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ABSTRACT

Purpose: To assess whether combined analysis of specular microscopy and 

Scheimpflug imaging improves detection of an upcoming allograft rejection 

following Descemet membrane endothelial keratoplasty (DMEK).

Methods: Retrospective analysis of 22 eyes that had developed a clinical proven 

allograft rejection 28 (±22) months (range: 4–84 months) after DMEK. Specular 

microscopy and Scheimpflug images routinely made after DMEK were retro-

spectively analysed for changes in endothelial cell morphology (e.g., nuclear 

activation), cell density (>10%) and pachymetry (>7%), and/or the presence of sub-

clinical keratic precipitates. The same parameters were evaluated for 22 control 

eyes matched for age, gender, and surgery indication.

Results: A total of 20/22 eyes (91%) showed detectable changes 0.25–75 months 

before allograft rejection became clinically manifest: 13/22 (59%) showed both 

specular microscopy and Scheimpflug imaging changes; 5/22 (23%) only had 

changes on Scheimpflug imaging; and 2/22 (9%) only had specular microscopy 

changes. In 18/22 (82%) and 14/22 (64%) eyes, subclinical keratic precipitates and 

endothelial cell morphology changes could be detected, respectively. A total of 

11/22 (50%) eyes concurrently showed a >10% drop in endothelial cell density and 

4/22 (18%) a >7% pachymetry increase. Of the control eyes, 7/22 (32%) showed 

changes with specular microscopy but not with Scheimpflug imaging.

Conclusions: Combined analysis of specular microscopy and Scheimpflug im-

aging may allow recognizing an upcoming allograft rejection in over 90% of eyes 

and up to 6 years before rejection becomes clinically manifest. Early recognition 

of eyes at risk may allow for targeted intensified steroid treatment to prevent 

endothelial cell damage associated with rejection.
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INTRODUCTION

Descemet membrane endothelial keratoplasty (DMEK), the selective replace-

ment of the diseased endothelial cell layer, offers several advantages, including 

relatively quick and near complete visual recovery (Rodríguez-Calvo-de-Mora 

et al. 2015; Oellerich et al. 2017; Price et al. 2017; Deng et al. 2018). DMEK may 

also be associated with a lower risk of allograft rejection of 1–2%, compared to 

that in penetrating keratoplasty (10–15%) and Descemet stripping (automated) 

endothelial keratoplasty (DSEK/DSAEK) (5–10%) (Thompson et al. 2003; Allan et al. 

2007; Claesson & Armitage 2009; Jordan et al. 2009; Lee et al. 2009; Dapena et al. 

2011a; Anshu et al. 2012; Li et al. 2012; Wu et al. 2012). 

Still allograft rejection is one of the more severe complications that may result in 

endothelial cell damage and secondary graft failure (Anshu et al. 2012; Williams 

et al. 2012). Hence, to be able to recognize and treat early signs of an immune 

reaction to possibly prevent manifestation of rejection would be desirable. We 

have recently shown that specific changes in endothelial cell morphology with 

specular microscopy may precede rejection (Monnereau et al. 2014). Likewise, 

Scheimpflug imaging may allow for detection of subtle immune reactions (ke-

ratic precipitates not seen on biomicroscopy) and pachymetric deviations may 

be expected to occur before rejection becomes clinically manifest (Baydoun et 

al. 2016). Therefore, to increase the power of our method to recognize upcoming 

allograft rejections, the various measurements and displaying techniques may 

be combined to work towards an improved algorithm for early allograft detec-

tion in post-DMEK eyes. 

The aim of the current study was to correlate the findings of specular microscopy 

and Scheimpflug imaging in order to assess whether combining these diagnostic 

devices has added value in detecting eyes at risk of rejection after DMEK.

