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Purpose: To evaluate long-term survival outcomes and determine the prognostic factors of
corneal transplantation performed at a tertiary referral hospital in Thailand.

Design: A 15-year retrospective cohort study.

Materials and Methods: One corneal graft per patient was selected; graft failure was
defined as graft opacity due to recurrent disease or endothelial cell dysfunction. Kaplan—
Meier survival analysis was performed. Median time to failure was compared using the Log
rank test. Prognostic factors were identified using the Cox proportional hazards model.
Results: We enrolled 704 transplanted grafts. Surgical indications were optical (88.5%), ther-
apeutic (10.2%), and tectonic (1.3%). The most common diagnoses were corneal opacity (25.3%),
bullous keratopathy (15.8%), and regraft (14.8%). The overall survival rates at 1, 3, 5, and 10 years
were 87.5%, 72.0%, 59.2%, and 41.7%, respectively. Univariate analysis identified age, primary
diagnosis, graft size, pre-existing glaucoma, prior lens status, prior intraocular surgery, indication
for surgery, donor endothelial cell density, and previous graft rejection as prognostic factors for
graft failure. Multivariate analysis revealed three prognostic factors: primary diagnosis of perfora-
tion/peripheral ulceration/Mooren’s ulcer (hazard ratio [HR]=28.57; 95% confidence interval [CI],
6.32-129.16; P<0.001), active keratitis (HR=24.30; 95% CI, 5.88-100.43; P<0.001), regraft
(HR=9.37; 95% CI, 2.27-38.66; P=0.002), and pseudophakic/aphakic bullous keratopathy
(HR=7.97; 95% CI, 1.93-32.87; P=0.004); pre-existing glaucoma (HR=1.52; 95% CI, 1.13—
2.04; P=0.006); and previous graft rejection (HR=1.95; 95% CI, 1.54-2.48; P<0.001).
Conclusion: Overall corneal graft survival rate was high in the first postoperative year and
decreased after that. Primary diagnosis, pre-existing glaucoma, and previous graft rejection
negatively influenced graft survival.
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Introduction

Corneal blindness is one of the leading causes of blindness worldwide.' Recent global
data from the Vision Loss Expert Group of the Global Burden of Disease Study” has
found that corneal opacity is currently ranked as the fifth leading cause of blindness
among both the global population and within Southeast Asia, with the burden of corneal
blindness being underestimated in many developing countries. According to the Thai
Red Cross Eye Bank (TRCEB),® around 15,463 people with corneal blindness are
currently awaiting a transplant.
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The etiologies of corneal blindness are based on social,
geographic, and economic factors, with the majority of
patients in developing countries having anterior corneal
pathologies contrary to the high prevalence of corneal
endothelial diseases reported in the US literature.* The
most common corneal diagnoses leading to corneal trans-
plantation in Singapore are pseudophakic bullous keratopa-
thy  (PBK)/aphakic (ABK),
postinfectious scarring, and regraft.’ By contrast, corneal

bullous  keratopathy
blindness in Thailand® is mostly due to corneal scarring
from previous trauma or infection, corneal ulcer, surgical
bullous keratopathy, and genetic diseases such as corneal
dystrophy; these causes may have a considerable effect on
regional or racial differences in prevalence.

The main treatment option for patients with corneal blind-
ness is corneal transplantation. The first successful corneal
transplantation was performed in 1905. This procedure is the
most frequently performed solid organ transplantation and
results in better survival outcomes than other transplantations.”
Various studies, mainly from graft registries in developed
countries, have reported on the survival outcomes of corneal
transplantation, including penetrating and lamellar kerato-
plasty. Although excellent survival and visual results have
been reported for both penetrating and lamellar keratoplasty
in the short-term,*’ there are a limited number of published
multicenter studies on long-term outcomes. A previously pub-
lished study from the Western world, entitled The Australian
Corneal Registry Study (ACGR), reported that the survival of
penetrating corneal grafts was 62% after ten years.'® Similarly,
Borderie et al’s study of the French population reported 5- and
of 74% and 64%,
respectively.!! There have been few studies on long-term

