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Abstract
Aims-This study was designed to observe
any changes to the corneal epithelium
after penetrating keratoplasty.
Methods-The corneal epithelia of 26
patients were observed by specular
microscopy 1 week, 1 month, 3 months,
and 6 months following penetrating
keratoplasty.
Results-After re-epithelialisation was
confirmed by biomicroscopy 1 week after
surgery, specular microscopy revealed
many abnormal cells, including spindle
shaped cells, nucleated cells, large cells,
as well as irregular cell configurations.
Although these abnormal findings tended
to decrease with time, they were still
present in some cases as much as 6
months postoperatively. Computerised
morphometric analysis yielded mean cell
areas of 1121 (SD 168) pLm2, 1139 (675)
pum2, 1712 (496) pim2, and 1400 (377) jim2 at
1 week, 1 month, 3 months, and 6 months
respectively, all significantly greater than
that of age matched controls (710 (151)
pum2). The shape factor decreased with
time, but was still greater than the control
level at 6 months.
Conclusion-This study demonstrates
that epithelial abnormalities persist
longer than expected after penetrating
keratoplasty, and that these subtle
changes can be detected by specular
microscopic observation, potentially
allowing for modification and enhancement of the wound healing process.

(Br_r Ophthalmol 1995; 79: 257-260)
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Materials and methods
PATIENT SELECTION
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Refractory superficial punctate keratopathy,
irregular astigmatism, persistent healing
problems, and recurrent erosions may be
encountered in the corneal epithelium following penetrating keratoplasty (PK). When the
ocular surface is compromised, poor epithelial
recovery may be the major cause of graft failure,
which may then require keratoepithelioplasty.1
In many cases, the epithelial rejections and
increased rate of infection are still the major
complications of PK.23
The epithelium after PK has been reported
to be abnormal in cellular shape,4 oxygen
consumption,5 sensitivity,6 and ultrastructure.7 Only a few studies have examined
epithelial changes following PK.4 8-12 No study
has ever employed computerised morphometric analysis. Although the corneal endothelium has been widely investigated using the
specular microscope and morphometric analysis, the comeal epithelium following PK has
heretofore not been suitable for such study.
The recent development of the specular
microscope contact lens (SM lens) makes it
possible to observe the corneal epithelium at
the cellular level.'3 14 The technique is noninvasive and the corneal epithelium can be
followed prospectively. This study follows the
process of recovery of the comeal epithelium
after using specular microscopy and after
morphometric analysis as first described by
Mathers et al.15

Twenty patients (10 male, 10 female) at Keio
University and six patients (three male, three
female) at National Tochigi Hospital on whom
PKs were performed were enrolled in this
study. The average age was 56-3 (19-5) years
(range 12 to 84). The preoperative diagnoses
were: herpetic keratitis (n= 7), interstitial
keratitis (n= 5), comeal haziness of unknown
aetiology (n=4), keratoconus (n=4), bullous
keratopathy following cataract extraction
(n=2), leukoma due to injury (n= 1), gelatinous drop-like dystrophy (n= 1), band keratopathy (n= 1), and macular dystrophy (n= 1).
As controls, age and sex matched phakic
myopic patients, five male and five female,
average age 53-5 (14-2) years and aphakic
patients, five male and five female, average age
59.3 (12-5) years were used. The aphakic
patients had the same level of steroid eyedrops
as well as antibiotic eyedrops and the corneal
epithelium was observed at 1 month after
cataract surgery with phacoemulsification.

Br J Ophthalmol: first published as 10.1136/bjo.79.3.257 on 1 March 1995. Downloaded from http://bjo.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Comeal epithelium following penetrating
keratoplasty

258

*~,:1. ~

SURGICAL METHODS

~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~ ~ .. :..
......ET!

.......

~

A,
I

Fsig 2B

~

.....

.

...

W,

Fig

ZC

rPg Zu
Figure 2 Elongated comeal epithelial cells following penetrating keratoplasty. All bars
equal 100 um. (A) 1 Week after surgery (54-year-old female, original disease was
macular dystrophy). Many small elongated cells were clearly observed. (B) 1 Week after
surgery (55-year-old male, original disease was leukoma). Elongated cels were observed.
(C) 1 Week after surgery (45-year-old female, original disease was herpes simplex). There
were many elongated cells observed. (D) 1 Month after surgery (same case as Fig 2C).
There are still large, elongated cells observed.

