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PURPOSE: To evaluate the complication rate of corneal crosslinking (CXL) for primary keratectasia
and to develop recommendations for avoiding complications.

SETTING: Institut für Refraktive und Ophthalmo-Chirurgie, Zurich, Switzerland.

METHODS: In a prospective study, eyes with verified progressive keratectasia had standard CXL.
Preoperative and 6- and 12-month postoperative examinations included corrected distance visual
acuity (CDVA), slitlamp evaluation, applanation tonometry, and Scheimpflug imaging (Pentacam).
Statistical analysis included analysis of variance and the Mann-Whitney U test to detect risk factors
for complications.

RESULTS: The study evaluated 117 eyes of 99 patients; approximately 90% completed the 12-
month follow-up. The complication rate (percentage of eyes losing 2 or more Snellen lines) was
2.9% (95% confidence interval, 0.6%-8.5%). The failure rate of CXL (percentage of eyes with con-
tinued progression) was 7.6%. Age older than 35 years and a preoperative CDVA better than 20/25
were identified as significant risk factors for complications. A high preoperative maximum keratom-
etry (K) reading was a significant risk factor for failure. Sterile infiltrates were seen in 7.6% of eyes
and central stromal scars, in 2.8%.

CONCLUSIONS: Results indicate that changing the inclusion criteria may significantly reduce the
complications and failures of CXL. A preoperative maximum K reading less than 58.00 diopters
may reduce the failure rate to less than 3%, and restricting patient age to younger than 35 years
may reduce the complication rate to 1%.
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ARTICLE
More than 10 years ago, corneal crosslinking (CXL) by
means of riboflavin and ultraviolet light (UV) was
proposed as a therapeutic approach to improve the
biomechanical and biochemical properties of the cor-
nea1 (Seiler T, et al. IOVS 1996; 37:ARVO Abstract
4671). The first reports of clinical experience with
this treatment for corneal melting appeared in 2000.2
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In 2003, a halt in the progression of keratectasia after
CXL was shown in eyes with documented progres-
sion before the treatment.3 The authors found
a decrease in maximum keratometry (K) readings
and an improvement in visual acuity during the first
postoperative years. This finding was confirmed in
2006 by Caporossi et al.4 in a 3-month follow-up after
CXL as well as in 2008 by Wittig-Silva et al.5 and in
2009 by Koller et al.6 in controlled prospective studies
with a completed 1-year follow-up. Other applications
of CXL include iatrogenic keratectasia after LASIK7,8

and infectious keratitis.9 All these studies found
CXL to be efficacious in stopping the progression of
keratectasia. However, they had small cohorts that
did not allow estimations of complication or failure
rates. Also, none gave a list of indications or
contraindications.

This prospective study of a large group of eyes with
primary keratectasia evaluated the complication and
failure rates of CXL during the first postoperative
year.
0886-3350/09/$dsee front matter
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PATIENTS AND METHODS

Study Design

This study enrolled eyes with progressive keratectasia.
Progression of keratectasia was verified by repeated
Scheimpflug imaging over at least 6 months (range 6 months
to 2 years). Progression was accepted if the increase in the
maximum K reading exceeded 1.00 diopter (D), which
equals 3 standard deviations (SD).6 Second eyes were treated
no earlier than 6 months after first eyes. Only eyes with mild
to moderate keratoconus (maximum K value !65.00 D; cor-
neal thickness O400 mm) were included. Because of the
broad overlap of the diagnoses of pellucidmarginal degener-
ation and keratoconus, no distinctions were made between
the 2 clinical entities. Eyes with preoperative corneal opaci-
ties were not accepted because Scheimpflug photography
may give false results in such cases. Additional exclusion
criteria were ocular pathology other than keratectasia, espe-
cially the cornea guttata or other endothelial irregularities,
history of recurrent erosions, age younger than 18 years,
actual or intended pregnancy, not available for follow-up
examinations for 1 year, and connective tissue disease. The
Ethikkommittee des Kantons Zürich approved the study
protocol. All patients provided informed consent.

