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Purpose: To assess the 3-year safety and efficacy of femtosecond laser-assisted intrastromal

corneal ring segments' (ICRS) implantation followed or accompanied by transepithelial

accelerated corneal collagen cross-linking (TE-ACXL) as a treatment of keratoconus in

children with vernal keratoconjunctivitis (VKC).

Patients and methods: Fifty two eyes of 28 children with keratoconus and vernal VKC

were included in this study. Cases were divided into 2 groups; the first group had been treated

with femtosecond laser-assisted ICRS (Keraring) implantation accompanied or followed by

TE-ACXL, while the second group had been treated by TE-ACXL only and all cases

completed a follow-up period of 3 years.

Results: In group 1: the mean uncorrected (UCVA) and best-corrected (BCVA) visual

acuity, spherical equivalent, K-max and Q-value improved markedly from 0.97 ± 0.19,

0.67 ± 0.18, −8.75 ± 4.55, 60.41 ± 4.98, and −1.18 ± 0.54 preoperatively to 0.61 ± 0.27,

0.39±0.21, −3.25 ± 3.56, 55.22 ± 5.72, and −0.44 ± 0.68 postoperatively respectively. While

in group 2: the preoperative mean UCVA, BCVA, spherical equivalent, K-max and Q-values

were 0.68 ± 0.28, 0.38 ± 0.24, −2.84 ± 2.59, 50.29 ± 4.04, and-0.58 ± 0.23 respectively while

their corresponding postoperative values were 0.58 ± 0.34, 0.19 ± 0.17, −2.35 ± 2.07, 49.58 ±

3.26, and −0.57 ± 0.25. Only one case in group 1 required repeat cross-linking.

Conclusion: Although the long-term safety and efficacy of femtosecond laser-assisted ICRS

implantation accompanied or followed by TE-ACXL in children with keratoconus and VKC

is high, some cases still may need repeat cross-linking.

Keywords: accelerated transepithelial cross-linking, Keraring, pediatric keratoconus, spring

catarrh

Introduction
Keratoconus is a bilateral non-inflammatory corneal disorder characterized by

progressive thinning of the stroma leading to a conical-shaped cornea. It has an

estimated annual incidence of two in 100,000 and a prevalence of 54.5 in 100,000.

The induced myopia and irregular astigmatism lead to a variable degree of vision

impairment.1–3

The onset of keratoconus is usually around puberty but may develop earlier,

especially in conditions associated with chronic eye rubbing like vernal keratocon-

junctivitis (spring catarrh).2
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Vernal keratoconjunctivitis (VKC) is a severe form of

allergic keratoconjunctivitis that appears in children and

adolescents with seasonal recurrence. It is more common

in boys than girls and tends to resolve at puberty. It is

relatively common in regions with warm dry climates

including upper Egypt4 where this study was performed.

Pediatric keratoconus is rapidly progressive and its

diagnosis is usually delayed.5

Corneal collagen cross-linking (CXL) has become the

standard treatment of non-advanced keratoconus. It

strengthens the cornea and prevents progression of the

disease and thereby delays or avoids the need for

keratoplasty.6,7 The transepithelial (epithelium-on) method

of CXL is preferred by some surgeons in children over the

epithelium-off method because it is as effective but less

painful, and less complicated.8

Implantation of intrastromal corneal ring segments

(ICRS) into a circular corneal tunnel reduces the central

corneal steepening and improves visual acuity in ectatic

corneas with high accuracy when assisted by femtosecond

laser.9,10 Keraring is a type of ICRS made of polymethyl-

methacrylate. It is triangular in cross section with a 600-

µm base and is available in different arc lengths (90–210

degrees) and variable thicknesses (0.15–0.35 mm).11

The purpose of this study was to evaluate the 3-year

safety and efficacy of femtosecond laser-assisted keraring

implantation accompanied or followed by transepithelial

accelerated corneal cross linking (TE-ACXL) compared to

(TE-ACXL) alone in children with keratoconus and VKC.

Materials And Methods
Patient charts of 28 children with keratoconus and VKC

were included in this retrospective comparative study in

the period between January 2015 to October 2018 at the

ophthalmology department of Sohag university hospital in

association with Sohag Future Femtolasik center in Egypt.

The study followed the declaration of Helsinki and

approval was obtained from the ethics committee of

Sohag faculty of medicine (reference number 882/2018).

