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Abstract • Background: Severe 
stem cell deficiencies uniformly 
lead to superficial conjunctivaliza- 
tion of corneal grafts with subse- 
quent functional failure. We sought 
better long-term results by trans- 
planting central corneolimbal grafts 
and simultaneously protecting the 
graft and its stem cells from immu- 
nological destruction by means of 
systemic administration of ciclospo- 
rin A. • Patients and methods: In 
an ongoing pilot study, up to April 
1995 20 eyes with stem cell dys- 
functions of various etiology (e.g. 
chemical burn, ocular pseudopem- 
phigoid, congenital aniridia) re- 
ceived eccentrically trephined fresh 
corneal grafts of 7.7-10.0 mm di- 
ameter. About one third of the cir- 
cumference of  the grafts contained 
limbal area. The mean age of  the 
patients was 46.2 years (range 9-84  
years). All patients received sys- 
temic ciclosporin A for at least 12 
months. At present, the mean fol- 
low-up period is 9.6 months (mean 
1-20.6 months). • Results: Four- 
teen of  20 grafts (70%) have re- 
mained clear so far. Reasons for six 

graft failures were surface disorders 
in four eyes, immune reactions in 
one eye and surface disorders in 
combination with immune reactions 
in another eye. Ten of 20 grafts 
(50%) experienced severe surface 
disorders. In six eyes surface disor- 
ders were coincident with endothe- 
lial immune reactions, in four eyes 
they were not. In four of  20 grafts 
(20%) conjunctivalization was ob- 
served in front of  the transplanted 
limbal area; in seven of 20 grafts 
(35%) conjunctivalization occurred 
only distant from the transplanted 
limbal stem cells. • Conclusions: 
Our method of  central corneolimbal 
transplantation with simultaneous 
protection of the transplanted stem 
cell population from immunological 
destruction by means of systemic 
ciclosporin A has been successful 
for 14 eyes with severe stem cell 
deficiencies up to 20.6 months 
postoperatively. This new treatment 
principle promises - for the first 
time - long-term rehabilitation for a 
majori ty of eyes with severe limbal 
stem cell deficiencies. 

Introduction 
In the past, immune reactions were the most important  
complication after penetrating keratoplasty [12]. With 
effective short-term topical and systemic steroid cover, 
their importance has gradually decreased in normal-risk 
penetrating keratoplasty [13]. In high-risk penetrating 

keratoplasty, their incidence has been reduced by sys- 
temic ciclosporin A prophylaxis [14]. In a further step, 
an even greater reduction in the frequency of  immune 
reactions after penetrating high-risk keratoplasty will 
probably be brought about by a combination of systemic 
ciclosporin A administration and effective molecular ge- 
netic HLA typing and matching in the future [8]. 
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Fig. 1 Top Limbal transplantation, middle oversize graft with lim- 
bal stem cells, bottom central corneolimbal transplantation 

With the more  eff icient  suppression of  immune  reac- 
tions, surface disorders have b e c o m e  the leading compl i -  
cation after penet ra t ing keratoplas ty  in general  [ 10], and 
especial ly after h igh-r isk  penet ra t ing keratoplasty  under 
c ic lospor in  A cover [14]. It is impor tan t  to differentiate 
between surface disorders wi thout  and those with severe 
limbal stem cell insuff iciency.  There  have been several 
studies outl ining the impor t ance  o f  l imbal stem cells for 
the regenerat ion o f  the cornea l  epithelial  surface [1, 5, 
17]. Without  severe l imbal stem cell insuff iciency,  fresh 
grafts with excellent viable epi thel ium may provide high 
rates o f  graft  survival [ 11]. Since the epi thel ium of  fresh 
grafts will not  survive longer  than one year  pos topera-  
tively, conjunct ival izat ion o f  the graft  will inevitably re- 
cur in cases with  severe l imbal stem cell insuff iciency.  

In the past, when  the source o f  corneal  epithelial  re- 
generat ion was not known,  autologous conjunct ival  
t ransplantat ion was a t tempted [16], but  this approach  
was abandoned  when the corneal  l imbus was identif ied 
as the site o f  s tem cells. T wo  possibil i t ies for l imbal stem 
cell t ransplantat ion are already known:  separate auto- or 
homologous  l imbal stem cell t ransplantat ion with or 
wi thout  s imultaneous penet ra t ing keratoplasty  [3, 4, 6, 
15] (Fig. 1, top), and penet ra t ing keratoplas ty  with ho- 
mologous  oversize grafts [2, 7] (Fig. 1, middle).  