Examinations

Patients were examined preoperatively, in the early post-
operative period (at 1 to 3 days [until epithelial healing]) and
1, 6, and 12 months postoperatively. At all follow-up visits
except the early postoperative, a standard examination was
performed consisting of autorefractometry and autokera-
tometry (Humphrey Model 599, Carl Zeiss Meditec), corneal
topography (Keratograph C, Oculus), Scheimpflug imaging
(Pentacam 70700, Oculus), manifest refraction using the fog-
ging technique, uncorrected (UDVA) and with spectacles
corrected (CDVA) distance visual acuity, applanation
tonometry, and slitlamp evaluation of the anterior and
posterior segments of the eyes. The haze in the anterior
stroma was graded on a scale used after photorefractive
keratectomy (PRK).10 This scale was used even though
corneal opacity after CXL is not located strictly subepithe-
lially but also extends into deep stroma. At the 1-month
follow-up examination, the depth of the demarcation line
was estimated at the slitlamp as the percentage of central
corneal thickness (CCT).11 The maximum K reading was
recorded as the mean of 3 Scheimpflug measurements. The
threshold of significant difference for the Scheimpflug max-
imum K readings was 1.00 D (3 SD of the reproducibility).6

To calculate the mean values and for comparisons, visual
acuities were converted to the logMAR scale.

The complication rate was defined as the percentage of
eyes with a loss of 2 or more Snellen lines of CDVA at the
12-month follow-up compared with preoperatively. The fail-
ure rate of CXLwas defined as the percentage of eyeswith an
increase in the maximumK reading of more than 1.00 D over
the preoperative value.

Patients using rigid contact lenses were asked not to wear
them for at least 3 weeks before the preoperative examina-
tion and for 1 month after treatment. The lenses were also re-
moved at least 3 weeks before each follow-up examination.

Surgical Technique

Topical anesthesia of the cornea was obtained using oxy-
buprocaine and tetracaine drops, alternating every 3minutes
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for 15 minutes. After a lid speculum was inserted, a 9.0 mm
diameter corneal abrasion was made. Then, riboflavin 0.1%
drops were instilled every 3 minutes for 30 minutes. The
riboflavin drops were prepared immediately before treat-
ment by mixing aqueous riboflavin 0.5% solution with dex-
tran T-500 20% solution. Next, central corneal pachymetry
was performed using ultrasound. In eyes with a CCT (with-
out epithelium) less than 400 mm, additional riboflavin 0.1%
drops without dextran (hypoosmotic drops) were applied
until the thickness exceeded 400 mm. The eyes were then
inspected at the slitlamp to ensure that the riboflavin had
penetrated the aqueous (blue light). After this, the eye was
irradiated for 30 minutes with ultraviolet-A light with an
irradiance of 3 mW/cm2 (UV-X, Peschkemed Meditrade).
During irradiation, the corneawasmoistened every 3minutes
with riboflavin 0.1% drops and oxybuprocaine drops at the
patient’s discretion. At the end of the procedure, ofloxacin
0.3% ointment was applied and the eye was patched. The
patient was asked to use the antibiotic ointment 5 times
a day for 3 days. After epithelial healing, the patients used top-
ical fluorometholone 2 times a day for 1 week. For eyes with
sterile infiltrates during the early postoperative phase, dexa-
methasone drops were prescribed 5 times a day for 1 week,
afterwhich thedropswere taperedover the following2weeks.

Statistical Analysis

All calculations were performed with WinSTAT for Excel
(R. Finch Software). Variables were described as the mean,
SD, and 95% confidence interval (CI). A 1-factor analysis of
variance (ANOVA) was performed and included the follow-
ing variables: age, preoperativemaximumK reading, change
in the maximum K reading between preoperatively and 12
months postoperatively (change in maximum K reading),
preoperative CDVA, and change in CDVA (lines lost) be-
tween preoperatively and 12 months postoperatively. The
ANOVA was followed by multiple comparisons using the
Scheffé test. The same variable was compared between dif-
ferent follow-up times using the Wilcoxon rank-sum test.
Comparison of a variable between 2 groups (eg, preopera-
tive CDVA in the total group and in the failure group) was
by the Mann-Whitney U test. The odds ratio (OR) of a risk
factor and its CI were calculated using the standard algo-
rithm for a 2 � 2 table. A P value less than 0.05 was consid-
ered statistically significant.

RESULTS

One hundred seventeen eyes of 99 patients were eval-
uated. The demographic data showed a strong skew
toward male patients (62.2%) and left eyes (58.1%).
Of the 117 eyes enrolled in the study, 105 completed
the 1-year follow-up, yielding a dropout rate of 10.3%.