Written consent was obtained from the parents to review

the medical records of their children.

The inclusion criteria at the time of surgery were

patients less than 18 years old with progressive keratoco-

nus (progression is defined as 1 D increase in steepest

keratometric reading over a 6-month period), clear central

cornea and mild to moderate VKC. After surgery, all

patients completed a follow-up period of at least 3 years.

The exclusion criteria at the time of surgery included

patients with severe form of VKC or advanced keratoco-

nus and eyes with corneal opacity, active ocular infection

or inflammation or previous surgery.

Preoperative and postoperative assessment of the

patients included uncorrected (UCVA) and best-corrected

(BCVA) visual acuity, manifest and cycloplegic refraction,

slit lamp and fundus examination in addition to measure-

ment of intraocular pressure. Diagnosis, staging, and fol-

low-up of keratoconus were done using a Sirius

Scheimflug imaging camera (CSO, Italy). Staging of ker-

atoconus was based on the Amsler-Krumeich classifica-

tion. Vector analysis of the manifest cylinder was done

using the following equations:

J0¼ cos
4πðθ� 90Þ

360

� �
Cylinder

2

� �

J45¼ sin
4πðθ � 90Þ

360

� �
Cylinder

2

� �

where J0 represents cylinder power set at 90° and 180°

meridians with positive values indicating “with-the rule”

astigmatism, and negative values indicating “against the

rule” astigmatism while J45 refers to cylinder power set at

45° and 135° meridians, representing oblique astigmatism

and θ is the axis of the cylinder.

The cases (operated on by 3 surgeons) were divided

into 2 groups:

Group 1 (Keraring Implantation + CXL)
Included, at the time of surgery, children with stage 2 or 3

keratoconus and poor BCVA (less than 6/18) and with

corneal thickness of at least 450 µm at the planned site

of Keraring implantation. The choice of suitable segments

was based on the Keraring nomogram provided by the

manufacturer, Mediphacos. The keraring implantation

was done under general anesthesia in uncooperative chil-

dren (17 children) followed after 2–4 weeks by transe-

pithelial cross-linking under topical anesthesia in order to

ensure good fixation during cross-linking. While in older

cooperative children, the keraring implantation and trans-

epithelial cross-linking were done simultaneously under

topical anesthesia. In patients with active VKC, the sur-

gery was delayed until complete subsidence of the episode

occurs by medical treatment including topical steroids and

topical mast cell stabilizers ± oral antihistamines.
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Surgical Procedure
(A) Femtosecond laser-assisted Keraring implanta-

tion: in children requiring general anesthesia, mark-

ing the center of the cornea by asking the patient to

look at the flashing light of the microscope should be

done before induction of anesthesia. The suction ring

is applied and the corneal tunnel is created with

femtosecond laser (iFS Advanced femtosecond

laser, Abbott, Chicago, Illinois, USA). After con-

firming the patency of the tunnel with a spatula, the

Keraring segments are inserted. A contact lens is

applied and left for 7 days.

(B) Transepithelial accelerated corneal cross-link-

ing: was done for all cases under topical anesthesia

as follows:

dextran-free hypo-osmolar riboflavin drops containing

benzalkonium chloride to enhance epithelium permeability

(ParaCel, Avedro, Waltham, Massachusetts, USA) were

dripped onto the cornea every 1.5 min for 4.5 mins and

then benzalkonium chloride-free riboflavin drops

(VibexXtra, Avedro, Waltham, Massachusetts, USA)

were dripped every 1.5 min for 6 mins. This was followed

by 2 mins and 40 seconds of accelerated CXL (The KXL

accelerated CXL System, Avedro, Waltham,

Massachusetts, USA) using the pulsed mode (2 seconds

on/1 second off) with a power of 45 mW/cm2 and a total

energy radiated of 7.2 J/cm2. A contact lens was then

applied and left for one week and eye drops (artificial

tears, steroids and antibiotics) were prescribed for 4

weeks.

Group2: (CXL Only)
Included, at the time of surgery, children with stage 1

keratoconus and those with stage 2 or 3 but with BCVA

of more than 6/18 or those who refused ICRS implantation

or could not afford it. All cases had minimal corneal

thickness of 400 µm. These eyes were subjected to transe-

pithelial collagen cross linking only as mentioned in group

1 and were followed for at least 3 years.