MATERIALS AND METHODS

From a series of 1077 consecutive DMEK eyes of 741 patients with a mean follow-

up time of 64 (±33) months (range: 3–139 months), 27 eyes (2.5%) of 26 patients 

developed a clinical proven allograft rejection 2–84 months (median 19 months) 

after surgery. Five eyes were excluded from analysis owing to poor image quality 

(two eyes with congenital glaucoma) or the occurrence of a rejection ≤3 months 

after DMEK (so that no baseline images were available) (Table 1). Hence, 22 eyes 
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of 21 patients (9 female/12 male; 17 pseudophakic/5 phakic; aged 66 (±13) years) 

were included in our retrospective study (Table 1). DMEK was performed for Fuchs 

endothelial corneal dystrophy (n = 17), bullous keratopathy owing to phakic intra-

ocular lens removal (n = 1) or a glaucoma drainage device (n = 2), and for failed 

DSEK (n = 2) (Table 1). All included rejection eyes have been operated between 

January 2008 and January 2016. In addition, 22 eyes matched for age, gender, 

and surgery indication without a rejection episode after DMEK were included as 

normal controls and were evaluated until the last available follow-up point (Table 

1). None of the rejection or control eyes that received DMEK after failed DSAEK 

had a rejection episode in the earlier DSAEK graft.

Table 1. Demographics of rejection and control eyes after Descemet membrane endothelial kera-

toplasty

Study group

rejection eyes

Control group

non-rejection 

eyes

Eyes / Patients (n) 22/21 22/22

Mean age (years) ± SD (range) 66 ± 13 (30-80) 67± 11 (44-79)

Average time-point of rejection (months), (median, range) 28 ± 22 (25, 4-84) --

Gender (male/female) 12/9 13/9

Pseudophakic/phakic 17/5 18/4

Preoperative diagnosis

FECD 17 18

Pseudophakic BK -- 1

BK  

(removed) phakic IOL 1 --

In the presence of a glaucoma tube 2 --

Pseudophakic eye with radial keratotomy, extra 
incisions, LASIK

-- 1

Failed DSEK (presence of glaucoma tube and AC-IOL) 2 (1) 2 (0)

Mean donor age (years) ± SD (range) 66 ± 11 (48-84) 67 ± 11 (48-85)

Excluded eyes (5 out of 27 rejection cases)

Eyes with rejection ≤ 3 months after DMEK (FED, PPBK, 
removed phakic IOL)  

3 --

Eyes with poor image quality (congenital glaucoma) 2 0

AC-IOL: Anterior chamber intraocular lens

DSEK: Descemet stripping endothelial keratoplasty

FECD: Fuchs endothelial corneal dystrophy

PPBK: Pseudophakic bullous keratopathy

SD: Standard deviation
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All patients had signed an IRB-approved informed consent for research partici-

pation prior to surgery. The study adhered to the Declaration of Helsinki.

Rejection episode

Graft rejection was defined as an event with objective clinical findings (rejection 

line, keratic precipitates with or without an increase in corneal thickness, anterior 

uveitis and/or ciliary injection) on slit-lamp examination, with or without subjec-

tive complaints.

Allograft rejection after DMEK was treated with topical steroids while the fre-

quency of the steroid application (four times per day to hourly) depended on the 

clinical appearance of rejection (mild, only keratic precipitates/severe, corneal 

decompensation). Four eyes of the study group developed endothelial graft 

failure after allograft rejection and needed regrafting.

Donor tissue processing and DMEK surgery

Descemet membrane endothelial keratoplasty (DMEK) grafts were prepared as 

described previously and then stored in organ culture medium until the time of 

transplantation (Lie et al. 2008; Groeneveld-van Beek et al. 2013). Average donor 

age for the study and control group was 66 (±11) and 67 (±11) years, respectively 

(Table 1). 

‘No-touch’ DMEK surgery was performed in all cases in a standardized manner as 

described in detail earlier (Dapena et al. 2011b). In eyes that underwent DMEK as 

a secondary procedure, the primary DSEK graft was removed from the recipient 

posterior stroma using a reversed Sinskey hook in an anterior chamber filled with 

air.

At the end of surgery, subconjunctival dexamethasone and gentamicin were 

injected. Postoperative treatment consisted of topical antibiotics for two weeks, 

and a steroid regime of dexamethasone 0.1% four times daily for four weeks, fol-

lowed by fluorometholone 0.1% four times daily, tapered to once daily at 1 year 

postoperatively and once daily or once every other day thereafter (Dapena et al. 

2011b).

