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Abstract
Aim/background—The public health sig-
nificance of corneal transplantation in
dealing with corneal blindness in the
developing world would depend upon the
survival rate of transplants. This study was
done to analyse the survival rate of corneal
transplants in a large series in India, and
to evaluate the influence of various risk
factors on transplant survival.
Methods—The records of a series of 1725
cases of corneal transplants carried out
during 1987–95 at a tertiary eye care insti-
tution in India were reviewed. The
Kaplan–Meier method was used to deter-
mine 5 year survival rates of corneal
transplants performed for the various
categories of preoperative diagnosis.
Multivariate Cox proportional hazards
regression was used to assess how preop-
erative diagnosis, socioeconomic status,
age, sex, vascularisation of host cornea,
quality of donor cornea, and training sta-
tus of surgeon influenced transplant sur-
vival. The eVect of these variables on
visual outcome was assessed using multi-
ple logistic regression.
Results—The survival rates at 1, 2, and 5
years for all corneal transplants per-
formed for the first time in 1389 cases
were 79.6% (95% confidence interval =
77.3–81.9%), 68.7% (65.7–71.7%) and
46.5% (41.7–51.3%). The 5 year survival
rate was highest if the corneal transplant
was done for keratoconus (95.1% (84.8–
100%)) and lowest if carried out for previ-
ous transplant failure (21.2% (13.8–
28.6%)). The relative risk of transplant
failure was higher if the preoperative
diagnosis was previous transplant failure
(2.04 (1.62–2.55)), aphakic bullous kerat-
opathy (1.78 (1.38–2.28)), corneal clouding
due to miscellaneous causes including
congenital conditions and glaucoma (1.63
(1.21–2.19)), or adherent leucoma (1.11
(0.81–1.51)) than for the other preopera-
tive diagnoses. Patients with lower
socioeconomic status had higher relative
risk of transplant failure (1.28 (1.16–
1.42)), as did patients <10 years of age
(1.42 (1.23–1.64)). Higher relative risk of
transplant failure was associated with vas-
cularisation of the host cornea before
transplantation (1.15 (1.04–1.27)), and
with the use of fair quality donor cornea
for transplantation compared with excel-
lent, very good, or good quality donor cor-
nea (1.26 (1.06–1.52)). Before corneal

transplant 80.2% of the eyes were blind
(visual acuity <3/60), whereas at last follow
up 41.8% eyes were blind. The odds of
having visual acuity >6/18 were higher if
the transplant was done for keratoconus
(9.99 (6.10–16.36)) or corneal dystrophies
(1.77 (1.21–2.58)) than for the other preop-
erative diagnoses.
Conclusion—Reasonable success with
corneal transplantation is possible in the
developing world if data from this part of
the world regarding the diVerent survival
rates for the various preoperative diag-
noses and the influence of risk factors on
transplant survival and visual outcome
are taken into account while determining
priority for transplant cases in the present
situation of limited availability of donor
corneas.
(Br J Ophthalmol 1997;81:726–731)

Blindness and visual impairment due to
corneal diseases is a significant public health
problem in the developing world.1 Visual reha-
bilitation with corneal transplantation (pen-
etrating keratoplasty) may be a possibility in
many of these cases. In order to assess the role
that corneal transplantation could play in
visual rehabilitation of the corneal blind in the
developing world, data on the survival rate of
corneal transplants in the developing world are
required. Apart from one recent report on 216
cases of corneal transplants in Africa,2 to our
knowledge, reliable peer reviewed data regard-
ing survival of transplants in a large series from
the developing world are currently not avail-
able.
We analysed the survival of corneal trans-

plants in a series of 1725 cases done during
1987–95 at a tertiary eye care institution in
India. The influence of potential risk factors on
transplant failure and visual outcome was also
analysed in this series. These data were
expected to provide some basis for assessing
the potential public health significance of
corneal transplantation in dealing with corneal
blindness in the developing world.

