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Abstract

Purpose To analyze the outcomes of corneal transplantation procedures over a 13-year period at Farabi Eye
Hospital, Tehran, Iran, to identify trends and determinants influencing the frequency and success of primary and
re-transplantations.

Methods Utilizing a comprehensive dataset from the hospital’s Hospital Information System, the study reviewed
the records of 8,378 patients who underwent corneal transplants between 2009 and 2022. This analysis included
demographic information, surgical details, and follow-up data. Statistical methods were applied to assess the impact
of variables such as age, gender, surgeon experience, and surgical techniques on the likelihood of re-transplantation.

Results Of the 8,378 transplants, 7,660 (91.4%) were primary procedures while 718 (8.6%) involved re-transplantation.
The most common primary transplant was penetrating keratoplasty (PKP, 50.3%), followed by Descemet’s stripping
endothelial keratoplasty (DSAEK, 29.3%), and deep anterior lamellar keratoplasty (DALK, 18.5%). Analysis revealed

no significant association between re-transplantation rates and patient gender or nationality. Older recipient

age correlates with higher re-transplantation rates, likely due to reduced regenerative capacity and increased
comorbidities in older patients. Pre-transplant comorbidities (e.g., keratoconus, ulcers), concurrent surgeries (e.g.,
vitrectomy), and prior procedures (e.g., glaucoma surgeries, IOL implantation) significantly increase re-transplantation
risk, likely due to additional ocular stress and inflammation.

Conclusion The study highlights the importance of patient age, surgeon experience, and the choice of surgical
technique in the success rates of corneal transplants. These factors are crucial for optimizing patient outcomes and
minimizing the necessity for re-transplantations.

Keywords Corneal transplantation, Re-transplantation rates, Surgical outcomes, Penetrating keratoplasty (PKP),
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Introduction

Corneal blindness, a significant global health concern,
ranks as the third leading cause of vision loss world-
wide, trailing only cataract and glaucoma [1]. Affecting
millions, with an estimated 10 million individuals expe-
riencing bilateral corneal blindness [2, 3], this condition
necessitates effective interventions to alleviate its burden.

For over a century, corneal transplantation has emerged
as a beacon of hope for those suffering from corneal
blindness [4]. Since its inception, this procedure has
evolved into the most prevalent form of allogeneic trans-
plantation globally. Individuals receive corneal trans-
plants for a diverse array of reasons, which demonstrate
variations both geographically and over time [5]. These
variations in the prevalence of underlying causes for
corneal transplantation can be attributed to a multitude
of factors including shifts in disease patterns, advance-
ments in medical understanding and technology, as well
as changes in environmental and demographic factors
[6]. This highlights the dynamic nature of the indications
for corneal transplantation, which are influenced by both
spatial and temporal factors. While the underlying eti-
ologies may differ across populations, the ultimate goal
remains consistent: to restore vision and improve quality
of life [7].

Over the years, keratoplasty techniques have under-
gone significant refinement, fueled by innovation in
surgical approaches and postoperative management [8].
These advancements have significantly improved graft
survival rates, paving the way for wider accessibility and
enhanced efficacy of corneal transplantation worldwide.
This continuous evolution underscores the commitment
to providing optimal care for individuals suffering from
corneal blindness [9, 10].

Traditionally, corneal transplantation has been syn-
onymous with penetrating keratoplasty (PKP), a tech-
nique involving the replacement of the entire corneal
thickness [11]. While widely practiced, PKP has its limi-
tations, including the risk of immune rejection and sub-
optimal graft integration. To address these challenges,
lamellar keratoplasty (LK) re-emerged, offering a less
invasive alternative [12]. LK selectively replaces spe-
cific layers of the cornea, preserving healthy tissue and
potentially reducing the risk of complications associated
with full-thickness replacement. Over the past decade,
LK has experienced rapid progress, driven by concep-
tual advancements and the development of sophisticated
instrumentation [3]. This evolution has solidified LK’s
position as a valuable alternative to PKP, offering tailored
treatment options for a wider range of corneal condi-
tions. The advent of selective corneal transplantation,
where only the diseased corneal layers are replaced, has
ushered in a new era of corneal graft surgery [13]. This
approach offers numerous advantages over traditional
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full-thickness transplantation, including a reduced risk
of intraoperative complications, preservation of globe
integrity, and a lower incidence of postoperative graft
rejection [14]. Among the various selective techniques,
Deep Anterior Lamellar Keratoplasty (DALK) stands out.
However, DALK is not without its challenges. Rupture of
Descemet’s membrane and graft rejection, while uncom-
mon, remain significant concerns in DALK procedures
[15, 16]. Endothelial keratoplasty (EK), another form of
lamellar keratoplasty, has emerged as a compelling alter-
native to penetrating keratoplasty for various endothe-
lial disorders and focal dystrophy [17]. EK offers several
advantages, including faster visual recovery, shorter sur-
gical duration, less corneal tissue removal, fewer suture-
related complications, and a reduced risk of astigmatism.
Consequently, EK has gained significant traction in
developed countries, accounting for a substantial propor-
tion of corneal transplants [3].

