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The diagnosis and management of keratoconus in the paediatric age group presents additional challenges to those encountered in
adults. The most significant of these, encountered in some young patients, are delayed presentation of unilateral disease, more
advanced disease at diagnosis, difficulty in obtaining reliable corneal imaging, faster rates of disease progression and challenges
in contact lens management. The stabilisation effect of corneal cross-linking (CXL), more extensively studied in adults with
randomised trials and long-term follow-up, has been much less rigorously examined in children and adolescents. The high
heterogeneity of published studies in younger patients, particularly in the choice of tomography parameters designated as primary
outcome measures and the definitions of progression, indicates that improved standardisation for future studies on CXL will be
necessary. There is no evidence that corneal transplant outcomes in young patients are poorer than those in adults. This review
provides a current perspective on the optimal diagnosis and treatment of keratoconus in children and adolescents.

Eye (2023) 37:3718-3724; https://doi.org/10.1038/541433-023-02600-1

INTRODUCTION

Keratoconus onset in young patients presents challenges not seen
in the adult age group. These will be reviewed and some
recommendations made, where feasible, on the basis of published
evidence. For the purpose of this review, the upper age is limited to
16 years as it captures the more particular characteristics of
paediatric keratoconus: analysis of keratoconus features and
outcomes in paediatric keratoconus is frustrated rather than served
by the inclusion of patients up to 18 or 19 years, as in some reports.
Moreover, a restriction to 16 years aligns with age-segregated clinic
arrangements in most ophthalmology departments internationally.

EPIDEMIOLOGY IN YOUNG PATIENTS

There is considerable variation in the prevalence of keratoconus both
geographically and between ethnic groups. Reported prevalence
from cohort studies range from 4.8% in Saudi Arabian youths (6-21
years old), 1.2% in Australian 20-year-olds, 0.52% in New Zealand
adolescents (13 - 16 years old), and 0.27% in Dutch 10-40 year olds
[1-4]. Sub-population analysis has revealed that the disease affects
Indians, Pakistanis, Arabs, and Polynesians four times more than
Caucasians [5, 6]. The progression of keratoconus appears to be
faster in certain populations, such as in Middle-Eastern people, who
suffer more rapid changes in corneal tomography than Europeans
and East Asians [7]. The true prevalence of keratoconus is difficult to
assess as detection rates are highly dependent on access to corneal
imaging, the availability of representative populations for screening
and the diagnostic criteria applied. Furthermore, technological
advances in imaging are likely to have increased the detection rates
of keratoconus over time, due to the greater detection of subclinical
or ‘forme fruste’ keratoconus [8].

CLINICAL ASSESSMENT OF SUSPECTED KERATOCONUS IN
CHILDREN

The disease is usually bilateral, but asymmetry in the severity of
keratoconus is a feature more commonly seen in young patients
(Fig. 1). It is common for children and adolescents not to report any
symptoms unless or until the consequences of keratoconus impair
vision in the second affected eye [9]. This is often in the context of
significantly asymmetric disease, in which visual function in the
better eye compensates and binocular vision appears normal to the
child. As a result of a paucity of symptoms, patients are often
referred by community optometrists reporting an abnormal
retinoscopic reflex or rapidly progressing asymmetric refractive
error or high astigmatism, particularly that which can no longer be
corrected fully with spectacles or soft contact lenses [5]. Retro-
spective cohort studies comparing adult and paediatric groups have
found that children tend to have a more severe stage of
keratoconus at diagnosis, with 28% at stage IV Amsler-Krumeich
versus 8% of adults, higher astigmatism, and thinner corneas
[10-12]. Paediatric patients can even present for the first occasion
with painless hydrops secondary to advanced keratoconus, unlike
hydrops in adults, which is invariably painful (Fig. 2) [13]. Symptoms
and examination signs of ocular allergy may be also be present due
to the strong association between ocular atopy and keratoconus
[14, 15]. Key investigations include formal refraction with retino-
scopy and corneal imaging using Placido-based or Scheimpflug
principle-based tomography [16].

Once a diagnosis of keratoconus has been made, a particular
challenge in children and adolescents is the parents’ concerns.
Time should be made available to fully explain the prognosis
and management plans, both in the short and longer terms
(Table 1).
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Keratoconus asymmetry: corneal tomography summary (Pentacam) of a 13-year-old patient at his initial presentation showing features

of advanced keratoconus in the left eye and only early changes in the right eye. The unaided Snellen visual acuity was 6/6 right and counting
fingers left eye. Right-hand panel showing ‘OS’ is the left eye summary and the left-hand panel showing ‘OD’ is the right eye summary.

