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INTRODUCTION

The first successful human cornea transplant was per-
formed more than a century ago by Dr Eduard Zirm in 
the Czech Republic on December 7, 1905.1 He encoun-
tered a recipient with bilateral corneal scarring from alkali 
burns and a blind donor whose eye was enucleated after a 
cornea-sparing penetrating globe injury. Immediately after 
donor enucleation, he excised two 5-mm grafts from the 
donor cornea with a trephine and stored them in gauze 
moistened with a sterile salt solution. The recipient cor-
neas received matching 5-mm trephinations, into which the 
donor corneal tissue was inserted and sutured. Although 1 

graft failed, the other remained clear and provided a visual 
acuity of 20/120 at 6 mo.

Prior attempts in corneal grafting included animal grafts, 
artificial corneas (keratoprosthetics), and substitution with 
clear tissues such as conjunctiva, but these grafts typically 
became opaque within a few weeks after surgery.2,3 Zirm’s 
procedure is known today as a penetrating keratoplasty (PKP) 
of an allograft cornea.4 Since its inception, corneal transplant 
has become a domain of highly refined and diverse proce-
dures, although its procedure and indication remain the same: 
to replace dysfunctional corneal tissue with a transparent and 
refractive graft.

CURRENT TRENDS

Corneal transplant is now one of the most widely per-
formed solid organ transplant surgeries, but its public and 
professional awareness is low outside of ophthalmology.5 In 
2012, 184 576 corneal transplants were reported in 116 coun-
tries.6 In 2019, 51 336 corneal transplants were performed in 
the United States compared with 32 313 other organ trans-
plants, including kidney, liver, lung, pancreas, heart, and intes-
tine.7,8 Only hematopoietic cell transplantation comes close to 
matching the volume of corneal tissue allografts, with 48 512 
grafts performed in the United States during 2019.9 From 
1991 to 2019, the supply of corneal grafts from US eye banks 
has increased by 116% from 39 515 grafts to 85 601 grafts.8

Recent trends indicate an increased demand for donor cor-
neas worldwide. Data from US eye banks show a substantial 
increase in exported corneal grafts from 3684 grafts trans-
planted internationally in 1991 to 28 402 grafts transplanted 
internationally in 2019.8 Despite this nearly 8-fold increase 
in corneal graft export from the United States, there is still 
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Review

Abstract. Corneal transplant is a procedure that aims to replace dysfunctional corneal tissue with a transparent graft 
and is one of the most widely performed transplant surgeries, but its public and professional awareness is low outside of 
ophthalmology. Corneal tissue consists of 5 major layers that serve to maintain its structural integrity and refractive shape: 
the epithelium, Bowman’s layer, the stroma, Descemet’s membrane, and the endothelium. Failure or irreversible damage to 
any layer of the cornea may be an indication for corneal transplant, and variants of this procedure may be full thickness or 
selectively lamellar. Complications related to corneal transplantation may occur anywhere from during surgery to years after-
ward, including rejection, dehiscence, cataract, and glaucoma. Complications should be managed by an ophthalmologist, 
but other physicians should be aware of prophylactic medications. Topical immunosuppressants and steroids are effective 
for preventing and treating rejection episodes, whereas there is little evidence to support the use of systemic immunosup-
pression. Eye protection is recommended for any corneal transplant recipient. Physicians should counsel patients on corneal 
donation, especially if outside the United States, where donor tissue is in short supply.

(Transplantation Direct 2023;9: e1434; doi: 10.1097/TXD.0000000000001434).
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a worldwide shortage of corneal donor tissue. A global sur-
vey in 2016 estimated that‚ for every 70 corneal transplants 
needed, only 1 is available. Global internet search volume for 
corneal transplantation also increased by 26.4% from 2010 
to 2020.10 However, the global interest in corneal donation is 
small in relation to its volume and demand. Internet searches 
regarding corneal transplantation outnumbered searches for 
corneal donation by 2 to 1, and searches for organ donation 
were 10-fold that of eye donation during this same period.10

