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Relationship between Corneal Guttae and
Quality of Vision in Patients with Mild Fuchs’
Endothelial Corneal Dystrophy

Shinya Watanabe, MD, Yoshinori Oie, MD, PhD, Hisataka Fujimoto, MD, PhD, Takeshi Soma, MD, PhD,
Shizuka Koh, MD, PhD, Motokazu Tsujikawa, MD, PhD, Naoyuki Maeda, MD, PhD, Kohji Nishida, MD, PhD

Purpose: To investigate the effect of the severity of corneal guttae on quality of vision (QOV) in patients with
mild Fuchs’ endothelial corneal dystrophy (FECD).

Design: Cross-sectional study.

Participants: Twenty-three eyes of 14 patients with mild FECD without corneal edema on slit-lamp exami-
nation (5 pseudophakic eyes and 18 phakic eyes with mild lens opacity; grade 1.0—2.0 nuclear opalescence,
grade 1.0—2.0 nuclear color, grade 1.0 cortical cataract, and grade 1.0 posterior subcapsular cataract on the Lens
Opacities Classification System, version llI).

Methods: The area ratio of the corneal guttae (ARCG) in the endothelial cells was measured by multifocal
specular microscopy. The QOV parameters, that is, corrected distance visual acuity (CDVA), letter contrast
sensitivity (LCS), and intraocular straylight, also were measured. The correlations were assessed between the
ARCG and QOQV parameters and between the straylight and CDVA and LCS.

Main Outcome Measures: The ARCG, logarithm of the minimum angle of resolution CDVA, LCS, and
straylight.

Results: Univariate analysis showed that the ARCG was correlated significantly with the CDVA, LCS, and
straylight (R? = 0.41, P = 0.001; R? = 0.55, P = 0.001; and R® = 0.39, P = 0.002, respectively). Univariate analysis
also showed that straylight was correlated significantly with the CDVA and LCS (R* = 0.47, P = 0.001 and R? =
0.41, P = 0.001, respectively).

Conclusions: Corneal guttae without edema caused the QOV to deteriorate in eyes with FECD. Patients
with higher straylight had worse CDVA or LCS. Intraocular forward light scatter caused by corneal guttae may
result in visual disturbances. Quantification of corneal guttae can be useful to evaluate the effect of guttae
on the QOV and determine the surgical indications of endothelial keratoplasty for eyes with mild
FECD. Ophthalmology 2015;122:2103-2109 © 2015 by the American Academy of Ophthalmology.

Fuchs’ endothelial corneal dystrophy (FECD) is a bilateral ~ comparison method has been reported.'’'* Some studies
corneal endothelial dysfunction characterized by deposition ~ have reported relationships between straylight and pseu-
of extracellular matrix (guttae), thickening of Descemet’s  dophakic eyes or straylight and eyes that underwent corneal
membrane, and progressive loss of corneal endothelial surgeries.””

cells.' ™ Fuchs’ endothelial corneal dystrophy occurs most Some patients report visual discomfort despite the absence
often in individuals in the fifth or sixth decade of life.” The ~ of corneal edema. Intraocular forward light scatter impairs
prevalence in the United States is approximately 4% to 5% the quality of vision (QOV),'" and corneal guttae associated

of the population older than 40 years.®’ Progressive endo- with FECD may cause intraocular light scatter and glare,
thelial cellular loss leads to corneal edema and impairs vi-  which can be extremely debilitating despite the absence of
sual function. In eyes with FECD, corneal edema begins in  edema.”>?' However, to the best of our knowledge, no

the central cornea and expands into the periphery.® Fuchs’ study has confirmed that corneal guttae increase intraocular
endothelial corneal dystrophy is the most common  forward light scatter in eyes with FECD, resulting in visual
dystrophic reason for comeal transplantation in many deterioration. Therefore, we evaluated the relationship be-
countries, including the United States.’ tween the severity of corneal guttae and QOV.
Recent technologic advances have enabled quantitative

measurement of guttae and intraocular forward light scatter, Methods

referred to as straylight, which impairs visual function.
Straylight is caused by corneal or Ienticu{lar opacity, and  gybjects with FECD were recruited at the outpatient clinic of the
the straylight value increases with aging.“ The reliability Department of Ophthalmology at Osaka University Hospital.
of straylight measurements using the compensation  Cornea specialists diagnosed all cases of FECD based on the

© 2015 by the American Academy of Ophthalmology hap/Ads.dotor/ 10.1016/4.0phtka.2015.06.019 2103
Published by Elsevier Inc. ISSN 0161-6420/15
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. % .
Case with Severe Guttae
ARCG = 0.86

B .

