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Abstract
Purpose The purpose was to investigate the impact of ultra-
violet light corneal collagen crosslinking (UV-CXL) on the
success rate and clinical outcome of subsequent deep anterior
lamellar keratoplasty (DALK) in eyes with keratoconus (KC).
Methods Medical records of 101 consecutive eyes with KC
scheduled for big-bubble DALK surgery were screened retro-
spectively for details of previously performed UV-CXL, as
well as intra- and postoperative complications of DALK sur-
gery. Main outcome measures were intraoperative success
rates (big-bubble formation, conversion to penetrating kerato-
plasty (PK)), postoperative complications, best corrected vi-
sual acuity (BCVA), endothelial cell density (ECD), and cen-
tral corneal thickness (CCT) within 18 months of follow-up.
Results Out of the 101 KC eyes, eight eyes (7.9%) had a
history of previous UV-CXL. Surgical failure, defined as con-
version to PK due to macroperforation, occurred in 17 eyes
(16.8%) of 93 eyes without and in none with previous UV-
CXL (P < .001). Failure to achieve a big-bubble occurred in
37 eyes (40.2%) without previous UV-CXL and in two eyes
(25%) with previous UV-CXL. Microperforations of
Descemet’s membrane were observed in ten eyes (20.7%)
without and in 14 eyes (15.2%) with previous UV-CXL
(P = .16). No significant differences could be detected for ei-
ther the postoperative complication rate (P ≥ .18) or the clini-
cal outcome parameters at 18 months follow-up, including
BCVA, ECD and CCT (P ≥ .08) for eyes with or without
UV-CXL.

Conclusions In DALK surgery, prior UV-CXL does not seem
to affect the rate of intra- or postoperative complications, the
success rate, or its clinical outcome.
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Introduction

Treatment of keratoconus (KC) has become much more di-
verse in recent years [20]. Additions to established conserva-
tive standard therapies, such as the adjustment of rigid contact
lenses, include ultraviolet light corneal collagen crosslinking
with riboflavin (UV-CXL), big-bubble deep anterior lamellar
keratoplasty (DALK) and intracorneal ring segments (ICRS)
[20, 21, 32].

KC eyes are typically marked by corneal thinning and an
increase in the anterior and/or posterior curvatures of the cor-
nea leading to high myopia and irregular astigmatism. The
effect of riboflavin/UV-A corneal crosslinking is based on
the ability to form additional crosslinking bonds between stro-
mal proteins [3, 11]. The aim of this treatment is to arrest the
progression of keratoconus, and thereby prevent further dete-
rioration in vision and the need for corneal transplantation [18,
28]. In humans, Wollensak et al. in 2003 were the first to
successfully apply UV-CXL [31], and on April 18, 2016 it
received FDA approval.

Historically, UV-CXL has been regarded as suitable on-
ly for mild to moderate cases, but its application in more
advanced stages of KC is growing [6, 20, 21]. While an
increase of anterior stromal stiffness has been reported in
various studies, a satisfactory investigation of the elasticity
and viscoelasticity of the stromal depth has not yet been
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done [3, 4, 11, 12, 20, 21, 25]. This is of importance in eyes
with advanced KC, which underwent UV-CXL, but none-
theless experienced progression of ectasia, insufficient
BCVA, or contact lens intolerance. Traditionally, full
thickness penetrating keratoplasty (PK) has been the stan-
dard of care for advanced keratoconus (KC) [20, 27]. Since
the introduction of deep anterior lamellar keratoplasty
(DALK) with the complete removal of the recipient’s cor-
neal stroma in 1997, there has been a steady increase in its
adoption during the last years [7, 9, 22, 29]. In fact, the
American Academy of Ophthalmology (AAO) recently
suggested that DALK is a safer technique as compared to
PK [22].

Nonetheless, there is only little evidence regarding the ef-
fect of previous UV-CXL on the success and outcome of sub-
sequent DALK [15]. Therefore, the purpose of the present
study is to evaluate the success rate of DALK using the big-
bubble technique in eyes with a history of previous UV-CXL
as compared to untreated KC eyes.

