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Background and Objectives: The Homburg cross-stitch marker, according to Suffo, was
developed in 2017 in the Department of Ophthalmology at Saarland University Medical
Center. With this instrument, a surgeon can precisely define and mark the points of the first
and second continuous cross-stitch sutures, according to Hoffmann. The aim of this retro-
spective study was to compare the functional outcomes of Hoffmann’s double continuous
cross-stitch suture in penetrating keratoplasty (PKP) with vs without the Homburg cross-
stitch marker in inexperienced surgeons.

Methods: A total of 130 eyes from 130 patients with central corneal scars, corneal
dystrophies and advanced keratoconus were included. All eyes underwent elective excimer
laser-assisted penetrating keratoplasty (excimer laser PKP) with a diameter of 8.0/8.1mm. In
65 eyes each, surgery was performed without (group 1) or with (group 2) the Homburg cross-
stitch marker. Corrected distance visual acuity, topographic astigmatism, and refractive
cylinder were obtained 6 weeks, 10 months post-PKP as well as 6 weeks after the first and
after the second suture removal, respectively. The rate of early postoperative single inter-
rupted suture addition was compared between the two groups.

Results: Visual acuity, astigmatism and refractive cylinder values were significantly more
favorable in group 2 (with device) compared to group 1 (without device) before and after
suture removal. Postoperative single interrupted suture addition was performed in 34.4% of
patients in group 1 compared to 10.6% in group 2 (P = 0.001, Fisher's Exact Test).
Conclusion: The use of the Homburg cross-stitch marker for excimer laser PKP in young
cornea specialists results in significantly better visual acuity before and after suture removal,
significantly lower astigmatism and cylinder value before suture removal, as well as
a reduced necessity of early postoperative single interrupted suture addition.

Keywords: excimer laser-assisted penetrating keratoplasty, Hoffmann cross-stitch suture,
Homburg cross-stitch marker, corrected distance visual acuity, astigmatism, refractive
cylinder

Introduction

Deep Anterior Lamellar Keratoplasty (DALK) is the procedure of choice for corneal
scars and corneal dystrophies with intact endothelium. However, PKP represents an
established method for visual rehabilitation in various pathological changes of the
cornea, such as conditions following acute keratoconus, insufficient corneal stromal
thickness (as the risk of intraoperative perforation increases), endothelial decompen-
sation with stromal scars due to endothelial corneal dystrophies or postoperative deep
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corneal stromal scars and condition following herpetic ker-
atitis. The aim of corneal transplantation is to achieve clarity
of the optical axis with a corneal surface as regular
as possible, thus achieving the best possible visual
outcome.' In 1905, Eduard Zirm performed the first suc-
cessful homologous PKP in humans.* Since 1986, Naumann
and Lang have developed and perfected the technique of
non-mechanical trephination with the excimer laser for
PKP.'*> Especially for keratoconus - the most common
indication for PKP in Germany - this “non-contact” techni-
que is a preferred method besides DALK.'? Non-
mechanical excimer laser corneal trephination improves
both donor and recipient decentration and reduces “vertical
tilt” and “horizontal torsion” of the graft in the recipient bed.
This results in lower topographic astigmatism and better
visual acuity after suture removal.'>>°

These results were achieved by applying the double
running diagonal cross-stitch suture that was published in
1976 by Professor Friedrich Hoffmann from Berlin’
(Figure 1). The performance of this cross-stitch suture is
difficult and requires many years of experience. During the
long learning curve, a very precise sense of proportion is
achieved to ensure homogeneous suture tension in the area
of the donor-host junction. In 2017, a new “7”-shaped, hand-
held, metal instrument was designed in the Department of
Ophthalmology at Saarland University Medical Center in
Homburg/Saar.® The instrument is available for trephination
sizes of 7.5 mm, 8.0 mm, and 8.5 mm from the company

Figure | The double-running diagonal cross-stitch suture according to Hoffmann
used in PKP.

Geuder (GEUDER AG, Heidelberg, Germany). This instru-
ment can be used to precisely define the insertion and
removal points of the needle for first and second double
continuous cross-stitch sutures.

