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Purpose of review

Minimally invasive glaucoma surgery (MIGS) represents a safer, albeit moderately effective surgical option
for intraocular pressure control. However, the CyPass Micro-Stent (Alcon Laboratories) was withdrawn from
the market in 2018 as the COMPASS-XT study demonstrated greater cornea endothelial cell (CEC) loss in
patients who received the CyPass Micro-Stent with phacoemulsification compared with phacoemulsification
alone. This led to the increased attention on MIGS-associated CEC loss and thus, this review will summarise
the recent, available evidence on MIGS-associated CEC loss.

Recent findings

Prospective clinical trials and retrospective observational studies published between 2011 and 2021
reported a wide range of 12 month CEC loss from ‘insignificant’, and up to 14.6%, for
phacoemulsification combined with various MIGS procedures. Recent clinical trials over the same time
period reported CEC loss of 12.8–15.2% associated with phacoemulsification alone.

Summary

Apart from the CyPass Micro-Stent clinical trial, no other studies on combined phacoemulsification with
MIGS that is ‘phaco-plus’ procedures have reported a higher short-term CEC loss compared with
phacoemulsification alone. However, studies that specifically examine postprocedural CEC loss following
phacoemulsification compared to ’phaco-plus’ procedures over a longer follow-up period are required.

Keywords

Cornea, Glaucoma, Cornea Endothelial Cells, Phacoemulsification, Minimally invasive glaucoma surgery
aDepartment of Ophthalmology, National University of Singapore, bDe-
partment of Ophthalmology, National University Hospital, cSingapore Eye
Research Institute (SERI), dSingapore National Eye Center and eOph-
thalmology and Visual Sciences, DUKE-National University of Singapore,
Singapore, Singapore

Correspondence to Marcus Ang, Singapore National Eye Center, 11
Third Hospital Ave, Singapore 168751, Singapore. Tel: +65 62277255;
e-mail: marcus.ang@snec.com.sg

Curr Opin Ophthalmol 2022, 33:119–129

DOI:10.1097/ICU.0000000000000830
INTRODUCTION

Minimally invasive glaucoma surgery (MIGS) has
been positioned as a moderately effective intraocular
pressure (IOP) control solution with a better safety
profile. MIGS is traditionally defined by minimal
disruption of normal anatomy, efficacious at lower-
ing IOP and rapid postprocedure recovery [1]. They
can be classified based on their anatomical interven-
tion site: Schlemm’s canal, suprachoroidal and sub-
conjunctival MIGS. Schlemm’s canal MIGS are
designed to bypass or remove the trabecular mesh-
work, the site of greatest aqueous outflow resistance,
to allow direct drainage through the Schlemm’s
canal. Suprachoroidal MIGS enable direct access to
the suprachoroidal space via stent placement,
increasing uveoscleral outflow. Subconjunctival
MIGSallow direct access to the subconjunctival space
via an ab-interno small incision approach [2].

The cornea endothelium comprises a monolayer
of corneal endothelial cells (CEC) interdigitated
with apical tight junctions. CEC have active trans-
porters that create an ionic gradient to counteract
t © 2022 Wolters Kluwe
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the passive diffusion of water within the stroma,
keeping an optimal level of corneal hydration to
maintain visual clarity [3]. However, CECs are
arrested in the G1 phase of the cell cycle and do
not regenerate [4]. On average, humans are born
with approximately 4000 CEC/mm2 which gradu-
ally declines to 2500 CEC/mm2 by adulthood [5] and
2000 CEC/mm2 by old age. Although the rate of CEC
loss over a lifetime is nonlinear, the average annual
CEC loss is estimated to be 0.6% [6]. This CEC
loss can be accelerated by diabetes mellitus,
r Health, Inc. All rights reserved.
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KEY POINTS

� MIGS may provide a safer surgical option, with a
moderate effect on intraocular pressure control.

� Recent studies (published 2011–2021) reported 12-
month CEC loss that ranged from ‘insignificant’, up to
14.6% for phacoemulsification combined with various
MIGS procedures.

� Apart from the CyPass Micro-Stent clinical trial, no
other studies on combined phacoemulsification with
MIGS have reported a higher CEC loss compared with
phacoemulsification alone – however, more long-term
studies are required.

Glaucoma
concomitant ocular conditions, genetic conditions
such as cornea endothelial dystrophies, and previ-
ous surgical procedures including phacoemulsifica-
tion and glaucoma surgeries [7,8].

Although iatrogenic CEC loss have been fre-
quently studied, interstudy comparisons can be dif-
ficult due to the wide disparity of surgical methods,
surgeon experience and patient factors. Nonethe-
less, the reported CEC loss associated with routine
phacoemulsification ranges 6.3–17.0% at 6 months;
while combined phacoemulsification and trabecu-
lectomy surgeries can range from 23.2 to 42.6% at
12 months and 8.5 to 12.3% at 12 months following
glaucoma shunt surgeries (Table 1). Phacoemulsifi-
cation-associated CEC loss varies widely depending
on the study duration, use of femtosecond laser, the
performing surgeon, type of viscoelastic and ana-
tomical features like the anterior chamber depth
and cataract density [9–11]. Trabeculectomy-associ-
ated CEC loss varies depending on the study dura-
tion, use of adjunctive antiproliferative agents,
experience of the performing surgeon and concom-
itant cataract surgery [12–17]. Finally, glaucoma
shunt associated CEC loss varies depending on the
study duration, type of implant, implant position-
ing, skill of the performing surgeon and concomi-
tant cataract surgery (Table 1) [13,14,18,19].

As CEC loss can result in corneal decompensa-
tion and potential visual impairment, when the 5-
year results of the COMPASS-XT trial highlighted a
significantly greater CEC loss associated with the
CyPass Micro-Stent (Alcon Laboratories, Fort Worth,
Texas, USA) combined with phacoemulsification
compared with phacoemulsification alone, the
United States Food and Drug Administration
(FDA) withdrew the device from the market [20].
Due to the subsequent interest in MIGS-associated
CEC loss, we conducted a literature review of the
PubMed and PubMed Central databases between
2011 and 2021 on FDA-approved MIGS. The search
 Copyright © 2022 Wolters Kluwer H
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terms ‘minimally invasive glaucoma surgery’ or
‘MIGS’ and ‘endothelial cell’ were used. Further
search was done for each MIGS options including
‘Trabectome’, ‘Kahook Dual Blade’, ‘iStent’, ‘iStent
Inject’, ‘Hydrus’, ‘CyPass’, ‘Xen Gel Stent’, ‘InnFo-
cus Microshunt’, ‘Preserflo Microshunt’ and ‘endo-
thelial cell’. Any prospective clinical trial or
retrospective observational study evaluating
MIGS-associated CEC loss were included. We sum-
marized and present the most recent literature on
MIGS-associated CEC loss for this review (Table 2).
SCHLEMM’S CANAL MINIMALLY
INVASIVE GLAUCOMA SURGERY

Trabectome

The Trabectome (NeoMedix Inc, Tustin, California,
USA) is an ab-interno electrocautery device which
ablates between 90 and 1208 of trabecular meshwork
and the inner wall of the Schlemms’ canal to provide
direct aqueous access to the collector channels. FDA
approval was obtained in 2004.

In a retrospective observational study of 159
Trabectome-treated eyes, no significant CEC loss
was noted after 36 months, even when combined
with phacoemulsification surgery [21]. No signifi-
cant CEC loss was noted after 12 months in a sepa-
rate prospective, interventional study evaluating 80
Trabectome-treated eyes [22]. As the Trabectome
does not require long-term device implantation,
the risk of long-term CEC loss may be reduced.
Kahook dual blade

The Kahook Dual Blade (KDB) (New World Medical
Inc, Rancho Cucamong, California, USA) is a sin-
gle-use goniotomy blade which is used ab-interno
to almost completely remove the trabecular mesh-
work. This facilitates aqueous outflow into the
Schlemm’s canal. In a post-hoc analysis of 42 eyes
from a randomized controlled trial (RCT), the
iStent and phacoemulsification (iStent-Phaco)
was associated with a significantly greater CEC loss
compared with KDB and phacoemulsification
(KDB-Phaco) (�9.0 vs. �3.4%) [23]. A separate,
12-month RCT involving 42 eyes showed signifi-
cantly greater CEC loss associated with phacoemul-
sification as compared with KDB-phaco (25.2 vs.
11.8%). However, the difference may be due to the
phacoemulsification being performed by two sur-
geons using different nucleus fragmentation tech-
niques (horizontal chop vs. stop and chop) [24]. As
the KDB also does not require any long-term
implants, it may explain the lower long-term
CEC loss reported above.
ealth, Inc. All rights reserved.

