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Abstract
Aim—DiVerent trephination methods
may lead to diVerences in degree of tissue
damage and endothelial cell loss, which
both influence the outcome of penetrating
keratoplasty. Light, transmission, and
scanning electron microscopy were used
to compare the ultrastructural appear-
ance of the cut edges and the endothelial
cell loss in 26 human corneal donor
buttons obtained by trephination with the
suction fixated guided trephine system
(GTS) and with the free hand posterior
punch technique (PPT).
Methods—Human corneas were stored
between 5 and 14 days in Optisol. One cor-
nea from each pair was used for each
technique. Trephinations (7.5 mm) were
performed either from the anterior direc-
tion with the GTS (n=13) or from the pos-
terior direction with the PPT (n=13) using
Pharmacia Superblade trephines. Light
microscopy, transmission electron, and
scanning electron microscopy were per-
formed according to standard procedures.
Widening of the cut edges and the extent
of endothelial cell loss were measured at
three diVerent areas per corneal button
and analysed statistically.
Results—In contrast with the PPT, the
GTS trephine produced considerable fi-
brillar disorder at the cut edges of the cor-
neal buttons. The distance to which the
endothelial cell loss extended from the
edges of the cuts was significantly
(p<0.001) lower for the GTS (42.2 (SD
50.8) µm from the edge) than for the PPT
(109.3 (68.1) µm). Stromal widening at the
edges (measured as percentage increase
in stromal thickness, compared with the
thickness of the central cornea) was
observed with both techniques. However,
the mean stromal widening produced by
the GTS was significantly greater than
that produced by PPT (106% (24%) v 69%
(21%); p<0.002).
Conclusion—Both trephination tech-
niques produced only minor tissue dam-
age. Nevertheless, there were distinct
diVerences in the fine appearance of the
cuts produced by the GTS and the PPT
techniques. The extent of the fibrillar dis-
location and stromal widening was
greater at the edges of the GTS buttons.
The GTS technique produced signifi-
cantly less endothelial cell loss at the cut

edges than did the free hand punching
technique, PPT.
(Br J Ophthalmol 1999;83:1172–1177)

High and irregular astigmatism is a significant
problem after penetrating keratoplasty
(PKP).1 2 Despite advances in mechanical tre-
phine design and suture technique, the mean
postoperative astigmatism is reported to be
between 2.5 and 5.0 dioptres (D) in large
keratoplasty series.1 3–6 This postoperative
astigmatism is most probably a result of
imprecise trephination or diVerences in size
and undercut between the donor button and
the recipient cornea.1 3 7 8 In addition, corneal
scars after PKP are a source of weakness, and
dislocation of the donor button can appear
even after adequate healing.9 10 Thus, the
shape of the cutting edges and the perfect fit of
the graft in its recipient bed are important fac-
tors in producing a satisfactory outcome in
PKP.

Another very important factor in the postop-
erative period is the maintenance of an
adequate quantity of intact endothelial cells
which are essential for corneal transparency
and nutrition.11 Prospective and retrospective
studies have shown that during the first 3 years
after PKP a central decrease of endothelial cell
number occurs at a rate of 21% per year, then
declines to a level of 0.5% per year12–14; the
overall cell loss after 10 years averages 73%.15

The greatest degree of endothelial cell loss,
however, unquestionably occurs during the
PKP itself (real loss), as result of the damage
occurring at the edges of the grafts and recipi-
ent corneas.16–18

Corneal grafts can be obtained by trephina-
tion from the epithelial side or from the
endothelial side.19 DiVerent trephination
methods may cause diVerent types and degree
of tissue damage and endothelial cell loss,
which both influence the outcome of PKPs.2

We have now compared the edges of 26
corneal donor buttons obtained either by
trephination from the epithelial side with the
suction fixated guided trephine system (GTS)
or from the endothelial side with the posterior
punch technique (PPT) by means of light
microscopy (LM), transmission electron mi-
croscopy (TEM), and scanning electron mi-
croscopy (SEM). In addition, we have devel-
oped a method at the microscopic level to
quantitate the eVects of various trephination
techniques on stromal widening and endothe-
lial cell loss.
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Materials and methods
Twenty six human corneas (13 pairs) were
taken from the University Eye Bank, Vienna,
after 5–14 days of preservation in Optisol.
These corneas could not be used for transplan-
tation, either because no blood sample analysis
was available or because the donor had a viral
infection. Donors were between 56 and 70
years of age (mean 63 years). One of each pair
of corneas was used for each technique.
Trephinations (7.5 mm) were performed with
either the suction fixated GTS5 (using an arti-
ficial anterior chamber) or with the PPT (with
Pharmacia Superblade trephines). All trephi-
nations were performed by the same surgeon
(SK).