"Case with Mild Guttae
ARGG = 0.21

Figure 1. Evaluation of corneal guttae using multifocal specular microscopy images. The captured images are 0.55 mm high and 0.25 mm wide. The area
ratio of the corneal guttae (ARCG) in the endothelial cells is measured. A, In a severe case, ARCG in the endothelial cells is 0.86. B, In a mild case, the

ARCG is 0.21.

presence of longstanding bilateral corneal guttae or a beaten metal
appearance without other corneal abnormalities. All eyes had
central or paracentral guttae, and there was no corneal edema
defined by epithelial and stromal edema or Descemet’s folds
detected by slit-lamp examination. In the current study, the eyes
without corneal edema observed on slit-lamp examination were
diagnosed with mild FECD. To minimize the effect of lens opacity,
pseudophakic eyes or phakic eyes with mild lens opacity were
included. The extent of the cataracts in the phakic eyes was grade
1.0 to 2.0 nuclear opalescence, grade 1.0 to 2.0 nuclear color, grade
1.0 cortical cataract, and grade 1.0 posterior subcapsular cataract
on the Lens Opacities Classification System, version %
Pseudophakic eyes with posterior capsule opacification and eyes
with other ocular disorders were excluded.

The Institutional Review Board of Osaka University Hospital
approved this study. The research adhered to the tenets of the
Declaration of Helsinki. All subjects provided informed consent
after they received an explanation of the nature and possible con-
sequences of the study before any measurements were performed.

In the current study, we calculated the area ratio of the corneal
guttae (ARCG) in eyes with FECD using the same method we

Table 1. Comparison of Pseudophakic Eyes and Phakic Eyes

Pseudophakic Phakic

Eyes (n = 5) Eyes (n = 18) P Value
Age (yrs) 79.0£10.5 56.249.7 0.006
CDVA (logMAR) —0.0640.04 —0.1140.09 0.03
LCS (log) 1.314+0.07 1.57 4+0.21 0.02
Straylight (log(s)) 1.384+0.06 1.2040.26 0.07
ARCG 0.624+0.26 0.36-+0.32 0.15
CCT (um) 606.04:44.0 591.04£55.0 0.74
HOAs (RMS, pm) 0.3140.20 0.2040.08 0.19

ARCG = area ratio of corneal guttae; CCT = central corneal thickness;
CDVA = corrected distance visual acuity; HOAs = higher order aberra-
tions; LCS = letter contrast sensitivity; logMAR = logarithm of the
minimum angle of resolution; RMS = root mean square.

Data are average =+ standard deviation unless otherwise indicated.

reported previously to quantify the severity of corneal guttae.”* We
used a noncontact multifocal specular microscope (CEM 530;
Nidek, Hiroishi, Japan) to examine the corneal endothelium at 1
spot centrally and at 8 points paracentrally over 5° of the visual
angle for every 1.5 clock hours. The images were analyzed using
MATLAB software (MathWorks, Inc, Natick, MA). The original
images had different brightness levels of the pixels horizontally
because the slit light in the specular microscope was tilted. Each
pixel was homogenized by adding or subtracting the same
vertical value so that the average vertical pixel values were equal
in 1 image. The guttae were separated by a thresholding
algorithm and were defined as bright areas under a fixed
threshold. Nine images were analyzed for each eye, and the
percentage of the pixels covered by guttae in the image
(percentage of the guttae) was calculated for every specular
microscopy image. The average of the ratio in 9 images was
defined as the ARCG in the eyes (Fig 1).