Volume 33 � Number 2 � March 2022



 Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

Ta
b

le
1

.
C

or
ne

al
en

do
th

el
ia

lc
el

ll
os

s
as

so
ci

at
ed

w
ith

ph
ac

oe
m

ul
si

fic
at

io
n,

tr
ab

ec
ul

ec
to

m
y,

gl
au

co
m

a
tu

be
im

pl
an

ts
(A

hm
ed

an
d

Ba
er

ve
ld

t)

St
u

d
y

na
m

e
Ty

p
e

o
f

st
u

d
y

C
lin

ic
a

l
tr

ia
l

ID
P

ro
ce

d
u

re
St

u
d

y
d

u
ra

ti
o

n
Fi

nd
in

g
s

Ph
ac

oe
m

ul
si

fic
at

io
n

C
om

pa
ri
so

n
of

re
fr
ac

tiv
e

pr
ed

ic
ta

bi
lit

y
an

d
en

do
th

el
ia

lc
el

ll
os

s
in

fe
m

to
se

co
nd

la
se

r-
as

si
st

ed
ca

ta
ra

ct
su

rg
er

y
an

d
co

nv
en

tio
na

l
ph

ac
o

su
rg

er
y:

pr
os

pe
ct

iv
e

ra
nd

om
iz

ed
tri

al
w

ith
6

m
on

th
s

of
fo

llo
w

-u
p

(K
ra

ru
p

et
al

.,
2
0
1
9
)
[1

]

RC
T

1
9
2

ey
es

N
ot

pr
ov

id
ed

FL
A

C
S

Ph
ac

oe
m

ul
si

fic
at

io
n

6
m

on
th

s
FL

A
C

S
(�

1
3
.6

%
ov

er
st

ud
y

du
ra

tio
n)

Ph
ac

oe
m

ul
si

fic
at

io
n

(�
1
7
.0

3
%

ov
er

st
ud

y
du

ra
tio

n)
D

iff
er

en
ce

be
tw

ee
n

2
g
ro

up
s

is
st

at
is

tic
al

ly
si

g
ni

fic
an

t

C
om

pa
ra

tiv
e

ev
al

ua
tio

n
of

fe
m

to
se

co
nd

la
se

r-
as

si
st

ed
ca

ta
ra

ct
su

rg
er

y
an

d
co

nv
en

tio
na

l
ph

ac
oe

m
ul

si
fic

at
io

n
in

ey
es

w
ith

a
sh

al
lo

w
an

te
ri
or

ch
am

be
r

(V
as

av
ad

a
et

al
.,

2
0
1
9
)

[2
]

RC
T

1
8
2

ey
es

N
C

T
0
3
5
8
7
9
0
9

FL
A

C
S

Ph
ac

oe
m

ul
si

fic
at

io
n

6
m

on
th

s
FL

A
C

S
(�

7
.6

%
ov

er
st

ud
y

du
ra

tio
n)

Ph
ac

oe
m

ul
si

fic
at

io
n

(�
8
.2

%
ov

er
st

ud
y

du
ra

tio
n)

D
iff

er
en

ce
be

tw
ee

n
2

g
ro

up
s

is
no

t
st

at
is

tic
al

ly
si

g
ni

fic
an

t

D
iff

er
en

ce
s

in
en

er
g
y

an
d

co
rn

ea
l

en
do

th
el

iu
m

be
tw

ee
n

fe
m

to
se

co
nd

la
se

r-
as

si
st

ed
an

d
co

nv
en

tio
na

lc
at

ar
ac

t
su

rg
er

ie
s:

pr
os

pe
ct

iv
e,

in
tra

in
di

vi
du

al
,

RC
T

(B
as

ca
ra

n
et

al
.,

2
0
1
8
)
[3

]

RC
T

2
0
0

ey
es

IS
RC

TN
2
4
0
0
7
8
6
5

FL
A

C
S

Ph
ac

oe
m

ul
si

fic
at

io
n

6
m

on
th

s
FL

A
C

S
(�

6
.4

%
ov

er
st

ud
y

du
ra

tio
n)

Ph
ac

oe
m

ul
si

fic
at

io
n

(�
6
.3

3
%

ov
er

st
ud

y
du

ra
tio

n)
D

iff
er

en
ce

be
tw

ee
n

2
g
ro

up
s

is
no

t
st

at
is

tic
al

ly
si

g
ni

fic
an

t

Tr
ab

ec
ul

ec
to

m
y

C
or

ne
al

en
do

th
el

ia
lc

el
ll

os
s

af
te

r
tra

be
cu

le
ct

om
y

an
d

ph
ac

oe
m

ul
si

fic
at

io
n

in
on

e
or

tw
o

st
ep

s:
a

pr
os

pe
ct

iv
e

st
ud

y
(S

or
o-

M
ar

tin
ez

et
al

.,
2
0
2
1
)
[4

]

2
pr

os
pe

ct
iv

e
co

ho
rt

st
ud

ie
s

in
cl

ud
ed

1
D

ou
bl

e-
ar

m
,

ra
nd

om
iz

ed
4
0

ey
es

1
Si

ng
le

-a
rm

,
ra

nd
om

iz
ed

2
0

ey
es

N
ot

pr
ov

id
ed

D
ou

bl
e-

ar
m

st
ud

y
Tr

ab
ec

ul
ec

to
m

y
an

d
ph

ac
oe

m
ul

si
fic

at
io

n
in

on
e

pr
oc

ed
ur

e
(P

ha
co

-
tra

b) Tr
ab

ec
ul

ec
to

m
y

an
d

ph
ac

oe
m

ul
si

fic
at

io
n

3
m

on
th

s
af

te
r

Si
ng

le
-a

rm
st

ud
y

Ph
ac

oe
m

ul
si

fic
at

io
n

D
ou

bl
e-

ar
m

1
2

m
on

th
s

Si
ng

le
-a

rm
1 m

on
th

D
ou

bl
e

ar
m

st
ud

y
Ph

ac
o-

tra
b

(�
3
1
.6

%
ov

er
st

ud
y

du
ra

tio
n)

Tr
ab

ec
ul

ec
to

m
y

an
d

ph
ac

oe
m

ul
si

fic
at

io
n

3
m

on
th

s
af

te
r

(�
4
2
.6

%
ov

er
st

ud
y

du
ra

tio
n)

Si
ng

le
-a

rm
st

ud
y

Ph
ac

oe
m

ul
si

fic
at

io
n

(�
1
7
.9

%
ov

er
st

ud
y

du
ra

tio
n)

Ef
fe

ct
of

tra
be

cu
le

ct
om

y
on

co
rn

ea
l

en
do

th
el

ia
lc

el
ll

os
s

(H
ir
oo

ka
et

al
.,

2
0
2
0
)

[5
]

Pr
os

pe
ct

iv
e

ob
se

rv
at

io
na

l
st

ud
y

1
1
7

ey
es

N
ot

pr
ov

id
ed

Tr
ab

ec
ul

ec
to

m
y

2
4

m
on

th
s

Tr
ab

ec
ul

ec
to

m
y

(�
6
.3

%
ov

er
st

ud
y

du
ra

tio
n)

C
ha

ng
es

in
co

rn
ea

le
nd

ot
he

lia
lc

el
la

fte
r

A
hm

ed
g
la

uc
om

a
va

lv
e

im
pl

an
ta

tio
n

an
d

tra
be

cu
le

ct
om

y:
1
-y

ea
r

fo
llo

w
-u

p
(K

im
et

al
.,

2
0
1
6
)
[6

]

Pr
os

pe
ct

iv
e

ob
se

rv
at

io
na

l
st

ud
y

6
8

ey
es

N
ot

pr
ov

id
ed

A
G

V
Tr

ab
ec

ul
ec

to
m

y
1
2

m
on

th
s

A
G

V
(�

1
2
.3

%
ov

er
st

ud
y

du
ra

tio
n)

Tr
ab

ec
ul

ec
to

m
y

(�
3
.2

%
ov

er
st

ud
y

du
ra

tio
n)

D
iff

er
en

ce
be

tw
ee

n
2

g
ro

up
s

is
st

at
is

tic
al

ly
si

g
ni

fic
an

t

Tr
ab

ec
ul

ec
to

m
y

vs
.

