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Summary
Background In low-and-middle income countries, corneal abrasions and ulcers are common and not always well
managed. Previous studies showed better clinical outcomes with early presentation and treatment of minor abra-
sions, however, there have been no formal studies estimating the financial impact of early treatment of abrasions
and ulcers compared to delayed treatment.

MethodsWe used the LV Prasad Eye Institute’s (LVPEI’s) electronic health record system (eyeSmart) to estimate the
impact of early presentation on clinical outcomes associated with abrasions and ulcers. 861 patients with corneal
abrasion and 1821 patients with corneal ulcers were studied retrospectively, and 134 patients with corneal abrasion
prospectively. A health economic model was constructed based on LVPEI cost data for a range of patient scenarios
(from early presentation with abrasion to late presentation with ulcer).

Findings Our findings suggest that delayed presentation of corneal abrasion results in poor clinical and economic
outcomes due to increased risk of ulceration requiring more extensive surgical management, increasing associated
costs to patients and the healthcare system. However, excellent results at low cost can be achieved by treatment of
patients with early presentation of abrasions at village level health care centres.

Interpretation Treatment of early minor corneal abrasions, particularly using local delivery of treatment, is effective
clinically and economically. Future investment in making patients aware of the need to react promptly to corneal
abrasions by accessing local healthcare resources (coupled with a campaign to prevent ulcerations occurring) will
continue to improve clinical outcomes for patients at low cost and avoid complex and more expensive treatment to
preserve sight.

Funding This research was funded by the Medical Research Council, grant MR/S004688/1.

Copyright � 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction
Corneal ulceration, which is easily countered by early
diagnosis and treatment in the Western world, is con-
sidered a “silent epidemic” in low-and-middle income
countries (LMICs).1 The main cause of corneal ulcers

varies with geographical locations: in developed coun-
tries it is typically associated with contact lens wear
while in developing countries, corneal ulcers are often
due to injury which primarily afflicts labourers involved
in agriculture, manufacturing and domestic sectors.2�7

There is a growing body of published literature
showing that treatment of early-stage corneal abrasions
leads to good clinical results.8 If treatment is delayed,
the abrasion can be infected (by bacteria, fungi, or para-
sites) and lead to corneal ulceration.8 Once the cornea is
ulcerated, it develops corneal opacity that adversely
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affects vision. Delayed presentation of corneal ulcers
can result in extensive damage to corneas with conse-
quent loss of vision or loss of the eye.9

Patients in LMIC face significant barriers in access-
ing eye care and infections are often treated only after
severe delays, with unintended consequences. The
health infrastructure is often poor or entirely lacking,
and patients resort to using homemade remedies or tra-
ditional healers, thereby delaying the appropriate
treatment10,11 As a result, simple corneal abrasions rap-
idly progress into corneal infections. The patients
affected suffer from pain, red and watery eyes and are

therefore unable to work resulting in huge financial
implications due to lost livelihood and treatment costs.

The LVPEI model of eye care comprises of a centre
of excellence in Hyderabad located at the apex of a treat-
ment pyramid. The next level has three tertiary eye care
centres (TCs), each serving a population of 5m people
(Figure 1).12 The third tier has twenty-two secondary
centres (SCs) located in towns and smaller cities (within
350 km of a TC) predominantly providing basic surgical
and diagnostic care, each serving a population of
approximately 500,000 patients. A fourth layer of the
pyramid consists of 217 primary vision centres (VCs)
managed by a ‘vision technician’ and these are located
in the village clusters, each serving approximately
50,000 people. These VCs are supported by the fifth
layer, a network of ‘vision guardians’ (trained eye care
volunteers who monitor the eye health of their commu-
nity members).12

Though this approach brings treatment closer to the
patients, there have been no formal studies looking at
whether this approach actually delivers improvements
in clinical outcomes for patients with corneal abrasion
and ulceration or whether it reduces the financial bur-
den in eye care among poor rural communities.13 The
aim of this study is to compare the clinical and financial
impact of early treatment of abrasions and ulcers com-
pared to delayed treatment. To do this, we analysed both
prospective and retrospective data collected at LV Prasad
Eye Institute (LVPEI) and performed modelling to esti-
mate the cost impacts and health outcomes of different
scenarios.

