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Comparison of Total Shear Stress at Different
AC Depths

The total amount of shear stress (Fig. 6) exerted on the corneal
endothelial cells during a single miosis (0.660-second period of
aqueous streaming) was calculated by finding the area under
the curve representing the maximum magnitude of shear stress
as a function of time (Fig. 5). With an AC depth of 2.8 mm and
no Llinduced aqueous streaming (normal), the total shear
stress was 0.0041 dyn/cm? - s, whereas in the eyes with LI
windows, the total shear stresses were 0.06, 0.13, 0.2, and 0.29
dyn/cm? - s for eyes with AC depths of 2.8, 1.8, 1.5, and 1.0
mm, respectively. These values were 14.7, 31.9, 49.2, and 70.7
times greater than that of the control normal physiological
aqueous flow without an LI window (Fig. 6).

Effect of Shear Stress on Cultured HCECs

Photomicrographs of cultured HCECs taken after the cells
were exposed to shear stress in the different conditions are
shown in Figure 7: 7a, 0 dyn/cm” shear stress for 4 hours
(control); 7b, 0 dyn/cm? for 16 hours (control); 7c, 0.12 dyn/
cm® continuous shear stress for 4 hours; 7d, 0.12 dyn/cm?
continuous shear stress for 16 hours; 7e, 0.16 dyn/cm? contin-
uous shear stress for 4 hours; 7f, 0.16 dyn/cm® continuous
shear stress for 16 hours; 7g, 0.58 dyn/cm?® continuous shear
stress for 4 hours; 7h, 0.58 dyn/cm? continuous shear stress for
16 hours; 7i, 0.12 dyn/cm?® intermittent shear stress for 4
hours; and 7j, 0.58 dyn/cm” intermittent shear stress for 4
hours. All images were taken at the same magnification.

Cells subjected to 0.16 or 0.58 dyn/cm? of shear stress (Figs.
7e, 7g) appeared longer and narrower than the control cells
(Fig. 7a). At a shear stress level of 0.58 dyn/cm? (Fig. 7g), some
of the cells were detached from the slide. When the duration
of the shear stress was 16 hours (Figs. 7d, 7f, 7h), elongation
and detachment of the cells were observed at more sites and in
larger areas. As the magnitude of shear stress or the duration of
the shear stress increased, the stress had a greater influence on
the cells.

When shear stress was applied intermittently at a magnitude
of 0.12 dyn/cm® for 4 hours, there were large patches of
detached cells (Fig. 7i). At a magnitude of 0.58 dyn/cm?, the
number of cells attached to the slide glass decreased consider-
ably after 4 hours, and the size of the cells that remained
attached to the slide had markedly decreased (Fig. 7j).

0.2
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0.1
0.05 | .
0 L — , . o -
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FIGURE 6. Comparison of total
shear stress at different AC depths
(ACDs). The total shear stress ex-
erted on corneal endothelial cells
during one episode of miosis was cal-
culated by measuring the area under
the curve representing shear stress
versus time (Fig. 5). The total shear
stresses found in the LI models with
ACDs of 2.8, 1.8, 1.5, and 1.0 mm
were 14.7, 31.9, 49.2, and 70.7 times

LI ACD 1.5mm LI ACD 1.0mm
greater, respectively, than that of the
control (normal physiological aque-
491 707 ous flow and no LI window).

Number of Cells Attached to Slide after
Application of Shear Stress

After exposure of the cells to different magnitudes of shear
stress, either continuously or intermittently for 4 hours, the
nuclei of the cells were stained with DAPI. Four areas were
selected at random, and the number of cells that remained
attached to the slide/field was counted. Each experiment was
repeated four times, and representative results of an experi-
ment are shown in Figure 8. The mean of the number of cells =
SE was calculated and plotted from the values in the four areas.
The mean number of control cells and the cell counts under
each specific flow rate were analyzed by ANOVA, and statisti-
cally significant differences were found. Then, the Scheffé
multiple comparison test was used to compare the differences
between the control condition and each specific flow rate. The
mean number of cells for each condition of shear stress was
significantly lower than that of the control (control > contin-
uous shear stress 0.12 dyn/cmz; P < 0.05; control > continu-
ous shear stress 0.16 dyn/ cm? ; P < 0.001; control > contin-
uous shear stress 0.58 dyn/ cm? ; P < 0.0001; control >
intermittent shear stress 0.12 dyn/ cm? ; P < 0.0001; control >
intermittent shear stress 0.58 dyn/ cm? ; P < 0.0001). When
the cells were subjected to continuous shear stress, as the
magnitude of shear stress increased, the number of cells be-
came fewer.

When the cells were subjected to intermittent shear stress,
significantly fewer remained attached to the slide than with
continuous shear stress of an identical magnitude (continuous
shear stress 0.12 dyn/cm® > intermittent shear stress 0.12
dyn/cm? ; P < 0.05; continuous shear stress 0.58 dyn/cm?® >
intermittent shear stress 0.58 dyn/ cm? ; P < 0.001).

DISCUSSION

The aqueous humor plays an important role in maintaining the
homeostasis of the corneal endothelial cells and other struc-
tures in the anterior segment of the eye. Any changes in the
dynamics of the flow of the aqueous humor can have profound
effects on the corneal endothelial cells and may be associated
with a variety of ocular disorders. Unfortunately, it is very
difficult to observe aqueous flow in humans unless an AC
inflammatory reaction is present or a tracer is intentionally
introduced into the AC. Thus, computational fluid dynamics
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FIGURE 7. Photomicrographs of cultured HCECs taken after the cells
were exposed to shear stress. (a) 0 dyn/::m2 shear stress for 4 hours
(control), (b) 0 dyrn/cm2 for 16 hours (control), (c¢) 0.12 dyrl/cm2
continuous shear stress for 4 hours, (d) 0.12 dyn/cm2 continuous shear
stress for 16 hours, (€) 0.16 dyn/cm? continuous shear stress for 4
hours, (f) 0.16 dyn/cm? continuous shear stress for 16 hours, (g) 0.58
dyn/cm? continuous shear stress for 4 hours, (h) 0.58 dyn/cm” con-
tinuous shear stress for 16 hours, (i) 0.12 dyn/cm? intermittent shear
stress for 4 hours, and () 0.58 dyn/cm? intermittent shear stress for 4
hours. As the magnitude of shear stress or the duration of the stress
increased, elongated cells and cell detachment were observed more
frequently. At 0.12 dyn/cm2 intermittent shear stress for 4 hours (i),
large patches of detached cells were visible. At 0.58 dyn/cm? (j), the
number of cells attached to the slide was considerably lower after 4
hours and the size of the cells remaining attached to the slide had
markedly decreased. Scale bar, 100 um.

