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Abstract

Objective To describe the clinical profile and micro-

biology trends in patients undergoing therapeutic

keratoplasty at a multi-tier ophthalmology hospital

network in India.

Methods This cross-sectional hospital-based study

included 3147 eyes undergoing therapeutic kerato-

plasty between Jan 2016 and Dec 2020 (5 years

period) as cases. The demographic data, clinical

profile and microbiological analysis were collected

using an electronic medical record system.

Results Of a total of 13,625 eyes with microbial

keratitis(non-viral), 3147 (23.1%) underwent thera-

peutic keratoplasty during the study duration. Majority

of patients were males (68.35%), from a rural geog-

raphy (49.89%) and in 51–60 years age bracket

(23.74%). The mean age of the patients was

50.54 ± 15.83 years. Two-thirds of patients were

from lower socio-economic strata (66.63%) with an
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agrarian background (36.51%). Of the 3,147 eyes,

fungus (51.8%) was the most common indication of

therapeutic keratoplasty followed by bacteria

(16.87%) and parasite (1.27%). No organisms could

be identified in about a third (29.33%) of the cases.

Between 2016 and 2020, the trend of therapeutic

keratoplasties for fungal infections steadily grew

(39.9% vs 45.49%) while the bacterial infections

showed a steady decline (23.15% vs 11.81%).

Conclusions Medical cure rate was seen in majority

of those with microbial keratitis, and 23.1% eventually

required management with therapeutic keratoplasty.

Fungal keratitis was the most common indication for

therapeutic keratoplasty. Male gender, rural setting,

low socio-economic background and agricultural

occupation are common risk factors for patients

undergoing therapeutic keratoplasty in India.

Keywords Therapeutic keratoplasty � Keratoplasty �
Keratitis � India � Electronic medical records

Introduction

Microbial keratitis substantially contributes to global

blindness and is estimated to be the fourth leading

cause of blindness worldwide [1]. Medical treatment is

the first line of management and can be effective in

achieving a clinical cure when specific treatment is

instituted at an early stage of the disease. Those with

advanced disease and refractory to the medical

treatment are managed by performing therapeutic

keratoplasty. The primary aim of the surgery is to

eliminate the infective foci and restore globe integrity

[2]. The procedure involves a meticulous surgery,

intensive post-operative management care and close

follow up for complications particularly recurrence of

infection in cases due to fungus and parasitic infection.

There is a distinct geographic variation in the

burden of microbial keratitis. The countries with

developed health care system report lower number of

cases requiring therapeutic keratoplasty [3–5] com-

pared to the ones with a developing health care system,

where it contributes to a significant percentage of all

keratoplasties [6–8]. Severity of the infection, delayed

presentation and empirical treatment due to lack of

microbiological confirmation have all been shown to

contribute to poor outcomes in patients with microbial

keratitis [5–7, 9].

Knowledge about the evolving trends in the

microbiological spectrum of the causative organisms

is crucial to help better manage care in these patients.

The initial pre-operative microbiological work up

from the corneal scraping samples, the cultures and

histology of the host corneal button excised during

therapeutic keratoplasty provide invaluable informa-

tion that guide the medical therapy in the post-

operative period, to eliminate the infection and

achieve a clinical cure [10].

There is a paucity of large series on the clinical

profile and microbiological trends of therapeutic

keratoplasty in the Indian population. The aim of the

authors in this study is to present the clinical profile

and the microbiological trends of patients undergoing

therapeutic keratoplasty at a large multi-tier ophthal-

mology network in India using electronic medical

record driven analytics.

Materials and methods

Study design, period, location and approval

This cross-sectional observational hospital-based

study included all patients undergoing therapeutic

keratoplasty between January 2016 and December

2020 to the tertiary centers of an ophthalmology

network spread across 4 adjacent neighboring states

(Telangana, Andhra Pradesh, Odisha and Karnataka)

of India [11]. A standard consent form for electronic

data privacy was filled by the patient or the parents or

guardians of the patient at the time of registration.