10-year graft survival estimates
corneal graft survival in Asian populations, especially within
Southeast Asia.”'? The Singapore Corneal Transplant Study
(SCTS) demonstrated that the survival rate of an optical pur-
posed graft was up to 86.6% after the first postoperative year,
which decreased to 52% after 10 years.” This result is compar-
able to the aforementioned Western studies.'®!! Nevertheless,
Dandona et al’s large-scale study conducted in India, a devel-
oping country, revealed significantly lower graft survival for
an optical indication, with a rate of 46.5% after 5 years.'?
Many factors can impact these survival rates, such as the time
from harvesting to tissue preservation, eye bank procurement
procedure, donor endothelial cell density, type of surgery, the
experience of the surgeon, and postoperative management.
Furthermore, most of the comea donor tissues in the
Singapore study were imported, which resulted in a short
waiting time.

The shortage of donor corneal tissue is the main obsta-
cle to treatment in developing countries.'® All donor grafts
used in this study were harvested locally by the TRCEB.
Even though the Buddhist population fundamentally
believes in “making merit,” and the TRCEB conducts an
active program for eye donation, the waiting list is still
relatively long.'"* Most patients have to wait for a donor
for years; as a result, the progression of the disease during
this period may affect visual prognosis and the outcome.

Therefore, the current study was conducted to investi-
gate long-term survival outcomes and to identify signifi-
cant prognostic factors of corneal transplantation in
Thailand using local donor tissue. This may reflect the
developing world’s circumstances within Southeast Asia
in recent years. Furthermore, findings of this study may
also reflect the general trend of the public healthcare
system regarding corneal blindness prevention, corneal
disease treatment, and management of postoperative trans-
plant care in modern times.

Materials and Methods

This was a 15-year retrospective cohort study conducted
2013 at
Chulalongkorn Memorial Hospital, Bangkok, Thailand.

from January 2000 to December King
The study was approved by the Institutional Review
Board of the Faculty of Medicine,

University. The study was carried out in accordance with

Chulalongkorn

the tenets of the Declaration of Helsinki and has been
registered in the Thai Clinical Trials Registry system
(TCTR20141024001).

This study included data on a total of 1373 consecutive
surgeries for all types of corneal transplantation proce-
dures obtained from the TRCEB database. Four hundred
and eighty-four cases (35.2%) were excluded due to
incomplete data. The remaining 889 surgeries were
reviewed. In multiple grafts, only one graft per patient
was randomly selected for accurate statistical analysis.
Randomization was performed using a STATA random
number generator (version 10.1; Stata Corp., College
Station, Texas, USA). As a result, 704 transplanted eyes
were included in statistical analysis. Information on cor-
neal donor tissue acquisition was obtained from the
TRCEB, the main local corneal donor in Thailand.

We divided data into the following three variable sets
to analyze them separately: preoperative, intraoperative,
and postoperative data. A total of 26 indices were col-
lected. Regarding primary diagnosis, the three main indi-
cations for corneal transplantation were optical, tectonic,
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and therapeutic purposes. Corneal grafting in keratoconus
patients, defined as the reference group, had a graft failure
incidence rate of 1 per 1000 patients per month.

Graft failure was defined as an irreversible loss of
corneal clarity due to any cause. The possible risk factors
for graft failure were categorized into preoperative, intrao-
perative, and postoperative factors. Preoperative factors
included patient characteristics, such as sex, age, systemic
conditions, primary diagnosis, waiting time for transplan-
tation (the period between registration for transplantation
and transplantation of the donor cornea), preoperative
recipient status, preexisting glaucoma, or raised intraocular
pressure (IOP), lens status, ocular surface disease, and
history of previous intraocular surgeries. Corneal vascular-
ization was defined as the invasion of blood vessels into
the stromal cornea from 1-4 quadrants. Increased IOP was
defined as IOP > 21 mmHg when the glaucomatous optic
disc’s structural and/or functional changes could not be
assessed. The other preoperative factors were donor graft
conditions, including age and sex of donors; endothelial
cell density; death-to-enucleation time; and enucleation-to-
surgery time. Intraoperative factors included the type of
corneal transplantation (penetrating keratoplasty, triple
operation, anterior lamellar keratoplasty, endothelial kera-
toplasty), other combined surgical procedures, intraopera-
tive complications, and recipient graft size. Postoperative
factors included postoperative complications such as
raised IOP or glaucoma, corneal ulcer, and allograft rejec-
tion. Survival outcomes were reported as survival rates at
1, 3,5, and 10 years.

