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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.

2. 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 common 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)- E,,,

E(l=0) = ~%600

Tasie 1. The Age, Sex, ahd Stages of Reviewed Patients and Eyes
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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:

Ey = 3600 el ~(wnoon

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 0 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 75.1 = 12.4 3 14 17 0.86 :]2'08 0.32 :[1‘07 135 ]2'98
Total 66.6 + 15.4 931 1040 1971 12.73 891 16.15
Eye Stage Male (n) Female (n) Total (1)
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,
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(C-1, C-2) stage 2, and (D-1, D-2)
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).
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.
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ECO, 4.
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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 10-14 y 1519y 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 3539y 4044y 45-49 y 50-54 y
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 —
55-59y 60-64y 65-69 y 70-74y 75-79 y
Eyes ECD Eyes ECD Eyes ECD Eyes ECD Eyes ECD
Stage 0 195 2701.2 * 408.1 325 26719 + 4644 384  2677.7 % 449.1 494  2698.4 = 435.0 496  2691.2 *+ 4213
Stage 1 25 2105.2* 6733 28 2219.4 % 695.5 39 21248 *+ 7437 61 22425 7194 44 2159.0 = 741.7
Stage 2 4 645.8 + 224.3 2 797.5 = 282.1 7 562.9 *+ 329.5 7 730.7 = 149.5 7 483.0 = 183.7
Stage 3 2 284.5 + 219 0 — 0 — 2 3025+ 3.5 7 524.0 = 418.9
80-84y 85-89y =90y
Eyes ECD Eyes ECD Eyes ECD
Stage 0 309  20698.9 * 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, 4

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.'* 1.00 England
Ambrose et lz;l.“’ 0.60 England
Numa et al. 0.30 Japan
Bourne et al.'® 0.60 United States
Rao et al.'® 0.30 India
Present study 0.44 Japan

DISCUSSION

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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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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s) FIGURE 3. Proposed classification of
-g I Atage de: Preefcl l eyes in stage 1 based on ECO, 4 and
s ECO,, ECO,,. Eyes in stage la above
0 ECO, 4 were named AGC, which had
a decrease rate as low as stage 0. Eyes
0 20 40 60 80 100 in stage 1c below ECO,, had a de-
crease rate as high as FCD (stages 2
Age (yea I’S) and 3), and therefore, this stage was
named pre-FCD. Stage 1b between
Age (years) 20 30 40 50 60 70 80 90 ECO, , and ECO, , was named BGC.
ECD ECO14 2918 2537 2205 1917 1667 1449 1260 1095 The table below the graph shows the
(cells/mm®) [ ECOqp | 2667 2184 1788 1464 1198 981 803 658 coordinates of ECO, 4 and ECO, .
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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, 4 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 23 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 1a was close to that of stage
0, that is, almost normal. Schanitzer 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 la of our
classification. In addition, because the distribution of patients
of stage 1a was located above ECO, ,, 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 0 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 2* 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, 4 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.'*™1® This new device provides
high-definition histologic-like images of corneal micro-
structures in vivo, with an axial resolution of approxi-
mately 4 pum and improved resolution compared with
conventional white-light confocal microscopes (for exam-
ple, 10 pm 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 X60 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 Corneal 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-
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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,
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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
CMYV, 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,
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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 pum 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 HRT?2-
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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 comeal
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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FIGURE 4. Slit-lamp photographs and laser confocal microscopy scans from a patient with cytomegalovirus corneal endotheliitis
(Patient 2). (Top left) Slit-lamp photograph of the left cornea of Patient 2 at an initial visit to the hospital. (Top center) Coin-shaped
lesions and disciform edema were observed in the upper temporal region (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) Increased intensity of Bowman layer with highly reflective tiny dots were observed. (Second row
middle) Aberrant shape of subepithelial nerves was observed (arrows). (Second row right) Subepithelial opacity with increased
reflectivity of keratocytes and highly reflective needle-shaped bodies were noted. (Bottom middle and left) Owl eye morphologic
features were detectable by HRT 2-RCM (arrows). Endothelial cell density was 1730 cells/mm?. (Bottom right) Highly reflective
round bodies were noted (arrows).