We have developed a third method  for homologous  
limbal stem cell t ransplantat ion in a one-step procedure  
with s imul taneous penet ra t ing keratoplasty:  central  
t ransplantat ion o f  an eccentr ica l ly  t rephined corneol im-  
bal transplant.  

Patients and methods 

Since February 1993 we have performed central corneolimbal 
transplantations (Fig. 1, bottom) in 20 eyes of 13 male and six 
female patients with severe limbal stem cell deficiency or insuffi- 
ciency. The diagnosis of limbal stem cell deficiency or insufficien- 
cy was made clinically by circular conjunctivalization of the 
cornea. Indications for surgery were: severe burns (16 eyes), pseu- 
dopemphigoid (two eyes), pannus in congenital aniridia (one eye) 
and limbal stem cell insufficiency of unknown origin (one eye). 
The mean age of the patients was 46.2 years (range 9-84 years), 
and the mean follow-up period was 9.6 months (range 1-20.6 
months). 

We used graft diameters between 7.7 and 10.0 mm. Fresh grafts 
with excellent epithelium excised 6-24 h after the donor's death 
and cultured for a maximum of 24 h in a short-term storage medi- 
um (Likorol) were used in all cases. The mean donor's age was 
53.2 years (range 31-69 years). About one third of the grafts' 
circumference contained limbal area. Whenever possible the grafts 
were sutured with a double running cross-stitch nylon 10.0 suture. 
Only if the host's Bowman's layer had been severely destroyed 
were single 10.0 nylon sutures performed. If necessary, conven- 
tional cataract surgery, anterior and posterior synechiolysis, in- 
traocular lens (IOL) explantation, anterior vitrectomy and trans- 
scleral fixation of posterior chamber IOLs were performed at the 
same time. Postoperatively, 60-100 mg of systemic fluocortolone 
was tapered over 3-4 weeks. Topical steroids (prednisolone-21-ac- 
etate 1% eye drops) were administered at doses of five to seven 
drops daily. Two drops daily were administered in the long term. 

Systemic ciclosporin A administration was scheduled in all 
cases for at least 12 months. The drug was administered twice 
daily, aiming at trough levels of 100-150 ng/ml (monoclonal 
RIA/TDx, EDTA blood), determined 12 h after the last dose. The 
daily dosage of ciclosporin A varied between 150 and 500 rag. 
During the whole administration period intense nephrological 
monitoring was performed. If a graft failed irreversibly, ci- 
closporin A administration was stopped immediately. 

If acute endothelial immune reactions occurred, we treated 
them systemically with 100 mg of fluocortolone and topically with 
up to ten drops of prednisolone-21-acetate 1% eye drops daily. 
Chronic endothelial and chronic stromal immune reactions were 
treated with five drops of prednisolone-21-acetate 1% daily. 

Results 

Four teen  (70%) of  20 grafts have remained  clear so far. 
Causes  for six graft  failures were surface disorders (four 
eyes), immune  reactions (one eye) and surface disorders 
combined  with immune  reactions (one eye). 

Af ter  10 (50%) of  20 corneol imbal  transplantat ions,  
nine acute and two chronic  endothelial  immune  reactions 
were observed.  Cic lospor in  A administrat ion was 
s topped seven times: in the six patients with graft  failure, 
and in a seventh patient who  died three months  postoper-  
atively because  o f  a cardiac infarct.  All  patients with 
clear grafts still receive systemic c ic lospor in  A. 

Severe surface disorders ( transplant  erosion or ulcer) 
recurred after ten (50%) of  20 grafts (Fig. 2). In six eyes 
surface disorders co inc ided  with endothel ial  immune  re- 
actions, in four eyes they did not. In four (20%) of  20 
grafts conjunct ival izat ion o f  the t ransplanted l imbal area 
occurred;  in seven (35%) of  20 grafts conjunct ival izat ion 
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Fig. 2 Suspected immunogenic destruction of the transplanted 
limbal stem cells after 20 central corneolimbal transplantations 

was observed only distant from the transplanted limbal 
stem cells (Figs. 3-6). 