Statistical Analysis

Data were analyzed using STATA version 10.1 (Stata
Corp., College Station, Texas, USA). Descriptive statistics
were used for the continuous and categorical variables.
The corneal transplantation survival rates, which were
analyzed overall and for different indications, were deter-
mined using the Kaplan-Meier method and were reported
as survival curves. Eleven parameters were analyzed: reci-
pient age, primary diagnosis, pre-existing glaucoma or
raised IOP, graft rejection, donor endothelial cell density,
prior intraocular surgery, lens status, recipient graft size,
indication for surgery, waiting time to transplantation, and
corneal vascularization. Furthermore, the possible risk
factors were qualified and reported as hazard ratios
(HRs). The results were also analyzed using the log-rank
statistic to assess significant differences among strata. For
variables with three or more categories, the reference

category was chosen based on previous studies® or the
lowest hazard stratum. All variables were subjected to
the Log rank test and Cox proportional hazards regression
for univariate analysis to assess the significance of their
influence on graft failure. All factors that achieved a
P-value <0.2 on univariate analysis were entered into the
multivariate analysis model and Cox regression was used
to adjust for the effect of confounding factors. A P-value
of <0.05 was considered to be statistical significance. For
descriptive data, the mean with standard deviation was
used.

Results

Seven hundred and four consecutive surgeries performed
during the study period were included in the analysis.
There were 393 (55.8%) males and 311 (44.2%) females
(Table 1). Their mean age was 54.4 +18.2 years. The
median follow-up period was 31.7 months (range, 0.2—
171.0 months). Eye laterality was observed in the right
and left eyes of 358 (50.8%) and 346 (49.2%) patients,
respectively. Keratoplasty was performed in 623 (88.5%),
72 (10.2%), and 9 (1.3%) eyes for optical, therapeutic, and
tectonic purposes, respectively (Table 2). The three most
common diagnoses were corneal opacity/scar (25.3%),
PBK/ABK (15.8%), and regraft (14.8%) (Table 2). The
waiting time to transplantation was analyzed in 690 eyes.
Of these, optical indication had the longest median waiting
time at 42.7 months (range, 0-194.3 months), whereas
tectonic and therapeutic indications’ waiting times were
3.5 months (range, 0-161.4 months) and 0.6 months
(range, 0-96.0 months), respectively.

The two most common procedures performed were
penetrating keratoplasty and triple operations (Table 3).
Data on intraoperative complications, such as vitreous
loss, hyphema, and Descemet’s membrane detachment,
were collected. Postoperative complications included graft
rejection, delayed epithelialization, ocular surface pro-
blems, raised IOP or glaucoma, and ulcer on the graft,
resulting in differences in management and outcomes.

The overall Kaplan-Meier median graft survival period
was 81.7 months (range, 65.8-97.6 months). The overall
survival rates at 1, 3, 5, and 10 years were 87.5%, 72.0%,
59.2%, and 41.7%, respectively (Figure 1). The incidence
rate of graft failure was 9 per 1000 patients per month.

Among various indications, grafts for optical indica-
tions had the highest survival, with rates of 91.7%, 75.8%,
62.5%, and 44.9% at 1, 3, 5, and 10 years, respectively,
with a median follow-up period of 99.9 months (range,
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Table | Demographic Characteristics of the Study Population

Variables N (704) %

Patient characteristics

Sex
Male 393 55.82
Female 311 44.18
Recipient age (years), mean (SD) 54.37 (18.20)
<2l 30 4.26
2140 139 19.74
41-60 240 34.09
61-80 270 38.35
> 8l 25 3.55

Underlying disease

Diabetes 88 12.50
Hypertension 144 20.45
Blood dyscrasia 6 0.85
Cerebrovascular accident/ischemic heart disease 42 5.97
Dyslipidemia 67 9.52
Autoimmune; Thyroid, Rheumatoid arthritis, SLE 19 2.70

Occupation (n=468)

Employee 213 4551
Unemployed 67 14.32
Business owner 42 8.97
Government officer 90 19.23
Student 30 6.41

Priest 26 5.56

Preoperative recipient status

Prior intraocular surgery 287 40.77
Corneal vascularization (n=693)
None 460 66.38
<50% NV 154 2222
> 50% NV 79 11.40
Raised IOP/Glaucoma 142 20.17
Dry eye 29 4.12
Eyelid problem 31 4.40
Ocular surface disease 40 94.32
Lens status
Phakia 468 66.48
Pseudophakia 184 26.14
Aphakia 52 7.39
Waiting time to transplantation Median (months, range)
Optical 3.83 (0, 16.2) 611 88.55
Therapeutic 0.24 (0, 3.6) 70 10.14
Tectonic 2.75 (0, 13.9) 9 1.30

Abbreviations: SLE, systemic lupus erythematosus; NV, neovascularization; IOP, intraocular ocular pressure.

