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Abstract: Descemet membrane endothelial keratoplasty (DMEK) is a corneal endothelial transplantation procedure with selective 
removal of a patient’s defective Descemet membrane and endothelium. It is replaced with a healthy donor Descemet membrane and 
endothelium without a stromal component. Corneal graft rejection can be at the level of epithelium, stroma as well endothelium. 
DMEK graft rejection is relatively less common than rejection with DSAEK or penetrating keratoplasty, and a good outcome may be 
achieved with prompt management. The clinical picture of DMEK rejection is usually similar to endothelial rejection in Descemet 
Stripping Endothelial Keratoplasty (DSEK/DSAEK), which generally manifests as pain, redness, reduction in visual acuity, stromal 
edema, endothelial rejection line, keratic precipitates at the back of the cornea and corneal neovascularization. However, more subtle 
forms of rejection or immune reactions are more common in DMEK compared to DSAEK eyes. Early clinical diagnosis, prompt 
intervention, and meticulous management safeguard visual acuity and graft survival in these cases. Intensive topical steroids form the 
mainstay in the management of DMEK rejection. Sometimes, oral or intravenous steroids or other systemic immunomodulators may 
be required. DMEK graft failure can be primary or secondary, and failure usually requires a second procedure in the form of repeat 
DMEK or DSEK or penetrating keratoplasty (PKP). A detailed literature search was performed using search engines such as Google 
Scholar, PubMed, and Google books, and a comprehensive review on DMEK rejection was found to be lacking. This review is 
a comprehensive update on the risk factors, pathophysiology, primary and secondary graft failure, recent advances in diagnosis, 
prevention of rejection, and updates in the management of DMEK rejection. The review also discusses the differential diagnosis of 
DMEK failure and rejection, prognosis, and future perspectives considering DMEK failure and rejection. 
Keywords: descemet membrane endothelial keratoplasty, DMEK rejection, primary graft failure, secondary graft failure, rebubbling

Introduction
Corneal blindness is one of the leading cause of avoidable blindness worldwide.1 Corneal blindness can result from 
multiple pathologies such as corneal ulceration, corneal opacities, trauma, keratoconus, pseudophakic bullous kerato-
pathy, aphakic bullous keratopathy, chemical injury, and graft failure.2 The problem statement is very high, as 
approximately 13 million people suffer from corneal blindness globally. Corneal transplantation is the gold standard 
for managing this blindness.3 The transplantation technique has evolved from full-thickness therapeutic and optical 
penetrating keratoplasty (TPK, OPK) to lamellar corneal transplantation such as Deep Anterior Lamellar Keratoplasty 
(DALK), Descemet Stripping Endothelial Keratoplasty (DSEK), and DMEK.4 The corneal endothelial transplant has 
become the gold standard for managing corneal endothelial failure and has gradually overtaken penetrating keratoplasty. 
DMEK became increasingly popular in the last few years due to decreased risk of immunological rejection, excellent 
visual outcome, and faster recovery.5 DMEK has undergone various modifications to achieve a safe and perfect outcome 
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over the years. A corneal transplant may not always be successful and can result in graft rejection.6 Graft rejection can be 
at the level of the epithelium, stroma, or endothelium. The incidence of endothelial graft rejection is comparatively less 
than that of stromal or epithelial rejection.7 As per previous reports, the DMEK rejection rate varies from 0% to 2.4%, 
and a mean rate of 1% has been reported over two years.8 The significant risk factors for DMEK rejection are robust 
immune system, young age, previous penetrating keratoplasty, corneal vascularization, previous glaucoma surgery, 
sudden discontinuation of topical steroids, systemic comorbidities, peripheral anterior synechiae, African American 
ancestry, and immunosuppression.9 Recently, active COVID-19 infection and COVID-19 vaccination have also been 
reported as risk factors for DMEK rejection. Intraoperative graft handling is the key in DMEK to achieve perfect graft 
adherence, longevity, and success rate. This, in turn, reduces the endothelial cell loss, rebubbling rate, and the number of 
patient visits to the operating room.6 As per the detailed literature review, a comprehensive review article on risk factors 
for DMEK rejection is lacking. There is also a lack of consensus in the definition for DMEK rejection, primary and 
secondary failure as well. This current perspective focusses on DMEK rejection, DMEK primary and secondary graft 
failure, and recent advances in diagnosis and management of DMEK rejection. This article also provides additional 
literature on close differentials of DMEK failure, rejection, prognosis, and future perspective of DMEK.

Method of Search
We performed a detailed systematic literature search using search engines such as PubMed, Cochrane Library database, 
Google Scholar, Google books, and ePub publications. The search was performed using keywords and boolean operators 
such as descemet membrane endothelial keratoplasty (DMEK), (AND) risk factors, (OR) DMEK immune reaction, (OR) 
outcomes of DMEK, (OR) DMEK rejection, (OR) Endothelial keratoplasty, (OR) indications of Endothelial keratoplasty, 
(OR) (rejection treatment). The search was done for all recent case reports, case series, review articles, original articles, 
clinical trials, and editorials. We reviewed all the articles in English, and articles in languages other than English were 
also checked for their abstracts and relevant literature. Tables 1 and 2 and CONSORT flow diagram (Figure 1) discuss all 
the articles from 2017 to 2022 (last 5 years).

Pathophysiology of Graft Rejection
The corneal avascularity, absence of lymphatics, and immune privilege are responsible for a high success rate of corneal 
transplantation. The avascularity prevents the inflammatory cell load and also prevents the infiltration of immune-responsive 
cells. When there is the absence of lymphatics, the foreign antigen load is also limited.10 Of all the corneal transplants, the 
endothelial rejection rate is the least. Khodadoust and Silverstein showed that corneal epithelium, stroma, and endothelial 
layer are independently prone to endothelial rejection. Graft eccentricity, graft size, stromal vascularization, and suture 
placement are the factors responsible for initiating graft rejection. The endothelial rejection is governed by cellular infiltration 
from the anterior chamber as well as from stromal vessels. Another report demonstrated that immune privilege resides in the 
anterior chamber and endothelium and that epithelium and stroma are more prone to immune reactions. They also showed that 
endothelium is less antigenic than stroma and epithelium. In DMEK, there is the absence of sutures, and there is no stromal 
tissue transplanted either. Hence, there is a reduction in antigenic load, and there is a reduced risk of rejection.10,11

Differential Diagnosis of Graft Failure
While PGF presents as persistent edema not clearing since the surgery with or without rebubbling interventions, SGF 
presents as new onset edema.12 It is imperative to wait for 2–3 months, according to the literature, to diagnose PGF. In 
our experience, sometimes DMEK corneas have cleared even after three months for unknown reasons and continued to 
do well after that. One significant differential or confounder that must be ruled out is ocular hypertension-related 
epithelial edema. IOP spikes at any stage could present with isolated epithelial microcystic edema, which could be 
falsely labelled as PGF or SGF. Graft failure demonstrates corneal stromal edema with or without Descemet folds and not 
as isolated epithelial edema, reversible with IOP control. Frank or subclinical graft rejection or hypertensive uveitis also 
pose a challenge.13 Typically, graft failure does not show any evidence of AC inflammation or keratic precipitates on 
endothelium and is a normotensive process. Viral endotheliitis is another important differential diagnosis of DMEK graft 
rejection.
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Table 1 Review of Literature of DMEK Graft Rejection (Larger Case Series) of the Past 5 Years

S. No Author, Journal Article Type No of 
Patients

Age, Sex, Visual Acuity, Risk Factor/ Indication Clinical Features Management Outcomes/ Remarks

1 Basak et al83 Indian 

J Ophthalmol 2020 Jun; 

68(6): 1044–1053.