Patients and methods

In this retrospective, nonrandomized, single-center cohort
study, we reviewed clinical records of patients with KC who
were scheduled for DALK surgery at the Department of
Ophthalmology, University of Cologne, Cologne, Germany
between 1 July 2011 and 31 December 2015. Patient data
were collected in the Cologne DALK database.

Medical history of KC eyes was reviewed for previously
performed UV-CXL according to the Dresden protocol as re-
ported before [31]. The success rate of DALK surgery and
conversion rate to penetrating keratoplasty (PK), as well as
further intraoperative complications and clinical outcome pa-
rameters were collected for eyes with and without previous
UV-CXL. This nonrandomized, clinical study was approved
by the institutional review board (15-301) and was conducted
in adherence to the tenets of the Declaration of Helsinki.

Inclusion and exclusion criteria

Deep anterior lamellar keratoplasty (DALK) was only per-
formed if visual acuity could no longer be corrected by means
of contact lenses or contact lens were not tolerated and BCVA
without contact lens was insufficient.

All eyes with keratoconus requiring corneal transplantation
and that were scheduled for big-bubble DALK surgery were
consecutively included in this study.

Exclusion criteria for recipient eyes were a history of any
keratoplasty in the past, other diseases leading to corneal
ectasia including pellucid marginal degeneration, Terrien
Marginal Degeneration, and ectasia after refractive surgery
(such as Laser-in-situ-Keratomileusis (LASIK) or radial

keratotomy). Furthermore, pseudophakic eyes, eyes with
known history of severe ocular trauma, recurrent keratitis of
unknown origin, uveitis, significant immunosuppression,
Steven-Johnson syndrome or graft-versus-host-disease were
excluded.

For statistical analysis concerning BCVA, partial exclusion
criteria were visual acuity limiting factors, such as amblyopia.
Furthermore, patients with severe mental retardation, such as
Down syndrome, were excluded.

Donor preparation and surgical technique

All patients underwent surgery under general anesthesia and
under steady state conditions in the eye hospital. DALK was
performed in a standardized fashion using the big-bubble tech-
nique as described previously [1, 2] by two experienced cor-
neal surgeons (C.C., B.O.B.). If big-bubble DALK could not
be performed successfully, themicro-bubble incision technique
was applied [24], or the Descemet membrane (DM) was man-
ually dissected by separation of the adherent recipient corneal
stroma with a knife. In case of intraoperative macroperforation
of recipient’s DM, the surgery was converted to perforating
keratoplasty. If intraoperative microperforation of DM oc-
curred, whenever possible, the corneal transplantation was
completed as DALK. If necessary, the anterior chamber was
then filled with air to support the postoperative attachment of
DM to the DALK graft.

From donor lenticules, DM was peeled off with fine,
nontoothed forceps and the corresponding tissue was punched
with a 7–8 mm trephine, usually using the DM for DMEK in
split-cornea transplantation [13, 14]. Afterwards, the donor
lenticule was secured with 10-0 monofilament nylon by 16
interrupted sutures or two 8-bite double-running diagonal
cross-stitch sutures.

Conversion rate to perforating keratoplasty
and intraoperative complications

Intraoperative complications were recorded and categorized
as follows: Unsuccessful application of the big-bubble tech-
nique requiring use of either the micro-bubble DALK incision
technique or manual dissection, microperforation or
macroperforation of DM with or without conversion to PK.

Postoperative course

All patients received routine postoperative management in the
form of topical prednisolone acetate 1% in tapering doses over
several months and topical antibiotic drops (fluoroquinolones)
for 1 to 2 weeks. The steroid medication was continuously
tapered to one time a day after 4 months and discontinued
after 1 year. Half of the sutures were removed 12 months after
DALK, and the remaining sutures after 18 months.
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Clinical information and collected data of recipients

