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Ten-Year Survival of Optical Penetrating Keratoplasty and
Risk Factors for Graft Failure in Thai Patients

Suksri Chotikavanich, MD?, Pinnita Prabhasawat, MD*, Onnapa Satjapakasit, MD*

* Department of Ophthalmology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand

Objective: To determine long-term graft survival and identify risk factors for secondary graft failure of optical penetrating
keratoplasty (PK) in Thai patients.

Materials and Methods: A Retrospective study of patients that underwent optical PK at Siriraj Hospital between January 2002
and December 2005 was done.

Results: 0f 131 eyes, primary graft failure was found in two eyes (1.5%) thus, 129 eyes were recruited. The three most common
surgical indications were pseudophakic or aphakic bullous keratopathy (33.3%), corneal scars (post-trauma, post-infection)
(20.9%), and regrafts (16.3%). Mean follow-up period was 93.2 months (1 to 183 months). One-year, 2-year, 5-year, and 10-year
graft survival rates were 84.5%, 73.2%, 50.2%, and 24.7%, respectively. The leading cause of graft failure was irreversible allograft
rejection (62.5%). Most (56.0%) of the first graft rejection happened within one year post-operatively. Graft survival was lower
in eyes with regrafts, history of glaucoma, deep corneal vascularization, peripheral anterior synechiae, and occurrence of one
or more rejection episodes. Multivariate regression analysis demonstrated that peripheral anterior synechiae and occurrence
of one or more rejection episodes were the significant independent risk factors for graft failure. Considering patients with the
clear grafts at the last follow-up, the final best-corrected visual acuity was 6/36 or better in 66.7% eyes and 6/18 or better in
31.6% eyes. Comparing to pre-operative vision, patients with the clear grafts at the last follow-up had improved visual outcome
in most eyes (82.5%).

Conclusion: Ten-year survival and visual outcome of optical PK showed successful outcome, however, the survival rate decreased
over time. The significant risk factors for graft failure should be cautiously evaluated before surgery.
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Corneal transplantation has been one of the most
frequently performed solid organ transplantations.
Even though, alternative surgical technique of lamellar
keratoplasty has gained popularity, penetrating
keratoplasty (PK), which could be the method of
choice for all keratoplasty indications"?, is still the
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foremost surgery. Three indications of PK were for
optical, therapeutic, and tectonic purpose. Unlike the
other purposes, maintenance of clarity of the corneal
graft in the long term is the main goal of optical
PK surgery. Although many publications reported
graft survival and visual outcome of PK in their
population®®, few publications studied the long-term
(more than 10 years) graft survival'%, Reported graft
survivals varied from country to country affected by
different demographic patients’ backgrounds and
surgical circumstances.

In Thailand, indications and visual outcome of
PK were previously studied'"'®. However, to the
authors’ knowledge, corneal graft survival has never
been studied in Thai patients. Therefore, in addition to
reporting the surgical indications and visual outcome,
the primary objective of the present study was to
demonstrate the long-term (10 years) corneal graft
survival of optical PK and to identify causes and risk
factors of secondary graft failure.
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Materials and Methods
Data collection

After the present study protocol was approved
by the Siriraj Institutional Review Board [Siriraj
Ethics Committee Number 179/2553(EC3)], a
retrospective medical chart review of consecutive
patients that underwent PK for optical purpose (for
corneal clarity and improvement of vision) and had
a minimum of 10-year follow-up at Siriraj Hospital
was performed. Exclusion criteria included corneal
transplants performed for therapeutic purpose for
active corneal infection, inflammation, or neoplasia,
for tectonic purpose in impending or presenting
corneal perforation, patients younger than 20 years
old, incomplete documentation, and primary graft
failure.

One hundred thirty-one eyes in 129 patients
underwent PK for optical reason between January
2002 and December 2005. Primary graft failure
defined as irreversible corneal graft opacification
occurring within two weeks after transplant was
found in two eyes (1.5%). These failures had been
considered to relate to donor tissue survivability and
did not relate to recipient factors. Therefore, 129 eyes
in 127 patients met the inclusion criteria.