Retrospective 

case series- 

600 patients

16 patients Mean age- 65.7 ± 10.4 years Iatrogenic, Fuchs Endothelial 

Corneal Dystrophy, Bullous 

keratopathy, failed PKP, failed 

DSEK

Conjunctival 

hyperemia, corneal 

edema, KPs at 

BOC, anterior 

chamber reaction

Medical 

management-5, 

Repeat transplant- 

13, 7 Repeat DMEK, 

5 DSEK/DSAEK, 3 

PKP

Clear graft in all cases post- 

intervention, primary graft-3 failure, 

secondary graft failure- 6, Endothelial 

rejection-7

2 Fu and Hollick,86 Eye 

(Lond) 2022 Dec 15.

Case series- 

125 patients

176 eyes - Trauma. Fuchs Endothelial 

Corneal Dystrophy, Bullous 

keratopathy

Conjunctival 

congestion, corneal 

edema, and AC 

reaction

High-dose topical 

steroids

Graft failure- 9 (5.1%) eyes: 3 primary 

graft failure, 2 had an early failure (<3 

months), 2 had late failure (<12 

months), and 2 grafts did not fully 

unfold intraoperatively.

3 Maier et al87 Graefes 

Arch Clin Exp 

Ophthalmol, 2022 

Aug 30.

Retrospective 

case series- 

150 patients

150 eyes Mean age 71.7 ± 13.3 years, 

Mean 

preoperative visual acuity 1.09  

± 0.59 

LogMAR

Secondary glaucoma Conjunctival 

congestion, corneal 

edema, and AC 

reaction

Topical steroids and 

repeat grafting

Graft rejection incidence is 2.4% at 

1 year and 9.2% at 3 years, Graft 

failure incidence is 5.5% at 1 year and 

16.6% at 3 years

4 Jung et al88 PLoS One 

2022 Jun 30;17(6): 

e0270037.

Retrospective 

case series- 32 

patients

32 patients Mean age 

64.5±11.1, mean preoperative 

LogMAR visual acuity 

0.92±0.4

Fuch’s endothelial corneal 

dystrophy, Pseudophakic 

Bullous keratopathy

Conjunctival 

congestion, corneal 

edema, and AC 

reaction

Topical steroids and 

repeat grafting

4 patients with immunological failure, 

2 patients with primary graft rejection

5 Sorkin et al89 Cornea 

2022 Mar 18

Retrospective 

analysis- 37 

patients

42 eyes, 

Manual 

DMEK

- Fuch’s endothelial corneal 

dystrophy, Pseudophakic 

Bullous keratopathy

Conjunctival 

congestion, corneal 

edema, and AC 

reaction

High-dose topical 

steroids

Primary graft failure-9.5%, Secondary 

graft failure-0%, graft rejection-7.1%

6 Basak et al38 Cornea, 

2021 Nov 4.

Retrospective 

analysis- 78 

patients

80 eyes Mean donor age 83.6 ± 3.7 

years (range: 80–100 years), 

mean recipient age 67.2 ± 6.9 

years (range: 60–89 years), the 

preoperative value of 1.36 ± 

0.67

Old age, low endothelial cell 

count

Conjunctival 

congestion, corneal 

edema, and AC 

reaction

Topical steroids Graft failure 2 eyes at 1 year, graft 

rejection 2 eyes, 1 reversed by 

medical management

7 Besek et al12 

Int Ophthalmol, 2022 

Jan;42(1):269–279

Retrospective 

analysis

150 eyes Fuch’s Corneal Endothelial 

Dystrophy, Bullous 

keratopathy

The primary graft failure rate was 

11.3%, Secondary graft failure rate 

was 9.3%, and the allograft rejection 

rate was 4.7%.

(Continued)
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Table 1 (Continued). 

S. No Author, Journal Article Type No of 
Patients

Age, Sex, Visual Acuity, Risk Factor/ Indication Clinical Features Management Outcomes/ Remarks

8 Hayashi et al91 Cornea 

2021 Jun 1;40(6):685–689

Retrospective 

analysis of 24 

patients

24 eyes Mean age- 65.0 years Failed Optical Penetrating 

Keratoplasty, vascularized 

corneas

Corneal edema, 

superficial 

vascularization, 

KPs at BOC,

Graft rejection 1 eye, no episode of 

primary graft failure

9 Castaner et al43 J Fr 

Ophtalmol, 2020 

Dec;43(10):e389-e391.

Case Report 1 patient 83-year male Anterior synechiae, old age Corneal edema, 

KPs at the back of 

the cornea, 

anterior chamber 

cells, KPs at BOC

Topical 

dexamethasone 

1 mg/mL 6 times 

per day

Clear Cornea at 2 months with no 

signs of rejection

10 Boutin et al29 Eur 

J Ophthalmol, 2021 

Jul;31(4):2121–2126.

Retrospective 

case series- 27 

patients

27 eyes Mean age 70.0 ± 13.0 years 

(range 48–85 years), 

Preoperative mean LogMAR 

visual acuity 1.58 ± 0.62

Prior trabeculectomy and/or 

GDD implantation

Persistent corneal 

edema

Topical steroids and 

repeat DMEK

Primary graft failure-1 (3.7%), 

secondary graft failure 3 (10.3%) eyes, 

repeat graft failure-1, immunological 

graft rejection-5 patients

11 Santaella et al30 Cornea 

2020 Nov;39(11):1389– 

1393.

Retrospective 

case series- 9 

patients

9 eyes Mean age 51.0 ± 8.6 years, Mean 

visual acuity 1.28 ± 0.47

Aniridia, Aphakia Persistent corneal 

edema, KP at the 

back of the cornea, 

anterior chamber 

reaction

Topical steroids, 

Penetrating 

keratoplasty in 2, 

repeat DMEK in 3, 

and DSEK in 1, and 

observation because 

of poor vision 

potential

The overall failure rate was 88% (8 of 

9 eyes), Primary graft failure was seen 

in 4 eyes (44%); secondary failure 

occurred in 4 eyes

12 Sorkin et al28 Am 

J Ophthalmol, 2020 

Oct;218:7–16.

Retrospective 

case series- 91 

patients

94 eyes, 

Study group 

51 eyes, 

control 

group 43 

eyes

Study group- Mean age 

68 ± 16.1 years (range 26–94 

years), 

Control group-68.9 ± 9.2 years 

(range 48–89 years)

Pseudophakic 

bullous keratopathy-25 eyes 

failed Descemet 

stripping endothelial 

keratoplasty (DSAEK; 12 

eyes), failed penetrating 

keratoplasty (10 eyes), Fuchs 

endothelial corneal 

dystrophy-3 eyes, and 

iridocorneal endothelial 

syndrome-1 eye

Persistent corneal 

edema, KP at the 

back of the cornea, 

anterior chamber 

reaction

Topical steroids, 

All primary graft 

failures cases 

were managed with 

repeat surgery, 5 

with repeat 

DMEK, 1 with 

penetrating 

keratoplasty, and 1 

with DSAEK

Rejection rates in 

the study group was 19.6%, and in the 

control group, it was 2.3%, 

Primary graft failure- 8 eyes (15.7%). 