tative clinical diagnosis of CMV corneal endotheliitis, stromal edema, because this may prevent visualization of
which may prevent further endothelial cell loss that may | the corneal endothelium layer.
happen while waiting for the PCR results. However, one We hypothesized that aggregates of highly reflective round

limitation of confocal microscopic examination is that the | bodies visualized by HRT2-RCM may correspond to the
device may not be useful for patients with severe corneal | coin-shaped lesions observed by slit-lamp biomicroscopy.
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That is, the coin-shaped lesions may correspond to necrotic
and aggregated corneal endothelial cells that are infected
with CMV. The fact that the owl eye morphologic features
are visualized better around the area of coin-shaped lesions,
but are not seen uniformly in the endothelial cell layer
(unpublished observation), also may support this hypothesis.

In conclusion, in vivo laser confocal microscopy is
capable of identifying characteristic corneal microstruc-
tural changes related to CMV corneal endotheliitis. Spe-
cifically, owl eye morphologic features and highly reflective

round bodies may be useful adjuncts for the noninvasive
diagnosis of CMV corneal endotheliitis. Additionally,
HRT2-RCM may be useful for monitoring the therapeutic
effects of systemic and topical antiviral drugs and may
provide information regarding the timing for discontinuing
medications without multiple antetior chamber tap. Fur-
ther studies using a large number of patients and including
other types of endothelial diseases are required to elucidate
fully the clinical significance of owl eye morphologic
features in CMV endotheliitis.
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CLINICAL INVESTIGATION

Intraocular Pressure After Descemet’s Stripping and
Non-Descemet’s Stripping Automated
Endothelial Keratoplasty

Yoshiro Mawatari, Akira Kobayashi, Hideaki Yokogawa,
and Kazuhisa Sugiyama

Department of Ophthalmology, Kanazawa University Graduate School of Medical Science,
Kanazawa, Japan

Abstract

Purpose: To evaluate the effect on intraocular pressure (IOP) of increased corneal thickness after
Descemet’s stripping automated endothelial keratoplasty (DSAEK) and of non-Descemet’s stripping
automated endothelial keratoplasty (nDSAEK) as measured by four different techniques.

Methods: Twenty-four eyes (22 patients; mean age, 74.0 years) with successful DSAEK (11 eyes) or
nDSAEK (13 eyes) treatment at least 3 months prior to testing were enrolled. IOP was measured with
Goldmann applanation tonometry (GAT), dynamic contour tonometry (DCT), pneumatonometry, and
Tono-Pen XL (Tonopen). Central corneal thickness (CCT) was measured by ultrasonic pachymetry.
These data were used for statistical analysis.

Results: Mean IOP measured by GAT, DCT, pneumatonometry, and Tonopen was 14.4, 13.9, 11.2, and
13.2 mmHeg, respectively, in the DSAEK group; and 15.0, 14.4, 12.5, and 14.4 mmHg, respectively, in the
nDSAEK group. Correlations between IOP and CCT were not statistically significant in either group.
Pressure measured by pneumatonometry was significantly and consistently lower than that obtained by
the other three methods.

