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Abstract

Purpose To analyse the role of keratoplasty

in reducing world blindness due to corneal

diseases.

Methods Review of published literature. We

collected and analysed articles published in

the English language literature related to the

prevalence and causes of blindness in

different parts of the world, causes of corneal

blindness, and outcome of corneal

transplantation for various corneal diseases.

Results A total of 80% of the world’s blind

live in developing countries. Retinal diseases

are the most important causes of blindness

(40–54%) in established economy nations

while cataract (44–60%) and corneal diseases

(8–25%) are the most common causes of

blindness in countries with less developed

economies. Keratitis during childhood,

trauma, and keratitis during adulthood

resulting in a vascularized corneal scar and

adherent leucoma are the most frequent causes

of corneal blindness in developing countries.

Corneal diseases are responsible for 20% of

childhood blindness. Nearly 80% of all corneal

blindness is avoidable. The outcome of

keratoplasty for vascularized corneal scar and

adherent leucoma is unsatisfactory,

necessitating repeat surgery in a high

proportion of these cases. Other barriers for

keratoplasty in these nations are suboptimal

eye banking, lack of trained human resources,

and infrastructure.

Conclusions Since the developing world

carries most of the load of corneal blindness

and the major causes of corneal blindness are

corneal scar and active keratitis, development

of corneal transplantation services need a

comprehensive approach encompassing

medical standards in eye banking, training of

cornea specialists and eye banking personnel

and exposure of ophthalmologists to care

of corneal transplants for better follow-up

care. However, concerted efforts should be

made to develop and implement prevention

strategies since most corneal blindness is

preventable.
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Introduction

The number of blind persons in the world is not

accurately known, but has been estimated at

various points in time by the World Health

Organization (WHO). The data available in 2000

suggests that there are approximately 50 million

blind people in the world.1 In addition, there are

nearly 150 million people suffering from ‘low

vision’ (as per the WHO definition of blindness

and low vision).2 The fact that there are 200

million people in the world today who are in

some way severely visually disabled is a tragic,

unacceptable situation in both social and

economic terms. Furthermore, in the absence of

more aggressive interventions blindness will

continue to increase by nearly 2 million every

year due to the increasing and ageing

population and service delivery not keeping

pace with the incidence.1

The global data identified three major causes

of blindness in the world, namely cataract,

trachoma, and glaucoma.3 Thus, corneal

diseases are the second most important cause of

blindness today, apart from cataract. Visual

rehabilitation in many of these cases is possible

with corneal transplantation. However, a review

of published reports on blindness clearly shows

that (a) 80% of blind people live in the less

developed world, countries where chronic

economic deprivation is exacerbated by the

added challenge of failing vision; (b) the

diseases responsible for blindness varies among

developed and less developed economies; and

(c) most causes of corneal blindness in less

developed nations are either treatable or

preventable.4–25 These realities call for
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individualization of blindness control programes to

different regions and optimal utilization of available

resources. Therefore, it is important to evaluate the role

of corneal transplantation in reducing blindness. In this

article, we have tried to analyse the role of keratoplasty

in reducing blindness, and problems associated with this

option in countries where corneal blindness is a major

problem. The published literature on epidemiology of

corneal blindness, causes of corneal blindness, and

indications and outcome of keratoplasty in different

geographic locations formed the basis for this analysis.

Regional distribution of blindness

The global distribution of blindness by economic regions

as published by WHO in 1995 is shown in Table 1.2 To

provide an easy mean of comparison the authors

described what is known as regional burden of blindness

(RBB) (Table 2).2 The data clearly show that 75% of world

blindness currently occurs in Asia and Africa.

Approximately 50% of all blindness is due to cataract,

15% due to trachoma, up to 10% due to uncorrected

refractive error, 4% due to childhood blindness, and 1%

due to onchocerciasis. These five diseases are responsible

for up to 80% of the world’s blindness.1 Other causes of

blindness include diabetic retinopathy, trauma, and age-

related macular degeneration. The relative importance of

diseases causing blindness varies greatly by region.4

Table 3 shows regional estimates of the major causes of

blindness. The Eye Diseases Prevalence Research Group

estimated that the leading cause of blindness among

white Americans older than 40 years is age-related

macular degeneration accounting for 54% of all

blindness, as opposed to 9% by cataract, the next most

common cause.5 Similar are the findings in Europe and

Australia.6–8 In India important causes of blindness are

cataract (44–77.5%), uncorrected refractive error (15–

16.3%), retinal diseases (5.9–10.9%), glaucoma (7.9–

10.2%), and corneal diseases (1.2–7.1%).9–11 Similar were

the findings in other less developed countries.12–15 In

Saudi Arabia common causes of blindness are cataract

(45.2%), trachoma and nontrachomatous corneal scar

(25.7%), and glaucoma (5.7%).12 The data clearly show

that corneal diseases are important as a cause of

blindness in nations with less developed economies;

these are the nations that carry a major burden of

blindness.