Materials and methods
Data were obtained by reviewing the patient
records for a series of 1725 corneal transplants
(penetrating keratoplasties) carried out at the
L V Prasad Eye Institution, Hyderabad, India,
from its beginning in mid 1987 to October
1995. Details of the indications for all 1964
corneal transplants performed during this
period at this institution have been reported
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elsewhere.3 Two hundred and thirty nine
corneal transplants done during this period for
active infectious keratitis were not included in
the present report because the nature and pur-
pose of transplants for this indication are quite
diVerent from the rest. The transplants done in
cases of active infectious keratitis are usually
larger and their immediate purpose is to
provide structural integrity. This is in contrast
with the other indications for corneal trans-
plantation where the purpose is to rehabilitate
vision.
The survival rates of corneal transplants per-

formed for the various indications or preopera-
tive diagnoses were determined using the
Kaplan–Meier method.4 The eVect on trans-
plant survival of preoperative diagnosis,
socioeconomic status, age, sex, vascularisation
of host cornea, quality of donor cornea, and
whether the transplantation was done by a sur-
geon during or after fellowship training, was
first studied with univariate analysis for cat-
egorical data,5 6 followed by multivariate analy-
sis using Cox proportional hazards regression7

in order to assess the eVect of these variables
after adjusting for one another. The multivari-
ate model used to evaluate the eVect of these
variable on visual outcome was multiple logis-
tic regression.8

Assessment of the economic status of each
patient is carried out at our institution to
determine whether the patient can pay for the
services. If a patient cannot pay because of his/
her socioeconomic status, all services at our
institution are provided free. For the present
report, the patients who could not pay for the
services were considered to have lower
socioeconomic status, and those who could pay
were considered to have higher socioeconomic
status. Patients were initially divided into age
groups of <10, 11–20, 21–49, and>50 years to
study the eVect of age on transplant survival.
Vascularisation of the host cornea before

transplantation was divided into superficial, if
present on the corneal surface, and deep, if
present in the corneal stroma. Only the blood
vessels growing more than 2 mm from the lim-
bus towards the centre of the cornea were con-
sidered. Superficial vascularisation was consid-
ered for analysis if three or more vessels were
present. Presence of even a single deep vessel
was considered for analysis, and the extent of
deep vascularisation was initially divided into
groups of <3, 3–6, >6–9, >9 clock hours of the
cornea. If both deep and superficial vasculari-
sation were present in the same cornea, only
the former was considered for analysis.
Quality of the donor cornea used for

transplantation was graded as excellent, very
good, good, or fair based on standardised
slit-lamp evaluation of all layers of the cornea
before the surgery.
The corneal transplant was considered to

have failed if it did not retain optical clarity for
any reason, and attempts to improve this did
not respond to any therapy.
Blindness in an eye was defined using the

visual acuity criterion of <3/60 recommended
by the World Health Organisation.9

One of the assumptions of the statistical tests
used is that the observations within a category
should be independent of one another. Since
the outcomes in two eyes of the same patient
are likely to be correlated,10 only one eye was
chosen randomly for statistical analysis if a
patient had corneal transplantation in both
eyes. Similarly, to meet the requirement of
independence of observations within a cat-
egory only the first repeat transplant was
included in the statistical analysis if an eye had
more than one repeat transplants. To deter-
mine statistical significance 95% confidence
intervals were calculated for the estimates.

Results
The categories of preoperative diagnosis for
the 1725 corneal transplants analysed in this
series are shown in Table 1. A detailed descrip-
tion of these preoperative diagnoses has been
reported elsewhere.3 These 1725 transplants
were performed on 1397 patients, 958 (68.6%)
males and 439 (31.4%) females. Eighty nine
patients had transplants in both eyes; 1205
(69.9%) transplants were performed on
patients with higher socioeconomic status and
520 (30.1%) on those with lower socio-
economic status; 41 years was the mean as well
as the median age at which transplants were
done in this series, and the age range was 7
days to 90 years. The follow up after corneal
transplantation ranged from 3 to 96 months,
with a mean of 22.4 months. Overall, 22% of
cases were lost to follow up after transplanta-
tion. The percentage lost to follow up for the
diVerent preoperative diagnoses are shown in
Table 2. The number of cases for which data
were available at the various time intervals after
transplantation are shown in Table 3.
For all the 1389 first time corneal trans-

plants considered together the 1, 2, and 5 year
survival rates were 79.6% (95% confidence

Table 1 Indications for corneal transplantation

Preoperative diagnosis Number Percentage

Corneal scar other than adherent
leucoma* 404 23.4

Previous transplant failure 336 19.5
Aphakic bullous keratopathy 231 13.4
Pseudophakic bullous keratopathy 209 12.1
Corneal dystrophies 165 9.6
Adherent leucoma* 147 8.5
Keratoconus 118 6.8
Corneal clouding from miscellaneous
causes including congenital
conditions and glaucoma 115 6.7

Total 1725 100

*Adherent leucoma is corneal scar with iris incarceration.

