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ABstRAct
Keratoconus is an ectatic corneal disorder characterized by 
progressive corneal thinning and protrusion. Keratoconus 
recurrence after corneal transplantation although rare is present 
and has been confirmed histologically. Host, donor, genetic, 
mechanical and environmental factors have been proposed 
as predisposing factors to initiate keratoconus recurrence. The 
time-to-recurrence post-deep anterior lamellar keratoplasty 
seems to occur earlier than after penetrating keratoplasty. 
Wound dehiscence and high astigmatism post-transplant are 
plausible differential diagnosis for this entity. The treatment 
options are similar to primary keratoconus. Since, the era of 
collagen corneal cross-linking, early diagnosis is desirable as 
it could halt the progression of recurrent keratoconus.
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IntRoductIon

Keratoconus (KC) is a progressive noninflammatory 
degenerative disease of the cornea.1 The pathogenesis of 
the disease in not clear, however, abnormal synthesis of 
glycoaminoglycans and collagen and increased degradation 
of extracellular matrix have been proposed as potential 
causative mechanisms.2-5 Predisposing factors to the 
development of KC are genetic, metabolic, mechanical (eye 
rubbing) and environmental.6 

KC recurrence in the donor cornea has been described7-12 
and confirmed histopathologically.7,11 It has been reported to 
usually occur two decades after penetrating keratoplasty (PK) 
which is the period needed for a primary KC to develop.13 

KC can recur after PK and deep anterior lamellar 
keratoplasty (DALK).10 It has been reported as early as  
2 months and up to 40 years after corneal grafting.14,15 While 
recurrence post-PK occurs after two decades,7-9 in DALK 
it appears to occur much earlier. The recurrence rate in one 
study after PK was 5.4% (6 eyes of 112 eyes) with the mean 
time to recurrence of 17.9 years, Kaplan Meier analysis 
showed a recurrence rate of 11.7% at 25 years.16 Another 
study demonstrated a recurrence rate of 1.6% (2 eyes of 126 
eyes) at 61 months post-DALK.17

clinical Findings of Kc Recurrence

• Increased astigmatism
• Subepithelial and anterior stromal scarring
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• Corneal thinning
• Increased endothelial reflex
• Vogt’s striae 
• Munson sign
• Visibility of the nerve fibers in the cornea.

Histopathologic findings of KC Recurrence

• Focal thickening and irregularity of the epithelium or 
epithelial edema

• Discontinuity of the basal lamina and breaks in the 
Bowman’s layer especially in the mid-peripheral region

• Absence of Bowman’s layer
• Dense microgranular deposits in the perikeratocytes 

space 
• Thinning of the graft stroma
• Normal smooth interface
• Although, it can exhibit healthy descemet membrane 

(DM) and endothelium, lipid deposits and thickening 
of the DM of up to 25 microns has also been described.

Proposed Mechanism for Kc Recurrence after PK

• Failure to completely excise the cone and progression 
of KC in the host tissue with possible involvement of 
the donor cornea.9 This might manifest as progressive 
thinning in the host and secondary astigmatism

• The use of donor cornea with undiagnosed KC10

• Liberation of degenerative enzymes by abnormal host 
residual epithelium around the graft10,18,19 

• Infiltration of graft by abnormal host keratocytes leading 
to abnormal collagen production.18-20 

Proposed Mechanism for Kc Recurrence  
after dALK

• Residual keratocytes in the stromal bed may invade donor 
tissue and induce KC10

• Weakened donor tissue as DM is removed prior to 
grafting resulting in earlier manifestations of ectasia.10

tReAtMent

Treatment options of recurrent KC are similar to those of 
primary KC14,21 and include an initial spectacle and contact 
lens wear. As in primary KC, collagen corneal cross-linking 
has been found to be successful in arresting the disease 
progression in three eyes of three patients developing 
recurrent KC two decades after PK.13
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Laser-assisted in situ keratomileusis (LASIK) and 
photorefractive keratotomy (PRK) are known used methods 
for the correction of ametropia post-PK which manifests 
mainly as astigmatism.22-24 High astigmatism may also be 
a sign of recurrent KC. It is not clear whether LASIK plays 
a role in accelerating KC recurrence. As one would want to 
improve the refractive outcome and yet not contribute to 
the progression of the recurrence, intrastromal corneal ring 
segments could be a valid option in a graft with recurrent 
keratoconus. Coskunseven et al reported implantation of 
intrastromal ring segments in a patient with recurrence KC, 
15 years after PK. Ten months postoperatively the patient’s 
vision improved from counting fingers to 20/100.25 No long 
term follow-up is present in the literature. 

