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Purpose: To study the changing indications for Penetrating keratoplasty in Bahrain and to 
compare them with published data.
Patients and Methods: A Retrospective review of available records of patients who 
underwent penetrating keratoplasty at a tertiary center in Bahrain (1996−2015). The trend 
of each indication was analyzed. The study was subdivided into three periods for correlation 
purposes. Pearson Coefficient r and the p values were used for interpretation of data. The 
results were compared with similar studies.
Results: A total of 298 patients underwent keratoplasty in the study period, which is from 
1996 until 2015 (missing data 2009–2011). Keratoconus was found to be the leading 
indication, accounting for 33% of the total cases, followed by trachoma 27%, followed by 
aphakic and pseudophakic bullous keratopathies 13%. Trachoma showed a statistically 
significant decreasing trend (p < 0.001), Keratoconus had an increasing trend (p<0.001). 
Bullous keratopathy showed an increasing trend (p = 0.001) with an abrupt rise after 2012.
Conclusion: Corneal scarring due to old trachoma was the leading indication for kerato-
plasty 20 years ago in Bahrain. However, due to improvement of health awareness, hygiene, 
and the socioeconomic status, this has regressed with keratoconus becoming the leading 
indication from 2002 onwards. A surge of bullous keratopathy was noted after 2012, placing 
it as the second commonest indication. This may be due to the introduction of phacoemulsi-
fication technique for cataract surgery, and perhaps because the nature of the institute being 
a teaching hospital. Keratoconus is the leading indication and showed an increasing trend. It 
is recommended to perform a keratoconus screening program for early detection and 
prevention.
Keywords: keratoconus, bullous keratopathies, corneal graft, indications, cornea transplant, 
trachoma

Introduction
Corneal blindness is the third cause of blindness in the world, after cataract and 
glaucoma. It affects 4 million people worldwide.1,2 Corneal transplantation is the 
most effective treatment for blinding corneal disorders,2 and considered the most 
common transplant in the world.3 The epidemiology of corneal blindness differs 
geographically, depending on the spectrum of disorders in different parts of the 
world.4 Similarly, the trends of keratoplasty indications show variations both 
geographically and historically. This is attributed to changes in socioeconomic 
status, level of education, public awareness, healthcare availability, and advances 
in medical and surgical management. Bullous keratopathies and Fuch’s endothelial 
dystrophies were reported as leading indications for keratoplasty in developed 
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countries.5–8 Microbial keratitis was reported as the lead-
ing indication for penetrating keratoplasty in developing 
countries.9–12

Surgical techniques of keratoplasty have evolved.7,8,13–17 

Despite the growing interest in both lamellar and endothelial 
keratoplasties over the last 10 years, penetrating keratoplasty is 
still frequently performed, with a number of 17,409 grafts in 
USA in 2019.18

Since corneal blindness is one of the most important 
causes of blindness in the region,16,19 understanding the 
indications for keratoplasty, would give insight to the 
underlying disease processes. Therefore, this would help 
placing preventive measures for such diseases. We report 
herewith the indications for penetrating keratoplasty in the 
Kingdom of Bahrain, with emphasis on the changing trends.

Patients and Methods
A retrospective review of patients’ records who underwent 
keratoplasty at Salmaniya Medical Complex, a tertiary refer-
ral center in the Kingdom of Bahrain, was done. Approval 
from the research ethical committee for secondary care of 
Ministry of Health, was obtained in the meeting number 417. 
Patients’ consent to review their medical records was not 
required by the research ethical committee. This is due to the 
retrospective nature of the study. The patients’ data were 
maintained confidential. The study was carried out in accor-
dance with the tenets of the declaration of Helsinki.

The primary indication for each surgery was recorded. 
The indication of keratoplasty consisted of the surgeons’ 
clinical diagnoses prior to surgery, and confirmed by histo-
pathology. In cases of multiple keratoplasties, the diagnosis 
is considered as “regraft”, regardless of the initial diagnosis 
for the graft. Bullous keratopathy included both aphakic and 
pseudophakic bullous keratopathies, which refer to corneal 
decompensation following cataract surgery. Microbial kera-
titis included patients with bacterial, fungal, or acanthamoeba 
keratitis, whether underwent therapeutic keratoplasty, or 
those who eventually developed corneal scars with negative 
cultures. Herpetic keratitis diagnosis was based on documen-
tation and treatment for herpes simplex viral infection, result-
ing in corneal scars, in the absence of active infection. Old 
trachoma category refers to patients with corneal scars with 
features of previous trachoma. Corneal dystrophies included 
stromal and endothelial dystrophies.

