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Abstract
Purpose Corneal endothelial cell density and the integrity of
the monolayer are essential for maintenance of a clear cornea.
In 1992, Williams et al. introduced a method to estimate the
endothelial cell density in histopathologic examination. It
would enable an evaluation of the corneal host endothelium,
even if preoperative measurement was not possible. The goal
of this study is to evaluate the accuracy of the Williams equa-
tion in corneal buttons obtained from penetrating
keratoplasties.
Methods High power field (HPF) photographs and histologi-
cal endothelial cell counts were made from the corneal endo-
thelial cells of each corneal histopathological cross-section.
We then compared the calculated endothelial cell density
using the Williams equation with the preoperative measured
endothelial cell density. A bivariate regression analysis of the
histological HPF cell counts and the preoperative endothelial
cell density count was also performed.
Results The equation of Williams et al. overestimates the en-
dothelial density in all of our patients. Linear regression
showed a strong relation between the central histological
HPF count and the preoperative endothelial cell density. The
regression formula for the endothelial cell density is 59.66 +
(272.447 × HPF count); p < 0.001, R2 = 0.901.
Conclusion This study confirms the relation between the cor-
neal endothelial cell density, measured with specular micros-
copy, and the histopathological endothelial cell count in a
HPF. However, the equation of Williams et al. provides an

overestimation of the endothelial cell density. To proper utilize
the histopathological endothelial cell count, a calibration of
the equation coefficients in the local setting is necessary to
prevent systematic errors.
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Introduction

Corneal endothelial cells are responsible for maintaining con-
stant hydration of the cornea. They are essential for providing
a clear cornea. The corneal endothelial cell density decreases
with increasing age [1]. The density also decreases in many
corneal diseases like Fuchs endothelial dystrophy [2], inflam-
matory disease of the anterior or posterior segment [3], and
after penetrating keratoplasty [4]. Specular microscopy can
provide endothelial cell density evaluation in vivo in the clin-
ical setting [5]. In histopathologic evaluations, however, the
endothelial cell density is usually only judged as normal or
reduced.

In 1992,Williams et al. introduced a method to estimate the
endothelial cell density in histopathologic examination. A
strong correlation between specular microscopic cell density
and cross-sectional high power field counts was found in cor-
neal donor buttons that were not suitable for transplantation.
The linear equation for cell density was (number of cells per
high-power field × 145) + 668. The correlation was statistical-
ly significant (p < 0.01; r = 0.91) [6].

Having the ability to estimate the endothelial cell density
from histopathologic examinations can add important infor-
mation. The stage of the corneal disease can be better evalu-
ated and recognized more reliably. This is especially true in
patients where a clinical evaluation of the corneal endothelial
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cell density is not possible by specular microscopy due to
corneal opacification. The host endothelium is a strong pre-
dictor of graft longevity [4]. Therefore, the calculated endo-
thelial cell density might be of prognostic value for the corneal
transplant.

Another possible application field for an estimation of en-
dothelial cell density in histopathologic examination is in re-
search. The impact of other corneal diseases, like different
corneal dystrophies, keratoconus, corneal trauma, or corneal
inflammatory diseases on the endothelial cell density could be
further evaluated.

As far as we know, the equation ofWilliams et al. has never
been tested in a clinical setting with corneal histological spec-
imens from penetrating keratoplasties. The goal of this study
was to evaluate the equation of Williams et al. in corneal
buttons, which were obtained through a penetrating kerato-
plasty and where the preoperative endothelial cell density
had been assessed. Additionally, we evaluated the relationship
between the histological endothelial cell count and the preop-
erative endothelial cell density.