There is a strong correlation between ageing and

blindness; approximately 58% of all blind persons are

aged more than 60 years and only 3.8% of the global total

are between 0 and 14 years.16 However, this prevalence of

blindness in children is an underestimate of the

magnitude of the problem, because the mortality among

blind children particularly in developing world is higher

than their sighted counterparts and the prevalence takes

into account only children who survive.17 In addition,

childhood blindness must be considered a priority

because a blind child has many years of blindness ahead

of them and the visual loss affects all aspects of the

child’s development. Current estimates suggest that

Table 1 Global magnitude of blindness by economic regions

World bank regions Prevalence of blindness (%) Number of blind (million) Major causes

Established market economies 0.3 2.4 Cataract
Glaucoma
Retinal diseases

Former Socialist Economies of Europe 0.3 1.1 Retinal diseases
Glaucoma
Cataract

Latin America & the Caribbean 0.5 2.3 Cataract
Glaucoma
Corneal scar

Middle-Eastern Crescent 0.7 3.6 Cataract
Glaucoma
Corneal scar

China 0.6 6.7 Cataract
Corneal scar
Glaucoma

India 1.0 8.9 Cataract
Uncorrected refractive error
Glaucoma/retinal diseases
Corneal scar

Other Asia & Islands 0.8 5.8

Sub-Saharan Africa 1.4 7.1 Cataract
Corneal scar
Glaucoma

Data published by WHO in 1995.

Corneal transplantation in reducing blindness
P Garg et al

1107

Eye



there are 1.4 million children blind globally.16 The

prevalence of blindness in children also varies according

to socioeconomic status and under-5 mortality rates. In

low-income countries with high under-5 mortality, the

prevalence may be as high as 1.5 per 1000 children

compared to 0.3 per 1000 children in high-income

countries.18 Nearly 22.9% blind children live in sub-

Saharan Africa and approximately three-quarter of the

world’s blind children live in African and Asian

continents (Table 4).17

Of the 1.4 million blind children worldwide an

estimated 25% are blind from retinal diseases, 20% from

corneal pathology, 13% due to cataract, 6% from

glaucoma, and 17% due to anomalies affecting the whole

globe.19 The causes of childhood blindness are also

different in developed countries and countries with less

developed economies. In poor countries of the world,

corneal scarring due to vitamin A deficiency, measles,

ophthalmia neonatorum, and the effects of harmful

traditional eye remedies predominate20–25 while at the

other end of socioeconomic spectrum, retinal diseases,

optic nerve affections due to genetic or perinatal causes

are important causes of blindness.16,17 Corneal disease is

responsible for less than 2% of blindness in children in

industrialized countries while in the poorest areas of

Africa and Asia corneal scarring accounts for 25–50% of

childhood blindness.19 Thus corneal disease is an

important cause of blindness among children living in

developing nations, which already carry a major burden

of blindness.

These studies in adult and children clearly show that

corneal diseases are important causes of blindness both

Table 2 Regional burden of blindness (RBB)

World bank regions % Of global population (A) % Of global blindness burden (B) RRB (B/A)

Established market Economies 15.1 6.3 0.41
Former Socialist Economies of Europe 6.6 2.9 0.44
Latin America & the Caribbean 8.4 6.1 0.72
Middle-Eastern Crescent 9.6 9.5 0.99
China 21.4 17.6 0.82
India 16.1 23.5 1.46
Other Asia & Islands 13 15.3 1.18
Sub-Saharan Africa 9.7 18.8 1.93

Data published by WHO in 1995.

Table 3 Regional variation in causes of blindness

EME (%) FSE (%) Latin America and
Caribbean (%)

Middle Eastern
Crescent (%)

China (%) India (%) OAI (%) SSA (%)

Cataract 3.50 8.30 57.60 45.20 32.40 51.20 39.80 43.60
Corneal scar
(trachoma)

F F 6.80 25.70 17.60 9.70 23.60 19.40

Glaucoma 7.50 6.80 8.00 5.70 22.70 12.80 16.70 12.00
Others 89.00 84.90 27.50 23.40 27.30 26.30 19.90 25.00

EME¼Established Market Economies; OAI¼Other Asia & Islands; FSE¼ Former Socialist Economies of Europe; SSA¼ sub-Saharan Africa.

SourceFData on Global Blindness WHO 1995.

Table 4 Estimates of the prevalence of childhood blindness by world bank regions

World bank regions Estimated regional prevalence Estimated no. of blind children % Of global childhood blindness

Established market Economies 0.3 50 000 3.57
Former Socialist Economies 0.51 40 000 2.85
Latin America & the Caribbean 0.62 100 000 7.14
Middle-Eastern Crescent 0.8 190 000 13.5
China 0.5 210 000 15
India 0.8 270 000 19.3
Other Asia & Islands 0.83 220 000 15.7
Sub-Saharan Africa 1.24 320 000 22.9

Information based on prevalence data published in Tropical Doctor 2003 (October).
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in adults and children and that the major burden of these

diseases is in developing countries with less developed

economies.

