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Abstract
Purpose—To assess inter-observer agreement between two corneal specialists grading Fuchs
dystrophy clinically, and to determine if the corneal central to peripheral thickness ratio (CPTR)
might be an alternative and objective metric of disease severity.

Design—Cross-sectional study.

Participants—Forty-five eyes (26 subjects) with mild and moderate Fuchs dystrophy, 73 eyes
(60 subjects) with advanced Fuchs dystrophy, and 267 eyes (142 subjects) with normal corneas.

Methods—Corneas with Fuchs dystrophy were graded by two corneal specialists based on the
confluence and area of guttae, and the presence or absence of edema. Central corneal thickness
(CCT) and peripheral corneal thickness at 4 mm from the center (PCT4) were measured by using
scanning-slit pachymetry. CPTR4 was the quotient of CCT and PCT4.

Main Outcome Measures—Inter-observer agreement for clinical grade; CPTR4.

Results—Inter-observer agreement for clinical grading of Fuchs dystrophy was moderate
(κ=0.32, 95% confidence interval, 0.19-0.45). In normal corneas, CCT was not correlated with age
(r= -0.10, p=0.28, n=267), PCT4 decreased with age (r= -0.33, p<0.001, n=254), and CPTR4
increased with age (r= 0.59, p<0.001, n=254). CCT was higher in Fuchs dystrophy (652 ± 61 μm,
n=118) than in normal corneas (559 ± 31 μm, n=267, p<0.001). PCT4 was higher in Fuchs
dystrophy (650 ± 51 μm, n=107) than in normal corneas (643 ± 43 μm, n=254, p<0.001 after
adjusting thickness for age). CPTR4 was higher in advanced Fuchs dystrophy (1.03 ± 0.07, n=65)
than in mild and moderate Fuchs dystrophy (0.95 ± 0.07, n=42, age-adjusted p<0.001), which in
turn was higher than in normal corneas (0.87 ± 0.05, n=254, age-adjusted p<0.001). CPTR4 was
highly correlated with clinical grade of Fuchs dystrophy (r=0.77, p<0.001, n=361). CPTR4 was
repeatable (median coefficient of variation, 1.3%), and provided excellent discrimination between
Fuchs dystrophy and normal (area under the receiver operator characteristic curve, 0.93).
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Conclusions—Agreement between corneal specialists for the subjective and morphologic
clinical grading of Fuchs dystrophy is only moderate. The corneal CPTR is an objective,
repeatable, and possibly functional, metric of severity of Fuchs dystrophy that warrants further
investigation to determine its role in monitoring disease progression and predicting the need for
keratoplasty.

Fuchs endothelial dystrophy is a corneal endothelial dysfunction characterized by guttae of
Descemet membrane, attrition of endothelial cells, and corneal edema. The result is poor
vision that requires treatment by corneal transplantation. The disease has often been
categorized into stages involving the presence of guttae without edema, the presence of
guttae with stromal or epithelial edema, and corneal scarring or neovascularization caused
by chronic edema.1 This has occasionally led to clinicians distinguishing between “Fuchs
dystrophy” and “cornea guttata” based on the presence or absence of corneal edema.2,3

Similarly, in clinical research of Fuchs dystrophy, disease severity has been graded at the
slit-lamp by assessing the confluence and area of guttae, with corneal edema only present at
the most severe grade.4,5 While these classification and grading methods split Fuchs
dystrophy into stages with and without corneal edema, subjective determination of the
presence of corneal edema is poorly defined, and in fact, subclinical corneal edema is
present even in mild clinical grades of the disease.6 In addition, as new treatments are
developed that enable earlier intervention in the course of Fuchs dystrophy,7,8 objective
grading methods will be required to consistently determine the timing of intervention.

The central cornea thickens because of corneal edema in Fuchs dystrophy, and clinicians
frequently measure central corneal thickness (CCT) to help in clinical decision making.9

Nevertheless, while a CCT greater than 640 µm usually indicates corneal edema, normal
corneas may rarely be as thick or even thicker.10,11 Similarly, many eyes with visually-
significant Fuchs dystrophy can have a CCT less than 600 μm if their pre-edematous CCT
were thinner than the average normal CCT.6,12 Thus, CCT is not always helpful in clinical
management and detecting mild, subclinical corneal edema by measuring CCT alone often
could be impossible.