may be a more useful method for analyzing changes in the
dynamics of aqueous flow.'® %2

Computational fluid dynamics techniques have been widely
used in biomedical research (e.g., measuring blood flow in
vessels or air flow in the respiratory airways). The computa-
tional fluid dynamics techniques are valuable, because they
make it possible to simulate abnormal conditions that are
difficult to produce, even in animal experiments. In addition,
computational fluid dynamics techniques allow researchers to
modify individual experimental parameters and provide rea-
sonably accurate results under different conditions and as-
sumptions.

Altered Aqueous Flow after Laser Iridotomy 1961

However, it is not possible to include all the in vivo phys-
iological or pathologic conditions in the computational fluid
dynamics technique. The computational fluid dynamics tech-
nique requires some degree of simplification if a condition is to
be analyzed properly. Therefore, it is necessary to consider
whether the results obtained from the computational fluid
dynamics simulation are consistent with the physiological val-
ues to be applicable to the in vivo situation.

In our computational fluid dynamics model, we used shapes
of the AC based on clinical data, and we used these shapes for
the in vivo measurements of aqueous flow speed found in
experiments on rabbits, to ensure the precision of our calcu-
lations.

The temperature difference between the surface of the iris
and the corneal endothelium is the most important factor that
must be set to ensure a consistency of the data obtained by the
model and the eye in situ. However, there are currently no
published data on the in vivo temperature of the corneal
endothelial surface. In our model, the iris surface temperature
was assumed to be the same as internal body (rectal) temper-
ature of 37°C, and the corneal endothelial surface temperature
was set at 36°C, based on preliminary calculations of thermal
current speed made using our 2.8 mm AC depth model (Fig. 9),
experimental thermal current speeds found in particle tracking
velocimetry experiments on rabbit eyes,' and thermal current
speeds from mathematical models in earlier reports.>?

There may be some concern that the flow of the aqueous
caused by the thermal currents is affected by the flow through
the pupil and drainage of aqueous from the trabecular mesh-
work. In the literature, the speed of aqueous flow from the
pupil was reported to be 0.0017 mm/s by Maurice®® and 0.002
mm/s by Kumer et al.”" Fitt and Gonzalez®? reported that the
maximum speed of aqueous flow from the pupil was 0.0075
mmy/s and that the thermal convection caused by the temper-
ature difference between the iris surface and corneal endothe-
lial surface is greater than that produced by any other physical
mechanism (e.g., lens phakodonesis or rapid eye movements).

In addition, the aqueous flow due to thermal convection
caused by 1°C difference between the iris surface and corneal
endothelial surface was 0.16 to 0.21 mm/s (Fig. 9), and the
aqueous streaming from the LI window was 9.89 mm/s which
is >100 to 1000 times faster than that of aqueous flow through
the pupil. For our results, the flow of aqueous through the
pupil was omitted to simplify the computational fluid dynamics
model.

We found that the shear stress exerted on the corneal
endothelium by aqueous streaming from the LI window was
greater in the eyes with shallower AC depth. The total shear
stress (the area under the shear stress versus time curve in Fig.
5) exerted on the corneal endothelial surface by aqueous
streaming during a single miosis cycle was greater as the AC
depth decreased (Fig. 6). In the extreme case in which the AC
depth was 1.0 mm, the total shear stress in eyes with an LI was
70 times greater than that produced by physiological thermal
currents. Therefore, in clinical cases in which the peripheral
AC depth does not become sufficiently large after L1,***> such
eyes may be at high risk of having considerable shear stress.

Miosis commonly occurs in daily life in response to changes
in light levels. Because increases in aqueous streaming occur
repeatedly after each episode of miosis in eyes with an LI, the
corneal endothelial cells can be expected to be more strongly
influenced by shear stress because the stress results from in-
termittent rather than continuous flow.

Shear stress can be either advantageous or disadvantageous
for maintaining the homeostasis of different types of cells,
depending on the magnitude and properties of the shear
stress.2® 2% At physiological levels, shear stress has a protective
effect on vascular endothelial cells, because it inhibits apopto-
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5is.??7! On the other hand, vascular smooth muscle cells
exposed to nonphysiological shear stress levels show reduced
proliferation and increased apoptosis.*>** Therefore, shear
stress not only leads to the physical detachment of cells, but
may also cause apoptosis and wound-healing disorders and
may be a factor in the disruption of the homeostasis of corneal
endothelial cells.

According to the estimates from our model, the maximum
shear stress exerted by aqueous streaming through the LI
window was 0.70 dyn/cm?. This shear stress is far greater than
that which caused morphologic changes and cell detachments
in our flow experimental model. Moreover, in the cultured
cells, intermittent flow had a greater effect than continuous
flow. The reason for this is unclear, but it has been shown that
when vascular endothelial cells are subjected to identical mag-
nitudes of shear stress, cells that are subjected to changes in
flow were more likely to show morphologic changes or re-
sponses on a cellular or molecular level than are the cells that
are exposed to constant flow.>* 3¢

Some discrepancies may arise when in vitro data are applied
to in vivo situations, because the attachment of cells to a

Thermal current speed

FIGURE 8. After the cells were ex-
posed to different magnitudes of
shear stress either continuously or
intermittently for 4 hours, the num-
ber of cells remaining attached to the
slide was determined. Four individ-
ual areas were selected randomly,
and the number of cells attached to
the slide glass per field was counted.
The mean number of cells = SE of
four areas were graphed. The mean
number of cells for each condition of
shear stress was significantly lower
than that of the control. When the
% cells were subjected to intermittent
Q?J shear stress (sS)  shear stress, significantly fewer cells
& dyn/cm? remained attached to the slide than
Q& that with continuous shear stress of
an identical magnitude (*P < 0.05;
P < 0.001; **P < 0.0001; Sheffé
multiple comparison test).