Measurements and analysis

All eyes were evaluated before surgery, and postoperatively at 3, 6, 9 and 12 

months and at 6-month intervals thereafter, with specular microscopy to moni-
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tor endothelial cell morphology and density (Topcon SP3000, Topcon Europe 

Medical, The Netherlands).

Central endothelial cell morphology was graded by three masked observers (LB, 

MB and SO) on a scale from 1 to 5 as previously described (Figure 1, top row) (Mon-

nereau et al. 2014): (1) ‘quiet’ endothelial cell layer with a regular cell morphology 

and distribution, that is a cell layer of inactivated cells with no nuclei visible and a 

hexagonal cell pattern without exhibiting polymorphism and polymegathism; (2) 

11 2 3 4 5

D

G

F

Figure 1. Examples of specular microscopy and Scheimpfl ug images in eyes following rejection 

after Descemet Membrane Endothelial Keratoplasty (DMEK). Specular microscopy images (top 

row) and Scheimpfl ug images (bottom rows) displaying the sequential stages used to subjectively 

score endothelial cell morphology on a scale from 1 to 5 (top row, left to right): quiet endothelial 

cell layer with a regular cell morphology and distribution, without any sign of cellular activation (1); 

slightly irregular endothelial cell morphology and/or distribution, without any sign of cellular ac-

tivation (2); mild to moderate irregular endothelial cell morphology and/or distribution, with mild 

to moderate appearance of cellular activation. Note the increased cellular refl ectivity (black arrow) 

with detectable cell nuclei (white arrow) (3); severe irregular endothelial cell morphology and/or 

distribution, and clear presence of cellular activation with enlarged cell nuclei (4); extreme irregular 

endothelial cell morphology and/or distribution, and presence of highly activated cells (5). (bot-

tom rows, top to bottom) Scheimpfl ug images of three DMEK eyes showing different densities of 

keratic precipitates (arrows) from localized small keratic precipitates one month before rejection 

to more prominent keratic precipitates 5.5 years before rejection and to multiple keratic precipi-

tates 12 months, respectively, before rejection was diagnosed.



141

SPECULAR MICROSCOPY AND SCHEIMPFLUG IMAGING TO PREDICT DMEK REJECTION

8

slightly irregular endothelial cell morphology and/or distribution, but without any 

sign of cellular activation, that is visibility of cellular nuclei and/or increased cel-

lular reflectivity; (3) mild to moderate irregular endothelial cell morphology and/

or distribution, and mild to moderate appearance of cellular activation; (4) severe 

irregular endothelial cell morphology and/or distribution, and clear presence of 

cellular activation with enlarged cell nuclei; (5) extreme irregular endothelial cell 

morphology and/or distribution, and presence of highly activated cells (Figure 1, 

top row). An average score of >2.5 was considered significant at any of the follow-

up points (Monnereau et al. 2014).

For endothelial cell density analysis, the automatically delineated cell borders 

were manually corrected. Three central images of each eye were analysed per 

follow-up point, and the results were averaged. A drop in endothelial cell density 

of >10% between follow-up points (≤6 months) was considered significant.

At corresponding follow-up points, Scheimpflug images (Pentacam, Oculus, 

Wetzlar Germany) were evaluated by the same observers for keratic precipitates, 

seen as hyperreflective retrocorneal deposits varying in size and density as previ-

ously described (Figure 1, bottom rows) (Baydoun et al. 2016). For each measure-

ment, the Scheimpflug camera generates 25 images over 360° to produce the 

three-dimensional image; for each eye, all 25 scans taken were analysed up to 

the time-point before rejection. Scheimpflug-based central corneal thickness 

was measured and the differences between consecutive visits calculated. A 

pachymetry change of >7% between follow-up points (≤6 months) was consid-

ered a significant change (Baydoun et al. 2016).