Table 2 Percentage of cases lost to follow up after corneal
transplantation

Preoperative diagnosis
Percentage
of cases

Corneal scar other than adherent leucoma 26.7
Previous transplant failure 14.3
Aphakic bullous keratopathy 25.1
Pseudophakic bullous keratopathy 24.4
Corneal dystrophies 13.3
Adherent leucoma 27.9
Keratoconus 20.3
Corneal clouding from miscellaneous causes
including congenital conditions and glaucoma 24.3
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interval 77.3–81.9%), 68.7% (65.7–71.7%),
and 46.5% (41.7–51.3%). The survival rates of
transplants for the diVerent categories of
preoperative diagnosis are shown in Figure 1.
Keratoconus had the highest survival, 96.4%
(93–99.8%) at 1 year and 95.1% (84.8–100%)
at 5 years. The 1 and 5 year survival rates for
the other preoperative diagnoses were 87%
(81.7–92.3%) and 56% (45.2–66.8%) for cor-
neal dystrophies; 80.1% (76–84.2%) and
52.2% (43.9–60.5%) for corneal scars other
than adherent leucoma; 80.8% (74.8–86.8%)
and 44.1% (28.8–59.4%) for pseudophakic
bullous keratopathy; 75% (67.4–82.6%) and
31.5% (16.1–46.8%) for adherent leucomas;
74.4% (68.4–80.4%) and 21.5% (8.5–34.5%)
for aphakic bullous keratopathy; 59.8% (50–
69.6%) and 27.3% (13–41.6%) for corneal
clouding from miscellaneous causes including
congenital conditions and glaucoma; and
53.5% (47.3–59.7%) and 21.2% (13.8–
28.6%) for repeat transplants performed after
failure of the first transplant.
Preoperative diagnosis was the most signifi-

cant variable aVecting transplant survival in the
multivariate Cox regression model, followed by
socioeconomic status, age, vascularisation of
host cornea, and quality of donor cornea. The
relative risks of transplant failure for these vari-
ables after adjusting for one another are shown

in Table 4. Pseudophakic bullous keratopathy
was used as the reference preoperative diagno-
sis in the Cox model since the survival curve
for this was closest to the survival curve for all
first time transplants considered together. The
univariate and initial multivariate analyses sug-
gested that the survival rates for the 11–20,
21–49, and >50 years age groups, comprising
11.4%, 38.6%, and 39.2% transplants, respec-
tively, were not significantly diVerent from one
another. Therefore, these age groups were
combined for comparison with the <10 years
group (10.8% transplants) in the final Cox
regression model. For the same reason the
excellent, very good, and good donor cornea
grades, comprising 13.5%, 26.5%, and 55.3%
transplants, respectively, were combined for
comparison with the fair donor cornea grade
(4.7% transplants).
Vascularisation of the host cornea before

transplantation was present in 41.3% of the
cases, including 29% with superficial and
12.3% with deep vascularisation. Univariate
analysis showed that deep vascularisation by
itself was associated with significantly higher
odds of graft failure up to 3 years (p=0.042),
but deep vascularisation by itself did not have a
significant eVect on graft survival in the multi-
variate analysis and so the four categories of
the extent of deep vascularisation were not
analysed separately in the multivariate models.
Sex of the patient, and whether the corneal

transplant was performed by a surgeon after
having completed fellowship training (89.6%
cases) or during fellowship training, did not
significantly aVect transplant survival in the
multivariate analysis.
The distribution of visual acuity before

corneal transplantation and at last follow up is
shown in Table 5. Before transplantation, 80.2%
of the eyes were blind (visual acuity <3/60). The
percentage of blind eyes dropped to 41.8 at last
follow up. The causes of blindness at last follow

Table 3 Number of cases for which data were available at various time intervals after
corneal transplantation

