity indicative of
epithelial edema in 2 patients (Patients 3 and 6; 33.3%:
Figure 2, Top right). A few subepithelial nerves were
detected in 2 patients (Patients 3 and 4; 33.3%; Figure 2,

CONFOCAL MICROSCOPY IN CYTOMEGALOVIRUS CORNEAL ENDOTHELIITIS 3



FIGURE 1. Coin-shaped lesion identified by slit lamp in a
patient with cytomegalovirus corneal endotheliitis. Coin-
shaped lesion was observed in Patient 1 during the follow-up
period (arrows). This was not noted at the initial visit.

Second row left), but no subepithelial nerves were de-
tected in the remaining 4 patients (Patients 1, 2, 5, and 6;
66.7%; Figure 3, Second row left; Figure 4, Second row
left). Stromal nerves were detected in 2 patients (Patients
2 and 3; 33.3%). Subepithelial opacity, increased reflec-
tivity of keratocytes, highly reflective dots, and needle-
shaped bodies were observed uniformly in all patients (6/6;
100%; Figure 3, Second row center and Second row right;
Figure 4, Second row center and Second row right; Figure
2, Second row center and Second row right). The most
characteristic feature was large cells whose nuclei had a
high reflection area surrounded by a halo of low reflection
(owl eye morphologic features), and these were observed in
the corneal endothelial cell layer in all eyes (6/6; 100%;
Figure 2, Bottom left and Bottom center, Figure 3, Third
row left, Third row center, Third row right, and Bottom
center; Figure 4, Bottom left and Bottom center). In
contrast, owl eye morphologic features were not detected
by noncontact specular microscopy in any of the patients
(data not shown). Highly reflective round bodies on the
surface of the endothelial cell layer also were detectable in
5 patients (Patients 1 through 3, 5, and 6; 83.3%; Figure 2,
Bottom right, Figure 3, Bottom left, Bottom center, Bot-
tom right; Figure 4, Bottom right). These owl eye cells and
highly reflective round bodies disappeared in all patients
after treatment. Subepithelial and stromal nerves were
visible in all patients after resolution of the CMV
endotheliitis.

® CASE REPORT: A 75-year-old man (Case 2) began to
experience recurrent episodes of anterior uveitis of un-
known origin and IOP elevation to 40 mm Hg in his left
eye in June 2008. He was diagnosed with bilateral glau-
coma and Posner-Schlossman syndrome and was treated
with topical corticosteroids and antiglaucoma agents. He
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was referred to the glaucoma service at our hospital in June
2010 for poor IOP control. He had a history of lung cancer
(treated). At the initial visit, his BCVA was 20/40 in the
left eye. His left cornea had localized corneal edema,
pigmented KPs in the lower cornea, and coin-shaped
lesions with minimal anterior chamber reaction (Figure 4,
Top left and Top center). Iris atrophy was not noted.
ECD was 1730 cells/mm® in his left eye and 2785
cells/mm? in his right eye. IOP was 9 mm Hg (right) and
25 mm Hg (left) with antiglaucoma agents (topical
latanoprost, dorzolamide, bunazosin, and oral acetazol-
amide). Bilateral glaucomatous optic neuropathy was
observed, but CMV retinitis was not observed by fundus
examination. Owl eye morphologic features were ob-
served by HRT2-RCM examination in his left eye
(Figure 4, Bottom left and Bottom center). PCR analysis
of aqueous humor samples for the left eye detected
CMV, but not HSV, VZV, Epstein-Barr virus, human
herpes virus 6, or human herpes virus 7 DNA. In August
2010, based on the diagnosis of CMV corneal endothe-
liitis in the left eye, topical 0.5% ganciclovir was applied
8 times daily, and 0.1% betamethasone was applied 4
times daily, but he was not treated with systemic
ganciclovir. The corneal edema disappeared rapidly, and
the KPs and IOP improved gradually. In November
2010, the owl eye morphologic features had disappeared
in the endothelial layer by HRT2-RCM examination. In
January 2011, the left eye IOP was reduced to 11 mm Hg
under a single antiglaucomatous agent (topical dorzol-
amide only).