Even within countries with sufficient corneal donors, the 
high cost of surgery limits access to corneal transplantation. 
Estimates by US eye banks in 2013 found that the total cost of 
each corneal transplant, including follow-up and medication‚ 
ranged from $11 062 to $20 953, depending on the type of 
transplant.11 Another independent survey in 2017 found that 
an average bill was $30 200 for each cornea transplant per-
formed in the United States, including cost of hospital admis-
sion and excluding cost of follow-up.12 Even for countries 
with universal health  care, corneal transplantation remains 
expensive. In Quebec, the mean cost of a corneal transplant 
exceeds $3000 paid by the recipient, including a 3-y follow-up 
period.13 An estimate of costs from 2001 to 2007 in Singapore 
for Descemet’s stripping endothelial keratoplasty (DSEK) 
and PKP, including 3-y follow-up, was $7476 and $7236, 
respectively.14

However, the resulting lifetime benefits far outweigh the 
cost of the procedure. In the United States, corneal transplant 
provides an estimated $118 000 in net lifetime economic ben-
efits, with greater benefits for patients under 65 y old, exceed-
ing $200 000.11 Even in low-income countries, the economic 
benefit can be substantial. A humanitarian study from 2014 to 
2017 in Guyana showed an estimated increase of 4.6 quality-
adjusted life years and 4.3 disability-adjusted life years per 
corneal transplant.15

CORNEAL ANATOMY

The cornea is the transparent, anterior-most structure of 
the eye that functions to protect deeper structures and refract 
light into the eye. The cornea consists of 5 major layers that 
maintain its structural integrity and refractive shape. In order 
from anterior to posterior‚ they are the epithelium, Bowman’s 
layer, the  stroma, Descemet’s membrane, and the  endothe-
lium (Figure  1).16 The regularity of constituent components 
of these layers, including collagen, glycosoaminoglycans, and 
proteoglycans, contributes to the transparency of the cornea. 
Unrepairable damage to any layer can be an indication for 
corneal transplant.17 The high success rate of corneal trans-
plantation without immunosuppressive therapy is owed to its 
relative immune privilege and innate active immunosuppres-
sion.18 A healthy cornea is avascular and lacks antigen-pre-
senting cells such as macrophages. Epithelial cells, keratocytes, 
and endothelial cells also express no major histocompatibility 
complex-II molecules and only low levels of major histocom-
patibility complex-I molecules, leading to minimal antigen 
presentation. Simultaneously, the endothelium constitutively 
expresses a variety of immunosuppressive factors, including 
Fas ligand, tumor necrosis factor–related apoptosis-inducing 
ligand, and B7-H1, which prevent alloimmunization.

The epithelium is the outermost structure of the cornea and 
functions as the primary barrier to damage and infection of 
underlying structures. A smooth corneal epithelium is also 

critical to good vision. The epithelium consists of approxi-
mately 50 µm of stratified nonkeratinized squamous cells 
bound to a basement membrane. Between these cells, tight 
junctions chemically seal the eye from the external environ-
ment.19 The innermost basal layer of the epithelium consists 
of a single layer of mitotically active columnar stem cells that 
serve to regenerate epithelial cells and mediate cell migration 
in response to minor injury. Basal cells are attached to the 
basement membrane by hemidesmosomes that are pivotal for 
preventing separation of the epithelium from the underlying 
layers of the cornea. Destruction of the basal layer leads to 
corneal abrasions but reserves limbal stem cells at the circum-
ference of the cornea can migrate and repairs the entire epi-
thelium within a few days.20

Posterior to the epithelial basement membrane are 
Bowman’s layer and the corneal stroma that make up 90% 
of the corneal thickness. Bowman’s layer is not a true mem-
brane; it is a 15-µm thick, acellular condensation of proteo-
glycans and collagen continuous with the anterior stroma. 
Unlike Bowman’s layer, the stroma is around 500 µm and 
is inhabited by keratocytes that maintain the extracellular 
matrix. Collagen fibrils and proteoglycans that comprise the 
stromal extracellular matrix are regularly arranged in lamel-
lae to maintain transparency and structural strength of the 
stroma. The anterior stroma contains more highly interwo-
ven lamellae at a higher packing density to provide greater 
tensile strength and maintain corneal curvature.21 The poste-
rior lamellae of the stroma are less densely packed and easily 
opacify while absorbing water. Dua et al22 proposed the exist-
ence of a sixth layer of the cornea termed the pre-Descemet’s 
layer, which may serve as a plane of cleavage in deep anterior 
lamellar keratoplasty (DALK) procedures. Damage to the 
stroma and Bowman’s layer may lead to vision-limiting scar 
tissue formation, which may require transplantation.16

