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A comparative assessment of endothelium from
pseudophakic and phakic donor corneas stored in organ
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Aims: To evaluate the endothelial quality of corneas obtained from pseudophakic donors and to com-
pare the data with matched phakic controls.
Methods: Corneas from eyes with posterior chamber intraocular lenses (PCIOLs) and corneas from
phakic eyes (controls) were stored for 1–2 weeks in organ culture and then examined after staining with
Alizarin red S. The corneas were divided into two groups according to the duration of storage.
Endothelial cell density, the percentage of hexagonal cells, and the coefficient of variation (CV) were
determined.
Results: There was no statistically significant difference between the 14 PCIOL corneas and the 13
controls stored in organ culture for 7 days for any of the three parameters studied. The mean cell den-
sity was 2155 (SD 529) cells/mm2 in the PCIOL corneas and 2118 (453) cells/mm2 in the controls
(p=0.85). The mean percentage of hexagonal cells was 52% (8%) and 58% (7%), respectively
(p=0.06). The mean CV was 0.32 (0.18) in the pseudophakic corneas and 0.39 (0.18) in the controls
(p=0.33). Moreover, there was no significant difference between the PCIOL corneas and the controls
stored for up to 2 weeks.
Conclusions: The corneal endothelium from eyes with PCIOLs appears to be similar to that of phakic
eyes after 1–2 weeks in organ culture. This finding suggests that corneas from pseudophakic eyes
should not routinely be disqualified for transplantation. The use of at least some pseudophakic corneas
may substantially increase the potential donor pool.

The chronic worldwide undersupply of donor corneas for
keratoplasty has spawned a search for new sources of tis-
sue. One such potential source, often untapped and some-

times scorned, is the very large pool of pseudophakic eyes.
Corneas from such eyes have generally been disqualified as
transplantation material on the assumption that the endothe-
lium of an eye which had undergone anterior segment surgery
would not meet keratoplasty criteria.

Very little has been published on the endothelium quality of
pseudophakic corneas.1 We have therefore performed an in
vitro study comparing the endothelium from pseudophakic
corneas with that of corneas from phakic eyes. Cell density, the
percentage of hexagonal cells, and the coefficient of variation
of cell size were analysed. These parameters, which are gener-
ally used to define endothelial cell quality, display physiologi-
cal changes with age.2 But they are also affected by disease (for
example, acute glaucoma), contact lens wear, and anterior
segment procedures.3

Endothelial cell damage due to cataract surgery is
correlated with surgeon experience, the procedure chosen, the
irrigating solutions and viscoelastics used, and the placement
of the intraocular lens (IOL). Modern small incision tech-
niques with very brief phacoemulsification times and in the
bag IOLs have substantially reduced endothelial cell loss.4–10

METHODS
Corneas from donor eyes with a posterior chamber intraocular

lens (PCIOL) and corneas from phakic donor eyes (controls)

were stored in organ culture at 35.5°C for up to 2 weeks in an

eye bank setting.
Donors with infectious or neoplastic disease as well as cor-

neas with Fuchs’ dystrophy or degenerative changes were
excluded. There was no age limit for donors and no required
minimum endothelial cell count.

The organ culture consisted of Eagle’s minimal essential
medium with Earle’s salts, as well as 2% fetal calf serum and
1% antibiotic/antimycotic solution (GibcoBRL). Before analy-
sis of the endothelial layer at the end of the storage period, the
corneas were dehydrated for 1 day in a medium containing 6%
high molecular dextran T500, to decrease stromal oedema.
They were then stained with Alizarin red S.

A phase contrast microscope was used. With a Polaroid sys-
tem and at 250× magnification, one image per cornea was
captured at a random position in the central region of the
endothelium. Each image covered an area of 622 × 465 µm,—
that is, 0.289 mm2 with between 350 and 1250 cells. The
images were printed on paper (186 × 249 mm) with a mono-
chrome laser printer.

A prestudy pilot showed that photographs of unstained
endothelium had a much poorer resolution than those stained
with Alizarin red S. Accordingly, accurate cell counts were
practically impossible to perform and cell borders very difficult
to ascertain in unstained corneas. For this reason, no prestor-
age endothelial evaluation of the corneas used in this study
was done.