DISCUSSION

HEREIN, WE REPORT THE CLINICAL MANIFESTATIONS TO-
gether with detailed in vivo laser confocal microscopic
findings of all corneal cell layers in 6 Japanese patients
with PCR-proven CMV corneal endotheliitis. To the best
of the authors’ knowledge, this is the largest series of
confocal microscopic analyses of CMV corneal endothe-
liitis. The main highlight of the case series is the support-
ive diagnostic value of owl eye morphologic features by
confocal microscopy. Most notably, we found that these
confocal features are reversible after resolution of corneal
endotheliitis.

In vivo laser confocal microscopy demonstrated epithe-
lial edema in 2 patients (2/6; 33.3%), reduced or nonde-
tectable subepithelial nerves in all patients (100%; 6/6),
reduced stromal nerves in 2 patients (2/6; 33.3%), subep-
ithelial opacity in all patients (6/6; 100%), increased
reflectivity of keratocytes in all patients (6/6; 100%), and
highly reflective dots and needle-shaped bodies in all
patients (6/6; 100%). These confocal characteristics most
likely were the result of common pathologic changes seen
in edematous cornea caused by endothelial dysfunction,
corneal stromal inflammation, or both.'?°~?* However,

MONTH 2011



FIGURE 2. Slit-lamp photographs and laser confocal microscopy scans from a patient with cytomegalovirus corneal endotheliitis
(Patient 3). (Top left) Slit-lamp photograph of the right cornea of Patient 3 at an initial visit to the hospital. Brown pigmented
keratic precipitates were seen in the lower part of the cornea. (Top middle) Sectorial edemas from periphery to mid periphery were
detected under fluorescein staining. (Top right) Epithelial basal cell layer in the center of the cornea showed slight edema by
Heidelberg Retina Tomograph 2 Rostock Cornea Module (HRT 2-RCM). Bar = 50 pm. (Second row left) Bowman layer with
highly reflective tiny dots. Nerve density was reduced. (Second row middle) Subepithelial opacity with increased reflectivity of
keratocytes was observed. (Second row right) Highly reflective activated keratocytes were seen. (Bottom left and middle) Owl eye
morphologic features were detectable by HRT 2-RCM (arrows). Endothelial cell density was 1677 cells/mm?. (Bottom right)
Sequential image of Bottom row middle, 8 pm forward toward the anterior chamber. Highly reflective round bodies, presumably the
identical cell of owl eye morphologic features seen in Bottom row middle were noted (arrows).

the precise origin and significance of these pathologic The most characteristic feature was large cells, whose
changes remain unclear. It should be noted that subepi- | nuclei had a high reflection area surrounded by a halo of
thelial and stromal nerves were reversible in all cases after | low reflection (owl eye morphologic features), which were
resolution of the CMV endotheliitis. observed in the corneal endothelial cell layer by HRT2-
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FIGURE 3. Slit-lamp photographs and laser confocal microscopy scans from a patient with cytomegalovirus corneal endotheliitis
(Patient 1). (Top left and center) Slit-lamp photographs of the left cornea of Patient 1 at the initial visit to the hospital. Faint keratic
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RCM in all eyes at the initial visit (6/6; 100%). This
indicates the potential usefulness of visualizing owl eye
morphologic features in the diagnosis of CMV corneal
endotheliitis. Owl eye cells typically are seen at autopsy or
in biopsy specimens from the kidneys, lungs, and other
organs in cases of congenital or acquired CMV infection.?*
Shiraishi and associates were the first to report the owl eye
morphologic features in a single case of CMV corneal
endotheliitis using HRT2-RCM.'? In their study, owl eye
morphologic features in the corneal endothelial cell layer
observed by in vivo laser confocal microscopy were de-
scribed as “a group of large cells whose nuclei have a high
reflection area surrounded by a halo of low reflection.”"’
Subsequently, 2 case reports showed the presence of owl
eye morphologic features by in vivo laser confocal micros-
copy in CMV corneal endotheliitis: Koizumi and associates
reported an owl eye morphologic features in 1 patient, and
Wang and associates reported 1 patient with owl eye
morphologic features after penetrating keratoplasty.®® In
this study, we reported 6 cases of PCR-proven CMV
corneal endotheliitis, and all cases (100%) demonstrated
owl eye morphologic features by HRT2-RCM. Further-
more, the owl eye morphologic features disappeared after
treatment in all patients. Thus, HRT2-RCM may be useful
not only for diagnosing CMV corneal endotheliitis, but
also for monitoring the therapeutic effects of systemic or
topical antiviral drugs. Moreover, this may provide infor-
mation regarding the timing for discontinuing medications
in a noninvasive manner compared with PCR testing,
which requires an anterior chamber tap. It should be noted
that the owl eye morphologic features were not detected by
noncontact specular microscopy in any of the patients.
One explanation of this discrepancy of observation be-
tween the 2 diagnostic methods may be the difference of
observational area. In specular microscopy, only the central
endothelium is visualized. In contrast, by confocal micros-
copy, scanning a wide area of endothelium is possible,
enabling rapid detection of owl eye morphologic features.
Another important explanation is the difference of principals
of visualizing the endothelium. In specular microscopy, spec-
ular reflection can be obtained only when the endothelium is
smooth. Also, specular microscopy visualizes only the surface