4192 e Clinical Ophthalmology 2021:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Reinprayoon et al

Table 2 Indications and Primary Diagnosis of Corneal Transplantation

Indications and Primary Diagnosis N %

Indication of surgery
Optical 623 88.49
Therapeutic 72 10.23
Tectonic 9 1.28

Primary diagnosis
Pseudophakic/aphakic bullous keratopathy I 15.77
Other corneal decompensation 44 6.68
Endothelial corneal dystrophy 42 5.97
Stromal corneal dystrophy 69 19.03
Other corneal dystrophy 18 2.56
Corneal scar/Opacity 178 25.28
Keratoconus 31 4.40
Active keratitis/ICK/IK 63 8.95
Perforation/Peripheral ulceration/Mooren’s ulcer 14 1.99
Regraft 104 14.77
OSD: Chemical/Thermal/SJS/LSCD/KCS 10 1.42
Others 17 241

Abbreviations: ICK, infectious crystalline keratopathy; IK, interstitial keratitis; OSD, ocular surface disease; SJS, Stevens-Johnson syndrome; LSCD, limbal stem cell

deficiency; KCS, keratoconjunctivitis sicca.

Table 3 Types of Corneal Transplantation

Procedures 2000-2002 2003-2005 2006-2008 2009-2011 2012-2014
N % N % N % N % N %
PKP 50 56.18 8l 59.12 84 53.50 93 57.06 82 51.90
Triple operation 25 28.09 33 24.09 34 21.66 24 14.72 34 21.52
PKP combined with other procedures 12 13.48 21 15.33 29 18.47 23 14.11 29 18.35
ALK 2 225 2 1.46 7 4.46 21 12.88 10 6.33
ALK combined with other procedure 0 0.00 0 0.00 0 0.00 | 0.61 | 0.63
EK 0 0.00 0 0.00 3 1.91 | 0.6l 0 0.00
EK combined with cataract surgery 0 0.00 0 0.00 0 0.00 0 0.00 2 1.27

Abbreviations: PKP, penetrating keratoplasty; ALK, anterior lamellar keratoplasty; EK, endothelial keratoplasty.

76.4-123.3 months) (Figure 2). In therapeutic corneal
transplants, the median follow-up period was 13.3 months
(range, 5.4-57.7 months). The survival rates in this group
were 56.9%, 44.3%, 36.1%, and 15.5% at 1, 3, 5, and 10
years, respectively. The overall proportion of patients with
graft failure was the highest in patients aged 41-60 years
(43.75%) and the lowest in patients under 21 years of age
(26.67%). Survival rates categorized by diagnosis are
shown in Table 4.

Nine of the 11 parameters were found to be potential
prognostic factors for graft failure by univariate analysis:

recipient age, indication for surgery, primary diagnosis,
prior intraocular surgery, lens status, pre-existing glau-
coma or raised IOP, recipient graft size, history of graft
rejection, and donor endothelial cell density.

For the recipient age, the patients aged 2140 years had
the highest graft survival rate, whereas those aged 41-60
years had the highest risk for graft failure (HR=1.93; 95%
confidence interval [CI], 1.36-2.75; P<0.001). Tectonic indi-
cations (HR=6.22; 95% CI, 3.06-12.66; P<0.001) and ther-
apeutic indications (HR=4.26; 95% CI, 3.13-5.79; P<0.001)
were associated with higher risks of graft failure compared
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Figure | The Kaplan-Meier survival curve analysis of overall corneal grafts.
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Figure 2 The Kaplan—Meier graft survival rates for optical, therapeutic, and
tectonic indications.