Methods and data

Corneal abrasion and ulcer pathway
Pathways for management of corneal abrasions and cor-
neal ulcers were developed to identify the key outcomes
and cost data that needed to be captured from LVPEI. A
detailed pathway for disease progression of corneal abra-
sion was developed in consultation with clinical experts
and this detailed pathway was then consolidated to
streamline the outcomes and treatment regimens.
Figure 2 shows a simplified overview of outcomes identi-
fied in the management of corneal abrasions and ulcers.

All patients with abrasions could either heal with
topical treatment or worsen to corneal ulcers, which
could also heal with topical treatment. The current prac-
tice for management of patients presenting with abra-
sion is to use topical antibiotics and with corneal ulcers
is to use topical antibiotics and antifungal treatments
(which include topical ciprofloxacin, fortified cefazolin,
atropine, natamycin and oral ketoconazole), with the
dosage and duration depending on the stage of the dis-
ease as outlined in the Appendix. Patients with corneal
ulcers which do not heal need surgical procedures such
as tissue adhesive and bandage contact lenses (TABCL)
for treating thinning of the cornea or small perforations,

Research in context

Evidence before this study

Corneal ulceration is a leading cause of corneal blind-

ness. An innocent looking corneal abrasion can lead to

corneal ulcer if not taken care of with early manage-

ment. There are studies on the early management of

corneal abrasions from India, Nepal, Burma and Bhutan

which are consistent on treating early abrasions to pre-

vent their development into ulcers. There are however

few reports on how this is to be achieved with associ-

ated economic implications. One study reported that

the management of infectious keratitis is higher than

the average monthly income of a patient from a devel-

oping country.

Added value of this study

Costing of the management of corneal abrasion is rarely

reported in the literature. In this study we estimate the

costs and outcomes for various scenarios wherein the

patient has only corneal abrasions, management of cor-

neal ulcers when small and the management of corneal

ulcers when large with additional surgical management,

travel costs, and lost wages. The structure of LVPEI

allowed us to compare costs to both the health care sys-

tem as well as the patients when patients are managed

locally in village-based vision centres managed by

healthcare staff with low levels of training compared to

management of the same patients by more highly

trained staff in secondary centres. Our study showed

that patients did as well clinically in the local centres as

in the centres with more highly trained staff providing

abrasions were detected and treated early. We show

the costs to the patient and healthcare system were less

with local treatment.

Implications of all the available evidence

Our study shows that when corneal abrasions occur

then local rapid treatment can produce good clinical

and economic results for patients. Given the high inci-

dence of corneal abrasions in the population then

establishing local resources for prompt treatment to

prevent ulcers developing is merited based on both

clinical and economic evidence.
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Figure 1. LVPEI Eye Health Pyramid (showing five tiers and locations of the centres).

The third tier is the Secondary centres and the fourth is the Vision centres.

(Copyright �Ms Neha Hasija, Head, Communications Department, LVPEI, Hyderabad).
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therapeutic penetrating keratoplasty (TPK) for treating
large perforations or larger ulcers, or even evisceration
if the infection is too widespread in the eye and the eye
is not salvageable.

