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Conductive Keratoplasty and Corneal Cross Linking (CK-CXL)

One of the applications for CXL currently being investigated is using it to stabilize
the refractive changes produced by CK. CK or CXL alone is not sufficient to mark-
edly improve vision for most patients with KC or corneal ectasia. According to
Raiskup-Wolf 1-year study [123], the CDVA improved at least 1 line in 53 % of 142
eyes and remained stable in 20 % of eyes. Kato et al [248] reported a case series of
CK alone (without CXL) for 21 eyes with advanced KC in which UDVA, CDVA,
corneal topography, and MRSE all improved but had regressed by the 3-month post-
operative visit. Kymionis et al [249] reported on 2 patients that underwent same day
CK plus CXL for KC. All parameters here improved too but had regressed by 3
months postoperatively. In traditional CK, the surgeon uses a radiofrequency probe
inserted into the cornea to a depth of about 500 pm to increase the temperature in a
circumferential series of eight or more spots placed 6, 7, or 8 mm from the corneal
center. The heat causes controlled shrinkage of the tissue, resulting in a tightening
effect on the mid-peripheral cornea, increasing refractive power. CK has been used
to treat astigmatism, decentered ablations, KC and trauma, as well as to produce a
moderate refractive correction. In general, the procedure has lost some of its appeal
due to the tendency for the refractive changes to regress over time. Researchers real-
ized, however, that CXL might minimize or eliminate that drawback. Surgeons and
patients alike are frustrated with the visual outcomes of CXL alone and frustrated
with the stability of CK procedures. Over the past several years, researchers have
been doing CK to regularize the corneal shape, followed by CXL, both to lock in the
beneficial effects of the CK and to stabilize the cornea. This is referred to as CK-Plus
or refractive CXL by the CXLUSA investigator group (Richard Lindstrom, MD,
Personal communication, 2013). CK is a noninvasive, very well-tested and safe pro-
cedure that has been around for a long time, but one of its limitations has always
been the tendency for the improved visual results to regress. When it is combined
with CXL, visual improvement has been demonstrated to become more permanent.
One- and two-year data demonstrate substantial, statistically significant clinical
improvement in both UDVA and CDVA. Patients and surgeons have found the com-
bination treatment very gratifying. Standalone CXL is very effective at stopping
vision loss from progressive ectasia, but for most patients it is generally not very
effective at significantly improving the patient’s vision. CK combined with CXL:
On the one hand the corneal shape and vision are improved without removing any
corneal tissue, and on the other hand the cornea is made stronger by the CXL. It took
investigators some time to figure out the sequence in which the procedures should
be done (Richard Lindstrom, MD, Personal communication, 2015). The literature
shows that when you do CK at the same time as CXL, the results are likely to
regress. Work done by Arthur Cummings [250] in Dublin, Ireland found that leaving
an interval between the CK and CXL helped to prevent the effect from regressing.
The typical interval therefore between the CK procedure and the CXL procedure is
1 day. Final data are still outstanding but those who had the procedures a day apart
have had notably better long-term data that those who were done on the same day.
The CK is performed with real-time keratometric monitoring (and, in some cases,
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serial scans) enabling the surgeon to watch and monitor the corneal shape intraop-
eratively while doing the CK.

An unpublished study by Roy Rubinfeld, Arthur Cummings and Olivia Dryjski
looking at 244 eyes demonstrated that CK plus the proprietary, patent pending
Epi-On CXL treatment on the next day was safe and effective. As shown in Fig.
4.30, this noninvasive treatment improved vision up to 15 months postoperatively
with statistically significant improvements in UDVA and CDVA noted at all time
points except CDVA at postoperative month one. Benefits definitely appeared to last
for much longer than with CK alone. A greater benefit was observed in eyes with
worse preoperative vision (88 eyes with CDVA 20/40 or less).

As of August 2015, our nomogram shows that apical spots improved clinical
data even more (as shown in Figs. 4.30, 4.31, and 4.32). The optical zones have been
reduced by incremental amounts starting at an optical zone of 10 mm and eventually
getting down to 2-3 mm recently. There has not been a good option to improve
vision in central cones for many years now and CK may be filling that gap.

Take-Home Message

* CXL is effective at stopping progressive vision loss in keratoconus and
ectasia but usually does not markedly improve vision.

e CK is a safe, well tested, nonsubtractive procedure that can be used to
safely and effectively flatten the apex of the cone and subsequent CXL the
next day appears to lock in the significantly improved vision in these
patients in long term follow-up.