Donor buttons were taken from the epithelial
side of preserved eyes using a Draeger electric
trephine. The same or a slightly smaller
trephine was used for the recipient cornea. The
average preservation periods were 10 5 (5-3)
hours, during which the corneal epithelium
remained intact, as determined by biomicroscopy. The donor cornea was temporarily sutured with eight 9-0 silk interrupted
sutures, and then sutured with 10-0 nylon
running sutures. During the procedure,
hyaluronic acid was used to protect the
endothelium. The 9-0 silk sutures were
removed at the end of the surgery.
During the follow up, topical steroids
(0 10% dexamethasone, four times daily) and
antibiotics (gentamicin, four times daily) were
used for up to 1 month. If epithelial rejection,
chronic keratitis, or any epithelial problems
occurred, the patients were excluded from the
study.
As controls, 20 age and sex matched normal
individuals (10 male, 10 female, average age
54-8 (13-6) years), were recruited for this
study.
SPECULAR MICROSCOPY

A special contact lens was used to take epithelial pictures13 14 at 1 week, 1 month, 3 months,
and 6 months after surgery. In each patient,
several pictures were taken of the central
cornea, and of the peripheral corneal epithelium when possible. It is not certain, but probable that determining factors of when this is
possible include the status of the tear, status of
the mucin, and status of the cornea shape.
Kodak Tri-Max ASA 400 film was used and
the pictures were magnified 200 times.
Epithelial pictures were analysed qualitatively and quantitatively. The presence or
absence of the following abnormal cells were
determined in each of the subjects.9 14
(1) Spindle-shaped cell: cells in which the
longest axis is more than twice as long as the
shortest axis of the cell.
(2) Extra large cell: cells with area more
than 2000 pLm2.
(3) Nucleated cell: cells with a central
round reflex.
(4) Extra bright cell: cells with especially
bright specular reflexes.
(5) Colony of small cells: a group of small
cells each with area less than 500 pLm2.
Quantification of these abnormalities is difficult, so only the presence or absence was noted.
For the quantitative analysis, morphometric
analysis of the mean cell area and coefficient of
variation of the mean cell area (CV) and the flat
rates were calculated (Fig 1). In nine out of 26
post PK and 10 of each control cases, morphometric analysis was performed using a computerised system (Sun Contact Lens, Osaka,
Japan). For each analysis, at least 50 cells were
digitised for calculation. If the epithelium
picture was obscure for this analysis, the cases
were excluded from the study. We selected nine
cases where good quality pictures were clear at
any observation point.
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Figure 3 The time course of epithelial abnormalities
following PK The presence of elongated cells decreased with
time, but did not disappear in 6 months. The large cells
peaked at 1 month, followed by a gradual decrease. The
irregular pattern could be observed throughout the
observation period. 0 = irregular pattern; * = elongated cell;
A= nucleated cell; O=large cell.

(Table 1).

Fig 4A

Fig 4B

Figure 4 Extraordinarily large corneal epithelial cells following PK All bars equal
100 ,um. (A) 1 Month after surgery (56-year-old male, original disease was unknown
haziness). Extra large cells were observed. (B) 3 Months after surgery (44-year-old female,
original disease was herpes simplex). The cells were slightly smaller than at 1 month.
(C) The epithelium surrounding the suture (same case as Fig 4A). The epithelial cells were
extraordinarily large.