Causes of corneal blindness

The epidemiology of corneal blindness is diverse and

highly dependent on the ocular diseases that are endemic

in each geographical area. Traditionally, important

diseases responsible for corneal blindness include

trachoma, onchocerciasis, leprosy, ophthalmia

neonatorum, and xerophthalmia.26 Currently, trachoma

is still the world’s leading infectious cause of blindness

and the leading cause of ocular morbidity. It often results

in corneal scarring with dense vascularization, ocular

surface problems, and invariable presence of entropion

and trichiasis. It is estimated by WHO that at present

there are about 4.9 million people blind from

trachomatous corneal scarring and 10 million suffering

from trichiasis and thus at risk of corneal blindness.27

Onchocerciasis results in severe blinding keratitis

resulting from an inflammatory response to dead and

degenerating microfilaria in the corneal stroma. The end

result is severe corneal scarring and vascularization.

Although onchocerciasis is a major cause of blindness in

the world, data from West Africa show that blindness

rates due to onchocerciasis are below 1% in communities

that had up to 10% blindness rates at the onset of

onchocerciasis control programme. The incidence of the

onchocerciasis-related blindness in West Africa is now

zero.28 Leprosy causes corneal scarring from exposure

keratitis due to lagophthalmos, and loss of corneal

sensation. These patients develop repeated corneal

ulcers. Interstitial keratitis may also occur due to direct

corneal infiltration by M.laprae. Although there has been

remarkable progress in the treatment of leprosy in the

past 20 years, corneal complications remain a significant

cause of blindness, affecting 10–12 million people. A

majority of those affected are in Africa and the southern

part of India.29 There are approximately 250 000 blind

from the disease. Xerophthalmia and Ophthalmia

neonatorum are important causes of blindness in

children.

Although these diseases still remain important causes

of blindness, the recent success of public health

programmes in controlling onchocerciasis and leprosy as

well as a gradual worldwide decline in the number of

cases of trachoma has generated new interest in other

causes of corneal blindness. These include corneal

trauma, corneal ulceration, and complications from the

use of traditional eye medicines. In 1992, Thylefors drew

attention to the fact that trauma is often the most

important cause of unilateral loss of vision in developing

countries.30,31 They estimated that approximately 1.6

million people are blind from injuries, 2.3 million had

bilateral low vision, and 19 million are unilateral blind or

had low vision. Corneal ulceration has been recognized

as a silent epidemic in developing countries.32 By

extrapolating Indian estimates of the incidence of corneal

ulcer, approximately 1.5–2 million people develop

corneal ulcer annually in developing countries. The use

of traditional eye medicines is a public health problem in

many developing nations and an important risk factor

for corneal blindness. These products are often

contaminated and provide the vehicle for the spread of

the pathogens. In Tanzania 25% of corneal ulcers were

associated with traditional eye medicine use.33

The Andhra Pradesh Eye Disease Study estimated that

the prevalence of corneal blindness in at least one eye

was 0.66% (95% confidence interval (CI) 0.49–0.86). The

most frequent causes of corneal blindness included

keratitis in childhood (36.7%), trauma (28.6%), and

keratitis during adulthood (17.7%).34

The diseases causing corneal blindness vary in

Established Market Economies and countries with less

developed economies. Since population-based data on

causes of corneal blindness were not available

particularly from developed nations, we decided to

collect information on causes of corneal blindness using

indications of keratoplasty in these geographic regions.

Table 5 provides information on important indications

for keratoplasty in different geographical locations.35–44

As the table shows, the important causes of corneal

blindness (based on indications of keratoplasty) in

Established economies are pseudophakic bullous

keratopathy, keratoconus, failed grafts, and corneal

dystrophy. In contrast, in less developed economies

corneal scar and active keratitis are the most common

indications for penetrating keratoplasty.(PKP)

Keratoconus and other dystrophies occur less often in

these countries (4 vs 15%).

The data on repeat keratoplasty, an important

indication of the procedure both in developed and

developing countries, also show similar trends.41,45,46

While the most common indication for initial PKP in

cases with repeat keratoplasty was bullous keratopathy

in developed nations, active keratitis and corneal scar

were indications in developing nations. Even in the

paediatric age group the indications for keratoplasty

differ in developing and developed nations (Table 6).

While congenital opacities are the most common

indications for PKP in developed countries, acquired

nontraumatic scars are most common indications in

developing nations.47–49

Thus, we can conclude that corneal scar and active

keratitis are the most frequent cause of corneal blindness

and thus indications for PKP in developing countries

while corneal oedema and keratoconus are the most
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frequent causes of corneal blindness and thus the most

common indications for PKP in developed nations. Since

less developed countries carry most of the burden of

corneal blindness this information is important while

considering the role of keratoplasty for reducing world

blindness.