Conclusion: For both DSAEK and nDSAEK, IOP readings by the four tonometers seem to be unrelated
to artificially thickened corneas. Jpm J Ophthalmol 2011;55:98-102 © Japanese Ophthalmological

Society 2011
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Introduction

Over the past several years, new surgical techniques have
been reported for bullous keratopathy that replace only
the dysfunctional posterior portion of the cornea through a
scleral pocket incision."™ These techniques completely elim-
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inate surface corneal incisions and sutures, maintain much
of the comnea’s structural integrity, and induce minimal
refractive changes, suggesting distinct advantages over
standard penetrating keratoplasty. Recently, preparation of
donor tissue for this type of procedure, termed endothelial
keratoplasty, has been made easier with the utilization of an
automated microkeratome. The enhanced surgical proce-
dure with the automated microkeratome is known as
Descemet’s stripping automated endothelial keratoplasty
(DSAEK).* Recently, we reported a successful modifica-
tion of DSAEK without Descemet’s membrane peeling for
bullous keratopathies secondary to Argon laser iridotomy;
we termed the modified procedure non-Descemet’s strip-
ping automated endothelial keratoplasty (nDSAEK).”®
After both DSAEK and nDSAEK surgery, corneal
thickness inevitably increases owing to the addition of the
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donor graft. Therefore, there is a possibility that intraocular
pressure (IOP) measurement methods dependent on
normal corneal thickness, such as Goldmann applanation
tonometry (GAT), may produce less accurate readings.
The purpose of the current study was to evaluate the
effect of both post-DSAEK and nDSAEXK increased corneal
thickness on 10OP readings obtained with one of the follow-
ing four techniques: GAT, dynamic contour tonometry
(DCT), non-contact pneumatonometry, and miniaturized
digital electronic tonometry (Tono-Pen XL, or Tonopen).

Patients and Methods

This prospective, cross-sectional study was approved by
the Ethical Committee of Kanazawa University Graduate
School of Medical Science and complied with the tenets of
the Declaration of Helsinki. We evaluated 24 eyes (22
patients: 6 men, 16 women; mean age, 74.0 years) that had
undergone either successful DSAEK (11 eyes) or nDSAEK
(13 eyes) treatment at least 3 months prior to testing (mean
duration, 327.0 + 167.4 days; range, 103-621 days). The
causes of the cormneal edema were post-argon laser iri-
dotomy (17/24, 70.8%), followed by endothelitis (3/24,
12.5%), Fuchs dystrophy (2/24, 8.3%), pseudophakia (1/24,
4.2%), and pseudoexofoliation (1/24, 42%). Pseudoexofo-
liation syndrome is known to cause endothelial cell loss.”
None of the patients had a previous glaucoma procedure.
All surgeries were performed by a single surgeon (A. K.).
DSAEK and nDSAEK procedures are described in detail
by Kobayashi and Yokogawa and colleagues.”* In brief,
donor grafts for all 24 eyes were prepared with a microkera-
tome (ALTK Cbm, Moria, Antony, France) equipped with
a 300-um head and an 8.0-mm-diameter punch (Barron
donor cornea punch, Katena Products, Denville, NJ, USA).
In 14 of the 24 cases, simultaneous cataract procedures
(phacoemulsification and intraocular lens implantation)
were performed just prior to both the DSAEK and
nDSAEXK surgery. In the nDSAEK procedures, the Des-
cemet’s membrane scoring and stripping process was totally
eliminated. :

We excluded patients with clinically detectable corneal
edema or other active corneal pathology such as an epithe-
lial defect or infection. Each patient enrolled in the study
underwent a comprehensive anterior segment evaluation.
All corneas evaluated in this study were crystal clear, and
none of the participants had corneal edema clinically
detectable by slit-lamp biomicroscopy at the time of study
evaluation.