Data
LVPEI has an established electronic record-keeping sys-
tem (eyeSmart) that tracks patients with unique identi-
fiers through the different tiers, allowing a wealth of
data to be extracted retrospectively about treatment regi-
mens and outcomes.14 For patients with corneal abra-
sions, retrospective data (861 patients) was
supplemented with a small prospective study (134
patients) on patients with corneal abrasions attending
VCs and SCs. Retrospective data also included 1821
patients with corneal ulcers (644 from SCs, 1177 from
TCs). Institutional approval was sought from LVPEI
(Ethics Ref No: Retrospective study: LEC BHR-R-04-21-
603, Prospective study: LEC BHR-P-04-21-621). The
months for prospective data collection were chosen at
the start of the project for convenience. For retrospective
data, we wanted to use the most recent data, and data
that was not affected by the Covid-19 pandemic and
hence we decided to use the 2019 data. Data for retro-
spective and prospective patients were extracted from
electronic medical records using the electronic record-
keeping system. Please see Appendix 1 for full details
on the recruitment and data collection process. The pro-
spective study had complete follow up and the retro-
spective study included only cases with full follow up.

Data on patients with corneal abrasion
Prospective data on new patients seen at VCs with the
diagnosis of corneal abrasions or injury were collected
for two months (May and June 2021) at 18 VCs and two

SCs. The centres were selected based on having high
volume of corneal patients and being geographically
accessible. Patients gave informed consent. Teleconsul-
tations for patients at VCs were performed with cornea
specialists and appropriate treatment was provided. In
the case of eyes worsening over the follow-up period,
the patients were referred to the SCs. The same protocol
was used at Secondary centres. Cornea specialists fol-
lowed up the patients of corneal abrasions at SCs and
worsening to corneal ulceration was noted.

Retrospective data for patients with corneal abrasions
were captured from 19 SCs between January 2019 and
December 2019, spread across four states in India, includ-
ing the two SCs where the prospective arm of the study
was done. All new patients with a first diagnosis of corneal
abrasions were included, and the development of corneal
ulceration in these patients was captured.

Data on patients with corneal ulceration
Retrospective data for patients with corneal ulcers were
captured from 19 SCs as mentioned above and a TC
between January 2019 and December 2019. The out-
comes included healing of the ulcers with medical man-
agement only (either the ulcer healed or was in the
healing stage at the last follow up), healing of the ulcer
after tissue adhesive and bandage contact lens (TABCL)
application, those patients who needed therapeutic pen-
etrating keratoplasty (TPK) and those patients whose
eyes were eviscerated.

Key variables
Two key aspects were studied: time of the presentation
with abrasion and size of the ulcer. Data on patients
with corneal abrasions was analysed to assess the
impact of time of presentation on the clinical outcomes.

Figure 2. Corneal abrasion and ulcer pathway. Healing of corneal abrasion with medical management only, on worsening to cor-

neal ulcer which either heals with medical management only or may need in addition to the medical management, Tissue adhesive

and bandage contact lens application (TABCL), or therapeutic penetrating keratoplasty (TPK), or evisceration.
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Early presentation was defined as presenting within two
days of abrasion while late presentation was defined as
those presenting later than two days after abrasion. This
analysis was performed separately on retrospective and
prospective data to allow comparison of findings.

Data on patients with corneal ulcers was analysed to
assess the impact of size of ulcer on the clinical out-
comes. Size of corneal ulcers was measured as the prod-
uct of the length at the widest dimension and at the
perpendicular dimension. Small ulcers were defined as
being less than 16 mm2 while large ulcers were defined
as being greater than 16 mm2. This analysis was per-
formed separately for SCs and TC, as it was suggested
by clinical experts that TCs typically receive more com-
plex cases than SCs.

Statistical analysis
We assessed the incidence of corneal ulcers among
patients with corneal abrasion, and we also estimated
the incidence separately among those presented within
two days and later than two days. The incidence parame-
ters were estimated as proportion of corneal abrasion
patients who developed ulcers and proportion of corneal
ulcer patients experiencing different outcomes. A Chi
square test was used to analyse association between cat-
egorical data � proportions of abrasions that healed
when presented early versus late (after two days). We
also assessed the proportions that healed with medical
management and surgical procedures in relation to the
size of the ulcer and location of the patients. Univariate
and multivariate analysis of risk factors was done for
healing versus surgical management of corneal ulcers.
Data was collected in a spreadsheet (MS Excel 2013) and
statistical analysis was done using the Stata Software
version 14.1 (StataCorp, Texas). A P value of <0.05 was
considered statistically significant.