Outcome of penetrating keratoplasty

Many of those currently blind from corneal diseases can

be visually rehabilitated by corneal transplantation. PKP

is the most effective and most often performed solid

organ transplantation. In order to assess the role that

corneal transplantation could play in visual

rehabilitation of the corneal blind, a critical analysis of

data on graft survival rate is necessary. Since a large

percent of people blind due to corneal diseases live in the

developing world, from a public health perspective it

would be most useful to have the survival data from

these nations for the most common corneal pathologies.

The outcome of keratoplasty can be defined in two ways:

from the surgeon’s standpoint, graft clarity indicates

technically a successful surgery, whereas from the

patient’s standpoint the recovery of useful vision is

usually more important. Since visual recovery depends

on many factors we looked at graft survival as an

indicator of successful outcome. Table 7 shows the

outcome of keratoplasty based on published reports from

both established and less developed economies.50–59

Dandona and associates analysed 1-, 2-, and 5-year

survival rates of 1725 corneal transplants performed at

a tertiary eye care center in India.58 The survival rates

were 79.6% (95% CI 77.3–81.9%), 68.7% (65.7–71.7%) and

46.5% (41.7–51.3%) respectively. Preoperative diagnosis

was the most significant variable affecting transplant

survival in the multivariate Cox regression model.

Keratoconus had the highest 1- and 5-year survival rate

of 96.4% (93–99.8%) and 95.1% (84.8–100%) respectively.

Five-year survival for other indications in that study

were 56% (CI 45.2–66.8) for corneal dystrophies; 52.2%

(CI 43.9–60.5) for corneal scar other than adherent

leucoma, 44.1% (CI 28.8–59.4%) for pseudophakic

bullous keratopathy; 31.5% (CI 16.1–46.8) for adherent

leucoma; 21.5% (CI 8.5–34.5) for aphakic bullous

keratopathy and 21.2% (CI 13.8–26.6%) for repeat

transplants after failure of the first transplant. Other

factors that affected graft survival in the study were

socioeconomic status, age at surgery, vascularization

of host cornea, and quality of donor cornea. The odds

of the eye being blind after transplantation were high

for indications such as adherent leucoma, failed graft,

and aphakic bullous keratopathy, presence of deep

vascularization, lower socioeconomic status, and age

less than 10 years.58

Table 5 Indications of penetrating keratoplasty in different countries

Indication USA Canada UK France India Nepal Taiwan

a b c d e f g h i

PBK þ 27.2 19 28.5 15.29 7.6 9.9 10.6 6 17.6
Fuch’s dystrophy 15.2 14.7 7.7 9.56 9.3 9.4 1.2 F 4.5
Keratoconus 15.4 15 10 16.04 15 28.8 6 4 2.5
Non-Fuch’s dystrophy 1.3 19 F 3.12 3.6 F 7.2 F 1.6
Corneal scar 7.8 F 2.9 3.04 5.9a 7.7 28.1 37 27.9
Ulcerative keratitis 2.9 6.1 8.5 5.62 8.3 10.9a 12.2 9 17.9
Failed graft 18.1 12.9 22.3 18.01 40.9 9.9 17.1 13.3 21
Others F F 20.2 F 21.5 23.4 17.7 F 6.9

þ PBK¼pseudophakic bullous keratopathy.
aHerpetic infections.

a¼Cosar (2002)35; b¼Dobbins (2000)36; c¼Liu (1997)37; d¼Maeno (2000)38; e¼Al Yousuf (2004)39; f¼Legeais (2001)40; g¼Dandona (1997)41; h¼Tabin

(2004)42; I¼Chen (2001).43

Table 6 Indications of keratoplasty in children

Causes of corneal opacity Dana et al (1995) Dada et al (1999) Aasuri et al (2000)

Congenital 109 (66.46) 51 (12.28) 47 (30.54)
Acquired nontraumatic 28 (17.07) 296 (71.32) 85 (55.19)
Acquired traumatic 27 (16.46) 23 (5.54) 22 (14.28)
Regraft 27 (16.46) 45 (10.85) 8
Total 164 415 154
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Overall survival of corneal grafts is much better in

developed countries (64.5–91% 5-year survival) than

reported by Dandona et al (46.5%). One of the factors

responsible for better outcome in some of these series is

that the principal indications for keratoplasty (55–68%)

namely, pseudophakic bullous keratopathy, keratoconus,

and corneal dystrophies carry a much better prognosis

than vascularized corneal scar, adherent leucoma and

active keratitis, which are the most common indications

of keratoplasty (40.3%) in developed countries. All the

studies on corneal graft survival from both developing

and developed nations identify presence of deep

vascularization and active inflammation of eye at the

time of surgery as risk factors for poor outcome.50,59,60 In

a study by Thompson and associates the presence of

deep vessels in recipient cornea was associated with a

low (65% 10-year survival) compared to those without

vascularization (85% 10-year survival).52 In Australian

Graft Registry the eyes that were never inflamed had a

better 5-year survival (91.3%) compared to 54.2% in eyes

that were inflamed in the past.60

Keratoplasty is considered a high-risk procedure in the

paediatric age group. In a multicentre study by Dana et al

the overall survival rate was 80.2% (CI 72.9–87.4) at 1

year and 67.4% (CI 58.3–76.4) at 2 years.47 In a study

published from L V Prasad Eye Institute in India 66.2%

eyes had clear graft at the last follow-up (mean follow-up

1.3 years).49 Most other series also report success rates in

the range of 50–60%, lower than survival rates in adult

keratoplasty.48,50,61,62 Even studies on paediatric

keratoplasty suggest that preoperative corneal

neovascularization is associated with a high risk of graft

failure.