The corrected distance visual acuity (CDVA), letter contrast
sensitivity (LCS), and straylight expressed as an intraocular light
scattering value were measured as parameters that reflect the
QOV. The CDVA was expressed in logarithm of the minimum

Table 2. Characteristics of 23 Study Eyes with Fuchs’ Endothelial
Corneal Dystrophy

61.24+13.6 (range, 47—89)
4:19
—0.08+£0.11 (range, —0.18 to0 0.10)

Age (yrs)
Men:women

CDVA (logMAR)

LCS (log) 1.5140.22 (range, 1.20—1.90)
Straylight (log(s)) 1.24-:0.24 (range, 0.76—1.54)
ARCG 0.4240.32 (range, 0.03—1.00)
CCT (pm) 595452 (range, 502—666)

HOAs (RMS, pum) 0.22+0.12 (range, 0.09—0.66)

ARCG area ratio of corneal guttae; CCT central corneal
thickness; CDVA = corrected distance visual acuity; HOAs = higher
order aberrations; logMAR = logarithm of the minimum angle of
resolution; LCS = letter contrast sensitivity; RMS = root mean
square.

Data are average + standard deviation unless otherwise indicated.
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angle of resolution (logMAR) units after the decimal visual acuity
was measured. The LCS was measured using the CSV-1000RN
letter chart (Vector Vision, Greenville, OH).34 The CDVA and
LCS are conventional QOV parameters. Straylight was
examined using the C-Quant Straylight Meter (Oculus, Wetzlar,
Germany), which quantifies the amount of intraocular forward
light scatter by the compensation comparison method. During
the straylight measurements, the refractive errors in all eyes
were corrected with spectacles attached to the straylight meter.
The examinations were performed in a dark room to avoid the
effect of other straylight sources. The pupils were undilated
because dilation increases straylight.”>”® The straylight source
in the C-Quant Straylight Meter is an annulus with a 5° to 10°
radius in the visual field that corresponds to the areas of guttae
that we measured.”’ Unreliable straylight measurements were

B

B 24

. * |R>=0.55, P=0.001]

Figure 2. Scatterplots showing the correlation between
the area ratio of the corneal guttae (ARCG) in the
endothelial cells and the quality of vision parameters:
(A) corrected distance visual acuity (CDVA), (B) letter
contrast sensitivity (LCS), and (C) straylight. The
CDVA, LCS, and straylight are all correlated signifi-
cantly with the ARCG. logMAR = logarithm of the
minimum angle of resolution.

detected by the reliability parameters, and data with low
reliability parameters were excluded. Although there was no
edema detectable by slit-lamp examination, to evaluate a corre-
lation between subclinical corneal thickening and the QOV, the
central corneal thickness (CCT) was measured using the Penta-
cam HR (Oculus). Higher-order aberrations (HOAs) also were
examined using the Wave-Front Analyzer KR-1W (Topcon,
Tokyo, Japan) because they can negatively affect the QOV in
eyes with FECD. The HOAs were obtained in the central 4-mm
diameter, and the root mean square values of the HOAs were
calculated.

Linear regression models were used to analyze the relationship
between the QOV parameters and the ARCG and between the
straylight and conventional QOV parameters. The Wilcoxon
signed-rank test was used to compare the results of pseudophakic

[ R?=0.41, P=0.001|

A 015 - R2=0.47, P=0.001 | 2 -
0.1 - s & AR
= 1.8
< 0.05 - L
%ﬁ 0 - g 1.6
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Figure 3. Scatterplots showing the correlation between straylight and (A) corrected distance visual acuity (CDVA) and (B) letter contrast sensitivity
(LCS). Straylight is correlated significantly with CDVA and LCS. logMAR = logarithm of the minimum angle of resolution.
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Figure 4. Scatterplots showing the correlation between the central corneal thickness (CCT) and (D) area ratio of the corneal guttae (ARCG) and the

quality of vision parameters: (A) corrected distance visual acuity (CDVA),

(B) letter contrast sensitivity (LCS), and (C) straylight. The CCT is correlated

significantly with the ARCG and LCS. The CCT is not correlated significantly with CDVA and straylight. logMAR = logarithm of the minimum angle of

resolution.

eyes and phakic eyes. All statistical analyses were performed using
JMP Pro Software (SAS Inc, Cary, NC). P values less than 0.05
were considered statistically significant.

