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Abstract

Background: Corneal transplant is the most prevalent solid tissue transplant performed worldwide,
restoring vision to patients with corneal opacity, keratoconus, endothelial failure, and other corneal
conditions. Surgical techniques have dramatically enhanced the success rate of graft survival and vision
over the last two decades.

Objective: The present article gives an overview of various corneal transplant procedures, including
penetrating keratoplasty (PK), lamellar keratoplasty (LK), endothelial keratoplasty (EK), and emerging
bioengineered grafts, emphasizing their applications, outcomes, advantages, and disadvantages.

Methods: A detailed study of the literature and incorporation of recent clinical accounts were done to
analyze surgical techniques, postoperative visual outcomes, graft survival, and complication rates in
various transplantation procedures.

Results: Lamellar surgery, such as Descemet's stripping automated endothelial keratoplasty (DSAEK)
and Descemet's membrane endothelial keratoplasty (DMEK), is associated with faster visual recovery and
lower rejection rates compared with the standard PK. Advances in donor tissue processing, femtosecond
lasers, and minimally invasive techniques optimized overall success.

Conclusion: Evolution from complete thickness to selective layer transplantation has revolutionized the
science of corneal surgery. Patient-specific selection of technique and continuous innovation promise
even superior visual rehabilitation and graft survival in the long term.

Keyword: Corneal transplantation, penetrating keratoplasty, lamellar keratoplasty, endothelial
keratoplasty, DSAEK, DMEK, graft survival, visual outcomes, surgical innovations.

Introduction

Millions of people have corneal blindness throughout the world and it is one of the leading causes of
blindness, especially where there is limited access to ophthalmic treatment [1]. Corneal transplant, or
keratoplasty, continues to be the "gold standard" for vision restoration in patients with unrepairable injury
of the cornea from trauma, infectious keratitis, keratoconus, corneal dystrophies, or endothelial disease
[2]. It is the most frequent solid organ transplant with excellent results if under ideal circumstances [3].
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Traditionally, penetrating keratoplasty (PK) a full-thickness corneal transplant was the dominant surgical
technique [4]. While PK provides excellent long-term clarity, it carries risks such as irregular astigmatism,
prolonged visual recovery, wound dehiscence, and immune-mediated graft rejection [5]. Over the past
two decades, lamellar keratoplasty techniques have gained prominence by selectively replacing diseased
corneal layers while preserving healthy tissue [6]. This shift represents a major advancement in the field.
Anterior lamellar keratoplasty (ALK) is substitution of the anterior stroma with native endothelium of the
patient intact, useful in conditions like keratoconus [7]. Endothelial keratoplasty (EK), including DSAEK
and DMEK, is suited for diseases limited to posterior cornea, such as Fuchs' endothelial dystrophy or
pseudophakic bullous keratopathy [8]. These techniques share the following advantages in common: more
rapid visual rehabilitation, greater structural integrity, fewer rejections, and fewer complications due to
sutures. Technological advancements have also maximized the outcome of surgery [9]. Femtosecond laser
keratoplasty has increased accuracy in recipient and donor bed preparation, enabling customized wound
architecture and more stable postoperative results [10]. In addition, advancements in eye banking, tissue
preservation, and pre-cut donor tissue preparation have optimized procedures and accessible formats.

As these improvements have taken place, however, there are some associated disadvantages with them,
including global donor shortages, postoperative morbidity such as graft loss or loss of endothelial cells
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and use of long-term immunosuppression in certain cases [11]. Xenograft research, bioengineered cornea,
and cell-based therapies promise to break through these limitations. Individual patient care requires
understanding relative advantage and outcome of various strategies. This article is a study of current
corneal transplant methods, indication, outcome, and disadvantages, and future developments that are
shaping the future of corneal surgery.

Methodology

Systematic literature research on PubMed, Scopus, and Cochrane Library was conducted between 2005
and 2025. The search terms used were "corneal transplantation," "penetrating keratoplasty," "lamellar
keratoplasty," "endothelial keratoplasty," "DSAEK," and "DMEK." Clinical guidelines by the American
Academy of Ophthalmology (AAO) and the European Society of Cataract and Refractive Surgeons
(ESCRS) were also studyed. Inclusion criteria were randomized controlled trials, cohort studies, and
meta-analyses of postoperative outcomes, graft survival, vision, rejection rate, and complication in adult
recipients who underwent corneal transplant. Data on surgical procedure, indication, postoperative
outcome, and complication rate were extracted. Future perspective articles on experimental bioengineered
grafts were also considered. Information was synthesized in tabular and narrative forms to compare
various techniques and emphasize key findings.