Scenario modelling
We performed scenario modelling to estimate the costs
and clinical outcomes for the management of patients
in three scenarios, ranging from the best case to the
worst case.

The first scenario is early presentation with abrasion
at VCs, where it was assumed that all patients with abra-
sion present within 2 days (i.e., early presenters) and
treated at VCs, and it was assumed that any of the ulcers
developed would be small (<16 mm2) and treated at
SCs.

The second scenario is early presentation with ulcers
at SCs, where it was assumed that all ulcers developed
would be small (<16 mm2) and treated at SCs.

The third scenario is late presentation with ulcers at
TCs, where it was assumed that all ulcers developed
would be large (>16 mm2) and treated at TCs.

A de novo spreadsheet model was developed using
results of the data analysis as inputs to estimate the clin-
ical outcomes for the different scenarios. The model was

populated with cost data, the health care costs and
patient costs depending on the treatment setting for cor-
neal ulcers or abrasions. The health care costs included
the costs of topical treatment, costs of surgery and the
hospital stay costs. The patient costs included the lost
wages due to the condition and the travel costs. The
health care costs were estimated from LVPEI hospital
tariffs and the patient costs were estimated using bot-
tom up costing methods, based on the resource use esti-
mated by the clinical experts who were presented with
the detail seen in the Appendix 2.

The clinical outcomes for the different scenarios
were combined with the cost estimates at different set-
tings to estimate the total costs of management under
different scenarios, from a healthcare system perspec-
tive (which included the health care costs only) and a
societal perspective (which included both health care
and patient costs). Probabilistic analyses were per-
formed using Monte Carlo simulations to capture the
uncertainty in the input parameters, beta distributions
were used for the clinical parameters and the cost
parameters were varied within +/- 10% of the mean val-
ues. The results were estimated as the average of 1000
model runs.

Role of the funding source
The funder of the study had no role in the study design,
collection, analysis, and the interpretation of data, or
writing of the manuscript.

Results

Data on patients with corneal abrasions
Prospective data included 134 patients with corneal
abrasions (88 from VCs, 46 from SCs) while retrospec-
tive data comprised of 861 patients with corneal abra-
sions managed in SCs. Figure 3 shows the comparison
of prospective and retrospective data for patients with
corneal abrasions, and more detailed results are pre-
sented in the Appendix 1.

Results of the prospective data analysis suggested
that of the total 134 patients who had corneal abrasions,
five of those patients receiving treatment at VCs/SCs
developed ulceration 3¢7% (5/134; CI 1¢222, 8¢493).
However, only 2¢2 % (2/91; CI 0¢267, 7¢715) of early pre-
senters (who presented within two days of getting
injured) developed ulcers but 7% (3/43; CI, 1¢463,
19¢061) of late presenters (who presented after two days
of injury) developed ulcers. The P value was statistically
significant (P value <0¢001).

Results of the retrospective data analysis substanti-
ated these findings. Corneal ulcers developed in 27/861
patients (3.7%), with corneal ulcers developing in 2¢2%
(9/409; CI 1¢011, 4¢136) of those who presented early
within two days and in 4¢2% (19/452; CI, 2¢549. 6¢487)
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of the late presenters who presented after two days. The
P value was statistically significant (P value <0¢001).

