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Chapter 4

ABSTRACT

Objective: To analyze if endothelial cell density (ECD) at 6-months affects long-
term ECD outcome and graft survival 5-years after Descemet membrane endothelial

keratoplasty (DMEK) in eyes with Fuchs endothelial corneal dystrophy (FECD).

Participants: A total of 585 DMEK eyes (443 patients) with surgery indication FECD
were included. The study group was divided into 4 groups based on 6-month ECD
quartiles: Group 1 (n=146) with 313-1245 cells/mm?2, Group 2 (n=148) with 1246-
1610 cells/mm?, Group 3 (n=145) with 1611-1938 cells/mm? and Group 4 (n=146)
with 1939-2760 cells/mm?Z2. Group 1 was further split into Subgroup 1a (n=36) with
6-month ECD of <828 cells/mm?, Subgroup 1b (n=37) with 829-1023 cells/mm?,
Subgroup 1c (n=37) with 1024-1140 cells/mm? and Subgroup 1d (n=36) 1141-1245

cells/mm?.

Results: Mean preoperative donor ECD of the overall group decreased from 2543
(+185) cells/mm? preoperatively to 1584 (+479) cells/mm? at 6-months
postoperatively (-38 (£18) %). For Group 1, ECD decreased from 951 (x233)
cells/mm? (n=146) at 6-months to 735 (+216) cells/mm? (n=99) at 5-years
postoperatively. For Group 1 graft survival probability was 0.95 [95% Cl, 0.91-0.99]
at 5-years postoperatively, which was significantly lower than for Groups 2-4
(P=0.001). Five-year graft survival in Subgroup 1a (6-month ECD <828 cells/mm?)
was 0.79 [95% ClI, 0.67-0.94], which was significantly lower than in Subgroups 1b -
1d (P=0.001). Preoperative ECD did not influence graft survival (P=0.393), while
higher 6-month ECD values were associated with lower rates of graft failure
(hazard ratio 0.994 [95% CI, 0.99-1.00], (P=0.001)).

Conclusions: Six-months ECD is associated with DMEK graft survival. High early cell
loss after DMEK negatively affects long-term ECD outcome and graft survival. Grafts
in the subgroup with ECD <828 cells/mm? at 6 months are at higher risk of failure
within 5-years after DMEK. To ensure sufficiently high ECD at 6-months
postoperatively preoperative graft quality assessment should be optimized and
cellular stress induced to the graft be minimized. Additionally, developing
therapeutical options for the treatment of eyes in which low postoperative ECD

could not be prevented, may further improve DMEK graft longevity.
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DMEK: ten-year graft survival and clinical outcomes

INTRODUCTION

Descemet Membrane Endothelial Keratoplasty (DMEK) has become a widely
accepted treatment option for endothelial disorders,’ that provides excellent
short- and long-term clinical outcomes.? Endothelial cell density (ECD) at 6-
months postoperatively, one of the benchmark parameters when evaluating graft
performance, has been reported to decline by 25-40% after DMEK with a high

degree of variability between eyes.3¢

For penetrating keratoplasty (PK) grafts it has been shown in the Specular
Microscopy Ancillary Study that lower 6-month ECD was associated with secondary
graft failure, i.e., late endothelial graft failure, while preoperative ECD was not.”
More recently, for Descemet stripping automated endothelial keratoplasty (DSAEK)
grafts Patel and colleagues also found an association of lower 6-month ECD with
late endothelial failure.® For DMEK, several studies analyzed potential risk factors
associated with low 6-month ECD, however, the effect of early endothelial cell
(EC) loss and its impact on long-term ECD and late endothelial failure on a larger
DMEK group is not yet known.%'° Therefore, the aim of this study is to analyze how
EC loss at 6-month postoperatively may affect long-term ECD outcome and graft

survival up to 5-years after DMEK.

METHODS

Patient data

Out of 750 consecutive eyes that underwent DMEK between October 2007 and
March 2015, 585 eyes that had endothelial cell density (ECD) counts available at 6-
months postoperatively were included in this retrospective study (Table 1). In
total, 165 eyes (22%) were excluded, either for surgery indication other than FECD
(n=101), or based on criteria used by Patel et al.® such as uncontrolled
preoperative intraocular pressure >25mm/Hg (n=1), re-transplantation withing 6-
months (n=10), missing 6-month ECD (n=32), graft failure following an allograft
rejection (n=4) and eyes with technical failures (i.e., eyes with persistent large
graft detachment that required re-transplantation) or with persistent graft

detachments of >1/3 of the graft surface area (n=17) (Supplemental Table 1). The
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mean patient age was 68.5+11 years (Table 1). All patients signed an informed
consent prior to surgery for research participation and the study adhered to the
Declaration of Helsinki. Due to the retrospective nature of the study an

Institutional Review board approval was not required.
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Chapter 4

Supplemental Data Table 1. Demographics of Descemet membrane endothelial

keratoplasty eyes that were excluded from the study.