B

flow condition

culture slide or to Descemet’s membrane should not be the
same. However, it should still be remembered that prolonged
periods of stress on the corneal endothelium caused by aque-
ous streaming can lead to corneal endothelial cell decompen-
sation.

Irreversible corneal edema developed in the upper region
of the cornea where the LI was performed, but in some cases
it developed in the lower region of the cornea far from the site
of the LL.'~%? We did not study the relationship between the
area of LI and initial corneal edema, because in most of the
cases of bullous keratopathy caused by LI, the patients had
diffuse edema at the initial visit to our clinic.

In our model, the flow of the aqueous back through the LI
window into the posterior chamber during mydriasis, aqueous
flowing through the pupil, and drainage of aqueous through
the trabecular meshwork were not simulated. Therefore, we
did not examine how these combined factors affected the
aqueous streaming in and out through the LI window in eyes
with shallow ACs and slow thermal currents. To construct a
computational fluid dynamics model that will allow investiga-
tion of these factors, clinical data regarding changes in the

mm/s
y =-0.1572x + 5.7839
1.5 T 1
L
FIGURE 9. In a computational fluid
0.5 o~ "04 ] dynamics model with an AC depth of
H(0.23 2.8 mm, the corneal endothelial sur-
0t - 1 I ! L L - L i face temperature was set at different
levels, and preliminary calculations
25 26 27 28 29 30 31 32 33 34 35 36 37 38 40  of thermal current speed were per-
-05 - T - N o formed. The graph shows the de-
u scending thermal current speed near
-1 the corneal endothelium at different

Corneal endothelial surface temperature °C

corneal endothelial surface tempera-
tures.
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volume of the anterior and posterior chambers during miosis
and mydriasis are needed. In addition, changes in the relative
positions of the iris and lens are necessary. However, many of
these parameters have not been determined for the eye in vivo,
and obtaining these clinical data is critical for further develop-
ment of the computational fluid dynamics model.

Aqueous humor dynamics appear to play a role not only in
post-LI disorders, but also in many other disorders, such those
occurring after cataract surgery and in glaucomatous eyes. The
continuing development of applications of computational fluid
dynamics has the potential to contribute to the understanding
of the pathogenesis of a variety of anterior segment disorders.

APPENDIX

Mathematical Equations for Computational
Fluid Dynamics

Continuity and Momentum Equations. For all target
flows, the fluid dynamics program (Fluent; Ansys) solves the
conservation equations for mass and momentum. For flows
involving heat transfer or compressibility, an additional equa-
tion for conservation of energy can be solved.

Mass Conservation Equation. The equation for conserva-
tion of mass can be written as

ap v -
§+ '(pv)_sm (1)

Equation 1 is the general form of the mass conservation equa-
tion and is valid for incompressible as well as compressible
flows, where §, is the mass source term.

Momentum Conservation Equation. Conservation of
momentum is described by

a9 _ - - -
S () + V- (pi) = ~Vp+V-@D+pg+F (@

where p is the static pressure, p is the density, T is the stress
tensor, and pg and F are the gravitational body force and
external body forces, respectively.

The stress tensor 7 is given by equation 3:

- = - 2_ .
T=p,[(Vv+Vv7)~§V-UI] 3

where u is the molecular viscosity and [ is the unit tensor.

Energy Conservation Equation. The fluid dynamics pro-
gram (Fluent; Ansys) solves the conservation of energy equa-
tion in the following form:

d -
37 (PE) + V- [v(pE + p)]

=VIKWT_;%$+QWEH+&(@

where k. is the effective conductivity and J; is the diffusion
flux of species j. The first three terms on the right side of
equation 4 represent energy transfer due to conduction, spe-
cies diffusion, and viscous dissipation, respectively. S, repre-
sents a volumetric heat source term. In equation 4, E is given

by:

Altered Aqueous Flow after Laser Iridotomy 1963

_, bV
E=bh + >
where the sensible enthalpy b is defined for incompressible
flows as

b= Eyjbﬁ%

J
Y; is the mass fraction of species j and b, is expressed as

T

b;= cp; AT

J
Trer

where T, is 298.15 K.

Boussinesq Model. This model treats density as a constant
value in all solved equations except for the buoyancy term in
the momentum equation:

(p — po)g = —poB(T — Tp)g (&)

where p, is the (constant) density of the flow, T, is the
operating temperature, and f3 is the thermal expansion coeffi-
cient. Equation 5 is obtained by using the Boussinesq approx-
imation p = po(1 — PBAT) to eliminate p from the buoyancy
term. This approximation is accurate as long as changes in the
actual density are small.

Physical Parameters

The physical parameters of the aqueous humor at normal body
temperature were estimated from previous reports'® ** to
be: density, 994 kg/m>; specific heat, 4178 J/kg - K; thermal
conductivity, 0.6241 W/m - K; dynamic viscosity, 0.000746
kg/m - s; and volume expansion coefficient, 0.000335 1/K.
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ek, TF /AN AOS NG EE I A
L, BoMI -1 A H FEIED D DS sHE FIE K &
AN R N . PCR (2w CUL, nested PCR
TP AL R L;uc’)u‘i R Y AR 131
il L, 3 MUHIOBIENAE L -CUIWF L 72 PCR 4y
DY) lUi‘“ - &L PCR RFLP (restriction
fragment length polymorphism' i/:X>, PCR 7% it
e =y AL AL JF T R o ] %
fra2dCciis.