Data on patients with corneal ulceration
Retrospective data included 1821 patients with corneal
ulcers (644 from SCs, 1177 from TCs). Of these, 71¢72%
had small ulcers and 28¢28% had large ulcers. Healing
was noted in 70¢35% of patients with medical manage-
ment, 14¢66% patients had TABCL. 13¢67% of patients
underwent TPK, and 1¢32% of patients underwent evis-
ceration. The P value was statistically significant
(P value <0¢001) for healing when compared to the size
of the ulcers and when compared to the location of the
patients. Figure 4 shows the comparison of outcomes
by the size of corneal ulcers and the setting of treatment,
suggesting that outcomes were worst for patients with
large ulcers receiving treatment at TCs. Age at the time
of presentation (elderly people), large ulcers, delayed pre-
sentation, and poor socioeconomic status were associated
with higher risk of surgical intervention. More detailed
results are presented in the Appendix 1.

Scenario analysis assuming early presenters with
abrasion at VC
In this scenario, it was assumed that all patients with
abrasions present within 2 days (early presenters) and
treated at VCs, and it was assumed that any of the ulcers
developed would be small (<16 mm2) and treated at
SCs. As such, using the data from Figure 3, 97¢8% of
patients heal at VCs and only 2¢2% of the patients
develop ulcers. Using the data on outcomes for small

ulcers treated at SCs from Figure 4, we estimate that a
further 2¢1% achieve healing while the rest need
TABCL, TPK or evisceration. Combining these, we esti-
mate that in this scenario, 99¢94% of the patients are
healed while 0¢04% need TABCL, 0¢02% need TPK,
and almost none need evisceration.

The health care costs (including treatment costs,
drug costs and hospital stay costs) were estimated for
healing at VC (INR 18), healing at SC (INR 2100),
TABCL at SC (INR 5800), TPK at SC (INR 29,200) and
evisceration at TC (INR 19,100). Combining these
health care costs with the outcomes outlined above,
results in an average health care cost of INR 70 per
patient if patients with abrasions are treated early at
VCs. The patient costs (for lost livelihood and transport
costs) are an average additional cost of INR 210 per
patient with abrasions. Combining these results gave an
average societal cost of INR 280 if patients with abra-
sions are treated early at VCs.

Scenario analysis assuming early presenters with ulcers
at SC
In this scenario, it was assumed that all ulcers that
developed would be small (<16 mm2) and treated at
SCs. As such, using the data from Figure 4, almost
98% of patients with ulcers heal at SCs and only 2% of
the patients need TABCL, TPK or evisceration.

The health care costs were estimated for treatment of
ulcers at SC (INR 2100), TABCL at SC (INR 5800), TPK
at TC (INR 29,200) and evisceration at TC
(INR 19,100). Combining these health care costs with
the outcomes outlined above, results in an average

Figure 3. Outcomes of patients presenting with corneal abrasions presented as prospective and retrospective data, and

early vs late presenters.

Early presenters in both prospective and retrospective study had lesser number of patients developing corneal ulcer compared

to delayed presentation in both prospective and retrospective study. (SC � Secondary Centre, TC Tertiary Centre, CI: Confidence

Interval).
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Figure 4. Influence of corneal ulcer size and treatment location on clinical outcomes.

A higher number of patients healed when presented with small ulcers (at both SC and TC), and more number of patients needed surgical treatment when presented at TC. (SC- Second-

ary Centre, TC � Tertiary Centre, CI: Confidence Interval).
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health care cost of INR 2400 per patient, if patients with
ulcers are treated early at SCs. The patient costs (for lost
livelihood and transport costs) are an average cost of
INR 9320 per patient with ulcer, if treated early at SCs.
Combining these, results in an average societal cost of
INR 11,720 if patients with ulcers are treated early at
SCs.

Scenario assuming late presenters with ulcer at TC
In this scenario, it was assumed that all ulcers devel-
oped would be large (>16 mm2) and treated at TCs. As
such, using the data from Figure 4, only 30% of patients
with ulcers heal at TCs while 23% need TABCL, 42%
need TPK, and 4% need evisceration.