Two tiny prominences on the back surface of the instru-
ment mark these sites on the dry cornea in a punctate manner
in both the donor cornea and the host cornea® (Figure 2A and
B). Therefore, especially the still inexperienced microsur-
geon feels very safe when performing the double continuous
suture with the new instrument. He/she can thus compensate
for his/her non-elaborated and inaccurate sense of propor-
tion, significantly shorten the learning curve, and create
a homogeneous continuous suture early on (Figure 3).%°

The aim of this retrospective study was to compare the
functional results of Hoffmann’s double continuous cross-
stitch suture in PKP with vs without the Homburg cross-
stitch marker in inexperienced surgeons.

Patients and Methods
Between July 2016 and December 2017, 130 elective
excimer laser PKP with corneal diameters of 8.0/8.1 mm
were performed by inexperienced surgeons at the
Department of Ophthalmology at the Saarland University
Medical Center. The indications for PKP were:

- Keratoconus (n = 61).

- Central corneal scar in condition after keratitis
(n=27)

- Bullous keratopathy in Fuchs’ endothelial corneal
dystrophy (n = 17)

Figure 2 (A and B) The front surface of the instrument with 2 markings on the
long and short arm respectively for positioning the instrument on the cornea (A).
The back surface of the instrument: two tiny prominences at both ends of the long
arm of the instrument for marking the insertion and removal site of the suture
needle after blue staining (B).8
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Figure 3 A young surgeon’s first independent continuous cross-stitch keratoplasty
in a patient using the Homburg cross-stitch marker. The two sutures are crossing
almost everywhere over the interface.®

- Central corneal scar due to trauma (n=11)

- Bullous keratopathy after cataract surgery (n=7)

- Stromal corneal dystrophy (n=4)

- Granular corneal dystrophy (n=3)

Nevertheless
endothelial decompensation with stromal scarring and

in cases of long-standing corneal
high irregular astigmatism with which the patient has
never seen well, PKP may be a better option. That is
why we have favored PKP in patients with bullous kerato-
pathy and Fuchs’ endothelial corneal dystrophy with long-
standing endothelial decompensation in 2016.

130 eyes of 130 patients were included in our retro-
spective study. In this study, we compared between 2
groups. Group 1 consisted of 65 keratoplasties performed
without the aid of the Homburg cross-stitch marker. Group
2 consisted of 65 keratoplasties performed with the aid of
the Homburg cross-stitch marker. Both groups were oper-
ated on by inexperienced surgeons (2 surgeons in each
group) and all of them performed their first 65 keratoplas-
ties ever.

The basis for comparable results was established by the
similarity of the following parameters of both patient
groups:

1. All cases were PKP

2. Optical indication for keratoplasty

Table |
Groups. The Differences Between the Indications Were Not
Statistically Significant Between the 2 Groups (P = 0.24)

Distribution of Indications (n) Between the Two

Indications Group | Group 2 Percent
(without (with
Device) n Device) n
Keratoconus 24 37 47%
Scars after keratitis | 17 10 21%
Fuchs dystrophy 10 7 13%
Posttraumatic/ 10 8 14%
postsurgical
Corneal dystrophy | 4 3 5%
Total 65 65 100%

3. Graft diameter = 8.1 mm, trephine diameter of host
cornea = 8.0 mm

4. Central graft

5. Complication-free course of surgery

6. Clear healing of the graft override

7. Age distribution of patients in both groups nearly
equal (average of 55 years in both groups)

8. Both groups showed a largely equal distribution of
indications (P = 0.24) (Table 1).

9. The suture removal protocol was as follows: The
first continued suture removal was performed about 12
months postoperatively and the second consecutive suture
removal was performed about 18 months postoperatively.

10. All surgeons in both groups used the manual
Placido disc at the end of surgery to adjust the suture.

Main Outcome Measures

Main outcome measures included corrected distance visual
acuity (CDVA) (logMAR) (corrected with glasses), topo-
graphic astigmatism, and refractive cylinder (cyl). These
values were obtained 6 weeks and 10 months postopera-
tively in all 130 eyes. In addition, these values were
obtained 6 weeks after the first (n = 110) and after
the second suture removal (n = 90), respectively. The
rate of early postoperative single interrupted suture addi-
tion was compared between the two groups.

Statistical Procedures

All statistical analyses were performed with IBM SPSS
v27.0.1.0 (Windows). Comparison between groups of con-
tinuous variables were performed using the #-test (for
normally distributed variables) and the Mann Whitney
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U-test (for non-normally distributed variables). We also
applied the Bonferroni correction for the longitudinal
data. To show the association between postoperative resu-
turing (yes/no) and groups (with/without device), Fisher's
Exact Test was used. A p-value less than 0.05 was con-
sidered to indicate a statistically significant difference.