Data including age, gender, laterality, and
primary pre-operative diagnosis were collected. A
secondary graft failure was defined as an irreversible
loss of corneal graft clarity after the graft was
initially clear for at least the first two weeks after
PK, unresponsive to medical treatments. Causes of
the secondary graft failure were recorded. Possible
risk factors of secondary graft failure including
pre-operative factors of surgical indication, history
of glaucoma (having at least one anti-glaucoma
medication or history of glaucoma surgery, which was
trabeculectomy or tube-shunt surgery with or without
medication), deep (stromal) corneal vascularization,
peripheral anterior synechiae, and lens status, intra-
and post-operative factors of type of operation, data
about donor graft, occurrence of rejection episode,
and other complications were reviewed.

Visual outcomes of the surgery including best-
corrected visual acuity and other co-morbidities
affecting visual acuity were recorded. The best-
corrected visual acuity was categorized in eight levels,
equal to or better than 6/18, worse than 6/18 to 6/36,
worse than 6/36 to 6/60, worse than 6/60 to 3/60,
worse than 3/60, hand movement, light projection or
perception, and no light perception. Visual outcome
was considered better when the best-corrected
visual acuity improved one or more levels, worse
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Table 1. Indications for optical penetrating keratoplasty
(n=129)

Primary pre-operative diagnosis n (%)
Pseudophakic or aphakic bullous keratopathy 43(33.3)
Corneal scars? 27 (20.9)
Regrafts 21 (16.3)
Stromal dystrophy 13 (10.1)
Idiopathic corneal decompensation 10 (7.8)
Fuchs’ dystrophy 4(3.1)
Interstitial keratitis 4(3.1)
Glaucoma with corneal decompensation 3(2.3)
Iridocorneal endothelial syndrome 3(2.3)
Stevens-Johnson syndrome 1(0.8)

* Corneal scars included post-traumatic scars and post-infectious
scars

when the best-corrected visual acuity decreased one
or more levels, and stable when the best-corrected
visual acuity was at the same level, compared to pre-
operative vision.

Statistical analysis

The data were analyzed using IBM SPSS
Statistics for Windows, version 23 (IBM Corp.,
Armonk, NY, USA). Corneal allograft survival was
determined with Kaplan-Meier survival analysis. The
risk factors for secondary graft failure were identified
by univariate regression analysis by Mantel-Cox (log-
rank) test and by multivariate regression analysis with
the Cox proportional hazards model, performed on
the univariate risk factors to adjust for the effect of
confounding by other risk factors. A p-value of less
than 0.05 was considered statistically significant.

Results
Patient demographics and preoperative clinical data
One hundred twenty-nine eyes in 127 patients
were included in the present study, of which 68
patients (53.5%) were male and 59 patients (46.5%)
were female. Two patients received bilateral corneal
grafts. Seventy-four eyes (57.4%) were right eye.
The mean age of all recipients was 55.7 years (22 to
86 years). Their primary corneal diseases requiring
optical PK are shown in Table 1. Pseudophakic
or aphakic bullous keratopathy (43 eyes, 33.3%),
corneal scars (27 eyes, 20.9%), and regrafts (21 eyes,
16.3%) were the three leading indications. According
to lens status, 69 eyes (53.5%) were phakic, 47 eyes
(36.4%) were pseudophakic, and 13 eyes (10.1%)
were aphakic.
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Figure 1. Kaplan-Meier survival curve of all corneal trans-
plants.

Surgical data

Seventy-one eyes (55.0%) had PK surgery alone,
whereas 58 eyes (45.0%) had PK combined with other
operations including cataract removal with posterior
chamber intraocular lens (IOL) implantation, primary
or secondary IOL scleral fixation, or IOL exchange.
Sixteen eyes (12.4%) had concurrent anterior
vitrectomy surgery. One hundred twenty-seven eyes
(98.4%) of recipient beds and all 129 donors’ corneal
buttons (100%) were in 7.0 to 8.5 mm diameter size.
Two eyes (1.6%) of the recipient beds were less than
7 mm.

Most donors (113 eyes, 87.6%) were from
the Thai Red Cross Eye Bank. The other 14 eyes
(10.9%) and 2 eyes (1.6%) were from the Sri Lanka
international eye bank in Sri Lanka and the Lions
medical eye bank in USA, respectively. The ages of
the donors were equal or less than 60 years in 78 eyes
(65.5%) and more than 60 years in 41 eyes (34.5%).
The donor storage time before surgery was within
seven days in 118 eyes (98.7%) and more than seven
days in two eyes (1.3%).