Our anecdotal clinical experience suggests the central cornea in Fuchs dystrophy swells
more than the peripheral cornea, and a recent imaging study confirmed this observation.13

This suggested that peripheral corneal thickness (PCT) might serve as an internal reference
when measuring central thickness in the same cornea. If PCT were unaffected early in the
course of Fuchs dystrophy, the ratio between CCT and PCT could be an objective and
functional metric to assess disease severity.

The goals of this study were to assess inter-observer agreement between the subjective,
morphologic clinical grading of Fuchs dystrophy, and to evaluate whether the corneal
central to peripheral thickness ratio (CPTR) might be an objective metric for assessing
disease severity. We compared the CPTR between corneas with varying clinical grades of
Fuchs dystrophy to normal corneas, and determined the relationship between CPTR and
clinical grade.

METHODS
Subjects

Subjects with Fuchs endothelial dystrophy and subjects with normal corneas were recruited
from patients of the Cornea and Refractive Surgery service at Mayo Clinic, Rochester,
Minnesota. All subjects with Fuchs dystrophy were examined by a corneal specialist and
were found to have central or paracentral guttae by slit-lamp examination; eyes were either
phakic or pseudophakic with a posterior chamber intraocular lens. All subjects with normal
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corneas were also examined by a corneal specialist to confirm the absence of guttae; all
included eyes were phakic only. Subjects with normal corneas were being evaluated for
either keratorefractive or cataract surgery. Exclusion criteria for all subjects were the
presence of any corneal disease (except Fuchs dystrophy in the Fuchs dystrophy group),
previous intraocular surgery (except phacoemulsification in the Fuchs dystrophy group),
previous keratorefractive surgery, contact lens wear, use of topical medications (except
artificial tears) or systemic medications known to affect the cornea, diabetes, pregnancy,
ocular hypertension, and glaucoma. This study was approved by the Mayo Clinic
Institutional Review Board, and complied with the Health Insurance Portability and
Accountability Act. The research adhered to the tenets of the Declaration of Helsinki;
informed consent was obtained from all participants.

Clinical Grading
All subjects were examined by using slit-lamp biomicroscopy to determine normality versus
grade of Fuchs dystrophy. Corneas without any guttae were considered normal, and corneas
with central or paracentral guttae were considered to have Fuchs dystrophy. Corneas with
Fuchs dystrophy were graded by using a modified scale based on the confluence and area of
guttae, and the presence or absence of clinically detectable epithelial or stromal edema4,5

(Table 1). All corneas with Fuchs dystrophy were graded by one of two corneal specialists
(KHB and SVP), and some of these corneas were independently graded by both corneal
specialists in a masked manner to determine inter-observer agreement. Both observers had
performed preliminary joint examinations of eyes to verify a similar understanding of the
grading scale; corneal thickness or imaging data were not available to the investigator at the
time of grading. For eyes graded by both investigators, the mean of the two grades was
assigned for other statistical analyses. Corneas graded from 1 to 2.5 were considered to have
mild Fuchs dystrophy, corneas graded from 3 to 4.5 were considered to have moderate
Fuchs dystrophy, and corneas graded from 5 to 6 were considered to have advanced Fuchs
dystrophy.

Corneal Thickness
Corneal thickness was first measured with a slit-scanning pachymeter (Orbscan II, Orbtek
Inc., Salt Lake City, Utah) and then with an ultrasonic pachymeter (DGH Pachette, DGH
Technology, Exton, Pennsylvania). During non-contact slit-scanning pachymetry, subjects
self-fixated on a target to align the center of their corneas for measurement. The acoustic
factor of this instrument was set to 0.92.14 From the numeric pachymetry map, CCT and
PCTs along the horizontal and vertical meridians were recorded. PCT3, PCT3.6, and PCT4,
were determined at approximately 3 mm, 3.6 mm, and 4 mm from the center of the cornea
by calculating the mean of the respective 4 measurements superiorly, inferiorly, nasally, and
temporally. We expected the farthest peripheral thickness to be least affected in Fuchs
dystrophy, but measurements farther than 4 mm from the center could not be consistently
obtained with the slit-scanning pachymeter. We also investigated the relationships at 3 mm
and 3.6 mm from the center in the event that these might be appropriate for comparison to
central thickness. Because of limitations with the numeric map of the slit-scanning
pachymeter, the mean at 3 mm was calculated from thicknesses recorded at 2.9 mm superior
and inferior to the center, and 3.1 mm nasal and temporal to the center. Similarly, the mean
at 4 mm was calculated from thicknesses at 4 mm superior and inferior to the center, and 4.1
mm nasal and temporal to the center. Then mean at 3.6 mm was calculated from thicknesses
at 3.6 mm from the center in all four locations. CPTR3, CPTR3.6, and CPTR4, were
determined by dividing CCT by PCT3, PCT3.6, and PCT4, respectively.