Results

Group 1 showed an increase in mean CDVA from 1.11 =
0.74 to 0.64 + 0.27 at 6 weeks follow-up postoperatively,
to 0.57 = 0.40 at 10 months follow-up postoperatively, to
0.55 + 0.42 at 6 weeks after the first suture removal, and to
0.49 £ 0.44 at 6 weeks after the second suture removal.

Group 2 showed an increase in mean CDVA from 1.12
+0.69 to 0.44 + 0.27 at 6 weeks follow-up postoperatively,
to 0.32 = 0.23 at 10 months follow-up postoperatively, to
0.31 £0.20 at 6 weeks after the first suture removal, and to
0.29 £ 0.22 at 6 weeks after the second suture removal.

Comparing the two groups, there was statistically sig-
nificantly better visual acuity (P = 0.04, with Bonferroni
correction) at 6 weeks, 10 months post operative and 6
weeks after the second suture removal in group 2 com-
pared to group 1 despite the same baseline visual acuity
(P =0.69) (Table 2) (Figure 4).

The mean value of topographic astigmatism in group 1
was 6.95 £ 3.85 dpt 6 weeks postoperatively, 5.50 £ 3.57
dpt 10 months postoperatively, 5.45 + 3.01 dpt 6 weeks
after the first suture removal, and 5.32 + 3.94 dpt 6 weeks
after the second suture removal.

Table 2 Corrected Distance Visual Acuity (CDVA) (Mean *
Standard Deviation) (Min—Max) in the Two Groups at the
Different Follow-Up Time Points After PKP. In Group 2 (with
Device), The CDVA Was Significantly Better (P = 0.04, with
Bonferroni Correction) Compared to Group | (without
Device) at 6 Weeks, |10 Months Post Operative and 6 Weeks
After the Second Suture Removal

Group | Group 2 P-value
(without (with
Device) Device)
Preoperative .11 £0.74 1.12 £ 0.69 0.69
(0.30-2.30) (0.22-2.30)
6 weeks post OP 0.64 £ 0.27 0.44 £ 0.27 0.04
(0.22-1.30) (0.00-1.00)
10 months post OP 0.57 £ 0.40 0.32 £ 0.23 0.04
(0.00-1.30) (0.00-1.00)
6 weeks after Ist 0.55 + 0.42 0.31 +£0.20 0.12
suture removal (0.10-2.00) (0.00-1.00)
6 weeks after 2nd 0.49 + 0.44 0.29 + 0.22 0.04
suture removal (0.00-2.00) (0.00-1.00)

In group 2, the mean value of topographic astigmatism
was 4.50 + 3.65 dpt 6 weeks postoperatively, 3.62 + 2.27
dpt 10 months postoperatively, 3.03 = 2.45 dpt 6 weeks
after the first suture removal, and 3.72 £ 1.94 dpt 6 weeks
after the second suture removal.

Comparing both groups, there was statistically signifi-
cant lower topographic astigmatism at 6 weeks, 10 months

LogMAR-visual acuity (Mean +/- SD)
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Figure 4 Corrected distance visual acuity (CDVA) (logMAR). There was a statistically significant better visual acuity at 6 weeks, |0 months post operative and 6 weeks after
the second suture removal in group 2 (with device) compared to group | (without device).
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Table 3 Topographic Astigmatism (Mean * Standard Deviation)
(Min—Max) in the Two Groups at Different Time Points After
PKP. In Group 2 (with Device), Topographic Astigmatism Was
Significantly Lower (P < 0.03 with Bonferroni Correction) at 6
Weeks, 10 Months Post Operative and 6 Weeks After the First

Suture Removal Compared to Group | (without Device)

Group | Group 2 P-value
(without (with
Device) Device)
6 weeks post OP 6.95 * 3.85 4.50 * 3.65 0.002
(0.7-20.0) (0.3-16.0)
10 months post OP | 5.50 + 3.57 3.62 £227 0.004
(0.7-18.0) 0.2-11.9)
6 weeks after Ist 5.45 £ 3.01 3.03 £245 0.03
suture removal (1.0-17.0) (0.9-13.0)
6 weeks after 2nd 532 +3.94 372+ 1.94 0.08
suture removal (0.9-16.0) (0.1-8.0)

post operative and 6 weeks after the first suture removal in
group 2 compared to group 1 (P < 0.03 with Bonferroni
correction) (Table 3) (Figure 5).