None of the data that were used for analysis had

identifiable parameters of the patient. The study

adhered to the Declaration of HELSINKI and was

approved by the Institutional Ethics Committee,

Hyderabad, India. The clinical data of each patient

who underwent a comprehensive ophthalmic exami-

nation using a standardized template were entered into

a browser-based electronic medical records system

(eyeSmart EMR) by uniformly trained ophthalmic

personnel and supervised by an ophthalmologist [12].

The standard protocol of management of microbial

keratitis across the network is described in a previous

study from the institute [7]. In brief, all eyes diagnosed

to have keratitis on their first visit to the clinic,
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irrespective of their past diagnosis and treatment,

undergo a routine microbiological evaluation that

involves smear and culture examination of samples

obtained on corneal scrapings. If the keratitis deteri-

orates (defined as increase in size of the infiltrate and

exudates in the anterior chamber and/ or large

perforation), therapeutic keratoplasty is planned on

an emergency basis utilizing donor corneas provided

by the network of eye banks affiliated to the institute

[13, 14]. At the time of therapeutic keratoplasty

(whenever possible), the infected corneal button is

divided into two parts. One half of the button is sent for

microbiological evaluation where it is further cut and

inoculated onto culture media such as blood agar,

sabouraud’s dextrose agar, brain heart infusion and

non-nutrient agar. The second half is sent in formalin

1% for routine histopathological analysis.

Cases

A total of 3147 eyes of patients of all ages underwent

therapeutic keratoplasty at the four tertiary centers of

the network during the study period. The eyeSmart

EMR was initially screened for patients with: (i) com-

pleted operation coded as therapeutic keratoplasty (ii)

and final microbiological diagnosis of microbial

keratitis (non-viral) entered in the EMR. A total of

3,147 eyes were identified as cases, and the demo-

graphic data, clinical profile and microbiological

analysis were extracted from the eyeSmart EMR

database system.

Data retrieval and processing

The data of 3147 eyes included in this study were

retrieved from the electronic medical record database

and segregated in a single excel sheet. The columns

included details such demographics, clinical presen-

tation, surgical notes and confirmed microbiological

diagnosis. The data from the excel sheet were

extracted and used for analysis using the appropriate

statistical software. Standardized definitions were

used for occupation, socio-economic status and geo-

graphic categorization [15]. The visual acuity was

classified according to the WHO guidelines [16].

Statistical analysis

Descriptive statistics using mean ± standard devia-

tion and median with Inter-quartile range (IQR) were

used to elucidate the demographic and microbiolog-

ical data. Microsoft Excel (Microsoft Corporation.

2018. Redmond, USA) was used for statistical analysis

and graphs.

Results

Microbial keratitis trends

A total of 13,625 cases of Microbial (Non -Viral)

Keratitis were diagnosed during the 5-year study

period across the tertiary centers of the eye care

network. Those with the diagnosis of herpes simplex

virus (HSV) keratitis were excluded. There were 5954

(43.7%) cases with fungal etiology, 3194 (23.44%)

cases were bacterial, 521 (3.82%) cases with mixed

infections, 213 (1.56%) cases were parasitic, 3134

(23%) cases yielded no organism on microbiological

work up, and the information was not available (those

with the diagnosis of microbial keratitis, but absence

of tissue sample either corneal scrapings or corneal

tissue in the microbiology and pathology laboratory)

in 609 (4.47%) cases (Table 1). The yearly trends of

the microbial keratitis are presented in Fig. 1. Overall,

3,147 patients underwent therapeutic keratoplasty

accounting for 23.1% of the microbial keratitis cases

diagnosed in the same period.