Fig. 2 Acute hydrops at presentation: anterior segment photo-
graphs of an 11-year-old boy who presented with signs of acute
hydrops associated with advanced keratoconus in his right eye. The
was no history of acute visual loss or discomfort. Left eye unaided
Snellen visual acuity was 6/6, the cornea was normal on slit lamp
examination and only early keratoconus signs were evident on
corneal tomography. Left-hand panel with ‘R’ for right eye shows
central corneal opacity. Right-hand panel with ‘L’ for left eye shows
a clear cornea.

Table 1. Summary of specific challenges encountered in paediatric
keratoconus.

Specific challenges of paediatric keratoconus

Delayed presentation of unilateral disease

Advanced stage of disease at diagnosis

Difficulty in obtaining reliable corneal imaging

Rapid rates of disease progression in some patients

High rates of rigid gas-permeable contact lens intolerance
Parental anxiety at diagnosis

Corneal tomography - diagnosis

Measurements obtained from corneal tomography are essential for
the diagnosis and monitoring of keratoconus [17]. In practice it can
be difficult to obtain reliable and accurate measurements in
younger children and patients with learning disabilities [9]. Devices
with faster image capture such as the CASIA2 (Tomey, Nuremberg,
Germany) can be helpful if repeatable tomography is not feasible
with slower image capture devices such as Pentacam (OCULUS,
Wezlar, Germany) or Orbscan (Bausch + Lomb, Quebec, Canada).

Eye (2023) 37:3718-3724

As a simple outline, in keratoconus there is usually a paracentral,
focal elevation in the anterior corneal curvature with inferior hemi-
meridian asymmetry. A keratometric meridional value of over 46
dioptres (D) raises suspicion of keratoconus [16]. Irregularities in the
posterior curvature and epithelial thickness are further signs of early
and subclinical disease [17].

A recent systematic review and meta-analysis by Ferdi et al.
highlighted the current diversity of corneal topographical para-
meters reported in published studies for diagnosis and monitoring
keratoconus, which include: Kmax (steepest single point of anterior
corneal curvature), K1 (mean power in the flat corneal meridian), K2
(mean power in the steep corneal meridian), Kmean (the average of
K1 and K2), and the corneal thickness at the thinnest point. It is
recognised that using single parameters for the clinical evaluation
of keratoconus increases the likelihood of erroneous or inaccurate
measurements, which may affect management decisions. Kmax, for
example, is one of the most commonly used parameters in clinical
studies. However, it is limited in that it does not evaluate posterior
curvature and may fluctuate due to local thinning and changes in
cone morphology, which may paradoxically lead to a reduction in
Kmax despite progression of overall corneal ectasia [18]. More
generally, to improve diagnostic precision it is best to use a mean of
at least three measurements of tomographic parameters at each
patient examination [19].

Corneal tomography - monitoring for progression

One of the specific challenges of managing keratoconus in children
is the significantly faster progression rate in some compared to
adults. Ferdi et al. calculated 0.8 D more Kmax steepening over a
twelve month period for every ten-year decrease in age between
the ages of 10 and 34 years [7]. These figures were obtained from a
heterogeneous group of studies and therefore the precise
magnitude by which children, as a whole group, progress faster
remains unclear. At the extreme end of the spectrum, very rapidly
progressive disease based on tomography is found in some young
patients (Fig. 3).

Scoring systems based on multivariate analysis may aid clinicians
in interpreting data from serial visits to identify those patients with
eyes in which there is progressive disease. One example is the Belin
ABCD classification, which takes into account anterior curvature,
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Fig. 3 Rapidly progressive keratoconus: corneal tomography (Pentacam) of the left eye of a 13-year-old South Asian patient. Baseline
examination is shown in the left-hand panel and examination after a 3-month interval on the right-hand panel, indicating an increase in K2
from 64.1 D to 69.3 D and reduction in the minimum corneal thickness (Thinnest locat.) from 407 ym to 382 ym.