Repeat PK can treat the disease but recurrence of ectasia 
after a repeat PK has been documented.26 Nowadays, there 
is a trend toward DALK. Likewise, a repeat DALK could 
potentially be performed. keratocytes migration to the donor 
cornea is postulated to be the cause of recurrence, in DALK 
less tissue is exchanged than in PK, that would suggest an 
increased incidence of recurrent KC post-DALK surgery 
than PK.13

dIscussIon

KC recurrence is a complication of corneal grafting which 
should be kept in mind even in eyes undergoing corneal 
transplantation for corneal pathologies other than KC. 
Recurrence rate and time to recurrence vary among studies 
with DALK presenting an earlier disease recurrence.17 
Topographic changes in recurrent KC are similar to those of 
high astigmatism, even many years after PK, and hence early 
diagnosis of recurrent KC could be potentially missed.21 

Graft host junction may never exhibit full wound 
healing27 and a stress test confirms weak graft host 
interface28 which means that healing occurs at the level of 
the corneal epithelium and endothelium. Reports of late 
onset wound dehiscence may be confused with recurrent 
KC. Nevertheless, recurrent KC does exist and is confirmed 
by histology.

Debate exists to whether the donor or host tissues are 
responsible for disease recurrence. Genetic, mechanical and 
environmental factors seem to play a role similar to primary 
KC. Unal et al reported recurrence of KC as early as 1½ years 
post-PK in two eyes, one keratoconic and the other post-
corneal leucoma, both corneal grafts were from the same 
donor. They claim that recurrence of KC in the eye with no 
pre-existing keratoconus confirms this theory as not a true 
recurrence, but a transmission of the disease from the donor 
cornea.29 Krivoy et al reports a similar case.30 Recurrences 
occurring shortly after surgery are thought to stem from the 

grafted donor corneas which likely to have had KC prior to 
transplantation.29,30 While recurrence of the disease is low, 
the aforementioned still raises up the question whether KC 
screening in all corneal donors is plausible. To date there 
are no clinically useful methods to exclude KC in a donor 
cornea several hours after death due to the development of 
intraocular hypotony. 31 

De Toledo et al, has reported an initial stabilization 
of keratometric astigmatism 7 years after suture removal 
in PK for KC and progression from 10 years onward, 
concluding that the disease is host based. That would give 
the assumption that a small sized graft would increase the 
risk of recurrence. However, no correlation was found in 
previous studies. In their study they noted a peripheral 
crescent thinning at the graft host junction and an absence 
of Bowman layer on histopathology.20 Bourges et al reported 
on 12 failed PK grafts 10 to 28 years after transplantation for 
KC (3 ectasia, 7 endothelial deficiency and 2 graft rejection). 
All eyes in the study had undergone topographic mapping 
showing astigmatism ranging between 2.5 to 12 D which 
had progressed over the years after a period of stability. 
Seven eyes had asymmetric bowing, two round patterns 
and three irregular patterns. All examined cornea buttons 
exhibited pathological features of the KC recurrence. This 
included; localized epithelial edema and duplication or 
discontinuity of the basal lamina, breaks in Bowman’s layer 
mainly at the periphery, dense microgranular deposits in the 
perikeratocytes space, lipid deposits and thickening of the 
DM of up to 25 microns. No central stromal thining was 
noted probably due to secondary stromal edema in these 
failed grafts. Since the prevalence of KC in the population is 
low, it is unlikely that all 12 button were keratoconic to start 
with, the authors concluded a progressive slow development 
of KC in PK grafts even when no clinical manifestations of 
the disease are present. Slow cellular migration from the host 
cornea with cellular renewal are the mechanisms resulting 
in KC recurrence.1 

KC associated systemic diseases may continue expressing 
the disease in the transplanted donor cornea.15 A recurrence 
has been reported to occur after PK in a patient with Leber 
congenital amaurosis (LCA), the donor cornea was examined 
prior to transplantation at the eye bank excluding KC, 
moreover, it exhibited normal slit-lamp appearance and 
corneal thickness, the authors assume genetic factors to be 
‘aggressive’ in LCA leading to manifestation of the disease 
in the transplanted healthy donot cornea.31

Bearing in mind that the KC is multifactorial35,36 some 
have attributed recurrence of the disease to atopy and eye 
rubbing which are known risk factors for KC.15,32-34 The use 
of steroids in the early postoperative period might suppress 
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the allergic symptoms which would recur once tapered down 
and ceased.

It had been suggested that corneal grafting itself may 
initiate structural changes within the cornea that lead to 
ectasia. Moreover, a decentered graft that bisect the host 
cone may have tendency for ectasia.21 

While genetic and biochemical factors can be transmitted 
to the healthy donor graft, environmental factors leading to 
KC remain unchanged after transplantation. Together, we 
believe these factors can increase the risk of KC recurrence 
in a corneal graft whether it is DALK or PK, although the 
process may take years to progress and develop. Early 
recognition and diagnosis are essential to aim to halt its’ 
progression and improve the refractive outcomes by the 
means of collagen cross-linking with/without intacs and 
LASIK/PRK. Finally, corneal transplant surgery whether 
repeated PK, re-DALK or DALK on a PK are plausible 
options when other methods to restore useful vision have fail.