Parameters

Excluded eyes [n=165)

Number of eyes [ patients
Gender (males [ females)
Mean patient age + 50 [years)

Indication for DMEK

FECD

BK

Failed previous kerstoplasty
Other {trauma)

Lens status
Pz=udophakic
Phakic
Aphakic

Mean follow-up time after DMEK + 50
[months)

Donor gender (males / females)
Doner age = S0 |years)

Donor Cause of Death
Cardiowascular
Cancer

Respiratory

Trauma

Cther

Mat available

Reason for exclusion
Indication other than FECD

165/ 136
48.5% [ 51.5% (65 / 70)

65.5 + 15 {range, 20 —54)

38.8% (n=64)

41.8% (n=63)

18.2% (n=30]
1.2% [n=2)

77.6% [n=128)
21.2% [n=35)
1.2 % [n=2)

32+ 323 [rangs, 1w—E0m)

&1.2% / 38.8% (101 / 54}

5.5+ 10 (28— 85)

49.1% (n=81}

24.2% (n=40}

17.6% (n=23)
4.8% [n=B)
3.6% [n=6)
0.6% (n=1)

&1.2% (n=101}

Precperative I0P =25 mm/Hg 0.6% (n=1)
Re-transplantstion within 6m postop

Re-DSEK 2.6% (n=6)

Re-DMEK 2.5% [n=4]
LTFU

Crwen ophithalmologist 7.3% (n=12)

Fassed away 1.8% (n=3)
S-menth ECD not available® 9.7% (n=18)
§-month ECD not possible 0.6% (n=1)
Graft fzilure following zllograft rejection 2 4% (n=4]
Detachment of >1/3 graft surface area 10.3% (n=17}
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*Fatient did not attend scheduled 6-month follow-up for various reasons e.z. illmess; check-up with own

ophthalmiolagist; etc) but returned for later follow-up visits

BE : Bullous Keratopathy; DMEK : Descemet Membrane Endothelizl Keratoplasty; DSEK : Descemet Stripping
Endeothelial Keratoplasty; ECD : Endothelial cell density; FECD : Fuchs Endethelial Corneal Dystrophy; 10P :
Intraocular Pressure; LTFU : Lost to follow-up; m : months; n : Mumber; 5D : Standard Deviation



DMEK: ten-year graft survival and clinical outcomes

Graft preparation and surgery

DMEK graft preparation was performed at Amnitrans EyeBank Rotterdam as
previously described.'"'? Grafts were stored free-floating in organ-culture medium
(CorneaMax; Eurobio, Courtaboeuf, France) until the time of the transplantation.
DMEK surgery was carried out in the Melles Cornea Clinic Rotterdam by 4
experienced corneal surgeons as a single procedure, i.e., DMEK was not combined
with cataract surgery, using the standardized “no-touch” technique, described in
detail earlier.' The postoperative medication included chloramphenicol 0.5% 6
times daily during the first week and 2 times daily during the second week;
ketorolac tromethamine 0.4% and dexamethasone 0.1% 4 times daily for 4 weeks.
At the 1-month follow-up dexamethasone was switched to fluorometholone 0.1% 4
times daily followed by a routine tapering regimen; after 1-year patients were
advised to continue using fluorometholone once a day or every other day

indefinitely.

Data collection

Patients were examined prior to the surgery, 6-months, and 12-months after DMEK,
and annually thereafter up to 5-years postoperatively. Outcome measures included
ECD, graft survival probability and postoperative complications.

Donor ECD was measured preoperatively in-vitro by the eye bank using an inverted
light microscope (Axiovert 40; Zeiss), while postoperative ECD was collected using
a Topcon SP300p non-contact specular microscope (Topcon Medical Europe BV,
Capelle a/d lJssel, the Netherlands). ECD analysis was performed using the ECD
analysis program with automatic cell border recognition of the commercial specular
microscope software (ImageNet software, Topcon Medical Europe). Automatically
delineated cell borders of all endothelial images of the central corneal window
were checked and when incorrectly assigned, the cell borders were manually re-
assigned by a trained technician. For each ECD measurement an average of 3
images was used. All analyzed images were saved with the overlying cell border
lines that were used for the analysis and in case of discrepancies in ECD between
the three analyzed images, these images were checked by a second experienced

reader for accuracy. For all images, the largest possible area of the image was
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analyzed. For the purpose of the study, eyes were divided into 4 groups based on
the 6-month ECD quartiles (Table 1).