The posterior cornea comprises Descemet’s membrane and 
the endothelium. Descemet’s membrane is composed primar-
ily of type IV collagen and laminin, serving as the basement 
membrane of the endothelium. Collagen forming Descemet’s 
membrane is continuously secreted by the endothelium‚ reach-
ing a maximum thickness of around 10 µm late in life.16 The 
endothelium is a 5-µm monolayer of tightly adhered cuboi-
dal cells that separates the cornea from the anterior chamber. 
At birth, the endothelium has a cell density of around 6000 
cells/mm, but because of minimal mitotic activity, cell den-
sity decreases throughout life.23 The endothelium functions to 
dehydrate the posterior stroma and to supply nutrients from 
the aqueous humor to the avascular cornea. Tight regula-
tion of water content in the posterior stroma is essential to 
maintaining the transparency of the cornea because increased 
swelling would disrupt the crystalline organization and tightly 
regulated spacing of collagen fibrils. Endothelial cells contain 
numerous Na+/K+ ATPase channels that actively pump ions 
and osmotically leach water from the stroma into the anterior 
chamber. Failure of the endothelium leads to corneal edema 
and is an indication for transplantation.24

INDICATIONS FOR CORNEAL TRANSPLANT

Broadly, failure or irreversible damage to any layer of the 
cornea may be an indication for corneal transplant. Superficial 
injuries such as corneal abrasions are reversible, rapidly 
healing within days. Regular refractive errors may also be 
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corrected with glasses, intraocular lens, or refractive surgery. 
Even the mitotically inactive endothelial cells can enlarge 
and migrate, compensating for a damaged area. A large pro-
portion of indications are not reported (32%) or because of 
repeat corneal transplant (10%), but there are several recog-
nized primary indications listed in Table 1.8

Endothelial dysfunction is the most common indication 
(42%) for corneal transplantation, encompassing several 
causes that prevent adequate dehydration of the corneal 
stroma. In these patients, corneal edema causes corneal hazi-
ness and creates bullous disruptions of the epithelium in 
advanced cases. In longstanding, severe cases, subepithelial 
fibrosis further opacifies the cornea. Fuchs’ dystrophy encom-
passes the majority of endothelial dysfunction, leading to pro-
gressive loss of endothelial cells for more than decades.25 It can 
be sporadic or inherited in an autosomal dominant manner. 

Posterior polymorphous corneal dystrophy is another auto-
somal dominant disorder in which the endothelial cells dif-
ferentiate into stratified squamous epithelium with decreased 
pump function, contributing to a thickened and keratinized 
Descemet’s membrane within the first year of life.26 Congenital 
hereditary endothelial dystrophy is a similar but rare autoso-
mal recessive condition presenting at birth with endothelial 
pump dysfunction.27 Endothelial injury may also result in cor-
neal edema. A common example is pseudophakic bullous ker-
atopathy resulting from exposure to ultrasound energy during 
cataract surgery, although many of these cases are thought to 
be undiagnosed Fuchs’ dystrophy.28 Before permanent stromal 
damage occurs, endothelial transplant rapidly restores corneal 
transparency and structure within weeks. However, in severe 
and late-stage dysfunction, stromal and subepithelial scarring 
often require PKP.

FIGURE 1.  Cornea location and anatomy. The cornea is the anterior refractive structure of the eye. A slit-lamp photograph with oblique lighting 
is shown with a schematic detailing layers of the cornea. In order from anterior to posterior, the layers are the epithelium, Bowman’s membrane, 
corneal stroma, Descemet’s membrane, and endothelium.

TABLE 1.

Indications for corneal transplant

Indication 

Transplant variant (%)

PKP ALK EK Total 

Endothelial dystrophy 1.57 – 34.12 35.69
Repeat corneal transplant 6.60 0.06 6.19 12.84
Pseudophakic corneal edema 1.77 – 7.37 9.14
Corneal ectasia and thinning 4.99 0.62 – 5.61
Noninfectious ulceration and perforation 2.46 0.08 – 2.54
Stromal dystrophy 1.52 0.14 – 1.66
Trauma 0.89 0.05 – 0.94
Infectious keratitis 0.86 0.02 – 0.88
Congenital opacity 0.54 0.02 – 0.57
Refractive 0.07 0.00 – 0.07
Pterygium 0.01 0.00 – 0.01
Other endothelial dysfunction 2.59 – 8.95 11.53
Other stromal dysfunction 3.45 0.29 – 3.74
Unknown or unreported 8.37 0.23 6.18 14.78
All indications 35.67 1.53 62.80 100.00

