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Abstract
·AIM: To review indications and corneal tissue use for
penetrating and lamellar surgery between 2002 and 2011.

· METHODS: The surgical reports of corneal grafts
performed during 2002 -2011, using tissues supplied by
the Eye Bank of Piedmont (Italy), were reviewed
retrospectively. Patient demographic data, date of
intervention, indication for surgery, and surgical
technique used were recorded. Surgical techniques
included penetrating keratoplasty (PK), deep anterior
lamellar keratoplasty (DALK) and endothelial keratoplasty
(EK). The 2 test was used to compare the distribution
of indications and types of surgical technique used, for
corneal grafts done during 2002-2006 versus those done
during 2007-2011.

·RESULTS: The number of corneal grafts increased by
30.7% from 2002-2006 to 2007-2011 (from 1567 to 2048).
Comparing the two periods, both main indications and
surgical techniques changed significantly. In 2007-2011,
the proportion of interventions for aphakic/pseudophakic
bollous keratopathy (from 16.8% to 21.3%), graft failure
(from 16.4% to 19.1%) and Fuchs endothelial dystrophy
(from 12.8% to 16.7%) all increased significantly( <0.05),
while those for keratoconus decreased significantly (from
35.6% to 27.3%; <0.001). In 2007-2011, the proportion
of PK decreased significantly (from 92.4% to 57.2%; <
0.001) while that of EK and DALK went from 0.4% to

30.2% ( <0.001) and from 7.2% to 12.6% ( <0.001)
respectively.

· CONCLUSION: During 2002 -2011 the number of
interventions increased significantly for corneal
endothelial diseases and graft failure. The growing
demand for interventions for these diseases
corresponded to the widespread adoption of EK
techniques. The use of DALK also increased, but more
moderately than EK procedures.
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INTRODUCTION

I n recent years, indications for corneal grafts and the
surgical techniques employed have been changing. It has

been reported that surgery for aphakic and pseudophakic
bullous keratopathy (ABK/PBK) is now less frequent [1-3]. For
treating keratoconus, which is the leading indication for
corneal graft in young patients, advances in contact lens
technology may have increased the threshold for surgery.
Moreover, new therapeutic options, such as intracorneal ring
segment implantation and riboflavin/ultraviolet-A-induced
collagen cross-linking, have emerged[4-5].
For many years penetrating keratoplasty (PK) was the
preferred surgical approach for corneal grafts [6]. However
new lamellar keratoplasty techniques have recently been
developed [7-13]. These have clinically-significant advantages
over PK [6,14], and have led to this type of approach's being
increasingly preferred over PK[15-20].
A precise knowledge of the changes in indications, surgical
techniques, and demand for corneal grafts is crucial both to
assess patients' needs and to plan eye banks' activity.
Moreover, it also provides the possibility of making a
comparison of the preferences and decisions of surgeons who
operate in different countries. In the light of the evolving
situation, this study aimed to review indications and corneal
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tissue use for penetrating and lamellar surgery between 2002
and 2011.
SUBJECTS AND METHODS
The surgical reports of patients who had undergone corneal
grafting between January 1st 2002 and December 31st 2011,
using tissues supplied by the Eye Bank of Piedmont (Italy),
were reviewed retrospectively. The study was performed with
the approval of the Institutional Review Board of Turin Eye
Hospital and conducted in accordance with the tenets of the
Declaration of Helsinki.
All surgical reports relating to the study period had been
received by the Eye Bank of Piedmont from 8 surgical
centers. During the study period, these centers had performed
more than 90% of the corneal grafts in northwestern Italy.
The surgical reports had been compiled by surgeons at the
end of the intervention and provided the following data:
recipient's demographic information (name, gender, date of
birth), eye bank case number, date of surgery, eye laterality,
indication for surgery, surgical procedure, and any surgical
complications or adverse reactions. Only surgical records that
had been properly completed were included in the data set
for analysis.
The indications for surgery were grouped using a
modification of the diagnostic classification proposed by
Lindquist [21]. The classification included 10 categories:
keratoconus, ABK/PBK, graft failure, Fuchs endothelial
dystrophy, microbial keratitis, herpetic keratitis,
non-infectious keratitis, trauma, stromal dystrophies, and
other corneal disorders. Surgical procedures were grouped
into three main categories: PK, deep anterior lamellar
keratoplasty (DALK), and endothelial keratoplasty (EK).
Traditional lamellar grafts (superficial, patch grafts) were not
included in the study. Deep anterior keratoplasties were
defined as those in which the anterior cornea was replaced
down to Descemet membrane, regardless of the surgical
technique used. EK were stratified by the surgical technique
into deep lamellar EK, Descemet stripping automated EK,
and Descemet membrane EK.
Statistical Analysis The 10-year study period was
subdivided for analytical purposes into two five-year periods:
from 1st January 2002 to 31st December 2006; and from 1st