Secondary graft failure in 24 eyes 

(47.1%),
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13 Vasiliauskaite et al18 Am 

J Ophthalmol, 2020 

Sep;217:114–120

Retrospective 

case series- 88 

patients

100 eyes Mean age 68 ± 12 years at 10 

years, 96% of the eyes had 

BCVA >20/40

Fuchs endothelial corneal 

Dystrophy-94 eyes, 

Pseudophakic bullous 

keratopathy 2 eyes. 

Failed PKP/DSEK 4 eyes

Persistent corneal 

edema, KP at the 

back of the cornea, 

anterior chamber 

reaction

High-dose topical 

steroids and 19 eyes 

underwent repeat 

transplantation

Overall graft survival probability 

was 0.83 at 5 years 

and 0.79 at 10 years after DMEK, 

Allograft rejection-4, Primary graft 

failure-0, Secondary graft failure-6

14 Moura-Coelho et al74 Am 

J Ophthalmol, 2020 

Jul;215:49–55.

Retrospective 

case series

189 eyes, 14 

re-DMEK 

eyes, 

Control 

group 18 

eyes

Mean age 

68.4 ±9.0 

Mean visual acuity 0.55 (0.42) 

LogMAR re-DMEK group,

Fuchs endothelial corneal 

dystrophy, Pseudophakic 

bullous keratopathy

Persistent corneal 

edema, KP at the 

back of Cornea, 

anterior chamber 

reaction

High-dose topical 

steroids

Of the 9 re-DMEK grafts, one graft 

failed at 8 months. Mean final; final 

BCVA was 0.09

15 Mednick et al92 2020 

Apr;39(4):457–460.

Retrospective 

case series-14 

patients

15 eyes Mean donor age was 66.1± 5.5 

years 

Mean BCVA preoperatively 

1.7 ± 0.77

Pseudophakic 

bullous keratopathy-6 failed 

DSAEK-3, failed 

DMEK-1 and failed 

penetrating keratoplasty 1

Persistent corneal 

edema, KP at the 

back of Cornea, 

anterior chamber 

reaction

1 graft rejection at 7 months 

postoperatively, the patient developed 

streptococcal keratitis, Mean final 

BCVA at 6 months 

0.95 ± 0.74

16 Sorkin et al93 Am 

J Ophthalmol, 2020 

Jun;214:1–8.

Retrospective 

case series-39 

patients

10 eyes of 

10 Femto- 

DMEK 

patients, 29 

eyes of 29 

patients in 

Manual- 

DMEK 

patients

Mean donor age was 66.1± 5.5 

years 

Mean BCVA preoperatively 

1.7 ± 0.77

Pseudophakic 

bullous keratopathy-6 failed 

DSAEK-3, failed 

DMEK-1, and failed 

penetrating keratoplasty 1

Persistent corneal 

edema, KP at the 

back of Cornea, 

anterior chamber 

reaction

High dose topical 

steroids, Repeat 

DMEK 4 eyes in 

M-DMEK group, 

repeat PK in 3 eyes, 

and Observation 1 

eye

Primary graft failure- 8/29 eyes in the 

M-DMEK group and 0/10 eyes in the 

F-DMEK group, Graft rejection 1/10 

in the F-DMEK group and 2/29 eyes in 

the M-DMEK group, Secondary graft 

failure 0/10 in F-DMEK and 2/29 in 

M-DMEK group.

17 Birbal et al17 Cornea 

2020 Mar;39(3):290–297.

Retrospective 

case series- 

393 patients

500 eyes Visual acuity preoperatively 

<20/40–59.9%, ≥ 20/40 −40.1%, 

≥ 20/25–8%, ≥ 20/20 1.3%, ≥ 20/ 

17– 0%

Fuchs endothelial corneal 

dystrophy- 446 eyes, 

Bullous keratopathy 

(pseudophakic, aphakic, and 

phakic IOLs) in 32 eyes, Failed 

PKP/DSEK/DSAEK/PLK in 16 

eyes, Other indications (corneal 

dystrophies, BK due to 

congenital glaucoma, and 

corneal 

decompensation due to 

trauma)- 6 eyes

Persistent corneal 

edema, KP at the 

back of Cornea, 

anterior chamber 

reaction

High-dose topical 

steroids, repeat 

DMEK- 4 (0.8%) 

eyes.

Visual acuity at 5 year follow up 

<20/40–1.4%, ≥ 20/40 −98.6%, ≥ 

20/25–82.4%, ≥ 20/20–53.6%, ≥ 20/ 

17– 15.5% 

Allograft rejection episode 

occurred in 14 (2.8%) patients 

Primary graft failure- in 1 (0.2%) eyes 

and secondary graft failure in 14 

(2.8%) eyes
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Table 1 (Continued). 

S. No Author, Journal Article Type No of 
Patients

Age, Sex, Visual Acuity, Risk Factor/ Indication Clinical Features Management Outcomes/ Remarks

18 Lifshitz et al76 Cornea 

2019 Sep;38(9):1077– 

1082

Retrospective 

case series- 24 

patients

28 eyes Mean age 67 ±16, 

Mean preoperative LogMAR 

visual acuity1.53 ± 1.11

Fuchs endothelial corneal 

dystrophy 6 (21%), 

PBK 3 (11%), 

Keratoconus 6 (21%), 

Corneal infection 4 (14%), 

Trauma 4 (14%) 

Chemical burn 1 (4%) 

Central RK scar 1 (4%) 

Unknown 3 (11%), previous 

glaucoma surgery-4 eyes, 

previous rejection episodes-7 

eyes

Persistent corneal 

edema, KP at the 

back of Cornea, 

anterior chamber 

reaction

High-dose topical 

steroids

Mean postoperative LogMAR visual 

acuity at 6 months 0.50 ± 0.46 

LogMAR, Graft rejection 6 eyes, 

Cumulative probability of rejection at 

24 months was 21% in DMEK group, 

Graft failure- 12 eyes (43%)

19 Woo et al94 Am 

J Ophthalmol, 2019 

Nov;207:288–303.