Hospital Information Systems (HIS) play a pivotal role
in supporting a wide array of operations and activities
within healthcare institutions. By enhancing data quality
and accessibility, HIS aim to facilitate efficient and effec-
tive decision-making, ultimately improving the delivery
of healthcare services [18].

This retrospective large scale study leverages the robust
HIS of Farabi Eye Hospital in Tehran, Iran, a leading ter-
tiary referral and educational center. The study encom-
passes a comprehensive 13-year dataset (2009-2022) of
corneal transplantation and re-transplantation proce-
dures, providing valuable insights into long-term out-
comes and potential risk factors associated with these
procedures.

Materials and methods

This retrospective study delves into the outcomes of cor-
neal transplantation procedures performed at Farabi Eye
Hospital in Tehran, Iran, over a significant period. The
study draws upon a robust dataset spanning from 2009
to 2022, extracted from the hospital’s comprehensive HIS
and meticulously maintained inpatient/outpatient medi-
cal records.

The study population encompasses two distinct
cohorts. The first cohort comprises individuals who
underwent primary corneal transplantation at the hos-
pital between 2008 and 2011. Researchers utilized the
HIS to access and analyze the recorded data of these
patients, encompassing pre- and post-transplantation
hospitalization details, treatment interventions, and
follow-up data. The second cohort focuses on patients
who underwent corneal re-transplantation at Farabi Eye
Hospital between 2009 and 2022. By leveraging the HIS
and meticulously reviewing corresponding inpatient/out-
patient records, researchers compiled a comprehensive
dataset for this cohort. This data includes demographic
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information, hospitalization records, medical interven-
tions administered before and after re-transplantation,
and subsequent follow-up details.

Given the retrospective nature of this study involv-
ing the analysis of existing patient data, stringent ethical
considerations were prioritized throughout the research
process. The study protocol was reviewed and approved
by the Institutional Review Board (IRB) of Tehran Uni-
versity of Medical Science, ensuring adherence to all
relevant ethical guidelines and regulations. To protect
patient privacy and confidentiality, all data were ano-
nymized during collection and analysis. No personally
identifiable information was accessed or utilized in this
study. The research team adhered to strict data security
protocols to prevent unauthorized access or disclosure of
sensitive patient information.

Results

Over a 13-year period, the data of 8,378 patients who had
corneal transplants conducted at Farabi Eye Hospital,
Tehran were reviewed. The vast majority of these proce-
dures, 7,660 (91.4%), were primary transplants, while 718
(8.6%) were re-transplantations. Table 1 provides a sum-
mary of patient demographics and transplant details col-
lected from this study over a 13-year period. The study
revealed that 8.4% of the transplants were performed on
non-Iranian patients, highlighting the hospital’s reputa-
tion as a regional center of excellence for corneal trans-
plantation. However, statistical analysis demonstrated
no significant association between patient nationality
and the likelihood of re-transplantation (P=0.654). Out
of a total of 8,378 patients, 5,371 (64.1%) were male and
there was no statistically significant relationship between
patient gender and the occurrence of re-transplantation
(P=0.788).

To investigate potential risk factors associated with re-
transplantation, the study stratified all transplant recipi-
ents into three age groups. Among the 8,378 individuals
surveyed, 637 (7.6%) were aged 0—19 years, 3,184 (38.0%)
were young adults aged 20—44 years, and 4,557 (54.4%)
were middle-aged or older, aged 45 years and above.
There was a statistically significant relationship between

Table 1 Summary of patient demographics and transplant

details
Data
Patients Reviewed Primary 7,660 (91.4%)
Re-transplantations 718 (8.6%)
Total 8,378 (100%)
Mean age+SD 4944227 years
Gender Male 5,371 (64.1%)
Female 3,007 (35.9%)
Eye Right Eye 4,340 (51.8%)
Left Eye 4,038 (48.2%)
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patient age group and the likelihood of re-transplantation
(P<0.001).