After slit-scanning pachymetry, CCT was also measured with the ultrasonic pachymeter
(CCTus). Topical anesthetic (proparacaine hydrochloride 0.5%) ophthalmic solution was
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instilled, and the ultrasound probe was placed on the central cornea. The pachymeter
returned the mean of 25 measurements obtained in rapid succession.

Statistical analysis
We intended to recruit a minimum of 20 normal eyes per decade, and a minimum of 10 eyes
per clinical grade of Fuchs dystrophy. Inter-observer agreement of clinical grades of Fuchs
dystrophy was assessed by using the Kappa statistic and its 95% confidence interval (CI).
Correlations between age and corneal thickness variables were illustrated by using Pearson
correlation coefficients and significances of the correlations were determined by using
generalized estimating equation (GEE) models to account for possible correlation between
fellow eyes of the same subject.15 Corneal thickness variables were compared between
Fuchs dystrophy and normal by using GEE models after adjusting thickness for age.
Repeatability of the CPTR was determined in some eyes with Fuchs dystrophy by
calculating the coefficient of variation (standard deviation/mean).

Receiver operating characteristic curves, which show the true positive rate (sensitivity) as a
function of the false positive rate (1-specificity) for different cut-off values of a diagnostic
test, were generated for CPTR and CCTus as discriminators between Fuchs dystrophy and
normal; performance of the discriminators was assessed by calculating the area under the
curve. The sensitivity and specificity of a logistic regression model incorporating CPTR and
age for predicting Fuchs dystrophy versus normal was assessed for a range of cut-off scores.

RESULTS
Subjects

Corneal thickness was measured in 29 corneas of 16 subjects with mild Fuchs dystrophy, 16
corneas of 10 subjects with moderate Fuchs dystrophy, 73 corneas of 60 subjects with
advanced Fuchs dystrophy, and 267 corneas of 142 normal subjects. Because the mean
grade was assigned to Fuchs corneas that were examined by both observers, the number of
eyes with moderate Fuchs dystrophy fell below the intended minimum of 10 eyes per grade.
Age and lenticular status are summarized in Table 2.

Inter-Observer Agreement for Clinical Grading
Inter-observer agreement of the clinical grade of Fuchs dystrophy between two corneal
specialists was moderate, with a Kappa statistic of 0.32 (95% CI, 0.19-0.45; Figure 1). The
two observers agreed exactly in 30 of 68 eyes and within one grade in 57 of 68 eyes.

Corneal Thickness
In normal corneas and all corneas with Fuchs dystrophy, CCT was not correlated with age
whereas PCT decreased with age (Table 3, Figure 2). By regression analysis, the peripheral
cornea thinned by 9 μm per decade in normal corneas. After adjusting thickness for age,
central and peripheral corneas were thicker in Fuchs dystrophy compared to normal, but the
difference for PCT4 was small and clinically insignificant (Table 4, Figure 2).

Central to Peripheral Thickness Ratio (CPTR)
In normal corneas, the CPTR increased with age at 3.0 mm, 3.6 mm, and 4.0 mm from the
center (Table 3, Figure 3). When all corneas with Fuchs dystrophy were combined, CPTR
was not correlated with age (Table 3), but CPTR4 did increase with age in corneas with mild
and moderate Fuchs dystrophy (Figure 3).
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After adjusting thickness ratios for age, CPTR4 was higher in advanced Fuchs dystrophy
(1.03 ± 0.07, n=65) than in mild (0.96 ± 0.06, n=28, p<0.001) or moderate (0.94 ± 0.05,
n=14, p<0.001) Fuchs dystrophy, and higher in mild and moderate Fuchs dystrophy than
normal (0.87 ± 0.05, n=254 p<0.001). CPTR4 did not differ between mild and moderate
Fuchs dystrophy (p=0.55). CPTR3 and CPTR3.6 had similar differences between groups.
CPTR4 did not differ between phakic (0.99 ± 0.08, n=76) and pseudophakic (1.01 ± 0.07,
n=31) eyes with Fuchs dystrophy (age-adjusted p=0.18).