3) &

T%/ﬁf»%ﬁﬂ?&ﬁmm%mmmuﬁﬁ
AL S AL, WHEEOTHE - FHO O

SR "’f‘L L. #osiks bl & s o %5tk
R M OB O 220 L i A T 1
FEIRAMH] ST %,

I70O094 )V A5EER
" (enterovirus conjunctivitis)

1) ERPRAVHFSBY
T 7 AL AFERRIE, bR
Hroyuv Al AiEtio2n 57010l A
70 (EV70) L2742 F—7 4L A A24 5 ¥kk
(CA24v) DY A L ATH D,
ST AN AFBRE, T AL AR,
e o] UOPEE R PER R RO Ao b 2 L D il

HJ PRI A 2384 2 e - IR - ifac'ibi- Yeiy 1k
¥ &hL:w bR R LT, HR S R R

BERTHD. IH.‘ (AN .iJUf: FEAIRY/I

B THY, £LOBTEOLHNDLIOT, %
B PR PR B %2 (acute hemorrhagic con-
junctivitis, AHC) 2 \vhArTuve b, Zofliis, &
BLACHIL - ISR - AR AR S - L) oo
TR & 2o 5 g 3R AT H D, I
i3 18~ 36 BEW) L JEH TRV ORI LT
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T/ AL AER R LD

EV70

VAR "1 LU RO BT R
Bive, SR 2 Yot 3585 e nva,
T PRFERER SO WD B %

2) BRE

AN AGEEILT ML
Wi, kilizv A Z,J‘;v‘%ﬁ
EV70, CA24v Oy £ 0 AP LT,

PCR {2k - "C DNA (2
FIBEE 2 LT, capsid
VP-1 #{i#X> VP 4 #ik%

L IZEVTO 2o
e IR ARG AR
TWwd, 5
RT (reverse transcription’
Biho[fETd o, o %

protein & 21— NL T\ %

AR O RHE A ST UL A8, BNy
PCR %45 2 23 470,

MLt DUl 2 0e L, PN X o> <
T 4 A5EL O LB IUE ST 5 L5,

AL UPEIZIED F O irbArTunun,
3) Al
TF AN AN, W (L R L)
ol LT, AHEM IS, PR IR A
W li¢ LD T,

( } BERNILNXZ (herpetic keratitis)

1) ERFRAVRSEY

g, A S 1 - - IS 3 R
Wk o THBY, BITTCd D AHE Z MFeH -
Td, ZOMFHE L AROLRER ST T,
ARSIV AR AL L AFE R A OSR LCuv S
#i LA £ L A Cherpes simplex virus, HSV) #¢
PEETEIL L, S o/t THBLCATD, B4
DPIEE R THITHL, HSV (22 1 H L 2 #l
Ad ) (HSV-1, HSV-2), HUlios ] b
WAAEHSV-1 123225 05% , Phgs~

THSV-2 1255405 % 0, ffxlif.:fw’w\m

BEALHSV-1i2X280CHY, HSV 212 &
L2H03EDHHT iil .

FEALARADS 9 OO NE LY E LT,
FHECOY 1L ARRE BkE L2 g X

IWDIHEL | ERCOY 4L A2 2 0 s
TR LT LN L aES S 2 b
HUFHAL, RPN ® R L 2Py

LdH LA, WEGZFZL I Dho Tk,
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EE R LAY B0 (1115 Rl S A e

(1) AL RSB
A& AN AT T E 00, T

Mo M4 20%0H0, o

dendritic keratitis ' f1 91214

@ 1 bubivTaZ, BT 2 2 [ 24 WA FO/MNGIEM 5 2 22 . HSV )5
oL, HBPAIR R 95 geographic keratitis) 2 (23 bOMNETEH LV EE % {, Vero #dllfz « 2

1

2Ty UL A A Ol A D 2 ks
(2) ¥ER TxD.
AT BIT, OO = = b1z, F I oL A 2 DY 3

EEE LB 20RO L

1M e ) g Fy

. -L/\‘fizx)\.x;':.

fphipye nm.{’l"‘hﬂf}"' %

v Schirmer %

PR A1 5 #HTWEIN 2 E'i"éb ZEHTE

k9% e
AR A L Do iE, ko iz L b YA N ASPEEZEERE 100% T 1, HSV Db
OGRS LD YeE4ETE f1 T, BEIOT—- N EEAY L ¥— FTHLHA, #i%

2) BRE
HSV (2o, IRL T %2 £ L A% shed-

ding % v TP o U PE LR A 2

HMTLD2IEDHLDT, 3.’:"? fNALLT

AN SR i as FEIVTINF€ IS A i OOl - GGl

)f'* 1 L7z 'E\—. N {' ‘Lni’/u'}li\’si P

LA XL 2 Bl R DN, UTIE BZCIP e bR, E 7 UK O G T L
COBRA B TS AL A r AT B THIL SR L7220 TH L. LN ADE T,

3, doEhUikiL, PCR, PN L 23 ) = ELRIN

A [ TP i . NS a4 w, 1.1/ ) ~ 1+ SR / SLyekyr 200
WA, AW T 4, ; $% 17 ¢ A e E w i

s
2
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flucrescence(F 1)

HSV negative control

) ¢ 4 68 81012

141618 "l‘.x.x'.<2hc?83 1323436384C42

cycle number

3 HSV-DNA @ real-time PCR

iy i3 [ le MR
Ny DNA o112 - 8T R T X
DNA 2 k &

SCHIRE 2 A SIS I TR 212 2 k25 C
X, MO LB FLo 2, e oL X
DG 2 LT :ﬂm Jiihi T
Lo Lo, 9 F ORI AR T X,
Inte M AR LTIV, CHEANTE ’\’1&[’“1 LD ek
7. j:,“ )’:’;tjr,u VARG, RERRIZE A T
RO BEEN - % Tk L B 2.
B, 77 /7940 A LhifogiEru< b 75
T4 =PRI EAF s FAHESHTE), IS8
(Pl 2 LCHENIC A2 2 L2 h D fetksid
5.

(3) PCR

TN LT,

A i bR

WV

Wi 2 Schirmer JUEEH(C
L7249, eve wash (TG A PRI L 72D O,
Filida it i B I A E L 7 i
Y R (i R N R A QAT RAR Y/ iy
SN ELCTHINC S, a0oRhtik L D S RNTE
.