Postoperative data and corneal graft survival
Mean follow-up time for all patients was 93.2
months (1 to 183 months). The patients lost to follow-
up increased over time. The percentage of patients
with follow-up at 1, 2, 5, and 10 years was 90%, 74%,
41%, and 13%, respectively. The graft survival rates at
1,2, 5, and 10 years were 84.5%, 73.2%, 50.2% and
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Table 2. Causes of secondary graft failure (n=72)

Cause n (%)
Irreversible allograft rejection® 45 (62.5)
Ocular infection* 13 (18.1)
Corneal graft decompensation without history of 7(9.7)
allograft rejection®

Recurrence of primary disease 3(4.2)
Corneal surface problems" 2(2.8)
Ocular trauma 2(2.8)

*Included epithelial rejection, stromal rejection, and endothelial
rejection; * Included corneal graft infection, infectious uveitis, and
infectious endophthalmitis; ¢ Caused by glaucoma, prolapsed vitreous,
and idiopathic condition; TIncluded persistent epithelial defect, and
band keratopathy

Table 3. Post-operative duration of the first allograft rejec-
tion episode (n=75)

Post-operative duration (months) n (%)

<6 28(37.3)
>6to 12 14 (18.7)
>12 to 24 10 (13.3)
>24to 36 11 (14.7)
>36 to 72 8(10.7)
>72 4 (5.3)

24.7% respectively (Figure 1). At the last follow-up,
secondary graft failure occurred in 72 eyes. Factors
responsible for the graft failure are shown in Table 2.
The most common cause of secondary graft failure
was irreversible immunologic allograft rejection
(62.5%), followed by ocular infection (18.1%), and
corneal graft decompensation without history of
allograft rejection (9.7%).

Onset of allograft rejection, mostly occurred
within the first year postoperatively (56.0%),
especially within the first six months (37.3%)
(Table 3). Not all patients with the first allograft
rejection episode would finally develop graft
failure. Of the ocular infection, causative organisms
were bacteria (five eyes, including Pseudomonas
aeruginosa, Staphylococcus aureus (MSSA),
Streptococcus viridans, Acinetobacter baumannii,
and Citrobacter spp., herpes virus (four eyes), fungus
(two eyes, Candida spp., and Acremonium spp.) and
negative culture (two eyes). Post-operative onset of
infection ranged from 2 to 116 months.

Risk factors of corneal graft failure
A univariate regression analysis was performed
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Table 4. Significant risk factors of secondary graft failure based on univariate regression analysis

Risk factor Characteristic Number (n=129) Survival rate (%) p-value
1-year 2-year 5-year 10-year
Pre-operative factor
Surgical indication of regrafts Presence 21 60 27.3 21.8 10.9 0.001
Absence 108 89.6 82.8 56 25.5
History of glaucoma® Presence 54 80.8 66.3 34.3 15.2 0.01
Absence 75 87.5 78.9 64.4 34.0
Deep corneal vascularization Presence 56 84 60.7 38.3 17.1 0.031
Absence 73 84.8 81.7 58.3 30.5
Peripheral anterior synechiae Presence 23 60 32.7 10.9 <0.001
Absence 106 89.6 81.6 58.7 285
Post-operative factor
> one rejection episodes Presence 75 78.4 64.1 34 14.8 <0.001
Absence 54 95.2 89.8 82.9 44.5

*Included patients with history of having at least one anti-glaucoma medication or history of glaucoma surgery (trabeculectomy or tube-shunt

surgery) with or without medication

to evaluate the risk factors of secondary graft failure.
The significant risk factors (p<0.05) are presented
in Table 4. The presence of regrafts, history of
glaucoma, deep corneal vascularization, peripheral
anterior synechiae in recipient eye, and post-operative
occurrence of one or more allograft rejection episodes
were significantly associated with an increased risk
of graft failure, compared to the absence of each of
these conditions (p=0.001, 0.01, 0.031, <0.001, and
<0.001, respectively).

On the other hand, the other factors included
donor age (60 years or younger versus older than
60 years), donor endothelial cell count (2,500 cells/
mm? or less versus more than 2,500 cells/mm?),
donor storage time (within seven days versus
more than seven days), lens status (phakic versus
pseudophakic or aphakic), operation type (PK alone
versus PK combined with other operations, e.g.,
cataract extraction with IOL insertion, [OL exchange,
or anterior vitrectomy) were not significant risks
(p>0.05).