Extrapolation of the data from these studies clearly

indicates that the outcome of corneal transplantation is

likely to be poor in situations where corneal blindness is

caused mainly by vascularized corneal scar and adherent

leucoma, or where the socioeconomic status is poor, and

where this form of blindness is in children. Such is the

situation in a majority of countries that bear the major

burden of corneal blindness.

Other factors that are critical for the success of corneal

transplants are quality and efficiency of eye banking,

availability of trained corneal surgeons, quality of clinical

facilities for surgery, and availability of potent

corticosteroids and other immunomodulatory agents at

affordable cost. Follow-up care for corneal transplants is

a life long commitment and access to care by

ophthalmologists who have been exposed to the care of

corneal transplants is also a major determinant of

success.

In India with a population close to one billion only

20 514 donor corneas were procured in the year 2003.63 Of

these, only 8426 could be utilized for transplantation. The

requirement for donor corneas per year in India is

estimated to be 20 times the current procurement. This

clearly shows that there is a huge gap between demand

and supply of donor corneal tissues in India and

probably in other countries where corneal blindness is

most prevalent. Thus, there is lack of quality corneal

tissues in these countries. This may not only affect

number of transplants that can be performed but also

graft outcome.

What is the role of keratoplasty in reducing blindness?

Previous sections suggest that a large number of people

blind due to corneal diseases live in the economically less

developed areas of the world; adherent leucoma and

vascularized corneal scar secondary to trachoma,

keratitis in childhood, trauma, and keratitis in adults are

the main causes of corneal blindness; and existing eye

bank facilities are not able to provide enough quality

donor corneas. In addition, there are not enough trained

corneal surgeons in these regions and financial

constraints may limit accessibility to surgery and long-

term care. These observations raise a serious concern

regarding the role of keratoplasty in reducing world

Table 7 Graft survival (%)

Overall (years) Keratoconus PBK Dystrophy Adherent leucoma Repeat Keratoplasty

1 2 5 10

Dandona et al (1997) 79.6 68.7 46.5 F 95.1 44.1 56 31.5 21.2
Price et al (1993) 97 95 91 F 98 91 98 F 70
Thompson et al (2003) F F F 82 92 74 90 F 41
Inove et al (2000) F F F 72.2 98.8 51.1 76.9 F 61.8
Sit et al (2001) F 78.8 64.5 F 95.9 50 85.2 73.5 F
Williams et al (1993) 90.8 84.1 72.2 59a 97.5 57.8 75.8 56.5 46.3
Ing et al (1998)b F F F 78 96 76 81 46 F

PBK¼pseudophakic bullous keratopathy.
a2000 data.
b10-year survival data.
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blindness. Improving the outcome of relatively high-risk

keratoplasty would require improvement in eye banking

standards, high-quality training programmes in corneal

subspecialty and eye banking, enhancement of the

surgical infrastructure, improvement in postoperative

care of corneal grafts, and availability of affordable

corticosteroid eye drops and immunomodulatory agents

in these regions. All these requirements involve a

significant financial commitment and will take time to

effect. It is clear that surgical intervention alone is not

cost effective in eliminating corneal blindness in

developing countries. Further, most causes of corneal

blindness in these countries with most of the burden are

either preventable or treatable. The avoidable causes of

corneal blindness include keratitis in childhood (vitamin

A deficiency, measles, ophthalmia neonatorum), trauma,

keratitis in adulthood (trachoma, onchocerciasis, trauma,

and corneal ulcer), and use of traditional eye medicines.

Therefore, prevention and early treatment of causes that

lead to blindness would be a preferred approach toward

reducing world blindness. Prevention is obviously more

cost effective in the long term as demonstrated by success

stories from some parts of the world in terms of reducing

corneal blindness due to vitamin A deficiency,

onchocerciasis, and leprosy.64,65 However, until

preventive strategies become effective and make a

significant difference, corneal transplantation is the only

option for visual rehabilitation of those currently blind

from corneal diseases. Thus a comprehensive approach

involving both preventive and therapeutic interventions

would be the most effective in reducing blindness due to

corneal diseases. This will provide both immediate and

long-term solution of the problem. A four-tier pyramidal

eye care delivery system proposed by the L.V. Prasad Eye

Institute and has formed the basis of Vision 2020

initiatives in the country (Figure 1)) would be a good

model to achieve the goal. At the primary level the

strategies for prevention of corneal blindness can be

integrated with maternal and child health programme.

