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Background: The purpose of this prospective study is to evaluate the effects of different suturing techniques in perforating
keratoplasty surgery, in order to identify the most effective in reducing post-operative astigmatism.
Methods: We analysed data from patients who underwent penetrating keratoplasty for different indications. All interventions were
performed by the same surgeon. Patients were subjected to a follow-up of at least 12 months after surgery, during which astigmatism
(assessed by keratometry, topography and refraction) best-corrected visual acuity (BCVA) and complications were evaluated. A total
of 100 eyes from 100 patients were included and were randomly assigned to five different groups, each one featuring a different
suturing technique: interrupted (INT), single running (SRS), double running with two 10–0 sutures (DRS), double running antitorque
with two 10–0 sutures (DRSa), double running with both 10–0 and 11–0 sutures (DRS with 11–0).
Results: There is a statistically significant difference in astigmatism after surgery between the double running sutures groups and the
others with different techniques. However, there is no statistically significant difference between the INT and the SRS group;
moreover, there is no statistically significant difference between the different groups with double running sutures (DRS, DRSa,
DRS with 11–0). There is no statistically significant difference in BCVA values among the five groups. The wound leak rate was 10%
in the INT group, 5.3% in the SRS group and 0% in all groups with double running sutures.
Conclusion: In penetrating keratoplasty surgery, the double running suture technique reduces postoperative astigmatism, provides
faster visual rehabilitation and features lower complication rates when compared to techniques featuring single running and interrupted
sutures. No significant difference in terms of postoperative astigmatism or complication rates was observed among patients receiving
double running suture techniques.
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Introduction
The cornea can be affected by several pathological conditions that may lead to blindness. Despite the increasing need for
donors, corneal transplant is still the most effective treatment for restoring corneal physio-anatomical integrity and,
consecutively, visual function. Perforating keratoplasty (PK) has made history as the cornerstone of corneal graft
techniques, and as of today, it is still one of the most versatile and adoptable surgical strategy for the treatment of
most corneal diseases.1

Residual astigmatism following perforating keratoplasty represents an important limitation of this procedure. In fact,
while advances in surgical techniques, materials and instruments led to a considerable improvement in anatomical results,
especially in terms corneal graft transparency over time, on the other hand, high or irregular post-operative astigmatism
may bring poor and unsatisfactory functional results in a not negligible percentage of patients.

Factors affecting postoperative astigmatism are represented mainly by healing processes and the adopted suturing
technique.2–5 Over the years, several suture techniques have been proposed for this procedure. This has led to a search for
the best technique in terms of risk-benefit ratio. Currently, the mainly used techniques are represented by interrupted
suture (INT), single running suture (SRS) and double running sutures (DRS).
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The purpose of this prospective study is to evaluate the effects of different suture techniques in penetrating
keratoplasty surgery, in order to identify the most effective in reducing post-operative astigmatism.

Materials and Methods
This prospective study has been approved by our institutional ethics committee and written consent to participate was
collected from all participants of the study. All procedures in this study relating to its conduct and documentation were
carried out in accordance with the ethical principles established in the Declaration of Helsinki and its revisions.

In this prospective study we collected data from patients requiring penetrating keratoplasty in the period between
May 2014 and January 2018. Every surgical procedure featured in this study were performed by the same surgeon.

Every recruited subject underwent a complete ophthalmological examination before surgery. The main indications for
surgery in the study population were represented by keratoconus, central corneal scarring, corneal oedema due to Fuchs’
dystrophy and corneal oedema secondary to cataract surgery. In this case, penetrating keratoplasty was required given the
presence of severe corneal conditions with important degenerative and scarring outcomes that contraindicated lamellar
surgery. Surgical indications are listed in Table 1.

Patients undergoing combined surgery for cataracts or glaucoma were excluded. Patients were subjected to follow-up
for 12 months after surgery, during which astigmatism (measured by keratometry, topography and refraction) best-
corrected visual acuity (BCVA) and complication rates were assessed. Follow-up evaluations were scheduled at 1, 3, 6
and 12 months.

100 Eyes from 100 patients were included and randomly assigned to five different groups, each featuring a different
suturing technique: interrupted (INT), single running (SRS), double running with two 10–0 sutures (DRS), double
running antitorque with two 10–0 sutures (DRSa), double running with both 10–0 and 11–0 sutures (DRS with 11–0).
Randomization was carried out with sequentially numbered cases provided by a computerized sequence before the start
of the study. Patients’ characteristics are listed in Table 2.

