








Long-term results of DALK for keratoconus
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Figure 1 UCVA and BCVA preoperative and at the 1, 3, 6, 12, and 24mo follow-up period UCVA: Uncorrected visual acuity; logMAR:

Logarithm of the minimum angle of resolution. *P<0.05.

Figure 2 The mean manifest refraction sphere, MRSE, refractive cylinder and corneal astigmatism preoperatively and at the 1, 3, 6, 12,

and 24mo after FS-DALK and manual-DALK, respectively "P<0.05.

(P=0.699), while the gain of lines of CDVA were 8.8+5.6 and
3.0+5.2, respectively (P=0.279).

Manifest Refraction Refractive sphere, cylinder, MRSE,
and corneal astigmatism are shown in Figure 2. At 12mo
postoperatively, the mean refractive sphere was lower in the
FS-DALK group (-1.76+5.19 vs 1.2242.38, P=0.040), but there
was no significant difference at other follow-up time points
(Figure 2A). The MRSE between both groups was different
at 1, 6, and 12mo postoperatively (Figure 2B; 1.46+5.52 vs
-2.89+4.29, P=0.047; 1.21+£3.84 vs -3.14+5.07, P=0.025;
-0.194+2.44 vs -3.29+5.32, P=0.042; respectively). The
refractive cylinder was not different postoperatively (Figure
2C). Similarly, there was no significant difference in corneal
astigmatism between two groups (Figure 2D). Comparison of
the refractive sphere, cylinder, and corneal astigmatism in both
groups showed no significant change at 1, 3, 6, 12, and 24mo
(P>0.05). That is, they recovered stability 1mo postoperatively
in both groups. Similarly, the MRSE became stable which was
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Imo after FS-DALK and 6mo after manual-DALK.

Corneal Curvature The changes in corneal curvature
including K1 and K2 are shown in (Figure 3). Mean K1 and
K2 showed no significant difference between the two groups
at any follow-up point. K1 became stable in FS-DALK at 6mo
postoperatively and manual-DALK at 12mo postoperatively.
The comparison of K2 in both groups showed no significant
change at 6, 12, and 24mo (P>0.05). That is, K2 became stable
at 6mo postoperatively in both groups.

Epithelium Healing and Angle of Trephination The mean
time of epithelium healing was 5.00+1.60 (range, 2-7)d in
the manual-DALK group and 4.56+1.59 (range, 2-7)d in
the FS-DALK group; this difference did not reach statistical
significance (P=0.410). The angles of trephination and graft-
host interface after FS-DALK seems more regular and close to
the theoretical values showed by OCT (Figure 4).

Suture Removal In the FS-DALK group, loose suture

removal was initiated at a mean of 14.0 (range, 1-17)mo and
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Figure 3 Mean K1 and K2 after FS-DALK and manual-DALK preoperative and postoperative Error bars show standard deviation of the

mean.

Figure 4 The corneal trephination angles of manual-DALK (A) and FS-DALK (B) at 2y postoperative The red arrow indicates the graft-

host interface.

sutures were completely removed at 16.0 (range, 12-21)mo. In
the manual-DALK group, loose suture removal was initiated at
a mean of 6.0 (range, 1-19)mo, which was significantly earlier
than FS-DALK group (P=0.042). All sutures were completely
removed at 19.5 (range, 10-60)mo in the manual-DALK
group, which was similar to the FS-DALK group (P=0.122).
The incidence rate of loose stitches in manual-DALK and FS-
DALK was 62.5% (10/16) and 22.2% (2/9), respectively.
Considering the complete sutures removal time in every
patient varied, we selected 2mo after complete suture removal
for comparison of refractive state between two groups to
exclude the effect of suture removal. There were no significant
difference between manual and FS-DALK in UCVA (logMAR:
0.78+0.45 vs 0.72+0.43, P=0.84), CDVA (logMAR: 0.34+0.21
vs 0.30+0.19, P=0.76), refractive sphere (2.00£1.79 D vs
0.3545.02 D, P=0.51), cylinder (5.70£1.34 D vs 4.65+3.16 D,
P=0.51), MRSE (0.25+3.73 D vs -1.97+4.40 D, P=0.41), K1
(41.41£1.52 D vs 41.06+2.35 D, P=0.78), and K2 (47.66+0.88 D
vs 47.82+3.84 D, P=0.93).

Endothelial Cell Density The ECDs in the manual and FS-
DALK groups were comparable at 1, 3, 6, 12 and 24mo
postoperatively (P=0.527, 0.345, 0.318, 0.559 and 0.491
respectively). Comparison of ECD values in FS-DALK at
different follow-up time points showed no change between

1, 3, 6, 12, and 24mo (P>0.05), while in the manual-DALK
group, there was no change between 6, 12, and 24mo (P>0.05).
Complications No adverse events or complications occurred
in any of the 22 patients in the manual-DALK group during the
operation. Descemet’s membrane perforation occurred in 1 eye in
the FS-DALK group, but no conversion to PKP was required.
DISCUSSION