Statistical analysis

Kaplan-Meier analysis was used to determine graft survival probabilities.
Differences in survival between the groups were compared using log-rank test.
Survival time was calculated as the time between DMEK surgery and the last
available follow-up time-point of an eye with a clear cornea, or as the time
between DMEK and endothelial graft failure. Endothelial graft failure, also termed
secondary failure, was defined as an irreversible corneal clouding after a period of
postoperative corneal clearance requiring re-transplantation or corneal
decompensation with persistent edema, that was present for longer than 3 months,
after initial clearance. Eyes with graft failure following allograft rejection were not
included in the study.

For statistical analysis on ECD data, distributions of the variables were evaluated
by histograms, and by skewness and kurtosis with the standard errors. Continuous
variables between the 4 groups were compared by one-way ANOVA. Homogeneity
of variance was assessed with the Levene’s test, if the assumption of the
homogeneity was met a Bonferroni post hoc test was used, while in other cases
Games-Howell was used. Categorical variables were compared by Chi-square test.
Changes in ECD through time were assessed by linear mixed model to compensate
for unbalanced data, adjusting for preoperative ECD. Cox proportional hazard
model was fitted to assess the preoperative and the 6-month ECD association with
graft survival. Proportional hazard assumption was assessed via the Schoenfeld
residuals.

All data analyses were performed using SPSS 26.00 (IBM, Armonk, New York)
statistical software, Excel for Window (Microsoft, Redmond, Washington) and R
statistical software v.1.3.1093 (Vienna, Austria). P-values <0.05 were considered

statistically significant.
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DMEK: ten-year graft survival and clinical outcomes

RESULTS

Demographics

The study group (n=585) was divided into 4 groups according to the 6-month ECD
quartiles. Group 1 (n=146), representing 25% of eyes with the lowest 6-month ECD
of 313-1245 cells/mm?2, Group 2 (n=148) with values between 1246-1610 cells/mm?,
Group 3 (n=145) with 1611-1938 cells/mm? and Group 4 (n=146) representing 25% of
eyes with the highest ECDs of 1939-2760 cells/mm?2. Donor or patient baseline

demographics were similar in all groups (Table 1).

Endothelial cell density and endothelial cell loss

Mean preoperative donor ECD of the overall study group was 2543 (+185) cells/mm?
and declined to on average 1584 (+479) cells/mm? at 6-months postoperatively,
which corresponds to a decrease in ECD of 38 (x18) %. Pre- and postoperative ECD
differed significantly between all groups at all timepoints (all P<0.05) except for
the preoperative ECD values of Group 1 and 2 (P=0.583) (Table 2). Preoperative
ECD was correlated to 6-month ECD for Group 4 (P=0.001), but not for Groups 1-3
(P>0.05).

For Group 1, ECD decreased from 951 (x233) cells/mm? at 6-months to 906 (+221)
cells/mm? at 1 year, and 735 (+ 216) cells/mm? at 5-years postoperatively (Table
2, Figure 1). The absolute ECD values between consecutive follow-up timepoints
differed significantly for Groups 1-4 (all P=0.001). Post hoc analysis showed that
from 2 years onwards the EC loss in percentage between consecutive follow-up
time-points was similar between Groups 2-4 (P>0.5). From 3 years onwards the EC
loss in percentage was lowest in Group 1 (Table 2).

At 5 years postoperatively, 18 eyes had an ECD lower than 500 cells/mm? (range,
303 - 497 cells/mm?) with 11 eyes (61%) from Group 1, 6 eyes (33%) from Group 2
and 1 eye (6%) from Group 3. At the same timepoint 12 eyes of Group 4 had an ECD
above 2000 cells/mm? (range, 2016 - 2465 cells/mm?).
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Figure 1. Endothelial cell loss after Descemet membrane endothelial
keratoplasty for groups 1-4. Mean endothelial cell density (ECD) values are
displayed with vertical standard deviation bars and delta, representing the

percentage of EC loss between the two timepoints.

Intraoperative difficulties, postoperative complications, and re-interventions
Intraoperative difficulties were recorded in 66 eyes (11.3%). Difficult graft
unfolding was the most common (7.4%, n=43), followed by positive vitreous
pressure (3.1%, n=18) and iris root hemorrhage (0.8%, n=5). In the total group, eyes
with difficult graft unfolding had lower 6-month ECD values, compared to eyes with
no intraoperative difficulties (P=0.001).

