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Abstract

Purpose To determine the roundness of recipient
corneal cuts after mechanical trephination and to
investigate possible factors that could affect the
corneal bed configuration in deep anterior lamellar
keratoplasty (DALK).

Methods This study enrolled 85 eyes with kerato-
conus that underwent DALK. Recipient corneas were
partially trephined using a new, unused, disposable
Hessburg-Barron suction trephine. Photographs that
best represented the recipient corneal cut were
selected, and ImageJ software was used to evaluate
the roundness of recipient bed. The effect of potential
variables on the roundness of cuts was investigated
using the univariate analyses.

Results The mean patient age was 31.0 £ 9.0 years.
The mean recipient trephine size  was
8.04 £ 0.29 mm (range 7.5-8.50 mm). The recipient
cut roundness was 0.922 £ 0.070, varying from 0.78
to 1.0. The roundness of the corneoscleral limbus
(0.874 £ 0.074) which represented the shape of
recipient cornea was the main predictor of the
configuration of recipient cut (r = 0.84, P < 0.001).
Other preoperative characteristics investigated were
mean keratometry (P =0.63), keratometric
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astigmatism (P = 0.18), central corneal thickness
(P =0.64), keratoconus severity (P =0.37), and
trephine size (P = 0.50) that demonstrated no signif-
icant associations with the roundness of cut.
Conclusions The recipient corneal cut after mechan-
ical trephination may not be circular. The roundness of
recipient bed was primarily affected by the roundness
of corneoscleral limbus, indicating that the shape of
recipient cut tends to follow the original shape of the
cornea.
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Introduction

Corneal transplantation is a sight-saving procedure in
patients with corneal blindness.

Since microsurgical techniques and postoperative
management have led to increased production of clear
corneal transplants, post-keratoplasty astigmatism that
prevents visual recovery is a major concern. Several
factors can influence astigmatism after deep anterior
lamellar keratoplasty (DALK) and penetrating ker-
atoplasty (PK), including decentralized trephination,
shape and size differences between the donor cornea
and the opening in the recipient corneal bed, wound
apposition and healing, recipient pathology,
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malposition of recipient and donor tissues, and suture
tension [1]. Recipient trephination is the important
step in DALK and PK and should ideally create a well-
centered opening with round and regular edges.
Inadequate recipient trephination, including noncir-
cular trephination, results in the production of an
irregularly shaped recipient bed that is a poor
anatomical match with the round donor button [2].
Mismatching of the corneal donor button to the
recipient opening can lead to high degrees of astig-
matism postoperatively [2].

The factors that influence the roundness of recipient
bed after mechanical trephination are not well defined.
To the best of our knowledge, only a few laboratory
studies investigated the features of recipient opening
after mechanical trephination [3-6]. These studies
showed that corneal distortion caused by the scleral
fixation ring may result in a markedly oval cut, and
different methods of trephination produce different
shaped corneal openings [3—6]. The purpose of the
present study was to quantitatively evaluate the
roundness of the recipient cut after mechanical
trephination in keratoconus-affected eyes that under-
went DALK. A secondary objective was to investigate
potential factors that might account for the configu-
ration of the recipient cut after trephination.

Materials and methods

This cross-sectional study was conducted on consec-
utive eyes with keratoconus that underwent DALK
between June 2016 and September 2017. Complete
preoperative ocular examinations were performed,
including best spectacle-corrected visual acuity
(BSCVA), manifest refraction (when possible), slit-
lamp examination, tonometry, and dilated fundus-
copy. Preoperatively, no peripheral corneal vascular-
ization, deep stromal scar, or defect in the Descemet
membrane indicating previous hydrops was observed.
Keratoconus was clinically diagnosed based on slit-
lamp findings (Fleischer ring, Vogt’s striae, and
stromal thinning) and keratometry and was confirmed
by elevation tomography (Pentacam HR, Oculus
Optikgeridte GmbH, Wetzlar, Germany, software ver-
sion 1.17r139). The Pentacam system was used to
measure mean keratometry, keratometric astigmatism,
central corneal thickness (CTT), and corneal thickness
at the site of trephination. Keratoconus severity was
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categorized according to the Amsler-Krumeich clas-
sification, which is based on myopia, induced astig-
matism, central keratometry, corneal transparency,
and corneal thickness [7].