EX
-P

RE
SS

sh
un

tv
s.

A
hm

ed
va

lv
e

im
pl

an
t:

sh
or

t-t
er

m
ef

fe
ct

s
on

co
rn

ea
le

nd
ot

he
lia

lc
el

ls
(C

as
in

i
et

al
.,

2
0
1
5
)
[7

]

Pr
os

pe
ct

iv
e,

in
te

rv
en

tio
na

l,
ca

se
se

ri
es

1
2
8

ey
es

N
ot

pr
ov

id
ed

Tr
ab

ec
ul

ec
to

m
y

A
G

V
EX

-P
RE

SS
Im

pl
an

t

3
m

on
th

s
Tr

ab
ec

ul
ec

to
m

y
(�

4
.2

%
ov

er
st

ud
y

du
ra

tio
n)

A
G

V
(�

3
.5

%
ov

er
st

ud
y

du
ra

tio
n)

Bo
th

Tr
ab

ec
ul

ec
to

m
y

an
d

A
G

V
g
ro

up
s

ha
d

st
at

is
tic

al
ly

si
gn

ifi
ca

nt
C

EC
lo

ss
EX

-P
RE

SS
Im

pl
an

t(
no

ch
an

ge
ov

er
st

ud
y

du
ra

tio
n)

Endothelial cell loss associated with minimally invasive glaucoma surgery Seah et al.

1040-8738 Copyright � 2022 Wolters Kluwer Health, Inc. All rights reserved. www.co-ophthalmology.com 121



 Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

Ta
b

le
1

(C
on

tin
ue

d
)

St
u

d
y

na
m

e
Ty

p
e

o
f

st
u

d
y

C
lin

ic
a

l
tr

ia
l

ID
P

ro
ce

d
u

re
St

u
d

y
d

u
ra

ti
o

n
Fi

nd
in

g
s

Pr
os

pe
ct

iv
e

ra
nd

om
iz

ed
st

ud
y

co
m

pa
ri
ng

co
m

bi
ne

d
ph

ac
o-

Ex
Pr

es
s

an
d

ph
ac

ot
ra

be
cu

le
ct

om
y

in
op

en
an

g
le

gl
au

co
m

a
tre

at
m

en
t:

1
2
-m

on
th

fo
llo

w
-u

p
(K

on
op

in
sk

a,
2
0
1
5
)
[8

]

Pr
os

pe
ct

iv
e,

ra
nd

om
iz

ed
tri

al
8
5

ey
es

N
ot

pr
ov

id
ed

Ph
ac

o-
tra

b
EX

-P
RE

SS
Im

pl
an

ta
nd

ph
ac

oe
m

ul
si

fic
at

io
n

1
2

m
on

th
s

Ph
ac

o-
tra

b
(�

2
3
.2

%
ov

er
st

ud
y

du
ra

tio
n)

EX
-P

RE
SS

Im
pl

an
ta

nd
ph

ac
oe

m
ul

si
fic

at
io

n
(�

3
7
.4

%
ov

er
st

ud
y

du
ra

tio
n)

D
iff

er
en

ce
be

tw
ee

n
2

g
ro

up
s

is
st

at
is

tic
al

ly
si

g
ni

fic
an

t

Ef
fe

ct
of

m
ito

m
yc

in
-C

au
g
m

en
te

d
tra

be
cu

le
ct

om
y

on
co

rn
ea

le
nd

ot
he

lia
lc

el
ls

(Z
ar

ei
et

al
.,

2
0
1
5
)
[9

]

C
as

e
se

ri
es

3
1

ey
es

N
ot

pr
ov

id
ed

Tr
ab

ec
ul

ec
to

m
y

Tr
ab

ec
ul

ec
to

m
y

w
ith

m
ito

m
yc

in
C

3
m

on
th

s
Tr

ab
ec

ul
ec

to
m

y
(�

4
.6

%
ov

er
st

ud
y

du
ra

tio
n)

Tr
ab

ec
ul

ec
to

m
y

w
ith

M
M

C
(�

8
.7

%
ov

er
st

ud
y

du
ra

tio
n)

D
iff

er
en

ce
be

tw
ee

n
2

g
ro

up
s

is
st

at
is

tic
al

ly
si

g
ni

fic
an

t

G
la

uc
om

a
tu

be
im

pl
an

ts
(A

hm
ed

an
d

Ba
er

ve
ld

t)

C
or

ne
al

en
do

th
el

ia
lc

el
lc

ha
ng

es
an

d
su

rg
ic

al
re

su
lts

af
te

r
A

hm
ed

gl
au

co
m

a
va

lv
e

im
pl

an
ta

tio
n:

ci
lia

ry
su

lc
us

vs
.

an
te

ri
or

ch
am

be
r

tu
be

pl
ac

em
en

t(
K
im

et
al

.,
2
0
2
1
)

[1
0
]

Re
tro

sp
ec

tiv
e,

ob
se

rv
at

io
na

l
st

ud
y

6
2

ey
es

N
A

A
nt

er
io

r
ch

am
be

r
A

G
V

C
ili

ar
y

su
lc

us
A

G
V

3
6

m
on

th
s

A
nt

er
io

r
ch

am
be

r
A

G
V

(�
2
5
.6

%
ov

er
st

ud
y

du
ra

tio
n)

C
ili

ar
y

su
lc

us
A

G
V

(�
7
.1

%
ov

er
st

ud
y

du
ra

tio
n)

D
iff

er
en

ce
be

tw
ee

n
2

g
ro

up
s

is
st

at
is

tic
al

ly
si

g
ni

fic
an

t

Pr
os

pe
ct

iv
e

co
ho

rt
st

ud
y

of
co

rn
ea

l
en

do
th

el
ia

lc
el

ll
os

s
af

te
r

Ba
er

ve
ld

t
gl

au
co

m
a

im
pl

an
ta

tio
n

(Iw
as

ak
i
et

al
.,

2
0
1
8
)
[1

1
]

Pr
os

pe
ct

iv
e

co
ho

rt
st

ud
y

5
9

ey
es

U
M

N
0
0
0
0
0
7
8
1
2

ac
BG

I
pp

BG
I

1
2

m
on

th
s

Fo
r

ce
nt

ra
lC

EC
lo

ss
ac

BG
I(
�

1
2
.1

%
ov

er
st

ud
y

du
ra

tio
n)

pp
BG

I(
no

si
g
ni

fic
an

tl
os

s)

C
ha

ng
es

in
co

rn
ea

le
nd

ot
he

lia
lc

el
la

fte
r

A
hm

ed
g
la

uc
om

a
va

lv
e

im
pl

an
ta

tio
n

an
d

tra
be

cu
le

ct
om

y:
1
-y

ea
r

fo
llo

w
-u

p
(K

im
et

al
.,

2
0
1
6
)
[6

]

Pr
os

pe
ct

iv
e

ob
se

rv
at

io
na

l
st

ud
y

6
8

ey
es

N
ot

pr
ov

id
ed

A
G

V
Tr

ab
ec

ul
ec

to
m

y
1
2

m
on

th
s

A
G

V
(�

1
2
.3

%
ov

er
st

ud
y

du
ra

tio
n)

Tr
ab

ec
ul

ec
to

m
y

(�
3
.2

%
ov

er
st

ud
y

du
ra

tio
n)

D
iff

er
en

ce
be

tw
ee

n
2

g
ro

up
s

is
st

at
is

tic
al

ly
si

g
ni

fic
an

t

Tr
ab

ec
ul

ec
to

m
y

vs
.

EX
-P

RE
SS

sh
un

tv
s.