At 6 months postoperatively, out of 585 eyes, 66 eyes (10.8%) showed a minor graft
detachment (equal or less than 1/3 of the graft surface area). During the entire
study period, allograft rejection occurred in 10 eyes (1.7%) (Table 3).

Within 5-years, endothelial graft failure was diagnosed in 8 eyes (1.4%) on average
29.1 (+ 16) months after DMEK. Most endothelial failures occurred in Group 1 (n=7),
while none were observed in Group 3 or 4. In total, 7 eyes (1.2%) underwent re-

transplantation on average 31.3 (+ 19) months after DMEK (Table 3).
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Group 1 had the highest rates of minor detachments (20.5%, P=0.001), graft
failures (4.8%, P=0.001) and re-transplantations (4.1%, P=0.002) when compared to
the other groups. Group 1 and Group 2 comprised the most re-bubbling procedures

(6.2% and 7.4%, respectively, P=0.004), while Group 4 had the least postoperative
complications.

80



l outcomes

ival and clinica

ten-year graft surv

DMEK

ploq ui pajuasaid aie sanjeA-d Jueoyiubis

SYJUOJ ‘W ‘JaquIn U ‘uoneins( piepue)s :as ‘Ausus( 199 [eljeyiopul :ad3

pouad Apnjs ay} uiyym Aabins-a1 suobiapun jou pey ainje; yelb ypm pasoubelp ake auQ :y
uonesuadwodsp [eaulod Ag pamo||o} ‘soueies|o [eaulod (Jo subis) yim yelb payoeje ue 0} siajal ain|ie) Yesb A1iepuodss
dn-moj|0} YlUoWw-g 8y} Je PaAIasgo Se sjuswiyorep pelb ay) sepnjoul :,

8770 - vS (to-z1)8T1 622 | (19-TT)6TF€TE | syuow ul(aBuel) gSF awi} ueay
200'0 - - (T=u) %L0 (9=u) %T'¥ (L=u) %TT +uonejuejdsueny-ay
€46'0 € (e-2)175¢C (TT-1)€F5€ (9-1)Z7€€E (tt-1)Z7€€ sy2am ul (a8uel) ST 2wl ueay
v00°0 (t=u) %0 (z=u) %v'1T (TT=u) %¥'L (6=u) %9 (€z=u) %6€ Suiiqqng-ay
18€°0 - - 132 (£6-0T)9T+T°2T | (£S—0T)9TFT'6C | Syruow ui (8uel) gSF awn} ueay
100°0 - - (T=u) %L0 (L=u) %8¥ (8=u) %¥'T 4Arepuooag
3in|ie} Yyeuo
Z44l) (T=u) %L0 (T=u) %0 (G=u) %€ (e=u) %T'C (ot=u) %LT uoiafal yedo|y
1000 (8=u) %S'S (€T=u) %6 (ST=U) %T0T (og=u) %S0T (99=u) %e0T (ease aoepins yeus ¢/T5) JoulN
JJuswydejap yeuo
- - (s=u) %p'e - (g=u) %80 28eysioway 1001 su|
(z=u) %v'T (9=u) %Tv (b=u) %L (9=u) %Tv (8T=U) %1€ a.nssaid snoain aAIsOd
(9=u) %T'¥ (8=u) %S'S (zT=u) %18 (£T=u) %9°TT (Ev=u) %L Suipjojun yeas 3 ndiyIaq
ZST0 (8=u) %S'S (FT=U) %96 (Tz=u) %Tv1 (€z=u) %L'ST (99=u) %e'TT sai3nolyIp annesadoesiu)
((ww/s)2 6661 (ww/s||22 8E6T-TTIT  (;Ww/s||22 OTIT-9YZT  (Ww/s||32 SYTTS
anjea-4 @23 Yyiuow-g) @23 Yauow-g) @23 Yiuow-g) @23 Yauow-g) (s85=u) dnouis |ejo)

(9tT=u) ¢ dnoap

(spT=u) € dnoip

(81=u) z dnoap

(9tT=u) T dnoip

‘-1 sdnouo pue

14040 1e10] 3y} Jo Aisejdolelay 1eljaylopuy suRIqISW 18WaDsa( Ja3je SaW0IINQ |edLuL]) pue SJuaAg aAleladoeniul € ajqel

81



Chapter 4

Graft survival

Group 1 had the lowest graft survival probabilities compared to Groups 2-4
(P=0.001). For Group 1, survival rates at 1 year decreased from 0.99 [95%
Confidence Interval (Cl), 0.98-1.00] to 0.95 [95% Cl, 0.91-0.99] at 5-years
postoperatively. For the same timepoints, survival probabilities for Group 2 were
1.0 and 0.99 [95% Cl, 0.97-1.00], while for Group 3 and Group 4 those probabilities
remained 1.0, for both groups (Figure 2).