Table 1 Indications for Penetrating Keratoplasty (PK) Surgery in Each Group

INT n (%) SRS n (%) DRS n (%) DRSa n (%) DRS with 11–0 n (%)

Keratoconus 12 (60%) 10 (50%) 9 (45%) 13 (65%) 12 (60%)

Central corneal scarring 4 (20%) 5 (25%) 5 (25%) 3 (15%) 2 (10%)

Pseudophakic bullous keratopathy 2 (10%) 3 (15%) 4 (20%) 2 (10%) 3 (15%)

Fuch’s endothelial dystrophy 1 (5%) 2 (10%) 2 (10%) 1 (5%) 2 (10%)

Others 1 (5%) 0 2 (10%) 1 (5%) 1 (5%)

Total 20 (100%) 20 (100%) 20 (100%) 20 (100%) 20 (100%)

Abbreviations: INT, interrupted sutures; SRS, single running suture; DRS, double running with two 10–0 sutures; DRSa, double running antitorque with two 10–0 sutures;
DRS with 11–0, double running with both 10–0 and 11–0 sutures.

Table 2 Demographic Characteristics of Patients Included in the Study

INT SRS DRS DRSa DRS with 11–0

N patients 20 20 20 20 20

Age (y) 42.86 ± 13.54 45.34 ± 16.12 44.91 ± 14.55 47.82 ± 18.53 44.75 ± 15.26

Female/Male 9/11 12/8 11/9 10/10 13/7

Right/Left eyes 14/6 8/12 13/7 9/11 9/11

Abbreviations: INT, interrupted sutures; SRS, single running suture; DRS, double running with two 10–0 sutures; DRSa, double running antitorque with two 10–0 sutures;
DRS with 11–0, double running with both 10–0 and 11–0 sutures.
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The mean trephine size of the recipient cornea was 7.50 mm, while the one relative to donor cornea was 7.75 mm.
Penetrating keratoplasty was performed with a standard technique using the Hanna trephine6 in all study groups.

For the interrupted suture group, a 10–0 nylon thread was applied on 16 bites. In case of an astigmatism greater than 3
diopters detected during the follow-up period, a selective suture removal was performed along the corresponding
meridian at about 2–3 months after surgery. A continuous Nylon 10–0 suture with 16–24 bites was used for the single
running group. In case of postoperative astigmatism greater than 3 diopters, the continuous suture in these patients was
adjusted right after surgery or in later follow-up visits.

Finally, in the groups featuring double running sutures, two continuous sutures with 12–16 bites were applied in
accordance to the diameter of the graft. Patients receiving double running sutures were split in three groups according to
different techniques: double 10–0 nylon suture, double antitorque 10–0 nylon suture (cross-stitch sutures in opposite
direction), and 10–0 nylon suture in association with nylon 11–0 suture (Figure 1).

In the latter three groups the depth of the first suture was about 90% of the cornea thickness and 50–90% for
the second suture. The sutures were applied with equally spaced bites (0.75 mm) with minor extension on the donor side
of the wound and greater extension on the recipient side.

For groups featuring double running suture techniques, postoperative suture adjustments for high postoperative
astigmatism (> 3 diopters) were not possible, to avoid suture damage and failure. Therefore, in these cases, we opted
for the complete removal of a single 10–0 suture at 2–3 months after surgery, leaving the second suture in place. Given
this, especially in cases featuring 11–0 nylon suture application, the remaining suture is allowed to dissolve sponta-
neously, starting at 15–20 months after its application, with possible gradual astigmatism reduction.

Mean best-corrected visual acuity (BVCA) and mean residual astigmatism at 12 months after surgery (detected with
refraction, keratometry and corneal topography) were compared among all study groups. The Mann–Whitney U-test was
used to compare data between two groups, while the Wilcoxon matched pairs signed ranks test was used to compare
more than two groups. Statistical significance was considered for a p-value < 0.05. Also, complications rates among all
groups were compared.

Results
Mean post-surgical keratometric astigmatism values at the 12 months follow-up were 5.86 ± 1.87 diopters in the
interrupted suture (INT) group, 5.34 ± 1.99 diopters in the single running suture group (SRS), 3.00 ± 1.38 diopters in
the double 10–0 running suture group (DRS), 2.89 ± 1.11 diopters in the double 10–0 running antitorque suture group
(DRSa) and 3.06 ± 1.22 diopters in the group featuring the double running suture with both 10–0 and 11–0 nylon threads
(DRS with 11–0) (Table 3).

Mean post-surgical topographic astigmatism was 5.95 ± 1.69 diopters in the INT group, 5.62 ± 1.95 diopters in the
SRS group, 3.18 ± 1.44 diopters in the DRS group, 3.02 ± 1.27 diopters DRSa group and 3.12 ± 1.08 diopters DRS with
11–0 group (Table 4).

Figure 1 The two main suturing techniques used in penetrating keratoplasty: single running suture (SRS) (A) and double running sutures (DRS) (B).
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The values measured by refraction showed a slightly lower astigmatism for all groups compared to the values
obtained with keratometry and topography.

From these results it emerges that there is no statistically significant difference in the postoperative astigmatism
between the INT and the SRS group, while the difference between each of these two groups and the remaining three
groups featuring double running sutures is statistically significant. There was no statistically significant difference in
mean astigmatism between the groups with double running sutures (DRS, DRSa, DRS with 11–0).