PCR LEA 1L PO P20 %
vk (2 -2 2%, real time PCR :!:f"‘filsc!'LlL-,,‘
FOF FuCGREE o L CHiE 2
OVIRE Y R PRl O | VTG 376 3.

PCR {3 -fzilmkiEAsisun bt Tun Ay,
I F ORI G YN Y T A v - ORI
WOBRMF oL Ut S 228 5 ThD. t<

2 HSV O H: {5k, T SR B TH S e

LD,

72T

Wi,

il L
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»
)

DR E0G D,
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L T R S T R

IO, 655100l ¢ HSV

HSV-DNA %4 9 o[ fiEtE 492 2 0°C, #90
FERU B AL TH ), FOERTIE
73y £ 4L 4 real time PCR %179 Jj#¢

NN
l‘f' {2 r./‘

o Tud,
(4) MBETAMAIE
ik LT, #hiRES GhOL, RIS, i
ffi%:, ELISA ‘enzyme linked immunosorbent as-
SO OYEY AL ATl

say) Y H L. i

ORI g 1 "'x’fﬂlliL,L*M 205, gl
ANILARADMRE TR S £ 0Ll v

o, k’v),,,fhlﬁ X A4/

3) &

i‘li“‘»":: T 7 VIR A L A,
FEPUR-TLEZA0 A TRIELIL AT L 220
WITFHETTA 7 A NUROGEN A2 Thd L. #
Ppageid B L v %’LﬂM’i DB A

b/ Lo
f}b-n\h .

iRk O s - 5 2

¢ IRBREIREE
. (herpes zoster ophthalmicus)

1) ERFREISE
S AhEE R L 7 K
LA

Wikaiz 1
ivaricella zoster virus, VZV' O g E{l -
e A - I LR 1
U %4 4. IR ot

- Y- “ 2 i
faFEAS 1 R ke T d 2 4 THAR GO LR 2

$oTELS.

>

9]

553
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T D 2dh, BRI Ak U 28 IO
HEAHELI EHBHOHNT VD (o F Dk
i} : Hutchinson's rule’.

O EERE R TH Y, BB BB, it

VU0, BURS &R, BLRS tff.-sdi:?z.
L., WHETERET AR OAEDL LD X
VR FE T L L A S BEIE PR AT IS
sine herpete’ = X ATV 7oA PCR A% #2270 -
ZoHUE, IRERUSCT B A, Rl K9
RSB s L 2 S IR L A 2, PCR € VZV-
DNA 725 El 2402 4 0 % %12 ) zoster sine her-
pete L L ATV 4.

2) RE

VZV O %ri i 2id, HEL il v MGG
Ll NHDEOMY AL A LA, IRERE O
PTNTOY A A EEI AR <, RS
RipbivCud, Fo, aEhiikikizow Ty,
VZV-FA [7ERF)Y (7> Al e ad s B
DN, AP IEOREDS NI OO NETH L.
FO 7z HSV (M2 L T, VZV Tid PCR (2815
SR, B, HSV @ & 9 (2 shedding %
LTS BV HIWA RV, PCR BED
B3I ol HSV £ 0 4 & Dol (g
E QAN (RT2 7NN TN TR N 4 DR (il

yiie 9t fe 2 A3

Lzoster

i,
Hi.

3) am

INT L UENO YAt rbIL LAY, IRG
(0% 13 AL 2120 2 I RIEAY Bk X
7L 7 OV I S R R
A7 4 FAEZGHIT 2. HSV O L9 2%
LR Eas, BB L2 EHY, it
LT 20N 1A ETL22 205D,

S ERIESE
(acute retinal necrosis)

1) ERERRVSFEL

VZV % HSV O#4BC O &
B FNLBBTED LD, FORMMASSE
Wizey 4L APEIRSRO YT i
Lo TofdiayHAOWINS O THDL I 2 h

Lo Twadld,

ST D,

DEWVR D,
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5, il BEho> % %l L 7MUY ) gt
DWFRAT AT i 24

WAHAY, IR FHEA S B PRI AL O
s LTh

5 U OOk <1 AN R e /R TN TR
5, AL, Hh ‘mﬁ 13 O
AT AL AN L W R RO b
(RO TH L, TDd,
L AR 2 LS & D GO )i AN LT
AL 2 06 IR & 1
«‘,_ Q:I’;',‘?';'f'n‘lﬁ‘fl:':* &2 Vs A -Cd -

Kirisawa uveitis’
Hel ==y 7
]( L Q¥
. RS
JenH A b

mjmﬂ‘ Y q

a1 o gt i
i3, Fan Ay <,

72l zdhd ), JERCEERO GO ROV
WCd -2, WU AN AR L TH 0 &
1§‘*'J‘IL¢*J."§ ’i S CETWD,

HSV (Z. iPEAg g s, HSV-1 LD b

HSV-2 ';;{L_‘_/,,; /A AR/t LT/ ARY/R G
ZOMGL — PR FO TS ATu i,

2) B’E

BiE AR d 2 A o 2 7L & v 7z PCR
12k A VZV-DNA, HSV-DNA Oatlias, 2l
BOWITHITH L. i mi i 2#tEm L Tl
U, i AKd A SR R i OBkl 3 £
O IgG g LT, MM £ L ABUE O 1gG
I & P R R T 2 A?JLH fio> IgG 1 Zhf§
Lot = 4 Goldmann Witmer £ 20757 Hi
Thi., 4ol 6L oS IRNY (
WAL LT SLD.

3) ia

PINLARZ (TS 7L,
AT OA PO e, #
féiL’i’v?ltiH‘?i:ﬂJ%ﬁiil of UG SR Tl 2 .