Nucleated cells were observed in all cases
with the nucleus appearing as a bright spot in
the dark cells and as a dark spot in the bright
cells. Nuclei were noted in normal shaped
cells, as well as spindle-shaped and extra large
ones. The time course of these cells are shown
in Figure 3. Colonies of small cells were sometimes seen in these series.
Morphometric analysis of the post PK
epithelia showed considerable changes in the
wound healing process. The mean cell area
increased between the first week and 3 months
and then began decreasing, yet still not returning to normal at 6 months (Table 1).
Compared with the control corneal epithelial
cell area of 710 (151) pum2 in the phakic
control group and 721 (126) jim2 in the
aphakic control group, the corneal epithelium
was still large.
The CV of the mean cell area showed no
significant trend.
The flat rate showed an increased ratio of
0-86 (0 06) in the first week, and at 6 months
was still 0-52 (0-09) greater than the 0 30
(0.04) and 0-31 (0.04) of the controls.
Discussion
The most prominent epithelial change was the
appearance of spindle-shaped cells, which may
result from migration from the periphery. Such
elongated cells have been reported in post
PK8 9 as well as in various cell cultures.16 17 In
some cases, these elongated cells persisted for
more than 6 months. Since the corneal epithelium is regenerating every day, with strong
mitotic activity, wound healing following
surgical intervention should not be expected to
continue for such a long period. Dohlman has
reported that the donor epithelium disappears
within 6 to 10 days after surgery. 18 If this is the
case, the epithelium should have been entirely
replaced with recipient cornea within 2 weeks.
However, Silverstein et al have demonstrated
the survival of donor epithelium for up to
6 months.19 During the dilution of donor
epithelium, subclinical rejection or natural
replacement by the recipient epithelium
occurs. In this instance, accelerated epithelial
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Results
The corneal epithelium following PK showed a
variety of changes. The most prominent
feature was the presence of spindle-shaped
cells, which ranged from moderately to very
elongated and were observed mainly in the
central cornea. The elongation was greater in
the first few weeks after surgery and then
gradually decreased. A typical case is shown in
Figure 2A-D. These elongated cells could be
further distinguished on the basis of their
specular reflexes: bright, medium, and dark.
These spindle-shaped cells were observed in
22 of 26 cases in the first postoperative week
but only in 14 cases after 6 months (Fig 3).
Extra large cells, up to 8000 pLm2 near the
suture (Fig 4A-C) were observed mainly in the
periphery of post PK corneas. In contrast
with the spindle-shaped cells, most of these did
not appear until 1 month after the surgery
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Table 1 Morphometric analysis of corneal epithelium following penetrating keratoplasty
I Month

1 Week

3 Months

6 Months

Phakic control Aphakic control

*p<0.05 significantly different from control; tp<0 01.
wound healing may indeed continue. Lemp
has also reported the presence of elongated
cells following PK,10 which was attributed to
the sutures. In this study, all of the corneas had
sutures, and we had similar findings. The
changes following suture removal should be
studied in the future.
In addition to the presence of spindleshaped cells, several other epithelial changes
were noted, including extra large cells,
nucleated cells, and small cell formations.
These changes have also been observed in
other conditions, such as keratoconus, epithelial defects, diabetic cornea, post epikeratophakia, and in normal contact lens
wearers.20-22 These epithelial changes may
thus be non-specific qualitative reactions to
any corneal insult, although they may differ
quantitatively depending on the disease or
procedure.
Corneal hypoaesthesia following PK is well
known.1 2 Denervation of the cornea decreases
mitotic activity in the epithelium, retards
healing, and impairs cellular adhesion.23-26
This may also explain why epithelial cells
change shape.
The specular microscope has been widely
used to study the corneal endothelium following PK.27-29 The numbers of endothelial cells
decrease while the mean cell area and the associated coefficient of variation increase over a
period of 3 years but most prominently within
the first month. In contrast, epithelial studies
following PK have not been performed extensively, primarily because of the difficulty in
photographing the epithelium. The recent
development of the SM lens has greatly facilitated this process,14 permitting non-invasive,
long term monitoring of the epithelium. This
method may be used to evaluate subtle
epithelial changes at the cellular level enhancing understanding of the healing process and
potentially enabling its modification. This
technique is clearly also applicable to the study
of a wide range of corneal diseases, and has
already been employed in our laboratory to
evaluate keratoconus.22
This study was supported by a grant from the Kowa
Foundation. This paper was presented in part at the 13th
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721 (126)
1139 (675)
1712 (496)
1400 (377)
710 (151)
Mean cell area (,m2) (SD) 1121 (168)*
29-2 (7 9)
32-5 (8-1)
31-0 (8-1)
32-2 (8 6)
32-1 (7 5)
31-5 (9 2)
CV (C%) (SD)
0-52 (0-09)
0 30 (0-04)
0-31 (0 04)
0-52 (0-16)
0.70 (0-15)
0-86 (0 006)t
Flat rate (SD)