back curvature of the 3mm area centred on the thinnest point,
minimal corneal thickness, and best spectacle-corrected distance
acuity. The aim of this approach is to identify any cone and focus
analysis in the immediate area, as opposed to centring on the
corneal apex [20]. A further example is the Dutch cross-linking for
keratoconus (DUCK) score, which incorporates a combination of
age, objective clinical measurements and subjective visual impact
on daily life [21]. A notable limitation of progression indices is the
reliance on sets of normative values obtained from a full range of
ages. There is therefore an assumption that normal corneas in the
young are identical to adult corneas when determining if there are
any abnormalities. However, a recent study by Hashem et al.
comparing Pentacam images of normal corneas within both adult
and paediatric cohorts reported significant differences in measure-
ments of corneal curvature, elevation and pachymetry between
the two groups. The authors suggested that devising separate
paediatric normative datasets may further improve diagnostic
accuracy of progression indices in this age group [22].

In summary, the key to successful monitoring in keratoconus is
obtaining good quality and reproducible tomographic measure-
ments. In a routine clinical setting, rapid analysis of a single
parameter such as K2, which is itself a mean value, may be sufficient
to effectively monitor keratoconus in the majority of cases.

Screening

Advances in the understanding of the diagnostic features of
subclinical keratoconus, coupled with the absence of symptoms in
early disease in most, supports active screening for the disease
[23, 24]. Furthermore, there is clinical value in detecting keratoconus
early as corneal cross-linking appears to be effective in stabilising
disease progression. Conversely, there is the potential for harm in
screening, as the balance between optimising both sensitivity and
specificity invariably leads to a proportion of false positives and false
negatives. In the case of false positives, this may lead to avoidable
anxiety for patients and further unnecessary investigations. The
overall benefit of keratoconus screening has yet to be determined.
There are hurdles to be overcome including: proving clinical benefit
of screening, selecting the appropriate population to be screened,
selecting screening criteria, logistical difficulties in delivering wide-
spread screening and demonstrating economic viability [25, 26].

SPRINGER NATURE

CORNEAL CROSS-LINKING

First described as the ‘Dresden protocol’ by Wollensak et al. in 2003,
corneal cross-linking (CXL) has rapidly become the new standard
care for Amsler-Krumeich stage | and stage Il keratoconus with
evidence of progression [27]. Over the past two decades, there have
been several new variations of the protocol, but all involve the use
of topical riboflavin with the subsequent application of ultraviolet-A
(UVA) to the cornea. It appears that additional biomechanical
strength is induced in the cornea; however the precise mechanism
of effect is unknown, as an effect on cross-linking of stromal
collagen fibres has not been identified in ultrastructural studies [28].
The treatment depth is thought to be between 250 and 280 um
using the Dresden protocol, which necessitates a minimum corneal
thickness in order to avoid total penetrance of the cornea by UVA
and potentially damage to the retina [29]. Post-operative complica-
tions are uncommon, but include corneal haze, sterile infiltrates,
microbial keratitis, corneal oedema/endothelial cell loss and
persistent epithelial defects (Figs. 4 and 5) [30]. For this reason
CXL should be reserved for patients with proven progression of
keratoconus, typically determined by longitudinal corneal tomo-
graphy measurements and change in best-corrected visual acuity
(BCVA) [25]. The reported rates of untreated progression are
variable, seeming to depend largely on differences in study design
and population. One study, albeit retrospective, reported the rate of
untreated progression in a paediatric cohort as 77% over a mean
follow-up of three years [31]. This rate may be exaggerated due to
referral bias and high re-test variability of tomography in advanced
keratoconus. One further study, a prospective trial, found an
untreated progression rate of 43% over a period of 18 months,
based on a definition of increase in K2 of at least 1.5 D from baseline
[23]. The lack of data regarding prevalence of keratoconus
progression in untreated keratoconus in young patients is a
significant limitation in the current literature.

Accelerated corneal cross-linking

Current trial protocols more frequently report use of the accelerated
corneal cross-linking (A-CXL) technique, which reduces the UV
treatment time from 30 minutes to 8-10 minutes by increasing the
use of pulsed, high-fluence UVA. A retrospective study by
Baenninger et al. compared 78 eyes of patients aged 18 or under
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Fig. 4 Microbial keratitis following CXL treatment: photograph of a
corneal stromal opacity resulting from acute bacterial keratitis in a
13-year-old patient following CXL. S. aureus was isolated on culture.