The variables that were significantly associated
with graft survival in the univariate analysis were
further analyzed using a multivariate regression
analysis to identify independent risk factors for graft
failure (Table 5). Two independent risk factors that
reached statistical significance (p<0.05) with high
risk ration (RR) were recipient peripheral anterior
synechiae (RR 2.25, 95% CI 1.22 to 4.14) and
occurrence of one or more allograft rejection episodes
(RR 2.57, 95% CI 1.42 to 4.65).
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Visual outcome

At the last follow-up, 57 clear corneal grafts
were presented. The best-corrected visual acuity of
the clear corneal grafts are presented in Figure 2.
Of the patients who had clear corneal grafts, 66.7%
achieved visual acuity of 6/36 or better and 31.6%
achieved visual acuity of 6/18 or better. Thirty-eight
eyes had ocular co-morbidities affecting visual
outcome in addition to their primary corneal diseases.
They were glaucomatous optic neuropathy (28 eyes,
73.7%), retinal and macular disease (four eyes,
10.5%), cataract (four eyes, 10.5%), open globe injury
(one eye, 2.6%), and amblyopia (one eye, 2.6%).
Comparing to pre-operative vision, the visual outcome
of the clear grafts improved in 47 eyes (82.5%), was
stable in six eyes (10.5%), and worsened in four eyes
(7.0%) (Figure 3). The worsened vision included co-
morbidities of advanced glaucoma (two eyes), retinal
disease (one eye), and open globe injury (one eye).

Discussion

Among 129 eyes (127 patients) that underwent PK
for optical purpose, the three most common surgical
indications were pseudophakic or aphakic bullous
keratopathy (33.3%), corneal scars (post-trauma or
post-infection) (20.9%), and regrafts (16.3%), which
accounted for nearly three-fourths of the surgical
indications in the present study. Those three conditions
were similar to the most common indications in other
studies from Asia®!'*!'"!® Moreover, pseudophakic
or aphakic bullous keratopathy was the leading
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Table 5. Risk factors of secondary graft failure and their associated risk ratios based on multivariate regression analysis

Risk factor Characteristic Risk ratio 95% CI p-value
Pre-operative factor
Surgical indication of regrafts Presence 1.49 0.79 to 2.82 0.215
Absence
History of glaucomat Presence 1.09 0.62 to 1.90 0.769
Absence 1
Deep corneal vascularization Presence 1.16 0.68 to 1.96 0.593
Absence 1
Peripheral anterior synechiae Presence 2205 1.22to 4.14 0.009*
Absence 1
Post-operative factor
> one rejection episodes Presence 2.57 1.42 to 4.65 0.002*
Absence 1

ClI=confidence interval

*Included patients with history of having at least one anti-glaucoma medication or history of glaucoma surgery (trabeculectomy or tube-shunt

surgery) with or without medication

Number (n)

20
(35.1%)

(31.6%)

(14.0%)
5
(8.8%)

2
(3.5%)

1
(1.8%) (1.8%)

26/18 <6/18-6/36  <6/36-6/60  <6/60-3/60 <3/60 HM PL NPL

Figure 2. Best-corrected visual acuity of clear corneal grafts
at last follow-up time (n=57).

HM=hand movement, PL=light perception, NPL=no light perception

® Improved
il Stable
= Worsen

Figure 3. Visual outcome of clear corneal grafts at last
follow-up time (n=57).

indication worldwide"” because it happened after
cataract surgery, which was the most common
intraocular surgery performed. However, Fuchs’
dystrophy and keratoconus, which were the other most
common indications in western countries®>7-9, were
not as common in the present study. The prevalence
of individual corneal pathologies and differences in
decision making of patients or physicians based on
different available resources might influence those
surgical indications.