* Corneal flattening with CK combined with proprietary, effective Epi-On
CXL yield improved vision and high safety for the treatment of ectasia.

» Keraflex is a novel thermal procedure that provides very significant corneal
flattening in keratoconus cases directly after application.

* In some cases, this corneal flattening is maintained and even flattens fur-
ther after the subsequent CXL.

* The best time for the CXL application is deemed to be 24 h or more after
the Keraflex procedure.

* More studies are required to determine if Keraflex will become an accepted
treatment for keratoconus. At this point it does not look promising as a
long-term solution for the treatment of keratoconus.

Refractive Lens Exchange and Phakic Intraocular Lenses
Refractive Lens Exchange
Surgical correction of the spherical and cylindrical errors associated with KC

remains a challenge. Laser in situ keratomilleusis in KC may cause corneal ectasia.
Photorefractive keratectomy has been used by some researchers to treat myopia
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POM1(N=24)  POM2-45(N=31) POMA510(N=25) POM10-15(N=14)

POM4.5-10 | POM10-15

logMAR UDVA <0.001  <0.001 <0.001 <0.001
logMAR CDVA <0.001  <0.001 <0.001 <0.001

Eyes with CK: 1 day before CXL and preop CDVA of 20/40 or worse

Fig. 4.30 Improvement in logMAR UDVA and CDVA in eyes with CK performed 1 day before
CXL and with a preoperative CDVA of 20/40 or worse. All time points are statically significant
(p<0.001)

Typical Placement of Initial Apical CK Spots @ 3-6 mm OZ

Fig. 4.31 Typical placement of the initial apical CK spots is at the 3-6mm optical zone
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Fig. 4.32 Immediate improvement in corneal symmetry is noted after CK

associated with KC, but thinning of keratoconic corneas raises long-term safety
concerns. PIOLs are generally not implanted in patients older than 45 years of age.
Other techniques, such as ISCR, can improve visual acuity and reduce corneal cur-
vature in KC, but correction of the spherical error is limited. Refractive lens
exchange (RLE), also called “clear lens extraction,” consists of phacoemulsification
of the clear crystalline lens and in-the-bag implantation of an appropriately powered
intraocular lens (IOL). It is generally used to correct large spherical errors in patients
in the presbyopic age range because it causes loss of accommodation. Myopia asso-
ciated with KC is not routinely considered an indication for RLE because of diffi-
cult IOL power calculation. Despite the difficulties in obtaining accurate preoperative
refraction, and keratometric readings, RLE may be indicated for presbyopic patients

with higher spherical errors. In such cases, astigmatism can be addressed by a toric
IOL [251].



	Foreword
	Preface
	Contents
	Contributors
	Chapter 1: Diagnostic Tools for Ectatic Corneal Diseases
	 Introduction
	 Corneal Ectatic Diseases
	 Clinical Findings and Biomicroscopy in Keratoconus
	 Corneal Topography
	 Corneal Tomography
	 Wavefront Analysis
	 Segmental Tomography with Corneal Epithelial Mapping
	 Corneal Biomechanics
	 Confocal Microscopy
	 Specular Microscopy

	 Evaluating Patients for Refractive Surgery
	Further Enhancing Ectasia Detection: Corneal Tomography and Biomechanical Integration
	References

	Chapter 2: Patterns and Classifications in Ectatic Corneal Diseases
	 Patterns in Ectatic Corneal Diseases
	 Morphologic Patterns
	 Nipple Cone
	 Oval Cone
	 Globus Cone

	 Tomographic Patterns
	 Curvature-Based Patterns
	Color Scale Settings
	The Normal Cornea
	Topographic Shape Patterns Characterizing Irregularity [16, 18–20]

	 Elevation-Based Patterns
	The Normal Cornea



	The Abnormal Cornea
	 Classifications in Ectatic Corneal Diseases
	 Keratoconus
	 Definitions
	 Classifications
	Amsler-Krumeich Classification
	Alio-Shabayek Modification
	Ishii et al. Modification
	Belin et al. Categorization

	 Forme Fruste Keratoconus and Related Terms

	 Pellucid Marginal Degeneration
	 Definition
	 Clinical Presentation
	 Classification
	 Tomographic Features

	 Keratoglobus
	 Definition
	 Differential Diagnosis
	 Clinical Presentation [98, 100, 102]
	 Tomographic Features