H4 R XAODA I ARBEEN
(cytomegalovirus retinitis) &4

NG L ruYn

|5l IJI#-L

1) ERPRAVEFRN

b AH I LA (cytomegalovirus, CMV)
OB T D, RIEATOBAIIE S
OWRNELETH Y, % CHMRETH S, AIDS
DB DO TH - 245, FAUIPL T
VT4 highly active anti-retroviral therapy {HAART

Vol. 38 No. 6



0, PCR I
L % DNA #!lt7)
LT
O
i o4t CMV Sifidlio |-

fil4i ‘antigenemia' Ol ¥4 =

711 ING T 71

12 ns L L3 ¥ PATTE
L { -Z ZBas, RN

+ RS 2%

’fi\Xf‘D’?’f)lzZ%{;A B e St il ok N RETY Yt

‘ : i A 5 / 3 . LA Z de inmune

& recovery uveitis’ O TS TH D,

cheese

N

1769 808, 2007.

RECTUN L BRI
RS IS e |

94, 2008.

i TR R I 2 EL 238
! R g 7 ST 35 4 l\dkim.u u Hl\vgd\\.x A.. et al. . Chinical apphca-
D e S\ TFEIZ Cah, w240 . ) ;
tion of real time polymerase chain reaction for di-
) 2 i" ~1} G : : —
>L AN Chuman im- agnosis of herpetic diseases of the anterior seg-
oo . [ 1 130 T4 24 187 A0 0 b5 X ) AP I ] B0 94 B
mun(»dchcwm_\' virus i, BRESRSRA G, Al ment of the eve. Jpn. J. Ophthalmol., 532 724 31,
' . . : 2008.
Uil b AU LU D L.
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HRORDHTH

Hlzh LVl 27(2) 1 151~157, 2010

DG Az e 3958 (1)
F R S

Diseases with Blurred Vision (1) :

Corneal Diseases

# £ F X

L &I

BV OL > XD LR LTHI EH S
ZONMRNAN O BN R E®Y L. L
HoTHD PFA] 2RITHERS T—-LT T
B v THM TTW@ Ay, 272 Mmoo k)
LMBPUCIEREIZ L A4EIL (A3 &) TR
EATHLH L, MERGLBAH N INLHHTR [T
Al XD LNEL YolosRy ERE s il
O, [ da] 2ECDN X2 KM MED RS
HVRRBTHLOT, MPVPROTFHRUSI 2L D
HBIZOWT, TOBMPHRMOLE v 22X U ATHW
BF A, BRI L T TRET 225 $HETH
REHMHEED [T A] 2ELHZ L hIvE, F
HE TR 2B MANEIED [Hdd] TTEMGLHDH S
LW ETH L.

1 BEO [PTH] 2£ L 28BKEB

I, PROLEMELZELTEHER

WENKSAT74

47 4 ORHIGIEEH R, WA HEE S, i
e FEETHLY, L EL oy 88T
HH, N WHKFL Tk -2TH-T, 1k
zﬂi!’»‘.'l'%a).l'.}}it D THRZ O
S, 7272 ZoMGRMHMOALENIENY 500
THY, [SFa] Tl NI vy Lol
INBHTRELTHS ). [HFH] 2208010,

a.
F7
v

e 2 A, pdrizedi v AR L MEVE (superficial
punctate keratopathy @ SPK) 250MBeet LTE
MG THSH. SOLRVDOFIFIAT 4 Tidififek L
TN T IS e EMTHIEZ02D, WHED NN
A 4 i I S N B U R o Sra o § AT NS Sed b
HELHLOTHELEILETHS.

b. EFMBABRE

HRGTEMEAEIZ L S SPR [T ] BINE %2
MO FIATARBRMEGOBRFTRID HJ"#‘AJ
A5 AAD L O PR ) R 3 5 Uk k4

Dz, Xtz [t a] HEd R, 'f‘x‘- Lotz
WSS NR RN L TR &5, [T

A LR E 0L ORI B 24D D kv
P{WLlr—2Tdhas.

c. TOMOSPK ZRTHEM

(e Fh 5 NLTid, EWHSPK Z 2§45 Wi
[d ¥ X 0d, % - 5w - RN - o - ks -
MR K2 DI LB, F2 v AE—-LRRA
B RAETIE 70 2 5 2 PSR mAT (A 24 - 22 SPK
LD 2y 2 PL Ak DN AR - P
Bk FIA4TA4LSPRZ2%hs, v d ksEdL
FLHE (MY aR] 00D,

d. EREMEEEL KRR

B Z LRILAUZ A2 D L [hd &) (o8
Do LERIMEL AL AR A DKM 2205, (HBHARN R &
WCATH L b7 A= R 50N, PRIEMBITSA

* Yoshitsugu Inoue @ S F00F- 05 (WAL W& 7
(B R

0910-1810/10/¥ 100/ f{7JCOPY

- 88 -

BESX: TO83-8504 % hitNE] 86 W BIUCFI PN R7

a3 151



B 1 CIN (onjunctivd and comeal mtraepithelilad neoplasia)
WAL - AT 12 REL T2 20w, BALAZ A2 b
YA OYNELS

TR, TR R GE M B Tl S IS epithelial
crack line 2 XS 5. vl [(Hda] 23 T4%L
YRR Aol 2 & A S .

2. PROAMBWE S THRE
a. LEROBREELTHER
MR EE O RO Lt €L & 2 CIN (con-

junctival and corneal intraepithelilal neoplasin) 2k

LTHRALA DS E [H3A] 2X25 (KD, 20
SRR BAENEAL TGV, ke L TIRRRIMEL T

Mty 2 A% v, Fabry #2244 S5 E Ol
TiAYurp) L LTEDSID LILRE (epithe
lial opacity) & [HF A ORNE%L L2554
NELLTEIES S L E Tt W TSR P EALR
b, RTMABMRCLIISRUARERTRR
TF7ANACLDZHIM M RO RIZELL$
RUEME L PR, Vb il BailTh s
7)‘. B RDEANERLED LR, 25128 %
GL2zboETINT [T A D
KINERZ, SRMMELLIE FRdFIomE L LTt #
W32 %k L 22BR MR AN T 5 7 4 L A0 iU
AL, TRCHT I MERRBIG A2 EL TS,
EALITVDA, BERRTENL L2z o THEARAI T
LHHREEEZ>THHIMLL v L H D, e~
A4 N A (herpes simplex virus @ HSV) @ X 5 &%

(HEIRDE

152 H25 LR Vol 27, No 2, 2010

@2 PAU/ARZZAMO7 4
PR LM ON VI 2 3E 2k L SA RILATRGRINE &2
HLE [HtTAh] £KLD.