For administrative purposes, we had no access to data from 
2009 to 2011. Therefore, the indications in this time period 
were not studied. For comparison and analytical purposes, the 
data were divided in three different time periods. The first one 

is from 1996 to 2002, and is referred to as the early study 
period. The second is from 2003 to 2008, and is referred to as 
the intermediate study period. The third period is between 
2012 and 2015, and is referred to as the latest study period. 
The three time periods represent the development in the socio-
economic status and the advancement in health care services in 
Kingdom of Bahrain, respectively. The trends for all indica-
tions were studied in the overall time period.

Pearson Coefficient r and linear regression tests were 
used to study changes in the trends of keratoplasty indica-
tions. P values were used to study the statistical signifi-
cance of the trends. A P value less than 0.05 is considered 
statistically significant.

Results
A total of 298 patients underwent keratoplasty during the 
total study period, which is from 1996 to 2015. This 
number does not include the missing data from 2009 to 
2011. Keratoconus was found to be the leading indication 
forming 33%, followed by old trachoma 27%, followed by 
aphakic and pseudophakic bullous keratopathy 13%. Other 
indications were regrafts 7%, microbial keratitis 6%, 
trauma 5%, herpetic keratitis 4%, corneal dystrophies 3% 
and corneal melt 2% (Figure 1).

During the early study period, 104 cases were done. Old 
trachoma used to be the leading indication forming 41%, 
followed by keratoconus 22%, microbial keratitis 7.6%, 
trauma 6.7%, bullous keratopathies 6.7%, herpetic keratitis 
5.7%, regrafts 4.8%, corneal dystrophies 3.8%, and corneal 
perforation 0.9% (Figure 2). In the intermediate study period, 
95 cases were done. Keratoconus became the leading 
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Figure 1 Indications of penetrating keratoplasty in Kingdom of Bahrain (1996– 
2015). Keratoconus is the leading indication followed by old trachoma and bullous 
keratopathies.
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indication forming 32.6%, followed by old trachoma 26.3%, 
bullous keratopathies 9.4%, regrafts 8.4%, trauma 6.3%, 
microbial keratitis 5.2%, herpetic keratitis 5.2%, and corneal 
perforation 3.1% (Figure 3). In the latest study period, 99 
cases were done. Keratoconus continued to be the common-
est indication forming 41%, followed by bullous keratopa-
thies 22%. Other indications were old trachoma 11%, 
regrafts 7%, microbial keratitis 6%, trauma 4%, corneal 
perforation 4%, herpetic keratitis 3% and Fuchs endothelial 
dystrophy 1% (Figure 4).

Studying the trends of each indication separately during 
the total study period, revealed that there is a significant 
decreasing trend in old trachoma, which has reduced from 

41% in the early study period to 26% in the intermediate study 
period, then to 11% in the latest study period. This reduction 
in trend is statistically significant (p<0.001) (Figure 5).

Keratoconus, however, showed an increasing trend. It 
increased from 22% in the early study period, then becoming 
the leading indication forming 33% and 41% in the inter-
mediate and latest study periods, respectively. This increase 
in trend is statistically significant (p < 0.001) (Figure 6).

The trend for bullous keratopathies was increasing. It 
used to be 6.7% in the early study period. It has then 
increased forming 9.4% in the intermediate study period, 
then increased to 22% in the latest study period. This increase 
in trend is statistically significant (p = 0.001) (Figure 7).

0 10 20 30 40 50

keratoconus

old trachoma

bullous keratopathies

herpetic keratitis

trauma

regraft

microbial keratitis

dystrophies

corneal melt

1996 - 2002

Figure 2 Old trachoma used to be the leading indication for penetrating keratoplasty during the early study time period.
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Figure 3 During the intermediate study time period, keratoconus took the lead as the commonest indication for penetrating keratoplasty.
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Regrafting showed an overall increase in the trend over 
the whole study period. This increase was not statistically 
significant (p = 0.06). Other indications such as trauma, 
corneal dystrophies, herpetic keratitis, microbial keratitis 
and corneal melts were fluctuating over the study periods, 
showing no correlations and no significant trends (Figure 8).