A
hm

ed
va

lv
e

im
pl

an
t:

sh
or

t-t
er

m
ef

fe
ct

s
on

co
rn

ea
le

nd
ot

he
lia

lc
el

ls
(C

as
in

i
et

al
.,

2
0
1
5
)
[7

]

Pr
os

pe
ct

iv
e,

in
te

rv
en

tio
na

l,
ca

se
se

ri
es

1
2
8

ey
es

N
ot

pr
ov

id
ed

Tr
ab

ec
ul

ec
to

m
y

A
G

V
EX

-P
RE

SS
Im

pl
an

t

3
m

on
th

s
Tr

ab
ec

ul
ec

to
m

y
(�

4
.2

%
ov

er
st

ud
y

du
ra

tio
n)

A
G

V
(�

3
.5

%
ov

er
st

ud
y

du
ra

tio
n)

Bo
th

Tr
ab

ec
ul

ec
to

m
y

an
d

A
G

V
g
ro

up
s

ha
d

st
at

is
tic

al
ly

si
gn

ifi
ca

nt
C

EC
lo

ss
EX

-P
RE

SS
Im

pl
an

t(
no

ch
an

g
e

ov
er

st
ud

y
du

ra
tio

n)

A
G

V
,

A
hm

ed
g
la

uc
om

a
va

lv
e;

ac
BG

I,
an

te
ri
or

ch
am

be
r

Ba
er

ve
ld

t
g
la

uc
om

a
im

pl
an

t;
C

EC
,

C
or

ne
al

en
do

th
el

ia
lc

el
ls

;
FL

A
C

S,
fe

m
to

se
co

nd
la

se
r-a

ss
is

te
d

ca
ta

ra
ct

su
rg

er
y;

M
M

C
,

M
ito

m
yc

in
-C

;
pp

BG
I,

Pa
rs

pl
an

a
Ba

ev
el

dt
g
la

uc
om

a
im

pl
an

t;
RC

T,
ra

nd
om

iz
ed

co
nt

ro
lle

d
tri

al
.

Glaucoma

122 www.co-ophthalmology.com Volume 33 � Number 2 � March 2022



 Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

Ta
b

le
2

.
C

or
ne

al
en

do
th

el
ia

lc
el

ll
os

s
as

so
ci

at
ed

w
ith

m
in

im
al

ly
in

va
si

ve
gl

au
co

m
a

su
rg

er
y

St
u

d
y

n
a

m
e

Ty
p

e
o

f
st

u
d

y
C

lin
ic

a
l

tr
ia

l
ID

P
ro

ce
d

u
re

St
u

d
y

d
u

ra
ti

o
n

Fi
nd

in
g

s

Sc
hl

em
m

’s
C

an
al

M
IG

S

Tr
ab

ec
to

m
e

Th
e

in
flu

en
ce

of
tra

be
ct

om
e

su
rg

er
y

on
co

rn
ea

le
nd

ot
he

lia
lc

el
ls

(K
as

ah
ar

a
et

al
.,

2
0
1
9
)
[1

2
]

Re
tro

sp
ec

tiv
e,

ob
se

rv
at

io
na

l
st

ud
y

1
5
9

ey
es

N
A

Ph
ak

ic
ey

es
Tr

ab
ec

to
m

e
Tr

ab
ec

to
m

e
w

ith
ph

ac
oe

m
ul

si
fic

at
io

n
Ps

eu
do

ph
ak

ic
ey

es
Tr

ab
ec

to
m

e

3
6

m
on

th
s

N
o

si
g
ni

fic
an

tc
ha

ng
e

no
te

d
fo

r
al

lg
ro

up
s

ov
er

st
ud

y
du

ra
tio

n

Ev
al

ua
tio

n
of

tra
be

ct
om

e
in

op
en

-a
ng

le
g
la

uc
om

a
(M

ae
da

et
al

.,
2
0
1
3
)
[1

3
]

Pr
os

pe
ct

iv
e,

in
te

rv
en

tio
na

l
st

ud
y

8
0

ey
es

N
ot

pr
ov

id
ed

Tr
ab

ec
to

m
e

1
2

m
on

th
s

N
o

si
g
ni

fic
an

tc
ha

ng
e

no
te

d
fo

r
al

lg
ro

up
s

ov
er

st
ud

y
du

ra
tio

n

K
D

B Tw
el

ve
-m

on
th

re
su

lts
of

ab
in

te
rn

o
tra

be
cu

le
ct

om
y

w
ith

K
D

B:
an

in
te

rv
en

tio
na

l,
ra

nd
om

iz
ed

,
co

nt
ro

lle
d

cl
in

ic
al

st
ud

y
(V

en
tu

ra
-A

br
eu

et
al

.,
2
0
2
1
)
[1

4
]

RC
T

4
2

ey
es

N
C

T
0
4
2
0
2
5
6
2

K
D

B
w

ith
ph

ac
oe

m
ul

si
fic

at
io

n
(K

D
B-

Ph
ac

o)
Ph

ac
oe

m
ul

si
fic

at
io

n

1
2

m
on

th
s

K
D

B-
Ph

ac
o

(1
1
.8

%
ov

er
st

ud
y

du
ra

tio
n)

Ph
ac

oe
m

ul
si

fic
at

io
n

(2
5
.2

%
ov

er
st

ud
y

du
ra

tio
n)

D
iff

er
en

ce
be

tw
ee

n
2

g
ro

up
s

is
st

at
is

tic
al

ly
si

g
ni

fic
an

t

C
or

ne
al

en
do

th
el

ia
lc

el
lc

ha
ng

es
af

te
r

ph
ac

oe
m

ul
si

fic
at

io
n

co
m

bi
ne

d
w

ith
ex

ci
si

on
al

g
on

io
to

m
y

w
ith

th
e

K
D

B
or

iS
te

nt
:

a
pr

os
pe

ct
iv

e
fe

llo
w

-e
ye

co
m

pa
ri
so

n
(D

or
ai

ra
j
et

al
.,

2
0
2
0
)
[1

5
]

Po
st

-h
oc

fo
llo

w
-u

p
of

RC
T

4
2

ey
es

N
C

T
0
2
7
8
4
2
4
9

K
D

B-
Ph

ac
o

iS
te

nt
w

ith
ph

ac
oe

m
ul

si
fic

at
io

n
(iS

te
nt

-P
ha

co
)

C
EC

lo
ss

m
ea

su
re

d
at

di
ffe

re
nt

tim
ep

oi
nt

s
A

ve
ra

g
e:

1
8
.2

m
on

th
s

(1
2
.5

–
2
8
.7

m
on

th
s)

K
D

B-
Ph

ac
o

(�
3
.4

%
ov

er
st

ud
y

pe
ri
od

iS
te

nt
-P

ha
co

(�
9
.0

%
ov

er
st

ud
y

pe
ri
od

)
D

iff
er

en
ce

be
tw

ee
n

2
g
ro

up
s

is
st

at
is

tic
al

ly
si

g
ni

fic
an

t

iS
te

nt
an

d
iS

te
nt

In
je

ct

Fe
llo

w
-e

ye
co

m
pa

ri
so

n
be

tw
ee

n
ph

ac
o-

m
ic

ro
ho

ok
ab

-in
te

rn
o

tra
be

cu
lo

to
m

y
an

d
ph

ac
o-

iS
te

nt
tra

be
cu

la
r

m
ic

ro
-b

yp
as

s
st

en
t

(T
ak

ay
an

ag
i
et

al
.,

2
0
2
1
)
[1

6
]

Re
tro

sp
ec

tiv
e,

ob
se

rv
at

io
na

l
st

ud
y

6
4

ey
es

N
A

M
ic

ro
ho

ok
ab

-in
te

rn
o

tra
be

cu
lo

to
m

y
an

d
ph

ac
oe

m
ul

si
fic

at
io

n
(M

ic
ro

ho
ok

-P
ha

co
)

iS
te

nt
-P

ha
co

1
2

m
on

th
s

M
ic

ro
ho

ok
-P

ha
co

(�
5
.0

%
ov

er
st

ud
y

pe
ri
od

)
iS

te
nt

-P
ha

co
(�

7
.2

%
ov

er
st

ud
y

pe
ri
od

)
D

iff
er

en
ce

be
tw

ee
n

2
g
ro

up
s

is
no

t
st

at
is

tic
al

ly
si

g
ni

fic
an

t

C
or

ne
al

en
do

th
el

ia
lc

el
lc

ha
ng

es
af

te
r

ph
ac

oe
m

ul
si

fic
at

io
n

co
m

bi
ne

d
w

ith
ex

ci
si

on
al

g
on

io
to

m
y

w
ith

th
e

K
D

B
or

iS
te

nt
:

a
pr

os
pe

ct
iv

e
fe

llo
w

-e
ye

co
m

pa
ri
so

n
(D

or
ai

ra
j
et

al
.,

2
0
2
0
)
[1

5
]