Material and methods

We assessed all charts of patients that underwent a penetrating
keratoplasty in our institution since 2008, and in whom a
preoperative measurement of the endothelial cell density was
available (Topcon SP 3000P, Topcon Corporation, Japan;
Noncon Robo SP 8000, Konan Medical, Japan). Informed
consent was obtained from all suitable patients. Ethics com-
mittee approval was granted by the ethics committee of the
Albert-Ludwigs-University of Freiburg. From all available
histopathological slides, five central high power field (HPF)
photographs with a 40× optical field were made from the
center of the corneal button (Fig. 1), and one photograph from

each peripheral area. The endothelial cells were counted in all
photographs by a second examiner who was not aware of the
preoperative endothelial cell density. A fixed framemodel was
used. Due to the composition of the photographs, cells could
only touch the left or right margin. Cells that touched the right
margin were excluded. The mean endothelial cell count of the
center HPF and peripheral area HPF were adapted for the
equation of Williams et al., since there was a difference in
the visual field width (Williams et al. 490 μm, our field
260 μm). We then compared the calculated endothelial cell
density for the Williams equation with the preoperative mea-
sured endothelial cell density.

In a second step, we performed a regression analysis of the
HPF cell counts and the preoperative endothelial cell density.
We also assessed the relation of the cell counts of the center
HPF and the peripheral HPF. Statistical analysis was per-
formed with IBM SPSS Statistics, IBM, USA.

Results

Twenty-four patients fulfilled the inclusion criteria. Fifteen
penetrating keratoplasties were performed due to keratoconus,
and nine due to recurrence on grounds of further progression
of keratoconus in the peripheral host cornea. The equation of
Williams et al. overestimates the corneal endothelial density in
all our patients by up to 1,000 cells/mm2 when using the
histological cell count of the central HPF. In almost all cases,
the peripheral HPF also results in an overestimation of the
endothelial cell density (Table 1, Fig. 2). The hypothesis of
zero bias can safely be rejected. The p value from the paired t-
test is <0.0001. The mean of the difference is 613.

Our line of best fit in linear regression analysis was: endo-
thelial cell density = 59.6 + (272.447 × HPF count). A strong
relation between the central histological HPF count and the
preoperative endothelial cell density could be demonstrated
(p < 0.001, R2 = 0.9, Fig. 3). The relation between the endo-
thelial cell density with the peripheral HPF count was weaker;
however, it was still statistically significant (p < 0.001, R2 =
0.65). The equation of our line of best fit in linear regression
analysis for the periphery was: endothelial cell density =
417.684 + (216.555 × peripheral HPF count); Fig. 4.

The relation between the central histological HPF count
and the peripheral histological HPF count also was statistical-
ly significant (R2 = 0.63).

Discussion

This study confirms the relation between the corneal endothe-
lial cell density, measured with specular microscopy, and the
histopathological endothelial cell count in a HPF, which was
initially introduced by Williams et al. [6]. However, the

Fig. 1 High power field (HPF) of the Descemet’s membrane and the
endothelial cells. HE-staining
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original equation did not match our clinical endothelial cell
density. One explanation might be the difference in the obtain-
ed material. Our study was performed with histopathologic
slides, which were obtained by means of a penetrating kera-
toplasty, in contrast to donor corneas in Williams et al.’s

investigation. Also the endothelial cell density was deter-
mined in different ways. Williams et al. performed measure-
ments of the endothelial cell density ex vivo after the donor
corneas were in organ culture. Our in-situ cell density mea-
surements were entirely in vivo before the surgery was

Table 1 Overview of patients, indication for keratoplasty, histological high power field (HPF; 40× optical field) counts, and estimated cell density
according to the equation of Williams et al.