RESULTS

From the 22 eyes in our study with an average rejection time-point of 28 (±22) 

months (median: 25 months, range: 4–84 months) after DMEK, 20 eyes (91%) 

retrospectively showed detectable changes on specular microscopy (endothe-

lial cell morphology change and/or endothelial cell density decrease) and/or 

with Scheimpflug imaging (subclinical keratic precipitates and/or pachymetry 

increase) up to 75 months (median: 10 months, range: 0.25–75 months) before 

allograft rejection became clinically manifest (Figure 2; Table 2) and only two 

eyes showed no alterations throughout the entire studied period (Figure 2, Table 

2). In total, 13 out of the 22 eyes (59%) showed concomitant alterations with 

specular microscopy and Scheimpflug imaging (Figure 2, Table 2). In five eyes 
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(23%), changes were only seen with Scheimpfl ug imaging (keratic precipitates n 

= 4, pachymetry increase n = 1) and in two eyes (9%) only on specular microscopy 

(endothelial cell morphology changes n = 2) (Figure 2, Table 2). Changes with 

specular microscopy were observed in 15/22 eyes (68%) (Figure 2, Table 2): 14/22 

eyes (64%) had endothelial cell morphology changes 1–50 months before rejec-

tion (on average 17 (±13) months, median 17 months, average scores between 2.6 

and 5) and 11/22 eyes (50%) had at least once a >10% (range 11–44%) endothelial 

cell density decrease between the follow-up points 1–26 months before rejection 

(on average 13 (±8) months, median 13 months). Both parameters concurred in 10 

eyes (Table 2).

Changes with Scheimpfl ug imaging were observed in 18/22 eyes (82%) (Figure 2, 

Table 2): All 18/22 eyes (82%) showed keratic precipitates 0.25–75 months before 

rejection (on average 18 (±20) months, median 11 months), and four of these eyes 

2/20

(10%)

4/20 
(20%)

8/20*

(40%)

Keratic precipitates

Endothelial cell density

decreasePachymetry increase

1/20
(5%)

3/20

(15%)

2/20

(10%)

20 eyes
detectable changes prior to allograft rejection

2 eyes
no detectable changes

22 rejection eyes

Endothelial cell

morphology changes
S

p
e
c
u

la
r

m
ic

ro
s
c
o

p
yS

c
h

e
im

p
fl

u
g

 i
m

a
g

in
g

15/22 (68%) changes with

specular microscopy
18/22 (82%) changes with

Scheimpflug imaging
20/22 (91%) changes 

when methods combined
20/22 (91%) changes 

when methods combined
* 1 of the eyes did not show endothelial cell morphology changes

Combined changes

Figure 2. Diagram illustrating all study eyes and the distribution of subclinical changes recognized 

in those eyes prior to clinical manifestation of allograft rejection after Descemet Membrane En-

dothelial Keratoplasty: with Scheimpfl ug imaging (subclinical keratic precipitates and increase in 

pachymetry) and specular microscopy (changes in endothelial cell morphology and decrease in 

cell density). Asterisk indicates that one of those eyes did not show endothelial cell morphology 

changes. 
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(4/22, 18%) also had a pachymetry increase of >7% 1–23 months before rejection 

(on average 13 (±11) months, median 14 months).

The combination of keratic precipitates and endothelial cell morphology chang-

es concurred in 12 eyes of which 10 eyes also showed endothelial cell decrease 

and three eyes a pachymetry increase (Figure 2, Table 2). Hence, in three eyes all 

four parameters concurred.

During the follow-up period of up to 8.5 years, 7/22 control eyes (32%) retro-

spectively showed detectable changes with specular microscopy but not with 

Scheimpflug imaging. Six eyes either had endothelial cell morphology changes 

(n = 2, average scores between 2.6 and 2.9) or a high endothelial cell density 

decrease (n = 4) while in one eye both changes concurred. In the latter eye, a 

continuous endothelial cell density decay was noted postoperatively from 3 years 

onwards which resulted in endothelial graft failure 7 years after DMEK; intraocular 

inflammation was absent at all follow-up time-points (Table 2).

DISCUSSION

We have recently shown that specular microscopy and Scheimpflug imaging may 

be useful diagnostics in the recognition of eyes that may be at risk of allograft 

rejection following DMEK. Our current study showed that prerejection changes in 

corneas that underwent DMEK could be detected in 68% of the eyes with specular 

microscopy and in 82% of the eyes with Scheimpflug imaging. When both these 

methods were combined, about 90% of the eyes could be recognized of being 

at risk of developing allograft rejection. If so, a proper algorithm weighing the 

combined assessment and adequate topical steroid regimens might potentially 

reduce the incidence of long-term post-DMEK rejections from 1–2.5% to ≤0.25% 

(Dapena et al. 2011a; Anshu et al. 2012; Monnereau et al. 2014; Baydoun et al. 2016; 

Hos et al. 2017). 