82



ten-year graft survival and clinical outcomes

DMEK

‘ydeus ayy

aplsaq a)qe) ay3 ut pajuasaud ale syuswow dn-mojjoy Jad HsLl Je saAa Jo Jaquinu pue satiljiqeqoid JeAlAInS *p - | sdnous oy

Kysejdoje.ay| Jeljayiopua aueiquiaw }aWadsa(q J33je sallljiqeqold JeAlAINsS 3jelS SAIIRINWIND JO SAIND J3law-uejdey *Z 2.nsL4

W3NG Jaye s1ea )
£ z L

a0t €TT j 748 LET ZrT a9PT s3sE] FuluIRWwy
(zww/s)Ra
o 1] o 1] o 1] SIUIAR JAIIE|NWNG 2c6T<
w
- - - - - - e n43e Aupigeqosd an”_ %)
irdnoig
T I T I T ~ sjewpsy | 1BMAINS 3AReInWIng
L0T ozt 9z1 SET ZrT SPT s3sE] FuluIRWwy
(zww/s)Ra
1] o 1] o 1] o SJUA3 3ANEINWNG BE6T-TIOT=
w
- - - - - - ES nd 1e Aujgeqoad a3 wa)
:gdnoig
T T T T T - ajewpsy | |BAMUNS BALE|INWND
0T Tt (1744 €E€T ErT 8FT sased fuiuieway
T T 0 1] 0 1] SJUTAS JAIIE|NWNY [ww/sao
0191-9%¢ 1=
roo o - - - - e nd1e Aupgeqosd | @ag we)
66'0 | 66°0 T T T - 21ewiysy [BAIAINS SAGEINWND :zdnoin
oot vitT 0748 0ET BET arT saseaFuiuieway
([rwwifs)=2
L 9 =] ¥ T o SIUA3 3ABR[NWNTY —
! sets
Z00 00 oo 100 T00 - as 14 12 Aupgegosd a’jwo)
[EAJAINS 3RIEINWND ‘pdnoig
s6'0 96°0 960 L60 660 - 2jewnsy
5 14 £ 4 T 0 MNINA 1BYE SIeI)

paiosusd-y dnoig |
paiosuad-g dnoig

pasosuad-z dnosg |
palosuas-| dnoig

pdnoig, —
¢ dnoig

zdnoig, ;-
} dnoig _—

:sdnouB go3

00
2
zo §
£
2
<
vo ®
w
c
s
-
gp 2
=
=
[=]
(=2
']
go
<
o'l

83



Chapter 4

Group 1 was further divided into Subgroup 1a (n=36) (6-month ECD <828
cells/mm?), 1b (n=37) (6-month ECD 829 - 1023 cells/mm?), 1c (n=37) (6-month ECD
1024-1140 cells/mm?) and 1d (n=36) (6-month ECD 1141-1245 cells/mm?). Graft
survival of Subgroup 1a was 0.97 [95% Cl, 0.92-1.00] at 1-year and decreased to
0.79 [95% ClI, 0.67-0.94] at 5-years after DMEK, which was lower than the graft
survival of Subgroups 1b - 1d at both 1- and 5-years after DMEK (1b - 1d: 1.0 [95%
Cl, 1.00], at both 1- and 5-years) (P=0.001) (Figure 3). Demographics of eyes from
Subgroup 1a that did not fail despite low ECD at 6 months postoperatively are

summarized in Supplemental Table 2.
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Supplemental Table 2. Demographics of eyes from Subgroup 1a without graft

failure.

Characteristics

Eyes (n=29)

Number of eyes / patients
Patient gender (males / females)
Mean patient age + SD (in years)
Lens status

Pseudophakic

Phakic
Donor gender (males / females)
Mean donor age = SD (in years)
Donor Cause of Death

Cardiovascular

Cancer

Respiratory

Other
Graft detachment <1/3 graft surface area

Allograft rejection

Re-bubbling
Mean time + SD (range) in weeks

29/29
24% / 76% (7 / 22)
68.9 + 10 (49 — 83)
79.3% (n=23)
20.7% (n=6)
55% / 45% (16 / 13)
62.4+12 (43— 84)
51.7% (n=15)
20.7% (n=6)
17.2% (n=5)
10.3% (n=3)
34.5% (n=10)
3.5% (n=1)

20.7% (n=6)
2.9+2(1-6)