Postoperative Treatment
The topical treatment included the antibiotic moxifloxacin,

the steroid prednisolone, and artificial tears. The artificial

tears were used every hour during the first day, and five

times daily for 1 month. The antibiotic was used every

hour for the first day, and then decreased to five times

daily for 10 days. The steroid was used every hour for the

first day, then decreased to five times daily for 1 week, and

then decreased gradually over 4 weeks. A systemic analge-

sic was prescribed to manage pain due to CXL.

Statistical Analysis
Data were analyzed using IBM SPSS Statistics for Windows

version 20.0. (SPSS Inc, Chicago, Illinois, USA) Quantitative

data were expressed as means ± standard deviation.

Qualitative data were expressed as number and percentage.

The data were tested for normality using Shapiro-Wilk test.

The Independent Samples T test, and Paired Samples T test

were used for normally distributed data. The nonparametric

Mann–Whitney test, and Wilcoxon Signed Ranks test were

used for data which were not normally distributed. Chi-Square

test was used for comparison between qualitative variables. A

5% level was chosen as a level of significance in all statistical

tests used in the study.

Results
This retrospective study included 28 children with kerato-

conus and VKC: twenty patients (32 eyes) in group 1 and

14 patients (20 eyes) in group 2 with 6 patients included in

both groups (one eye received Keraring+CXL and the

other eye received CXL only). The mean age of group 1

was 14.1 ± 2.4 years (range 10–17 years) while that of

group 2 was 14.64 ± 2.34 years (range 9–17 years). Group

1 included 12 boys and 8 girls while group 2 included 7

boys and 7 girls.

The preoperative values of both groups are shown in

Table 1. All parameters showed statistical difference

between the 2 groups except for J45, thinnest location

and corneal volume. This can be explained by difference

in stage of keratoconus between the 2 groups.

Comparing the preoperative and postoperative values

in group 1 showed significant change in all parameters

except J45, as shown in Table 2 and Figures 1–3. There

was significant decrease in UCVA and BCVA (log MAR),

significant decrease in sphere, cylinder, SE and J0. The

reduction in J0 denotes improvement in “with the rule”

astigmatism. All the tomographic parameters were reduced

significantly including K1, K2, K-max, Q-value at 8 mm,

anterior elevation, and posterior elevation. Also, the thin-

nest location decreased significantly, probably from

increased compactness of the cornea due to CXL rather

than progression of the disease. The 10-mm corneal

volume increased significantly, probably from the tissue

expanding effect of the ICRS. Only the J45 value did not
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show significant change which can be attributed to limited

effect of ICRS on oblique astigmatism.

When comparing the preoperative and postoperative

values in group 2, there was significant improvement in

the visual parameters only (Figure 1). There were reduc-

tions in refractive and tomographic parameters but they

did not reach the statistical significance level of 5% as

seen in Table 2 and Figures 2–4.

When comparing the postoperative values of the 2

groups (Table 1), significant differences in the BCVA,

cylindrical error, K-max, anterior elevation, and posterior

elevation are revealed. This may highlight the efficacy of

ICRS in improving UCVA, spherical error, K1, K2 and

8 mm Q value to levels approximating those of group 2

patients.

During 3 years of follow-up, one patient in group 1

showed progression of her keratoconus after one year of

combined Keraring implantation and CXL as detected

by progressive increase in her K readings (K2 increased

from 47.88 to 49.29 D), myopia (from −4.00 to −6.00

Table 1 Comparison Between The 2 Groups Regarding Preoperative And Postoperative Measures

Variables Preoperative Postoperative

Group 1

(N.=32)

Group 2

(N.=20)

P-value Group 1

(N.=32)

Group 2

(N.=20)