The study also examined the relationship between the
type of anesthesia used during transplantation and re-
transplantation rates. The majority of transplants, 85.9%,
were performed under general anesthesia, while the
remaining cases utilized intravenous sedation or local
anesthesia administered by an anesthesiologist and tech-
nician. However, statistical analysis indicated no signifi-
cant association between the type of anesthesia employed
and the occurrence of re-transplantation (P=0.286).

Also, the data analyses revealed a statistically signifi-
cant relationship between the surgeon’s level of experi-
ence and the likelihood of re-transplantation (P=0.028).
Specifically, 36.9% of transplants were performed by
attending physicians, while 63.1% were conducted by
corneal fellowship trainees. Notably, a higher percentage
of patients who underwent transplantation by attending
physicians required re-transplantation. This finding can
likely be attributed to attending physicians often manag-
ing more complex cases and high-risk transplants that
may be beyond the scope of fellowship trainees.

Analysis of the geographic distribution of transplant
recipients revealed that 14.8% resided in rural villages,
while the majority hailed from various cities across Iran.
Statistical analysis, however, demonstrated no significant
association between a patient’s place of residence (urban
versus rural) or the distance from their residence to the
transplant hospital and the likelihood of re-transplanta-
tion (P=0.323 and P=0.771, respectively). This finding
suggests that geographic factors do not play a substantial
role in the long-term outcomes of corneal transplants.

Over the past 13 years at Farabi Eye Hospital, there
were 1,553 DALK transplants (18.5%), 4,217 PKP trans-
plants (50.3%), 2,458 Descemet’s Stripping Endothelial
Automated Keratoplasty (DSAEK) transplants (29.3%),
and 147 Keratolimbal allograft (KLAL) transplants
(1.8%), totaling 8,375 transplants. There were significant
differences in re-transplantation rates among these tech-
niques (P<0.001), with PKP associated with the high-
est rates of re-transplantation, followed by DALK, and
DMEK/DSAEK showing the lowest rates. Furthermore,
statistical analysis revealed a statistically significant
relationship between the type of transplantation proce-
dure performed and the incidence of re-transplantation
(P<0.001).

To investigate the influence of the underlying indica-
tion for corneal transplantation on re-transplantation
rates, the study meticulously categorized a total of 63
primary transplant reasons into six distinct categories.
Figure 1 visually depicts the distribution of transplants
across these six categories over the 13-year study period
at Farabi Eye Hospital. Statistical analysis unveiled a
compelling association between the primary transplant
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Fig. 1 Percentfrequency of transplants by 6 categories of primary transplant causes in the last 13 years at Farabi Eye Hospital. DALK: Deep Anterior Lamel-
lar Keratoplasty; DSAEK: Descemet’s Stripping Endothelial Automated Keratoplasty; KLAL: Keratolimbal allograft; PKP: penetrating keratoplasty

indication and the likelihood of re-transplantation. Nota-
bly, ten specific causes exhibited a statistically significant
relationship with re-transplantation risk: Congenital
Causes (P=0.004), Corneal Deformities (P=0.030), Ecta-
sia category (P<0.001), Keratoconus (KCN) (P<0.001),
Endophthalmitis (P=0.020), Ulcers (P<0.001), Fungal
Keratitis (P<0.001), Glaucoma (P=0.015), Infectious
Crystalline Keratopathy (ICE) (P=0.007), Ocular Surface
Diseases (P=0.020).

Statistical analysis revealed a statistically significant
relationship between ten specific types of prior ocular
surgeries and an increased risk of re-transplantation.
These procedures include: any type of IOL Surgery
(P=0.050), Ahmed glaucoma valve surgery (P=0.043),
Other glaucoma surgeries (P<0.001), Intrastromal Avas-
tin injection (P<0.001), Examination under anesthesia
(P=0.018), Suture removal surgery (P=0.001), Amniotic
Membrane Transplantation (AMT) or Conjunctival Flap
Surgery (P<0.001), Blepharorrhaphy or tarsorrhaphy
surgery (P<0.001), Symblepharon surgery (P=0.005),
Pterygium surgery (P=0.027).