N: Number; SD: Standard Deviation

The effect of preoperative ECD on graft survival was assessed by dividing the study
group into quartiles based on absolute preoperative ECD values and comparing the
5-year survival probabilities. Group A (n=151) represented the lowest preoperative
ECD of <2430 cells/mm?Z, Group B (n=144) had values between 2431-2500
cells/mm?, Group C (n=154) had 2501-2680 cells/mm?, and Group D (n=137)
represented eyes with ECD of 2681 cells/mm?. Additionally, by dividing the group
according to the decrease in ECD in percentage, compared to preoperative values,
where Group A' (n=138) had eyes with a decrease in ECD of >51%, Group B! (n=147)
with decrease between 38-50%, Group C' (n=146) with 26-37% and Group D' (n=154)

with <25% decrease. No difference in graft survival was observed between the
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absolute preoperative ECD Groups A-D (P=0.802), while Group A" had a lower
survival compared to Group B' (0.94 [95% Cl, 0.90-0.99] vs 0.99 [95% Cl, 0.98-1.00]
(P=0.027).

Preoperative ECD and intraoperative difficulties were not associated with graft
survival (P=0.400 and P=0.784, respectively), while higher 6-month ECD values
were associated with lower rates of graft failure (hazard ratio 0.994 [95% Cl, 0.99-
1.00], (P=0.001)). The average hazard rate indicates that with every 500 cells/mm?
decrease in 6-month ECD, the risk of graft failure increases by 3 times (hazard ratio
3.00 [95% Cl, 1.5-4], (P=0.001)).

DISCUSSION

This study evaluates the impact of 6-month ECD on 5-year ECD outcomes and graft
survival after DMEK in eyes with FECD. A low 6-month ECD had a negative effect on
5-year ECD and DMEK graft survival. This effect was most pronounced in grafts with
a 6-month ECD of <828 cells/mm?2, whereas surprisingly almost all grafts with a 6-
month ECD of >828 cells/mm? showed good long-term outcomes.

Our results on low 6-month ECD being predictive for late endothelial failure are in
line with previous studies on DSAEK and PK eyes.”-8 Lass et al. found that PK eyes
with a 6-month ECD of <1700 cells/mm? had a 4-6 times higher 5-year graft failure
rate than eyes with >1700 cells/mm?. For DSAEK eyes, Patel et al. identified a
lower threshold of <1200 cells/mm?. The latter finding is comparable to our DMEK
results with eyes in Group 1 (6-month ECD <1245 cells/mm?) having a significantly
higher 5-year graft failure probability than eyes in the other groups (6-month ECD
>1245 cells/mm?, only 1 failure in Group 2). Furthermore, Subgroup analysis
showed that DMEK eyes with an even lower 6-month ECD threshold of <828
cells/mm? were prone to graft failure (5-year graft survival probability of 79%),
while the other Subgroups (ECD >828 cells/mm?) did not have a single endothelial
failure. This may support the hypothesis of a lower ECD limit in DMEK eyes needed
to maintain the corneal clarity. However, this limit may vary between corneas and
may depend on additional factors such as the state of the peripheral endothelial
cells.

If 6-month ECD is predictive for late endothelial graft failure after DMEK, it may be

important to assess measures to prevent early endothelial cell loss and to enhance
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DMEK graft longevity. In an earlier study, we could show that main risk factors
associated with higher endothelial cell loss at 6-months postoperatively were
(minor) graft detachment, cardiovascular donor death cause, recipients’ advanced
stage of FECD and the occurrence of postoperative complications, such as allograft
rejection and high intraocular pressure.® Other studies also evaluated the effect of
graft storage medium, preoperative donor ECD, and intraoperative complications
on postoperative ECD but without consistent outcomes.® 101420 |nconsistent results
between the studies on the effect of intraoperative complications on ECD may be
caused by different definitions of intraoperative complications and may also
depend on surgical experience. In this study we observed an effect of difficult graft
unfolding on 6-month ECD, but no correlation with graft survival, which may point
to an only moderate EC loss caused by intraoperative difficulties as suggested
previously.®