All IOP measurements were performed by one of two
authors (A. K., H. Y.). Pressure was measured with Gold-
mann applanation tonometry (GAT) and dynamic contour
tonometry (DCT: PASCAL, Swiss Microtechnology, Zurich,
Switzerland),"""* pneumatonometry (TX-F, Canon, Tokyo,
Japan), and Tonopen (Tono-Pen XL; Mentor Massachusetts,
Norwell, MA, USA). Measuring was conducted in the
following sequence: pneumatonometry, GAT, DCT, and
Tonopen. The time interval between measurements using
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each technique was about 5 min. Two measurements on
average were obtained with each technique; additional mea-
surements were performed only if the difference between
the first and second measurements exceeded 2 mmHg. For
DCT measurement, a DCT module was mounted onto a
slit-lamp biomicroscope (30SL-M, Carl Zeiss Japan, Tokyo,
Japan), after which a disposable sensor cap was attached.
After the cornea was anesthetized, the measuring tip was
aligned so that the pressure sensor was centered within the
contact zone for 3-5 s. IOP readings and the quality of the
measurement were displayed on the digital screen; a reading
of quality (Q) 1 to Q3 (with Q1 the best) was considered
acceptable. Poor readings (rated Q4 to Q5) were discarded,
and the pressure was measured again. Central corneal thick-
ness (CCT) was measured by ultrasonic pachymetry (DGH
500; DGH Technology, Exton, PA, USA). Three measure-
ments on average were used for the analysis of total corneal
thickness.

Bland-Altman plots were examined to assess agreement
between each pair of measurement methods.” The mean
pressure measurement for each pair of methods was plotted
on the x axis, with the difference in measurements between
methods plotted on the y axis. In brief, if the two measure-
ments were nearly identical, the mean difference would be
close to zero. In addition, correlations between CCT and
pressure measurements were assessed.

Descriptive statistics were expressed as mean * standard
deviation (SD). For all analyses, P values of less than 0.05
were considered statistically significant. Sample size calcula-
tion was performed as described previously," when IOP
measured by DCT and GAT was compared.

Results

Pressure was consistently measured with good quality using
DCT (all patients scored Q3 on the quality scale). In the
DSAEK group, mean pressure measured by GAT was 14.4
+ 3.6 mmHg, by DCT 13.9 £ 3.0, by pneumatonometry 11.2
+ 3.6, and by Tonopen 13.2 £ 4.1. In the nDSAEK group,
mean pressure measured by GAT was 15.0 £ 3.2 mmHg, by
DCT 14.4 £ 2.5, by pneumatonometry 12.5 + 3.2, and by
Tonopen 14.4 £ 3.0.

Two-sided paired-difference ¢ tests and Bland-Altman
plots indicated that pressure measured by pneumatonom-
etry was significantly and consistently lower than that
obtained with the other three methods: GAT (DSAEK,
P < 0.001; nDSAEK, P < 0.001), Tonopen (DSAEK, P =
0.003; nDSAEK, P =0.003), and DCT (DSAEK, P < 0.001;
nDSAEK, P <0.001). This was true in both the DSAEK and
nDSAEK groups (Figs. 1, 2).

In the DSAEK group, correlations between pressure and
CCT (629 + 86 um; mean, 627 pm; range, 482-784 um) were
not statistically significant for any of the techniques: GAT
(r=0371, P=0.262), DCT (r = 0.353, P = 0.287), pneuma-
tonometry (r =0.359, P = 0.278), and Tonopen (r = 0.107, P
= ().754). The same insignificant findings were true for the
nDSAEK group (CCT: 654 £ 40 pum; mean, 660 um; range,

33



584-719 pm): GAT (r=-0.169, P=0.581), DCT (r =-0.272,
P = 0.369), pneumatonometry (r = 0.036, P = 0.906), and
Tonopen (r = -0.016, P = 0.959).

Discussion

After DSAEK surgery, the cornea is significantly thicker
than normal because of the microkeratome-dissected donor
endothelial lamella, an approximately 100- to 200-pum-thick
component of posterior stromal tissue, Descemet’s mem-
brane, and endothelium, all attached to the recipient’s
posterior corneal surface. Recently, successful elimination
of the Descemet’s membrane stripping process was
documented for non-Fuchs-type bullous keratopathy (e.g.,
aniridia® and failed penetrating graft'®). This procedure is
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termed nDSAEK,® and it has produced good clinical
outcomes marked by superior visual acuity and minimal
induced astigmatism for patients with argon laser iridotomy-
induced bullous keratopathies.