Interestingly, normal control eyes also showed alterations in 32% of the cases. 

However, these alterations were limited to specular microscopy changes which 

were in general less pronounced (lower average scores) than the alterations seen 

in the rejection eyes. In addition, the changes did not continuously deteriorate 

in time as could be observed in some rejection eyes. One exception was the 

control eye that developed secondary graft failure (absent of rejection), a condi-
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tion that may also go along with endothelial cell changes as described earlier 

(Zygoura et al. 2017).

Specular microscopy and Scheimpflug imaging are established methods to 

monitor post-keratoplasty corneas by assessing a decrease in endothelial cell 

density (on specular microscopy) and an increase in corneal thickness (with 

Scheimpflug imaging). This combination of changes may be expected to occur 

in secondary graft failure not associated with allograft rejection (Lass et al. 2010; 

Benetz et al. 2013; Baydoun et al. 2015). However, if associated with an upcoming 

rejection episode, our study showed that these two criteria are virtually always 

seen in combination with changes in endothelial cell morphology and/or the 

presence of subclinical keratic precipitates. Notably, the latter two parameters 

may be directly obtained from the taken measurement, while endothelial cell 

density decrease and pachymetry increase need to first be calculated.

In addition, within our study group, keratic precipitates and/or endothelial cell 

morphology changes (82% and 64%, respectively) were observed more often 

than endothelial cell density decrease or pachymetry increase (50% and 18%, 

respectively). And the latter two parameters always concurred with keratic pre-

cipitates and/or endothelial cell morphology changes. This may agree with the 

likely pathologic pathway associated with allograft rejection: the immune system 

may be primarily activated which results in leucocyte (keratic precipitates) and 

endothelial cell activation (nuclear swelling), which over time results in endo-

thelial cell damage and/or cell death (decrease in endothelial cell density) and 

consequently corneal decompensation (increase in pachymetry) (Niederkorn & 

Larkin 2010).

To avoid graft failure due to allograft rejection following DMEK (Claerhout et 

al. 2003; Baydoun et al. 2015), reversion of a (subclinical) immune reaction at its 

earliest stage to prevent a full-blown rejection from manifestation should be 

the main treatment goal. Considering the above observations, as a preliminary 

algorithm to make the decision to start treatment, we now use the following 

criteria: 1) progression of subclinical keratic precipitates either isolated or in com-

bination with a continuous degradation in endothelial cell morphology during 

closer follow-up visits or any other parameter, and 2) a significant decrease in cell 

density and/or increase in pachymetry, in combination with subclinical keratic 

precipitates or a degradation in endothelial cell morphology.
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Unnecessary or overtreatment with steroids may always be a risk, but if in doubt 

whether to start intensified steroids, the patient can be monitored more closely 

by reducing the time until the next follow-up visit. From experience, we learned 

that reducing the interval between examination often makes the decision on 

treatment relatively easy without putting the eye at risk.

A limiting factor is that eyes that develop an allograft rejection within the first 

three to six months may escape detection, because they lack baseline measure-

ments for comparison between follow-up intervals (i.e., it is difficult to determine 

significant changes if no or just one prior scan is available). In addition, the low 

rejection rates and the retrospective study design allow only the inclusion of a 

limited number of eyes and require cautious interpretation of the data. Hence, to 

determine the benefit of early (prerejection) treatment of eyes at risk of rejection, 

the rejection group would ideally be compared to a group of eyes at risk that 

did not receive treatment, which would probably need to be investigated in a 

prospective multicenter setting.

To prevent 90% of post-DMEK allograft rejections, both specular microscopy and 

Scheimpflug imaging would need to be performed at 6-month intervals, which 

is seen as a normal cycle in hospitals and specialized clinics to monitor patients 

after keratoplasty. Although the additional evaluation of images for keratic pre-

cipitates and endothelial cell morphology changes could be seen as a burden 

for clinicians, in our experience, the screening described in the current study is 

rather quick, as is the assessment of the images by a trained eye.
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