An explanation for an early EC loss was provided by Miron et al., who suggested
that the postoperative ECD decrease that can be already observed as early as 1 day
and 1 week after DMEK, may be attributed to the overestimation of the viable
endothelial cell population on the graft in the eye bank which would also result in
an overestimation of preoperative ECD.?' In a follow-up in-vitro study it was shown
that for some DMEK grafts a decrease in endothelial cell viability can occur within
hours after graft preparation in the eye bank.2? This suggests that there is a high
degree in variability of how well endothelial cells respond to the stress of the graft
preparation and supports the hypothesis that the preoperative ECD may be
overestimated for some grafts, leading to apparent early endothelial cell loss. A
similar hypothesis was provided by Patel et al. for the degree in variability of early
cell loss after DSAEK which the authors suggested to be partly caused by different
cellular tolerance levels to surgical manipulation during DSAEK surgery.8 Based on
their analysis, Miron et al. suggested that for pre-stripped eye bank grafts an
additional step for checking tissue quality after graft preparation may help to
identify DMEK grafts with low cellular tolerance to the stress of graft preparation,
as ECD provided at the first graft evaluation may be overestimated.?? It is therefore
important to identify the underlying causes of cellular stress intolerance to develop
adequate test methods for eye banks. This may ensure that only grafts with good

tolerance to surgical manipulation and therefore with higher postoperative ECD
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counts, are transplanted. Nevertheless, this possibility to identify ‘low-performing’
grafts before surgery, would only apply to pre-stripped eye bank grafts and not to
grafts prepared by surgeons directly before surgery. Analysis of cytokine levels in
the donor aqueous humor may, on the other hand, be a potential screening option
for all donor corneas, as for example, elevated preoperative monocyte chemotactic
protein - 1 levels were shown to be associated with postoperative cell loss after
DSAEK and PK and might therefore also play a role in donor eyes.23.24

Though some grafts with early low ECD can survive and maintain corneal clarity in
the longer term, as also observed in PK,”-2> DSAEK,?¢ and other DMEK studies,? it
may be important to consider, for example, pharmaceutical therapies before
corneal decompensation for eyes with low ECD. As such, the more frequent
application of (potent) topical steroids or the use of topical ROCK inhibitor could
be a potential treatment option for maintaining long-term corneal clarity. Studies
on the off-label use of ROCK inhibitor ripasudil have shown to promote endothelial
wound-healing and stabilize ECD in FECD eyes that underwent 'Descemetorhexis
only’.%7:28 However, clinical studies in DMEK eyes supporting its efficiency are still
lacking.

Due to the retrospective design of the study, the main limitation was missing data
and attrition caused by loss to follow-up. However, this limitation was addressed
by using linear mixed models, which adjusts for imbalanced data.

In conclusion, this study showed that low 6-month ECD has a negative effect on the
5-year ECD outcome and graft survival after DMEK. However, the negative effect of
low ECD is predominantly observed in grafts with ECD <828 cells/mm? at 6-months,
whereas grafts with higher 6-month ECD present with good long-term outcomes.
Therefore, preventing high EC loss by optimizing preoperative graft quality
assessment, minimizing cellular stress induced to the graft, and developing
therapeutical options for the treatment of eyes with low postoperative ECD may

contribute to further improve DMEK graft longevity.

89



Chapter 4

REFERENCES

1.

10.

11.

12.

13.

90

Deng SX, Lee WB, Hammersmith KM, et al. Descemet membrane endothelial
keratoplasty: safety and outcomes: a report by the American Academy of
Ophthalmology. Ophthalmology. 2018;125:295-310.

Vasiliauskaité |, Oellerich S, Ham L, et al. Descemet membrane endothelial
keratoplasty: Ten-year graft survival and clinical outcomes. Am J Ophthalmol.
2020;217:114-120.

Schrittenlocher S, Schaub F, Hos D, et al. Evolution of consecutive Descemet
membrane endothelial keratoplasty outcomes throughout a 5-year period performed
by two experienced surgeons. Am J Ophthalmol. 2018;190:171-178.

Price DA, Kelley M, Price FW Jr, et al. Five-year graft survival of Descemet membrane
endothelial keratoplasty (EK) versus Descemet stripping EK and the effect of donor sex
matching. Ophthalmology. 2018;125:1508-1514.

Hamzaoglu EC, Straiko MD, Mayko ZM, et al. The first 100 eyes of standardized
Descemet stripping automated endothelial keratoplasty versus standardized Descemet
membrane endothelial keratoplasty. Ophthalmology. 2015;122:2193-2199.

Birbal RS, Baydoun L, Ham L, et al. Effect of surgical indication and preoperative lens
status on Descemet membrane endothelial keratoplasty outcomes. Am J Ophthalmol.
2020;212:79-87.

Lass JH, Sugar A, Benetz BA, et al. Endothelial cell density to predict endothelial graft
failure after penetrating keratoplasty. Arch Ophthalmol. 2010;128:63-69.

Patel SV, Lass JH, Benetz BA, et al. Postoperative endothelial cell density is associated
with late endothelial graft failure after Descemet stripping automated endothelial
keratoplasty. Ophthalmology. 2019;126:1076-1083.