Retrospective 

comparative 

cohort study

121 DMEK 

eyes

The overall mean age was 67.3 

±11.6 year Mean age of the 

DMEK group was 65.5 ± 11.8

Fuchs corneal endothelial 

dystrophy, 

Bullous keratopathy

Persistent corneal 

edema, KP at the 

back of Cornea, 

anterior chamber 

reaction

High dose topical 

and oral steroids

Graft rejection 2 patients in the 

DMEK group, Clear graft, at last 

follow-up, BCVA of 20/25 or better in 

42.9% of eyes

20 Birbal et al95 

Am J Ophthalmol, 2019 

Mar;199:150–158

Retrospective 

multicentric 

study

23 DMEK Mean age of 63.8 ±12.7; 

age range 37–83 years, 

Median BCVA preoperatively 

1.30 (IQR [2.00–0.82]), Snellen’s 

equivalent 20/400

Glaucoma drainage device, 

bullous keratopathy (52%), 

failed previous transplant 

(39%), or Fuchs endothelial 

corneal dystrophy (9%)

Persistent corneal 

edema, KP at the 

back of Cornea, 

anterior chamber 

reaction

High dose topical 

steroids, Repeat 

DMEK 2 cases

Allograft rejection in 2 cases at 7 

months, Secondary graft failure in 2/ 

23 cases, 

Mean postoperative LogMAR VA 0.60 

(IQR [1.30–0.40]) at 1 year, 20/80 at 

1 year

21 Showail et al96 Can 

J Ophthalmol, 2018 

Oct;53(5):510–517.

Retrospective 

case series

250 eyes The median age of patients- was 

72.0 [62.0, 78.0] years, and the 

Median age of donors was 66.0 

[63.0, 71.0] years, Median 

BCVA- 0.6 [0.4, 1.3] LogMAR 

(Snellen equivalent, 20/80) 

preoperatively

FECD-174 eyes (69.6%), 

Pseudophakic bullous 

keratopathy 36 eyes (14.4%), 

Failed PKP-15 eyes (6.0%), 

Failed DSAEK 13 eyes (5.2%), 

and Others 12 eyes (4.8%)

Persistent corneal 

edema, KP at the 

back of Cornea, 

anterior chamber 

reaction

High dose topical 

steroids, Repeat 

DMEK 13 cases, 1 

repeat DSAEK, 1 

repeat PKP

Median BCVA 0.3 [0.2, 0.5] LogMAR 

(Snellen equivalent, 20/40) at 6 

months, 15 had primary graft failure,
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22 Pasari et al97 Cornea 

2019 Feb;38(2):151–156.

Retrospective 

case series- 77 

patients

84 eyes- 93 

DMEK

FECD-36, Keratoconus-27, 

Pseudophakic corneal edema- 

5, 

Corneal scar-6 

Herpetic-5 

Endothelial failure-1, previous 

DSEK, or failed PK-84

Persistent corneal 

edema, KP at the 

back of Cornea, 

anterior chamber 

reaction

High dose topical 

steroids

Immunological rejection 2 eyes, 15 

months, and 44 months

23 Fajgenbaum et al98 

Eye (Lond), 2018 

Oct;32(10):1629–1635.

Retrospective 

case series-87 

eyes

93 DMEK Mean patient age- 70 ± 11 years 

(range: 39–93 years)

FECD-79 (90%) eyes, 

pseudophakic bullous 

keratopathy −2(2%) eyes, 

herpes virus endotheliitis- 2 

(2% ) eyes, and other causes- 

5 (5%) eyes 

Persistent corneal 

edema, KP at the 

back of Cornea, 

anterior chamber 

reaction

Hourly 

dexamethasone 

0.1% drops 

administered for 1–2 

weeks

Graft rejection-3 eyes (3%), 

67% (48/72) achieved ≥6/6, 86% (62/ 

72) achieved ≥6/9, and 88% (63/72) 

achieved ≥6/12.

24 Weller et al99 

Int Ophthalmol. 2022; 

42(6): 1789–1798

Retrospective 

case series- 

450 eyes

66 DMEK 

included

Mean age 63 ± 9 years. FECD 60 eyes (91%), DMEK 

after failed DSAEK in 4 eyes 

(6%), and DMEK after failed 

DMEK in 2 eyes (3%). 

Corneal edema, 

KPs at the back of 

the cornea, and 

cellular reaction in 

the anterior 

chamber

Hourly topical 

steroids

Graft failure −4 eyes after year 8. 

These 4 eyes required repeat DMEK 

after 101–127 months.

25 Schrittenlocher et al100 Am 

J Ophthalmol 

2018 Jun;190:171–178.

Retrospective 

case series of 

1340 DMEK

924 DMEK 

included

Mean age 69.84 ± 10.97 

years

Pseudophakic 

DMEK 707 eyes (52.8%), 

triple DMEK 552 (41.2%), and 

81 (6.0%) phakic DMEK

Corneal edema, 

KPs at the back of 

the cornea, and 

cellular reaction in 

the anterior 

chamber

Hourly topical 

steroids

Graft rejection 18 eyes (1.34%), PGF- 

4 eyes (0.36%), Repeat DMEK 2 eyes
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Table 2 Review of Literature of DMEK Graft Rejection (Case Reports) of the Past 5 Years

S. No Author, Journal Article Type No of 
Patients

Age, Sex, Visual 
Acuity

Risk Factor/ 
Indication

Clinical Features Management Outcomes/ 
Remarks

1 Miyoshi et al13 

Case Rep Ophthalmol 2022 

Jan 31;13(1):17–22

Case report 1 66 years, female, 20/ 

125 at 2 months,

Peripheral anterior 

synechiae

Corneal edema Descemet’s 

membrane folds, mutton fat 

keratic precipitates (KPs), and 
anterior chamber cells

Subconjunctival injection 

of dexamethasone 3 

times once every 2–3 
days and betamethasone 

topically 6 times a day.

BCVA 20/20 

2 weeks after 

the occurrence 
of the rejection

2 Forshaw et al46 Int Med Case 

Rep J, 2022 Apr 14;15:201–204.

Case Report 1 94 years, female, 

LogMAR visual 

acuity 0.2 in the right 
eye and 0.3 in the 

left eye

BNT162b2 mRNA 

COVID-19 Vaccine 

(Pfizer-BioNTech). 
Fuch’s Endothelial 

Corneal Dystrophy

DM folds, Anterior chamber 

reaction

Dexamethasone/ 

tobramycin 6 times 

a day and with 
hypertonic saline four 

times a day in both 

eyes. Repeat DSEK later

Visual acuity of 

0.5 in the right 

eye and 0.63 in 
the left eye, 

with a relatively 

clear Cornea

3 Bitton et al47 Am J Ophthalmol 

Case Rep, 2021 Sep;23:101,138.

Case Report 1 60 years female, 20/ 

32 in the right eye

COVID-19 

infection, Fuch’s 
Corneal Endothelial 

Dystrophy

Mild conjunctival hyperemia, 

granulomatous KPs at the back 
of the Cornea, Anterior 

Chamber cells

IV Methylprednisolone 

500mg/day for 3 days, 
topical 0.1% 

dexamethasone hourly, 

4 mg/mL subconjunctival 
dexamethasone 

injection

Final visual 

acuity of 20/40 
with clear 

Cornea at

4 Moriyama et al48 Cornea. 2022 

Feb 1;41(2):e1.

Case series- 2 

patients

2 patients Patient 1–77 years, 

female, 20/40 
Patient 2–69, year 

female, 20/200 in RE 

and 20/50 in LE

Both patient’s 

COVID-19 
infection, Fuch’s 

Corneal Endothelial 

Dystrophy

Patient 1- Hyperemia, corneal 

edema, keratic precipitates, 
Patient 2 

Persistent corneal edema in LE

1% prednisolone 

frequent dosing, 
Frequent topical 

steroids, Repeat DMEK 

later

Final visual 

acuity 20/40, 
clear Cornea 

Clear Cornea
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5 Phylactou et al9 Br 

J Ophthalmol, 2021 
Jul;105(7):893–896.