The mean value of the refractive cylinder in group 1
was 6.13 £ 3.34 dpt 6 weeks postoperatively, 4.74 + 2.62
dpt 10 months postoperatively, 5.12 + 2.82 dpt 6 weeks
after the first suture removal, and 4.84 + 3.21 dpt 6 weeks
after the second suture removal.

In group 2, the mean refractive cylinder was 3.78 +
2.64 dpt 6 weeks postoperatively, 3.80 + 2.40 dpt 10

months postoperatively, 4.06 + 2.48 dpt 6 weeks after the
first suture removal, and 3.51 + 1.88 dpt 6 weeks after
the second suture removal.

Comparing the two groups, there was a statistically
significant lower cylinder value at 6 weeks postoperative
time point in group 2 compared to group 1 (P =0.002 with
Bonferroni correction) (Table 4) (Figure 6).

Early postoperative single interrupted suture addition
due to step formation or a positive Seidel test was per-
formed in 22 of 65 eyes in group 1 (34.4%), compared
with 10.6% in group 2 (7 of 65 eyes) (P = 0.001, Fisher's
Exact Test).

Discussion

The visual acuity after successful PKP is largely dependent
on graft clarity and postoperative astigmatism. Severe irre-
gular astigmatism is one of the most common causes of
patient dissatisfaction after PKP, and can often not be satis-
factorily compensated with glasses.">"'° When performing
PKP, every single step, from donor selection, intraoperative
trephination and suturing technique to careful postoperative
follow-up, can influence the final postoperative refractive
outcome.'**'% In order to avoid the feared astigmatism
increase after suture removal, a trephine system should be
used for PKP that ensures tension-free symmetrical fitting of
a circular donor disc into a circular recipient bed with con-
gruent unproblematic watertight adapting incision edges.
Currently, these requirements for optimal trephination are
most likely to be met by non-mechanical excimer laser

Astigmatism (Mean +/- SD)
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Figure 5 Topographic astigmatism. There was a statistically significant lower topographic astigmatism at 6 weeks, 10 months post operative and 6 weeks after the first
suture removal in group 2 (with device) compared to group | (without device).
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Table 4 Refractive Cylinder (Mean * Standard Deviation) (Min—
Max) in the Two Groups at Different Time Points After PKP. In
Group 2 (with Device), The Refractive Cylinder Was Significantly
Lower (P = 0.002 with Bonferroni Correction) at 6 Weeks
Postoperative Time Point Compared with Group | (without

Device)

Group | Group 2 P-value
(without (with
Device) Device)

6 weeks post OP 6.13 £3.34 3.78 + 2.64 0.002
(0.75-13.0) (0.75-11.0)

10 months post OP 474 £ 2.62 3.80 + 2.40 0.16
(0.75-11.0) (0.25-9.5)

6 weeks after Ist 5.12 £282 4.06 + 2.48 0.16

suture removal (1.0-11.25) (0.50-13.0)

6 weeks after 2nd 4.84 £ 3.21 351 +1.88 0.12

suture removal (0.25-12.5) (0.25-8.0)

trephination, which has proven many advantages in terms of
topographic astigmatism and visual acuity after suture
removal %%

In addition, early astigmatism with sutures in place
appears to depend strongly on the suture placement techni-
que and the approaches used for intra- and postoperative
suture adjustments (the signature of the microsurgeon)."
Hjortdal et al reported on the impact of suture regularity on
topographic astigmatism after PKP. In this study, they inves-

tigated whether suture regularity measured immediately after

surgery had an effect on post-PKP astigmatism. As a result,
the uniform stitch length at the surface seems to improve the
optical quality of the graft after suture removal.'*
Nowadays, 3 suture techniques are predominantly used:
the most common one is the double continuous cross-stitch
suture, according to Hoffmann.” Other techniques include
the single continuous suture and multiple single sutures.'>'®
The double continuous suture technique provides an even
distribution of suture tension in the wound area, as well as
more wound stability. Another advantage of two sutures is
that one suture can be removed earlier if it loosens or tears,
while the other still provides secured wound stability.'®!”
In the PKP treatment of low-risk Keratoplasty (eg
keratoconus or Fuchs’ corneal endothelial dystrophy), the
double continuous cross-stitch suture is superior to the
single continuous stitch suture due to the reduced risk of
suture loosening and lower postoperative topographic
astigmatism. However, after suture removal, there are no
significant differences in topographic astigmatism.'”'®
Intraoperatively, a Placido disc can be used to adjust
the tightness of the suture to reduce postoperative astig-
matism and improve visual acuity.'® Few published dates
indicate that intraoperative keratometry result in refractive
cylinder values that are comparable to those in our group 2
with device.?
The suture loosening in the early postoperative period
after PKP may result in step formation and increase in
the risk of