The health care costs were estimated for treatment
for ulcers at TC (INR 12,800), TABCL at TC (INR
17,400), TPK at TC (INR 29,200) and evisceration at
TC (INR 19,100). Combining these health care costs
with the outcomes outlined above, results in an average
health care cost of INR 21,100 per patient, if patients
with ulcers are treated late at TC. The patient costs (for
lost livelihood and transport costs) are an average cost
of INR 37,750 per patient with ulcer, with delayed treat-
ment at TC. Combining these, results in an average
societal cost of INR 58,850, if patients with ulcers are
treated late at TCs.

Summary of the results
Table 1 presents the summary results of the mean val-
ues and confidence intervals of clinical and cost out-
comes for the three different scenarios. The cost
outcomes are presented from a health care perspective,
patient perspective and total costs from societal perspec-
tive, which includes the patient costs along with the
health care costs.

Discussion
To the best of our knowledge, this is the first study to
show the costs and outcomes of early management of
corneal abrasions and to show the increasing cost and
the complexity of the management as the delay
increases. We developed a de novo model to estimate the
costs and clinical outcomes of different scenarios for
diagnosis and treatment of corneal ulcer. The model is
based on robust prospective and retrospective data from
a large representative sample of LVPEI patients in dif-
ferent treatment settings. Furthermore, cost data was
based on bottom-up costing for the different health care
and patient costs, based on the type of treatment and
the treatment setting. Data analysis suggested that the
clinical outcomes are better when patients present early,
and when the ulcers are small. Scenario modelling
showed clearly that the best outcomes and lowest costs
are when patients present early at the abrasion stage
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and the costs when patients present with ulcers are sub-
stantially higher along with poorer outcomes, especially
when presenting late with large ulcers at TCs.

Our study confirms previous findings that patients
who present early with small abrasions experience a bet-
ter clinical outcome than those presenting late with
infected ulcers.8,15,16 Upadhyay et al. performed a two-
year study on 34,902 individuals in Nepal and reported
that prophylactic antibiotics after corneal abrasion can
help avoid corneal ulceration (with only 4% of the
patients developing ulcers which is similar to the rates
observed in our study), with earlier treatment associated
with better clinical outcomes similar to the findings in
our study.8 Getshen et al. have reported no cases of
ulceration in Bhutan, when the abrasions were treated
within 48 hours with antibiotics.17 Similar findings
were reported from Burma when topical antifungal and
antibacterial were combined and no ulcers were
reported.18 Srinivasan et al. have reported a similar regi-
men used in South India looking at topical antibiotics
and a placebo group and compared with topical antibiot-
ics and antifungals and reported healing in 98.5% of
patients with few having adverse events and two devel-
oped infiltrates in the placebo group which were
microbiologically sterile and managed with Natamycin
eye drops.19 Recent studies by Srinivasan et al. and
O’Brien et al. did not find any difference in the reduc-
tion of the incidence of corneal ulceration in commu-
nity-based corneal ulcer prevention programme.20,21

Whilst our study was not randomized, given the sample
size in our study and the broad catchment area (LVPEI
covers fours states of India and has patients reporting
from all over the country), we believe LVPEI is represen-
tative of the general population in India.

Delayed treatment involves patient costs for travel
(to SCs and TCs) and lost wages, resulting in substan-
tial financial impact and physical suffering for
patients. While there are other studies looking at cost
outcomes associated with early treatment of abrasions
or ulcers, there is no study (as far as we know) that
has developed comprehensive scenarios to model the
potential cost and clinical impact of treating patients
earlier at VCs/SCs. A recent study by Komal et al. pre-
sented the economic benefits associated with the use
of a teleophthalmology vision centre in treating cor-
neal disorders in southern India.22 The study reported
reduced travel costs for the patients and reported that a
patient can save approximately a minimum of INR 1200
(USD 16) by being treated closer to home than requiring
travel to a hospital.22 However, this study did not model
the clinical outcomes in details and did not incorporate
the impact of delayed treatment on the outcomes and the
costs.22