P-value

UCVA 0.97 ± 0.19 0.68 ±0.28 0.001 0.61 ± 0.27 0.58 ± 0.34 0.726

BCVA 0.67± 0.18 0.38 ± 0.24 <0.001 0.39 ± 0.21 0.19 ± 0.17 0.001

Sphere −5.43 ± 4.06 −2.06 ± 2.45 <0.001 −2.05 ± 2.99 −1.69 ± 2.12 0.843

Cylinder −7.01 ± 2.56 −1.86± 1.3 <0.001 −2.41 ± 1.51 −1.48 ± 0.83 0.012

J0 1.35 ± 2.51 0.19 ± 0.81 0.021 0.26 ± 1.15 0.07 ± 0.59 0.449

J45 −0.27 ± 2.19 0.13 ± 0.79 0.354 0.03 ± 0.76 0.1 ± 0.63 0.713

SE −8.75 ± 4.55 −2.84 ± 2.59 <0.001 −3.25 ± 3.56 −2.35 ± 2.07 0.48

K1 47.74 ± 3.21 44.18 ± 1.46 <0.001 45.01 ± 3.94 43.94 ± 1.38 0.169

K2 52.8 ± 3.76 46.64 ± 2.39 <0.001 47.77 ± 3.93 46.54± 1.84 0.198

Kmax 60.41 ± 4.98 50.29 ± 4.04 <0.001 55.22 ± 5.72 49.58 ± 3.26 <0.001

Thinnest location 443.47 ± 42.46 452.1 ± 33.81 0.446 434.81 ± 46.41 437.8 ± 46.03 0.822

Q-Value −1.18± 0.54 −0.58 ± 0.23 <0.001 −0.44 ± 0.68 −0.57 ± 0.25 0.631

Corneal Vol. 55.04 ± 3.06 54.93 ± 3.83 0.907 56.46 ± 2.94 54.69 ± 3.87 0.069

Ant. Elev. 28.06 ± 8.43 13.3 ± 7.21 <0.001 18.31 ± 8.86 11.6 ± 6.74 0.006

Post. Elev. 49.06 ± 15.09 28.5 ± 13.95 <0.001 43.97 ± 16.98 27.85 ± 14.21 <0.001

Table 2 Comparison Between Preoperative And Postoperative Measures In The 2 Groups

Variables Group 1 Group 2

Preoperative Postoperative P-value Preoperative Postoperative P-value

UCVA 0.97 ± 0.19 0.61 ± 0.27 <0.001 0.68 ± 0.28 0.58 ± 0.34 0.006

BCVA 0.67 ± 0.18 0.39 ± 0.21 <0.001 0.38 ± 0.24 0.19 ± 0.17 <0.001

Sphere −5.43 ± 4.06 −2.05 ± 2.99 <0.001 −2.06 ± 2.45 −1.69 ± 2.12 0.032

Cylinder −7.01 ± 2.56 −2.41 ± 1.51 <0.001 −1.86 ± 1.3 −1.48 ± 0.83 0.084

J0 1.35 ± 2.51 0.26 ± 1.15 0.021 0.19 ± 0.81 0.07 ± 0.59 0.172

J45 −0.27 ± 2.19 0.03 ± 0.76 0.514 0.13 ± 0.79 0.1 ± 0.63 0.622

SE −8.75 ± 4.55 −3.25 ± 3.56 <0.001 −2.84 ± 2.59 −2.35 ± 2.07 0.119

K1 47.74 ± 3.21 45.01 ± 3.94 <0.001 44.18 ± 1.46 43.94 ± 1.38 0.166

K2 52.8 ± 3.76 47.77 ± 3.93 <0.001 46.64 ± 2.39 46.54± 1.84 0.641

Kmax 60.41 ± 4.98 55.22 ± 5.72 <0.001 50.29 ± 4.04 49.58 ± 3.26 0.152

Thinnest location 443.47 ± 42.46 434.81 ± 46.41 0.031 452.1 ± 33.81 437.8 ± 46.03 0.016

Q-Value −1.18 ± 0.54 −0.44 ± 0.68 <0.001 −0.58 ± 0.23 −0.57 ± 0.25 0.597

Corneal Vol. 55.04 ± 3.06 56.46 ± 2.94 <0.001 54.93 ± 3.83 54.69 ± 3.87 0.778

Ant. Elev. 28.06 ± 8.43 18.31 ± 8.86 <0.001 13.3 ± 7.21 11.6 ± 6.74 0.204

Post. Elev. 49.06 ± 15.09 43.97 ± 16.98 0.017 28.5 ± 13.95 27.85 ± 14.21 0.526
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D) and astigmatism (from 2.00 to 3.00D) as shown in

Figure 5. This case received repeat transepithelial accel-

erated CXL and showed stability uptill now.