Epithelial healingwas completewithin ameanof 3.25
G 1.4 days (range 1 to 8 days; 95% CI, 2-6). At the 1-
month examination, virtually all eyes had anterior stro-
mal hazewith ameangrade of 0.78G 0.42 (range 0 to 2);
the mean grade decreased to 0.18 G 0.28 at 6 months
and 0.06 G 0.18 at 12 months. The demarcation line in
the deeper stroma was visible at the 1-month examina-
tion in 84% of eyes at a mean depth of 62% G 17% of
CCT (range 25% to 100%; 95% CI, 32%-93%). The
mean preoperative corneal thickness over the pupil
G - VOL 35, AUGUST 2009
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center determined by Scheimpflug imaging was 483 G
36 mm (95% CI, 424-540). There was no statistically
significant difference between applanation tonometry
preoperatively and the value 1 year after CXL.

The 1-factor ANOVA showed a highly statistically
significant interaction between the variables of age,
preoperative maximum K reading, change in maxi-
mum K reading, preoperative CDVA, and lines of
CDVA lost. The post hoc multiple comparisons
showed the influence of the preoperative maximum
K reading and age on all other parameters (Table 1).

Of the 105 eyes, 3 lost 2 Snellen lines of CDVA from
preoperatively to 1 year postoperatively, yielding
a complication rate of 2.9% (95% CI, 0.6%-8.5%). Al-
though initial comparisonof the complication subgroup
and the total group indicated that age, preoperative
CDVA, and preoperative maximum K reading were
predictive parameters, the only statistically significant
differences between the 2 groups were in mean age
(37.7 years versus 29.2years;PZ .029) andpreoperative
CDVA (0.98 versus 0.53;PZ .012).An age older than 35
years and a preoperative CDVAbetter than 20/25were
identified as risk factors. The OR was 13.14 for age
and 18.18 for CDVA and the 95% CI, 1.3-132.7 and
1.78-185.8, respectively. Introducing an age limit of
35 years as an inclusion criterion would have reduced
the complication rate in these patients to 1.04% (95%
CI, 0.03%-5.40%). No morphologic or optical reason
for the visual loss could be determined.

Regarding efficacy, 8 eyes (7.6%; 95% CI, 3.3%-
14.7%) had an increase in the maximum K reading of
1.00 D or more during the first postoperative year
(Table 2), indicating failure of the CXL treatment.
There were differences between the failure subgroup
with the total group in sex (women: 62.5% versus
38.8%; P Z .048), preoperative CDVA (0.39 versus
0.55; P Z .16), and preoperative maximum K reading
(61.30 D versus 55.00 D; P Z .04); however, only the
differences in the preoperative maximum K reading
and sex were statistically significant. The OR for
the risk factor of maximum K reading greater than
58.00 D was 5.32 (95% CI, 1.19-23.79) and for female

Table 1. Analysis of variance post hoc multiple comparisons
(P!.05, Scheffé test).

Variable CDVA
CDVA
Lost

Change in
Max K Age

Preop
Max K

CDVA d d d d d

CDVA lost No d d d d

Change in max K No No d d d

Age Yes Yes Yes d d

Preop max K Yes Yes Yes Yes d

CDVA Z corrected distance visual acuity; Max K Z maximum keratom-
etry reading
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sex, 3.11 (95% CI, 0.7-13.7). Changing the inclusion pa-
rameter for maximum K reading from less than 65.00
D to less than 58.00 D would have reduced the failure
rate to 2.8% (95% CI, 0.6%-8.5%).

Sterile infiltrates occurred in 7.6% of eyes. A stromal
scar developed in 3 eyes (2.9%) (Figure 1). The sterile
infiltrates resolved within 4 weeks with treatment of
dexamethasone 4 times a day. None of the complica-
tions resulted in a significant loss of CDVA. In all 3
cases with stromal scars, the UDVA increased signifi-
cantly. The scars faded appreciably within the first
postoperative year, and the corresponding flattening
in topography decreased (Figure 2). No parameter
evaluated was identified as a predictor of these com-
plications. There were no other complications requir-
ing medical or surgical intervention.

DISCUSSION

Since the introduction of CXL in 1996,1,2 several clinical
studies have found the treatment to be efficacious in
stopping the progression of keratectasia (Seiler T, et al.
IOVS 1996; 36:ARVO Abstract 4671).2–4 However, the
patient groups in these studies were too small to allow
conclusions about the real efficacy and safety of the

Table 2. Progression versus regression 1 year after CXL.

Status Change in Max K (D) Eyes, n (%)

Progression !�1.00 8 (7.6)
Unchanged �1.00 to C1.00 58 (55.2)
Regression OC1.00 39 (37.1)

Max K Z maximum keratometry

Figure 1. A stromal scar 2 months after CXL. The scar extends to
approximately the anterior 50% of stromal depth and is paralleled
by significant flattening of the cornea.
G - VOL 35, AUGUST 2009
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Figure 2. Regression of the flatten-
ing effect during 12 months after
CXL.
procedure. Single cases with complications after CXL in
the literature12–14 are important but do not allow an es-
timation of the complication rate.