Relationship between CPTR and Clinical Grade
CPTR3, CPTR3.6, and CPTR4 were highly correlated with the clinical grade of Fuchs
dystrophy. The data are shown for CPTR4 in Figure 4; the regression line spanning all
grades of Fuchs dystrophy and normal corneas was best represented by a third-order
polynomial (r= 0.77, p<0.001, n=359).

Repeatability of the CPTR
CPTR4 was determined from 3-5 repeated examinations with the scanning-slit pachymeter
in 7 eyes with varying grades of Fuchs dystrophy. The median coefficient of variation
(standard deviation/mean) was 1.3% (Figure 5).

Predicting Fuchs Dystrophy versus Normal
The area under receiver operating characteristic curves (i.e. the diagnostic performance) for
CPTR3, CPTR3.6, and CPTR4 was 0.95, 0.94, and 0.93, respectively, higher than that for
CCTus (0.80). Incorporating age, or age and CCTus, with CPTR minimally increased the
areas under the receiver operating characteristic curves (Figure 6). The logistic regression
model to predict Fuchs dystrophy versus normal based on age and CPTR4 was described by:

where a predictive score greater than a cut-off value of 64 predicted Fuchs dystrophy with a
sensitivity of 79% and a specificity of 90% in our population, and a predictive score greater
than a cut-off value of 70 predicted Fuchs dystrophy with a sensitivity of 66% and a
specificity of 96%.

DISCUSSION
The diagnosis of Fuchs dystrophy is rarely in doubt based on clinical examination, but
stratifying disease severity has been subjective and may not represent the early stages of
disease correctly.6 Fuchs dystrophy has traditionally been considered to have stages without
and with clinically detectable corneal edema,1 and this is reflected in the clinical grading
scheme, with edema present only at the most advanced grade.4 The definition of clinically
detectable edema is subjective and could include epithelial bedewing or bullae, stromal
thickening, Descemet folds, or merely subtle central thickening of the cornea relative to the
periphery. Classifying guttae as confluent or non-confluent, which is the basis of current
grading scales, can also be subjective and can vary if this determination is based on
retroillumination16 versus specular reflection. We found only moderate agreement between
two corneal specialists for the clinical grading of Fuchs dystrophy, suggesting that a more
objective and reproducible measure of severity is needed to standardize the grading of Fuchs
dystrophy for clinical research and to aid with making clinical decisions.

Corneas with Fuchs dystrophy become thicker because of edema, and changes in CCT can
serve as an indicator of endothelial function. CCT greater than 640 μm in Fuchs dystrophy
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has been suggested to be a clinical indicator of endothelial dysfunction significant enough to
warrant combined cataract and transplant surgery instead of cataract surgery alone.9

Unfortunately, using an isolated CCT to guide surgical planning may not be universally
valid, because normal thickness varies widely.10,11 Ahmed et al. showed that the host
thickness after endothelial keratoplasty of corneas with Fuchs dystrophy is similar to that of
normal corneas,12 indicating that corneas with Fuchs dystrophy that began as thinner than
average in a pre-edematous state could also be thinner than 600 μm when significantly
edematous. Although consecutive long-term measurements of CCT could help monitor
progression of disease, CCT measured at one point in time is not always a helpful indicator
of disease severity, and the precision of CCT measured by ultrasonic pachymetry is limited
by the ability to position the probe in the same location from one measurement to the next.14

Thus, CCT alone cannot always be used to determine the functional status of the
endothelium or to grade Fuchs dystrophy because the nonedematous CCT is usually
unknown.

In this study, we investigated the relationship between corneal thickness and age, and
whether or not the CCT could be normalized to PCT to grade Fuchs dystrophy. In normal
corneas, CCT was not associated with age, whereas the peripheral cornea thinned with age,
confirming results by Martola and Baum,17 and Jonuscheit and Doughty.18 The decrease in
PCT with age is best explained by a decrease in peripheral stromal thickness given the
magnitude of corneal thinning (9 μm per decade), and that epithelial thickness is unrelated
to age.19,20 In Fuchs dystrophy, the central cornea was significantly thicker than normal, as
expected because of corneal edema. Although the cornea at 4 mm from the center was also
statistically thicker than normal, the difference was small and clinically unimportant (650
μm versus 643 μm). Thus, corneal edema in Fuchs dystrophy is typically central, which
corresponds to the central location of guttae, and thickness at 4 mm from the center can be
an internal control for assessing central disease severity by determining the CPTR.