with optical indications. Patients with a history of intraocular
surgery (HR=1.68; 95% CI, 1.32-2.12; P<0.001), pseudo-
phakic eyes (HR=1.53; 95% CI, 1.18-1.98; P=0.001), and
donors with low endothelial cell density (HR=0.9991; 95%
CI, 0.9988-0.9994; P<0.001) had a significantly higher risk
of graft failure. Recipient grafts with diameters of 7.5-
7.9 mm were found to have the lowest risk of graft failure
compared with the other groups. Large recipient grafts with
diameters of 8.5-8.9 mm (HR=5.44; 95% CI, 2.75-10.75;
P<0.001) and >9.0 mm (HR=4.91; 95% CI, 2.06-11.69;
P<0.001) were associated with significantly higher risks of
graft failure (Table 5). However, the patients with longer
waiting times were not at a significantly increased risk of
graft failure (HR=1.08; 95% CI, 0.80-1.45; P=0.623). The
remaining three prognostic factors identified in univariate
analysis were also included in the multivariate analysis, the

details of which are described below.

Multivariate analysis revealed three prognostic factors:
primary diagnosis, pre-existing glaucoma, and history of
graft rejection (Table 6). In the case of primary diagnosis,
keratoconus diagnosis was identified as the reference
group (HR=1), whereas major diseases related to graft
failure  included  perforation/peripheral  ulceration/
Mooren’s ulcer (HR=28.57; 95% CI, 6.32-129.16;
P<0.001), active keratitis (HR=24.30; 95% CI, 5.88-
100.43; P<0.001), regraft (HR=9.37; 95% CI, 2.27-
38.66; P=0.002), and PBK/ABK (HR=7.97; 95% CI,
1.93-32.87; P=0.004).

The second factor, pre-existing glaucoma or raised IOP,
was the only ocular condition that negatively influenced
graft survival (HR=1.52; 95% CI, 1.13 to 2.04; P=0.006).

The last prognostic factor was a history of graft rejec-
tion, a common postoperative complication of corneal
transplantation. Graft rejection was a significant risk factor
for graft failure (HR=1.95; 95% CI, 1.54-2.48; P<0.001).

Discussion

At present, corneal transplantation is one of the most
favorable options for visual rehabilitation for those cur-
rently faced with corneal blindness.” Several studies,
which were mainly conducted in the developed world or
Caucasian populations, have reported short-term graft sur-
vival outcomes and potential risk factors of graft failure.
However, there are a limited number of studies assessing
long-term corneal graft success in developing countries
donor

and non-Caucasian populations local

12,15

using
tissue.

Previous large-scale studies of Asian eyes were con-
ducted over a decade ago in India (1997) and Singapore
(2008).>'* In the study by Dandona et al'* in India, locally
acquired donor tissue revealed a poor long-term graft
survival rate and visual results. On the contrary, the graft
survival success of the SCTS,> which used internationally
imported donor corneas, is similar to those of other major
long-term studies from Western countries.®'*'® These
results may be related to differences in demographic pro-
file, preoperative diagnosis, indications for surgery, or
socioeconomic factors, as India is relatively less developed
than Singapore. However, reliable data regarding corneal
transplant survival using local donor tissue from the devel-
oping world are barely available at present, particularly in
Southeast Asia.

The present study reported higher optical graft survival
rates (91.0%, 76.1%, 61.3%, and 43.9% at 1, 3, 5, and 10
years, respectively) than did the study by Dandona et al
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Table 4 Survival Rates of Primary Diagnosis

Primary Diagnosis n I-Year Survival 3-Year Survival 5-Year Survival 10-Year Survival
(%) %) (%) (%)
PBK/ABK 11 90.99 68.04 40.6 31.79
Other corneal decompensation 47 85.11 70.99 42.33 31.75
Fuchs’ endothelial corneal 42 85.71 77.51 68.63 68.63
dystrophy
Stromal corneal dystrophy 69 98.55 96.88 83.63 44
Other corneal dystrophy 18 100 86.57 86.57 -
Corneal scar/Opacity 178 92.7 79.27 73.52 57.77
Keratoconus 31 100 100 95.65 -
Active keratitis/ICK/IK 63 45.88 36.57 30.18 16.17
Perforation/Peripheral ulceration/ 14 42.86 21.43 21.43 10.71
Mooren’s ulcer
Regraft 104 80.77 54.39 39.24 25.11
OSD: Chemical/Thermal/S|S/LSCD/ 10 80 53.33 53.33 53.33
KCS
Others 17 88.24 88.24 41.36 -

Abbreviations: PBK, pseudophakic bullous keratopathy; ABK, aphakic bullous keratopathy; ICK, infectious crystalline keratopathy; IK, interstitial keratitis; OSD, ocular
surface disease; SJS, Stevens-Johnson syndrome; LSCD, limbal stem cell deficiency; KCS, keratoconjunctivitis sicca.