Microbiological analysis and therapeutic

keratoplasty trends

(Table 1) In the microbiological analysis of the corneal

button of 3147 eyes that underwent therapeutic

keratoplasty, fungus was identified in 1630 (51.8%)

eyes, bacteria in 531 (16.87%) eyes, parasite (either

Acanthamoeba/ Microsporidia) in 40 (1.27%) eyes

and no growth in 923 (29.33%) eyes. Mixed infections

were seen in 305 (9.69%) patients, and there was no

information available in a minority of 23 (0.73%)

patients. Over 2016–2020, the trends of the bacterial

keratitis showed a steady decline (23.15% vs.

11.81%), while the trends of fungal keratitis showed

a steady increase (39.9% vs. 45.49%). The trends of

keratitis with no growth on microbiology workup also
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grew steadily from 24.63% vs. 35.24%. The annual

distribution of the microbiological profile is detailed in

Fig. 2.

a. Fungal overview: In the eyes documented with

fungal growth, Fusarium species was identified in

573 (35.15%) eyes, Aspergillus species in 564

(34.6%) eyes, Pythium insidiosum in 104 (6.38%)

eyes, other hyaline fungus in 98 (6.01%) eyes,

dematiaceous fungus in 96 (5.89%) eyes, Candida

species in 22 (1.35%) eyes and miscellaneous

species were identified in 173 (10.61%) eyes.

b. Bacterial and parasitic overview: In the eyes

documented with bacterial growth that included

mixed infections, gram-positive cocci were iden-

tified in 453 (54.19%) eyes, gram negative bacilli

in 291 (34.81%) eyes and gram-positive bacilli in

92 (11%) eyes. Among the eyes documented with

parasitic growth, Acanthamoeba was responsible

for the 37 (1.27%) and microsporidia in 3 eyes.

Age

The mean age of the patients who underwent thera-

peutic keratoplasty was 50.54 ± 15.83 years while

the median age was 51 (IQR: 40–62) years. The

overall distribution was 2.76% (87/3,147) in children

(B 16 years) and 97.24% (3,060/3,147) in adults

(above 16 years). The frequency distribution of ther-

apeutic keratoplasty showed an increase between 31

and 40 years of age (15.25%) and peaked between 51

and 60 years of age (23.74%) followed by gradual

decline from 61 to 70 years of age (20.21%) in the

Table 1 Table showing the number of eyes diagnosed with microbial keratitis, with clinical diagnosis and number of eyes requiring

therapeutic keratoplasty (Th PK)

Parameters Overall Fungal Bacterial Parasitic No organisms on

microbiological workup

Not available

(samples not available for

analysis)

No of eyes with microbial

keratitis

13,625 5954 3194 213 3134 609

No of eyes that underwent

Th PK

3147 1630 531 40 923 23

% of eyes that needed Th

PK

23.1 27.38 16.62 18.78 29.45 3.78

Fig. 1 Trends of etiological

organism in Microbial

Keratitis (2016–2020)
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subsequent decades thereafter. The decade wise

distribution of the patients is detailed in Fig. 3.

Sex

There were 2151 (68.35%) male and 996 (31.65%)

female patients who underwent therapeutic kerato-

plasty. Among the patients, the mean and median age

were 51.37 ± 15.67 and 53 (IQR: 41 to 63) years for

men and 48.76 ± 16.01 and 50 (IQR: 38 to 61) years

for women, respectively. The overall mode was

56 years; 56 years for men and 51 years for women.

Rural–urban-metropolitan distribution

There were 1570 (49.89%) patients undergoing ther-

apeutic keratoplasty from rural districts, 1483

(47.12%) from urban districts and 94 (2.99%) from

metropolitan regions.

Socio-economic status

There were 2097 (66.63%) patients undergoing ther-

apeutic keratoplasty from the lower socio-economic

class, 984 (31.27%) from the lower middle class, 54

(1.72%) from the upper middle class and 12 (0.38%)

from the upper class. The overall frequency distribu-

tion was significantly higher (p\ 0.00001) in the

lower socio-economic class as compared to the other

classes.