For histological investigations corneal but-
tons were fixed with 2.5% glutaraldehyde for 2
hours. For LM and TEM, the 22 corneal
buttons were first cut into halves. One half of
each was used for LM of the entire curvature
of the buttons in order to determine the
central corneal thickness; the other half was
subsequently divided into two quarters by
cutting it at right angles to the primary cut
edge. Specimens were postfixed in 1% veronal
acetate buVered osmium tetroxide, dehy-
drated in a series of graded ethanols and

embedded in Epon 812. For LM, semithin
sections were stained with toluidine blue. The
ultrathin sections for TEM were stained with
tannic acid, uranyl acetate, and lead citrate
and examined in a Philips EM 400 micro-
scope.

The extent of the endothelial cell loss
and of the stromal widening (Fig 1) at
the cut edges of the corneas were measured
on the LM sections (three per cornea) of
11 corneas for each technique. Measurements
(n=33 per trephine) of endothelial cell
loss and corneal widening were performed at
both edges of the entire half and one at the
edge of a quarter. Endothelial cell loss was
determined by measuring the cell-free
distance between the last visible endothelial
cell and the cut edge (Fig 1). Areas with
endothelial cells exhibiting definite signs of
cellular degeneration or having lost the
contact to their basal lamina were considered
to be cell free. Undercutting, mechanical
forces, and local stromal swelling led to a
widening of the stroma at the edges.
This widening (Fig 1) was defined as
“percentage increase of thickness” relative to
the thickness of the central cornea (=100%).
For statistical analysis the Mann–Whitney U
test was applied for the various groups of
samples.

For SEM four corneal donor buttons were
dehydrated in a graded series of tertiary
butanols, frozen at −24°C and dried in a
desiccator by sublimation of the frozen buta-
nol. Finally, the specimens were sputtered with
gold and examined in a Cambridge Stereoscan
90 (accelerating voltage 15 kV).

Results
FINE STRUCTURE OF THE CUT EDGES

Light microscopy
Both trephines caused stromal widening
at the edges. GTS trephination (Fig 2a)
produced more stromal widening than did
PPT trephination (Fig 3a). The GTS samples
showed a step-like pattern (Fig 2a, b) at the
edges, which was due to the stepwise forward
thrust of this trephine system. In a zone of up
to 400 µm from the GTS edges the collagen
lamellae were disordered and showed
undulations (Fig 2a, b). GTS edges were not
as smooth as PPT edges and they exhibited
considerable fibrillar disorder. In contrast, the
cut edges obtained by PPT trephination
showed hardly any dislocation of the fibrils
(Fig 3a, b).

Transmission electron microscopy
TEM confirmed the LM findings, showing a
distinct fibrillar disorder at the GTS edges (Fig
4A) and smooth PPT trephination edges with
clearly cut collagen fibrils (Fig 4B).

Scanning electron microscopy
In SEM the cut edges obtained by the two
trephination methods were obviously diVer-
ent. The cut edges of GTS grafts also showed
fibrillar disorder at the edges (Fig 5A, B).

Figure 1 Graphic representation. Endothelial cell loss was
determined by measuring the cell-free distance between the
last visible endothelial cell and the cut edge. Stromal
widening at the edges was defined as “percentage increase of
thickness” compared with the thickness of the central cornea
(=100%).

Epithelium

Endothelium

Central corneal
thickness

Widening

Endothelial cell loss

Figure 2 Light microscopy. (a) Cut edges of GTS trephinations show a distinct stromal
widening and fibrillar disorder. Note the step-like pattern of the cut edge, which is caused by
the forward thrust of the trephine (arrows; LM ×100; bar=150 µm). (b) Endothelial cells
are present up to the cut edge. Only one cell shows signs of degeneration (arrow; LM ×1000;
bar=10 µm).
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However, the dislocated fibrils seemed to
compensate for irregularities at the cut
surfaces. Clearly cut lamellar endings were
visible at the surface of the PPT samples and
stromal widening was less extensive in these
samples (Fig 6A, B) than in the GTS samples
(Fig 5A).