January 2007 to 31st December 2011. This subdivision was
chosen because the majority of new surgical procedures were
introduced in the early years of 2000. The 2 test was used to
compare the distribution of indications and surgical technique
used for corneal grafts, in the two time intervals. The type I
error was set at 0.05. Data analysis was performed using the
SPSS for Windows software (version 10.1, SPSS, Inc.).
RESULTS
The Eye Bank of Piedmont supplied 3615 tissues for corneal
grafting during the 10-year study period: 1567 during
2002-2006, and 2048 during 2007-2011. The surgical report

was sufficiently complete to meet the inclusion criteria in
3426 (94.8%) of cases.
The recipients were 1146 females (58.1%) and 826 males;
mean age at the time of intervention was 67.2 依17.5y. The
corneal graft was performed in 1704 (49.7%) right eyes and
in 1722 (50.3%) left eyes.
Indications for Corneal Graft During the 10-year study
period, indications for corneal graft were, in order of
decreasing frequency, keratoconus (1055 cases; 30.8% ),
ABK/PBK (667 cases; 19.5% ), graft failure (615 cases;
18.0% ), Fuchs endothelial dystrophy (516 cases; 15.1% ),
herpetic keratitis (148, 4.3%), microbial keratitis (142 cases;
4.1% ), trauma (71 cases; 2.1% ), stromal dystrophies (60
cases; 1.8% ), non-infectious keratitis (35 cases; 1% ) and
other corneal disorders (117 cases; 3.4%).
In both five-year periods, keratoconus, ABK/PBK, graft
failure and Fuchs endothelial dystrophy were the four most
common indications (Table 1). However, their individual
proportions changed significantly. In 2007-2011, the
proportion of corneal grafts for ABK/PBK, graft failure and
Fuchs endothelial dystrophy were significantly higher
( <0 . 05) , and that for keratoconus significantly lower
( <0.05) than they were in 2002-2006. Herpetic and
microbial keratitis were the fifth and sixth common
indications during the first period. Their order was inverted in
the second period, although their proportion did not change
significantly. Stromal dystrophies, trauma and non-infectious
keratitis were less common indications (<2.5%); the proportion
of interventions for these diseases did not change from
2002-2006 to 2007-2011.
Type of Surgical Procedure During the 10-year study
period, the preferred surgical approach was PK (2466
procedures), followed by EK (606 procedures), and DALK
(354 procedures) (Table 2). EK procedures included 580
interventions of Descemet stripping automated EK, 12 of
deep lamellar EK, and 14 of Descemet membrane EK. The
proportion of PK, EK and DALK performed each year is

Table 1 Distribution of indications for corneal grafts performed in the 
periods 2002-2006 and 2007-2011                                                             n (%) 

No. of interventions 
Comparison 

2002-2006 vs  
2007-2011 Indication 

2002-2006 
n=1440 

2007-2011 
n=1986 

P 

Keratoconus 513 (35.6) 542 (27.3) <0.001 
ABK/PBK 242 (16.8) 425 (21.3) <0.001 
Graft failure 236 (16.4) 379 (19.1) 0.04 
Fuchs endothelial dystrophy 184 (12.8) 332 (16.7) 0.001 
Herpetic keratitis 59 (4.1) 89 (4.5) 0.58 
Microbial keratitis 65 (4.5) 77 (3.9) 0.36 
Trauma 32 (2.2) 39 (2.0) 0.60 
Stromal dystrophies 31 (2.2) 29 (1.4) 0.13 
Non-infectious keratitis 18 (1.2) 17 (0.9) 0.25 
Others 60 (4.2) 57 (2.9) 0.04 