Case series 2 patients Patient 1–66 years, 

female, 6/6 
Patient 2–83-year- 

old, female, 6/6

Both patients- 

SARS-CoV-2 
messenger RNA 

(mRNA) vaccine 

BNT162b2, Fuch’s 
Corneal Endothelial 

Dystrophy

Patient 1-moderate 

conjunctival injection, diffuse 
corneal edema, fine KP’s at the 

back of Cornea inferiorly, 

anterior chamber (AC) 
inflammation (cells +1, no 

flare) 

Patient 2- bilateral 
circumcorneal injection, KPs 

on the endothelium, AC 

inflammation

Patients 1 and 2-Hourly 

topical dexamethasone

Patients 1 and 

2- Clear graft 
after 7 days of 

treatment, 6/6 

visual acuity 
post-treatment

6 Shah et al82 Cornea 

2022 Jan 1;41(1):121–124.

Case series- 4 

cases

1 patient 74-years, male mRNA-1273 

vaccination for 
coronavirus 2 

(SARS-CoV-2)

Conjunctival injection, corneal 

edema, KPs at the Cornea, 
endothelial rejection line

Topical prednisolone 

acetate 1% eye drops 
every 2 h

Clear cornea 

post-treatment

7 Crnej et al84 J Fr Ophtalmol, 

2021 Oct;44(8):e445-e447.

Case report 1 patient 71 years male BNT162b2 COVID- 

19 vaccination

Diffuse ciliary congestion, 

corneal edema, DM folds, KPs 

at BOC, AC cells

Topical dexamethasone 

sodium phosphate 1 mg/ 

mL and oral tablet 
valacyclovir 1000 mg 

three times daily

Clear cornea 

post-treatment

8 Baldis et al85 Eur J Ophhalmol 

2021 

Nov 26;11,206,721,211,064,033

Case series- 4 

patients

1 patient 77 years female mRNA-1273 Conjunctival congestion, 

corneal edema, and AC 

reaction

Topical dexamethasone 

every 2 hourly, 

hypertonic saline every 
2 hourly, and 

subconjunctival 

dexamethasone

Clear cornea 

post-treatment

9 Mittal et al90 Cornea 

2021 Aug 1;40(8):972–976.

Retrospective 

analysis of 2 
patients

3 eyes Patient 1–10-year- 

old girl, Patient 2– 
22-year-old male, 

mean LogMAR visual 
acuity at baseline 

0.15 ± 0.08 

(baseline)

Congenital 

Hereditary 
Endothelial 

Dystrophy

1 eye had graft rejection after 

7 months, corneal edema, KPs 
at BOC,

Topical steroids Mean final 

visual acuity 
was 0.33 ± 0.19 

at 3 months
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Descemet Membrane Endothelial Keratoplasty Graft Failure
It is essential to differentiate failure from rejection and understand each process in relation to the other. Many of the risk factors 
for these two entities overlap, and clinicians tend to misdiagnose one condition with the other. While rejection can sometimes be 
one of the reasons for failure, there are many different reasons for DMEK failure. Graft failure is typically classified as “Primary 
(PGF)” and ‘Secondary (SGF).12 After the surgery, if the cornea fails to clear at all, it is considered PGF. The duration considered 
post-DMEK before diagnosing PGF varies between 2 and 3 months. If the cornea fails or becomes oedematous after remaining 
clear in the first 2–3 months, it is considered SGF.12 PGF is one of the most common causes of transplant failure post-DMEK 
compared to PKP, DALK, and DSAEK, where rejection and ocular surface issues dominate.14

The percentage of graft failure reported in DMEK varies depending on the centre’s experience, the indication for 
DMEK, and whether they include or exclude the cases in their learning curve, apart from other reasons. A meta-analysis 
comparing DMEK and DSAEK found an overall failure rate of 2.14% (6 out of 280 eyes) for DMEK.15 A report from the 
American Academy of Ophthalmology (AAO) based on over 47 studies reported a PGF of 0–12.5% and SGF of 0–6.3%.16 

A large retrospective study by Birbal et al of a 5-year follow-up of 500 eyes post-DMEK reported a 0.2% PGF and 2.8% 
SGF.17 They did not specifically compare outcomes when performed for different indications. A study by Vasiliauskaite 
et al of 10-year outcomes of DMEK reported no PGF and 6% SGF over the ten years. They excluded the first 25 cases of 
DMEK owing to learning curve-related complications and reported the outcomes of only the subsequent 100 cases.18 Besek 
et al reported outcomes in 150 eyes post-DMEK with a follow-up duration of 7 years. Out of 150 eyes studied, 11.3% of 
eyes had PGF, and 9.3% had SGF.12 A total of 59.3% of their cohort had been operated on for bullous keratopathy, and they 
also did not exclude their initial cases from analysis. The above are probable reasons for a higher rate of graft failure.

Figure 1 Depicting the CONSORT flowchart of the systematic review.
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Risk Factors for Descemet Membrane Endothelial Keratoplasty Graft 
Failure
Multiple distinct and overlapping factors lead to primary versus secondary graft failure. Poor quality of graft (Endothelial 
cell density (ECD) <2300 cells/mm2), inverse positioning, persistent detachment, and excessive manipulation during 
graft preparation or surgery commonly lead to PGF.19 SGF typically occurs as a slow process due to endothelial cell loss 
(ECL) over time for several reasons. One of the reasons for ECL could be related to a subclinical or frank immune 
reaction. But, there are other more common and essential reasons or risk factors for ECL loss, such as age, iatrogenic 
trauma, graft diameter, rebubbling, culture medium, type of gas tamponade, donor source, donor age, and type of surgery 
(DMEK alone or triple DMEK).20 When ECD goes below a variable threshold, the cornea begins to decompensate and 
show evidence of SGF.

A prospective observational study by Cakmak et al reported that preoperative low anterior chamber depth (ACD) and 
central corneal thickness (CCT) were associated with DMEK failure.21 While CCT >770 microns increased the risk of 
repeat keratoplasty by 8.75 times, ACD<2.5mm did so by 2.92-fold.21

Rebubbling post-DMEK within the first couple of months has a controversial role in the etiopathogenesis of graft 
failure. Rebubbling has been shown clearly to have a role in increased ECD loss.22 While one rebubbling could lead to 
around 157 cells/mm2 loss, ECD loss, when more than one rebubbling is done, could go up to 504 cells/mm.23 Despite 
the above, by controlling the other surgical and patient factors, rebubbling has not been shown to increase the graft 
failure rate by Gundlach et al23 While more extensive studies with more extended periods of follow-up are needed to 
prove or disprove the causative role of rebubbling in graft failure, it is at least transparent that rebubbling causes ECD 
loss,22,23 and all situations that predispose to rebubbling indirectly lead to the same.