	References

	Chapter 3: Fundamentals of Corneal Cross Linking
	 History of Corneal Cross Linking
	 Fundamentals of Corneal Cross Linking
	 General Reaction Mechanism
	 Riboflavin Diffusion
	 Riboflavin Delivery Technique
	 Relevance of UV
	 Relevance of O2
	 Clinical Consequences

	 Biomechanical Characterization of the Cornea
	 Flap-Extensiometry
	 Advanced Extensiometry
	 Brillouin Microscopy
	 Air-Puff Deformation

	 Changes in Corneal Biomechanics and Shape After Corneal Cross Linking from a Computational and Clinical Point of View
	 Future Potentials of Refractive Corneal Cross Linking
	 Corneal Cross Linking in Addition to LASER Ablation
	 Corneal Cross Linking as a Stand-Alone Tool for Refractive Corrections

	 Further Studies: Biomechanical Effects of Corneal Cross Linking
	References

	Chapter 4: Combined Corneal Cross Linking and Other Procedures: Indications and Application Models
	 Introduction to Keratoconus Management
	 Parameters of Treatment
	 Age
	 Gender
	 Environment
	 Geographic Location
	 Corneal Transparency and Vogt’s Striae
	 Contact Lenses
	 Progression and Stage of the Disease
	 Corneal Thickness
	 Kmax Value
	 Visual Acuity and Refractive Error Magnitude


	 Treatment Models with Corneal Cross Linking
	 Transepithelial or “Epi-On” Corneal Cross Linking
	 Accelerated Corneal Cross Linking Protocols: An Evidence Based Analysis
	 Accelerated Corneal Cross Linking: Proof-of-Concept
	 Corneal Stromal Demarcation Line After CXL
	 Clinical Outcomes for Accelerated CXL
	 The Role of Oxygen in CXL and Its Significance to Accelerated CXL Protocols
	 Conclusion

	 Excimer Laser and Refractive Surgery Combined with Corneal Cross Linking
	 The Athens Protocol Procedure
	 Lasik Combined with Corneal Cross Linking (LASIK-CXL)
	 Aspects of Surgical Technique in LASIK-CXL
	 Guidelines in Topography-Guided PRK with Corneal Cross Linking [6–8, 188, 223–227]

	 Corneal Cross Linking Using Excimer Laser PTK to Remove the Epithelium
	 Dresden Technique
	 Other Techniques

	 Intrastromal Corneal Ring Segments with Corneal Cross Linking
	 Safety of Intrastromal Riboflavin Injection
	 Intrastromal Corneal Ring and Cross Linking Combined Treatment with Riboflavin Injection Into the Stromal Femtolaser Pocket

	 Thermal Procedures with Corneal Cross Linking
	 Keraflex
	 Conductive Keratoplasty and Corneal Cross Linking (CK-CXL)

	 Refractive Lens Exchange and Phakic Intraocular Lenses
	 Refractive Lens Exchange
	 Phakic Intraocular Lenses

	 Photorefractive Intrastromal Cross Linking (PiXL)
	 Conclusions

	 Orthokeratology and Corneal Cross Linking
	 Response of the Cornea to Ortho-K Lens Wear
	 Corneal Cross Linking with Recombinant Human Decorin Core Protein (Galacorin®)


	References

	Chapter 5: Clinical Application and Decision-making
	 Indications for Keratoconus in Peer-Reviewed Literature
	 Establishing Progression of Keratoconus
	 Risk-Based Keratoconus Grouping
	 Keratoconus: High-Risk Group
	 Keratoconus: Low-Risk Group

	 Clinical Indications and Decision-making in Keratoconus Patients
	 Indications in Keratoconus with Corrected Distance Vision 6/12
	 Issue of Multiple Pregnancies
	 Indications for Bilateral Versus Unilateral Corneal Cross-linking
	 Indications for Retreatment
	 Indications for Epithelium-on Corneal Cross-linking
	 Indications for Transepithelial (EPI-ON) CXL in Selected Keratoconus Patients
	 Clinical Approach for Corneal Cross-linking: Cases and Decision-making
	 Case 1 (Fig. 5.1)
	 Decision-making