ABK/PBK: Aphakic/pseudophakic bullous keratopathy. 
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shown in Figure 1. Comparing the 2 five-year periods, the
proportion of PK significantly ( <0.001) decreased and that
of DALK and EK significantly ( <0.001) increased in
2007-2011 (Table 2).
The surgical approach used for each indication is listed in
Table 3. During 2007-2011, the proportion of DALK
increased significantly ( <0.001) for the treatment of
keratoconus, microbial and herpetic keratitis; the proportion
of EK also increased significantly ( <0.001) for the treatment
of ABK/PBK, graft failure and Fuchs endothelial dystrophy.
DISCUSSION
The study showed that the number of corneal grafts increased
by 30.7% from 2002-2006 to 2007-2011. This demand was
met by the Eye Bank of Piedmont, thanks to the increasing
number of donors and additional available tissues. Corneal
tissues unsuitable for PK, being in a sub-optimal endothelial
condition, were supplied for anterior lamellar graft.
Moreover, with modern eye-banking procedures a single
donor cornea can provide sufficient tissue for EK plus DALK
in two patients.
The increasing number of corneal graft was mainly due to the
high demand for interventions for corneal endothelial
diseases (ABK/PBK, Fuchs endothelial dystrophy) and graft
failure. Both the number and the proportion of interventions
for corneal endothelial diseases increased, respectively from
426 to 757, and from 29.6% to 38% . Different factors
probably underlay these changes: aging population, large
number of cataract operations and, especially, the
introduction of EK procedures. ABK/PBK and Fuchs

endothelial dystrophy affect older persons, and as the Italian
population has aged, the proportion of corneal grafts for these
diseases has increased in recent years. The growing demand
for interventions for corneal endothelial diseases paralleled
the widespread adoption of EK procedures, which offer faster
visual recovery, more predictable refractive results, and
easier postoperative management than PK. These advantages
have probably increased patients' and surgeons' propensity for
surgery. Surgeons may also consider surgery earlier, since
EK procedures must be performed before corneal scarring
occurs. These findings are in agreement with observations by
Shtein [22]. These authors reported that in the United
States of America, where EK procedures have been widely
adopted, the odds of undergoing corneal graft have increased
for patients with corneal endothelial diseases. Analyzing a
large cohort of patients, they found a 47% increase in
2007-2009 versus 2001-2006.

Table 2 Type of surgical procedure performed in the periods 2002-2006 and 2007-2011          n (%) 

No. of interventions Comparison 
2002-2006 vs 2007-2011 Type of surgical procedure 

2002-2006 
n=1440 

2007-2011 
n=1986 

P 

Penetrating keratoplasty 1330 (92.4) 1136 (57.2) <0.001 
Endothelial keratoplasty 6 (0.4) 600 (30.2) <0.001 
DALK 104 (7.2) 250 (12.6) <0.001 

DALK: Deep anterior lamellar keratoplasty. 

Figure 1 Proportion of PK, EK and DALK procedures out of
total surgeries performed each year from 2002 to 2011.

Table 3 Proportion of lamellar keratoplasties performed for different indications in the periods 
2002-2006 and 2007-2011                                                                                                                 n (%) 

Proportion of lamellar keratoplasties Comparison 
2002-2006 vs 2007-2011 Indication 

2002-2006 
n=1440 

2007-2011 
n=1986 

P 

Keratoconus1  77/513 (15.0) 162/542 (29.8) <0.001 
ABK/PBK2  2/242 (0.8) 263/425(61.9) <0.001 
Graft failure2  0/236 (0.0) 113/379 (29.8) <0.001 
Fuchs endothelial dystrophy2  4/184 (2.2) 224/332 (67.5) <0.001 
Herpetic keratitis1  5/59 (8.5) 28/89 (31.5) 0.001 
Microbial keratitis1  8/65 (12.3) 38/77 (49.3) <0.001 
Trauma  0/32 (0.0) 1/39 (2.6) 0.36 
Stromal dystrophies1 13/31 (42.0) 19/29 (65.5) 0.06 
Non-infectious keratitis   0/18 (0.0) 1/17 (5.9) 0.29 
Others  1/60 (1.7) 1/57 (1.8) 0.97 