Forty seven corneas from 34 donors were studied. Twenty
six corneas were obtained from eyes with PCIOLs and 21 from
phakic (control) eyes. Two donors each contributed one eye to
the PCIOL group and one eye to the control group. The PCIOL
group and the control group were each further subdivided into
two subgroups, depending on the duration of storage. Twenty
seven corneas (14 from PCIOL eyes and 13 from control eyes)
were stored for 1 week in organ culture (group A). Twenty
corneas (12 PCIOL and eight controls) were stored for 10–14
days (mean 13 days), and were designated as group B.

The following parameters were studied, using morphomet-
ric techniques: endothelial cell density (a), the number of
adjacent cells, a measure for hexagonality (b), the number
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weighted mean cell area (c), the area weighted mean cell area

calculated from point sampled intercepts (d), and the

coefficient of variation of cell size (e). All measurements were

performed two dimensionally since the endothelial layer rep-

resents planar structures.

These five parameters were measured as follows.

Cell density
Cell density (Na) was calculated as the number of cells per

mm2. This number was estimated by using a subsampling pro-

cedure taking into account the edge effect.11 12 Briefly, a trans-

parent overlay divided into squares was superimposed on each

image. It was used to sample one sixth of the image area (A in

Fig 1). The lower left border as well as the vertical

“appendages” (solid lines B in Fig 1) were defined as off-limit

lines. All cells located within the squares and not touching the

off-limit lines were counted.

Areas in which cell borders were not clearly visible were also

sampled. In addition to the squares, the transparent overlay

contained a point grid test system (points C in Fig 1). Points

overlying such out of focus areas were counted. The ratio

between these points and all test points yielded a coefficient,

which was used to correct the overall cell density measure-

ment so as to take account of the out of focus areas.

Adjacent cells
The number of adjacent cells was determined for every cell

sampled in the cell density measurement. The generally hex-

agonal arrangement of the normal endothelium shifts during

storage owing to cell death and cell size changes, so that the

number of adjacent cells varied between four and eight.

Number weighted mean cell area
The number weighted mean cell area (āN) was calculated by

dividing the whole image area by the total number of cells per

image.

Area weighted mean cell area
The area weighted mean cell area (āA) was computed by the

point sampled intercept method.13 This mean area calculation

is based on the number of cells sampled proportional to their

area surface size. Larger cells weigh proportionally heavier in

this parameter. A test grid with parallel lines and with

equidistant rulers bisecting these lines was superimposed on

each endothelium photograph in a random orientation (Fig

2). The points at which the rulers bisected the parallel lines

were used as sampling points. For each sampling point that hit

a cell, the length of the intercept within the cell was measured

along the test line. The test grid was then rotated five times,

each time by 30°, and the measurement repeated every time.

On average about 100 cells were sampled. An unbiased

estimator of (āA) is

where λoi is the length of the ith intercept and m the number

of sampled cells.

Coefficient of variation
The coefficient of variation of cell area reflects the variation of

cell size within the endothelial layer of a single cornea, as

documented by each endothelial photograph. It corresponds

to the standard deviation of individual cell areas divided by

the mean cell area. If āA and āN are known, the coefficient of

variation is

The unpaired, two tailed Student’s t test was used for statis-

tical analysis.

Statistical significance was defined as p<0.05.

RESULTS
The PCIOL corneas and the phakic (control) corneas matched

for age, time from death to enucleation, and time from

enucleation to storage in both group A and group B, except

that the mean age of the controls in group B was significantly

lower (p<0.001). Details of these data and sex distribution are

shown in Table 1.

There were no statistically significant differences between

the PCIOL corneas and the controls for any of the three major

endothelial parameters (cell density, percentage of hexagonal

cells, and coefficient of variation) studied (Table 2).

The mean cell densities were 2155 (SD 529) cells/mm2 for

the PCIOL corneas and 2118 (453) cells/mm2 for the controls

in group A (p=0.85), and 1922 (391) cells/mm2 and 2205

(579) cells/mm2, respectively, in group B (p=0.21). The mean

Figure 1 Detail of a cornea culture image with an overlaid test
system. (A) Subsampling square. (B) “Forbidden lines.” (C) Test
points of the second test grid for the detection of fuzzy image
regions (see text). As an example, red circles indicate not counted
cells, yellow crosses indicate cells which are counted within this
particular subsampling square. White bar = 50 µm.