This table is adapted from the 2019 Eye Banking Statistical Report8 using data from transplants performed in the United States. Percentages of transplant variants not indicated are marked with a dash. 
Percentages are rounded to the nearest hundredth percent. Keratoprostheses may be used for any indication, but frequencies are not reported.
ALK, anterior lamellar keratoplasty; EK, endothelial keratoplasty; PKP, penetrating keratoplasty.
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Corneal ectasias and thinning are the next most common 
primary indication (9.2%) for transplant, despite typically 
transparent corneas. In ectasia, weakened corneal stroma 
distorts and creates irregular refractive errors that cannot be 
corrected with lenses or refractive surgery. Corneal thinning is 
frequently comorbid and contributes to low structural corneal 
integrity that may present as ectasias or other irregular refrac-
tive errors. In severe cases, flexible deformation of the cornea 
results in rupture of Bowman’s layer, Descemet’s membrane, 
and corneal scarring. Among these disorders, the most com-
mon is keratoconus, a multifactorial progressive thinning and 
steepening of the cornea.29 It has associations with connec-
tive tissue disorders and atopy, potentially because of chronic 
microscopic trauma from eye rubbing. Pellucid marginal cor-
neal degeneration is a more uncommon diagnosis in  which 
a band of cornea near the limbus develops thin stroma and 
may have a disrupted Bowman’s membrane or mucopolysac-
charide or lipid deposits.30 Refractive surgeries are another 
rare cause of ectasia and thinning, resulting from the excision 
or ablation of corneal stroma, thus weakening it.31 Collagen 
cross-linking, refractive correction, and contact lenses may 
stabilize and correct refractive errors in mild cases, but trans-
plant is the definitive treatment for advanced pathology. For 
these indications, only the stroma requires transplantation 
because the endothelium is typically functional and intact and 
DALK procedures may be adequate, although PKP is often 
used to replace the entire cornea.

Other indications for corneal transplantation include cor-
neal scarring, ulceration, and perforation.4 The epithelium 
and endothelium may be dysfunctional within these condi-
tions, but it is typically the stroma that is damaged beyond 
repair and must be replaced. Corneal ulcerations occur when 
an inflammatory or infectious infiltrate destroys the corneal 
stroma, often with surrounding corneal edema. Ulcerations 
may progress to full-thickness perforations that risk destruc-
tion of the entire eye. Similar, albeit nonprogressive‚ injuries 
may occur either by chemical or mechanical trauma. Corneal 
opacities such as stromal scarring, fibrosis, and neovasculari-
zation may result after initial treatment and require transplant. 
Most transplants are performed for inflammatory conditions 
(2%), whereas infectious keratitis (1%) and trauma (1%) 
make up the remainder of corneal transplants worldwide. 
Notably, viral keratitis, typically from the herpes family, is 
particularly predisposed to stromal scarring and may recur 
after transplant in 20% of patients.32

CORNEAL TRANSPLANT PROCEDURES

Surgery is often performed under general anesthesia, which 
produces the desired analgesia and akinesia. However, it can 
be done under local anesthetic with retrobulbar (behind the 
eye), peribulbar (beside the extraocular muscles), and sub-
Tenon’s block (in the space immediately outside the sclera) or 
infrequently under only topical anesthesia.33 Sterile precau-
tions are taken, and some surgeries may require a combina-
tion of topical, injected, or systemic antibiotic prophylaxis.34 
After surgery, steroid and antibiotic drops are continued to 
minimize rejection, corneal edema, and infection risk.35