	 Case 2 (Fig. 5.2)
	 Decision-making

	 Case 3 (Fig. 5.3)
	 Decision-making

	 Case 4 (Fig. 5.4)
	 Decision-making

	 Case 5 (Fig. 5.5)
	 Decision-making

	 Case 6 (Fig. 5.6)
	 Decision-making

	 Case 7 (Fig. 5.7)
	 Decision-making

	 Case 8 (Fig. 5.8)
	 Decision-making

	 Case 9 (Fig. 5.9)
	 Decision-making

	 Case 10
	 Decision-making


	 Contraindications
	 References

	Chapter 6: Clinical Results of Corneal Collagen Cross-linking
	 Introduction
	 Intraoperative Results of Corneal Collagen Cross-linking
	 Introduction
	 The Role of the Epithelium
	 Intraoperative Corneal Thickness
	 Corneal Biomechanics: Ocular Response Analyzer Parameters

	 Results of Corneal Collagen Cross-linking in Postrefractive Surgery Ectasia
	 Introduction
	 Personal Experience
	 Cross-linking Procedure
	 Results
	 Discussion

	 Results of Corneal Collagen Cross-linking by Iontophoresis
	 Basic Principles of Iontophoresis
	 Basic Research Results
	 In Vivo Morphological Results
	 Initial Clinical Results

	 Results of Corneal Collagen Cross-linking According to Age
	 Introduction
	 Evaluation of Cross-linking Results in a Large Population
	 Results
	 Pediatric Population (9–17 Years)
	 Population: 18–29 Years of Age
	 Population 30–39 Years of Age
	 Population over 40 Years of Age
	 Comparison of 1 Year Results

	 Discussion
	 Pediatric Population
	 Population Age 18–29 Years
	 Population Age 30–39 Years
	 Population Age over 40 Years


	References

	Chapter 7: Complications of Corneal Cross-linking
	References

	Chapter 8: Corneal Cross-linking in Children
	 Introduction
	 The Child and Keratoconus
	 Subgrouping Children with Keratoconus
	 Presentation Age of Keratoconus
	 What Triggers Keratoconus in Childhood?
	 Diagnostic Techniques in Childhood Keratoconus
	 Corneal Tomography vs. Clinical Evaluation
	 Anterior Segment Optical Coherence Tomography (AS-OCT) and Epithelial Imaging

	 Corneal Cross-linking: Why Children?
	 Current Evidence for Corneal Cross-linking in Children
	 Summary of Current Evidence Available for CXL in Children

	 Methods of CXL Treatment and the Corresponding Evidence
	 Epithelium-Off Technique
	 Epithelium-On Technique
	 Iontophoresis
	 Epithelial Disruption
	 Safety Concerns of Corneal Cross-linking
	 Intraoperative AS-OCT
	 Other Methods of Corneal Cross-linking

	 Current Pediatric Corneal Cross-linking Guidelines
	 Corneal Cross-linking Based on Corneal Thickness
	 Efficacy of Corneal Cross-linking in Children
	 Clinical Assessment
	 Duration of Effectiveness of Corneal Cross-linking in Children
	 Vernal Keratoconjunctivitis and Corneal Cross-linking

	 Practical Steps for Corneal Cross-linking in Children
	 Criteria of Keratoconus Progression in Pediatric Group
	 Criteria of Keratoconus Progression After Corneal Cross-­linking and Corneal Cross-linking Redo [84]
	 Contraindications, Risks, and Pitfalls of Corneal Cross-linking
	 Guidelines on Overall Management of Keratoconus
	 Discussion
	 Conclusions
	 Further Studies: Results of Corneal Cross-linking in Pediatric Patients
	 Introduction
	 Results
	 Conclusion

	References

	Chapter 9: The Future of Corneal Cross-linking
	 Introduction
	 Accelerated Cross-linking
	 D2O
	 Contact Lens-Assisted Cross-linking
	 Transepithelial (Epithelium-on) Cross-linking
	 Penetration Enhancement
	 Ultrasound
	 Intrastromal Channels
	 Iontophoresis
	 Microneedles
	 Vacuum-Mediated Delivery

	 Other Applications of CXL
	 Keratitis Treatment
	 Treatment of Corneal Edema

	 Refractive Procedures
	 Alternative Agents
	 Photo-activated Chromophore for Keratitis – Collagen Cross-­linking (PACK-CXL) for the Treatment of Advanced Infectious Keratitis
	 The Microbicidal Effect of Ultraviolet Light
	 PACK-CXL: A New Definition
	 PACK-CXL: A New Indication
	 Scientific Basis
	 PACK-CXL: Protocol Adaptations
	 Molecular Effects
	 Macroscopic and Indirect Effects

	 Clinical and Fundamental Evidences
	 Bacterial Keratitis
	 Fungal Keratitis
	 Veterinary PACK-CXL
	 Treatment Limitations and Perspectives
	 A Global Issue


	References

	Index