Patient Nr. OD/OS Indication Preoperative
endothelial
cell density

Central HPF
average

Estimated central
cell density

Peripheral
HPF average

Estimated
peripheral
cell density

1 OS Keratoconus 2,770 8.6 3,018 6.5 2,444

2 OD Keratoconus 2,770 10.2 3,455 10.5 3,537

3 OS Keratoconus 1,724 8.2 2,909 8 2,854

4 OD Recurrent keratoconus 522 1.8 1,160 4 1,761

5 OS Recurrent keratoconus 952 2 1,215 2.5 1,351

6 OD Keratoconus 1,550 6.4 2,417 1 941

7 OS Keratoconus 2,604 8.4 2,963 5 2,034

8 OS Keratoconus 3,278 10.2 3,455 10.5 3,537

9 OD Keratoconus 3,039 9.4 3,237 10 3,401

10 OS Keratoconus 828 2.2 1,269 5 2,034

11 OS Recurrent keratoconus 766 2.6 1,379 2.5 1,351

12 OD Keratoconus 1,148 5.6 2,198 3.5 1,624

13 OD Keratoconus 2,236 7.2 2,636 6 2,308

14 OS Keratoconus 2,824 8.8 3,073 12 3,947

15 OS Keratoconus 2,000 8 2,854 6 2,308

16 OS Recurrent keratoconus 744 3.8 1,706 3.5 1,624

17 OS Recurrent keratoconus 691 1.8 1,160 2.5 1,351

18 OD Keratoconus 2,865 11.4 3,783 9 3,127

19 OS Recurrent keratoconus 856 3 1,488 2.5 1,351

20 OD Keratoconus 2,036 8 2,854 10 3,401

21 OD Keratoconus 2,433 9.2 3,182 12.5 4,084

22 OS Recurrent keratoconus 1,012 3.6 1,652 3 1,488

23 OS Recurrent keratoconus 764 1.8 1,160 4.5 1,898

24 OS Recurrent keratoconus 688 3.4 1,597 3 1,488

Fig. 2 Bland–Altman-like plot of
the differences between the
histological endothelial cell count
and the equation ofWilliams et al.
All values are overestimated.
Mean difference is 612 cell/mm2

(central dotted line). The other
dotted lines represent 2 standard
deviations above and below
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performed. Semiautomated noncontact specular microscopy
is widely used in the clinical setting; however, the data quality
may be reduced due to systematic errors [7, 8].

Tissue preparation for histopathologic examination may
also be a reason for different cell counts due to different rates
of shrinkage [9]. Since the histological cell count is based on
fewer cells than the specular microscopy, any change in cell
size has a much higher impact on sample errors or bias in
histological counts. Another reason for different equations
may be differences in the field of vision. Williams et al. were

able to use 490 μm for their cell count, while we only had
260 μm. Nevertheless, our histological HPF counts showed a
strong relationship with the endothelial cell density. A general
limitation of our study is the study population. There are only
very few patients with preoperative endothelial cell density
measurements. Corneal opacities usually inhibit such mea-
surements. We were only able to include patients with
keratoconus or recurrence of keratoconus due to further pro-
gression of keratoconus in the peripheral host cornea. The
reason for the one-sided patient selection is the successful

Fig. 3 Nomogram of the
endothelial cell density in relation
to the average histological high
power field (HPF; 40× optical
field) count

Fig. 4 Nomogram of the
endothelial cell density in relation
to the average histological
peripheral high power field (HPF;
40× optical field) count
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preoperative measurement of the endothelial cell density.
Patients with keratoconus or a recurrence usually have a clear
cornea, which enables a measurement, whereas most other
corneal diseases do not allow any measurement and otherwise
healthy corneas usually do not undergo any form of penetrat-
ing keratoplasty. Most of our cases, especially those which
underwent the first keratoplasty, cover only the higher range
of cell densities. The small number of patients is a limiting
factor. Since the number of suitable patients for this kind of
study is small, a further evaluation of the method, for example
by using an animal model, might be necessary.

Due to the strong relationship between the endothelial cell
density and the histological central HPF count, the endothelial
cell density can be quickly calculated. This provides addition-
al information for the ophthalmic pathologist and the clinician
in order to better evaluate the corneal endothelium. This might
be especially useful in cases where no preoperative evaluation
of the endothelium was possible due to corneal edema or
scarring or other opacification. Since the autologous endothe-
lium is a strong predictor of graft longevity [4], the calculated
endothelial cell density might be of prognostic value for the
corneal transplant. Another application is the systematic eval-
uation of the corneal endothelium in retrospective research.
However, in order to prevent a systematic error there should
be a calibration of the equation coefficients in the local setting,
to adapt for different types of microscopes, cameras, or fixa-
tion and embedding techniques.
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