Discussion 

With the present study we introduce a new method for 
rehabilitation of  eyes with severe limbal stem cell defi- 
ciency or insufficiency. In these eyes, conventional 
corneal transplantation of normal-size central grafts is 
doomed to fail because of  inevitable long-term conjunc- 
tivalization [11, 14]. Therefore, in this pilot study, 20 
eyes were operated on by central corneolimbal trans- 
plantation. 

Two threats for the graft were expected: (1) endothe- 
lial immune reactions and (2) surface disorders after im- 
munological destruction of  the transplanted limbal stem 

cells. Therefore, effective immunosuppression with sys- 
temic ciclosporin A for at least 1 year was judged to be 
absolutely necessary. 

After ten central corneolimbal transplantations (50%) 
endothelial immune reactions occurred. This is a rather 
high rate compared with the 26.7% observed after con- 
ventional corneal transplantations in high-risk cases un- 
der systemic ciclosporin A [11]. A possible explanation 
for the latter high rate may be the transplantation of  many 
more Langerhans cells and HLA-DR antigens [9], which 
result in a higher immunogenic stimulus to the host. Fur- 
ther, ciclosporin A blood levels between 100 and 150 
ng /ml  (EDTA blood, monoclonal RIA/TDx)  were pre- 
sumably not sufficient to block the enlarged immuno- 
genic stimulus in these cases, and therefore higher levels 
may be necessary in the future to protect these central 
corneolimbal transplants. 

An unsolved problem is the clinical diagnosis of im- 
mune reactions against limbal stem cells, which remains 
impossible. One may only indirectly suspect their occur- 
rence from the acute or chronic development of  severe 
surface disorders (Fig. 2). These were observed after ten 
(50%) of 20 central corneolimbal transplantations, 
which may indicate that in about half of the transplants 
we did not succeed in ultimately protecting the stem cells 
from immune destruction. Another diagnostic hint is sur- 
face disorders arising in combination with acute en- 
dothelial immune reactions. Such a combination oc- 
curred in six (30%) of  20 eyes. The diagnostic proof, of 
course, is definite conjunctivalization in front of  the 
transplanted limbus. This was observed in four (20%) of 
20 grafts, with severe surface disorders in three of them. 

Fig. 3 Left eye of a 57-year- 
old female patient with pseu- 
dopemphigoid. Conventional 
surgery would have had no 
chance at all and would not 
have been attempted 
Fig. 4 Same eye as in Fig. 3, 
shortly after central corne- 
olimbal transplantation 
(limbus with arrows) 
Fig. 5 Same eye as in Figs. 3 
and 4, 8 months postoperative- 
ly. Conjunctivalization in pro- 
gress opposite to the trans- 
planted limbal stem cells 
(pannus with arrows) 
Fig. 6 Same eye as in Figs. 3- 
5, 15 months postoperatively. 
Further progressive conjuncti- 
valization opposite to the 
transplanted limbal stem cells 
with clear cornea in front of 
the limbal area and a vision of 
0.3 cc in this only eye; a spec- 
tacular result for such an eye 
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Hence,  in 11 eyes immunolog ica l  destruct ion o f  the 
t ransplanted l imbal stem cells had to be suspected,  but 
only after four central  corneol imbal  t ransplantat ions 
could it be proven. 

In summary,  central  corneol imbal  t ransplantat ions 
under  systemic c ic lospor in  A cover are a new and techni-  
cally simple means  to rehabil i tate a s ignif icant  propor-  
tion o f  eyes with severe l imbal stem cell insuff iciency,  in 
this case for a mean  per iod o f  9.6 months  so far. The best 
evidence  for survival o f  s tem cells is conjunct ival izat ion 
distant f rom the t ransplanted l imbus with, at the same 

time, absence o f  conjunct ival izat ion in front of  the l im- 
bal stem cells (Figs. 3 -6) .  I m m u n e  reactions against en- 
dothelial  cells and l imbal stem cells are the main  prob-  
lem postoperat ively and are presumably  only part ial ly 
inhibited by our current  c ic lospor in  A regime.  A longer  
period o f  systemic c ic lospor in  A prophylaxis  with higher  
blood levels therefore seems to be necessary.  Fur ther  
progress may be expected f rom the combina t ion  o f  more  
effective H L A  match ing  with systemic c ic lospor in  A 
prophylaxis .  
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