Theoretically, using an FS laser to create incisions may
not only facilitate the DALK procedure, but also offer the
advantages of precise creation of customized incisions, better
donor-recipient fit and accelerated healing time">'”. However,
clinicians are more concerned with the practical application
of FS laser, such as surgical operation, postoperative visual
acuity, refractive effect, impact on corneal endothelium and
postoperative recovery speed from a long-term observation.
The postoperative UCVA and CDVA were comparable between
two groups except UCVA at 12mo postoperatively. Alio ez /'
reported that in a preliminary study of 50 eyes, the manual and
FS-DALK with mushroom side cut showed comparable visual
and refractive outcomes. There were no significant differences
in UCVA and CDVA at 1, 3, 6, and 24mo between the two
groups. In our study, the mean UCVA at 12mo was better in the
manual-DALK group, which may be related with the earlier
initial suture removal.
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For the postoperative refractive sphere and cylinder, we found
a lower refractive sphere in the FS-DALK group at 12mo
(-1.764£5.19 D), but that difference was not present at other
postoperative time points. The refractive sphere in the FS-
DALK group at 12mo postoperatively was consistent with the
study of Buzzoneti et al*” who reported a mean postoperative
myopia of -1.50+1.70 D at 12mo following FS-DALK with
mushroom side cut incision combined with the big-bubble
technique for keratoconus. The difference in refractive sphere
between the two groups at 12mo may be caused by the
different suture removal. Collectively, patients undergoing
manual DALK generally tended to hyperopia while FS-DALK
tended to myopia. Previous studies focused on the refractive
sphere after PKP suggested that there were many influential
factors including the size of donor and recipient™ ), the

1 and

axial length of eyeball®, different suturing techniques'™*
suture tension. In this study, a reason for this difference may
be that the suture tension was smaller in FS-DALK as it can
achieve a better graft-host junction apposition. Moreover,
it may be related with the donor-recipient size which was
described by Girard et al®". They insisted that compared
with the recipient diameter, the smaller the graft, the more
decrease in postoperative myopia. In this study, the donor
cornea was oversized in diameter by 0.25 mm in the manual-
DALK group, and 0.30 mm in the FS-DALK group. Another,
the postoperative corneal thickness may affect the refractive
sphere and cylinder. This was a difficult variable to measure
and requires further investigation.

Concerning corneal curvatures K1 and K2, there was no
significant difference between groups with a flatter K1 in
the manual-DALK group. As noted, the donor corneas were
oversized in diameter by 0.25 mm and 0.30 mm in the manual
and FS-DALK groups, which might lead to flatter keratometry
in the manual-DALK. This was also consistent with the
tendency of postoperative refractive sphere to hyperopia after
manual-DALK.

Sutures were selectively removed dependent on loose stitches
and postoperative astigmatism. In the present study, initial
loose suture removal was earlier in manual-DALK than FS-
DALK. Since the donor grafts in FS-DALK were mostly fresh
corneal material kept in preservative (58.8%, 10/17) while
grafts in manual-DALK were mostly kept in glycerol (59%,
13/22). Sutures were more prone to loosen in the manual-
DALK group because donor graft edema was greater and
sutures loosen as the graft edema subsided. However, complete
suture removal was earlier in the FS-DALK group, which
was consistent with previous studies. Alio et al''” reported an
better wound healing response to FS-DALK with mushroom
configuration, which increased the contact area as well as
increased laser-stimulated collagen fibrosis.
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As for the mean healing time of the epithelium, we found
a favorable trend in the FS-DALK group compared with
the manual-DALK group, but this did not reach statistical
significance (4.56+1.59d vs 5.00+1.60d). It has been suggested
that using FS laser may accelerate suture removal and
epithelium healing due to the better and closer donor-recipient
fit and faster wound healing!"*">*). Li et al™ investigated FS-
DALK with vertical side cut incision and showed that the
epithelium healed within approximately 3d in the FS-DALK
group, faster than that of manual-DALK (approximately 6d).
The reason for different rate of epithelial healing may be the
angle of manual trephination on the host and donor. It may
not be vertical but actually oblique or obtuse, which need
further investigation. However, the surface between donor
and recipient in FS-DALK was more regular. Furthermore,
the ECD was comparable and showed the same change trend,
indicating the FS laser does not affect ECD in clinical setting.
Although the postoperative visual acuity was comparable, the
technique of FS-DALK was easier to master than conventional
techniques. During the manual DALK procedure, a partial
trephination of variable depths ranging from 50% to 70% of
corneal thickness was initially performed, followed by layer-
by-layer stromal removal using various types of lamellar
dissectors”®. It was a challenge for beginners to control the
ablation depth and ensure a smooth cutting interface, and
these factors inevitably affect the postoperative visual acuity.
However, the FS-DALK computer-guided cuts allows precise,
accurate, and reproducible placement of incisions at desired
depths in the cornea, and this technique may be helpful to
beginners.

Based on our analysis of long-term outcomes of both groups,
we concluded that both manual and FS assisted corneal
trephination in DALK were effective options for advanced
keratoconus. It could provide theoretical reference for clinical
selection of FS laser assisted corneal transplantation.
Compared with manual-DALK, there was no improvement
in visual acuity in FS-DALK, but seemed to be more stable
throughout the follow-up period. Limitation in this study was
the small sample which needs further large sample studies.
The benefits of FS-DALK were limited, demonstrating a need
for optimization in terms of surgical indication, design, and
continuous improvement of FS laser equipment. With respect
to surgical indication, we can use the FS laser in the treatment
of corneoscleral lamellar keratoplasty for peripheral corneal
disease to achieve a smooth optical zone interface. Moreover,
if the FS laser can achieve different depths of cutting or OCT-
guided accurate ablation location, its application in corneal
pathology will be more promising.
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