The CPTR increased with age in normal corneas because PCT decreased with age. CPTR4 in
normal corneas was also similar to that found by Jonuscheit et al. using the same brand of
scanning-slit pachymeter (they reported the inverse ratio, the peripheral to central thickness
ratio).18 Our data indicate that the CPTR distinguished between the gross clinical
classifications of Fuchs dystrophy. After adjusting for age, the mean CPTR was higher in
corneas with mild or moderate Fuchs dystrophy than normal, and was higher in advanced
Fuchs dystrophy than in mild or moderate Fuchs dystrophy. These data indicate that corneas
with mild and moderate Fuchs dystrophy (Grades 1-4.5) were thicker than normal corneas
centrally (Figure 3 and 4). Kopplin et al. compared CCT between large groups of subjects
with and without Fuchs dystrophy and also found increased thickness in the early grades of
Fuchs dystrophy.6 Because host thickness after endothelial keratoplasty of corneas with
Fuchs dystrophy is similar to that of normal corneas,12 increased corneal thickness early in
Fuchs dystrophy is most likely explained by edema. Although our study was smaller than
that by Kopplin et al., we had sufficient power to make the same conclusion because we
determined the CPTR, which adjusted CCT to PCT.

The relationship between the CPTR and clinical grade as a third-order polynomial (Figure 4)
is most likely explained by non-linearity of the clinical grading scale, specifically that there
might be only a small functional difference between morphologically mild and moderate
Fuchs dystrophy. Another possible explanation is that there are two phases of increasing
corneal edema in Fuchs dystrophy because multiple pathophysiologic processes have been
implicated in the disease, including endothelial pump dysfunction, endothelial cell loss, and
endothelial barrier disruption.2,21 Whether corneal edema in Fuchs dystrophy is biphasic or
not, our data show that edema is present from the earliest clinical grades and progresses
gradually, and does not support the notion that edema is present only in the advanced stages.
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The chronic state of corneal edema early in the disease probably contributes to the corneal
ultrastructural changes that persist after restoration of endothelial function and resolution of
corneal edema.22,23 The relationship between CPTR and clinical grade should be interpreted
with caution, because the clinical grade may not be the best method for assessing disease
severity, and it is conceivable that corneas with mild clinical grades of disease could be on
the brink of requiring keratoplasty.

Alternative methods of objectively grading Fuchs dystrophy have been described. Zoega et
al. graded the disease by assessing the area occupied by guttae in endothelial photographs
acquired by specular microscopy24; they found no relationship between their grade and
central corneal thickness, although their sample of subjects might have been biased toward
the mildest cases of Fuchs dystrophy. Hatou et al. were able to classify Fuchs dystrophy by
combining subject age and endothelial cell density measured from specular microscopy
images.25 While the latter is relatively simple, measuring endothelial cell density in Fuchs
dystrophy can be subject to sampling errors because images represent a very small area of
endothelium and regional variation between visible cells and guttate areas can be high.
Further studies are needed to determine the repeatability of endothelial cell density in Fuchs
dystrophy, and to determine the relationship between endothelial cell density and the CPTR.
Corneal volume is another parameter that been used to measure changes in corneal
edema,26,27 but an isolated measurement of corneal volume has the same limitations as an
isolated measurement of CCT.

Based on the area under the receiver operating characteristic curves, CPTR4 provided
excellent discrimination between Fuchs dystrophy and normal whereas CCTus provided only
moderate discrimination. The logistic regression equation, which incorporated CPTR4 and
subject age, was very specific, but less sensitive, for predicting Fuchs dystrophy in our
sample when using cut-off scores ranging from 64 to 70. From the logistic regression
equation and the receiver operating characteristic curves, it was apparent that age had a
small effect compared to CPTR4 when predicting Fuchs dystrophy.