Combined DMEK with cataract extraction (DMEK triple) has been shown to increase early detachment and 
rebubbling rates leading to higher ECL compared to DMEK alone by Leon et al24 Shahnazaryan et al also found higher 
ECL with DMEK triple but did not find an increase in the rebubbling rate.25 Leon et al also noted in their study that an 
anterior chamber (AC) air fill <75% in the first 2–3 hours postoperatively poses an independent risk (Odds ratio 2.66) for 
graft detachment.24

Eyes with previous trabeculectomy or glaucoma drainage devices tend to lose AC air much quicker than normal eyes, 
thereby increasing the risk of graft detachment and ECL loss. In addition, tubes in AC could also rub against the 
endothelium in the normal state or during eye rubbing leading to greater ECL.26 Success with rebubbling is also lower in 
these eyes as obtaining a good air fill is often difficult. Different study groups have shown a significantly higher rate of 
rebubbling and risk of DMEK graft failure in eyes with previous GDD or trabeculectomy, with GDD posing a higher risk 
of failure than trabeculectomy.26–29

Complex anterior segment situations such as Aniridia or Aphakia have been shown to have a higher rate of 
complications than hyphema, in addition to the risk of large graft detachments and very poor graft survival (44% at 
one year and 17% at two years).30

Descemet Membrane Endothelial Keratoplasty Graft Rejection
DMEK is generally known to have a low incidence of rejection among corneal transplants.14,31 Reasons for the low rejection 
rate have not been well established yet. ACAID (Anterior chamber-associated immune deviation) is a concept that has been 
built primarily based on animal studies. ACAID is an immunological tolerance process hypothesized to work through the 
splenic axis, which provides immune tolerance to foreign antigens in immune-privileged sites such as the eye’s anterior 
chamber.32 While it was shown that splenectomised rodents rejected corneal grafts more than others, it has not been proven in 
humans.33 A recent report from 2019, which showed the successful survival of DMEK graft for over four years in 
a splenectomised patient, has raised questions about this theory in humans.34 Another theory that the host cells replace the 
donor cells in the posterior lamellar transplant, thereby serving minimal alloantigen load, has also been proven wrong by 
a recent FISH (Fluorescence in situ hybridization) based study.34 In 6 post-mortem eyes that had received sex-mismatched 
DMEK tissues over 4.5 years before death, FISH consistently showed the presence of donor endothelial cells signalling the 
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opposite sex chromosomes within the region of the transplant.35 While there may be other unknown factors altering the 
immune response in DMEK, it is crucial to understand the epidemiology and known risk factors for rejection (Figure 2).

While allograft rejection is the most common cause of transplant failure in PKP, PGF leads as the cause of DMEK 
transplant failure.2 These depend on the experience of the centres reporting the data. In well-experienced centres, the incidence 
of PGF has become significantly low, and rejection and SGF are taking over as more common causes of transplant failure.17,18

Price et al have reported a rate of <1% for DMEK in their experience compared to around 7.9% for DSEK.36 A meta- 
analysis comparing DMEK and DSAEK based on 11 studies reported no rejection episodes in 158 DMEK eyes compared to 
4 out of 196 DSAEK eyes.15 Another meta-analysis comparing DMEK and DSAEK in Fuchs dystrophy eyes reports a 60% 
less chance of rejection with DMEK than with DSAEK.37 Birbal et al report allograft rejection in 2.8% of eyes in their 
cohort of 500 DMEK eyes over five years.17 Among 78 eyes followed up post DMEK for two years, Basak et al reported 
2.6% graft rejection.38 In a group of 150 DMEK eyes with a predominant underlying indication of bullous keratopathy over 
Fuchs dystrophy, Besek et al documented a 4.7% rejection rate over seven years of follow-up.12 A report from the American 
Academy of Ophthalmology reviewing 47 studies with a follow-up up to 68 months post-DMEK reports a range of 0–5.9% 
rejection rate.16 The DMEK study with the most extended follow-up of 10 years by Vasiliauskaite et al reported up to a 4% 
rejection rate.6 Studies reporting outcomes of DMEK performed for failed PKP report between 4% and 21% rejection rates, 
and vascularisation in the host cornea increases the risk.39 Eyes undergoing DMEK in the presence of a previous glaucoma 
surgery have been shown to have rejection rates between 7.7% and 20.8%, with higher rates for those with a glaucoma 
drainage device in comparison to trabeculectomy.26–29 Overall, we can see from the above that the rates of rejection with 
DMEK can range from 0 to 21% depending on several factors, which include duration of follow-up, indication for surgery, 
and presence or absence of associated glaucoma surgery (Figure 3).

Risk Factors for Descemet Membrane Endothelial Keratoplasty Rejection
It is essential to understand the risk factors to plan targeted preventive strategies. As discussed above, some of the high-risk 
factors for rejection are previous penetrating keratoplasty, corneal vascularisation, and previous glaucoma surgery. African 
Americans have been shown to have a higher risk of DMEK and DSEK rejection.40,41 Presence of pre-existing glaucoma and 

Figure 2 (A) Digital slit lamp image depicting a patient with pseudophakic bullous keratopathy planned for DMEK (B) Digital slit lamp image of a patient with Fuch’ 
Endothelial Corneal Dystrophy planned for DMEK (C) and (D) Digital slit lamp images of patients post-DMEK depicting a well opposed lenticule with relatively clear cornea.
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steroid responders also fall into the high-risk group for rejection.42 Proteomic analysis of aqueous from eyes with glaucoma shunt 
device show significantly higher levels of proteins involved in apoptotic, inflammatory, and oxidative pathways suggestive of 
breach of blood-aqueous barrier or chronic trauma.42 This could explain the poor endothelial cell survival and higher rejection 
rates in these eyes.

The presence of peripheral anterior synechiae has been reported in a few cases as a sign associated with 
DMEK graft rejection.38,43 Study of eyes with anterior synechiae in murine models showed that the synechiae 
could induce cytotoxic T cells activity, probably explaining the increased risk of rejection.39 Discontinuation of 
steroid use one year after surgery has been prospectively studied, and discontinuation leads to around 6% 
incidence of immune reaction.44 Hence, patients who are not on topical steroids may be considered at a higher 
risk of rejection.

From the beginning of the COVID-19 pandemic in early 2020, numerous reports on ocular manifestations and 
the possible role of transmission through the ocular surface have surfaced.45 Interestingly, COVID-19 infection 
and vaccination against COVID-19 are associated with DMEK graft rejection.9,46–48 Though it is difficult to prove 
the exact pathogenesis pathway of rejection following infection or vaccination, a strong biological plausibility is 
present. A few cases of DMEK rejection have been reported, including bilateral rejections in a few situations 2–3 
weeks after vaccination with the BNT162b2 mRNA COVID-19 vaccine.9,46 Cases of DMEK graft rejection have 
also been reported in those with recent COVID-19 systemic infection. They were diagnosed only after recovery, 
as ophthalmic care was impossible during the acute phase.47,48 Hence, it is difficult to figure out whether the 
rejection occurred during or after the phase of active infection.