Preoperative diagnosis

Number of cases at*

Start 6 months 1 year 2 years 3 years 4 years 5 years

Corneal scar other than
adherent leucoma 404 361 306 208 153 124 82

Previous transplant failure 336 310 281 223 190 137 84
Aphakic bullous keratopathy 231 212 181 122 88 63 44
Pseudophakic bullous
keratopathy 209 185 144 84 54 31 23

Corneal dystrophies 165 155 143 107 77 56 35
Adherent leucoma 147 132 105 75 56 48 25
Keratoconus 118 106 84 58 35 27 17
Corneal clouding from
miscellaneous causes
including congenital
conditions and glaucoma 115 104 90 61 47 37 27

Total 1725 1565 1334 938 700 523 337

*This number includes cases that had transplant failure until each indicated time.

Figure 1 Corneal transplant survival rates for the diVerent preoperative diagnoses
determined with the Kaplan–Meier method. Preoperative diagnoses: 1, keratoconus; 2,
corneal dystrophies; 3, corneal scar other than adherent leucoma; 4, pseudophakic bullous
keratopathy; 5, adherent leucoma; 6, aphakic bullous keratopathy; 7, corneal clouding from
miscellaneous causes including congenital conditions and glaucoma; 8, previous transplant
failure.
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Table 4 EVect of preoperative diagnosis, socioeconomic
status, age, vascularisation of host cornea, and quality of
donor cornea on transplant failure with Cox proportional
hazards regression analysis

Relative
risk

95% Confidence
interval

Preoperative diagnosis
Keratoconus 0.15 0.06–0.37
Corneal dystrophies 0.74 0.53–1.03
Corneal scar other than
adherent leucoma 0.91 0.72–1.16

Pseudophakic bullous
keratopathy 1.00

Adherent leucoma 1.11 0.81–1.51
Corneal clouding due to
miscellaneous causes
including congenital
conditions and glaucoma 1.63 1.21–2.19

Aphakic bullous keratopathy 1.78 1.38–2.28
Previous transplant failure 2.04 1.62–2.55

Socioeconomic status
Higher 1.00
Lower 1.28 1.16–1.42

Age
>10 years 1.00
<10 years 1.42 1.23–1.64

Vascularisation of host cornea
No 1.00
Yes 1.15 1.04–1.27

Quality of donor cornea
Excellent, very good, good 1.00
Fair 1.26 1.06–1.52
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up in 668 eyes included those related to cornea
in 538 (80.5%), retina 39 (5.8%), amblyopia 26
(3.9%), glaucoma 17 (2.5%), posterior capsule
opacity seven (1.0%), cataract three (0.4%),
other causes 10 (1.5%), and indeterminate
cause 28 (4.2%). Table 6 shows the risk factors
that had a significant eVect on the eye being
blind after transplantation as determined by
multiple logistic regression analysis. The risk
factors having a significant eVect on visual acu-
ity of >6/18 at last follow up after transplanta-
tion are shown in Table 7. This visual acuity of
>6/18 was present in 81.2% of the eyes which
had transplants carried out for keratoconus and
43% for corneal dystrophies compared with
21.6% for all other preoperative diagnoses
combined.

Discussion
This study documents, for the first time to our
knowledge, the survival rates in a large series of
corneal transplants and the influence of risk

factors on transplant survival and visual
outcome in the developing world. The pres-
ence of a large number of people blind due to
corneal diseases in the developing world is a
significant public health problem.1 Prevention
of causes that lead to corneal blindness would
be the preferred approach for this problem in
the long term. However, until these prevention
strategies become eVective and make a signifi-
cant diVerence, corneal transplantation is the
only option for visual rehabilitation of those
currently blind from corneal diseases. The
important question related to this issue cur-
rently is whether corneal transplantation can
be a successful procedure from a public health
perspective for the many who have corneal
blindness in the developing world. In order to
address this question, data are needed from the
developing world that analyse the survival rate
of corneal transplants and assess the influence
of risk factors on transplant survival and visual
outcome. The purpose of the present study was
to provide these data from a large series of cor-
neal transplants performed at an institution in
the developing world.
The 1, 2, and 5 year survival rates for all the