(79.6%, 68.7%, and 46.5% at 1, 2, and 5 years,
respectively).'” A study in Japan conducted by Ono et al'”
showed a relatively higher long-term graft survival rate of
60.4% at 12 years; this is comparable to the rates reported
in Western studies such as Williams et al’s ACGR study
and Borderie et al’s study in France.'*'

The graft survival outcome for optical purposes at one and
three years (91.7% and 75.8%, respectively) in the current
study was higher than that in the SCTS" (86.6% and 72.0%,
respectively). Our results were comparable to those of the
SCTS at 5 years but were slightly lower than the SCTS results
at 10 years (44.9% in our study vs 52.0% in SCTS). However,
our study’s overall Kaplan-Meier median graft survival period
was negligibly lower than the median graft survival period in
the SCTS (99.9 months vs 104.9 months).

The first-year survival rate of our study was compar-
able to that of the ACGR (91%) and the Cornea Transplant
Follow-up Study (CTFS) (88%). Notably, our findings
showed a gradual decrease in graft survival rate over
time, which contributed to a lower long-term graft survival
rate compared with data from the ACGR' (62%),
France'' (64%), and Sweden'’ (71%) studies, which
showed a rate of more than 60% at 10 years.

Despite the good overall survival outcome of corneal
transplantation across various studies, the individual graft
survival rate varies depending on the donor, recipient,
surgeon, and environmental factors. In the current study,
we confirmed that primary diagnosis, pre-existing glau-
coma, and history of graft rejection were significant prog-
nostic factors demonstrating a negative influence on graft
survival by multivariate analysis. As in our study, pri-
mary diagnosis and glaucoma were also found to be
significant prognostic factors in the SCTS. Other factors
such as recipient age, recipient sex, inflammation, vascu-
larization, perforation, recipient graft size, and donor
endothelial cell count influenced graft survival in the
SCTS.® Similarly, Dandona et al found that primary diag-
nosis, recipient age, vascularization, quality of the donor
cornea, and socioeconomic status affected transplant sur-
vival significantly.'?

The difference in primary diagnosis distribution in
individual studies, such as in the ACGR,'® the Canadian
Corneal Graft Outcome Study (CGOS),'® and studies
conducted in France,!' the USA,!® and China,'® were
reported to be associated with graft success rate. Active
keratitis, corneal perforation, PBK/ABK, and regrafts
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Table 5 Univariate Analysis of Graft Failure Association

Factors Associated with Graft Failure Hazard Ratio 95% CI p-value
Recipient age (years)

<2l 1.14 0.535, 2.42 0.739

2140 |

41-60 1.93 1.36, 2.75 <0.001

61-80 1.83 1.29, 2.59 0.001

= 8l 1.63 0.76, 3.47 0.206
Primary diagnosis

PBK/ABK 10.51 2.56, 43.18 0.001

Other corneal decompensation 10.32 2.43, 43.80 0.002

Fuchs’ endothelial corneal dystrophy 5.06 1.11,23.10 0.036

Stromal corneal dystrophy 3.47 0.80, 15.08 0.098

Other corneal dystrophy 5.57 1.08, 28.73 0.040

Corneal scar/Opacity 4.83 1.17, 19.86 0.029

Keratoconus |

Active keratitis/ICK/IK 27.14 6.57, 112.16 <0.001

Perforation/Peripheral ulceration/Mooren’s ulcer 29.62 6.55, 133.88 <0.001

Regraft 13.11 3.20, 53.68 <0.001

OSD: Chemical/Thermal/SJS/LSCD/KCS 8.18 1.50, 44.71 0.015

Others 8.74 1.76, 43.34 0.008
Pre-existing glaucoma/Raised IOP

No |

Yes 1.86 1.42, 2.43 <0.001
Prior intraocular surgery

No |

Yes 1.68 1.32, 2.12 <0.001
Lens status

Phakia |

Pseudophakia 1.53 1.18, 1.98 0.001

Aphakia 1.29 0.84, 1.98 0.242
Indication of surgery

Optical |

Therapeutic 426 3.13,5.79 <0.001

Tectonic 6.22 3.06, 12.66 <0.001
Recipient graft size (mm)