Occupation

Of the 3147 patients who underwent therapeutic

keratoplasty, 1149 (36.51%) were agriculture related;

556 (17.67%) were homemakers; 534 (16.97%) were

professionals; 499 (15.86%) were manual laborers;

262 (8.33%) were currently not employed (retired or

unemployed); 108 (3.43%) were students; and in the

remaining 39 (1.24%) the occupational category was

not available/applicable.

Laterality and year of surgery

The left eye was operated in 1611 (51.19%) cases and

the right eye in 1536 (48.81%) cases. An average of

629 therapeutic keratoplasties were performed each

year during 2016–2020 with the highest of 662

(21.04%) in the year 2017 to the lowest of 576

(18.3%) in the year 2020. The year wise distribution of

the patients is detailed in Fig. 4.

Risk factors

The concomitant risk factors documented at the time

of first visit were diabetes in 226(7.18%), chronic

Fig. 2 Microbiological

trends in therapeutic

keratoplasty (2016–2020)
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alcoholism in 118(3.75%), smoking in 97(3.08%),

history of contact lens usage in 10(0.32%), HIV

infection in 2(0.06%) and prior usage of steroids in

46(1.46%) patients.

Presenting visual acuity

In the 3147 patients undergoing therapeutic kerato-

plasty, mild or no visual impairment (20/20 to 20/70)

was seen in 5 (0.16%) patients, moderate visual

impairment ([ 20/70 to 20/200) in 14 (0.44%)

patients, severe visual impairment ([ 20/200 to

20/400) in 8 (0.25%) patients, blindness 3 ([ 20/400

to 20/1200) in 1,307 (41.53%) patients, blindness 4

([ 20/1200 to Perception of light) in 1,399 (44.46%)

patients and blindness 5 (No perception of light) in 9

(0.29%) patients. The visual acuity was undetermined

or unspecified in 405 (12.87%) patients. The 9 patients

who had no light perception underwent keratoplasty

for tectonic reasons.

Discussion

This study sought to describe the clinical profile and

the microbiological trends of patients undergoing

therapeutic keratoplasty at a large multi-tier ophthal-

mology network in India using electronic medical

record driven analytics. An important aspect of the

study was to determine the trend of the microbial

infection between 2016 and 2020 (5 years period) that

eventually necessitates therapeutic keratoplasty. An

understanding of microbiological trend over the years

helps to understand the changing profile of the

causative organisms of microbial keratitis requiring

therapeutic keratoplasty.

The subset of patients with microbial keratitis that

need therapeutic keratoplasty range from 3.3 to 38% in

different studies that vary in sample size, geographical

locations and microbiological spectrum [17]. The Asia

Cornea Society Infectious Keratitis Study [18], that

included one of our centers, reported 9.47% (628/

6626) eyes that were managed by therapeutic kerato-

plasty. Based on EMR analytics, in the present study

we screened the largest number of patients with

microbial keratitis that were treated across the network

of tertiary care centers. Majority of microbial keratitis

patients received medical treatment alone, and surgi-

cal intervention via therapeutic keratoplasty was

required in 23.1% of the patients with keratitis.

Although several factors determine the medical cure

rate in microbial keratitis using anti-biotic therapy

alone, the observation that less than one-quarter

patients were managed via therapeutic keratoplasty

indirectly suggests a good medical cure rate with the

available anti-biotic modalities of treatment.

The Asia Cornea Society Infectious Keratitis Study

published in 2018, included data from 8 countries

Fig. 3 Decade wise

distribution of patients who

underwent therapeutic

keratoplasty (2016–2020)
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(India, China, Japan, South Korea, Taiwan, Thailand,