In the present study, corneal graft survivals at
1 year, 2 years, 5 years, and 10 years were 84.5%,
73.2%, 50.2%, and 24.7%, respectively. The finding
showed that optical PK was an effective treatment for
those indications, however, the survival rate decreased
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over time. At | year and 2 years, the survival rates
were comparable with other studies, which reported
72% to 95% survival®>*19, The long-term survival
was lower than in some previous studies from western
countries, which reported 5-year survival of 59%
to 91% and 10-year survival of 50% to 71%®>%9,
However, the 1-year, 2-year and S5-year survival
rates in the present study were higher than studies
from India®!”, which were 65% to 79.6%, 52.5% to
68.7%, and 46.5%, respectively. The results might be
influenced by the majority of primary corneal diseases
in the study including pseudophakic or aphakic
bullous keratopathy, post-traumatic or post-infectious
scars, and especially regrafts, which were categorized
in worse survival in most studies®%20),
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In contrast, keratoconus or Fuchs’ dystrophy,
which were common indications in western countries,
reported better survival®#21:22 About regrafts,
Weisbrod et al studied to compare repeated PK with
primary PK and found that the regrafts had a higher
rate of peripheral anterior synechiae, were more
likely to require anti-glaucoma medications prior to
surgery, more likely to develop postoperative corneal
neovascularization, and had significant worse graft
survival rates@.

The most common cause of secondary graft
failure was irreversible immunologic allograft
rejection (62.5%), similar to other studies®7%!9,
More than half (56.0%) of the first allograft rejection
happened within one year, post-operatively. The
patients who had allograft rejection were sometimes
lost to follow-up or had poor compliance, especially
for instillation of topical steroids after surgery. The
second most common cause of graft failure was
ocular infection (18.1%). The causative agents in
the present study were various including bacteria
(both gram-positive and gram-negative organisms),
virus, or fungus. Additionally, the infection could
occur anytime in the postoperative course, similarly
with the previous studies®**". Besides requirement
of prolonged use of topical steroids, ocular surface
problems such as broken or loose suture, eye drops
with preservatives, epithelial defects, and graft
hypoesthesia contributed to associated risks of
infection in the eye with corneal grafts and should
be carefully managed®2%2),

Five significant risk factors of graft failure were
identified based on univariate regression analysis
(Table 4). This should be interpreted with caution
because of potential confounding effect from other
factors. After multivariate regression analysis, the
two independent risk factors for graft failure were
identified (Table 5). The presence of recipient
peripheral anterior synechiae was a significant risk
factor for graft failure (RR 2.25, p=0.009), similar
to previous studies®3%3V, The presence of peripheral
anterior synechiae exposed the donor endothelium
to recipient vascular system and increased the risk
of corneal graft rejection. Furthermore, peripheral
anterior synechiae also increased the incidence of
secondary glaucoma and endothelial cells loss from
direct traction contributing to subsequent graft failure.

Occurrence of one or more allograft rejection
episodes were the other significant risk factor (RR
2.57, p=0.002), which is in line with previous
studies®32*». Wagoner et al reported that the low
graft survivals were 42.6% at one year and 36.1%
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at three years in their patients after the onset of
severe endothelial rejection®?. Although, most of
the rejection episodes occurred within six months
postoperatively, it could occur at any time point
(Table 3). However, Perera et al found that the
treatment outcomes of graft rejections were not
significantly different between early and late rejection
(six months or earlier versus later than 6 months)©9.

At the last follow-up time (mean 93.2 months),
57 clear corneal grafts were presented. Of the
clear grafts, the final best-corrected visual acuity
was 6/18 or better in 31.6% and 6/36 or better in
66.7% (Figure 2). The visual outcome of clear graft
was improved in 82.5% of the patients (Figure 3).
The present study results were as good as previous
studies®*%¥7. Common comorbidities affecting visual
acuity were glaucomatous optic neuropathy, cataract,
and retinal and macular disease.

Limitations of the present study included the
retrospective nature of the study that imposed
incomplete data collection due to inadequate
documentation of medical records or incomplete
data of donor factors such as the imported donors
that had no endothelial cell count records. However,
the strength of the present study was that the data
were representative of long-term outcome of optical
PK covering essential aspects of graft survival, risk
factors for graft failure, and visual outcome in Thai
patients.

Conclusion

The ten-year follow-up of corneal graft survival
and visual outcome after optical PK in the present
study demonstrated successful outcome. However,
the survival decreased over time. The significant
risk factors for corneal graft failure could be used as
prognostic guidelines for both surgeons and patients.
As techniques for corneal transplant are continuously
adapting, the results can be useful data for any further
studies.

What is already known on this topic?