All eyes were operated on under general anesthesia
using the big-bubble technique as described previ-
ously [8]. A new, unused, disposable Hessburg-Barron
suction trephine (Katena Products Inc, Denville, NJ)
was used to cut the recipient cornea to approximately
80% of corneal thickness at the site of trephination.
Prior to use, all blades were inspected for defects
under the operating microscope (Zeiss, Jena, Ger-
many). The size of recipient trephine was chosen to be
2.5 mm less than the vertical corneal diameter to
prevent sutures from being placed very close to the
limbus, thereby reducing suture-related complica-
tions. After partial trephination, the recipient cornea
was blotted dry and a 1.0-mm scale was placed
adjacent to the corneoscleral limbus. The operating
microscope equipped with a digital camera was
focused on the corneal epithelial surface to capture
images of the recipient corneal cut at a magnification
of 5x .

Evaluation of the recipient cut centration
and configuration

From the records obtained intraoperatively, the pho-
tographs that most clearly represented the entire
recipient corneal cut after trephination were prepared
(Fig. 1). Only those photographs with sharp and
distinct cuts were included in the analysis. Next, the
centration and roundness of recipient cuts were
measured using Imagel] software (http://imagej.nih.

Fig. 1 A photograph of a recipient cornea after partial
trephination. The photograph clearly represents the entire
trephine cut. The scale on the image is used to provide the
pixel-to-millimeter conversion
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gov/ij/; provided in the public domain by the National
Institutes of Health, Bethesda, MD, USA). The dis-
tance of the trephination cut from the limbus was
measured at the vertical and horizontal meridians with
the software. The eccentricity index, which evaluated
the centration of the recipient trephination, was
defined as the ratio of the minimum to the maximum
distance of the trephination cut from the limbus at each
meridian. Higher index values reflect more central
recipient cut. To measure the configuration of the
recipient cut, the outlines of the cut were delineated
using the oval selection tool within ImageJ. Round-
ness was defined as 4 x (area)/(m X maximum
diameter®) with a value of 1.0 indicating a perfect
circular cut. As the value approaches 0.0, it indicates
an increasingly noncircular shape.

Statistical analysis

The data were analyzed using SPSS statistical soft-
ware version 24 (IBM Corp., Armonk, NY, USA). The
normal distribution of continuous variables was
checked by a Kolmogorov—Smirnov test and a Q-Q
plot. Normally distributed data were presented as the
mean and range. The univariate analyses were used to
evaluate the effect of potential variables (including
recipient age and sex, mean keratometry, keratometric
astigmatism, CCT, keratoconus severity, recipient
trephine size, roundness of the corneoscleral limbus,
and eccentricity index) on the roundness of cuts. The
roundness of recipient cut was compared between two
subgroups of keratoconus severity (stages 2 and 3
versus stage 4) using independent student test. A
P value < 0.05 was considered statistically signifi-
cant. All reported P values were two-sided.

Results

A total of 85 consecutive eyes (57 right eyes) from 85
patients (51 male subjects) with keratoconus were
operated on during the study period. The mean patient
age was 31.0 £ 9.0 years (range 20-53 years). Mean
preoperative  BSCVA was 0.92 £+ 0.50 logMAR
(range 0.10-1.80 logMAR). Mean preoperative spher-
ical equivalent refraction was — 8.90 £ 4.57 D (range
— 18.13 to — 2.0 D). Preoperatively, mean keratom-
etry and keratometric astigmatism were 54.62 £ 5.55
D (range 46.18-67.41 D) and 6.91 & 2.90 D (range

1.0-11.5 D), respectively. Mean CCT was
408.5 £ 62.5 pm (range 302-501 pm). Stromal opac-
ities were present in ten eyes. According to the
Amsler-Krumeich classification, 9 eyes (10.6%) had
stage 2, 22 eyes (25.9%) had stage 3, and 54 eyes
(63.5%) had stage 4 keratoconus.