Discussion
This study identified the leading indications for penetrating 
keratoplasty over a dynamic period of time. The study time 
period demonstrated advancement in socioeconomic status 

that reflected in changes in penetrating keratoplasty indica-
tions. A better understanding of the changing trends of these 
indications was obtained, when studied into different time 
periods. In the early study period, old trachoma was the 
leading indication followed by keratoconus. This changed 
over the years, with the development in social welfare, and 
advancement of health care. Keratoconus became the lead-
ing indication in the latest study period, followed by bullous 
keratopathies. Keratoconus was reported as the leading indi-
cation for penetrating keratoplasty in the eastern province of 
Saudi Arabia, followed by bullous keratopathy.19 This is 
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Figure 4 During the latest study time period, keratoconus continued to be the leading indication for penetrating keratoplasty, while bullous keratopathies emerged as 
the second leading indication.
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Figure 5 Old trachoma as an indication for penetrating keratoplasty showed a statistically significant reducing trend using regression analysis (p < 0.001). The correlation 
coefficient r measures the closeness of fit of data to the regression line.
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consistent with the results of our study. Several other studies 
from Saudi Arabia also implicated Keratoconus as the lead-
ing indication for keratoplasty.20–22

Interestingly, the changing trends in indications of ker-
atoconus and old trachoma, were similar to those reported 
in Saudi Arabia by Al-Towerki et al.22 We believe these 
trends could be attributed to the significant improvement 
in socioeconomic conditions of the Bahraini and Saudi 
population over the last few decades. This led to the 
elimination of active trachoma, thus decreasing the num-
ber of significant corneal scars leading to penetrating ker-
atoplasty. Keratoconus being a leading indication in our 

study, is consistent with several studies in the Middle East, 
where genetic and environmental factors, have been impli-
cated as contributing factors.23–28

To this date, Trachoma remains the most common 
indication for penetrating keratoplasty in Ethiopia,11 as 
the prevalence of active trachoma in some parts of 
Sub-Saharan Africa is among the highest in the 
globe.29,30

Studies from several Asian countries have shown lower 
percentage of keratoconus compared to our study. It was 7% in 
Nepal,31 11.2% in China,32 13.5% in Japan33 and 1.9% in 
Vietnam.9
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Figure 6 Keratoconus as an indication for penetrating keratoplasty showed a statistically significant increasing trend using regression analysis (p < 0.001). The correlation 
coefficient r measures the closeness of fit of the data to the regression line.
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Figure 7 Bullous keratopathies as an indication for penetrating keratoplasty showed a statistically significant increasing trend using regression analysis (p = 0.001). The 
correlation coefficient r measures the closeness of fit of the data to the regression line.
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While microbial keratitis was among the least common 
indications in our study (6%), it was the most common indication 
in Nepal (40.9%),31 China (56.2%)32 and Vietnam (48.2%).9

In Japan and Singapore, which both have higher socio-
economic statuses compared to other Asian countries, the 
most common indication for penetrating keratoplasty was 
pseudophakic bullous keratopathy (37.6% and 23.4%, 
respectively).33,34 This indicates that the higher prevalence 
of microbial keratitis in other Asian countries, is more 
likely to be associated with socioeconomic statuses, rather 
than demographic or genetic factors.

Despite continuing improvements in cataract surgery 
instrumentation, aphakic and pseudophakic bullous kera-
topathies remains important indications for keratoplasty. It 
was the second most common in the latest period of our 
study (22%), a percentage that is comparable to those 
reported in USA (27%) and Canada (17.4%).7,8,35 Both 
aphakic and pseudophakic bullous keratopathies emerged 
as the second leading indication in the latest study period. 
This is explained by the significant shift to phacoemulsifi-
cation, and the nature of our institution being a teaching 
hospital.
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Figure 8 Graphs of the trends of (A) corneal dystrophies, (B) corneal melt, (C) herpetic keratitis, (D) microbial keratitis, (E) regrafts, and (F) trauma. The vertical axes 
represent the number of keratoplasty cases. Trends of corneal dystrophies, corneal melts, herpetic keratitis, microbial keratitis and trauma were fluctuating throughout the 
study period and did not show a statistically significant trend. Regrafting showed an increasing trend, it was not statistically significant.
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Both deep anterior lamellar keratoplasty (DALK), and 
Descemet Stripping Automated Endothelial keratoplasty 
(DSAEK) techniques, were introduced in the Kingdom of 
Bahrain in 2016. A study looking at the changes in 
keratoplasty techniques is underway. Moreover, with 
more DALK being performed, we expect regrafting as 
an indication for keratoplasty to regress in future studies.

Conclusion
This study highlights that keratoconus is the leading 
indication for penetrating keratoplasty in Kingdom of 
Bahrain. Conducting screening programs is recom-
mended to detect keratoconus early, prevent deteriora-
tion and reduce the need for keratoplasty.

Disclosure
The authors report no conflicts of interest in this work. 
They have no financial interest or other conflicts of inter-
est. The abstract of this paper was presented in part at the 
24th ESCRS winter meeting as a poster presentation.
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