the Philippines and Singapore) and reported country

specific differences.18 Bacterial keratitis was the most

common diagnosis in South Korea (42.8%) and

Singapore (41.3%). Fungal species were by far the

most common microorganisms isolated in China and

India, with Fusarium species being the most common

pathogen in China (30.9%) and India (25.7%). In the

remaining countries, the most common microorgan-

ism isolated were typically bacterial, such as Pseu-

domonas aeruginosa in the Philippines (12.5%),

Taiwan (31.9%), Thailand (32.1%) and Singapore

(42.2%), and Propionibacterium acnes in Japan

(33.0%) and South Korea (10.8%). In this study,

fungal keratitis (5964/ 13,625; 43.7%) was the com-

monest cause of microbial keratitis, followed by

bacterial (31,194/13625; 23.44%) and parasitic (213/

13625; 1.56%) keratitis. In our cohort of patients, over

2016–2020, the trend of fungal infections steadily

grew (39.9% vs 45.49%) while the bacterial infections

showed a steady decline (23.15% vs. 11.81%).

A study from Taiwan by Fung-Rong Hu et al.

described their experience of 107 therapeutic kerato-

plasties and the microbiological diagnosis [8]. They

reported bacteria to be the most common cause with

gram negative organisms accounting for the majority

(51.6%) of the cases followed by gram-positive

organisms (41.9%) for the rest of the cases. In this

study, the most common indication for therapeutic

keratoplasty was fungal keratitis (51.8%) in over half

of the cases followed by bacteria (16.87%). The most

common fungal species identified were Fusarium

(35.15%) and Aspergillus (34.6%) each accounting for

a third of the fungal cases. Among bacterial causes of

therapeutic keratoplasty, we found gram-positive

cocci accounted for the majority (54.19%) followed

by gram negative bacilli (34.81%) and gram-positive

bacilli (11%). We also noted an increasing trend of

culture negative microbial keratitis requiring thera-

peutic keratoplasty (24.63% in 2016 vs. 35.24% in

2020). The culture negative results are best explained

by either a combination of medications started empir-

ically prior to presentation to a tertiary eye care center,

prolonged and varied therapy with delayed presenta-

tion and inadequate number of organisms for culture

from the sample taken. Additionally, those eyes with

near total corneal melt/perforation may have had little

yield for microbiological culture studies and may have

had the final diagnosis of microbial keratitis based on

either clinical impression or smear examination. The

increase in this trend is likely related to COVID-19

situation in the year 2020 [14]. As both the clinical and

paraclinical services (Microbiology laboratory) had to

work with reduced work force and there were travel

restrictions, it is possible that only limited number of

samples were received and tested in the microbiology

laboratory services at individual centers.

In this cohort, the most common systemic risk

factor identified was diabetes mellitus. A history of

contact lens usage was noted in a small percentage

Fig. 4 Year wise

distribution of therapeutic

keratoplasty (2016–2020)
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(\ 0.32%). Males accounted for a higher percentage

(68.35%) and the agrarian occupation which is

common in India accounted for a third of the patients

(36.51%) who underwent therapeutic keratoplasty in

our cohort. There is a need to design and implement

knowledge, awareness and prevention programs to

address this vulnerable group susceptible to microbial

keratitis that subsequently adds to the burden of

therapeutic keratoplasty.

The greatest strengths of the study include the large

sample size of the cohort and a complete electronic

medical record entry of the parameters that enabled

efficient documentation and analysis. The eye care

network is also equipped with an experienced micro-

biology service and clinical protocols that document

corneal scraping for every suspected microbial ker-

atitis and corneal button culture and identification of

the organism post therapeutic keratoplasty. This

represents real world data on a large series of

microbial keratitis requiring therapeutic keratoplasty.

The limitations of the study, however include its

retrospective nature and the maximum medical ther-

apy threshold at which surgical intervention would

have been planned in the patients.

In conclusion, this analysis of a vast number of

therapeutic keratoplasties performed in a multi-tier

ophthalmology network revealed that fungal keratitis

as the main indication was on the rise particularly in

males with an agrarian background hailing from rural

areas and resulted in blindness in almost half the

cohort. Hence, there is an unmet need for community

programs targeting these vulnerable groups to prevent

this sight threatening infection, reduce the need for

therapeutic keratoplasty and its associated visual

morbidity.
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