At the secondary level ophthalmologists will have to be

trained to handle diseases of public health importance

such as management of corneal trauma, early diagnosis

and management of corneal ulcer in children and adults,

management of sequelae of trachoma, identification and

management of complications of keratoplasty, and early

referral of cases with sight-threatening disorders. We

need to create a network of tertiary eye care centres in

these countries to handle more complicated cases. These

centres must be well equipped and ophthalmologists

must be appropriately trained to handle complex corneal

diseases. These centres would additionally support

continued medical education and research related to

diseases important in these regions. Efforts will have to

be made to upgrade eye banking in these nations.

Conclusions

Eye diseases affecting the cornea are a major cause of

blindness. Most of these blind persons live in countries

with less developed economies. Common diseases that

are responsible for corneal blindness viz. trachoma,

onchocerciasis, leprosy, ophthalmia neonatorum,

xerophthalmia, and corneal trauma results in

vascularized corneal scar and adherent leucoma. The

outcome of corneal transplantation in these disorders is

not encouraging. Other barriers for the success of corneal

transplantation in developing nations are lack of well-

trained surgeons and nurses, poorly equipped clinical

facilities, unreliable eye bank facilities, and inconsistent

long-term care. Therefore, surgical intervention alone is

not cost effective in eliminating blindness due to corneal

diseases. A combined approach involving preventive

steps and steps to improve management of corneal

disorders must be designed for developing nations,

which carry the most burden of corneal blindness. This

approach will go a long way in reducing world corneal

blindness.

VISION 2020VISION 2020VISION 2020

PyramidPyramidPyramid

Centre of excellence

Training centre

Service centre

Vision centre

50,000

500,000

5.0 mil.

50.0 mil.

VISION 2020VISION 2020VISION 2020

PyramidPyramidPyramid

PRIMARY PRIMARY PRIMARY 

SECONDARYSECONDARYSECONDARY

TERTIARYTERTIARYTERTIARY

ADV. TERTIARYADV. TERTIARYADV. TERTIARY

a

b

Figure 1 (a, b) Four-tier pyramidal eyecare delivery system
with vision center at base and advanced tertiary eye care center
at apex.

Corneal transplantation in reducing blindness
P Garg et al

1112

Eye



Acknowledgements

This work was financialy supported by ORBIS

International, USA, Eye Sight International, Canada,

Hyderabad Eye Research Foundation, Hyderabad, India.

This work is presented in the Cambridge

Ophthalmological Symposium on September 17, 2004

Proprietary Interest: None

References

1 Foster A. Vision 2020Fthe right to sight (editorial). Trop
Doct 2003; 33: 193–194.

2 Thylefors B, Negrel AD, Pararajasegaram R, Dadzie KY.
Global data on blindness. Bull WHO 1995; 73: 115–121.

3 Congdon NG, Friedman DS, Lietman T. Important causes of
visual impairment in the world today. JAMA 2003; 290:
2057–2060.

4 Pascolini D, Mariotti SP, Pokharel GP, Pararajasegaram R,
Etya’ale D, Negrel AD et al. 2002 global update of available
data on visual impairment: a compilation of population-
based prevalence studies. Ophthalmic Epidemiol 2004; 11:
67–115.

5 Congdon N, O’Colmain B, Klaver CC, Klein R, Munoz B,
Friedman DS, et al., Eye Diseases Prevalence Research
Group. Causes and prevalence of visual impairment
among adults in the United States. Arch Ophthalmol 2004;
122: 477–485.

6 Klaver CC, Wolfs RC, Vingerling JR, Hofman A, de Jong PT.
Age-specific prevalence and causes of blindness and visual
impairment in an older population: the Rotterdam Study.
Arch Ophthalmol 1998; 116: 653–658.

7 Van Newkirk MR, Weih L, McCarty CA, Taylor HR. Cause-
specific prevalence of bilateral visual impairment in
Victoria. Australia: the Visual impairment Project.
Ophthalmology 2001; 108: 960–967.

8 Attebo K, Mitchell P, Smith W. Visual acuity and the causes
of visual loss in Australia: the Blue Mountain Eye Study.
Ophthalmology 1996; 103: 357–364.

9 Thulasiraj RD, Nirmalan PK, Ramakrishnan R, Krishnadas
R, Manimekalai TK, Baburajan NP et al. Blindness and
vision impairment in a rural south Indian population: the
Aravind Comprehensive Eye Survey. Ophthalmology 2003;
110: 1491–1498.

10 Dandona L, Dandona R, Srinivas M, Giridhar P, Vials K,
Prasad MN et al. Blindness in the Indian state of Andhra
Pradesh. Invest Ophthalmol Vis Sci 2001; 42: 908–916.

11 National Programme for control of blindness, Directorate
General of Health Services, Ministry of Health and Family
Welfare Government of India. National survey on blindness
and visual outcome after cataract surgery. New Delhi 2002.

12 Tabbara KF. Blindness in the eastern Mediterranean
countries. Br J Ophthalmol 2001; 85: 771–5.

13 Fotouhi A, Hashemi H, Mohammad K, Jalali KH, Tehran
Eye Study. The prevalence and causes of visual impairment
in Tehran: the Tehran Eye Study. Br J Ophthalmol 2004; 88:
740–745.