Notably, the study also revealed that in 58.7% of cor-
neal transplants performed, at least one additional ocular
surgery was conducted concurrently. However, statisti-
cal analysis did not demonstrate a statistically significant
relationship between the performance of concurrent sur-
geries and the incidence of re-transplantation (P=0.465).
This suggests that the act of combining procedures dur-
ing a single surgical session does not inherently increase
the risk of requiring a repeat corneal transplant.

The study categorized all surgeries performed concur-
rently with the primary corneal transplant into 17 cat-
egories. Statistical analysis revealed that four specific

concurrent surgical procedures were significantly associ-
ated with an increased risk of re-transplantation: AMT
or Conj. Flap Surgery (P<0.001), any surgery associated
with keratitis (P=0.024), Silicone injection (P=0.041),
vitrectomy (anterior/posterior) (P=0.001).

The study further categorized all surgical procedures
performed between the primary corneal transplant and
re-transplantation into 36 categories. Statistical analysis
identified twelve specific interim surgical interventions
significantly associated with an increased re-transplanta-
tion risk: AMT or Conj. Flap Surgery (P=0.028), any type
of IOL Surgery (P=0.002), Phaco+PCIOL (P<0.002),
Artisan or Artiflex surgery (P=0.033), Strabismus surgery
(P=0.038), Intravitreous injection (P=0.022), Anterior
chamber injection (P=0.015), Eyelid surgeries (?=0.030),
Re-suture surgery (P=0.003), Surgeries related to kera-
titis (P=0.008), Lensectomy surgery (P=0.017), Vitrec-
tomy surgery (P<0.001).

The study also investigated the relationship between
medications administered during hospitalization for
primary corneal transplantation and re-transplantation
rates. Categorizing these medications into 46 categories,
statistical analysis revealed a statistically significant asso-
ciation between four specific drugs and an increased re-
transplantation risk: cyclosporine eye drop (P=0.050),
remifentanil (P=0.002), tacrolimus drop (P=0.005),
tacrolimus capsule (P<0.001).

Discussion

This retrospective study, conducted at Farabi Eye Hos-
pital in Tehran, Iran, analyzed 13 years of corneal trans-
plantation data (2009-2022) to investigate trends and
outcomes, including re-transplantation rates.
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The study encompassed a substantial cohort of 8,378
corneal transplant recipients.

We examined the differential outcomes associated
with DALK, DMEK/DSAEK, and PKP, specifically focus-
ing on patient-specific corneal pathologies. We found
that DALK is particularly beneficial for managing ante-
rior stromal diseases, effectively minimizing endothelial
rejection risks, which are more prevalent in PKP. Our
data also confirmed that DMEK and DSAEK offer sig-
nificantly lower rejection rates compared to PKP, aligning
with the specialized nature of these procedures for endo-
thelial dysfunction. However, the requirement for precise
surgical execution in DMEK and DSAEK limits their uni-
versal applicability.

Analysis of the gender distribution within this cohort
revealed a notable disparity: 64.1% of transplant recipi-
ents were male and 35.9% of transplant recipients were
female. This finding aligns with previous research con-
ducted by Eghtedari et al. [19], which also reported a
higher proportion of male corneal transplant recipients
(65%). Similarly, a study by Derkhshan et al. conducted
at a hospital in Mashhad, Iran, observed a compara-
ble gender distribution, with 68% male and 32% female
recipients [20]. The consistent observation of a higher
prevalence of corneal transplantation among men across
multiple studies suggests potential underlying factors
contributing to this disparity. Differences in gender dis-
tribution reported in the literature may stem from a vari-
ety of factors, including differences in the prevalence of
corneal diseases between genders, cultural and socio-
economic disparities influencing healthcare access, and
regional variations in disease patterns. For instance, con-
ditions such as keratoconus and ocular trauma, which
are more common in males in certain populations, may
contribute to the higher proportion of male recipients
reported in some studies [21]. However, in other regions
or datasets, these trends may differ due to variations in
healthcare-seeking behavior, environmental factors, or
differing inclusion criteria for studies.