PKP is based on the original procedure performed by 
Eduard Zirm in 1905, wherein a full-thickness disc of the dis-
eased cornea is excised via trephination, corneal scissors, or 
femtosecond laser and replaced with a matching full-thickness 
disc from a donor cornea.36 The grafted tissue consists of all 

corneal layers, from epithelium to endothelium (Figure 2A), 
and is sutured onto the donor eye with radial sutures that 
are serially removed during follow-up. This procedure is rel-
atively straightforward and can be used for any indication, 
including stromal and endothelial disease. Cases of deep stro-
mal scarring and fungal ulcers resistant to medical therapy are 
predominantly treated with PKP because the entire corneal 
stroma must be removed.37 Optical outcomes after PKP are 
sometimes complicated by astigmatism in 10% of cases. The 
risk of endothelial cell loss and rejection, however, is high.4 
Up to 40% of donor endothelial cells are lost during surgery, 
and the 5-y risk of acute rejection (stromal or endothelial) 
is 20%.38 Because of the weakened donor-recipient stromal 
junction after surgery and the nearly full-thickness sutures 
used, complications including endophthalmitis, choroidal 
hemorrhage, and graft dehiscence are more common after 
PKP than for other corneal transplants.

Anterior lamellar keratoplasty (ALK) replaces the anterior 
layers of the cornea-sparing Descemet’s membrane and the 
deep stroma (Figure 2B).39 In this procedure, a trephine is used 
to cut a circle into the anterior stroma, after which the anterior 
stroma is excised by a spatulated blade or femtosecond laser. 
The donor cornea must then be cut with a microkeratome to 
create an equivalent flap that is then placed on the exposed 
recipient stroma and sutured in place with partial-thickness 
sutures such that incisions never penetrate Descemet’s mem-
brane. DALK is a variant of ALK in which the entire stroma is 
replaced, leaving only the recipient Descemet’s membrane and 
endothelium intact (Figure 2C). With DALK, air bubbles are 
injected directly between the stroma and Descemet membrane 
to separate these layers and allow the stroma to be removed 
without penetrating the Descemet membrane and protecting 
the endothelium.40 Despite protection, Descemet’s membrane 
is thin and easily perforated, in which case the surgery must 
be converted to PKP.41 Indications for ALK include any sce-
nario in which the diseased tissue is limited to the stroma and 
anterior, such as scarring and ectasia. In ALK, preservation 
of Descemet’s membrane eliminates endothelial rejection, 
has minimal risk of posterior fibrous membrane formation, 
and reduces loss of endothelial cells to ≤15% during surgery. 
Stromal rejection is also reduced or visually insignificant but 
still occurs in 1% to 2% of cases. Complications of endoph-
thalmitis and choroidal hemorrhage are rare with ALK and 
DALK, but astigmatism and graft dehiscence are as common 
as in PKP because the donor–recipient stromal interface is 
similarly weakened.42

Another form of lamellar keratoplasty, endothelial kerato-
plasty (EK), aims to replace the endothelial cells and Descemet’s 
membrane via a posterior approach.43 PKP was once the most 
widely used procedure, but since 2012, EKs have become the 
most common form of corneal transplant.8 This procedure 
requires special instrumentation that is inserted into the eye 
through a paracentesis to score and remove Descemet’s mem-
brane. An endothelial graft extracted from the donor by the 
surgeon or the eye bank can then be inserted into the recipient 
eye, where it is unfolded and positioned by introducing an air or 
gas bubble into the anterior chamber, which floats and presses 
the graft onto the posterior stroma. After surgery, patients 
must lie supine such that the bubble continues to press against 
and adhere the graft to the stroma. Grafts include a thin layer 
of stroma in DSEK (Figures 2D and 3A) or contain no stroma 
in Descemet membrane EK (Figures 2E and 3C). If a microker-
atome or femtosecond laser is used to produce the graft, the 
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procedure is considered automated (Descemet stripping auto-
mated EK [DSAEK] and Descemet membrane automated EK). 
Subcategories of DSAEK are defined by the thickness of graft 
stroma (Figure 3B), including nanothin DSAEK (15–49 µm), 
ultrathin DSAEK (50–99 µm), thin DSAEK (100–149 µm), and 

conventional DSAEK (150–250 µm).43 Descemet membrane 
automated EK may include a rim of donor stromal tissue but 
none in the central visual axis (Figure 3D). EK is used only 
to replace diseased endothelium (eg, in Fuch’s dystrophy) and 
does not replace diseased stroma. In cases in  which the patient 