In refractive surgery, a complication is defined as
a loss in CDVA of 2 ormore Snellen lines15 at an appro-
priate time after surgery (6 months or 1 year). A refrac-
tive surgical procedure is considered safe if this
complication rate is lower than 5%.16 In our study,
the complication rate was 2.9% but with a relatively
high 95% CI (0.6%-8.5%) because of the small group
size (N Z 105). Refractive surgery is elective; there-
fore, a high safety standard is mandatory and appro-
priate. However, because at present CXL is the only
option for halting or reversing the progression of
keratectasia, the treatment should no longer be consid-
ered elective.

Risk factors for visual loss afterCXL seem tobe (1) age
over 35 years and (2) a CDVA of 20/25 or better. Fortu-
nately, these parameters do not characterize the typical
CXLpatient becausemost candidates are in the thirdde-
cade of life and are motivated to have the treatment be-
cause of substantial visual loss. From a strategic
viewpoint, it may be that the earlier CXL is performed,
the better for the patient because the treatment’s
J CATARACT REFRACT SUR
primary aim is to stop the progression of keratectasia.
A CDVA of 20/25 or better as a risk factor contradicts
this strategybecause at this early stage,CDVAisusually
still good; thus, the patient will not risk losing visual
acuity. In contrast, the other risk factordage over 35
yearsdis not a strategic obstacle because patients older
than 35 years have usually known about their disease
for many years. In addition, in the future, such patients
may have CXL much earlier in life. Establishing an up-
per age limit of 35 years would have reduced the com-
plication rate in this study to 1.04% (95% CI, 0.03%-
5.40%), a rate that characterizes a very safe procedure.
(Compare this with the 3% adverse reaction rate for
general anesthesia in children.17)
Although failures are not considered complications,

they may have an impact on the complication rate. In
our study, the only identified risk factor for failure was
a maximum K reading greater than 58.00 D. Indeed,
limiting the preoperative maximum K reading to
58.00 D or less would have reduced the failure rate
to 2.8%. Such a limitation would have had no effect
on the complication rate. The 2.8% failure rate is signif-
icantly higher than rates for CXL reported in the liter-
ature, which range from 0%3,4 to 1%.18
G - VOL 35, AUGUST 2009
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There has been discussion of whether haze is
a normal finding after CXL and whether the haze af-
fects vision.14 Although haze occurs after CXL, it
usually decreases from grade 0.78 to 0.06 during
the first postoperative year. The haze after CXL dif-
fers from the haze after PRK in stromal depth.
Whereas haze after PRK is strictly subepithelial,
haze after CXL extends into the anterior stroma to
approximately 60% depth, which is on average
equal to an absolute depth of 300 mm. The nature
of this haze is unclear but we associated it with
the depth of CXL and loss of keratocytes.11,13 Evalu-
ation of the depth of sufficient CXL may become im-
portant in the future in terms of a potential surface
ablation treatment to regularize irregular astigma-
tism.19 More studies, including confocal microscopy,
are necessary to elucidate this.

None of our patients had a severe complication; how-
ever, several presentations at professional meetings re-
port such complications. In cases of corneal infection
after CXL, contact with the infectious agent likely oc-
curred during the early postoperative period rather
than during surgery because CXL not only damages
keratocytes, it also kills bacteria and fungi. This effect
is used to advantage when CXL is performed for infec-
tious keratitis.9 In our study group, epithelial healing
took up to 8 days; it may take longer in some cases,
for example in patients with atopic disease. During ep-
ithelial healing, the cornea is vulnerable to infection and
melting. The use of amnion in addition to bandage con-
tact lensesmay shorten the time to healing. One compli-
cation in our studydcentral stromal scarringdhad
a beneficial aspect; that is, it resulted in significant flat-
tening of the cornea and a large improvement in
UDVA. During the follow-up, the strong flattening ef-
fect regressed as the scar faded.

In summary, CXL appears to be a safe treatment that
would yield a complication rate of approximately 1%
if certain inclusion parameters (eg, patient age less
than 35 years, CDVA !20/25) were respected. Also,
the efficacy of CXL would likely increase if the treat-
ment were limited to eyes with a maximum K reading
of less than 58.00 D. More studies are necessary to
identify rare complications and to establish a list of in-
dications regarding patient age, diagnosis (pellucid
marginal degeneration versus keratoconus), and the
stage of keratectasia.
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