The present study revealed that the age group with
the highest frequency of corneal transplant patients was
above 45 years (54.4%), followed by the 20 to 44 years
age group (38%), and lastly, the under 19 years age group
(7.6%). These findings are consistent with a study by
Ostadian et al., which found the highest frequency of cor-
neal transplant patients in the 60 to 70 years and 70 to 80
years age groups, with the lowest frequency in the below
10 years and above 90 years age groups [22]. The average
age of transplant recipients in Ostadian et al's study was
50.93 years. Other studies have reported similar average
ages for corneal transplant recipients, such as 52 years in
Soleimani et al's study [23], and 42 years in Zare et al's
study [24]. However, Jafari et al. reported a lower average
age of 30.4 years for corneal transplant recipients in their
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study, with an age range of 5-51 years [25]. These varying
average ages and age ranges across different studies high-
light the wide range of diseases that can lead to corneal
transplantation, affecting individuals across nearly the
entire human lifespan. In addition, our analysis revealed
that older patients had a higher likelihood of requiring
re-transplantation compared to younger patients. This
trend is likely due to age-related factors such as reduced
regenerative capacity, increased prevalence of systemic
and ocular comorbidities, and greater exposure to prior
ocular surgeries, all of which can negatively impact graft
survival.

The relationship between surgeon experience and cor-
neal transplant outcomes has been a subject of recent
investigation. Data from the Australian Corneal Graft
Registry (ACGR) suggest that greater surgeon volume
and a higher frequency of postoperative follow-up are
independently associated with improved corneal allograft
survival, echoing observations in solid organ transplan-
tation [26]. However, these findings appear incongru-
ent with the present study’s observation of increased
re-transplantation rates among patients operated on by
attending surgeons. This discrepancy might be attributed
to the unique characteristics of the study cohort and the
academic medical center setting. Attending surgeons at
this tertiary referral center often manage complex cor-
neal transplant cases that exceed the scope of fellowship
training, inherently increasing the risk of complications
and subsequent re-transplantation, irrespective of sur-
geon experience.

Regarding surgical techniques, this study, consistent
with several others [20, 24, 27], found PKP to be the
predominant method for corneal transplantation. This
observation underscores the enduring relevance of PKP
as a cornerstone technique in corneal transplantation,
particularly within certain geographical contexts. How-
ever, it is essential to acknowledge the evolving landscape
of corneal surgery. A study conducted by Chan et al. in
Toronto, Canada, revealed a significantly higher preva-
lence of partial thickness keratoplasty (PTK), potentially
reflecting variations in regional disease prevalence and
access to advanced surgical technologies [28]. It should
be noted that our hospital’s status as a regional refer-
ral center is a primary reason we predominantly receive
more severe cases, contributing to PKP remaining the
most prevalent surgery performed in Iran.

These contrasting findings highlight the importance of
considering epidemiological nuances and resource avail-
ability when interpreting surgical trend data.

The current study identified DSAEK as the second
most common corneal transplant procedure performed,
following invasive grafting. This finding aligns with
observations from Rock et al. at a German eye transplant
center, where DSAEK emerged as the most frequently
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employed technique [29]. However, it’s important to
acknowledge the evolving adoption of DSAEK over time.
Zare et al. reported a significantly lower prevalence of
DSAEK (3.5%), likely reflecting its relative novelty as a
corneal grafting method at the time of their study [24].
The increasing popularity of DSAEK in recent years can
be attributed, at least in part, to its lower graft rejection
rate compared to traditional penetrating keratoplasty.

While anterior lamellar keratoplasty (ALK) was first
described in 2002, its adoption at Farabi Eye Hospital
has been more limited, accounting for 18.5% of all cor-
neal grafts performed. Several factors might contribute
to this lower utilization rate, including the technically
demanding nature of the big bubble technique initially
used in ALK, its comparatively longer surgical time, the
emergence of corneal cross-linking as an alternative
treatment for progressive keratoconus, and the steeper
learning curve associated with mastering this procedure
[30]. Despite these challenges, ongoing research contin-
ues to refine ALK techniques, aiming to minimize graft
rejection rates, enhance visual outcomes, and ultimately
reduce the incidence of graft failure [31]. These advance-
ments hold promise for expanding the role of ALK in
corneal transplantation in the future.

This study found that 8.6% of corneal transplant recipi-
ents underwent re-transplantation, a figure consistent
with rates reported in other investigations. Eghtedari et
al. and Soleimani et al. observed re-transplantation rates
of 6.38% and 11.5% respectively [19], while Shuja et al.
reported a rate of 10.2% [32]. Similarly, a Canadian study
by Benson et al. identified a re-transplantation preva-
lence of 9.91% [33]. While a study by Rezai et al. found a
lower re-transplantation rate of 5.2% [34], it is important
to note that their study focused specifically on eye bank
data and may not fully reflect overall surgical trends. Fur-
thermore, there is evidence suggesting a global increase
in corneal re-transplantation rates in recent years, likely
driven by the expanding utilization of corneal transplan-
tation procedures [24, 35].