Figure 2 Detail of a culture image with an overlaid grid for point
sampled intercept measurement. (A) Test lines. (B) Sampling rulers.
Yellow cross indicates a sampled cell. Yellow ruler corresponds to
the intercept length λo of this cell. White bar = 50 µm
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percentage of hexagonal cells was 52 (8) for the PCIOL eyes

and 58 (7) for the controls in group A (p=0.06), and 53 (7)

versus 54 (6) in group B (p=0.72). The corresponding mean

coefficient of variation values were 0.32 (0.18) and 0.39 (0.18)

in group A (p=0.33), and 0.25 (0.09) versus 0.25 (0.14) in

group B (p=0.96).

Eight of the 14 pseudophakic corneas and eight of the 13

controls in group A had cell counts over 2000, and would

therefore have qualified as donor corneas for keratoplasty. In

group B four corneas of 12 pseudophakic eyes and five of eight

controls had a cell density higher than 2000 cells/mm2.

The incidence of polymegethism (coefficient of variation

>0.3) was also analysed. Seven of the 14 pseudophakic donors

and in four of the 13 controls in group A, and eight of 12

pseudophakes and six of eight controls in group B showed no

polymegethism. In group A there were four pseudophakic

corneas and two controls, and in group B two pseudophakes

and four controls manifesting both attractive quality

markers—that is, cells counts over 2000 and the absence of

polymegethism (Table 3).

DISCUSSION
Modern cataract surgery and, especially, the use of small inci-

sions, extremely short phacoemulsification times and in the

bag PCIOLs have substantially reduced intraoperative en-

dothelial layer damage and subsequent cell loss.6–10

These advances in the most frequently performed intraocu-
lar anterior segment procedure call into question previous
assumptions made about the quality of donor corneas from
pseudophakic eyes.

Although we were unable to identify the surgeons who
operated on the pseudophakic donor eyes we used, and thus
could not collect data on the type of procedure or when
surgery was performed, it is reasonable to assume that not all
of the pseudophakic eyes had undergone small incision
phacoemulsification and that some of the cataracts were
extracted with the more traumatic extracapsular technique.

Yet this study shows that there were no statistically signifi-
cant differences between the endothelium of PCIOL corneas
and phakic controls when comparing cell density, the percent-
age of hexagonal cells, and the coefficient of variation of cell
area. These are the three most important morphological
parameters used to assess endothelial quality. And although
eye banks routinely use only cell density to determine the
suitability of a cornea for keratoplasty, the fact that mean
hexagonality and the mean coefficient of variation in this
study were also comparable to phakic controls essentially
strengthens the argument that corneas from pseudophakic
eyes should generally not be rejected as potential donors.

Admittedly, even if only cell density was considered, not all
of the pseudophakic corneas evaluated in this study would
have qualified as donors. But also the phakic control group
included inferior quality tissue—that is, corneas with less
than 2000 cells/mm2. With 57% (8/14) of the pseudophakic
corneas stored for 1 week, and 33% (4/12) of those stored for a
mean of 13 days displaying cell counts higher than 2000, it is
clear that rejecting pseudophakic donors out of hand is not
justified. The fact that 50% (7/14) of the pseudophakes stored
for 1 week and 67% (8/12) in the longer storage group showed
no polymegethism (coefficient of variation <0.3) further
underscores the importance of considering pseudophakic eyes
as possible donors.

Table 1 Donor corneas

Group A Group B

PCIOL Control PCIOL Control

Number 14 13 12 8
Sex

Female 6 9 7 3
Male 8 4 5 5

Age (years) 83 78 80 61
SD 8 13 8 10
DTET (hours) 12.6 12.3 14.9 13.5
SD 6.3 9.2 5.7 7.7
ETPT (hours) 1.8 2.4 1.8 2.2
SD 1.3 1.3 1.0 0.8
Culture time (days) 7 7 13 13
SD 0 0 2 2

DTET = time from death to enucleation, ETPT = time from enucleation
to preservation, SD = standard deviation.