Fig. 5 Sterile stromal infiltrates following CXL treatment: persisting
sterile stromal infiltrates in the central corneal stroma of a paediatric
patient following CXL. These resulted in long term reduction in best-
corrected visual acuity Left-hand panel with ‘R’ for right eye and
right-hand panel with ‘L' for left eye, both showing central faint
corneal opacities.

with keratoconus, half of which underwent Dresden protocol CXL
and the other A-CXL. At 12 months there was no significant
difference in BCVA, Kmax, or rate of treatment failure between the
two groups [32]. This study is limited by the lack of randomisation
and relatively short follow-up duration but it provides the best
available evidence for the routine use of A-CXL over Dresden
protocol CXL in children. Furthermore, a meta-analysis of six
randomised controlled trials involving patients with a range of ages
found no difference between conventional CXL and A-CXL [33].

Epithelium-on cross-linking

In the two above protocols, the corneal epithelium is removed at
the beginning of the procedure to allow more riboflavin
penetration and UVA energy to reach the stroma. The drawbacks
of this approach are two or more days of post-operative pain until
the epithelial defect heals and increased infection risk. The
concept of epithelium-on (epi-on) CXL was devised; however, the
best available evidence from long-term prospective cohort studies
suggests that epi-on CXL is inferior in efficacy compared with
conventional epithelium-off CXL [34].

Efficacy and safety of cross-linking for paediatric keratoconus
The reported rates of progression post-CXL are also heavily
influenced by variability in study design and population. In
particular, the shortage of comparator groups in reports of CXL
efficacy is a significant limitation as there is an unjustified
assumption that progression is inevitable and spontaneous
stabilisation of keratoconus does not occur. In paediatric
keratoconus, a 2021 systematic review and meta-analysis by
Kobashi et al. included a total of 26 prospective and retrospective
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cohort studies, with analysis of four distinct patient groups based
on both accelerated versus conventional and epi-on versus epi-off
CXL protocols. In the epi-off, non-accelerated CXL group, there
appeared to be significant reduction of Kmax and increase in
BCVA at 1 year post-procedure. The remaining treatment groups
tended towards significance in these measures, but had insuffi-
cient statistical power, including the epi-off, accelerated group,
which comprised of only 4 studies [30]. Another systematic review
of CXL in paediatric keratoconus by Achiron et al. focussed on
comparison of methodology used between studies. The mean
pooled progression rate after epi-off CXL was 9.9% (95%
confidence interval (Cl), 6.1% to 14.6%, total pooled sample size:
1 508 eyes). In terms of methodology, the most common
measurement chosen to define progression was Kmax in two-
thirds of studies, with the remaining studies using K2 as the
primary measure, usually requiring an increase of at least 1 D [35].
Both of these systematic reviews have significant limitations.
Firstly, the authors were limited by the availability of good quality
evidence. Neither review included a randomised controlled trial,
instead being comprised of retrospective or prospective studies,
or unclear study designs with various definitions of progression
and numerous therapeutic protocols, which could lead to
unintentional bias. There were high heterogeneity measures in
the majority of outcomes due to variability in study design and
weak statistical power. Kobashi et al. limited their methodology to
studies reporting Kmax as the primary outcome measure, which
may reduce heterogeneity, but excludes substantial evidence
from publications using alternative outcome measures. The
primary outcomes were reported at one year by Kobashi et al,
or at variable end points depending on each study design in the
case of Achiron et al. Accordingly, these reviews do not provide
clear evidence that the apparent effects of CXL persist in the long-
term in children and adolescents.