ReFeRences
 1.  Bourges JL, Savoldelli M, Dighiero P, Assouline M, 

Pouliquen Y, BenEzra D, et al. Recurrence of keratoconus 
characteristics: a clinical and histologic follow-up analysis of 
donor grafts. Ophthalmology [Internet] 2003 Oct [cited 2013 
Aug 5];110(10):1920-1925. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/14522765

 2.  Fullwood NJ, Meek KM, Malik NS, Tuft SJ. A comparison of 
proteoglycan arrangement in normal and keratoconus human 
corneas. Biochem Soc Trans 1990;18:961-962. 

 3.  Wollensak J, Buddecke E. Biochemical studies on human corneal 
proteoglycans: a comparison of normal and keratoconic eyes. 
Graefe’s archive for clinical and experimental ophthalmology. 
Springer 1990;228(6):517-523. 

 4.  Bureau J, Fabre EJ, Hecquet C, Pouliquen Y, Lorans G, et al. 
Modification of prostaglandin E2 and collagen synthesis in 
keratoconus fibroblasts, associated with an increase of interleukin 
1 alpha receptor number. Comptes rendus de l’Academie des 
sciences. Serie III, Sciences de la vie 1993;316(4):425. 

 5.  Brown D, Chwa MM, Opbroek A, Kenney MC. Keratoconus 
corneas: increased gelatinolytic activity appears after 
modification of inhibitors. Current eye research. Informa UK 
Ltd, UK 1993;12(6):571-581. 

 6.  Barbara A. Textbook on Keratoconus—New Insights. Jaypee 
Highlights Medical Publishers 2012: p.126-162. 

 7.  Abelson MB, Collin HB, Gillette TE, Dohlman CH. 
Recurrent keratoconus after keratoplasty. Am J Ophthalmol 
1980;90(5):672. 

 8.  Kremer I, Eagle RC, Rapuano CJ, Laibson PR. Histologic 
evidence of recurrent keratoconus seven years after keratoplasty. 
Am J Ophthalmol 1995;119(4):511. 

 9.  Ilari L, Daya SM. Corneal wedge resection to treat progressive 
keratoconus in the host cornea after penetrating keratoplasty. J 
Cataract Refract Surg Elsevier; 2003; 29(2):395-401. 

 10.  Feizi S, Javadi MA, Rezaei Kanavi M. Recurrent keratoconus in 
a corneal graft after deep anterior lamellar keratoplasty. J Ophthal 
and Vision research [Internet]. 2012 Oct;7(4):328-331. Available 
from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?arti
d=3595592&tool=pmcentrez&rendertype=abstract

 11.  Nirankari VS, Karesh J, Bastion F, Lakhanpal V, Billings 
E. Recurrence of keratoconus in donor cornea 22 years 
after successful keratoplasty. Br J Ophthalmol. BMJ Group 
1983;67(1):23. 

 12.  Rubinfeld RS, Traboulsi EI, Arentsen JJ, Eagle RC Jr. 
Keratoconus after penetrating keratoplasty. Ophthalmic Surgery. 
1990;21(6):420. 

 13.  Richoz O, Schutz JS, Pajic B, Coskunseven E, Hafezi F. 
Crosslinking for recurrent keratoconus. Ophthalmology 
[Internet]. 2012 Apr [cited 2013 Aug 5];119(4):878.e2. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/22472250

 14.  Thalasselis A, Etchepareborda J. Recurrent keratoconus 40 
years after keratoplasty. Ophthalmic and physiological optics : 
the Journal of the British College of Ophthalmic Opticians 
(Optometrists) [Internet]. 2002 Jul;22(4):330-332. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/12162484

 15.  Yeniad B, Alparslan N, Akarcay K. Eye rubbing as an apparent 
cause of recurrent Keratoconus. Cornea 2009;28(4):477-479. 

 16.  Pramanik S, Musch DC, Sutphin JE, Farjo A. Extended long-
term outcomes of penetrating keratoplasty for keratoconus. 
Ophthalmology [Internet]. 2006 Sep [cited 2013 Aug 
5];113(9):1633-1638. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/16828503

 17.  Feizi S, Javadi MA, Jamali H, Mirbabaee F. Deep anterior 
lamellar keratoplasty in patients with keratoconus: big-bubble 
technique. Cornea 2010;29(2):177. 

