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Abstract

Keratoconus is a chronic corneal disease that could lead to severe visual impairment or even blindness if left untreated. Advanced 
keratoconus is rare but difficult to manage. In this report, we present a case of an advanced keratoconus and its management with 
a combination of Collagen Cross linking with intra-corneal ring segments (INTACS). It summarizes how a rare condition could be 
halted progression and rehabilitate vision.
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Introduction	

Keratoconus is a corneal ectasia resulting from non-inflam-
matory, progressive thinning of the corneal stroma [1]. It induces 
irregular astigmatism and myopia, and results in gradual visual 
impairment ranging from mild to very severe [2]. Spectacles and 
contact lenses are optical treatment options in mild-moderate 
stages of the disease [3]. Surgical management of more severe cas-
es include implantation of intra-corneal ring segments (INTACS), 
photorefractive keratectomy, corneal collagen cross linking (CXL) 
and penetrating keratoplasty (PK) in advanced disease [4-7]. Vi-
sual prognosis in advanced cases are usually poor. 

It is proven that both CXL and INTACS are safe and effective 
treatment. CXL has been shown to halt keratoconus progression, 
but its effect on visual rehabilitation may be insufficient. Intra-
corneal ring segments (Intacs) produce rapid and substantial 
improvement in visual parameters but do not halt keratoconus 
progression. Therefore, combining the two procedures can theo-
retically produce better results. 

In this report, we present a case of advanced keratoconus treat-
ed with simultaneously combined procedure of INTACS with Fem-
tosecond laser and corneal collagen crosslinking (CXL) with ribo-
flavin and ultraviolet A (UVA). Early post-operative clinical results 
are compared.

Case Report	
History

A 20 year old male of Indian origin was referred from a local 
clinic for progressive bilateral decreased vision. The chief com-
plaint of the patient was progressive blurring of vision and increase 
in myopic correction over the past four years. Other associated 
complaints included coloured halos and watering. The patient re-
vealed a history of several episodes of vernal keratoconjunctivitis 
between the ages seven to twelve. There was no history intraocu-
lar/corneal surgery or ocular injury. He had no significant family 
history of corneal diseases and had no known allergies. 
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Examination

His uncorrected distance visual acuity was 3/60 in the right eye 
and 6/60 in the left, best corrected by refraction to 6/36-1 with 
-5.00/-4.50 x 20 for right eye and 6/18 with ±/ -4.50 x 70 for left 
eye. Retinoscopy revealed scissor reflex and irregular astigmatism. 

Anterior segment evaluation by slit lamp biomicroscope exami-
nation revealed Vogt lines and thinning of central cornea with a 
deep anterior chamber. On examining retina with slit lamp biomi-
croscopy, mild tessellation in both eyes with no retinal pathology 
was observed. A provisional diagnosis of keratoconus was made 
and corneal tomography was advised for confirmation. Corneal 
topography showed keratometric reading in right eye as K1: 42.1 
and K2: 47.2 X 21 and OS was K1: 42.8 and 48.7 X 63. The central 
pachymetry was 448 μm OD and 441 μm OS. The thinnest pachym-
etry was 444 μm OD and 431 μm OS. On Berlin Ambrosio Ectasia 
maps D-values were 4.81 and 6.57 in right and left eye respectively. 

Anterior segment evaluation by slit lamp examination revealed 
that Vogt lines and thinning of central cornea. The anterior cham-
ber was deep. Other anterior segment findings were normal. The 
fundus on slit lamp biomicroscopy was observed to be mild tessel-
lated in both eyes with no retinal pathology. Intraocular pressures 
were 17 mm Hg OD and OS at 11.30 a.m. with Goldmann applana-
tion tonometry.

Extraocular motility and pupillary reactions were normal in 
both the eyes.

The patient was suspected with keratoconus and was advised 
corneal topography. Corneal topography showed keratometric 
reading in OD was K1: 42.1 and K2: 47.2 X 21 and OS was K1: 42.8 
and 48.7 X 63. The central pachymetry was 448 μm OD and 441 μm 
OS. The thinnest pachymetry was 444 μm OD and 431 μm OS. On 
Berlin Ambrosio Ectasia maps D-values were4.81 and 6.57 in right 
and left eye respectively.

Diagnosis and management

Diagnosis of bilateral keratoconus was made and advised cor-
neal collagen crosslinking (CXL) with riboflavin and ultraviolet A, 
combined with INTACS with Femtosecond (FS) laser in both the 
eyes as a simultaneous procedure. He was given appointment for 
the procedure. The patient underwent a thorough discussion of the 
risks and benefits of the procedure with the surgeon and signed 
a written informed consent. Routine blood examination was done.