In 2021, the first randomised controlled trial investigating the
efficacy and safety of CXL in paediatric keratoconus was published.
The KERALINK trial compared A-CXL with standard care, including
provision of glasses or contact lenses, in two groups of 30 patients
with documented progressive keratoconus, each with one study
eye, aged between 10 to 16 years and in the United Kingdom. The
primary outcome was change in K2, with a 1.5 D increase defined as
progression, this being estimated to correlate with a clinically
meaningful change in refraction. Patients were eligible if there was
an increase in K2 over a period of at least three months. At
18 months, the adjusted mean difference in K2 in the study eye was
3.0 D lower in the CXL group versus standard care (95% Cl, —4.9 to
—1.1 D; p=0.002). A difference in BCVA of —0.51 LogMAR (95% Cl,
—1.37 t0 0.35 LogMAR; p = 0.002) also favoured the CXL group. The
defined progression rate was 7% in the CXL group versus 43% in the
standard care group, equivalent to a 90% lower chance of
experiencing progression after CXL. There were no adverse events
reported during the trial [23]. Of note, the difference in Kmax
trended towards favouring CXL but was not statistically significant.
For this reason, K2 may be a more reliable indicator of keratoconus
progression as it takes into account changes along the central
cornea steep meridian rather than a single point. The treated
progression rate of 7% reported in this trial at 18 months is higher
than the rate reported in adults, reflecting a more aggressive
disease course seen in younger age groups [7]. Overall and at
18 months, the results from this trial provide high-level evidence
that CXL in the paediatric population is a safe and highly effective
treatment option when applied to progressive, stage | to Il
keratoconus. Future prospective trials of CXL in non-European
populations and more evidence on the long-term effects of CXL in
young patients would be of particular value. At present, the longest
term evidence is from a retrospective cohort study by Simantov
et al,, with seven years of follow-up data. Of the 30 eyes undergoing
CXL, only one eye has shown evidence of progression thus far,
compared with eight of the fellow untreated control eyes [36]. This
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data gives reason for optimism that other methodologically
stronger studies will also show lasting stability in due course.
Patients with Down syndrome are usually excluded from CXL
studies due to the often reduced reliability of obtainable
tomography measurements. A retrospective case series of nine
children with Down syndrome who underwent CXL under general
anaesthesia for progressive keratoconus suggests that CXL is still a
good option, with results of stable keratometry and BCVA at six
months with no adverse treatment or anaesthetic events [37].

Topography-guided photorefractive keratectomy combined
with CXL

There is little published data on treatment using simultaneous
topography-guided partial photorefractive keratectomy (PRK) and
CXL in children. The aim of treatment being to both stabilise
ectasia and normalise the corneal surface to reduce refractive error.
A prospective study has reported outcomes in 39 eyes of 21
patients under the age of 18 with proven progressive keratoconus,
absent central corneal scarring and thinnest pachymetry of at
least 400 pm. The four-year results showed a significant improve-
ment in both unaided and best-corrected visual acuity, as well as
significant flattening of K1, K2 and Kmax. The main adverse event
was two cases of late-onset deep corneal haze which resolved
with long courses of topical steroids. Endothelial cell count was
not affected [38]. Despite the promising outcomes, the methodol-
ogy of this study limits the strength of any conclusions that can be
drawn from the results: firstly the authors correctly highlight that
lack of a CXL-only control group removes the ability to determine
any additive effect of the PRK treatment, as CXL alone could
explain the above results, and secondly there may be an element
of inclusion bias as the nature of the case selection is not entirely
clear. In summary, combined partial PRK and CXL is an emerging
treatment area and the safety and efficacy will need to be proven
before it can be adopted in routine practice for children with
keratoconus.

VISUAL REHABILITATION

In cases of mild keratoconus, many children with both eyes affected
are able to achieve good functional vision with spectacles or soft
contact lenses. As the severity of keratoconus increases, spectacles
become less effective due to ectasia and scarring of the cornea, at
which stage rigid gas-permeable (RGP) contact lenses provide
better visual outcomes [39]. However, children often have reduced
tolerability to RGP lenses, with reduced daily wear duration and
higher symptoms of discomfort when compared with soft lenses
[40]. Mini-scleral and scleral contact lenses are a further option for
children with keratoconus, but there may still be tolerance
problems. Patient selection is key as the child and parents must
be motivated for success in lens wear and management [41, 42].

INTRACORNEAL RING SEGMENTS

Surgical implantation of intracorneal ring segments (ICRS) into the
deep stroma of patients with keratoconus has the effect of
flattening the central cornea with the aim of reducing refractive
error. There are two notable studies which have investigated the
effect of this treatment in paediatric patients. Alfonso et al.
published a series of a Ferrara-type ICRS implantation in 118 eyes
of 88 patients under the age of eighteen with keratoconus. The
minimum follow-up duration was six months, with a cohort of 23
patients extending to 60 months. The results demonstrated an
improvement in both unaided distance visual acuity (UCVA) and
corrected distance visual acuity (CDVA). Eight eyes had an increase
in Kmax of >1.5 D beyond six months of follow-up, but CDVA
remained stable [43]. This data should be interpreted with caution
as this was a non-randomised trial with no control arm; there was
a large proportion of patients lost to follow-up; the trial design
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was a single-centre, single device; and progression of keratoconus
was not confirmed before intervention. The eight patients who
experienced a significant increase in Kmax suggests that ICRS
alone does not treat the underlying processive ectasia. Mendez
et al. attempted to address this particular question by publishing a
retrospective observational study involving 26 eyes of 19 patients
with keratoconus under the age of eighteen, with sixteen eyes
receiving Ferrara-type ICRS implantation with A-CXL and ten eyes
receiving ICRS implantation alone. The combined results of both
treatment arms appear to show a stable or improved UCVA and
BCVA, and a reduction in K2 with no adverse complications
reported; however no statistical significance calculations were
included [44]. The lack of specific treatment criteria, variable
timing of CXL treatment post-ICRS implantation and the limited
statistical power of this study limit the conclusions that can be
drawn from this study and further trials are clearly needed to
determine the role of ISCRS in the management paediatric
keratoconus.