B3 PAYABRSAIOT 4
SO IR ETRBOAVREIEADSCTWEZS
2N SN OT PTK THRDGIZ (v,

LhHoH, diRtEL
LDHHL MMKL%
| 5

CkizE T

(R H LD Tid vk vy EX

TidATod FARZHENTLHZ LI
Aol Iz h o THRIL v
FoMBTES. Ll TFYALAZOWTIRENE
.»MM‘IHJ""N Lt-blu{f!i#'c-smLuhnfu
HH0ODI3E SARZED L OTHAHZ kAW
LB

c. BINGAMS 2074 (PAY/ MRS ZAMOT ¢
SOTAPT 7 FIZEDHENIE, WRERETH D, I
WOBGIRENITH D20, N EEINTH D
A RHPTAEBIZRLDLIIRD, LHETRBIKE

(SN
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CRBBLELHGTARBEE 40T (AT A #
HFAHEINRDL, BAEGHNODN RRELE <L -
#—i2 £ % PTK (phototherapeutic keratectomy! T

A itH LVl MOREHTEILATHGTLT
BHOENDr—ATH2D (142). WiEHETH Ik

FLTHRGHNO LW G -3 BREL Frkhn
widdrhd, L—WF—Eogiitozoil, 4 -TH
TRWIZ o R bR UG LHHDOT, LI
RTha, %b, HRWAMEI A LO7 43 TCFBI Y
ETORBKIZLoTRILY, NHATREIIHIONE
SASE AV ROYRAR M T A b o7 1 (R555W) 12
Pil., BLRRIZAHZP A 707~ 2Ry A b o
TAThs.

d. BEAMEY

AR MEVETRIZ R AL L L TA E I Bide, MBS,
RRNEL Z2 AT D, &z Bowman BR L XAz AH A
SN LTAEL S, BEBONLDSEL TR
Ao TilirL, BRI RAE [(PFU] 9%
D, WIMRZMEORGTLZF L —F -2k D
PTK RQFFAAT A, A DIRBHSEIZ L - TR
D, MOMAELELTT, WIRE ERET S r— AT
2, HHIRuEIHE L=l oTH TN
wzh, LA manual TO keratectomy DI 9 A

Tho.

3. PROMBZME E /- EB

HAbAHAT I AMBAEE

fERNEZ SO NI E LT, HSV. Ak ARiss o A
N A (varicella-zoster virus : VZV), L2 72494 N
A EMMSNT VN, hoEF A AT oY VA
ICMVYZE 2500 HLH2 LHANNIL, SULLoT
Wi, HSV X DBV S b b LT MBudhidce
DL OHH {, TR LS L 22 coin lesion &
LN SO MBEIL N 2 LD 502 M TSH
DY HEIZCMVERR & 3mET 5 Owls Eye # 29
VLot HS, CMVIZE AU ERLIETNENT
B, BESL{OMVAUBRENILEIEZ -LOBLTH
LU iEEDH D, CMV RQREA A TERLZ T L
WABEAHNTETY D, BIZH - TR AD

(15)

PCR (polymerase chain reaction) TCMV % W35
LEENDHD., HGIHMICMV Oy 2703
Koy 7RUN oI Ll BB HBVE
S E ST vrbkw) ZkizonTid s
evidence 24 7% {4 Dbk TN TbRTV S,

1 HED [hTH) 24U 558

l. PROLEABELZELTHRE

g WEMARKEEES

Stevens-Johnson 4 #:8F, graft-versus-host disease
(GVHD). Mg X HHE 7 & OGEIE M B LRSI
Wo FE L Mt A, MENRE E FIA4 T4 %
GUFLTHD., SEZTELMEREELT S, [2F
Al REomko -SRI ELv. B REOUNNHEE
WENTUESWTRFTA T4, B4, Ryt ST
ETIL PO = LTRIFMIZR T (A% THEMT
(ERODEERY, X SRR L B A Z R A
WHILEELD,

%33, Stevens-Johnson A fE8FIZ 2V Tid R L2 &
ZONFIOATFO L Filiir Fiic NEERTS2
Y WA N(R FOERNETORIEIZMNYG LTWAS
L5 methicillin-resistant Staphylococcus aureus
(MRSA) ORRIpAERIIELBOBNAEILERY. %
COFTMUN D L, TOHIKRLE L TLE2L
v,

b, REREHMBINE

SR ANV e, BEFIEERRAL. RRILAY % & L REEAS
PN S BUEAME P A4 T, MBLE ORI
WAGBHEILL TEL S, SAIEIT L 2l iM%
AL, MEEEBKARCAL O DB, KTrsR
RPN E ) AWM ERTOFNUTH D, G LT
REGWMY 72252 Lo Z%N, 72470t s+
AU, BERGE (T B2 @G b LT LA, B
(£ D3y %h#% £ LT insulin-like growth factor-1 (IGF-
1) ¥ substance PO {42 O AR 7F FT&HDHSSSR &
FGLM-NH, & #ll A {7 bk 22 AR o i dsir b Ty