Figure 3 (A) Digital slit lamp image of a patient post DMEK, depicting stromal edema in the inferior one-third of cornea suggestive of early graft rejection.(B) Digital slit 
lamp image of a patient on a postoperative day 1, post-DMEK, depicting corneal haze with stromal edema suggestive of primary graft failure. (C) Digital slit lamp image of 
a patient on postoperative one month, post DMEK, depicting conjunctival congestion, corneal haze with stromal edema suggestive of primary graft failure. (D) Digital slit 
lamp image of a patient post DMEK following rebubbling, depicting clear cornea, well opposed lenticule with an air bubble occupying 1/3rd anterior chamber.
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Clinical Presentation of Descemet Membrane Endothelial Keratoplasty 
Rejection
The clinical presentation of immune reaction or rejection in DMEK could vary a lot, ranging from a frank Khodadoust 
line49 with corneal edema, keratic precipitates (KPs), and anterior chamber (AC) inflammation to just subtle subclinical 
AC inflammation and KPs.32 KPs are usually granulomatous and could either be restricted to the DMEK grafts or go 
beyond the graft to involve areas of host cornea denuded of Descemet. It is essential to differentiate these from the 
melanin deposits, which could sometimes be found in the periphery of the graft. Most patients (over 60–70%) with 
immune reactions have been reported to be asymptomatic.50,51 Hos et al have studied the course of eyes following the 
adequately treated immune reaction.51 Except for a drop in the ECDs compared to before the rejection episode, they had 
no changes in vision or CCT. ECD further continued to remain stable without worsening over a period of up to 3 years. 3 
out of 17 eyes that had an episode of rejection required regraft.52 Jordan et al studied 598 eyes, among which 
immunological graft rejection occurred in 54 eyes of 48 patients. The common signs of immunological rejection included 
keratic precipitates in 69%, corneal edema in 11%, and both in 20%. Khadadoust line was not noted in any of the patients 
and 35% were asymptomatic.53 Similarly, Fu and Hollick analyzed 10-year outcome of DSEK including risk factors for 
graft failure. The mean percentage endothelial cell loss was 46.6% ± 17.3% at year 1, 54.9% ± 18.7% at year 3, 59.6% ± 
17.4% at year 5, and 73.1% ± 9.7% at year 10 years. Preoperative glaucoma and previous glaucoma surgery were 
labelled as the major risk factors for graft failure.54

Looking at the subtle asymptomatic nature of the presentation of the majority of the rejection episodes, it is possible 
that rejection is often underdiagnosed, and the percentage of graft rejection reported could be falsely lower. On the other 
hand, in a few situations, such as herpetic or CMV-related keratouveitis, they are falsely diagnosed as rejection.38,55 It is 
vital to have a high index of suspicion for infective processes when there is hypertensive uveitis in the presence of 
discoidal (HSV) or coin-shaped KPs (CMV) or when the corneal edema and AC inflammation do not respond adequately 
to topical steroids.38 AC tap with PCR for HSV, CMV, and VZV may be required at times.

Diagnosis of Descemet Membrane Endothelial Keratoplasty Rejection
While the diagnosis of DMEK rejection is clinically based on the description above, various investigative modalities help 
establish the diagnosis and predict the occurrence of rejection. AC tap PCR for ruling out viral aetiologies is especially 
useful, as indicated above, in situations where there is an inadequate or absence of response to topical steroids.

A 360-degree Scheimpflug imaging helps in picking up the inflammatory retro corneal deposits.39 This helps in 2 
ways. Firstly, sometimes when a graft rejection presents with moderate to severe edema obscuring the view of the 
posterior cornea, this imaging helps establish the diagnosis and differentiate it from a graft failure. But, a fascinating 
utility of this tool has been shown by Baydoun et al50 This imaging modality could show subtle retro corneal deposits in 
53% (9 out of 17) of eyes around eight months before the development of frank rejection. This imaging could play 
a significant role in predicting rejection episodes as ophthalmologists could not recognize these deposits during those 
visits using slit lamp examination.50

Specular microscopy is another invaluable tool with great utility in this field. Monnereau et al56 studied pre-rejection 
endothelial cell morphology and density in 7 eyes that developed rejection and compared them to control eyes. They 
found that these eyes displayed specific changes in cell morphology with disorganization of size, shape, and distribution 
along with prominent cell nuclei several months before the presentation of the clinical rejection episode. Zygoura et al 
termed this nuclear activation in these cells as ‘dark spots’ in specular imaging. When these were found along with 
a reduction in ECD, they could be a heralding sign of graft rejection.57 Baydoun et al studied the combined ability of 
specular microscopy with Scheimpflug imaging and reported that up to 90% of graft rejections could be predicted several 
months before the onset of rejection.58 Our understanding of the above two imaging modalities also opens up 
a possibility that DMEK rejection may be a slow chronic process rather than an acute pathological one.

Laser flare photometry is a device to quantify aqueous flare. Baydoun et al studied aqueous flare in postoperative 
DMEK eyes and found that the flare decreased quickly within one month from the surgery. Eyes with a persistent flare 
over ten ph/ms are at a higher risk of developing immunological rejection.59 In Vivo Confocal microscopy (IVCM) can 
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recognize the inflammatory cells in the endothelium and posterior stroma during or before rejection. They are less 
commonly available, are challenging to use, and the findings are not very specific to rejection.60 Their utility comes up 
when suspecting viral etiologies in these eyes. They can pick up certain particular features like owl’s-eye endothelial 
cells, which are suggestive of CMV endotheliitis.55

Muijzer et al from Dutch Cornea Transplant Registry used artificial intelligence-based machine learning approach to 
predict graft detachment post posterior lamellar keratoplasty. They used a 91 factors coded questionnaire to understand 
the centre-specific practice patterns. Out of 3647 transplants, the graft detachment rate was 9.9%. The risk factors were 
DMEK procedure, previous graft failure and use of SF6 gas. Reduced risk was seen with combined procedures, use of 
pre-cut tissues and preoperative laser iridotomy.61

Management of Graft Rejection and Failure
The management of endothelial rejection is based on prompt recognition and aggressive corticosteroid therapy. Post- 
DMEK patients should be counselled well for the symptoms of graft rejection, such as pain, redness, photophobia, and 
reduced visual acuity. The patient should report immediately to the surgeon if any of these symptoms are encountered.62

Corticosteroids
Corticosteroids are the mainstay and gold standard in managing DMEK rejection due to their many beneficial 
properties.62 The steroid regimen varies from centre to centre. Once graft rejection is detected, an hourly or two hourly 
topical steroid regimen (1% prednisolone or 0.1% dexamethasone) should be followed till the signs of reversal are seen, 
or graft rejection is halted. These have good anterior chamber penetration compared to surface-acting steroids such as 
0.1% fluorometholone or 0.5% loteprednol and have effective immunosuppressive properties. Topical steroids should be 
supplemented with oral and intravenous steroids such as prednisolone.63 It has been seen that after the first days of 
intravenous steroids, oral prednisolone plays a crucial role in reversing or arresting graft rejection. The oral steroids are 
started daily at 1mg/kg body weight. The initial dose is around 60–80 mg daily and tapered over 2–3 weeks based on the 
response.64 Intravenous methylprednisolone (IVMP) plays a vital role in reversing and arresting graft rejection from 
the day of presentation. IVMP is given as a pulse therapy of 500 mg in 150 mL saline twice daily for three days under 
close systemic monitoring.65