Our study was limited by the distance from the center of the cornea at which PCT could be
measured. With the scanning-slit pachymeter, thickness could only be measured as far as 4
mm in most, but not all, corneas. While PCT4 was similar between normal corneas and
corneas with Fuchs dystrophy, enabling it to be the best reference of the three PCTs
determined in this study, it is possible that measuring farther into the periphery might
generate a more stable reference for calculating the CPTR. Alternative imaging modalities,
such as anterior segment optical coherence tomography or Scheimpflug photography, might
enable measurements farther into the peripheral cornea. It is important to note that the
calibration, or acoustic factor, of Orbscan scanning-slit pachymeters can be changed, and
that this can result in differences in absolute thickness measured within and between
laboratories or measured by using other methods of corneal pachymetry.14 However, when
using the scanning-slit pachymeter to determine thickness ratios, the need for consistent
calibration between laboratories is less critical because thickness is normalized within the
same cornea, and thus the CPTR could be a robust metric in multicenter studies.

In summary, the CPTR is an objective and repeatable metric that assesses the severity of
Fuchs dystrophy by indicating endothelial function, in contrast to clinical grading which is a
subjective and variable assessment of morphology. The CPTR was excellent at
distinguishing between normal corneas and corneas with Fuchs dystrophy, unlike CCT
measured by ultrasound, and could be an objective measure of disease severity in research
studies. Prospective long-term studies are needed to demonstrate the utility of the CPTR as a
metric for monitoring disease progression and predicting when corneas with Fuchs
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dystrophy might require keratoplasty. Additional studies are required to determine if the
CPTR is a useful metric for assessing causes of corneal edema other than Fuchs dystrophy.
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Figure 1. Inter-observer variation for clinical grading of Fuchs dystrophy (68 eyes)
Agreement between two corneal specialists was only moderate (κ=0.32). The two observers
agreed exactly for 30/68 eyes, and were within one grade for 57/68 eyes. Data are offset for
clarity, and the number of observations is indicated.
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Figure 2. Relationship between corneal thickness and age in normal corneas and corneas with
Fuchs dystrophy
Left, In normal corneas, central corneal thickness (CCT) was not correlated with age
(r=0.15, p=0.08, n=267), whereas peripheral corneal thickness at 4 mm from the center
(PCT4) decreased with age (r= -0.33, p<0.001, n=254). Right, In corneas with Fuchs
dystrophy, CCT was not correlated with age (r= -0.08, p=0.24, n=117), whereas PCT4 was
correlated with age (r= -0.17, p=0.04, n=107) Although PCT4 was higher in Fuchs
dystrophy (650 ± 51 μm) compared to normal corneas (643 ± 43 μm, p=0.002 after
adjusting thickness for age), the difference was small and clinically insignificant. All data
were measured with the scanning-slit pachymeter. Solid lines, regression lines for PCT4.
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Figure 3. Relationship between the central-to-peripheral thickness ratio at 4 mm (CPTR4) and
age in normal corneas and corneas with Fuchs dystrophy
CPTR4 increased with age in normal corneas (r= 0.59, p<0.001, n=254) and corneas with
mild and moderate Fuchs dystrophy (r= 0.48, p=.0008, n=42), but not in corneas with
advanced Fuchs dystrophy (r= 0.14, p=0.26, n=65). After adjusting thickness ratios for age,
CPTR4 was higher in advanced Fuchs dystrophy (1.03 ± 0.07, n=65) than in mild (0.96 ±
0.06, n=28, p<0.001) or moderate (0.94 ± 0.05, n=14, p<0.001), and higher in mild and
moderate Fuchs dystrophy than normal (0.87 ± 0.05, n=254 p<0.001). Regression lines:
gray, mild and moderate Fuchs dystrophy; dashed, normal.
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Figure 4. Relationship between the central-to-peripheral thickness ratio at 4 mm (CPTR4) and
clinical grade of Fuchs dystrophy
CPTR4 was correlated with the grade of Fuchs dystrophy (r= 0.77, p<0.001, n=359); grade 0
represents corneas without Fuchs dystrophy. The regression line is a third-order polynomial
indicating that there are two phases of central corneal edema; the first phase was at grades 1
to 4.5, and the second phase was at grades 5 to 6.
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Figure 5. Repeatability of the central-to-peripheral thickness ratio at 4 mm (CPTR4) in Fuchs
dystrophy
In 7 corneas with varying severity of Fuchs dystrophy, CPTR4 was determined from 3-5
repeated measurements. The median coefficient of variation (CV) was 1.3%. Each symbol
represents a different cornea.
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Figure 6. Receiver operating characteristic curves for Fuchs dystrophy versus normal
The central-to-peripheral thickness ratio at 4 mm (CPTR4) provided excellent discrimination
between corneas with Fuchs dystrophy and normal corneas, whereas central corneal
thickness measured by ultrasound (CCTus) provided only moderate discrimination. AUC,
area under curve.
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Table 1