Figure 1: Corneal parameters of right eye.

Figure 2: INTACS thickness calculated for right eye. 

07

Combination of Collagen Cross Linking with INTACS for Treatment of Advanced Keratoconus CXL Plus INTACS for Keratoconus

Citation: Indra P Sharma. “Combination of Collagen Cross Linking with INTACS for Treatment of Advanced Keratoconus CXL Plus INTACS for 
Keratoconus". Acta Scientific Ophthalmology 4.7 (2021): 06-10.



On 12th September 2015, Corneal crosslinking combined with 
INTACS with femto laser were done in both the eyes under sterile 
conditions using the same technique. INTACS used were 0.30 SK for 
right eye and 0.35 SK for left eye.

Figure 3: INTACS thickness calculated for left eye.

Postoperative medication that were Toba DM eyedrop thrice 
daily for 1 week and Refresh Tears eye drop four times daily for 2 
weeks.

Follow up

The patient was followed up after three days on 12th September. 
On postoperative examination the unaided visual acuity was 6/9 
on right eye and 6/12 on left eye. Retinoscopy revealed ±/-1.00 x 
30 and ±/-1.75 x 60. Subjective refraction ±/-1.00 x 30 and ±/-1.50 
x 60 with best corrected visual acuity of 6/6-2 and 6/9 on right and 
left eye, respectively.

Figure 5: Comparison of pre-operative and post-operative 
changes in corneal parameters.

Figure 4: Post-operative Schiemflug image of right eye.

Keratometric readings decreased from K1: 42.1 and K2: 47.2 X 
21 to K1: 41.0 and K2: 45.9 x 24 in right eye and K1: 42.8, K2: 48.7 X 
63 to K1: 40.9, K2: 45.6 in the left eye. Kmax reduced from 49.7D to 
49.5 in right eye and from 51.1 to 49.7 in left eye. There was signifi-
cant reduction in astigmatism and improvement in visual acuity.

He was advised to use sunglasses for 2 weeks and continue 
post-operative medication. Follow up after one month was advised.

Discussion and Conclusion
Corneal collagen cross-linking (CXL) is probably the only ‘true’ 

treatment for corneal ectasia which directly addresses the disease 
pathology and potentially avoids the need for corneal transplanta-
tion [8]. Furthermore, is very likely to be cost effective, compared 
with standard management, for the treatment of progressive kera-
toconus [9]. Corneal collagen cross-linking is a procedure using 
UV-A and the photosensitizer riboflavin to stiffen the cornea.

Implantation of Intacs is another alternative for management of 
keratoconus. Intacs are made of polymethyl methacrylate and have 
a crescent-shaped arc length of 150 degrees. Their inner diameter 
is 6.8 mm and outer diameter 8.1 mm, when placed in the cornea. 
Thickness of Intacs range from 0.25 to 0.50 mm, in increments of 
0.05 mm. Intrastromal ring segments were designed to achieve a 
refractive adjustment by flattening the central corneal curvature 
while maintaining clarity in the central optic zone.
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Previous investigations have shown that Intacs implantations, 
improves corneal topography and improve contact lens tolerance 
and spectacle corrected visual acuity, as well as uncorrected visual 
acuity in some patients.

Several studies show that Corneal collagen crosslinking (CXL) 
with riboflavin and ultraviolet A (UVA) has been used in the at-
tempt to enhance corneal biomechanical resistance by an increase 
in collagen fiber diameters [10,11]. Wollensak., et al. (2003) found 
that the collagen fiber diameter and corneal rigidity were found to 
increase, and as the main keratoconus characteristic is a reduced 
biomechanical corneal strength, CXL was proposed to halt its pro-
gression.

Implantation of Intacs is another alternative for management of 
keratoconus. Several studies have demonstrated the efficacy of In-
tacs in correcting low myopia, in post-LASIK corneal ectasia, and in 
keratoconic eyes [12-16]. Intacs are able to change the shape of the 
cornea and work by an “arc-shortening” effect of the cornea [16].

Aylin., et al. [17] analyzed the visual and refractive outcomes of 
transepithelial cross-linking treatment in eyes with pre-existing 
Intacs and found that Collagen cross-linking has an additive effect 
on Intacs implantation in these eyes and may be considered as an 
enhancement/stabilizing procedure. Colin., et al. (2007) compared 
the effect of inferior-segment Intacs with and without CXL on kera-
toconus and found that the addition of CXL to the Intacs procedure 
resulted in greater keratoconus improvements than Intacs inser-
tion alone [18]. 