Directly prior to surgery and 3 months after total removal of
corneal sutures (17.4 ± 3.6 months postoperatively), standard-
ized eye examinations, including best corrected visual acuity
(BCVA) with manifest subjective refraction (trial glasses in a
trial frame), central corneal thickness (Orbscan, Bausch &
Lomb, Berlin, Germany), endothelial cell density (Tomey
EM-3000 Specular Microscope, Tomey, Erlangen, Germany)
were performed, as well as slit lamp examination and fundus-
copy. Postoperative complications were recorded and catego-
rized as follows: For postoperative DM detachment, both the
number of conservatively managed detachments and the num-
ber of patients in which intra-cameral air injection (re-
bubbling) was required, the loosening of sutures during the
postoperative course, persistent epithelial defects, interface
opacifications, DM folds at 18 months follow-up, primary
graft failure and graft rejections during the follow-up period.

Statistical analyses

Descriptive data for keratoconus eyes scheduled for
DALK and corresponding donor tissues were collected
in Microsoft Excel 2000 for Windows and analysed using
SPSS (version 22.0 for Windows; SPSS, Inc., Chicago,
IL). For statistical significance testing for interval scale
parameters, Student’s t-test and the chi-square test were
used for ordinal scale parameters. Differences regarding
the intraoperative complication rate between the two sur-
geons were determined by means of the Mann-Whitney U
test. BCVAwas analysed in the logarithm of the minimum
angle of resolution (logMAR) equivalent units. The level
of significance was defined as P < .05.

Results

Demographic data of recipient eyes scheduled for DALK
surgery

One hundred and one eyes of 101 patients with KC (mean age
40.5 ± 14.5 years; 79 males, 22 females) scheduled for big-
bubble DALK were included. Thereof, eight eyes (7.9%;
mean age 43.3 ± 17.4 years; six males, two females) had a
history of UV-CXL, which was performed 5 ± 1.8 years prior
to DALK surgery (range, 2–7 years).

Intra- and postoperative complications in eyes
with previous UV-CXL undergoing DALK

In two (25.0%) of eight eyes with UV-CXL, big-bubble for-
mation failed and the micro-bubble incision technique was
applied for lamellar dissection. Microperforation of

Descemet’s membrane (DM) occurred in two eyes (25.0%),
but no macroperforation (0%). DALK surgery could be per-
formed successfully in all eight eyes (100%) with a history of
UV-CXL, and in no eyes (0%) conversion to penetrating ker-
atoplasty (PK) was required.

Out of the eight eyes with UV-CXL, five were available for
clinical outcome analysis and recording of postoperative com-
plications. Three eyes were excluded for clinical outcome
analysis because total suture removal and final examination
at 18 months had not been performed yet.

Mean ± SD best corrected visual acuity (BCVA) in eyes
with UV-CXL was 0.60 ± 0.52 logMAR prior to DALK, and
0.13 ± 0.06 logMAR at the final examination. The mean ± SD
central corneal thickness (CCT) was 469.0 ± 48.7 μm prior to
corneal transplantation, and 597.5 ± 5.0 μm at 18 months.

Endothelial cell density (ECD) was 2628 ± 181 cells/
mm2 preoperatively, and at 18 months postoperatively
2505 ± 151.3 cells/mm2.

In the postoperative course, one eye (20.0%) showed loos-
ened sutures during the observation period, but resuturing was
not required. Re-bubbling was performed in one eye (20.0%)
with postoperative DM detachment during the first postoper-
ative week. Persistent epithelial defect occurred in one eye
(20.0%) and responded to subsequent medical treatment.
There was no case of primary graft failure or stromal graft
rejection (Table 1).

Intra- and postoperative complications in eyes
without previous UV-CXL undergoing DALK

In 37 eyes (40.2%) of the 93 without a history of UV-
CXL, big-bubble formation failed and the micro-bubble
incision technique was applied to separate the corneal
stroma. Macroperforation of DM during surgery occurred
in 19 eyes (20.7%), and microperforation in 14 eyes
(15.2%). DALK surgery could be performed in 76 eyes
(81.7%), while in 17 eyes (18.3%) conversion to PK was
required due to macroperforation.