Po
st

-h
oc

fo
llo

w
-u

p
of

RC
T

4
2

ey
es

N
C

T
0
2
7
8
4
2
4
9

K
D

B-
Ph

ac
o

iS
te

nt
w

ith
ph

ac
oe

m
ul

si
fic

at
io

n
(iS

te
nt

-P
ha

co
)

C
EC

lo
ss

m
ea

su
re

d
at

di
ffe

re
nt

tim
ep

oi
nt

s
A

ve
ra

g
e:

1
8
.2

m
on

th
s

(1
2
.5

–
2
8
.7

m
on

th
s)

K
D

B-
Ph

ac
o

(�
3
.4

%
ov

er
st

ud
y

pe
ri
od

iS
te

nt
-P

ha
co

(�
9
.0

%
ov

er
st

ud
y

pe
ri
od

)
D

iff
er

en
ce

be
tw

ee
n

2
g
ro

up
s

is
st

at
is

tic
al

ly
si

g
ni

fic
an

t

iS
te

nt
tra

be
cu

la
r

m
ic

ro
-b

yp
as

s
st

en
t

im
pl

an
ta

tio
n

w
ith

ca
ta

ra
ct

su
rg

er
y

in
a

Ja
pa

ne
se

gl
au

co
m

a
po

pu
la

tio
n

(N
itt

a
et

al
.,

2
0
2
0
)
[1

7
]

Re
tro

sp
ec

tiv
e,

ob
se

rv
at

io
na

l
st

ud
y

5
3

ey
es

N
A

iS
te

nt
-P

ha
co

2
4

m
on

th
s

iS
te

nt
-P

ha
co

(�
3
.6

%
ov

er
st

ud
y

pe
ri
od

)

Endothelial cell loss associated with minimally invasive glaucoma surgery Seah et al.

1040-8738 Copyright � 2022 Wolters Kluwer Health, Inc. All rights reserved. www.co-ophthalmology.com 123



 Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

Ta
b

le
2

(C
on

tin
ue

d
)

St
u

d
y

n
a

m
e

Ty
p

e
o

f
st

u
d

y
C

lin
ic

a
l

tr
ia

l
ID

P
ro

ce
d

u
re

St
u

d
y

d
u

ra
ti

o
n

Fi
nd

in
g

s

Sa
fe

ty
an

d
ef

fic
ac

y
of

tw
o

tra
be

cu
la

r
m

ic
ro

-b
yp

as
s

st
en

ts
as

th
e

so
le

pr
oc

ed
ur

e
in

Ja
pa

ne
se

pa
tie

nt
s

w
ith

m
ed

ic
al

ly
un

co
nt

ro
lle

d
pr

im
ar

y
op

en
-a

ng
le

g
la

uc
om

a:
a

pi
lo

tc
as

e
se

ri
es

(S
hi

ba
et

al
.,

2
0
1
7
)
[1

8
]

N
on

ra
nd

om
iz

ed
cl

in
ic

al
tri

al
1
0

ey
es

U
M

IN
0
0
0
0
0
4
0
0
2

iS
te

nt
(2

de
vi

ce
s)

6
m

on
th

s
N

o
si

g
ni

fic
an

tc
ha

ng
e

no
te

d
ov

er
st

ud
y

du
ra

tio
n

M
id

-te
rm

ev
al

ua
tio

n
of

th
e

ne
w

G
la

uk
os

iS
te

nt
w

ith
ph

ac
oe

m
ul

si
fic

at
io

n
in

co
ex

is
te

nt
op

en
-a

ng
le

g
la

uc
om

a
or

oc
ul

ar
hy

pe
rte

ns
io

n
an

d
ca

ta
ra

ct
(A

rr
io

la
-

V
ill

al
ob

os
et

al
.,

2
0
1
3
)
[1

9
]

N
on

ra
nd

om
iz

ed
cl

in
ic

al
tri

al
2
0

ey
es

N
ot

pr
ov

id
ed

iS
te

nt
-P

ha
co

1
2

m
on

th
s

iS
te

nt
-P

ha
co

(�
1
3
.2

%
ov

er
st

ud
y

du
ra

tio
n)

D
iff

er
en

ce
pr

e
an

d
po

st
op

er
at

iv
e

is
st

at
is

tic
al

ly
si

g
ni

fic
an

t

A
pr

os
pe

ct
iv

e
an

al
ys

is
of

iS
te

nt
in

je
ct

m
ic

ro
st

en
ti

m
pl

an
ta

tio
n:

su
rg

ic
al

ou
tc

om
es

,
en

do
th

el
ia

lc
el

ld
en

si
ty

,
an

d
de

vi
ce

po
si

tio
n

at
1
2

m
on

th
s

(G
ill

m
an

n
et

al
.,

2
0
2
0
)
[2

0
]

N
on

ra
nd

om
iz

ed
cl

in
ic

al
tri

al
5
4

ey
es

N
C

T
0
3
6
2
4
6
9
9

iS
te

nt
In

je
ct

(2
de

vi
ce

s)
w

ith
ph

ac
oe

m
ul

si
fic

at
io

n
(iS

te
nt

In
je

ct
-P

ha
co

)
Ph

ac
oe

m
ul

si
fic

at
io

n

1
2

m
on

th
s

iS
te

nt
In

je
ct

-P
ha

co
(�

1
4
.6

%
ov

er
st

ud
y

pe
ri
od

)
Ph

ac
oe

m
ul

si
fic

at
io

n
(�

1
4
.4

%
ov

er
st

ud
y

pe
ri
od

)

Pr
os

pe
ct

iv
e,

ra
nd

om
iz

ed
,

co
nt

ro
lle

d
pi

vo
ta

l
tri

al
of

an
ab

in
te

rn
o

im
pl

an
te

d
tra

be
cu

la
r

m
ic

ro
-b

yp
as

s
in

pr
im

ar
y

op
en

-a
ng

le
g
la

uc
om

a
an

d
ca

ta
ra

ct
:

tw
o-

ye
ar

re
su

lts
(S

am
ue

ls
on

et
al

.,
2
0
1
9
)
[2

1
]

RC
T

5
0
5

ey
es

N
C

T
0
0
3
2
3
2
8
4

iS
te

nt
In

je
ct

-P
ha

co
Ph

ac
oe

m
ul

si
fic

at
io

n
2
4

m
on

th
s

iS
te

nt
In

je
ct

-P
ha

co
(�

1
3
.1

%
ov

er
st

ud
y

pe
ri
od

)
Ph

ac
oe

m
ul

si
fic

at
io

n
(�

1
2
.3

%
ov

er
st

ud
y

pe
ri
od

)

H
yd

ru
s

m
ic

ro
st

en
t

Th
re

e-
ye

ar
fin

di
ng

s
of

th
e

H
O

RI
ZO

N
tri

al
:

a
sc

hl
em

m
ca

na
lm

ic
ro

st
en

tf
or

pr
es

su
re

re
du

ct
io

n
in

pr
im

ar
y

op
en

-a
ng

le
g
la

uc
om

a
an

d
ca

ta
ra

ct
(A

hm
ed

et
al

.,
2
0
2
1
)
[2

2
]

RC
T

5
5
6

ey
es

N
C

T
0
1
5
3
9
2
3
9

H
yd

ru
s

m
ic

ro
st

en
tw

ith
ph

ac
oe

m
ul

si
fic

at
io

n
(h

yd
ru

s-
ph

ac
o)