Results

Twenty-three eyes (5 pseudophakic eyes and 18 phakic eyes) of 14
patients were included. Table I shows the comparison of the results
of pseudophakic eyes and phakic eyes. Statistical analysis showed
that pseudophakic patients were significantly older and had
significantly better CDVA and LCS than patients with mild
cataract (P = 0.006, P = 0.03, and P = 0.02, respectively).
Although there were significant differences in these parameters,
the accuracy of the comparison is limited because of the smaller
number and older age of the patients with pseudophakic eyes
compared with the patients with phakic eyes. Therefore, we
analyzed the 2 groups together. It was suggested that the
cataracts in the phakic eyes were mild enough to be analyzed
together with the pseudophakic eyes. Table 2 shows the
characteristics of all the eyes. The patient ages ranged from 47 to
89 years; 83% were women. The mean CDVA was —0.08
logMAR (range, —0.18 to 0.10 logMAR), and 17 (74%) eyes
had CDVA better than 0.00 logMAR. The mean ARCG was
0.42 (range, 0.03—1.00). The mean straylight value was 1.24
log(s) (range, 0.76—1.54 log(s)).

Correlation between Area Ratio of the Corneal
Guttae and Quality-of-Vision Parameters

The ARCG was correlated significantly with the QOV parameters,
that is, the CDVA, LCS, and straylight (R> = 0.41, P = 0.001;
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R? = 0.55, P = 0.001; and R*> = 0.39, P = 0.002, respectively;
Fig 2). The increase in ARCG negatively affected all QOV
parameters.

Prediction of the Quality-of-Vision Parameters by
Area Ratio of the Corneal Guttae Using a Linear
Regression Formula

Because the ARCG was correlated significantly with the QOV
parameters, each parameter could be predicted by the following
formulas using linear regression models:

CDVA = —0.17 + 0.22 ARCG,
LCS = 1.72 — 0.51 ARCG, and
straylight = 1.04 4 0.48 ARCG.

Correlation between Straylight and Conventional
Quality-of-Vision Parameters

The straylight was correlated significantly with the conventional
QOV parameters, that is, the CDVA and LCS R* = 047,
P = 0.001; and R* = 0.41, P = 0.001, respectively; Fig 3). Patients
with higher straylight had worse CDVA or LCS.

Correlation between Central Corneal Thickness and
Area Ratio of the Corneal Guttae or Quality-of-
Vision Parameters

The CCT was correlated significantly with the ARCG and patients
with more guttae had thicker corneas (R = 0.37, P = 0.002;
Fig 4). The CCT was not correlated significantly with the CDVA
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Figure 5. Scatterplots showing the correlation between higher-order aberrations (HOAs) and (D) area ratio of the comneal guttae (ARCG) and the quality
of vision parameters: (A) corrected distance visual acuity (CDVA), (B) letter contrast sensitivity (LCS), and (C) straylight. The HOAs were obtained in the
central 4-mm diameter, and the root mean square values of the HOAs were calculated. The HOAs were not correlated significantly with CDVA, LCS,
straylight, or ARCG. logMAR = logarithm of the minimum angle of resolution.

and straylight (R> = 0.04, P = 0.33; and R = 0.06, P = 0.28,
respectively), whereas the LCS was correlated significantly with
the CCT (R* = 0.32, P = 0.005; Fig 4).

Correlation between Higher-Order Aberrations and
Area Ratio of the Corneal Guttae or Quality-of-
Vision Parameters

The HOAs were not correlated significantly with the CDVA, LCS,

straylight, or ARCG (R* = 0.08, P = 0.18; R* = 0.09, P = 0.17;
R?=0.02, P =0.52; and R* = 0.02, P = 0.55, respectively; Fig 5).