Kymionis (2014) reviewed literature and concluded that com-
bined corneal collagen cross- linking (CXL) and refractive surgical 
techniques is likely to benefit many patients with corneal ectatic 
disorders. The appropriate combined procedure will depend on 
multiple factors, such as refraction, corneal thickness, and degree 
of irregular astigmatism [19].

In this case, INTACS and CXL procedures were combined and 
evaluated the clinical outcomes. It can be concluded that INTACS 
implantation with CXL proved to be effective in treatment of kera-
toconus but subjectively and objectively. On post-operative evalua-
tion, flattening of cornea and reduction in K Max values were noted. 
Uncorrected visual acuity improved significantly. INTACS has ad-
ditive effect on CXL in these eyes and can be considered as vision 
improving procedure.

Bibliography
1.	 Krachmer JH., et al. “Keratoconus and related noninflamma-

tory corneal thinning disorders”. Survey of Ophthalmology 28 
(1984): 293-322.

2.	 Rabinowitz YS. “Keratoconus”. Survey of Ophthalmology 42 
(1998): 297-319.

3.	 Romero-Jiménez M., et al. “Keratoconus: a review”. Contact 
Lens and Anterior Eye 33 (2010): 1576-1576.

4.	 Alio’ JL., et al. “Intracorneal ring segments for keratoconus 
correction: long-term follow-up”. Journal of Cataract and Re-
fractive Surgery 32 (2006): 978-985.

5.	 Zadok D., et al. “Penetrating keratoplasty for keratoconus: 
long-term results”. Cornea 24 (2005): 959-961.

6.	 Wollensak G. “Crosslinking treatment of progressive keratoco-
nus: new hope”. Current Opinion in Ophthalmology 17 (2006): 
356-360.

7.	 Lowe MT., et al. “The outcome of corneal transplantation in in-
fants, children, and adolescents”. Ophthalmology 118 (2011): 
4927.

8.	 Suri K., et al. “Corneal collagen cross-linking:ectasia and be-
yond”. Current Opinion in Ophthalmology 23.4 (2012): 280-
287.

9.	 Salmon HA., et al. “Cost effectiveness of collagen crosslinking 
for progressive keratoconus in the UK NHS”. Eye (2015).

10.	 Spoerl E., et al. “Induction of cross-links in corneal tissue”. Ex-
perimental Eye Research 66 (1998): 97-103.

11.	 Wollensak G., et al. “Riboflavin/ultraviolet-A-induced colla-
gen cross-linking for the treatment of keratoconus”. American 
Journal of Ophthalmology 135 (2003): 620-627.

12.	 Colin J., et al. “Correcting keratoconus with intracorneal rings”. 
The Journal of Cataract and Refractive Surgery 26 (2000): 
1117-1122.

13.	 Cochener B., et al. “Effect of intrastromal corneal ring segment 
shift on clinical outcome: one year results for low myopia”. The 
Journal of Cataract and Refractive Surgery 26 (2000): 978-986.

09

Combination of Collagen Cross Linking with INTACS for Treatment of Advanced Keratoconus CXL Plus INTACS for Keratoconus

Citation: Indra P Sharma. “Combination of Collagen Cross Linking with INTACS for Treatment of Advanced Keratoconus CXL Plus INTACS for 
Keratoconus". Acta Scientific Ophthalmology 4.7 (2021): 06-10.