<70 2.14 1.13, 4.04 0.020

7.0-7.4 1.23 0.85, 1.79 0.269

7.5-7.9 |

8.0-84 1.94 1.13,3.33 0.017

8.5-8.9 5.44 2.75, 10.75 <0.001

29.0 491 2.06, 11.69 <0.001
Donor endothelial cell count (cellssmm?) 0.9991 0.9988, 0.9994 <0.001
Graft rejection

No |

Yes 2.13 1.68, 2.70 <0.001

Abbreviations: PBK, pseudophakic bullous keratopathy; ABK, aphakic bullous keratopathy; ICK, infectious crystalline keratopathy; IK, interstitial keratitis; OSD, ocular
surface disease; SJS, Stevens-Johnson syndrome; LSCD, limbal stem cell deficiency; KCS, keratoconjunctivitis sicca.
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Table 6 Multivariate Analysis of Graft Failure Association

Factors Associated with Graft Failure Hazard Ratio 95% CI p-value
Primary diagnosis
PBK/ABK 797 1.93, 32.87 0.004*
Other corneal decompensation 7.81 1.83, 33.36 0.006*
Fuchs’ endothelial corneal dystrophy 5.21 1.14, 23.81 0.033*
Stromal corneal dystrophy 342 0.79, 14.90 0.101
Other corneal dystrophy 5.18 1.003, 26.69 0.050
Corneal scar/Opacity 424 1.03, 17.45 0.045*
Keratoconus |
Active keratitis/ICK/IK 24.30 5.88, 100.43 <0.001F
Perforation/Peripheral ulceration/Mooren’s ulcer 28.57 6.32, 129.16 <0.001%
Regraft 9.37 2.27, 38.66 0.002*
OSD: Chemical/Thermal/SJS/LSCD/KCS 7.40 1.353, 40.47 0.021*
Others 6.88 1.38, 34.28 0.019*
Pre-existing glaucoma/Raised IOP
No |
Yes 1.52 1.13, 2.04 0.006*
Graft rejection
No |
Yes 1.95 1.54, 2.48 <0.001t

Notes: *p <0.05. Tp <0.001.

Abbreviations: PBK, pseudophakic bullous keratopathy; ABK, aphakic bullous keratopathy; ICK, infectious crystalline keratopathy; IK, interstitial keratitis; OSD, ocular
surface disease; SJS, Stevens-Johnson syndrome; LSCD, limbal stem cell deficiency; KCS, keratoconjunctivitis sicca.

have been identified as significant poor prognostic factors
for corneal transplantation.'*2°

Although we found that the three most common primary
diagnoses in our study (corneal opacity/scar, PBK/ABK, and
regraft) were similar to those of Asian studies conducted in
India,12 Japan,15 and Singapore,5 the overall graft survival rate
varied. This might be related to other contributing factors such
as donor quality, waiting time for transplantation, and socio-
economic issues. Nonetheless, our findings were inconsistent
with those reported from the Western world, such as by the
ACGR in Australia,'® the National Health Service Blood and
Transplant Ocular Tissue Advisory Group (OTAG) in the
UK,*' the Comeal Transplant Epidemiologic Study
(CORTES) in Italy,”* a study in France,'' the CGOS in
Canada,'® and the USA,'® in which keratoconus and PBK/
ABK were the leading primary diagnoses (range, 21-47% in
keratoconus; 25-43% in PBK/ABK).