The roundness of corneoscleral limbus was
0.874 4+ 0.074 (range 0.69-1.0). The recipient cut
roundness was 0.922 + 0.070 (range 0.78-1.0). The
eccentricity index was 0.797 £ 0.120 (range
0.47-1.0) at the vertical meridian and 0.80 + 0.140
(range 0.43-1.0) at the horizontal meridian. Univariate
analysis revealed that the roundness of the corneoscle-
ral limbus had a statistically strong association with
the roundness of the cut (r = 0.84, P < 0.001, Figs. 2
and 3). As illustrated, the roundness of the recipient
cut increased with an increase in the roundness of the
limbus. Other investigated characteristics including
recipient age (P = 0.83) and sex (P = 0.26), presence
of corneal scar (P =0.37), mean keratometry
(P =0.63), keratometric astigmatism (P = 0.18),
CCT (P =0.64), keratoconus severity (P = 0.37),
recipient trephine size (P = 0.50), and eccentricity
index at the horizontal (P =0.97) and vertical
(P = 0.29) meridian demonstrated no significant asso-
ciations with the roundness of cut (Fig. 2).

Subgroup analysis was performed to validate the
results of the explanatory analysis. The study group
was categorized into two subgroups on the basis of
keratoconus severity; subgroup 1 consisted of patients
with stage 2 and 3 keratoconus (31 eyes) and subgroup
2 consisted of patients with stage 4 keratoconus (54
eyes). We found that subgroups 1 and 2 were
comparable in terms of the roundness of the recipient
cut (0.938 4+ 0.059 versus 0.917 £ 0.074, respec-
tively, P = 0.40), confirming the results of the
explanatory analysis.

Discussion

Disparity between donor and recipient tissue margins
is one of the greatest contributors to post-keratoplasty
astigmatism [9]. An exact circular trephine opening in
the recipient cornea will facilitate uniform wound
closure and will probably minimize postoperative
astigmatism. In the current study, we evaluated the
configuration of the recipient corneal cut and inves-
tigated if there were any characteristics that could
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Fig. 2 Effects of limbus
roundness, eccentric
trephination, and
keratoconus severity on the
shape of recipient cut after
mechanical trephination.
The edge of the recipient cut
follows the contour of the
limbus irrespective of the
centration of trephination
and keratoconus severity.

a A perfectly round cornea
yields a recipient cut with
the same configuration.

b The edge of the recipient
cut is oval in an oval cornea.
¢ An eccentric trephination
in a round cornea results in a
round cut. d The recipient
cut is round in a cornea with
advanced keratoconus and
stromal scars
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Fig. 3 A scattergram illustrating the effect of the roundness of
recipient corneoscleral limbus on the roundness of recipient cut.
As illustrated, the roundness of recipient cut increases with an

affect the roundness of cuts using the ImagelJ software.
This software has routinely been used in several
studies to analyze the size of epithelial lesions in dry
eye [10], DNA double strand break repair [11],
fluorescence cell images and western blots [12, 13],
immunohistochemical probes [14], cell size [15], and
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increase in the roundness of limbus (r = 0.84, P < 0.001). The
regression formula is provided. Dotted lines indicate 95%
confidence intervals for the regression line

to quantify wound healing [16] or identify soft tissue
in tomography images [17].

In the present study, we included eyes that under-
went DALK because the anterior chamber remains
formed after partial-thickness trephination. However,
the edges of the opening collapse irregularly after full-
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thickness trephination performed in PK, making it
difficult to measure directly the roundness of the
corneal opening. It is possible that the measurements
of roundness after removing corneal stroma would be
closer to the actual roundness of recipient cuts.
However, the accuracy of the measurements made
after baring the Descemet membrane can be nega-
tively influenced by two factors. First, the peripheral
cornea becomes emphysematous and thick after air
injection making it difficult to accurately identify the
edge of the recipient cut. Second, anterior chamber is
decompressed before puncture of the bubble. The
resultant hypotony can alter the dimensions of the
recipient bed. Therefore, we believe that the eye is in
more physiological state after partial trephination
where our photographs were taken. Our results
demonstrate that the recipient corneal cut after
mechanical trephination may not be circular. It has
been previously reported that a 0.1-mm cutting error in
either the recipient bed or the donor cornea will induce
as much as 1 D of post-keratoplasty astigmatism [2].
Therefore, we can expect to encounter a significant
amount of postoperative astigmatism based on the
degree of recipient bed acircularity observed in this
study.