14 Farber MD. National Registry for the Blind in Israel:
estimation of prevalence and incidence rates and causes of
blindness. Ophthalmic Epidemiol 2003; 10: 267–277.

15 Saw SM, Husain R, Gazzard GM, Koh D, Widjaja D, Tan DT.
Causes of low vision and blindness in rural Indonesia. Br J
Ophthalmol 2003; 87: 1075–1078.

16 Gilbert C, Foster A. Childhood blindness in the context

of VISION 2020Fthe right to sight. Bull WHO 2001; 79:

227–232.
17 Muhit M, Gilbert C. A review of the epidemology and

control of childhood blindness. Trop Doct 2003; 33: 197–201.
18 Gilbert CE, Anderton L, Dandona, L Foster A. Prevalence

of blindness and visual impairment in children – a review

of available data. Ophthalmic Epidemiol 1999; 6: 73–81.
19 Gilbert C, Foster A. Blindness in children: control priorities

and research opportunities. Br J Ophthalmol 2001; 85:

1025–1027.
20 Dandona R, Dandona L. Childhood blindness in India: a

population based perspective. Br J Ophthalmol 2003; 87:

263–265.
21 Rahi JS, Sripathi S, Gilbert CE, Foster A. Childhood

blindness in India: causes in 1318 blind school students in

nine states. Eye 1995; 9: 545–550.
22 Lewallen S, Courtright P. Blindness in Africa: present

situation and future needs. Br J Ophthalmol 200; 85:

897–903.
23 Ezegwui IR, Umeh RE, Ezepue UF. Causes of childhood

blindness: results from schools for the blind in southeastern

Nigeria. Br J Ophthalmol 2003; 87: 20–23.
24 Wedner SH, Ross DA, Balira R, Kaji L, Forster A. Prevalence

of eye diseases in primary school children in a rural area of

Tanzaia. Br J Ophthalmol 2000; 84: 1291–1297.
25 Hornby SJ, Gilbert C, Foster A, Wang X, Liang X, Jing H

et al. Causes of childhood blindness in the people’s Republic

of China: results from 1131 blind school students in 18

provinces. Br J Ophthalmol 1999; 83: 929–932.
26 Whitcher JP, Srinivasan M, Upadhyay MP. Corneal

blindness: a global perspective. Bull WHO 2001; 79: 214–221.
27 Global initiative for the elimination of avoidable blindness.

Geneva, World Health Organization. 1997 (unpublished

document WHO/PBL/97.61/Rev1).
28 Boatin BA. The current state of the onchocerciasis control

program in West Africa. Trop Doct 2003; 33: 210–214.
29 John D, Daniel E. Infectious keratitis in leprosy. Br J

Ophthalmol 1999; 83: 173–176.
30 Thylefors B. Present challenges in the global prevention of

blindness. Aust NZ J Ophthalmol 1992; 20: 89–94.
31 Negrel AD, Thylefors B. The global impact of eye injuries.

Ophthalmic Epidemiol 1998; 5: 143–167.
32 Whitcher JP, Srinivasan M. Corneal ulceration in the

developing worldFa silent epidemic. Br J Ophthalmol 1997;

81: 622–623.
33 Yorston D, Foster A. Traditional eye medicines and

corneal ulceration in Tanzania. J Trop Med Hygiene 1994; 97:

211–214.
34 Dandona R, Dandona L. Corneal blindness in a southern

Indian population: need for health promotion strategies. Br J
Ophthalmol 2003; 87: 133–141.

35 Cosar CB, Sridhar MS, Cohen EJ, Held EL, Alvim Pde T,

Rapuano CJ et al. Indications for penetrating keratoplasty

and associated procedures, 1996–2000. Cornea 2002; 21:

148–151.
36 Dobbins KR, Price Jr FW, Whitson WE. Trends in the

indications for penetrating keratoplasty in the midwestern

United States. Cornea 2000; 19: 813–816.
37 Liu E, Slomovic AR. Indications for penetrating

keratoplasty in Canada, 1986–1995. Cornea 1997; 16: 414–419.
38 Maeno A, Naor J, Lee HM, Hunter WS, Rootman DS. Three

decades of corneal transplantation: indications and patient

characteristics. Cornea 2000; 19: 7–11.

Corneal transplantation in reducing blindness
P Garg et al

1113

Eye



39 Al-Yousuf N, Mavrikakis I, Mavrikakis K, Daya SM.
Penetrating keratoplasty: indications over a 10-year period.
Br J Ophthalmol 2004; 88: 998–1001.

40 Legeais JM, Parc C, d’Hermies F, Pouliquen Y, Renard G.
Nineteen years of penetrating keratoplasty in the Hotel-
Dieu Hospital in Paris. Cornea 2001; 20: 603–606.