Previously, researchers were unable to demonstrate
correlations between CCT and IOP as measured by three
techniques (GAT, pneumatonometry, and DCT) in
DSAEK-treated eyes," indicating that falsely elevated
GAT readings, as expected for thick corneas, did not occur
after DSAEK treatment. Similarly, in this study we did not
find any correlation between CCT and IOP as measured by
four different techniques in either the DSAEK or nDSAEK
group, a result consistent with previous findings."* Taken
together, these findings strongly suggest that high IOP read-
ings by GAT, pneumatonometry, DCT, or Tonopen should
raise a suspicion of an actually elevated pressure not only
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in DSAEK-treated eyes but also in nDSAEK-treated eyes.
In other words, both DSAEK-treated and nDSAEK-treated
thick corneas behave like normal corneas. Probably, the
attached endothelial lamella on the posterior surface of the
recipient cornea has little or no effect on the biomechanical
properties of the preexisting cornea.’

In this study, we showed that pressure measured by
pneumatonometry was statistically lower than pressure
measured with other techniques (GAT, DCT, and Tonopen);
this finding was documented for both DSAEK- and
nDSAEK-treated eyes (Figs. 1, 2). In contrast, there was
no significant difference between GAT and DCT readings.
Recently, Vajaranant and coworkers™ investigated IOP
after DSAEK treatment using three different techniques:
GAT, pneumatonometry, and DCT. They reported that,
unlike our results, pressure measurements by pneuma-

5 10
Mean DCT and Pneumstonometry (nmHg)

nDSAEK, non-Descemet’s strip-
ping automated  endothelial
keratoplasty.

15 20 25 30

tonometry and DCT were significantly higher than those
obtained with GAT." Previous studies have indicated that
pressure readings obtained with DCT are higher than those
obtained with GAT, with a range of 0.7-4.4 mmHg in eyes
with normal corneas.” Also, one study reported that
pueumatonometry measurements in study subjects treated
with laser in situ keratomileusis (LASIK) were approxi-
mately 2 mmHg higher than those obtained with GAT.* We
are unsure why our pressure readings obtained with pneu-
matonometry were lower than those obtained with the
other techniques, or why DCT readings were not higher
than the GAT readings. One possible reason is that the low
number of patients in this study affected the statistical
outcome. Another possible reason is that the presence
of host Descemet’s membrane or compressed host endothe-
lium plays a role in the results obtained by pressure
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measurements with pneumatonometry or DCT. Further-
more, the thinner mean CCT in our study (DSAEK, 629 +
86 um; nDSAEK, 654 £ 40 pm) compared with thicknesses
reported by Vajaranant and coworkers (701 + 68 pm)"
might have influenced readings obtained with either pneu-
matonometry or DCT or both.

In conclusion, in both DSAEK- and nDSAEK-treated
eyes, IOP readings by all four techniques (GAT, DCT, pneu-
matonometry, and Tonopen) might be independent of
artificially enhanced corneal thickness in this small study.
Further investigations using a larger number of patients are
required to fully elucidate the relationship between intra-
ocular pressure readings and treatment with DSAEK or
nDSAEK.
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ARTICLE

Hormonal Regulation of Na*/K*-Dependent ATPase
Activity and Pump Function in Corneal Endothelial Cells