first time corneal transplants considered to-
gether in our series were 79.6%, 68.7%, and
46.5%, respectively. The survival rates were
higher for some categories of preoperative
diagnosis compared with the others. The
excellent 95.1% survival rate for keratoconus
at 5 years in this series is similar to that
reported from the developed world.11–13 A
transplant survival rate of 87.4% at 2 years has
been reported for 108 cases of keratoconus in
Africa.2 For the preoperative diagnosis catego-
ries of previous graft failure, aphakic bullous
keratopathy, corneal clouding from miscellane-
ous causes including congenital conditions and
glaucoma, and adherent leucoma, the risk of
transplant failure was higher than for the other
categories of preoperative diagnosis. The suc-
cess of corneal transplantation has been docu-
mented to be relatively poor in the developed
world too for preoperative diagnosis of previ-
ous transplant failure12–17 and congenital
conditions.18 19

In our series, the survival of transplants per-
formed for aphakic bullous keratopathy was
quite poor, 21.5% survived at 5 years. This is
related to the poor eye care infrastructure and
quality of surgical training in many parts of
India and the developing world. A large
proportion of cataract surgery in India is still
being carried out with the intracapsular
technique without intraocular lens
implantation.20 This reflects the general trend
in the developing world. A significant
proportion of this surgery is being performed
under suboptimal conditions such as makeshift
arrangements for mass surgery, referred to as
eye camps. This, combined with the fact that a
large proportion of ophthalmic surgeons in
India are not adequately trained in the
extracapsular cataract extraction technique
with posterior chamber intraocular lens
implantation, leads to poor quality of surgery
in a large number of cases with subsequent
complications including corneal decompensa-

Table 5 Distribution of visual acuity before corneal
transplantation and at last follow up for all cases considered
together

Visual acuity

Preoperative Last follow up

No (%) No (%)

>6/18 27 (1.7) 447 (28.0)
<6/18–6/36 99 (6.2) 246 (15.4)
<6/36–6/60 108 (6.8) 129 (8.1)
<6/60–3/60 82 (5.1) 107 (6.7)
<3/60 1277 (80.2) 668 (41.8)
Total 1593* (100.0) 1597* (100.0)

*Totals do not add up to 1725 because preoperative visual acu-
ity could not be assessed in 106 children and was not available
for 26 patients, and visual acuity at last follow up could not be
assessed in 89 children and was not available for 39 patients.

Table 6 EVect of preoperative diagnosis, socioeconomic status, and age on eye being blind
(visual acuity <3/60) at last follow up after transplantation with multiple logistic regression
analysis

Odds ratio 95% Confidence interval

Preoperative diagnosis
Keratoconus 0.12 0.06–0.28
Corneal dystrophies 0.51 0.33–0.78
Corneal scar other than adherent leucoma 0.92 0.70–1.21
Pseudophakic bullous keratopathy 1.00
Adherent leucoma 1.58 1.08–2.32
Corneal clouding from miscellaneous causes
including congenital conditions and glaucoma 1.68 1.10–2.57

Aphakic bullous keratopathy 1.99 1.48–2.67
Previous transplant failure 2.89 2.11–3.96

Socioeconomic status
Higher 1.00
Lower 2.17 1.62–2.90

Age
>10 years 1.00
<10 years 1.86 1.09–3.18

Table 7 EVect of preoperative diagnosis and socioeconomic status on visual acuity >6/18
at last follow up after transplantation with multiple logistic regression analysis

Odds ratio 95% Confidence interval

Preoperative diagnosis
Keratoconus 9.99 6.10–16.36
Corneal dystrophies 1.77 1.21–2.58
Corneal scar other than adherent leucoma 1.17 0.89–1.54
Pseudophakic bullous keratopathy 1.00
Adherent leucoma 0.94 0.61–1.44
Corneal clouding from miscellaneous causes
including congenital conditions and glaucoma 0.47 0.27–0.82

Aphakic bullous keratopathy 0.37 0.26–0.54
Previous transplant failure 0.37 0.24–0.55