All DALKs were performed by two experienced surgeons
(C.C., B.O.B.). The first surgeon performed 72 DALKs
(71.3%), and thereof seven eyes with previously performed
UV-CXL. The second surgeon performed 29 DALKs
(28.7%), and thereof one case with history of UV-CXL.
Regarding the intraoperative complication rate no statistical
difference could be observed (P ≥ .051).

Of the eyes that did not undergo UV-CXL, 48 were
available for the analysis of clinical outcome and post-
operative complications.

Mean ± SD BCVA was 0.94 ± 0.42 logMAR prior to
DALK, and 0.25 ± 0.11 logMAR at the final examination.
Mean ± SD CCT was 390.8 ± 66.4 μm prior to corneal trans-
plantation, and 577.4 ± 53.8 μm at 18 months.
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Endothelial cell density preoperatively was 2398.9 ± 345.7
cells/mm2, and at 18 months postoperatively was 2025
± 542.9 cells/mm2.

Twelve eyes (25.0%) showed loosened sutures during
the observation period, but resuturing was required in on-
ly two eyes (4.2%). In 5 eyes (10.4%), DM detachment
occurred. In four of these eyes (80.0%), re-bubbling was
performed, while in one eye (20%) DM detachment was
managed conservatively. A poor ocular surface leading to
persistent epithelial defect was seen in six eyes (12.5%).
Five of six responded to medical treatment or a bandage
contact lens. In one of six eyes, amniotic membrane trans-
plantation and tarsorrhaphy was necessary when ulcera-
tive keratitis was diagnosed. Response to this treatment
could be observed. There was no case of primary graft
failure or stromal graft rejection, respectively (Table 1).

Impact of UV-CXL on the outcome of DALK surgery

DALK was performed successfully in 100% of UV-CXL
eyes, whereas conversion to PK was required in 18.3% of
the eyes without UV-CXL (P < .001). Occurrence of
microperforation of DM showed no association with a history
of UV-CXL (P = .16).

The clinical outcome was comparable within both groups
(Fig. 1) for all parameters including BCVA (P = .08), CCT
(P = .66), and ECD (P = .24). Furthermore, postoperative
complication rates did not show any significant association
with previously performed UV-CXL (P ≥ .18).

Discussion

This study is the first to analyse the impact of previous ultra-
violet corneal crosslinking (UV-CXL) on subsequent DALK
surgery success in keratoconus patients. Our results may sug-
gest there is no correlation between a history of UV-CXL and
either intraoperative complication rate or clinical outcome in
subsequent deep anterior lamellar keratoplasty. In fact, these
pretreated corneas showed higher rates of success in big-
bubble formation and higher rates of successful completion
of DALK surgery.

DALK seems to be the superior approach for treating an-
terior corneal pathology in eyes with a healthy endothelium,
as it eliminates the possibility of endothelial rejection that may
result in graft failure [5, 19, 23, 24, 26]. One of the reasons for
the hesitant application of DALKmight be the simple fact that
there are now fewer patients requiring keratoplasty in the first
place due to effective prevention of the progression of
keratoconus by UV-CXL [6, 20]. Another reason is certainly
the more complex surgical technique, and the rate of cases in
which an intraoperative change from DALK to perforating
keratoplasty is required [10, 17, 20, 30]. Therefore, many
surgeons may refrain from applying the DALK technique,
especially in complicated or unpredictable cases, such as those
with a history of UV-CXL. Our data suggest that DALK can
be as safely and as satisfactorily performed after previous UV-
CXL as compared to non-crosslinked eyes.

Due to the rapid adoption of UV-CXL in keratoconus pa-
tients worldwide, the number of patients with previously per-
formed UV-CXL will increase significantly in future.