Ph
ac

oe
m

ul
si

fic
at

io
n

3
6

m
on

th
s

H
yd

ru
s-
ph

ac
o

(�
1
5
.0

%
ov

er
st

ud
y

pe
ri
od

)
Ph

ac
oe

m
ul

si
fic

at
io

n
(�

1
1
.0

%
ov

er
st

ud
y

pe
ri
od

)
D

iff
er

en
ce

be
tw

ee
n

2
g
ro

up
s

is
no

t
st

at
is

tic
al

ly
si

g
ni

fic
an

t

Re
su

lts
fr
om

th
e

U
ni

te
d

St
at

es
co

ho
rt

of
th

e
H

O
RI

ZO
N

tri
al

of
a

sc
hl

em
m

ca
na

l
m

ic
ro

st
en

tt
o

re
du

ce
in

tra
oc

ul
ar

pr
es

su
re

in
pr

im
ar

y
op

en
-a

ng
le

g
la

uc
om

a
(J
on

es
et

al
.,

2
0
1
9
)
[2

3
]

RC
T

3
3
1

ey
es

N
C

T
0
1
5
3
9
2
3
9

H
yd

ru
s-
ph

ac
o

Ph
ac

oe
m

ul
si

fic
at

io
n

2
4

m
on

th
s

H
yd

ru
s-
ph

ac
o

ha
d

sl
ig

ht
ly

m
or

e
C

EC
lo

ss
(1

0
1

ce
lls

/m
m

2
)

th
an

ph
ac

oe
m

ul
si

fic
at

io
n

g
ro

up
ov

er
st

ud
y

du
ra

tio
n

D
iff

er
en

ce
be

tw
ee

n
2

g
ro

up
s

is
no

t
st

at
is

tic
al

ly
si

g
ni

fic
an

t

A
co

m
pa

ri
so

n
of

en
do

th
el

ia
lc

el
ll

os
s

in
co

m
bi

ne
d

ca
ta

ra
ct

an
d

M
IG

S
(h

yd
ru

s)
pr

oc
ed

ur
e

to
ph

ac
oe

m
ul

si
fic

at
io

n
al

on
e:

6
-

m
on

th
re

su
lts

(F
ea

et
al

.,
2
0
1
5
)
[2

4
]

Re
tro

sp
ec

tiv
e,

ob
se

rv
at

io
na

l
st

ud
y

6
2

ey
es

N
A

Ph
ak

ic
pa

tie
nt

s
Ph

ac
oe

m
ul

si
fic

at
io

n
Ph

ak
ic

pa
tie

nt
s

w
ith

PO
A

G
H

yd
ru

s-
ph

ac
o

Ph
ac

oe
m

ul
si

fic
at

io
n

6
m

on
th

s
Ph

ak
ic

pa
tie

nt
s

Ph
ac

oe
m

ul
si

fic
at

io
n

(�
9
.1

%
ov

er
st

ud
y

du
ra

tio
n)

Ph
ak

ic
pa

tie
nt

s
w

ith
PO

A
G

H
yd

ru
s-
ph

ac
o

(�
1
1
.7

%
ov

er
st

ud
y

du
ra

tio
n)

Ph
ac

oe
m

ul
si

fic
at

io
n

(�
1
7
.4

%
ov

er
st

ud
y

du
ra

tio
n)

D
iff

er
en

ce
be

tw
ee

n
hy

dr
us

-p
ha

co
an

d
bo

th
ph

ac
o

g
ro

up
s

ar
e

no
ts

ta
tis

tic
al

ly
si

g
ni

fic
an

t

Glaucoma

124 www.co-ophthalmology.com Volume 33 � Number 2 � March 2022



 Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

Ta
b

le
2

(C
on

tin
ue

d
)

St
u

d
y

n
a

m
e

Ty
p

e
o

f
st

u
d

y
C

lin
ic

a
l

tr
ia

l
ID

P
ro

ce
d

u
re

St
u

d
y

d
u

ra
ti

o
n

Fi
nd

in
g

s

Su
pr

ac
ho

ro
id

al
M

IG
S

C
yP

as
s

m
ic

ro
st

en
t

C
or

ne
al

en
do

th
el

ia
lc

el
ll

os
s

an
d

m
or

ph
om

et
ri
c

ch
an

ge
s

5
ye

ar
s

af
te

r
ph

ac
oe

m
ul

si
fic

at
io

n
w

ith
or

w
ith

ou
tC

yP
as

s
m

ic
ro

st
en

t(
La

ss
et

al
.,

2
0
1
9
)
[2

5
]

3
-y

ea
r

sa
fe

ty
ex

te
ns

io
n

of
RC

T
2
8
2

ey
es

N
C

T
0
2
7
0
0
9
8
4

C
yP

as
s

m
ic

ro
st

en
tw

ith
ph

ac
oe

m
ul

si
fic

at
io

n
(C

yP
as

s-
ph

ac
o)

Ph
ac

oe
m

ul
si

fic
at

io
n

6
0

m
on

th
s

C
yP

as
s-
ph

ac
o

(�
2
0
.4

%
ov

er
st

ud
y

pe
ri
od

)
Ph

ac
oe

m
ul

si
fic

at
io

n
(�

1
0
.1

%
ov

er
st

ud
y

pe
ri
od

)
D

iff
er

en
ce

be
tw

ee
n

2
g
ro

up
s

is
st

at
is

tic
al

ly
si

g
ni

fic
an

t

Su
bc

on
ju

nc
tiv

al
M

IG
S

XE
N

G
el

St
en

t

XE
N

G
el

St
en

tv
s.

tra
be

cu
le

ct
om

y:
Sh

or
t-

te
rm

ef
fe

ct
s

on
co

rn
ea

le
nd

ot
he

lia
lc

el
ls

(O
lg

un
et

al
.,

2
0
2
1
)
[2

6
]

N
on

ra
nd

om
iz

ed
cl

in
ic

al
tri

al
8
0

ey
es

N
ot

pr
ov

id
ed

XE
N

G
el

St
en

t(
XE

N
)

Tr
ab

ec
ul

ec
to

m
y

3
m

on
th

s
XE

N
(�

2
.1

%
ov

er
st

ud
y

pe
ri
od

)
Tr

ab
ec

ul
ec

to
m

y
(�

1
0
.0

%
ov

er
st

ud
y

pe
ri
od

)
D

iff
er

en
ce

be
tw

ee
n

2
g
ro

up
s

is
st

at
is

tic
al

ly
si

g
ni

fic
an

t

En
do

th
el

ia
lc

el
ld

en
si

ty
af

te
r

XE
N

im
pl

an
t

su
rg

er
y:

sh
or

t-t
er

m
da

ta
fr
om

th
e

Ita
lia

n
XE

N
g
la

uc
om

a
tre

at
m

en
tr

eg
is

try
(X

EN
-

G
TR

)
(O

dd
on

e
et

al
.,

2
0
2
1
)
[2

7
]

Pr
os

pe
ct

iv
e

ob
se

rv
at

io
na

l
st

ud
y

1
0
8

ey
es

N
ot

pr
ov

id
ed

XE
N

XE
N

w
ith

ph
ac

oe
m

ul
si

fic
at

io
n

(X
EN

-p
ha

co
)

Ph
ac

oe
m

ul
si

fic
at

io
n

6
m

on
th

s
XE

N
(�

5
.6

%
ov

er
st

ud
y

pe
ri
od

)
XE

N
-p

ha
co

(�
1
1
.3

%
ov

er
st

ud
y

pe
ri
od

)
Ph

ac
oe

m
ul

si
fic

at
io

n
(�

1
3
.0

%
ov

er
st

ud
y

pe
ri
od

)
D

iff
er

en
ce

be
tw

ee
n

XE
N

-p
ha

co
an

d
XE

N
g
ro

up
s

is
st

at
is

tic
al

ly
si

g
ni

fic
an

t
D

iff
er

en
ce

be
tw

ee
n

ph
ac

oe
m

ul
si

fic
at

io
n

an
d

XE
N

g
ro

up
is

st
at

is
tic

al
ly

si
g
ni

fic
an

t

Im
pa

ct
of

Ph
ac

oe
m

ul
si

fic
at

io
n

C
om

bi
ne

d
w

ith
XE

N
G

el
St

en
tI

m
pl

an
ta

tio
n

on
C

or
ne

al
Ed

no
th

el
ia

lC
el

lD
en

si
ty

:
2
-Y

ea
r

Re
su

lts
(G

ill
m

an
n

et
al

.
2
0
2
0
)
[2

8
]