Socioeconomic status
Higher 1.00
Lower 0.45 0.32–0.65
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tion. Realisation that resources spent on
improving the infrastructure and training for
cataract surgery in the developing world would
be a good cost eVective investment for
society,21 has led to the approval of a US$140
million loan by the World Bank to seven states
in India for this purpose.
Transplants performed in our series for

adherent leucomas had a relatively poor
survival of 31.5% at 5 years. Incarceration of
iris in the corneal scar implies a history of cor-
neal perforation being sealed by the iris with
subsequent scarring. In 72% of these scars in
our series the aetiology was either documented
or suspected infectious keratitis.3 Perforation of
the cornea after keratitis occurs if treatment is
not sought in the early stages. This neglect of
initial keratitis leading to scars with iris
incarceration partly reflects the inadequate eye
care infrastructure, and partly the attitude
towards seeking health care in the developing
world.
Patients belonging to lower socioeconomic

status in our series had a significantly higher
risk of transplant failure after adjusting for the
other risk factors. This may be related to
poorer compliance with postoperative care of
the transplants in this socioeconomic status, or
to some undeciphered variables associated
with lower socioeconomic status. Age <10
years at the time of transplant increased the
risk of transplant failure significantly as com-
pared with the >10 years age group. Reports
from the developed world have also reported
comparatively lower transplant survival rates in
children.18 19

Vascularisation, superficial and deep consid-
ered together, of the host cornea before trans-
plantation was associated in our series with sig-
nificantly increased risk of transplant failure.
The association of increased odds of transplant
failure with deep vascularisation by itself was
marginally significant in the univariate analy-
sis, but this association was not significant in
the multivariate analysis in our study. In
reports from the developed world, presence of
vascularisation without distinction between
superficial and deep has been associated with
significantly higher chance of transplant failure
using univariate14 15 and multivariate12 analysis,
as has deep vascularisation by itself been asso-
ciated significantly with transplant failure
using univariate13 and multivariate17 analysis.
The age at which corneal transplants were

done in our series, mean and median 41 years,
is younger than that reported in the large series
from the developed world.13 22–24 Corneal blind-
ness at younger productive age in the develop-
ing world has a worse socioeconomic impact,
thereby drawing our attention more acutely
towards this public health problem.
As a result of corneal transplantations in our

series the percentage of blind eyes dropped
from 80.2 to 41.8. The odds of the eye being
blind after transplantation were low for preop-
erative diagnoses of keratoconus and corneal
dystrophies; moderate for pseudophakic bul-
lous keratopathy and corneal scar other than
adherent leucoma; and high for previous trans-
plant failure, aphakic bullous keratopathy, mis-

cellaneous causes including congenital condi-
tions and glaucoma, and adherent leucoma.
The odds of the eye being blind after
transplantation were higher for lower
socioeconomic status and age <10 years.
The data reported in this paper suggest that

corneal transplantation can be a reasonably
successful procedure in the developing world
for some categories of preoperative diagnosis.
For some other categories of preoperative
diagnosis, and in the presence of certain risk
factors, the survival rate of corneal transplants
and visual outcome is poor, and caution may
be exercised in attempting transplantation in
such cases, especially because of the scarcity of
donor corneas in the developing world. We
estimate that currently only 15 000 donor cor-
neas are procured annually in India out of
which a large proportion are unsuitable for
transplantation. The requirement for donor
corneas per year in India is at least 20 times the
current procurement. This raises the need for
quality eye banking in the developing world for
procuring, handling, and storing donor cor-
neas. The finding in the present study that even
the use of fair quality donor cornea resulted in
significantly higher risk of transplant failure
than for the excellent, very good, or good
grades of donor cornea underscores the need
for maintaining high quality in eye banking for
its success. Progress in eye banking is being
made in some regions, but a lot more attention
to eye banking is called for in order to meet the
need in the developing world.
Increasing the number of ophthalmologists

undergoing quality training in microsurgery is
another requirement that needs to be met in
order to deal with the present magnitude of
corneal blindness in the developing world. In
this area too, some institutions are attempting
to meet this challenge; however, much more
needs to be done. EVorts at improving the
infrastructure and skilled staV, if combined
with reliable data about what makes some
cases of corneal blindness a good prognosis
and others a bad prognosis for transplantation
as suggested by this study, can enable more
eVective handling of blindness as a result of
corneal diseases in the developing world.

The authors gratefully acknowledge Dr Soma Mandal, Dr
Ravindranath Shenoy, and M Srinivas for help with data collec-
tion, and the staV of Information Systems Department at the L
V Prasad Eye Institute for help with database programming.
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