Mean BCVA values at 12 months after surgery were 0.37 ± 0.11 in the INT group, 0.36 ± 0.13 in the SRS group, 0.39
± 0.09 in the DRS group, 0.42 ± 0.12 in the DRSa group and 0.40 ± 0.14 in the DRS with 11–0 group. No statistically
significant BVCA differences were detected among the five study groups.

In terms of complications, no endophthalmitis or graft ulceration was recorded in any group, while wound leak rate
was 10% in the INT group, 5.3% in the SRS group and 0% in all groups with double running sutures (DRS, DRSa, and
DRS with 11–0).

Discussion
The purpose of this prospective study was to investigate the effects of different suturing techniques on residual
postoperative corneal astigmatism after penetrating keratoplasty (PK) surgery. In particular, it compared five different
suturing techniques: interrupted, single running, double running 10–0 suture, double running 10–0 antitorque suture and
double running suture with both 10–0 and 11–0 nylon threads.

Table 3 Astigmatism (Diopters) Measured by Keratometry in Each Suturing Technique Groups at 12 Months of Follow-Up

INT SRS DRS DRSa DRS with 11–0

Keratometric astigmatism
(D)

5.86 ± 1.87 5.34 ± 1.99 3.00 ± 1.38 2.89 ± 1.11 3.06 ± 1.22

p value

Between INT and SRS 0.458

Between INT and DRS, DRSa, DRS with 11–0 0.001

Between SRS and DRS, DRSa, DRS with 11–0 0.001

Between DRS, DRSa and DRS with 11–0 0.792

Abbreviations: INT, interrupted sutures; SRS, single running suture; DRS, double running with two 10–0 sutures; DRSa, double running antitorque with two 10–0 sutures;
DRS with 11–0, double running with both 10–0 and 11–0 sutures.

Table 4 Astigmatism (Diopters) Measured by Topography in Each Suturing Technique Groups at 12 Months of Follow-Up

INT SRS DRS DRSa DRS with 11–0

Topographic astigmatism (D) 5.95 ± 1.69 5.62 ± 1.95 3.18 ± 1.44 3.02 ± 1.27 3.12 ± 1.08

p value

Between INT and SRS 0.529

Between INT and DRS, DRSa, DRS with 11–0 0.001

Between SRS and DRS, DRSa, DRS with 11–0 0.001

Between DRS, DRSa and DRS with 11–0 0.853

Abbreviations: INT, interrupted sutures; SRS, single running suture; DRS, double running with two 10–0 sutures; DRSa, double running antitorque with two 10–0 sutures;
DRS with 11–0, double running with both 10–0 and 11–0 sutures.
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The results show that at 12 months after surgery, the double running suture technique is the one associated with minor
corneal astigmatism if compared with interrupted sutures or single running suture, regardless of whether two 10–0 nylon
sutures are used, or one of them is a 11–0 suture or whether they are placed in antitorque mode. Furthermore, the double
running technique, unlike the alternative techniques, was associated with a lower rate of postoperative complications,
with no cases of wound leak or dehiscence. This phenomenon can be explained by a greater need of postoperative suture
manipulation in the INT and SRS groups, while sutures in the DRS technique tend to be adjusted less, or not at all,
especially in case of a double continuous suture with both 10–0 and 11–0 nylon threads.

The fact that the interrupted suture technique leads to increased postoperative astigmatism compared to single running
suture or double running suture techniques is widely described in the current literature.7–9 However, a comparison
between the single running and double running suture technique is still controversial. Assil et al state that the double
running suture technique induces less astigmatism and leads to faster visual rehabilitation and a steeper cornea.10 Other
authors report that the DRS technique induces less astigmatism than SRS, but only in the first postoperative months while
there is no difference after a complete suture removal.11,12 This last aspect can be explained as the complete suture
removal is usually associated with a marked reduction of astigmatism in the SRS technique, unlike with the DRS one.
Jonas et al, however, underline that the DRS technique could be superior given the reduced risk of loosening sutures.13

Moreover, other authors report that SRS induces a lower degree of astigmatism compared to DRS starting from the very
first postoperative months as it allows selective suture manipulation.14

Although there is no agreement in the literature on which suture technique is the one associated with minor
astigmatism, it is widely accepted that double running sutures allow faster rehabilitation of visual function after
penetrating keratoplasty. In fact, it is possible to remove one of the two sutures after just 2–3 months after surgery,
leaving the second one in place. Moreover, especially in case of 11–0 suture application, the remaining thread will begin
to spontaneously dissolve at 15–20 months. Additionally, DRS is a safer technique as it comes with a lower risk of
complications.

In conclusion, the results of our study show that in penetrating keratoplasty surgery the double running suture
technique can provide better outcomes as it is associated with minor postoperative astigmatism, leads to faster visual
rehabilitation and has a lower complication rate if compared with techniques featuring single running and interrupted
sutures. There are no differences in terms of postoperative astigmatism or complication rates between the different
double running suture techniques examined. In conclusion, with the results reported in this study, we aim to provide
further insights regarding the effects of different suture techniques for penetrating keratoplasty, in order to reduce
possible concerns about this topic.
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