Indications and visual outcome of PK surgery
in Thailand were previously reported. Those study
periods were between one and five years.

What this study adds?

In addition to reporting the surgical indications
and visual outcome of optical PK, the authors studied
the long-term survival rate of the corneal graft,
identified the cause, and analyzed the risk factors of
secondary graft failure in Thai patients.

] Med Assoc Thai | Vol.103 | No.9 | September 2020



Acknowledgement

The authors are grateful to Julaporn Pooliam,
MSec, from the Office for Research and Development,
for her assistance with the statistical analysis.

Conflicts of interest
The authors declare no conflict of interest.

References

1. Frigo AC, Fasolo A, Capuzzo C, Fornea M, Bellucci
R, Busin M, et al. Corneal transplantation activity
over 7 years: changing trends for indications, patient
demographics and surgical techniques from the
Corneal Transplant Epidemiological Study (CORTES).
Transplant Proc 2015;47:528-35.

2. Jankowska-Szmul J, Dobrowolski D, Krysik K, Kwas
J, Nejman M, Wylegala E. Changes in technique and
indications for keratoplasty in Poland, 1989 to 2014:
An analysis of corneal transplantations performed at
Saint Barbara Hospital, Trauma Center, Sosnowiec,
Poland. Transplant Proc 2016;48:1818-23.

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

4. Dandona L, Naduvilath TJ, Janarthanan M, Ragu
K, Rao GN. Survival analysis and visual outcome
in a large series of corneal transplants in India. Br J
Ophthalmol 1997;81:726-31.

5. Sit M, Weisbrod DJ, Naor J, Slomovic AR. Corneal
graft outcome study. Cornea 2001;20:129-33.

6. Patel HY, Ormonde S, Brookes NH, Moffatt SL,
Sherwin T, Pendergrast DG, et al. The New Zealand
National Eye Bank: survival and visual outcome 1 year
after penetrating keratoplasty. Cornea 2011;30:760-4.

7. Thompson RW Jr, Price MO, Bowers PJ, Price FW Jr.
Long-term graft survival after penetrating keratoplasty.
Ophthalmology 2003;110:1396-402.

8. Claesson M, Armitage WJ. Ten-year follow-up of
graft survival and visual outcome after penetrating
keratoplasty in Sweden. Cornea 2009;28:1124-9.

9.  Muraine M, Sanchez C, Watt L, Retout A, Brasseur
G. Long-term results of penetrating keratoplasty. A
10-year-plus retrospective study. Graefes Arch Clin
Exp Ophthalmol 2003;241:571-6.

10. Tan DT, Janardhanan P, Zhou H, Chan YH, Htoon
HM, Ang LP, et al. Penetrating keratoplasty in
Asian eyes: the Singapore Corneal Transplant Study.
Ophthalmology 2008;115:975-82.

11. Chaidaroon W, Ausayakhun S, Ngamtiphakorn S,
Prasitsilp J. Clinical indications for penetrating
keratoplasty in Maharaj Nakorn Chiang Mai Hospital,
1996-1999. J Med Assoc Thai 2003;86:206-11.

12. Chaidaroon W, Iewsakul S. Visual outcomes after
penetrating keratoplasty. CMU Journal 2002;1:161-5.

13. Chaiear S. Indications and visual results of penetrating
keratoplasty in Udonthani Hospital between1997 and
2006: a retrospective review of 84 cases. Srinagarind

] Med Assoc Thai | Vol.103 | No.9 | September 2020

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Med J 2008;23:207-14.

Preechanon A, Chuckpaiwong V, Bunnapradist
P, Vongthongsri A. Penetrating keretoplasty in
Ramathibodi hospital: A 5-year retrospective study.
Thai J Ophthalmol 2002;16:57-60.

Poonyathalang A, Simaroj P. Penetrating keratoplastyin
Ramathbodi hospital (1982-1992). Thai J Ophthalmol
1993;7:57-60.

Saranyakoob W, Horatanaruang O. Indications and
results of penetrating keratoplasty in Songkla Nakarin
hospital between 1996 and 2003. Thai J Ophthalmol
2006;20:43-51.

Joshi SA, Jagdale SS, More PD, Deshpande M.
Outcome of optical penetrating keratoplasties at a
tertiary care eye institute in Western India. Indian J
Ophthalmol 2012;60:15-21.

