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The past decade has seen a number of important advances in the management and 

understanding of corneal disease. Corneal cross-linking (CXL) is a technique that 

combines ultraviolet (UV) light and the chromophore, riboflavin, to stiffen and strengthen 

the cornea. The introduction of CXL has transformed the management of corneal ectasias such 

as keratoconus, post-LASIK ectasia and pellucid marginal degeneration.1,2 Recent scientific and 

technological advances have given researchers greater insight into how the CXL reaction works, 

and this has not only enabled modifications of the original “Dresden” cross-linking protocol,3 but 

also the development of new indications for CXL, such as the treatment of infectious keratitis. 

Clinical research has also revealed a number of other factors that can affect corneal strength and 

shape, such as pregnancy and hypothyroidism. 

In an expert interview, filmed at the European Society of Cataract and Refractive Surgeons (ESCRS) 

Annual Meeting, 22–26 September 2018, Prof. Farhad Hafezi describes his latest research in 

corneal disease. 

Q. What were your personal highlights of the ESCRS meeting?
The city of Vienna, which is wonderful and so welcoming of international guests; and the  

Messe Wien Congress Centre, which is one of the best and most well-organised venues for 

large international congresses like the ESCRS Annual Meeting. The increased interest in corneal 

biomechanics from both ‘pure’ clinicians as well as industry. It’s becoming clear that a better 

understanding of corneal biomechanics means not just better screening, but also better safety, 

quality and predictability of the patient’s outcomes. If we’re going to push refractive surgery further 

forward (both in terms of therapeutic and elective surgery on the cornea), we need to know more 

about how the cornea is built; how it responds to interventions like laser ablation and UV-riboflavin 

cross-linking; and what happens in the longer term in terms of its strength, structure and shape. 

I’m glad this is being recognised by so many.

I am also glad that clinicians with relatively little research experience have expressed a desire 

to engage in research projects like the K-MAP study (ClinicalTrials.gov Identifier: NCT03115710; 

that examines the global prevalence of keratoconus). K-MAP has a simple objective and a clear 

protocol, and this has given clinicians, who are new to research, a chance to contribute to 

the scientific community as well as help the study group achieve a large collection of data to 

achieve statistical significance. We believe that the study will solidify the belief that keratoconus 

should not be considered a rare disease, but in fact a far more common one.
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Q. How may reducing the corneal temperature 
improve the efficacy of cross-linking procedure 
and what are the optimum means of achieving 
this?
Our research group and collaborators have shown the importance of 

oxygen availability for the UV-riboflavin cross-linking reaction to occur;3,4 

this is why we are seeing numerous attempts to increase the amount of 

oxygen available in the cornea, with oxygenating goggles and such like. 

But when we were looking at the literature, we noticed previous work 

showing that lowering the temperature of a tissue increases the amount 

of oxygen that diffuses into it.5 Therefore, in theory, cooling the cornea 

should increase the availability of oxygen for the cross-linking reaction, 

thereby improving the efficacy of the procedure. Our preliminary, ex vivo 

laboratory data appear to confirm that.

If the laboratory work confirms this, the next step is to cool the patient’s 

cornea, perhaps by instilling chilled fluids, such as balanced salt solution 

beforehand (as is also done with photorefractive keratectomy), instilling 

chilled riboflavin, or perhaps by applying something like a pre-cooled 

bandage contact lens for a short period before and after cross-linking 

is performed.

Q. Could you tell us a little about your studies 
investigating the relationship between thyroid 
and corneal disease, and their findings to date?
We started looking at the influence of hormones (namely oestrogen) 

on corneal topography about a decade ago, as we know oestrogen 

can soften collagen in the body in advance of childbirth.6,7 Assessing 

the relationship between oestrogen and the corneal thickness and 

biomechanical strength is important for two main reasons: refractive 

surgery candidate screening, and the detection and treatment of corneal 

ectasias like keratoconus (which pregnancy can reveal). In fact, the 

relationship between thyroid hormone levels and corneal thickness 

was identified thanks to a collaboration we had with the Department 

of Obstetrics at the University of Geneva where we examined the 

corneal topography of healthy pregnant women during their pregnancy 

and for 6 months afterwards. One of the standard blood tests during 

pregnancy is T3/T4 (thyroid hormone) levels – and lower levels of T3/T4 

(hypothyroidism) correlated most with thinner corneas.8 

Looking at the literature, the first indication of keratoconus and 

hypothyroidism goes back to 1936, but we’ve since seen epidemiological 

data that keratoconus levels are around 10 times greater in patients with 

thyroid dysfunction. If you’re a doctor who has patients with hypothyroidism, 

I’d suggest considering referring them to an ophthalmologist for 

keratoconus screening, and likewise, ophthalmologists who have patients 

with corneal ectasia under their care, refer them for a blood test to have 

their T3/T4 levels checked. In both cases, the patient will benefit.

Q. What advances in corneal disease do you 
expect to emerge in 2019?
Many groups are showing that keratoconus is not rare and should not 

be treated as such. While the verdict is still out about the root cause 

of the disease, we know that there are significant modulators like eye 

rubbing, dry climate, genetic disposition and hormonal factors. In 2019, 

there will be many more cross-discipline collaborations and approaches 

to detecting keratoconus, starting with endocrinology.

Performing laser refractive surgery on a patient with an undetected cone 

(or other ectasia) is disastrous, and the key to avoiding that is more and 

better screening. Armed with the knowledge we’ve gained recently on 

the causes of corneal ectasias, it makes sense that more people will 

be screened more thoroughly, making what is an extremely safe and 

successful procedure even more so. 

1.	 Randleman JB, Khandelwal SS, Hafezi F. Corneal cross-linking. Surv Ophthalmol. 2015;60:509–23.
2.	 Belin MW, Lim L, Rajpal RK, et al. Corneal cross-linking: Current USA status: Report from the Cornea Society. Cornea. 2018;37:1218–25.
3.	 Wollensak G, Spoerl E, Seiler T. Riboflavin/ultraviolet-a-induced collagen crosslinking for the treatment of keratoconus. Am J Ophthalmol. 2003;135:620–7.
4.	 Richoz O, Hammer A, Tabibian D, et al. The biomechanical effect of corneal collagen cross-linking (CXL) with riboflavin and UV-A is oxygen dependent. Transl Vis Sci Technol. 2013;2:6.
5.	 Kamaev P, Friedman MD, Sherr E, Muller D. Photochemical kinetics of corneal cross-linking with riboflavin. Invest Ophthalmol Vis Sci. 2012;53:2360–7.
6.	 Hafezi F, Iseli HP. Pregnancy-related exacerbation of iatrogenic keratectasia despite corneal collagen crosslinking. J Cataract Refract Surg. 2008;34:1219–21.
7.	 Hafezi F, Koller T, Derhartunian V, Seiler T. Pregnancy may trigger late onset of keratectasia after LASIK. J Refract Surg. 2012;28:242–3. 
8.	 Tabibian D, de Tejada BM, Gatzioufas Z, et al. Pregnancy-induced changes in corneal biomechanics and topography are thyroid hormone related. Am J Ophthalmol. 2017;184:129–36.