Table 1 Complication rate of
deep anterior lamellar
keratoplasty in eyes with and
without previous ultraviolet
corneal collagen crosslinking

Intraoperative complications Eyes with previous UV-CXL

n = 8

Eyes without previous UV-CXL

n = 93

Conversion to PK 0 (0%) 17 (18.3%)

Failed big-bubble formation 2 (25.0%) 37 (39.8%)

Macroperforation of DM 0 (0%) 19 (20.4%)

Microperforation of DM 2 (25.0%) 14 (15.1%)

Postoperative complications Eyes with previous UV-CXL

n = 5

Eyes without previous UV-CXL

n = 48

DM detachment 1 (20.0%) 5 (10.4%)

Re-bubbling 1 (20.0%) 4 (8.3%)

Loose sutures 1 (20.0%) 12 (25.0%)

Re-suturing 0 (0%) 2 (4.2%)

Epitheliopathy 1 (20.0%) 6 (12.5%)

Interface opacifications 1 (20.0%) 1 (2.1%)

DM folds 2 (40.0%) 4 (8.3%)

Descriptive data of intraoperative and postoperative complications are listed for both study cohorts with an
absolute number of cases and in percentages

Abbreviations: DM Descemet’s membrane, UV-CXL ultraviolet corneal collagen crosslinking, PK penetrating
keratoplasty
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Although > 90% of keratoconus patients benefit from the
treatment, there are still patients suffering from KC pro-
gression despite UV-CXL, or who have insufficient BCVA
and thus require corneal transplantation [8, 16, 20].
Therefore, our data are relevant to demonstrate that the rate
of intra- and postoperative complications does not seem to
increase after previously performed crosslinking. The rea-
son may involve the depth of the layer in which big-bubble
separation of DM from adherent stroma occurs, namely
below the one where crosslinking is achieved. A more ro-
bust anterior stroma may in fact cause tissue characteristics
that are beneficial for a successful air injection and big-
bubble formation, thus explaining the apparently better
rates of big-bubble formation observed in our study in
precrosslinked eyes. In a porcine model, Dias et al. found
increasing stiffness in the anterior stroma, but no signifi-
cant changes at a stromal depth of 200 μm [11]. Therefore,
they concluded that UV-CXL seems to be limited to the
anterior stroma and does not extend to the deeper stromal
region [11]. So far, comparable investigations on human
corneas have been very limited [15]. Iovieno et al. reported
about a series of patients who had UV-CXL and underwent
the big-bubble technique for DALK for keratoconus pro-
gression. Our results are in line with the data of Iovieno
et al. in that we can confirm that eyes that underwent UV-
CXL should not be excluded for DALK [15].

Our clinical results indicate a good visual outcome,
confirming that DALK can be considered a safe alternative
to PK, independent of a history of UV-CXL in the recipient
eyes. In particular, as a further finding, we can conclude that
there is no association between previously performed UV-
CXL and complication rate during and following DALK sur-
gery. Unexpectedly, we observed that the intraoperative com-
plication rate was even significantly lower in the UV-CXL
eyes.

The major limitation of our study is the small number of
included eyes with UV-CXL. Although the statistical power of
our study may be low, evaluating the validity of our conclu-
sions involves other factors, too. An increase in the number of
cases will be difficult to achieve, because the number of pa-
tients needing a corneal transplantation despite having had
UV-CXL is declining. Furthermore, we were not able to com-
pare the exact numbers of injections or shape of bubbles dur-
ing DALK surgery between eyes with and without a history of
UV-CXL due to the retrospective design of our study. Thus,
further prospective clinical studies are required to support our
findings.

In summary, we could find no negative impact of previous
UV-CXL on the complication rates and clinical outcome of
DALK surgery. Our results may encourage surgeons to apply
the DALK technique even in eyes with a history of previous
UV-CXL.
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Fig. 1 Clinical outcome of deep anterior lamellar keratoplasty in eyes
with and without previous ultraviolet corneal collagen crosslinking. Box
plots for clinical outcome parameters at 18 months follow-up are shown
for both groups (with and without previous ultraviolet corneal collagen
crosslinking (UV-CXL)). Boxes represent first quartile, median and third
quartile values; whiskers represent extreme values. Only eyes which
underwent total removal of sutures and final examination at 18 months

follow-up were included in the analysis of clinical outcome parameters. P
values < .05 were considered statistically significant. Left: For best
corrected visual acuity with manifest subjective refraction (trial glasses
in a trial frame), middle: central corneal thickness, and right: endothelial
cell density, no statistically significant differences could be revealed at
18 months (P ≥ .08)
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