Re
tro

sp
ec

tiv
e,

ob
se

rv
at

io
na

l
3
2

ey
es

N
C

T
0
3
1
5
1
5
7
7

XE
N

-P
ha

co
Ph

ac
oe

m
ul

si
fic

at
io

n
2
4

m
on

th
s

XE
N

-P
ha

co
(�

1
4
.3

%
ov

er
st

ud
y

pe
ri
od

)
Ph

ac
oe

m
ul

si
fic

at
io

n
(�

1
4
.5

%
ov

er
st

ud
y

pe
ri
od

)
D

iff
er

en
ce

be
tw

ee
n

2
g
ro

up
s

is
no

t
st

at
is

tic
al

ly
si

g
ni

fic
an

t

A
nt

er
io

r
ch

am
be

r
XE

N
G

el
St

en
t

m
ov

em
en

ts
:

th
e

im
pa

ct
on

co
rn

ea
l

en
do

th
el

ia
lc

el
ld

en
si

ty
(G

ill
m

an
n

et
al

.,
2
0
1
9
)
[2

9
]

C
as

e
st

ud
y

1
ey

e
N

A
Bi

la
te

ra
lX

EN
Le

ft
XE

N
m

ig
ra

tio
n

in
to

an
te

ri
or

ch
am

be
r

w
ith

in
te

rm
itt

en
tc

or
ne

al
co

nt
ac

t

1
m

on
th

�
2
.1

%
ov

er
st

ud
y

pe
ri
od

Pr
es

er
flo

m
ic

ro
sh

un
t(

pr
ev

io
us

ly
In

nF
oc

us
M

ic
ro

sh
un

t)

A
b-

ex
te

rn
o

m
ic

ro
sh

un
tv

s.
tra

be
cu

le
ct

om
y

in
pr

im
ar

y
op

en
-a

ng
le

g
la

uc
om

a:
on

e
ye

ar
re

su
lts

fr
om

a
2
-y

ea
r

ra
nd

om
iz

ed
,

m
ul

tic
en

te
r

st
ud

y
(B

ak
er

et
al

.,
2
0
2
1
)
[3

0
]

RC
T

5
2
7

ey
es

N
C

T
0
1
8
8
1
4
2
5

Pr
es

er
flo

M
ic

ro
sh

un
t

w
ith

m
ito

m
yc

in
C

Tr
ab

ec
ul

ec
to

m
y

w
ith

M
ito

m
yc

in
C

1
2

m
on

th
s

Pr
es

er
flo

M
ic

ro
sh

un
t(
�

5
.2

%
ov

er
st

ud
y

pe
ri
od

)
Tr

ab
ec

ul
ec

to
m

y
(�

6
.9

%
ov

er
st

ud
y

pe
ri
od

)

C
EC

,
C

or
ne

al
en

do
th

el
ia

lc
el

ls
;

K
D

B,
K
ah

oo
k

D
ua

lB
la

de
;

M
IG

S,
m

in
im

al
ly

in
va

si
ve

g
la

uc
om

a
su

rg
er

y;
PO

A
G

,
Pr

im
ar

y
op

en
an

g
le

g
la

uc
om

a;
RC

T,
ra

nd
om

iz
ed

co
nt

ro
lle

d
tri

al
.

Endothelial cell loss associated with minimally invasive glaucoma surgery Seah et al.

1040-8738 Copyright � 2022 Wolters Kluwer Health, Inc. All rights reserved. www.co-ophthalmology.com 125



Glaucoma
iStent and iStent inject

The iStent (Glaukos Corp, Laguna Hills, California,
USA) is a titanium, microbypass implant which is
surgically embedded through the trabecular mesh-
work into the Schlemm’s canal, providing a direct
passage for aqueous flow. There are currently two
generations of devices – iStent and iStent Inject. The
first-generation iStent obtained FDA approval
in 2012.

Post-FDA approval, a single-arm trial of 20 eyes
observedasignificant13.2%CEClossover12months
associated with iStent and phacoemulsification sur-
gery (iStent-Phaco) [25]. In the previously mentioned
RCT post-hoc analysis of 42 eyes, iStent-Phaco was
associated with significantly greater CEC loss com-
pared with the KDB-Phaco group (9.0 vs. 3.4%) [23].
CEC loss was measured at varying durations from
surgery, with the average duration being 18.2
months. This suggests that implant-based MIGS
may result in significantly greater CEC loss than
nonimplant MIGS. Another retrospective study
involving 64 eyes observed a 7.2% CEC loss over
12 months [26]. The longest retrospective study to
date of 53 eyes also reported a CEC loss of 3.6% over
24 months in a Japanese population [27]. In another
study, no significant CEC loss was noted 6 months
after two iStent devices were implanted in 10 eyes
[28]. These reports highly comparable CEC losses
with phacoemulsification-associated CEC loss.

Approved by the FDA in 2018, the smaller,
second-generation, IStent Inject is designed to func-
tion as two stents with two patent openings that sit
in the Schlemm’s canal. Better IOP control is
achieved by improving the aqueous flow of the
trabecular and episcleral venous system. A 24-
month RCT comparing IStent Inject and phacoe-
mulsification (IStent Inject-Phaco) with phacoemul-
sification alone observed a minimal difference in
CEC loss (13.1 vs. 12.3%) [29]. Another nonrandom-
ized clinical trial also observed similar CEC loss
when comparing between phacoemulsification
and the combination of phacoemulsification and
two IStent Inject devices (14.4 vs. 14.6%). There was
also no significant difference in CEC loss between
well positioned devices and devices protruding in
the anterior chamber [30]. In these studies, iStent
Inject-associated CEC loss were similar to phacoe-
mulsification-associated CEC loss.
FIGURE 1. Gonioscopy photography of a well implanted
CyPass microstent in a glaucomatous right eye. No cornea
endothelial touch was observed. No significant difference
was noted between the specular microscopy per-operatively
(endothelial cell density: 2019 cells/mm2; coefficient of
variation: 25; hexegonality: 65%) and 3 years after surgery
(endothelial cell density: 2192 cell/mm2; coefficient of
variation: 27; hexagonality: 72%).
Hydrus microstent

The Hydrus Microstent (Ivantis, Inc, Irvine, Califor-
nia, USA) is a 8 mm curved, long nitinol stent which
sits in the Schlemm’s canal. The device dilates the
canal to counteract its collapse caused by raised IOP.
FDA approval was obtained in 2018.
 Copyright © 2022 Wolters Kluwer H
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A retrospective study did not note any signifi-
cant difference in CEC loss over 6 months when
comparing the Hydrus Microstent insertion and
phacoemulsification with phacoemulsification
alone (11.7 vs. 17.4%) [31]. HORIZON, a long-term
RCT involving 556 eyes was launched to compare
the outcomes of the Hydrus Microstent and pha-
coemulsification with phacoemulsification alone.
36 months after implantation, it was noted the
addition of the Hydrus Microstent resulted in an
additional CEC loss of 2% immediately postopera-
tively (13 vs. 11%). However, this was not statisti-
cally significant. Subsequent CEC loss up to
36 months was not significantly different between
the two treatment groups [32

&&

]. A subset analysis
involving only the United States HORIZON cohort
also found similar CEC loss over 24 months [33].
SUPRACHOROIDAL MINIMALLY INVASIVE
GLAUCOMA SURGERY

CyPass microstent

The CyPass Microstent is a 6.35-mm long polyimide
tube (Fig. 1). Inserted with a guidewire, it is passed
through the anterior chamber to the suprachoroidal
space via a controlled cyclodialysis. Despite initially
obtaining FDA approval, the CyPass Microstent was
required to provide an additional 3 years of postim-
plantation safety data. The COMPASS-XT trial,
designed for this purpose, eventually uncovered a
significant greater CEC loss associated with the
ealth, Inc. All rights reserved.
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CyPass Microstent and phacoemulsification
(CyPass-Phaco) in comparison with phacoemulsifi-
cation alone after 48 months (18.4 vs. 7.5%). By 60
months, this had increased to 20.4 and 10.1%,
respectively. A market recall of the device was issued
in 2018. Device position in the anterior chamber
was also noted to affect CEC loss. Using the number
of visible device rings as a gauge of implantation
depth, devices with no rings showing, one ring
showing and two or three rings showing had
increasing annual CEC loss of 1.39, 2.74 and
6.96%, respectively [34