The present study investigated factors that could
affect recipient cut configuration after trephination.
The results of the explanatory analysis revealed that
the roundness of the recipient cornea measured at the
limbus was the most important explanatory variable
that had influence on the roundness of the recipient
cut; the roundness of recipient cut increased with an
increase in the roundness of recipient corneal limbus.
This finding indicates that the shape of recipient cut
tends to follow the original shape of the cornea which
is horizontal oval in human beings. The observed
association is attributable to the amount of the corneal
tissue inside the trephine as the cut is made. We
hypothesize that when trephination is performed, more
tissue balloons up into the trephine along the longer
horizontal meridian, while less tissue balloons up into
the trephine along the shorter vertical meridian. Thus,
after a perfectly circular-appearing cut is made in an
oval cornea, the surgeon will end up with an oval cut
with the longer diameter along the longer meridian
(Fig. 2b). We also performed a similar analysis for the
donor tissue and correlated the roundness of the donor
cornea before trephination with the roundness of the
resultant donor button [18]. Interestingly, we observed

a strongly significant association between these two
measurements [18]. Given that, we can further
hypothesize that matching the anatomical orientation
of the donor tissue with the opening in the recipient
corneal bed (i.e., horizontal meridian of donor with
horizontal meridian of recipient) during corneal
transplantation may result in a better fit of the donor
corneal button in its recipient bed and subsequently
improve refractive outcomes.

It has been proposed that good centration of the
trephine on the cornea during trephination is a key
factor in achieving round recipient corneal opening
[4]. The results of the current study, however,
demonstrate no significant association between the
eccentricity and roundness of the recipient corneal cut
(Fig. 2¢). In line with our results, van Rij et al. [19]
compared the ovality of the trephine hole in the
eccentrically trephined eyes versus the centrally
trephined eyes in a laboratory study and observed no
significant difference between these two groups [19].
From this observation, it can be concluded that severe
astigmatism associated with a markedly eccentric
keratoplasty is caused by optical aberrations rather
than the acircularity of the recipient opening.

The present study enrolled keratoconus-affected
eyes which can produce an irregular cut in recipient
trephination due to corneal thinning, increased corneal
curvature, and decreased biomechanics. An interesting
result of the present study is a nonsignificant associ-
ation of mean keratometry, keratometric astigmatism,
and CCT (keratoconus severity) with recipient cut
roundness (Fig. 2d). Similarly, van Rij and Waring [4]
found that corneal astigmatism that was induced with
1 or 2 silk sutures at the limbus had no effect on the
roundness of the recipient corneal opening. The lack
of association between keratoconus severity and the
configuration of recipient cut can explain why kera-
toconus severity has no significant influence on
postoperative visual and refractive outcomes as
reported by previous studies [20, 21].

This study has two limitations. One limitation was
the relative difficulty to determine the interface
between the limbus and cornea in some eyes. We
used the definition stated by van Buskirk [22] to
determine the limbus (peripheral loss of corneal
transparency). However, exact determination of the
limbus may not be straightforward in all cases.
Furthermore, this study is limited by using only one
trephine to prepare the recipient bed. The method used
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in the present study is one of the most commonly used
clinical techniques and most corneal surgeons cur-
rently prefer to perform recipient corneal trephination
using the same technique because suction trephination
systems are considered technically reliable and easy to
use [6]. However, there are a wide variety of trephine
types which produce different shaped corneal open-
ings. In addition, numerous modifications have been
made in instrumentation to produce more accurate
corneal cuts and less tissue disparity. For example,
innovative surgical strategies including femtosecond
laser-assisted corneal trephination have been devel-
oped to cut recipient corneas. This innovation may
result in more regular cut, independent of the original
shape of the recipient cornea [23].

In summary, this study provides insights into the
configuration of the recipient corneal bed after being
cut by the currently available trephine. Our results
show that marked variance in the shape of recipient
bed could be noted after mechanical trephination. This
study also identified the roundness of corneoscleral
limbus as the main predictor of cut; an oval recipient
cornea will lead to ovality of the resultant bed. We
continue to follow up with these patients to examine
the actual correlation between the shape of the
recipient bed and the ultimate astigmatism. Further
studies are warranted to evaluate the shape of the
recipient corneal bed prepared using different methods
including femtosecond laser-assisted cut.
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