postoperative astigmatism. In addition,

Cylinder value (Mean +/- SD)
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Figure 6 Refractive cylinder. There was a statistically significant lower cylinder value at 6 weeks post operative time point in group 2 (with device) compared to group |

(without device).
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immunological graft reactions and infections increases as
well.'® For this reason, we recommend the fixation of the
graft with multiple single sutures in high-risk keratoplasty
(eg infectious keratitis).

Nonetheless, it should be considered that multiple sin-
gle sutures induced higher corneal astigmatism and longer
duration of operation compared to the double continuous
cross-stitch suture.'® Furthermore, the double continuous
cross-stitch suture allowed early visual rehabilitation.?' >

The double continuous cross-stitch suture according to
Hoffmann’

a precise sense of proportion. The success of this suture

is difficult to perform correctly and requires

requires that the tension of the two sutures along the inter-
face be the same throughout so that the graft can be inserted
without vertical or horizontal torsion, thus ensuring optimal
wound healing. This can only be achieved if the distance
between the insertion and removal sites of the needles is the
same everywhere so that the two sutures cross in every
instance over the interface.”*** This is impossible for the
inexperienced surgeon with his/her still untrained eye.

Two decades ago, the Duncker marker has been
proposed.”®?” This instrument was shaped like an 8-bite
star with a cross in the center. To mark the continuous
corneal suture, the 8-bite star was to be coloured from
below with a blue dye, then stamped onto the dried cornea,
thereby drawing often too thick lines on the cornea.?” This
reduced the intraoperative overview due to dispersing blue
dye. As a result, an inexperienced operator could not
accurately assess the depth of the stitch, which often
caused superficial fixation of the graft. This fact often led
to early postoperative suture loosening. Therefore, this
marker has never been used widely in the operating
room and has been fully abandoned today.

In contrast, the Homburg cross-stitch marker according
to Suffo® can be used to solely define the insertion and
removal points of the needles for two continuous sutures in
an exactly identical manner. The tension of the two sutures
will automatically be equally distributed along the 360°
edges of the graft in relationship to the interface and, there-
fore, the two sutures will cross at each point in the interface
without dependence on the surgeon’s sense of proportion.™’

The major advantage of Suffo’s marker over Dunker’s
marker lies in its projecting points in contrast to the full
lines that are pressed on the surface of the (never fully) dry
cornea. Therefore, while using Suffo’s marker, the over-
view remains unaffected. This allows the inexperienced

surgeon to perform a very homogeneous continuous cross-

stitch suture even during his first PKP and at the same time
train his sense of proportion (Figure 3).

This theory was proven in our retrospective study, and
the instrument was shown to result in statistically signifi-
cantly lower astigmatism and cylinder values with better
visual acuity both before and after suture removal. The
rate of postoperative resuturing was also significantly
lower with the aid of the instrument than without it.

Conclusions

The use of the Homburg cross-stitch marker for excimer
laser PKP in young cornea specialists results in signifi-
cantly better visual acuity before and after suture removal,
significantly lower astigmatism at 6 weeks and 10 months
postoperatively and 6 weeks after the first suture removal,
significantly lower cylinder value at 6 weeks postopera-
tively, as well as a reduced necessity of early postoperative
single interrupted suture addition.

Ethics Statement
(Investigate the pre-, intra- and postoperative course of
elective penetrating keratoplasties performed at Saarland
University Eye Hospital during the period 2000-2020.)
This study followed the guidelines of the Helsinki
declaration and was approved by the local ethics commit-
tee (ID: 13/21) from the Medical Association of Saarland.
According to the Saarland Ethics Committee, an
informed consent is not required for retrospective studies.
Retrospective data analysis poses no risks to patients. This
paper does not include studies in humans or animals.
Information about the storage of the data in pseudon-
ymous form and possible transfer to authorized persons in
compliance with the Data Protection Act. The data will be
evaluated and published in anonymized form.
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