of the endothelial cells. In contrast, by confocal microscopy,
all cell layers can be visualized with high resolution and
pathologic endothelium, such as guttae seen in Fuchs dystro-
phy, can be observed clearly. Therefore, confocal microscopy
may be a reasonable device to visualize the owl eye morpho-
logic features, because the features are a characteristic light
reflection inside the endothelial cells, which probably corre-
spond to the intranuclear inclusion body.

One notable finding from our in vivo laser confocal
microscopic study is that highly reflective round bodies with
a diameter of 10 to 30 wm were observed on the surface of the
corneal endothelium in 5 patients (5/6; 83.3%). These
deposits did not look like the images of KPs usually seen in
various kinds of uveitis.”>**® On careful examination using
consecutive images around the level of the endothelial cell
layer, we noted that these deposits were localized on the
surface of the endothelial cells and were related to the owl eye
morphologic features (Figure 2, Bottom row middle and right,
Figure 3, Third row right, Bottom row). We assumed that the
highly reflective round bodies were CMV infected and were
necrotic endothelial cells that protruded or had fallen off
toward the anterior chamber. The fact that highly reflective
round bodies disappeared after treatment in all patients also
suggests that these are closely related to the owl eye morpho-
logic features.

Koizumi and associates found coin-shaped lesions by
slit-lamp biomicroscopy in all patients (8/8; 100%) and
suggested that the lesions are a characteristic sign of CMV
corneal endotheliitis.® However, we detected coin-shaped
lesions in only 1 patient (16.7%) at the first visit. At
subsequent follow-up visits, 2 additional patients had
coin-shaped lesions (Figure 1; total, 3/6; 50%). The coin-
shaped lesions were not detectable in the remaining 3
patients throughout the follow-up visits. Considering that
we could visualize owl eye morphologic features in all
patients (6/6; 100%), the presence of not only coin-shaped
lesions by slit-lamp biomicroscopy, but also of owl eye
morphologic features by HRT2-RCM may be useful as an
adjunct method for the noninvasive diagnosis of CMV
corneal endotheliitis. For example, owl eye morphologic
features may indicate that ganciclovir treatment should be
initiated soon after the confocal examination under ten-

precipitates in the peripheral cornea were observed. Sectorial edemas from the periphery to the center were detected under
fluorescein staining (arrowheads). (Top right) Epithelial basal cell layer in the center of the cornea demonstrating normal results
by Heidelberg Retina Tomograph 2 Rostock Cornea Module (HRT 2-RCM). Bar = 50 pm. (Second row left) Seemingly normal
Bowman layer with minimal highly reflective tiny dots. Nerves were not detectable. (Second row middle) Subepithelial opacity with
increased reflectivity of keratocytes was observed. (Second row right) Highly reflective dots and needle-shaped bodies (arrows) were
noted. (Third row left) HRT 2-RCM identified large endothelial cells whose nuclei had a high reflection area surrounded by a halo
of low reflection, which resembled an owl eye (arrows). Endothelial cell density was 692 cells/mm?*. (Third row middle) Multiple
intranuclear inclusion bodies in a cartwheel arrangement were seen in large cells (arrow). (Third row right) Further owl eye
morphologic features were noted during the subsequent follow-up visit (arrows). (Bottom left) Sequential image of Third row right,
4 pm forward from the anterior chamber. Highly reflective round bodies were noted, which presumably show necrotic and
protruded owl eye cells identified in Third row right (arrows). (Bottom middle) Owl eye morphologic features in a different location
(arrows). (Bottom right) Sequential image of Bottom middle, 6 pm forward toward the anterior chamber. Highly reflective round
bodies, presumably the identical cell of owl eye morphologic features seen in the Bottom middle were noted (arrows).
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