-

.
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2. PROXWERZ E-THEB

a. HEEEAM R
HRTEMRSR LA A DD B TOEO W DL F 4
(A HEDATIATTAH L, Wi, B4, U,
#i, s EoailEES . Wt rizikERTohs
DRARDE I MU OGBS L DT OGN H -7
HEADPOWED NEGIZ LR, ok 208 fiileh
GL2¥H, m#ﬁ{qkﬁ?r o] EwAL £
PO A H T DK VWRLTEH, I o
THRINFIVOTREVWAEL) I EADN S,
(a2 o0 TiL, B#EmCRA s 42 L 0o
GROWKIZRH T DB E L LT, £/ T s
LTh, §HOIUE [ ] s,
ARSI MR RO RN RALZES L 0
H, a2 FLAZXCL) Mo Loz H, 151
20~30 {UCTORRY ERTHL". CLIZowTRUE
ZTONMMZATTL L, W, ¥MLE BN - By
., SHofistzolfs. CLoRN bk Az
DRV L 2 L — 20 gk, CL ¥ INEYLZ Tiev
LT %, i GO E multipurpose solu-
tion Dfahth, KL KO (18) % 2% &= izie+
HRENH D, WEIET CL oMy G, Ao T
HH77LRATERGIZE AR LS, W%
BCLOWGERFEAFr —ATHML LT VIRGATH S
MG F TRl 77 LEMNHORRZ L
i W AN

b, MEARE

MBRCUEIERR A7 4 FABEOMWINZ L -T, €0
WEASM ML 2%, THIMNTOMG i3 & BB AL
P2, AR EAERELZRS 2¥ME KT
TJUZ—EARETLL0LHL (44, ol &
WIS AR L AL 2, (ST &) xR E
VASELHD. MRLREE VI RV Hh Do
REELZEIMFONRIEMREZGTLEL, TOL)
ZREDBTNLVLOLEHIEOLNL DS THS,
MBI OTHHEH 4~ DT S~ L5082 F v o
FARDIAT 7 X LRI 2 2oh, Rk
D RO TIRES R A2 D . MW T ik & 451604 A0k
W7 Lz onTiER Y o2 Al - B AR
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B4 ARAEME
By V¥HBMBIRTLE)iIo0 =%k, LAY
;l.s*"l.,&n.‘,s‘) e PR SO IR MOM G, S

DATIINGCHXIIIIS D, RO LI WAL

u's‘!‘ir)‘b‘l'f)'!, L

TELH MBANOBIAECONRNTH S,

Ji. T/—=NROHLVHENTHLA) 3+ /—Nid K
PRI SR 1% A2 N SERL THWwD 22 AT
A TERO 7)) S LT LT TR DA B

. EHEARAALNZ

S LA PIBAR LIRS M B B0 & 5 2K
TMTHRTDE, mutofodiv (&) g
S WIE, BAREL v, MENOKRBTH S
m,m#uﬁm#nméLttHﬁfb#¢:t#$w
A FNAGUIINATR Do T KINERD, 7
YO MBS LICATOA FARERERIL 22D,
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A Case of Recurrent Cytomegalovirus Corneal Endotheliitis Treated by Oral Valganciclovir

Chizu Touge' . Keiko Yakura . Chuan-Hui Kuo' . Yoshie Shimizu' . Keiko Sakatani’ . Dai Mivazaki' and
Yoshitsugu Inoue'

" Division of Ophthalmology and Visual Science, Facuity of Medicine, Tottori University, = Minamiaovama Exe Clinic

fy MR B A R AT O LA CCMV) MEUNIZ R A PRSI L. 7S Y o 7 o EL A AR L 72
VBl afBR L 7o JEBE 55 6. UM SR BRSRIIIE D SNEI R LT I BRI ORI - CTARE T %2
TWd. SO E DR SIS M % 5690 L. NEHI TR M il & i L2 ws T
{IRIZ 2 A P ARZRCHNS 2 BRI AT (KP) 2 adh, AN ANATEMIRAIZ 22 BV X7 2 7 0 (3.000mg 1)
PIME 7 [ L 72 8 929 R BL I e A5 720 i AR real-time polymerase chain reaction (PCR} (2T herpes sim-
plex virus (HSVI-DNABEYE, CMV-DNA 27 € — 100pl Th-orztz0, 20 H 273N 900mg 1) Ml
FRE LA KP WML ZOHBNLT Y 20 EV N5 2 Sad i L IR A I S B dea
BRERT S8R A (DR L 72 2B H o PEEIEIZ L1 KO real-time PCRIZT OMV-DNA Btk & 2> Tvr % [HSV-
DNA BstE, varicella-zoster virus (VZVI-DNAEEPE. CMV-DNA L1 X10° 2 €= 100ul). AW 00 KO
real-time PCR T® CMV BtEir iz, 2S5y o 2 a AN TR L, Ml o€ 2 i e 2o %
SR XD COMV MBI e OWEIZ G LT L B2 D2 82 a5 L Wb L, CMV MM %
DEWNIIr FEPFIRR AR ALIA, JUONV T 20005 GO TER HLLUNH D EHND.

We experienced a case of recurrent cytomegalovirus (CMV') corneal endotheliitis after penctrating kerato-
plasty. which had been treated using valganciclovir. The patient, a 55-year-old male affected with secondary glau-
coma due to uveitis, had undergone cataract and glaucoma surgery in both eyes. resulting in bullous keratopathy
in his right eve, for which he underwent penetrating keratoplasty at our clinic. At 6 months postsurgery. coin-like
arranged keratic precipitates (KP) were observed. Suspecting herpetic corneal endotheliitis, we administered oral
valacyclovir, with no notable effect. Since CMV-DNA (27copies 100 1) was detected in the agueous humor sample
by real-time polymerase chain reaction (PCR), oral valganciclovir was administered. and KP decreased. Thereafter.,
repeated administration of oral valganciclovir caused the inflammation to subside, the cessation subsequently induce-
ing inflammation recurrence. At the second recurrence. CMV-DNA (1.1 2107 copies 100u0) was detected in the
aqueous humor sample by real-time PCR (herpes simplex virus-DNA and varicella-zoster virus-DNA were nega-
tivel. In this case, the real-time PCR result ({CMV-DNA positive in the aqueous humor! and the change of clinical
findings brought about by valganciclovir. properly support the notion of CMV's relation to the pathogenesis of cor-
neal endotheliitis. Corneal endotheliitis should be diagnosed in consideration of anti-CMV therapy response, as well
as of molecular biology result.

Atarashii Ganka ( Journal of the Eve) 2703 1 367~ 370, 2010
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cytomegalovirus corneal endotheliitis, valganciclovir, uveitis, bullous keratopathy, keratoplasty.
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