 18.  Teng CC. Electron microscope study of the pathology of 
keratoconus: I. Am J Ophthalmol 1963;55:18. 

 19.  Cannon DJ, Foster CS. Collagen crosslinking in keratoconus. 
Investigative ophthalmology and visual science. ARVO 
1978;17(1):63-65. 

 20.  De Toledo JA, de la Paz MF, Barraquer RI, Barraquer J. Long-
term progression of astigmatism after penetrating keratoplasty 
for keratoconus: evidence of late recurrence. Cornea LWW 
2003;22(4):317-323. 

 21.  Wang MX, Swartz TS. Keratoconus and Keratoectasia: 
prevention, diagnosis, and treatment. SLACK Incorporated; 
2010. p.34-41. 

 22.  Nordan LT, Binder PS, Kassar BS, Heitzmann J. Photorefractive 
keratectomy to treat myopia and astigmatism after radial 
keratotomy and penetrating keratoplasty. J Cataract and Refract 
Surg. Elsevier 1995;21(3):268-273. 

 23.  Alió JL, Javaloy J, Osman AA, Galvis V, Tello A, Haroun 
HE. Laser in situ keratomileusis to correct post-keratoplasty 
astigmatism: 1-step versus 2-step procedure. J Cataract Refract 
Surg. Elsevier 2004;30(11):2303-2310. 

 24.  Barraquer C, Rodriguez-Barraquer T, et al. Five-year results 
of laser in situ keratomileusis (LASIK) after penetrating 
keratoplasty. Cornea LWW 2004;23(3):243-248. 

 25.  Coskunseven E, Kymionis GD, Talu H, Aslan E, Diakonis 
VF, Bouzoukis DI, et al. Intrastromal corneal ring segment 
implantation with the femtosecond laser in a post-keratoplasty 
patient with recurrent keratoconus. J Cataract and Refract Surg 
[Internet]. 2007 Oct [cited 2013 Aug 5];33(10):1808-1810. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/17889781

 26.  Patel SV, Malta JB, Banitt MR, Mian SI, Sugar A, Elner VM, 
et al. Recurrent ectasia in corneal grafts and outcomes of repeat 
keratoplasty for keratoconus. Br J Ophthalmol. BMJ Publishing 
Group Ltd 2009;93(2):191-197. 

 27.  Hayes S, Young R, Boote C, Hawksworth N, Huang Y, Meek 
KM. A structural investigation of corneal graft failure in 



68

Ramez Barbara, Adel Barbara

suspected recurrent keratoconus. Eye (London, England) 
[Internet]. Nature Publishing Group; 2010 Apr [cited 2013 Aug 
1];24(4):728-734. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/19575034

 28.  Calkins JL, Hochheimer BF, Stark WJ. Corneal wound healing: 
holographic stress-test analysis. Investigative Ophthalmology 
and Visual Science. ARVO;1981;21(2):322-334. 

 29.  Ünal M, Yücel I, Akar Y, Akkoyunlu G, Üstünel I. Recurrence of 
keratoconus in two corneal grafts after penetrating keratoplasty. 
Cornea LWW 2007;26(3):362-364. 

 30.  Krivoy D, McCormick S, Zaidman GW. Postkeratoplasty 
keratoconus in a nonkeratoconus patient. Am J Ophthalmol 
Elsevier 2001;131(5):653-654. 

 31.  Stoiber J, Muss WH, Ruckhofer J, Thaller-Antlanger H, 
Alzner E, Grabner G. Recurrent keratoconus in a patient 
with Leber congenital amaurosis. Cornea [Internet]. 2000 
May;19(3):395-398. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/10832707

 32.  Krachmer JH. Eye rubbing can cause keratoconus. Cornea. LWW 
2004;23(6):539-540. 

 33.  Baum J. On the location of the cone and the etiology of 
keratoconus. Cornea LWW;1995;14(2):142-143. 

 34.  Bawazeer AM, Hodge WG, Lorimer B. Atopy and keratoconus: 
a multivariate analysis. Br J Ophthalmol. BMJ Publishing Group 
Ltd 2000;84(8):834-836. 

 35.  Rabinowitz YS. Keratoconus. Survey of ophthalmology. Elsevier 
1998;42(4):297-319. 

 36.  Krachmer JH, Feder RS, Belin MW. Keratoconus and related 
noninflammatory corneal thinning disorders. Surv Ophthalmol 
1984;28:293-322. 

ABout tHe AutHoRs
Ramez Barbara
Ophthalmologist, Department of Ophthalmology, Bnai Zion Medical 
Center, Haifa, Israel

Correspondence Address: Tchernikhovski Street 29, Haifa-35701 
Israel, Phone: +972-52-84448687, Fax: +972-4-8596775, e-mail: 
ramezborbara@gmail.com

Adel Barbara
Head, Ophthalmology Unit, Hadassah Optimal Medical Center  
Haifa, Israel