Results

Corneal transplantation remains the cornerstone for restoring vision in patients with advanced corneal
diseases. Over time, surgical techniques have evolved from traditional full-thickness grafts to selective
lamellar and endothelial replacements, aiming to improve outcomes and reduce complications.
Penetrating Keratoplasty (PK) involves replacement of the entire corneal thickness and remains the
most widely practiced method, particularly for cases involving stromal opacities or severe scarring.
However, its longer visual rehabilitation period and higher risk of astigmatism and graft rejection have
prompted the development of more targeted procedures.

Table 1. Overview Comparison of Corneal Transplanting Procedures

Procedure Indications Vision
Rehabilitation

Graft
Survival
(5 years)

Risk of
Rejection

Key
Strengths

Key
Limitations

Penetrating
Keratoplasty (PK)

Full-
thickness
corneal
disease

Slower (6–12
months) 75–85% Moderate

to severe

Widely
practiced,
excellent
visual clarity

High
astigmatism,
suture-related
complications

Anterior Lamellar
Keratoplasty
(ALK/DALK)

Keratoconus,
stromal scars

Moderate (3–6
months) 85–90% Low

Preserves
endothelium,
reduced
rejection risk

Technically
demanding,
possible
interface haze

Endothelial
Keratoplasty
(DSAEK/DMEK)

Endothelial
dysfunction

Quick (1–3
months) 90–95% Very low

Minimal
sutures, rapid
recovery

Steep learning
curve, delicate
tissue handling
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Table 2. Postoperative Results and Complications

Parameter PK ALK/DALK DSAEK/DMEK
Best-Corrected Visual Acuity ≥ 20/40 70–80% 80–85% 85–90%
Endothelial Cell Loss (1 year) 25–30% 10–15% 20–25%
Graft Rejection Episodes 10–18% 2–5% 1–3%
Average Rehabilitation Time 8–12 months 4–6 months 1–3 months

Discussion

Corneal transplantation's evolution is an eye surgery paradigm shift, away from the traditional full-
thickness to the selective layer replacement technique [12]. Penetrating keratoplasty, costly in the past
though it may be, continues for all-layer corneal disease or when other techniques are contraindicated [13].
It is high-quality optics but beset with prolonged visual recovery, high postoperative astigmatism, and
elevated rejection risk [14]. Lamellar keratoplasty surgeries are very popular as they can target diseased
layers of the cornea selectively. Deep anterior lamellar keratoplasty (DALK) is free from endothelium
replacement, with preservation of the endothelium by the host and less risk of rejection [15]. It is
technically challenging but can create interface haze in case it is carefully done. Endothelial keratoplasty,
and specifically DSAEK and DMEK, has transformed treatment of posterior corneal illness. DMEK, with
near-anatomical substitution through replacing just Descemet's membrane and endothelium, provides
better vision outcomes and low rejection [16]. Its principal disadvantages are tissue handling and surgical
learning curves, which are being overcome with experience and standardization of training. Technical
advances like femtosecond laser-assisted keratoplasty and preloaded donor tissue have made procedures
faster, accuracy with wounds improved, and operating time reduced. Moreover, advances in eye banking
and donor tissue preparation have improved the availability of grafts as well as consistency of results [17].
Complications continue. Endothelial cell loss affects long-term graft survival, and rejection does continue,
but less frequently with lamellar surgery. Chronic immunosuppression, suture-related issues, and
pathology of interface remain concerns. Patient selection, careful preoperative planning, and stringent
postoperative management make success a reality [18]. New technologies like bioengineered cornea,
xenograft, and regeneration through cell therapy have the potential to surpass donor scarcity globally and
reduce complications. Clinical trials for the implants in corneal stroma and injecting endothelial cells are
already in process, with a promise of transplanting in a more minimally invasive way in the future and
being accessible universally.

Conclusion

Corneal transplant has come a long way, with newer technologies yielding improved results and
rehabilitation period over the traditional methods. Selective lamellar and endothelial keratoplasty are
becoming first line for all indications, reducing rejection and enhancing visual recovery. Enhanced
surgery and technology have guaranteed optimal graft survival and made transplantation available all over
the world. Future development of regenerative therapy and bioengineered tissue will further counteract
existing drawbacks and provide even more predictable, less traumatic, and globally available means of
addressing corneal blindness.
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