FIGURE 2.  Cross sections and photos of corneal transplant procedures. Transplanted tissue is colored, and the recipient eye is grayed out 
in schematics. A, PKP replaces the entire corneal thickness, with a photo several months after transplant with several sutures removed. B, 
ALK replaces the anterior stroma, Bowman’s membrane, and epithelium. Photograph shows an intact graft with all sutures removed several 
months after transplant. C, DALK replaces the entire stroma, Bowman’s membrane, and epithelium while leaving Descemet’s membrane intact. 
Photograph shows an intact graft several months after transplant with selected sutures removed to correct astigmatism. D, DSEK replaces 
Descemet’s membrane and endothelium, supported by a thin layer of donor stroma. E, DMEK replaces Descemet’s membrane and endothelium 
without any donor stroma. An air bubble is used to flatten the graft onto the cornea, and an “S” is used to orient the graft. F, Keratoprosthesis 
replaces the entire corneal thickness, with artificial optical surfaces displayed in red on the schematic. ALK, anterior lamellar keratoplasty; DALK, 
deep anterior lamellar keratoplasty; DMEK, Descemet membrane endothelial keratoplasty; DSEK, Descemet stripping endothelial keratoplasty; 
PKP, penetrating keratoplasty.
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has healthy stroma, EK does not result in significant astigma-
tism, choroidal hemorrhage risk, or globe rupture.44 Small sur-
gical incisions heal quickly with low rates of endophthalmitis, 
similar to outcomes in cataract surgery. The graft can detach 
in approximately 10% of cases but can be remedied by injec-
tion of another air bubble.45 The risk of rejection is lower than 
that of PKP and theoretically lower among thinner endothelial 
grafts.46 Overall, endothelial grafts have become more popular 
because of faster recovery, lower risks, lower rejection rates, 
and improved visual outcomes.

When optically clear donor cornea is unavailable or 
likely to result in graft failure, artificial implants such as 

keratoprostheses can be used.47 The most common design is 
the Boston type 1 keratoprosthesis consisting of donor cornea 
sandwiched between 2 plates of inert material and an opti-
cal surface replacing the central cornea (Figure  2F).48 This 
prosthesis then replaces the recipient cornea using a similar 
method as used in PKP. It carries all the risks and complica-
tions of PKP, but the optical surfaces are unaffected by graft 
rejection. Infections and autoimmune disorders such as her-
pes simplex keratitis and ocular cicatricial pemphigoid are 
also indications for keratoprosthesis because donor grafts are 
likely to fail in these diseases.49 Good visual outcomes can be 
achieved quickly, but long-term outcomes of keratoprosthet-
ics are complicated by glaucoma, corneal melts, and microbial 
infection, which can colonize the abiotic prosthetic surfaces. 
Bioengineered corneas in development aim to resolve these 
disadvantages of keratoprosthesis and have already been 
tested in select patients.50

COMPLICATIONS AND REJECTION

Complications related to corneal transplant may occur any-
where from during surgery to years afterward and are listed 
in Table  2. In the perioperative period, expulsive choroidal 
hemorrhage is the most catastrophic complication of corneal 
transplantation, which is thought to occur secondary to sud-
den decreases in intraocular pressure after globe incision. Most 
cases occur secondary to PKP (up to 1%) but can occur from 
any intraocular surgery (0.16%).51 Other risk factors for cho-
roidal hemorrhage include anticoagulant therapy, advanced 
age, glaucoma, elevated intraocular pressure, infection, and 
hypertension. Although incidence is low, vision outcomes are 
devastating and cannot be repaired, often leading to total 
blindness of the hemorrhaged eye. Endophthalmitis, retinal 
detachments, and macular edema are other serious postsur-
gical complications but have decreased in incidence because 
of the advent of new treatments, such as prophylactic topical 
antibiotics for preventing endophthalmitis and corneal ulcer.4

The most common complication after corneal transplant is 
wound dehiscence, and cataract or glaucoma also frequently 
follows longstanding postoperative corticosteroid use in these 
patients. After PKP, ALK, or DALK, the integrity of the cor-
nea never fully recovers. Traumatic wound dehiscence can 
occur any time postoperatively, often between 18 wk and 17.5 
y, in up to 3% of keratoplasties and may require resuturing 
or retransplant.52 Traumatic dehiscence is preventable, and 
recipients are highly encouraged to wear protective eyewear 
at all times. Cataracts are the second most common complica-
tion, occurring in up to 25% of all patients after PKP and to 
a significantly lesser degree in ALK and EK.53 These can be 
remedied by cataract extraction and lens implantation, but 
cataract surgery may damage the endothelium and increase 
risk of graft opacification. Elevated intraocular pressure and 
glaucoma are another group of common complications, par-
ticularly exacerbated by steroid use after keratoplasty. They 
are the leading cause of irreversible blindness after transplant, 
estimated to have an incidence from 11% to 50%, espe-
cially after keratoprosthesis.54 Therefore, close follow-up and 
intraocular pressure monitoring by an ophthalmologist after 
surgery are required.