ENDOTHELIAL CELL DAMAGE

In the light microscope the GTS edges
(Fig 2b) showed a much lesser degree of
endothelial cell loss than did the PPT edges
(Fig 3b). SEM of GTS edges (Fig 7A) also
revealed large areas of intact endothelium up
to the edges of most buttons. After PPT (Fig
7B) the endothelium also reached up to the
edges in a few cases, but most of the cells
showed clear signs of cellular degeneration at
distances up to approximately 100 µm from
the cut edes.

QUANTIFICATION OF ENDOTHELIAL CELL LOSS

Endothelial cell loss at the edges was signifi-
cantly lower with the GTS than with the PPT
(p<0.001). Cell loss extended from 0 to 186
µm from the cut edge (mean 42.2 (50.8) µm;
n=33) for the GTS samples and from 0 to 250
µm (mean 109.3 (68.1) µm; n=33) after PPT.
Stromal widening at the edges was significantly
smaller (p<0.002) for the PPT samples (69%
(21%)) than for the GTS samples
(106% (24%)).

Discussion
In any analysis of corneal tissue damage, the
arrangement of the corneal collagen matrix
has to be taken into account. Within the
stroma collagen fibrils uniform in size and
spacing are the major constituents of

Figure 3 Light microscopy. (a) Stromal widening in the PPT trephinations is lower than
in the GTS trephinations (arrow; compare Fig 1), and the cut edges are smooth. Note the
minor dislocation of the collagen fibrils (LM ×100; bar=150 µm). (b) The Descemet’s
membrane is denuded from endothelial cells in an area covering about 180 µm (arrows;
LM ×680; bar=20 µm).

Figure 4 Transmission electron microscopy. (A) GTS trephination. The collagen fibrils at
the cut edges show considerable disorder (TEM ×9000; bar=1 µm). (B) PPT trephination:
The cut edges are smooth, showing hardly any dislocation of collagen fibrils (TEM ×9000;
bar=1 µm).

Figure 5 Scanning electron micrographs of cut edges
obtained by GTS trephination. (A) Low magnification
micrograph showing the shape and stromal widening of a
cut edge (C, cut edge; E, epithelial side; R, razor cut; SEM
×150) (B) Higher magnification reveals fibrillar disorder
at the cut edge. The dislocated fibrils seem to compensate for
irregularities at the surface of the cut (SEM ×1100).
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band-shaped lamellae. These lamellae are
10–230 µm wide and 0.2–2.5 µm thick. They
cross one another at varying angles and
split into branches and sub-branches, which
are interlaced and merge with adjacent
ones.20–24

Astigmatism is a significant problem after
penetrating keratoplasty.1 3–8 Despite of ad-
vances in mechanical trephine design and
suture technique, the mean postoperative
astigmatism has been reported to be
between 2.5 and 5 dioptres in a large
keratoplasty series.1 3–6 Postoperative astig-
matism is thought to be a result of
imprecise trephination and diVerences be-
tween the donor button and the recipient
cornea.1 3 7 8

When the GTS is used, the average post-
operative astigmatism is very low (2.55 D;
range 0–4.0 D) after PKP for keratoconus.5

The advantage of the GTS is that both the
donor buttons and their recipient beds are
produced by the same suction fixated system,
thus providing transplants and recipient beds
with the same size and shape. In contrast,
astigmatism is higher when the GTS (for the
recipient bed) is combined with another
trephination technique for the donor button.5

In agreement with that, Perlman1 suggested
that a main reason for postoperative astigma-
tism is a significant discrepancy between an

oval recipient hole and a round donor button.
A further reason for postoperative astigmatism
is the morphological diVerences at the cut
edges when two diVerent trephination
techniques are used in the same procedure.
The GTS produced considerably more
stromal widening and more undercutting at
the cut edges than did the PPT. These eVects
were mainly the result of the forward thrust of
the GTS and could therefore also be found at
the edges of the remaining corneoscleral rim
(data not shown). Our study has shown that
the various trephination techniques produce
distinct morphological diVerences at the
cut edges of the donor buttons and their
recipient beds. These diVerences can produce
instability of the transplants in their recipient
beds and lead to diYculties in securing them
tightly and neutrally. A trephination system
that can be used for the preparation of both
the donor button and the recipient bed, such
as the GTS, seems to be advantageous. In
addition, it is well known that corneal scars
after PKP are a source of weakness, even when
adequate healing occurs.9 10 The disordered
collagen fibrils at the edges of a GTS
transplant can intermingle with fibrils of the
recipient GTS bed when the transplant is
secured with sutures. In our opinion this situ-
ation improves the stability and the biome-
chanical properties of the scar. However, it has
to be emphasised that storage and trephina-
tion of the donor buttons cause various
degrees of corneal swelling, which can lead in
more severe cases to clinically significant