As reported by many previous studies, keratoconus has
typically been considered the disease with the highest graft
survival after corneal transplantation.'”** In our study, the
survival rate was the highest in keratoconus treatment
(95.6% at 5 years), although it accounted for only 4.4%
of all diagnoses. In other studies, keratoconus was more

prevalent than in our study, with a primary diagnosis of

9.7% in the SCTS,’ 6.8% in India, and 6.7% in Japan. As
mentioned previously, several studies conducted in
Caucasian populations of the Western world indicated
notably greater percentages of keratoconus cases, namely
in the ACGR in Australia (32%),'® the CORTES in Italy
(47%),%* a study in France (27.8%),'" the OTAG in the
UK (45.8%),”" and the CGOS in Canada (20.7%),'® owing
to the distribution of cases. Consequently, many keratoco-
nus cases in Western countries might have contributed to a
higher overall graft survival outcome.

We also found that the survival outcomes were worse
in active keratitis, corneal perforation, and peripheral
ulcer, accounting for 10.9% of all cases. The relatively
high prevalence of these cases, which is aligned with a
unique Asian corneal disease spectrum,” might have con-
tributed to a somewhat reduced long-term graft survival
rate due to the active disease itself, the high probability of
complications, and the quality of the donor cornea used for
therapeutic and tectonic indications.

Our study’s other potential prognostic factors that sig-
nificantly reduced graft survival outcomes were pre-exist-
ing glaucoma and a history of graft rejection. Consistent
with prior studies from the West (ACGR, CCTS, France,
and the USA),'*""'®2* olaucoma was a significant risk
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factor affecting graft survival outcomes. A history of graft
rejection was noted as a prognostic factor, similar to stu-
dies in Japan, China, the ACGR, France, and the
CGOS,10:11.15.16,19

Six other factors, including recipient age, recipient
graft size, lens status, prior intraocular surgery, endothelial
cell density, and indication for surgery, were prognostic
factors for graft failure by univariate analysis. Corneal
neovascularization was shown not to significantly influ-
ence corneal graft survival, which is different from other
studies; this might have been caused by incomplete and
inaccurate retrospective data collection.

We have an efficient registration system for patients
through the TRCEB. However, we have been experiencing
a shortage of donors, in which we cannot achieve a demand-
supply balance. Our patients must stay on waiting lists for a
long period. Thus, the TRCEB must manage and optimize
waiting times according to the urgency of the individual’s
eye condition. In the TRCEB, eye conditions are classified
as emergency or urgent cases, such as corneal perforation,
uncontrolled corneal ulcers, and elective cases. In turn,
elective cases are divided into bilateral corneal disease
requiring bilateral corneal transplantation and unilateral
corneal disease. Most patients with visual impairment
needed to wait around 3-5 years for donor tissue in the
present study. As a result, this long waiting time was likely
to impact the outcome of corneal transplantation and was
included as a possible risk factor in our study. However,
there was no statistically significant difference in the survi-
val rate among patients waiting for three or fewer years and
those waiting three years or more. Although the influence of
waiting time on survival outcome was not apparent, longer
waiting time certainly impacted patients’ quality of life and
economic burden in society.?

Dandona et al found that patients with lower socio-
economic status had a higher risk of graft failure, with a
relative risk of 1.28 (95% CI, 1.16-1.42)."* On behalf of
the OTAG study, Chua et al reported that hard-pressed
patients had an increased risk of graft failure within 5
years than the least deprived patients after adjusting for
confounding factors and indications (HR=1.3; 95% CI,
1.1-1.5; P=0.003).”> In our study, 14.3% of our patients
were unemployed, suggesting a low socioeconomic status.
This might have contributed to the association by increas-
ing the risk of graft failure due to poorer compliance with
postoperative care. Thus, we should educate high-risk
patients to avoid all preventable potential risk factors of
graft failure.

Limitations of our study include its retrospective
design, missing data, recall bias, and incomplete medical
record data, which might have affected the analysis.
Excluded incomplete data by 35% may interfere and pos-
sibly overestimate the survival outcomes. We strongly
believe that pre-registration for corneal transplantation in
conjunction with complete follow-up data and patient edu-
cation will solve this problem and improve the clinical
results in the future.

Conclusion

In conclusion, corneal grafts’ overall long-term survival
rate at King Chulalongkorn Memorial Hospital is compar-
able to that of major studies from Asian and Western
countries. Most grafts are used for visual rehabilitation,
which shows the best prognosis. Primary diagnosis, glau-
coma, and history of graft rejection are significant prog-
nostic factors that influence graft survival outcomes.
Lastly, the shortage of donor corneas using local donor
tissue in developing countries is problematic and should be
qualified as an urgent public health concern.
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