The present study also sought to identify risk factors
associated with re-transplantation. Consistent with data
from the Australian Corneal Graft Registry (ACGR)
and the USA Cornea Disease Study [26, 36], this study
revealed a significant association between pre-trans-
plantation ocular inflammation/steroid use and elevated
intraocular pressure (IOP)/glaucoma, and the need for
subsequent re-transplantation. Specifically, a history
of Ahmed glaucoma valve surgery (P=0.043) or other
glaucoma surgeries (P<0.001) prior to the initial corneal
transplant emerged as significant risk factors. Interest-
ingly, while the ACGR report found no independent
association between peripheral iridectomy or anterior
vitrectomy performed concurrently with transplantation
and graft failure [26], this study did identify a statistically
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significant relationship between vitrectomy (both ante-
rior and posterior) performed at the time of the primary
transplant and the occurrence of re-transplantation
(P=0.001). This discrepancy highlights the need for fur-
ther investigation to clarify the potential influence of sur-
gical adjunctive procedures on long-term corneal graft
outcomes.

The influence of lens status on corneal graft outcomes
remains a point of ongoing discussion. While the ACGR
identified aphakia, whether pre-existing or occurring
after full-thickness transplantation, as a risk factor for
reduced graft survival, the Cornea Donor Study did not
find lens status to be a significant predictor of graft fail-
ure [26, 36]. Conversely, the study identifies a correlation
between the speed of stripping in Descemet membrane
endothelial keratoplasty procedures and clinical out-
comes, highlighting that slower stripping speeds lead to
wider scroll widths but also result in a more significant
reduction in endothelial cell density, potentially impact-
ing long-term graft viability and visual recovery [37].

This study contributes to this dialogue by demonstrat-
ing a statistically significant association between any IOL
surgery, performed either before or after the primary cor-
neal transplant, and the occurrence of re-transplantation
(P=0.050). Furthermore, specific IOL-related procedures
conducted after the primary transplant, including phaco-
emulsification with posterior chamber IOL implantation
(P<0.002), Artisan or Artiflex surgery (P=0.033), and
lensectomy (P=0.017), were also significantly linked to
re-transplantation.

Recent advancements in EK are focusing on innova-
tive techniques and therapies to minimize associated
complications. These developments include Descemet
stripping only, cellular therapies, Rho-associated protein
kinase inhibitors, gene therapy, bioengineered grafts,
endothelial regeneration, and artificial endothelial sub-
stitutes. Such interventions provide novel approaches to
managing endothelial dysfunction, potentially enhancing
the availability of high-quality donor tissues, reducing
immune rejection rates, and decreasing dependency on
steroid treatments [38, 39].

While large-scale registry studies provide invaluable
insights into corneal transplant trends and risk factors,
they are not without limitations. Inconsistent reporting
of key variables, such as rejection diagnoses, and attri-
tion due to loss to follow-up can impact data accuracy
and generalizability over time [40]. Similarly, this study
encountered practical limitations inherent to retrospec-
tive analyses, including inconsistent follow-up intervals,
incomplete patient records, and missing clinical exami-
nation data. In addition, the lack of data on Avastin
injections and suture removal procedures, due to their
non-recording in the hospital’s HIS, represents another
limitation of this study. These limitations underscore the
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need for robust, prospective studies with standardized
data collection protocols and high patient retention rates
to advance our understanding of corneal transplant out-
comes and optimize patient care.

A high percentage of corneal transplantations were
primary transplants, highlighting the hospital’s role as a
regional center for such procedures. Key findings include
no significant gender or nationality effects on re-trans-
plantation rates. However, age and surgeon experience
were notable factors; older patients and cases handled
by more experienced surgeons, often involving complex
conditions, showed higher re-transplantation rates. The
type of surgical procedure also significantly affected out-
comes, with PKP being the most prevalent method. The
findings underscore the importance of careful patient
selection and management, especially considering the
significant impact of factors such as the surgeon’s expe-
rience and the specific transplantation technique on the
outcomes of corneal transplantations. Future studies
should focus on optimizing surgical techniques and post-
operative care strategies to improve the long-term suc-
cess rates of corneal transplants, potentially reducing the
need for re-transplantations.
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