ABK/PBK: Aphakic/pseudophakic bullous keratopathy. 1Diseases treated using DALK; 2Diseases 
treated using EK procedures. 
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Comparing the two periods, the proportion of interventions
for graft failure also significantly increased (from 16.4% to
19.1%). Graft failure is one of the main indications in tertiary
centers and those with specialized in corneal grafting: failure
of prior corneal grafts leads to repeat grafting. Another factor
that may have contributed to the increased graft failure rate is
the recent adoption of new lamellar procedures. The survival
of lamellar grafts was worse than the survival of penetrating
grafts in the study of Coster [18]. Croasdale [16]

reported that the graft replacement rate was very high when
surgeons started adopting EK procedures. In northwestern
Italy, the corneal surgeons started using the lamellar
techniques during the study period, and the learning curve
might have contributed to increasing the failure rate.
The increasing demand for interventions for corneal
endothelial diseases and graft failure reduced the proportion
of intervention for keratoconus in 2007-2011; however, the
number of interventions was similar in the two periods: 513
in 2002-2006, and 542 in 2007-2011. The prevalence of
keratoconus [23-26], is high in the Mediterranean area, and it
remains the leading indication for corneal graft. In recent
years, new techniques, such as intracorneal ring segment
implantation and riboflavin/ultraviolet-A-induced collagen
cross-linking [4-5], have emerged to treat keratoconus. These
techniques have been widely adopted also in our country.
Nowadays they have not reduced the number of corneal
grafts. Intracorneal ring segments cannot actually be
considered an alternative to corneal grafting: in most cases
they are implanted in eyes with mild or intermediate
keratoconus, in which corneal grafts are not required. The
efficacy of riboflavin/ultraviolet-A-induced collagen
cross-linking in halting the progression of keratoconus has
been widely reported [27]. However this technique was
introduced in 2003 [5]. Thus more time will be required to
assess whether it will reduce the need for corneal grafts for
this disease.
The surgical approach to corneal grafting changed
significantly during the study period. The vast majority of
interventions in 2001-2006 were PK (92.4%). The proportion
of lamellar procedures increased markedly in 2007-2011,
almost reaching that of PK (42.8% versus 57.2% ). EK
procedures were chiefly responsible for this advance in
lamellar surgery: they rose from 1.2% in 2006 to 44% in
2011. The Descemet stripping automated EK technique was
used in more than 95% of EK procedures, becoming the
preferred technique for surgical treatment of corneal
endothelial diseases. Early posterior lamellar techniques,
such as deep lamellar EK, were technically very difficult [9-10],
requiring donor and recipient corneas to be dissected
manually. Using the Descemet stripping automated EK

technique, the posterior lamella is easily dissected with a
microkeratome. The optical quality of the donor-recipient
interface is good, as is postoperative visual recovery. The
high proportion of corneal tissues assigned for EK procedures
is comparable to reports from North America [15-17]. The
proportion of corneal tissues supplied by the Eye Bank
Association of America for EK procedures was 44.9% in
2010 and 46.6% in 2011. In other European countries, EK
procedures have been less widely adopted [19-20]. In Western
Scotland they were used for 9.1% of corneal grafts in
2006-2010 [19]. This difference may be partially due to the
lower proportion of interventions for endothelial diseases in
those countries.
The proportion of DALK procedures also increased
significantly in the later period. This technique has several
advantages over PK [14]. It is a non-penetrating intervention,
reduces post-operative endothelial cell loss, eliminates the
risk of endothelial rejection, and requires shorter topical
steroid treatment. However, it was adopted in a moderate
proportion of cases: 12.6% of interventions in 2007-2011.
This rate is comparable to that reported from other
registries [17-18,20]. It appears probable that corneal surgeons
have been more cautious in adopting this technique, which is
technically more demanding and takes longer than PK. If the
posterior stroma is not completely removed, visual recovery
can be delayed [28]. Moreover, some studies reported that the
proportion of eyes with 10/10 postoperative Snellen best
corrected distance visual acuity was lower than with PK [29-30].
However, most comparative studies have shown that DALK
provides postoperative visual and refractive results
comparable to those of PK [14]. The use of this technique may
therefore be expected to increase in the coming years.
Several limitations need to be acknowledged. It cannot be
excluded that errors in disease diagnosis might have
occurred. Although surgeons provided indications for
surgery, disease diagnosis was not confirmed by
histopathological examination. The surgical reports do not
include preoperative visual acuity, which would have been
very useful to assess whether the introduction of lamellar
surgical techniques has changed the threshold of surgery;
further studies are required to clarify this point.
In conclusion, the trend in indications and surgical techniques
adopted for corneal grafts changed during the study period.
The number of corneal grafts for Fuchs endothelial
dystrophy, ABK/PBK and graft failure increased
significantly. The increasing demand for interventions for
these paralleled the widespread adoption of EK procedures.
The use of DALK techniques also increased, but more
moderately than that observed for posterior lamellar
procedures.
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