&&

]. Since the recall, the
American Society of Cataract and Refractive Surgery
has recommended CEC loss monitoring using a risk
stratification based on the number of device rings
visible [35]. If corneal decompensation has devel-
oped in implants with more than one ring visible,
the repositioning or trimming of the implant should
be considered [36,37].
FIGURE 2. (a) Gonioscopy photography of a PRESERFLO
Microshunt in a glaucomatous left eye. (b) Anterior segment
photograph showing PRESERFLO Microshunt tip (white
arrow) in the anterior chamber. Endothelial cell density
reduced from baseline (endothelial cell density: 2119 cells/
mm2; coefficient of variation: 28; hrxagonality: 68%) till
3 years after surgery (endothelial cell density: 1018 cells/
mm2; coefficient of variation: 36; hexagonality: 70%).
SUBCONJUNCTIVAL MINIMALLY INVASIVE
GLAUCOMA SURGERY

XEN Gel Stent

The XEN Gel Stent (Allergan INC, Dublin, Ireland),
approved by the FDA in 2016, is made of porcine
collagen-derived gelatin cross-linked with glutaralde-
hyde. It can be inserted ab intero or ab externo as a
drainage shunt from the anterior chamber to the
subconjunctival space through a scleral tunnel. A
24-month retrospective study of 32 eyes did not
observe any significant difference in CEC loss when
comparing the combined XEN Gel Stent with pha-
coemulsificationprocedure and phacoemulsification
only (14.3 vs. 14.5%) [38]. A recent 6-month prospec-
tive study by the Italian XEN Glaucoma Treatment
Registry (XEN-GTR) involving 108 eyes noted a CEC
loss of 5.6% associated with the XEN Gel Stent. In
comparison, the phacoemulsification arm had a sig-
nificantly greater CEC loss (5.6 vs. 13.0%). No signif-
icant difference in CEClosswasobservedbetween the
XEN Gel Stent with phacoemulsification and pha-
coemulsification arms (11.3 vs. 13.0%) [39].

A separate nonrandomised clinical trial
involving 80 eyes observed a significantly greater
CEC loss associated with trabeculectomy as com-
pared with the XEN Gel Stent after 3 months (10
vs. 2.1%) [40]. These studies suggest that the XEN
Gel Stent is not associated with significantly
higher CEC loss compared with phacoemulsifica-
tion and trabeculectomy. However, longer dura-
tion studies are required. An interesting case study
examined a migrated XEN Gel Stent with inter-
mittent corneal contact. The patient experienced
a 2.1% CEC loss over 1 month. This further
 Copyright © 2022 Wolters Kluwe

1040-8738 Copyright � 2022 Wolters Kluwer Health, Inc. All rights rese
suggests the importance of implant positioning
even in MIGS devices [41].
PRESERFLO MICROSHUNT

The Preserflo Microshunt (Santen Pharmaceutical
Co. Ltd, Osaka, Japan) (previously known as InnFo-
cus Microshunt) is a 8.5-mm long tube made of a
biocompatible, synthetic polymer that is implanted
via an ab-externo approach (Fig. 2). It is designed to
promote a more posterior aqueous flow to form an
ideal bleb.

Innfocus was renamed as the Preserflo Micro-
shunt after the acquisition by Santen in 2016. In the
pivotal RCT involving 527 eyes, the device resulted
in a 5.2% CEC loss compared with 6.9% in the
trabeculectomy arm after 1 year. One patient with
the Preserflo Microshunt developed a 9.4% CEC loss
which was presumed to be due to the proximity to
the cornea [42]. The device is currently being
reviewed for FDA approval.
r Health, Inc. All rights reserved.
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DISCUSSION

Studies that have reported short-term CEC loss follow-
ing MIGS procedures have been generally similar to
phacoemulsification alone, while trabeculectomy and
glaucoma tube shunts may be associated with a higher
CEC loss postoperatively (Table 1). Despite these stud-
ies, direct comparisons between traditional glaucoma
surgeries with MIGS procedures are currently lacking.
A nonrandomised clinical trial of 80 eyes observed
significantly higher CEC loss in trabeculectomy com-
pared with the XEN Gel Stent (10.0 vs. 2.1%) [40].
However, trabeculectomy-associated CEC loss can
vary widely depending on surgical technique and
the use of adjunct antiproliferative agents [12,17]. A
case series of 31 eyes noted significantly greater CEC
loss after 3 months associated with the use of mito-
mycin C in trabeculectomy (8.7 vs. 4.6%) [17]. Signifi-
cantly, in a clinical trial comparing phacoemulsifi-
cation and trabeculectomy in a single procedure
and trabeculectomy with phacoemulsification
3 months after, performing them separately resulted
in greater CEC loss over 12 months [15]. Nonetheless,
more head-to-head comparative studies of MIGS and
traditional glaucoma surgeries with adequate follow-
up are required.

CEC loss associated with the Ahmed (AGV; New
World Medical, Rancho, Cucamonga, California,
USA) and Baerveldt (Advanced Medical Optics, Inc,
Santa Ana, California, USA) implants also vary
depending on surgical technique and implant type.
A prospective observational study of 68 eyes noted a
significantly higher CEC loss associated with the
Ahmed implant compared with trabeculectomy after
12 months (12.3 vs. 3.2%) [13], suggesting greater
CEC loss in implant-based procedures. Implant posi-
tioning and its proximity to the corneal endothelial
layer is a key factor for tube-associated CEC loss
[43,44]. In a retrospective study of 62 eyes, anterior
chamber Ahmed glaucoma valves resulted in signifi-
cantly higher CEC loss after 36 months as com-
pared with ciliary sulcus implantation (25.6 vs.
7.1%) [19]. Another cohort study also noted sig-
nificantly higher CEC loss associated with anterior
chamber Baerveldt tubes as compared with pars
plana tubes after 12 months (12.1% vs. no signifi-
cant loss) [18].

Todate, themechanisms ofMIGS-associated CEC
loss are not well understood. The post-hoc RCT anal-
ysis which observed a significantly higher CEC loss
associated with iStent-phaco compared with KDB-
Phaco (9.0 vs. 3.4%) suggest that implant-basedMIGS
procedures may have a higher risk of CEC loss. The
COMPASS – XT trial also highlighted the effect of
implantpositioning on CEC loss.This is similar to the
mechanisms involved in glaucoma tube associated
 Copyright © 2022 Wolters Kluwer H
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CEC loss where location and proximity of tube open-
ing to CEC play a crucial role. This may have impor-
tant implications on future MIGS device designs and
help identify current ones which are more likely to
develop significant CEC loss. Moreover, longer dura-
tion studies are also required to study the effect of
MIGS on CEC loss. In the COMPASS-XT trial, CEC
loss associated with the CyPass Microstent and pha-
coemulsification procedure was only significantly
greater 4 years after initial implantation. However,
most studies on MIGS have not reported such long
duration of follow-up. Future studies should also
involve detailed CEC imaging and analysis of CEC
parameters over a longer duration to allow for a better
understanding and trend of CEC loss over time.

In summary, our review suggests that 12-month
CEC loss associated with combined MIGS-phacoemul-
sification procedures can widely, with some reports of
up to 14.6% (Table 2). Apart from the CyPass Micro-
stent, no other studies on MIGS-phacoemulsification
procedures have reported significantly greater CEC
loss compared with phacoemulsification alone. Com-
bined phacoemulsification and MIGS associated CEC
loss were similar to reported phacoemulsification-
associated CEC loss at 12 months postoperatively
(range 12.8–15.2%). However, most studies are early
and do not provide head-to-head comparison with
traditional glaucoma surgeries. Future studies should
address this andelucidate themechanisms resulting in
MIGS-associated CEC loss.
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