Aside from these surgical complications, graft failure can 
still occur anywhere from immediately postoperatively to years 
later, whereby the recipient cornea is permanently opacified. 

FIGURE 3.  Cross  sections comparing automated and traditional 
endothelial keratoplasty. Transplanted tissue is colored, and 
the  recipient eye is grayed out. A, Traditional DSEK grafts include 
manually resected layers of stroma, Descemet’s membrane, and 
endothelium. B, DSAEK grafts are produced by microkeratome or 
femtolaser incisions and may reduce the stromal thickness compared 
with DSEK. C, Traditional DMEK grafts include manually resected 
Descemet’s membrane and endothelium with no stromal tissue. 
D, DMAEK grafts are produced by microkeratome or femtolaser 
incisions and may include a peripheral rim of stromal tissue not 
included in DMEK. DMEK, Descemet membrane endothelial 
keratoplasty;  DMAEK, Descemet membrane automated endothelial 
keratoplasty; DMEK, Descemet membrane endothelial keratoplasty; 
DSAEK, Descemet stripping automated endothelial keratoplasty; 
DSEK, Descemet stripping endothelial keratoplasty.



© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.	 	 7Zhou et al

The most common causes of failure for each type of corneal 
transplant are immunologic graft rejection after PKP (34.0%), 
ocular surface diseases after ALK or DALK (37.8%), nonim-
mune endothelial decompensation after DSEK (31.9%), and 
primary graft failure immediately after Descemet membrane 
EK (64.1%).55

Overall, the most common cause of corneal allograft failure 
is graft rejection, except for ALK and DALK‚ for which rejec-
tion is rarer.56 Although the eye is conventionally thought to 
demonstrate immune privilege, surgery and surgical complica-
tions may introduce intraocular antigens and lead to allograft 
rejection. Trauma, inflammation, or infection can cause neo-
vascularization of the cornea that further increases antigen 
presentation and risk for rejection. Even when the cornea is 
not acutely rejected, chronic rejection is thought to lead to 
the loss of donor endothelial cells and eventual endothelial 
decompensation. Each ocular surgery increases this risk, and 
therefore‚ graft failure rate is higher for retransplants (17%) 
than for the first transplant (6%) within 2 y.57 For this reason, 
postoperative topical steroid treatment is commonly used to 
suppress immune responses despite increased risk of cataracts, 
glaucoma, and infection. In repeat transplants, other medica-
tions, such as topical cyclosporine, may be used to prevent 
rejection. Steroids may eventually be discontinued, with low 
rejection rates among low-risk transplants such as those for 
keratoconus.58 However, systemic and topical immunosup-
pressive therapy after failure of steroid treatment has shown 
mixed results‚ and there is no consensus on optimal therapy. 
Instead, these secondary treatments are used as a last resort as 
an alternative to retransplant.

CONCLUSIONS

Corneal transplant is a common transplant procedure with 
many thousands of grafts transplanted each year. Professional 
and public knowledge of corneal transplants is low outside of 

ophthalmic specialties, which may contribute to the world-
wide shortage of donor corneas. Physicians and patients 
may benefit from a basic introduction to various corneal 
transplants and an understanding of their risks and benefits. 
Most patients with corneal blindness may benefit from PKP, 
but lamellar transplantation may offer superior outcomes 
depending on patient pathology. Potential postoperative 
complications should be monitored by an ophthalmologist, 
but other physicians should be aware of prophylactic medi-
cations. Topical immunosuppressants and steroids are the 
most common and effective choice for preventing and treat-
ing rejection episodes, whereas there is little evidence to sup-
port the use of systemic immunosuppression. Eye protection 
is recommended for any corneal transplant recipient. In the 
future, gene therapy and bioengineered corneas may be useful 
to reduce the need for transplants and improve rejection out-
comes. Physicians should counsel patients on corneal dona-
tion, especially if outside the United States, where donor tissue 
is in short supply.
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