Pan Q, Li X, Gu Y. Indications and outcomes of
penetrating keratoplasty in a tertiary hospital in the
developing world. Clin Exp Ophthalmol 2012;40:232-
8.

Matthaei M, Sandhaeger H, Hermel M, Adler W,
Jun AS, Cursiefen C, et al. Changing indications
in penetrating keratoplasty: A systematic review
of 34 years of global reporting. Transplantation
2017;101:1387-99.

Vanathi M, Sharma N, Sinha R, Tandon R, Titiyal
JS, Vajpayee RB. Indications and outcome of repeat
penetrating keratoplasty in India. BMC Ophthalmol
2005;5:26.

Patel SV, Diehl NN, Hodge DO, Bourne WM.
Donor risk factors for graft failure in a 20-year
study of penetrating keratoplasty. Arch Ophthalmol
2010;128:418-25.

Sugar A, Tanner JP, Dontchev M, Tennant B, Schultze
RL, Dunn SP, et al. Recipient risk factors for graft
failure in the cornea donor study. Ophthalmology
2009;116:1023-8.

Weisbrod DJ, Sit M, Naor J, Slomovic AR. Outcomes
of repeat penetrating keratoplasty and risk factors for
graft failure. Cornea 2003;22:429-34.

Smith SD. Clinical and microbiological profile of post-
penetrating keratoplasty infectious keratitis in failed
and clear grafts. Am J Ophthalmol 2013;156:626.
Wright TM, Afshari NA. Microbial keratitis
following corneal transplantation. Am J Ophthalmol
2006;142:1061-2.

Vajpayee RB, Sharma N, Sinha R, Agarwal T, Singhvi
A. Infectious keratitis following keratoplasty. Surv
Ophthalmol 2007;52:1-12.

Sun JP, Chen WL, Huang JY, Hou YC, Wang 1J, Hu
FR. Microbial keratitis after penetrating keratoplasty.
Am J Ophthalmol 2017;178:150-6.

Bates AK, Kirkness CM, Ficker LA, Steele AD, Rice
NS. Microbial keratitis after penetrating keratoplasty.
Eye (Lond) 1990;4(Pt 1):74-8.

Das S, Constantinou M, Ong T, Taylor HR. Microbial
keratitis following corneal transplantation. Clin Exp
Ophthalmol 2007;35:427-31.

889



30.

31.

32.

33.

890

Price MO, Thompson RW Jr, Price FW Jr. Risk factors
for various causes of failure in initial corneal grafts.
Arch Ophthalmol 2003;121:1087-92.

Maguire MG, Stark WIJ, Gottsch JD, Stulting RD,
Sugar A, Fink NE, et al. Risk factors for corneal
graft failure and rejection in the collaborative
corneal transplantation studies. Collaborative
Corneal Transplantation Studies Research Group.
Ophthalmology 1994;101:1536-47.

Anshu A, Lim LS, Htoon HM, Tan DT. Postoperative
risk factors influencing corneal graft survival in the
Singapore Corneal Transplant Study. Am J Ophthalmol
2011;151:442-8.

YuAL, Kaiser M, Schaumberger M, Messmer E, Kook
D, Welge-Lussen U. Perioperative and postoperative
risk factors for corneal graft failure. Clin Ophthalmol
2014;8:1641-7.

34.

35.

36.

Wagoner MD, Ba-Abbad R, Sutphin JE, Zimmerman
MB. Corneal transplant survival after onset of severe
endothelial rejection. Ophthalmology 2007;114:1630-
6.

Perera C, Jhanji V, Lamoureux E, Pollock G, Favilla
I, Vajpayee RB. Clinical presentation, risk factors and
treatment outcomes of first allograft rejection after
penetrating keratoplasty in early and late postoperative
period. Eye (Lond) 2012;26:711-7.

Jhanji V, Moorthy S, Constantinou M, Beltz J,
Vajpayee RB. Penetrating keratoplasty for unilateral
corneal disease: outcomes from a tertiary care hospital
in Australia. Eye Contact Lens 2010;36:6-9.
Williams KA, Lowe M, Bartlett C, Kelly TL, Coster
DJ. Risk factors for human corneal graft failure within
the Australian corneal graft registry. Transplantation
2008;86:1720-4.

] Med Assoc Thai | Vol.103 | No.9 | September 2020