CORNEAL TRANSPLANTATION

Progressive keratoconus can lead to extreme corneal thinning and
stromal scarring. When rigid gas-permeable contact lenses are not
tolerated or fail to improve BCVA, corneal transplantation can be
the only remaining treatment option to restore visual potential [4].
Better transplant survival rates are found in keratoconus than
other indications, but the commonly held assumption that
keratoplasty outcomes for keratoconus are inferior [45] in children
compared with adults was called into question in two recent
reports. A national registry study of keratoplasty data from the
United Kingdom reported that outcomes in children up to 16
years were comparable to adults in respect of (i) interval from
surgery to first immunological rejection episode, if any, and (ii)
functioning transplant survival rates at 2 years. There was a
detectable small hazard of rejection with decreasing age, but this
did not lead to a statistically significant difference in rejection
rates [46]. In another report, outcomes in penetrating or deep
anterior lamellar keratoplasty, the latter sparing the host's
Descemet’s membrane which is normal in eyes with keratoconus
in which hydrops has not occurred, were compared in children
and adolescents aged 18 or under. This comparison case series
showed no significant difference in terms of visual and survival
outcomes after six years of follow-up [47]. It should be added that
long-term superiority of deep anterior lamellar keratoplasty may
become apparent with a longer follow-up duration than in these
two studies, due to avoidance of allogeneic endothelial rejection
and preservation of the host endothelial density conferring
increased transplant longevity. For this reason anterior lamellar
transplantation may be, subject to technical feasibility, the surgical
procedure of choice in young patients with keratoconus.

Future research requirements to inform clinical practice Kerato-
conus is a disorder with twofold challenges in young patients:
rapidly increasing referral numbers due to earlier case detection
using new imaging methods and availability of a new management
option, the indications for which have not been agreed. Several lines
of investigations now have priority. (i) There is limited information
available on rates of progression of untreated early keratoconus in
young patients, and indeed young patients in different ethnic
groups or geographic regions. Without more published data on this,
it is difficult to confidently recommend a CXL procedure to parents
of those patients with mild ectasia and relatively good visual acuity.
(ii) Agreed definitions of keratoconus for diagnosis and progression
are urgently needed, not least to inform future clinical trials. Within
the published literature, there are various criteria chosen to define
progression, which makes comparison and pooled analysis of
studies difficult [7]. If a hallmark of good scientific research is
reproducible specification of the material under investigation,
this is absent in keratoconus studies including trials, in which the
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definitions used have been single measurements such as Kmax or
K2, or a combination of factors such as a scoring system or
progression index. Any criteria adopted to define progression would
need to take into account variation in measurements between
tomography devices from different manufacturers and ideally use
specific paediatric normative datasets [7, 18, 20, 22, 35]. (iij) Detailed
CXL outcome studies, including long-term follow-up and, in
particular, keratoconus stage-specific CXL outcome analysis are
needed. It seems simplistic that a single CXL protocol should be
advised in all patients and such studies will allow development of a
range of CXL treatment protocols for trial. A further benefit of such
outcome studies would be to inform management of those young
patients in whom progression continues despite CXL or following an
interval of apparent stabilisation. The available information that high
pre-CXL Kmax and corneal thickness less than 450 um are predictive
factors for CXL treatment failure is likely to be simplistic [46]. An
understanding of the reasons behind CXL failure would allow better
management of all patients and may advance our understanding of
the mechanism of CXL, for example if there are demonstrable
differences in corneal ultrastructure in corneas in which tomo-
graphic stabilisation is achieved compared to those in which it is not.
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