There were certain assumptions used to estimate the
costs, which may not always hold true, but they repre-
sent our best knowledge about the treatment practices
at LVPEI in India. For example, the costs of topical

treatments used in the model are estimated on the
assumption of the use of a ‘cocktail’ therapy of both
anti-fungal and anti-bacterial treatments as fungi and
bacteria are the most common pathogens in India asso-
ciated with corneal infections. While it is possible to tar-
get the most appropriate therapy (i.e., fungal, or
bacterial) based on results of diagnostic testing, these
facilities are not always available in each setting. Also,
we have not included the costs for any side effects to the
medications (e.g., allergic reactions) due to the low like-
lihood of such side effects. Further, the costs used in
the model such as the surgery costs and hospital stay
costs (and the patient costs) may not be completely
transferable to other settings. The costs used in the
study are based on the data available at LVPEI and
reflect the patient journeys with corneal abrasions and
ulcers. Other limitations of the study include the pro-
spective study being carried out during the recent pan-
demic and travel cost of patients’ attendants not being
considered. Furthermore, as the focus was to estimate
clinical and cost impact of different scenarios at a popu-
lation level, none of the analyses were adjusted for pop-
ulations characteristics and other risk factors.

Corneal ulceration is a disease that begins as a sim-
ple minor trauma or abrasion but can finally end up
with unnecessary and often prolonged physical and
financial suffering and is of concern in the population
that has limited resources to take care of this problem.8

Corneal infection in developing nations is estimated to
be 10 times more than in developed nations. This being
a major and large unmet global health need, WHO has
estimated 1.5-2.0 million new cases of unilateral blind-
ness each year worldwide. Despite the high incidence
and the poor outcomes, preventative strategies are not
common.8,16�18 Whilst use of eye protection during
labour is recommended, it is typically not used in India
and LMICs, so early diagnosis and treatment is cur-
rently the most effective strategy.23 The underlying
objective is to prevent corneal abrasions becoming
ulcers, identifying abrasions and initiating appropriate
treatment can prevent infection and further referrals to
distant higher centres. Also, liberal use of antibiotics is
known to cause the rise of anti-microbial resistance and
may make future treatment challenging.24�26

With the extensive patient population managed
through the LVPEI pyramidal model which has invested
in training of village-based eye care workers then the
cost is spread across a large patient population. This
improves affordability, whereas the costs would be
higher in sparsely populated settings or if the incidence
of corneal abrasions were lower. In other words, this
model of investing in training of low-skilled technical
staff distributed to be village based, developed in
response to perceived clinical need, is working both clin-
ically and economically.

The LVPEI pyramidal model suggests that patients
being treated at the early abrasion stage minimises the
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costs and achieves good health outcomes. However,
delayed treatment, due to some not seeking health care
until abrasions become ulcers, results in substantial
financial implications with potentially serious health
consequences. As the VCs are equipped with teleconsul-
tations facilities, unnecessary travel and loss of income
for patients and their families is prevented. The impor-
tant role played by vision guardians and community
health workers with relatively little training is
highlighted in this study. They can also play a crucial
role to increase awareness among such patients, where
the incidence of corneal abrasions in the population is
high, other LMICs can follow the LVPEI model and
reach out to patients in their local settings.

Conclusions
Early treatment of corneal abrasions is crucial in preven-
tion of ulceration and thereby the cascade of the manage-
ment of the corneal ulcer in patients and the cost borne by
them, as proven by both prospective and retrospective anal-
ysis as well as scenario modelling. Increasing awareness
with campaigns so that patients will act promptly when
they develop corneal abrasions by accessing the local
healthcare with early treatment, may help in prevention of
ulcerations and improve clinical outcome at low cost and
will avoid complex and expensive treatment thus preserv-
ing sight and reducing corneal blindness.
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