Discussion
The association between keratoconus and vernal kerato-

conjunctivitis is relatively common in upper Egypt where

the climate is hot and dry. Children with both keratoconus

and VKC are difficult to manage because of delayed

diagnosis, rapid progression of their ectasia, persistent

eye rubbing, and poor compliance. At the same time,

poor access to donor eye-banks in addition to difficulties

and high cost necessitate more efforts to avoid or delay the

need for keratoplasty in these children.

In this study, the safety and efficacy of femtosecond

laser-assisted keraring implantation accompanied or fol-

lowed by transepithelial accelerated CXL in children

with keratoconus and VKC, were retrospectively evaluated

and compared to transepithelial accelerated CXL alone.

After 3 years of observation, both techniques can be con-

sidered effective in stabilizing the ectatic condition,

although the combined ICRS and CXL can, in addition,

improve the visual, refractive, and tomographic para-

meters. Also, both techniques can be considered safe as

no major complication such as ring segment extrusion,

corneal vascularization or opacification was recorded in

all cases. However, one case in group 1 showed progres-

sion of ectasia and required repeat cross-linking.

In 2011, Khan and Muhtaseb reported the first case of

ICRS implantation in an 11 year old boy with keratoconus

and VKC. They did bilateral simultaneous implantation of

one 0.40 Intacs segment in each eye using the manual

technique to create the tunnels.12 The ICRS implantation

was not accompanied or followed by CXL and the child

did well during a 12-month follow-up.

In his prospective pilot study on children with kerato-

conus and VKC,13 Abozaid proved the safety and efficacy

after one year of femtosecond laser-assisted keraring

implantation followed by transepithelial cross linking.

Figure 1 Chart showing a comparison between the study groups regarding the

mean preoperative and postoperative uncorrected (UCVA) and best-corrected

(BCVA) visual acuity.

Figure 2 Chart showing a comparison between the study groups regarding the

mean preoperative and postoperative spherical equivalent (SE).

Figure 3 Chart showing a comparison between the study groups regarding the

mean preoperative and postoperative 8mm Q-value.

Figure 4 Chart showing a comparison between the study groups regarding the

mean preoperative and postoperative Kmax.
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Unlike his study, this study was retrospective, had longer

follow-up duration, had larger sample size, had a control

group with CXL alone, and studied more parameters such

as the corneal volume, Q value, and vector analysis of the

astigmatism.

Abdelmassih et al14 retrospectively evaluated ICRS

(Intacs and Kerarings) followed after one month by stan-

dard epithelium-off CXL in 12 children (17 eyes) with

keratoconus (mean age 12.3 years) and found marked

improvement in UDVA and CDVA with reduction in ker-

atometry and spherical equivalent which were stable

through relatively long duration of 4 years. The only

complication reported in this study was removal of one

ring segment after two years due to vascularization and

corneal thinning.

In their retrospective case series, Olivo-Payne et al15

showed tomographic and refractive stability in more than

91% of eyes with pediatric progressive keratoconus who

underwent transepithelial accelerated CXL. Fourteen children

(23 eyes) were included in their study, of them, 14 eyes of 8

patients had associated atopy. A clear and continuous demar-

cation line was detected in 19 eyes (82.6%) with average

central depth of 210.63±27.50 μm.

Tian et al16 retrospectively evaluated transepithelial accel-

erated CXL in 18 eyes of 17 children with keratoconus (mean

age 14.44 ± 1.98 years). After 12 months, they noted improve-

ment in the BCVA in 7 (38.89%) eyes, stabilization in 8

(44.44%) eyes, and worsening in 3 (16.67%) eyes and con-

cluded that accelerated transepithelial CXL is a safe and effec-

tive treatment in children with progressive keratoconus.

Sarac et al17 compared the 2-year results of accelerated and

standard cross-linking in children with keratoconus and con-

cluded that the 2 procedures have similar efficacy and safety

and recommended the accelerated technique, being rapid, for

this group of patients.

Conclusion
The results of this study should encourage ophthalmolo-

gists to adopt the use of ICRS and CXL when indicated in

children with keratoconus and VKC to avoid or delay the

need for keratoplasty. The complications that may arise

from persistent eye rubbing such as infection, extrusion or

vascularization can be avoided by proper selection of cases

and prompt treatment of new episodes of allergy.

Disclosure
The authors report no conflicts of interest in this work.
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