Table 2 Endothelial characteristics

Group A Group B

PCIOL Control PCIOL Control

Cells/mm2 2155 2118 1922 2205
SD 529 453 391 579
Range 1412–3584 1417–2842 1416–2380 1520–3095

Hexagonal cells 52% 58% 53% 54%
SD 8% 7% 7% 6%
Range 38–65% 43–69% 41–62% 47–63%

Coefficient of variation 0.32 0.39 0.25 0.25
SD 0.18 0.18 0.09 0.14
Range 0.06–0.42 0.1–0.75 0.08–0.36 0.12–0.56

SD = standard deviation.

Table 3 Eligibility for transplantation

Group A Group B

PCIOL Control PCIOL Control

Cell density >2000/mm2 8/14 (57%) 8/13 (62%) 4/12 (33%) 5/8 (63%)
Coefficient of variation <0.3 7/14 (50%) 4/13 (31%) 8/12 (67%) 6/8 (75%)
Cell density >2000/mm2 + coefficient
of variation <0.3 4/14 (29%) 2/13 (15%) 2/12 (17%) 4/8 (50%)
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Because it is safe to assume that surgeon quality will never

become uniform and that islands of old fashioned surgical

techniques will persist, pseudophakic donor eyes can be

expected to manifest both high quality and low quality

corneas. But the results of our study indicate that this will

probably not make them much different from phakic eyes

routinely harvested by eye banks. The process of evaluation

performed by eye banks should be sufficient to disqualify poor

quality pseudophakic corneas in the same way it excludes

poor quality phakic corneas.

Johnston et al published a similar study, but had used

freshly enucleated donor eyes with IOLs (14 PCIOLs and one

ACIOL) which they compared with matched controls.1 Also

the Johnston study, which in addition to cell density analysed

hexagonality and the coefficient of variation, found no signifi-

cant differences in endothelium quality between the two

groups.

Compared to the present study, Johnston et al’s corneas had

a higher mean cell density in both the IOL and the control

group (2495 cells/mm2 and 2576 cells/mm2, respectively). They

also reported a higher percentage of corneas with cell counts

over 2000. This may be due to the higher mean donor age in

the present study and to endothelial cell loss which occurs

during organ culture storage. The percentage of hexagonal

cells and the coefficient of variation were comparable in both

studies.

The present study specifically aimed at endothelial assess-

ment after 1–2 weeks in organ culture because this storage

method has some major advantages over short term storage at

4°C. Storage time is significantly longer, which facilitates the

scheduling of keratoplasties and reduces donor tissue

wastage. The extended storage time also makes the matching

of typed corneas easier. It further makes it possible to evaluate

the endothelium immediately before surgery. And there

appears to be no difference in the clinical outcome of kerato-

plasties when corneas from the two different storage systems

are compared.14–16

The fact that prestorage endothelial assessment was not

performed does not detract from the results obtained, since

the purpose of the study was to analyse the quality of the

endothelium before potential use, and not to determine how

that quality may have decreased during organ culture.

Because cell loss from cataract surgery can take quite a

while to equilibrate across the entire endothelium,6 a central

cell count by an eye bank may not reveal a severe deficiency

due to peripheral damage. Accordingly, it is probably

advisable, when harvesting tissue from pseudophakic donors,

to use only eyes with at least one year since surgery.

Caution should also be exercised in view of the increasing

number of refractive procedures being performed. A pseudo-

phakic eye which had also undergone an excimer ablation

(possibly with a laser in situ keratomileusis flap), should

probably also be excluded, at the very least because such a

cornea may be difficult to handle.

The chronic worldwide shortage of donor corneas puts

increasing pressure on eye banks to find new sources of tissue.

As life expectancy increases more people develop cataracts

and more cataract surgery is performed. It is therefore likely

that eye banks will find themselves dealing with an increasing

number of pseudophakic eyes. As this pilot study indicates

(and as a larger multicentre project could confirm), the

acceptance of pseudophakic eyes by eye banks would

substantially increase the donor pool. Alternatively, the

routine disqualification of pseudophakic corneas would

deprive eye banks of potential donor tissue. The fact that

potential pseudophakic donors may be older than phakic ones

should not automatically exclude them from being

considered.17
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