41 Dandona L, Ragu K, Janarthanan M, Naduvilath TJ, Shenoy
R, Rao GN. Indications for penetrating keratoplasty in
India. Indian J Ophthalmol 1997; 45: 163–168.

42 Tabin GC, Gurung R, Paudyal G, Reddy HS, Hobbs CL,
Wiedman MS et al. Penetrating keratoplasty in Nepal.
Cornea 2004; 23: 589–596.

43 Chen WL, Hu FR, Wang IJ. Changing indications for
penetrating keratoplasty in Taiwan from 1987 to 1999.
Cornea 2001; 20: 141–144.

44 Corneal transplant recipient diagnosisF76 USeye banks
reporting. Annual report of Eye Bank Association of America
2003.

45 Patel NP, Kim T, Rapuano CJ, Cohen EJ, Laibson PR.
Indications for and outcomes of repeat penetrating
keratoplasty, 1989–1995. Ophthalmology 2000; 107: 719–724.

46 Bersudsky V, Blum-Hareuveni T, Rehany U, Rumelt S. The
profile of repeated corneal transplantation. Ophthalmology
2001; 108: 461–469.

47 Dana MR, Moyes AL, Gomes JA, Rosheim KM, Schaumberg
DA, Laibson PR et al. The indications for and outcome in
pediatric keratoplasty. A multicenter study. Ophthalmology
1995; 102: 1129–1138.

48 Dada T, Sharma N, Vajpayee RB. Indications for pediatric
keratoplasty in India. Cornea 1999; 18: 296–298.

49 Aasuri MK, Garg P, Gokhale N, Gupta S. Penetrating
keratoplasty in Children. Cornea 2000; 19: 140–144.

50 Price Jr FW, Whitson WE, Collins KS, Marks RG. Five-year
corneal graft survival. A large, single-center patient cohort.
Arch Ophthalmol 1993; 111: 799–805.

51 Yorston D, Wood M, Foster A. Penetrating keratoplasty in
Africa: graft survival and visual outcome. Br J Ophthalmol
1996; 80: 890–894.

52 Thompson Jr RW, Price MO, Bowers PJ, Price Jr FW. Long-
term graft survival after penetrating keratoplasty.
Ophthalmology 2003; 110: 1396–1402.

53 Inoue K, Amano S, Oshika T, Sawa M, Tsuru T. A 10-year
review of penetrating keratoplasty. Jpn J Ophthalmol 2000;
44: 139–145.

54 Sit M, Weisbrod DJ, Naor J, Slomovic AR. Corneal graft
outcome study. Cornea 2001; 20: 129–133.

55 Vail A, Gore SM, Bradley BA, Easty DL, Rogers CA. Corneal
graft survival and visual outcome. A multicenter Study.
Corneal Transplant Follow-up Study Collaborators.
Ophthalmology 1994; 101: 120–127.

56 Vail A, Gore SM, Bradley BA, Easty DL, Rogers CA,
Armitage WJ. Conclusions of the corneal transplant follow
up study. Br J Ophthalmol 1997; 81: 631–636.

57 Ing JJ, Ing HH, Nelson LR, Hodge DO, Bourne WM. Ten-
year postoperative results of penetrating keratoplasty.
Ophthalmology 1998; 105: 1855–1865.

58 Dandona L, Naduvilath TJ, Janarthanan M, Ragu K, Rao
GN. Survival analysis and visual outcome in a large
series of corneal transplants in India. Br J Ophthalmol 1997;
81: 726–731.

59 Boisjoly HM, Tourigny R, Bazin R, Laughrea PA, Dube I,
Chamberland G et al. Risk factors of corneal graft failure.
Ophthalmology 1993; 100: 1728–1735.

60 Williams KA, Roder D, Esterman A et al. Factors
predictive of corneal graft survival. Report from
Australian Corneal Graft Registry. Ophthalmology 1992; 99:
403–414.

61 Stulting RD, Sumers KD, Cavanagh HD, Waring GO III,
Gammon GA. Penetrating keratoplasty in children.
Ophthalmology 1984; 91: 1222–1230.

62 Cowden JW. Penetrating keratoplasty in infants and
children. Ophthalmology 1990; 97: 324–329.

63 The Eye Bank Association of India. About us.http:
www.ebai.org. (accessed April 2004 ).

64 Upadhyay MP, Karamacharya PC, Koirala S, Shah DN,
Shakya S, Shrestha JK et al. The Bhakatpur Eye Study: ocular
trauma and antibiotic prophylaxis for the prevention of
corneal ulceration in Nepal. Br J Ophthalmol 2001; 85:
388–392.

65 World Health Organization. Global initiative for the
elimination of avoidable blindness, (WHO/PBL/97.6) WHO:
Geneva, 1997.

Corneal transplantation in reducing blindness
P Garg et al

1114

Eye


	The value of corneal transplantation in reducing blindness
	Introduction
	Regional distribution of blindness
	Causes of corneal blindness
	Outcome of penetrating keratoplasty
	What is the role of keratoplasty in reducing blindness?

	Conclusions
	Acknowledgements
	Note
	References