Adjuvant Therapy
Apart from corticosteroids, adjuvant therapy in the form of cycloplegics, such as 1% atropine or 2.5% homatropine, 
antiglaucoma drugs like 0.5% timolol, and oral anti-inflammatory drugs, such as diclofenac are required. Cycloplegic 
help relieves ciliary spasm and pain and prevents the formation of synechiae. Antiglaucoma drugs help in controlling IOP 
due to steroid response, and anti-inflammatory drugs take care of the pain component.66

Strategies to prevent rejection and failure primarily come from our knowledge of the discussed risk factors. 
Understanding the role played by each or combination of the risk factors along with a well-devised plan helps in 
customizing the preventive care in these eyes. Topical steroids are the mainstay in preventing graft rejection. While the 
standard is to maintain patients on potent steroids like prednisolone in the first month after the surgery, switching to 
Loteprednol 0.5% in tapering doses between 1 month to 1 year has been shown as effective as prednisolone in a similar 
regime.67 This could be of significant help to steroid responders. While Loteprednol, after one month of DMEK, has been 
shown to be as effective as prednisolone in preventing rejection, fluorometholone 0.1% has been reported to be inferior.68 

Studies by Price et al have also shown the importance of continuing any topical steroid beyond one year in preventing 
rejection, as those who discontinued had a 6% rejection rate.44 However, there is no evidence at this point to prove the 
utility of steroids beyond two years.

Eyes at higher risk of rejection based on the analysis of risk factors may need to be maintained at a higher baseline 
dose of steroids and closely monitored. Those eyes with a herpetic or CMV-related keratouveitis affecting the course of 
DMEK will also benefit from oral antiviral medications.69–71 Some centres have also started routinely performing PCR 
for these viruses from intra-operative AC tap of all patients undergoing DMEK/DSEK. It is essential to routinely perform 
imaging modalities such as Scheimpflug or specular imaging as available in high-volume DMEK centres to predict 
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rejection and accordingly manage steroid taper. To manage steroid-induced glaucoma, procedures like SLT (Selective 
laser trabeculoplasty) have also been safe and effective in post-DMEK eyes.72 Sex matching of donor-recipient or HLA 
matching is only indicated for high-risk penetrating keratoplasty, and they have not been recommended currently in 
preventing DMEK rejections.40,73

Prognosis After Descemet Membrane Endothelial Keratoplasty Rejection
Price et al showed that the rejection rate at five years was lower in DMEK (2.6%) compared to DSEK (7.9%) though 
topical steroids were tapered early in 25% of the DMEK cases.40 In this study, 44 of 705 DMEK cases failed or needed 
regraft due to multiple causes, including inadequate attachment of the graft, failure of clearing of the cornea, late 
decompensation of the endothelium, rejection, and unsatisfactory vision.1 Only 1 of these 44 cases was due to graft 
rejection.40 Anshu and co-workers42 noted that the risk of rejection episodes with DMEK was 15 and 20 times lesser than 
with DSEK and penetrating keratoplasty, respectively. The cumulative probability of rejection episodes in the 1st and 2nd 
years was 1% and 1%, respectively.2 The single patient with DMEK rejection in this series responded well to intensive 
topical steroid therapy achieving a best-corrected visual acuity (BCVA) 20/50 and endothelial cell count of 1789/mm2.42

Repeat Endothelial Keratoplasty or Penetrating Keratoplasty After 
Descemet Membrane Endothelial Keratoplasty Failure or Rejection
Repeat DMEK for failed primary DMEK has higher rates of failure73 and takes the patient one step closer to 
a penetrating keratoplasty with its known risks. Hence, it is essential to understand strategies to prevent and predict 
DMEK rejection. Repeat DMEK for failed DMEK has been shown to have a higher failure rate of >20% at one year and 
up to 30% in 6 months by different groups.73,74 Eyes undergoing repeat DMEK in the presence of a complex anterior 
segment as aniridia, aphakia, or ACIOL or iris fixated IOL have been shown to have up to 50% risk of re-DMEK 
failure.74 When DMEK is performed for failed Penetrating keratoplasty (PKP), there is variable documentation of graft 
failure between 14% and 53%.20,75 Over 50% of these failures are PGF due to persistent detachment. The risk of failure 
also increases when the failed PKP eyes have stromal vascularization.76 Moura-Coelho et al reported the results of 14 
cases that needed repeat DMEK for failed primary DMEK.73 Mean best-corrected visual acuity improved after re- 
DMEK. Graft failure was noted in 3 eyes that also achieved at least 20/40 after tertiary keratoplasty.73 The rebubbling 
rate was around 30% and endothelial cell loss at one year was approximately 15%. Various postoperative complications 
were noted in about 43% of eyes undergoing DMEK, including high intraocular pressure, macular edema, opacification 
of the intraocular lens, and immune rejection.30 Graft failure was noted in 3 re-DMEK eyes due to immune rejection (2 
eyes) and exhaustion of endothelial cells (1 eye).73 Baydoun et al77 evaluated the results of re-DMEK in 17 eyes, 
including three eyes with endothelial graft failure. After two years, 86% of patients achieved a BCVA of at least 20/40. 
Agha et al78 showed that BCVA was similar in eyes undergoing re-DMEK or primary DMEK, and BCVA improved after 
surgery in both groups.

Future Perspectives
Endothelial keratoplasty, including DMEK, have multiple limitations. The limitations include availability, preservation, 
and preparation of graft. Cultivated human corneal endothelial cells (CEC) are promising in this aspect. Such cells can be 
delivered to the posterior cornea using magnetic attraction,79 prone positions, or both via an intracameral injection.80 

These cells may be delivered via multiple methods, including sphere colonies,79 ultrathin sheets, and cell-seeded 
scaffolds made of paramagnetic microspheres, chitosan, porcine Descemet’s membrane, and hydrogel lens.80 Stem 
cells [including induced pluripotent stem cells (iPSC) and mesenchymal stem cells (MSC)] offer another promising 
therapy for the replacement of damaged corneal endothelial cells. The sources of MSC include adipose tissue,81 bone 
marrow, umbilical cord, skeletal muscle, and umbilical cord blood.

A detailed literature review of DMEK Graft Rejection over the past 5 years is listed in Table 1 (Larger case series) 
and 2 (Case reports).9,12,17,18,28–30,37,38,43,46–48,74,76,82–98
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Conclusion
Among all the corneal graft rejection subtypes, DMEK rejection accounts for the least proportion of cases. For any 
clinician, a thorough knowledge of the spectrum of clinical presentation of DMEK graft rejection, the risk factors and 
differential diagnosis is imperative for prompt diagnosis and management of these cases. The targeted treatment 
strategies govern the long-term visual outcome and prognosis after graft rejection and failure. Prolonged use of steroids 
such as prednisolone or dexamethasone for at least 1 year in steroid non-responders in the correct tapering regimen is 
essential to maintain graft survival. It is also imperative to differentiate immunological rejection from infectious etiology, 
as the management strategy will differ. We believe this article will provide a detailed understanding of DMEK rejection 
and its risk factor and will serve as a benchmark for the clinician while managing DMEK rejection.
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