Discussion

The current study showed the correlation between corneal
guttae and deterioration of the QOV parameters, i.e., CDVA,
LCS, and straylight, even without corneal edema seen on slit-
lamp examination. It is assumed that as the corneal guttae
enlarge, the irregularity and opacity of the posterior cornea
cause more forward light scatter (Fig 6). The straylight also was
significantly negatively correlated with the CDVA and LCS.
Therefore, the current study confirmed that corneal guttae
increase intraocular forward light scatter in eyes with FECD
and result in visual deterioration.

However, thick corneas were correlated with severe
guttae and impaired LCS, but not poor CDVA or increased
straylight. Although the LCS can be affected by the CCT,
the CDVA and straylight are not thought to be affected by
the CCT. Therefore, the effect of subclinical corneal
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thickening on the QOV parameters is considered limited in
eyes with mild FECD.

Although FECD is classified according to the severity of
the edema or the extent of confluent guttaec by semi-
quantitative slit-lamp examination, there is no objective
method based on the ARCG to assess the severity of the
FECD in mild cases without significant edema.*®’** The
current study showed that the severity of the guttac was

A

Normaleyes B FECD eyes

Cornea

Cornea

Forward light scatter

Figure 6. Illustrations showing forward light scatter resulting from corneal
guttae. A, No significant forward light scatter is generated in normal eyes
without corneal guttae. B, Forward light scatter increases because of corneal
guttae in eyes with Fuchs’ endothelial corneal dystrophy (FECD).
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useful clinically to evaluate the severity of the visual
impairment in eyes with mild FECD.

Corneal guttae in eyes with FECD appear first in the
central cornea and expand to the periphery.”’ Repp et al®
reported that corneal thickening in eyes with early-stage
FECD was significant in the central cornea compared with
the periphery. Because such corneal irregularity can increase
HOAs and cause visual impairment in eyes with mild
FECD, we assessed the effect of HOAs on QOV. However,
no significant correlations were seen between the HOAs and
ARCG or the QOV parameters. Progressive enlargement of
the size of the guttae did not increase the HOAs, which are
not the primary cause of visual impairment. Thus, straylight
resulting from guttae may be the main cause of deterioration
of the conventional QOV parameters, that is, the CDVA and
LCS in eyes with mlld FECD.

Price and Price”” reported that guttae should be removed
during endothelial keratoplasty to obtain optimal
postoperative vision, because guttae can cause intraocular
light scatter. The current results support that opinion, and
the negative effect of guttae on the QOV should be
considered when endothelial keratoplasty is performed.
Descemet membrane endothelial keratoplasty techniques
have been evolving dramatlcally, and the indications for the
surgery have been expandmg *7 In addition, endothelial
keratoplasty is challenging in cases with severe corneal
edema. Therefore, early endothelial keratoplasty for patients
with mild FECD without severe edema should be considered
to remove corneal guttae that affect the QOV parameters.

As the current study showed, quantitative measurements
of the ARCG were predictive of the CDVA, LCS, and
straylight if the patient had minimal lens opacity, indicating
that quantification of corneal guttae can be useful for eval-
uating the QOV objectively in eyes with FECD even with
other ocular disorders, including cataract. If a patient’s pa-
rameters are worse than the predicted QOV parameters us-
ing the ARCG, the difference is probably caused by ocular
diseases other than FECD. It is sometimes controversial
whether simultaneous endothelial keratoplasty should be
performed with cataract surgery for patients with mild
FECD. Thus, if measurement of the ARCG becomes much
more accessible for most clinicians because of the devel-
opment of equipment and software, quantification of the
ARCG may be helpful to determine whether simultaneous
endothelial keratoplasty should be performed at the time of
cataract surgery in the future.

In conclusion, in eyes with mild FECD without severe
corneal edema, corneal guttae increase forward light scatter
that negatively affects the QOV. Quantification of corneal
guttae would be useful to determine the surgical indications
for eyes with mild FECD.
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