Shin Hatou, MD*¥

Abstract: Na*- and K'-dependent ATPase (Na,K-ATPase) in the
basolateral membrane of corneal endothelial cells plays an important
role in the pump function of the corneal endothelium. We investigated
the role of dexamethasone in the regulation of Na,K-ATPase activity
and pump function in these cells. Mouse corneal endothelial cells
were exposed to dexamethasone or insulin. ATPase activity was
evaluated by spectrophotometric measurement, and pump function
was measured using an Ussing chamber. Western blotting and
immunocytochemistry were performed to measure the expression of
the Na,K-ATPase al-subunit. Dexamethasone increased Na,K-
ATPase activity and the pump function of endothelial cells. Western
blot analysis indicated that dexamethasone increased the expression
of the Na,K-ATPase o,-subunit but decreased the ratio of active to
inactive Na,K-ATPase «;-subunit. Insulin increased Na,K-ATPase
activity and pump function of cultured corneal endothelial cells.
These effects were transient and blocked by protein kinase C
inhibitors and inhibitors of protein phosphatases 1 (PP1) and 2A
(PP2A). Western blot analysis indicated that insulin decreased the
amount of inactive Na,K-ATPase «;-subunit, but the expression of
total Na,K-ATPase o;-subunit was unchanged. Immunocytochemis-
try showed that insulin increased cell surface expression of the Na,K-
ATPase «,-subunit. Our results suggest that dexamethasone and
insulin stimulate Na,K-ATPase activity in mouse corneal endothelial
cells. The effect of dexamethasone activation in these cells was
mediated by Na,K-ATPase synthesis and an increased enzymatic
activity because of dephosphorylation of Na,K-ATPase «,-subunits.
The effect of insulin is mediated by the protein kinase C, PP1, and/or
PP2A pathways.

Key Words: corneal endothelium, insulin, ouabain, protein kinase C,
protein phosphatase, Na*- and K*-dependent ATPase

(Cornea 2011;30(Suppl. 1):S60-566)

A single layer of endothelial cells in a well-arranged mosaic
pattern covers the posterior surface of the Descemet
membrane in the cornea.! Corneal hydration is primarily
determined by the balance between penetration of the aqueous
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humor across the corneal endothelium into the stroma and
subsequent pumping of the fluid out of the stroma. The
accumulation of fluid in the stroma resulting from disturbance
of this balance may lead to bullous keratopathy, which is
characterized by an edematous cornea with reduced
transparency.?

Total pumping activity for the removal of fluid from the
cornea is determined by the number of endothelial cells and
the pump function of each cell. Given that human comneal
endothelial cells have a limited proliferative capacity,
endothelial dystrophies, ocular trauma, corneal graft rejection,
and insults associated with intraocular surgeries may result in
corneal endothelial cell loss and permanent damage. Re-
placement of the corneal endothelium by keratoplasty is
currently the only established therapeutic approach for
recovery of endothelial cell number. Pseudophakic or aphakic
bullous keratopathy, Fuchs endothelial dystrophy, and failed
corneal grafts remain common indications for keratoplasty,
accounting for approximately 60% of the total number of such
procedures.>® Activation of the pump function in the
remaining endothelial cells is a potential alternative approach
to recovery of the total pumping activity in the cornea, so long
as the total number of such cells is within an acceptable range.
However, therapeutic approaches to the activation of corneal
endothelial cells remain to be established.

The Na*- and K'-dependent ATPase (Na,K-ATPase)
expressed in the basolateral membrane of corneal endothelial
cells is primarily responsible for the pump function of the
corneal endothelium.! The Na,K-ATPase pump site density in
the corneal endothelium was found to be increased in eyes
affected by moderate guttata.® Na,K-ATPase pump site density
showed an initial increase, a sudden marked decrease, and
a subsequent gradual decline associated with the end stage of
disease in patients with Fuchs endothelial dystrophy.” These
observations indicate that certain conditions can induce
a compensatory increase in Na,K-ATPase pump site density
and, presumably, in endothelial pump function. They also
suggest the existence of a regulatory mechanism, or
mechanisms, for the control of total Na,K-ATPase activity
in the corneal endothelium.

Several studies have shown that glucocorticoids stim-
ulate Na,K-ATPase activity through multiple complex mech-
anisms, including gene  expression, transcription,
translocation, and enzymatic activity, in a variety of tissues.®
Although the results of experimental studies concerning the
effects of glucocorticoids on corneal endothelial damage do
not show any close correlations,”™! topical glucocorticoids
have been clinically used for the treatment of corneal
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