https://pubmed.ncbi.nlm.nih.gov/6230745/
https://pubmed.ncbi.nlm.nih.gov/6230745/
https://pubmed.ncbi.nlm.nih.gov/6230745/
https://pubmed.ncbi.nlm.nih.gov/9493273/
https://pubmed.ncbi.nlm.nih.gov/9493273/
https://pubmed.ncbi.nlm.nih.gov/20537579/
https://pubmed.ncbi.nlm.nih.gov/20537579/
https://pubmed.ncbi.nlm.nih.gov/16814056/
https://pubmed.ncbi.nlm.nih.gov/16814056/
https://pubmed.ncbi.nlm.nih.gov/16814056/
https://pubmed.ncbi.nlm.nih.gov/16227841/
https://pubmed.ncbi.nlm.nih.gov/16227841/
https://pubmed.ncbi.nlm.nih.gov/16900027/
https://pubmed.ncbi.nlm.nih.gov/16900027/
https://pubmed.ncbi.nlm.nih.gov/16900027/
https://www.aaojournal.org/article/S0161-6420(10)00721-9/fulltext
https://www.aaojournal.org/article/S0161-6420(10)00721-9/fulltext
https://www.aaojournal.org/article/S0161-6420(10)00721-9/fulltext
https://pubmed.ncbi.nlm.nih.gov/22569470/
https://pubmed.ncbi.nlm.nih.gov/22569470/
https://pubmed.ncbi.nlm.nih.gov/22569470/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4645452/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4645452/
https://pubmed.ncbi.nlm.nih.gov/9533835/
https://pubmed.ncbi.nlm.nih.gov/9533835/
https://www.sciencedirect.com/science/article/abs/pii/S0002939402022201
https://www.sciencedirect.com/science/article/abs/pii/S0002939402022201
https://www.sciencedirect.com/science/article/abs/pii/S0002939402022201
https://pubmed.ncbi.nlm.nih.gov/11008037/
https://pubmed.ncbi.nlm.nih.gov/11008037/
https://pubmed.ncbi.nlm.nih.gov/11008037/
https://pubmed.ncbi.nlm.nih.gov/10946187/
https://pubmed.ncbi.nlm.nih.gov/10946187/
https://pubmed.ncbi.nlm.nih.gov/10946187/


14.	 Schanzin DJ., et al. “The intrastromal corneal ring segments: 
phase II results for the correction of myopia”. Ophthalmology 
104 (1997): 1067-1078.

15.	 Lovisolo CF and Fleming JF. “Intracorneal ring segments for 
iatrogenic keratectasia after laser in situ keratomileusis or 
photorefractive keratectomy”. Journal of Refractive Surgery 18 
(2002): 535-541.

16.	 Burris TE., et al. “Effects of intrastromal corneal ring size and 
thickness on corneal flattening in human eyes”. Refractive Cor-
neal Surgery 7 (1991): 46-50.

17.	 Aylin Ertan., et al. “Refractive and Topographic Results of Tran-
sepithelial Cross-Linking Treatment in Eyes With Intacs”. Cor-
nea 28 (2009): 719-723.

18.	 Colin CK Chan., et al. “Effect of inferior-segment Intacs with 
and without C3-R on keratoconus”. The Journal of Cataract and 
Refractive Surgery 33 (2007): 75-80.

19.	 Kymionis GD., et al. “Corneal collagen cross-linking (CXL) com-
bined with refractive procedures for the treatment of corneal 
ectatic disorders: CXL plus”. Journal of Refractive Surgery 30.8 
(2014): 566-576.

Volume 4 Issue 7 July 2021
©  All rights are reserved by Indra P Sharma.

10

Combination of Collagen Cross Linking with INTACS for Treatment of Advanced Keratoconus CXL Plus INTACS for Keratoconus

Citation: Indra P Sharma. “Combination of Collagen Cross Linking with INTACS for Treatment of Advanced Keratoconus CXL Plus INTACS for 
Keratoconus". Acta Scientific Ophthalmology 4.7 (2021): 06-10.

https://pubmed.ncbi.nlm.nih.gov/9224455/
https://pubmed.ncbi.nlm.nih.gov/9224455/
https://pubmed.ncbi.nlm.nih.gov/9224455/
https://pubmed.ncbi.nlm.nih.gov/12361154/
https://pubmed.ncbi.nlm.nih.gov/12361154/
https://pubmed.ncbi.nlm.nih.gov/12361154/
https://pubmed.ncbi.nlm.nih.gov/12361154/
https://journals.healio.com/doi/10.3928/1081-597X-19910101-14
https://journals.healio.com/doi/10.3928/1081-597X-19910101-14
https://journals.healio.com/doi/10.3928/1081-597X-19910101-14
https://pubmed.ncbi.nlm.nih.gov/19574920/
https://pubmed.ncbi.nlm.nih.gov/19574920/
https://pubmed.ncbi.nlm.nih.gov/19574920/
https://www.researchgate.net/publication/6610375_Effect_of_inferior-segment_INTACs_with_and_without_C3-R_on_keratoconus
https://www.researchgate.net/publication/6610375_Effect_of_inferior-segment_INTACs_with_and_without_C3-R_on_keratoconus
https://www.researchgate.net/publication/6610375_Effect_of_inferior-segment_INTACs_with_and_without_C3-R_on_keratoconus
https://journals.healio.com/doi/10.3928/1081597X-20140711-10
https://journals.healio.com/doi/10.3928/1081597X-20140711-10
https://journals.healio.com/doi/10.3928/1081597X-20140711-10
https://journals.healio.com/doi/10.3928/1081597X-20140711-10

	_GoBack