Clinical grading of Fuchs dystrophy was based on the confluence and area of guttae, and the presence or
absence of corneal edema.4

Grade Central or paracentral Guttae

1 ≤12 scattered, non-confluent

2 > 12 scattered, non-confluent

3 1-2 mm (widest diameter), confluent

4 2-5 mm (widest diameter), confluent

5 >5 mm (widest diameter), confluent

6 > 5 mm, confluent, and with stromal or epithelial edema
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Table 2

Characteristics of subjects with Fuchs dystrophy and with normal corneas.

Fuchs Dystrophy Normal

Mild Moderate> Advanced

Number of eyes [subjects] 29 [16] 16 [10] 73 [60] 267 [142]

Age, Mean ± SD (years) [range] 72 ± 10 [52-86] 67 ± 14 [45-82] 68 ± 12 [41-87] 59 ± 16 [24-88]

Cornea Guttata (Grade) 1-2.5 3-4.5 5-6 No guttae

Lenticular Status Phakic or PCIOL Phakic or PCIOL Phakic or PCIOL Phakic only

SD, standard deviation.

PCIOL, posterior chamber intraocular lens.
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Table 3

Relationship between corneal thickness variables and age.

Fuchs Dystrophy (118 eyes)
a

Normal (267 eyes)
b

r
c

p
d

r
c

p
d

CCT (μm)

    Ultrasound -0.11 0.24 -0.10 0.28

    Scanning-slit -0.08 0.24 0.15 0.08

PCT (μm) at stated distance from center (Scanning-slit)

    3 mm (PCT3) -0.18 0.02 -0.18 0.04

    3.6 mm (PCT3.6) -0.21 0.01 -0.31 <0.001

    4 mm (PCT4) -0.17 0.04 -0.33 <0.001

CPTR at stated distance from center (Scanning-slit)

    3 mm (CPTR3) 0.17 0.09 0.55 <0.001

    3.6 mm (CPTR36) 0.18 0.10 0.58 <0.001

    4 mm (CPTR4) 0.19 0.11 0.59 <0.001

CCT, Central Corneal Thickness

PCT, Peripheral Corneal Thickness

CPTR, Central to peripheral thickness ratio

a
n=107 for PCT4 and CPTR4, because thickness could not be measured at 4 mm from the center in all subjects.

b
n=254 for PCT4 and CPTR4, because thickness could not be measured at 4 mm from the center in all subjects.

c
Pearson correlation coefficients to illustrate the relationship only.

d
Significances of the correlations were assessed by using generalized estimating equation models.
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Table 4

Corneal thickness and the central to peripheral thickness ratio in Fuchs dystrophy and normal corneas.

Fuchs Dystrophy (118 eyes) Normal (267 eyes) p
a

CCT (μm)

    Ultrasound 614 ± 57 562 ± 30 <0.001

    Scanning-slit 652 ± 61 559 ± 31 <0.001

PCT (μm) at stated distance from center (Scanning-slit)

    3 mm (PCT3) 650 ± 55 610 ± 35 <0.001

    3.6 mm (PCT3.6) 654 ± 54 629 ± 39 <0.001

    4 mm (PCT4)
650 ± 51

b
643 ± 43

c 0.002

CPTR at stated distance from center (Scanning-slit)

    3 mm (CPTR3) 1.01 ± 0.05 0.92 ± 0.03 <0.001

    3.6 mm (CPTR3.6) 1.00 ± 0.06 0.89 ± 0.04 <0.001

    4 mm (CPTR4)
1.00 ± 0.07

b
0.87 ± 0.05

c <0.001

Mean ± standard deviation.

CCT, Central Corneal Thickness

PCT, Peripheral Corneal Thickness

CPTR, Central to peripheral thickness ratio

a
Fuchs versus normal after adjusting thickness for age.

b
n=107 for PCT4 and CPTR4, because thickness could not be measured at 4 mm from the center in all subjects.

c
n=254 for PCT4 and CPTR4, because thickness could not be measured at 4 mm from the center in all subjects.
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