Oellerich S, Ham L, Frank LE, et al. Parameters associated with endothelial cell
density variability after Descemet membrane endothelial keratoplasty. Am J
Ophthalmol. 2020;211:22-30.

Hayashi T, Schrittenlocher S, Siebelmann S, et al. Risk factors for endothelial cell loss
after Descemet membrane endothelial keratoplasty (DMEK). Sci Rep. 2020;10:11086.
Lie JT, Birbal R, Ham L, et al. Donor tissue preparation for Descemet membrane
endothelial keratoplasty. J Cataract Refract Surg. 2008;34:1578-1583.
Groeneveld-van Beek EA, Lie JT, van der Wees J, et al. Standardized 'no-touch’ donor
tissue preparation for DALK and DMEK: harvesting undamaged anterior and posterior
transplants from the same donor cornea. Acta Ophthalmol. 2013;91:145-150.

Dapena |, Moutsouris K, Droutsas K, et al. Standardized "no-touch” technique for

Descemet membrane endothelial keratoplasty. Arch Ophthalmol. 2011;129:88-94.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

DMEK: ten-year graft survival and clinical outcomes

Schlogl A, Tourtas T, Kruse FE, et al. Long-term clinical outcome after Descemet
membrane endothelial keratoplasty. Am J Ophthalmol. 2016;169:218-226.

Straiko MD, Bauer AJ, Straiko MMW, et al. Donor DMEK tissue characteristics:
Association with rebubble rate and 6-month endothelial cell loss. Cornea.
2020;39:1267-1273.

Rodriguez-Calvo de Mora M, Groeneveld-van Beek EA, Frank LE, et al. Association
between graft storage time and donor age with endothelial cell density and graft
adherence after Descemet membrane endothelial keratoplasty. JAMA Ophthalmol.
2016;134:91-94.

Brockmann T, Brockmann C, Maier AB, et al. Primary Descemet's membrane
endothelial keratoplasty for Fuchs endothelial dystrophy versus bullous keratopathy:
Histopathology and clinical results. Curr Eye Res. 2018;43:1221-1227.

Baydoun L, Ham L, Borderie V, et al. Endothelial survival after Descemet membrane
endothelial keratoplasty: Effect of surgical indication and graft adherence status.
JAMA Ophthalmol. 2015;133:1277-1285.

Maier AK, Gundlach E, Schroeter J, et al. Influence of the difficulty of graft unfolding
and attachment on the outcome in Descemet membrane endothelial keratoplasty.
Graefes Arch Clin Exp Ophthalmol. 2015;253:895-900.

Gundlach E, Spiller N, Pilger D, et al. Impact of difficult unfolding and attachment of
the graft lamella on the long-term outcome after Descemet membrane endothelial
keratoplasty. Graefes Arch Clin Exp Ophthalmol. 2020;258:2459-2465.

Miron A, Bruinsma M, Ham L, et al. In vivo endothelial cell density decline in the early
postoperative phase after Descemet membrane endothelial keratoplasty. Cornea.
2018;37:673-677.

Miron A, Sajet A, Groeneveld-van Beek EA, et al. Endothelial cell viability after DMEK
graft preparation. Curr Eye Res. 2021;46(11):1621-1630.

Yazu H, Yamaguchi T, Aketa N, et al. Preoperative aqueous cytokine levels are
associated with endothelial cell loss after Descemet's stripping automated endothelial
keratoplasty. Invest Ophthalmol Vis Sci. 2018;59:612-620.

Yagi-Yaguchi Y, Yamaguchi T, Higa K, et al. Preoperative aqueous cytokine levels are
associated with a rapid reduction in endothelial cells after penetrating keratoplasty.
Am J Ophthalmol. 2017;181:166-173.

Abbott RL, Fine M, Guillet E. Long-term changes in corneal endothelium following
penetrating keratoplasty. A specular microscopic study. Ophthalmology. 1983;90:676-
685.

91



Chapter 4

26. Wacker K, Baratz KH, Maguire LJ, et al. Descemet stripping endothelial keratoplasty
for Fuchs' endothelial corneal dystrophy: Five-year results of a prospective study.
Ophthalmology. 2016;123:154-160.

27. Moloney G, Petsoglou C, Ball M, et al. Descemetorhexis without grafting for Fuchs
endothelial dystrophy - supplementation with topical ripasudil. Cornea. 2017;36:642-
648.

28. Macsai MS, Shiloach M. Use of topical Rho kinase inhibitors in the treatment of Fuchs

dystrophy after Descemet stripping only. Cornea. 2019;38:529-534.

92



DMEK: ten-year graft survival and clinical outcomes

93