Figure 6 Scanning electron micrographs of cut edges
obtained by PPT trephination. (A) Overview showing the
shape of a cut edge, which exhibits less stromal widening
than that of a GTS edge (C, cut edge; E, epithelial side; R,
razor cut; SEM ×150). (B) Higher magnifications show
that the collagen lamellae are clearly cut. Corneal lamellar
endings can be discriminated at the surface of the cut
(arrows; SEM ×1100).

Figure 7 Scanning electron microscopy. (A) GTS
trephination. The endothelium is intact up to the edges
(SEM ×500). (B) PPT trephination. The intact
endothelium sometimes also reaches to the edges. However,
most of the cells show clear signs of cellular degeneration up
to 100 µm from the cutting edges (SEM ×500).
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suture problems. GTS trephination causes
more stromal swelling and lamellar distortion
at the cut edges than does PPT and is
associated with a higher risk of severe corneal
swelling, which can transfer the positive eVect
on transplant stability—produced by inter-
mingling fibrils—into the disadvantage of
postoperative astigmatism that results from
insecure suturing of the transplant. In addi-
tion, because of the varying amounts of
stromal swelling resulting from storage and
trephination, we have calculated the corneal
widening at the edges in terms of percentage
increase in thickness relative to the central
corneal thickness. We believe that this is a reli-
able measure of corneal widening produced by
the trephination procedures at the cutting
edges.

Another very important factor for the
success of the penetrating keratoplasty
procedure is the degree to which intact
endothelial cells are preserved after PKP,
since they are essential for corneal trans-
parency and nutrition.11 Prospective and
retrospective studies have reported a 21%
decrease per year in endothelial cells in the
centre of the button during the first 3 years
after PKP, which then stabilised to 0.5% per
year.12–14 The overall result was a mean cell loss
of 73% after 10 years.15 However, the greatest
degree of endothelial cell loss occurs
intraoperatively (real loss) at the edges of the
peripheral graft and in the recipient cornea
near the wound.15–18 After trephination with
the Hessburg-Barron trephine, Legeais et al 17

found a 150 µm wide, annular zone of
endothelial damage in the recipient cornea
that was located 1.2 mm away from the cut
edge. Sanchez-Thorin et al 16 reported an
endothelial cell loss of about 150 µm from the
edge with the Tampa trephine and about 50
µm with the Weck trephination technique
in experiments using cat corneas. After
excimer laser trephination, Serdarevic et al 2

found an annular endothelial cell loss
at the edges of one and five cell diameters and
a cell loss of up to 10 cell diameters with the
Hanna trephine and the Franceschetti
trephine. Our results are basically in agree-
ment with these studies in showing less
endothelial cell loss with a controlled system,
compared with a free hand punch. The
endothelial cell loss caused by PPT trephina-
tion, at 109.3 (68.1) µm was well within the
range of other free hand trephines. The
diVerence in endothelial cell loss that we
observed between the two techniques might
have been due to reduced mechanical control
with the free hand trephine. However, clinical
follow up studies are required to determine
whether this diVerence in endothelial cell
loss is of clinical relevance to transplant
survival.

To investigate the endothelial damage in an
upright projection, vital staining and
SEM2 16 17 provides a good overview of the
extent of the damaged zone. However, as we
have shown in the present study, trephination
produces stromal widening at the cut edges;
this eVect was seen for both techniques. Thus,

the radius of corneal curvature decreased
considerably near the edge, and two
dimensional measurements of the area of
endothelial cell loss might lead to an underes-
timation of the extent of the cell loss. We
therefore decided to measure the distance over
which the endothelial cell loss extended as well
as the amount of stromal widening on light
microscopic cross sections which were cut
perpendicular to the cut edges of the corneal
buttons. In our opinion this approach consid-
erably improved the validity of the measure-
ments.

On the basis of our observations, we
conclude that the non-fixated punching hand
trephine produces significantly more endothe-
lial cell loss at the cut edges than does the GTS
trephination technique. The extent of fibrillar
dislocation as well as the degree of stromal
widening at the cut edge was higher with the
GTS. It should be emphasised, however, that
both trephination systems are well developed
and produced only minor tissue damage to the
corneal grafts.
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