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BACKGROUND/OBJECTIVES: To investigate changes in corneal endothelial cell density (CECD) after initial Ex-PRESS surgery in
Japanese patients with open-angle glaucoma (OAG) followed-up for 36 months.
SUBJECTS/METHODS: Corneal specular microscopy was used to examine preoperative and postoperative (3, 6, 12, 24 and
36 months) CECD and CECD changes were analysed. Kaplan–Meier survival curve was used to examine CECD maintained at 95%
level, and Cox proportional hazards model was used to detect the risk factors for CECD loss. Intraocular pressure (IOP) changes
during the course were also examined.
RESULTS: A total of 79 eyes of 79 patients (standalone surgery, 24 cases; combined cataract surgery, 55 cases) were
investigated. Preoperative CECD (mean ± SD) was 2521 ± 305 cells/mm² and 2429 ± 366 (P= 0.003, adjusted for Bonferroni
correction), 2462 ± 332 (P= 0.002), 2457 ± 317 (P < 0.001), 2433 ± 333 (P < 0.001), and 2387 ± 352 (P < 0.001) at 3, 6, 12, 24 and
36 months, respectively. The decrease rate was calculated as 1.8%/year. Further, 95% maintenance CECD at 36 months was
50.0% (95% confidence interval, 37.1–63.0%). Both univariate and multivariate Cox proportional hazard models showed that a
low preoperative CECD was a significant risk factor for CECD loss. Baseline IOP of 19.3 ± 5.8 mmHg decreased at all
measurement points (P < 0.001) after surgery.
CONCLUSION: CECD after initial Ex-PRESS surgery in 36 months might not be clinically problematic. However, longer-term
follow-up is necessary, and regular CECD measurement should be performed, especially in patients with low CECD.
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INTRODUCTION
The ultimate goal of glaucoma treatment is not to lower
intraocular pressure (IOP) but to maintain visual function;
however, the only treatable factor among certain risk factors
involved in glaucoma progression is IOP [1, 2]. Some clinical
studies have reported that reduction in IOP from 20% to 30%
from untreated IOP (i.e., baseline IOP) could lead to the inhibition
of glaucoma progression [3, 4]. Among some methods to lower
IOP, such as eye drops, lasers and surgeries, filtering surgery is
presently the most powerful and effective. For more than a
quarter of a century, filtering surgery means trabeculectomy
(with antimetabolite), which has been the gold standard for
glaucoma surgery as a procedure that can be performed for any
type of glaucoma [5].
The Ex-PRESS drainage device implantation surgery (Alcon, Fort

Worth, Texas, USA) is another type of filtering surgery, which was
approved in Japan in December 2011. It differs from trabeculect-
omy in that it allows the creation of a filtration bleb without any
internal eye manipulation [6]. This device can be inserted through
the deep scleral bed into the anterior chamber, allowing the
anterior aqueous humour to pass under the subconjunctival.
Although it demonstrates almost the same IOP-lowering effect as

conventional trabeculectomy, it is less likely to cause postoperative
low IOP (hypotony) because it is continuously filtered at a constant
rate, resulting in faster visual function recovery than trabeculect-
omy [7–9]. Thus, this procedure is favourably selected in the eye
with easy collapses, such as eyes with no vitreous body after
vitrectomy surgery.
One of the long-term complications related to trabeculectomy

that should be considered in addition to the IOP-lowering effect in
corneal endothelial cell density (CECD) damage [8]. In Japan,
trabeculectomy is reported to be the third leading cause of bullous
keratopathy [10]. Regarding Ex-PRESS, some reports showed a
significant decrease in CECD [11, 12]; however, in the comparative
study of postoperative CECD damage in trabeculectomy and Ex-
PRESS, some reports showed less damage with Ex-PRESS [13, 14],
whereas others showed vice versa [15, 16].
The long-term course of CECD regularly examined for more

than 24 months after Ex-PRESS has not been reported to date. In
light of the current widespread use of Ex-PRESS in glaucoma
surgery, this study aimed to examine the changes in CECD in
patients with open-angle glaucoma (OAG) who underwent initial
Ex-PRESS and were regularly followed-up for 36 months and to
elucidate its relating factors.
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MATERIALS/SUBJECTS AND METHODS
The medical records of Japanese patients with glaucoma who
underwent an initial Ex-PRESS at Yotsuya Shirato Eye Clinic (Tokyo,
Japan) between March 2014 and June 2016 were evaluated. All
protocols and methods adhered to the tenets of the Declaration of
Helsinki, and the ethics committee of Riverside Internal Medicine
Cardiology Clinic (approval ID: RSC-1811RB01) approved this
study. As this was a retrospective study, informed consent was
waived by the Research Ethics Board.
The patient selection criteria were as follows: (1) primary OAG,

(2) those who underwent Ex-PRESS alone or combined surgery
and could be followed-up for 36 months, and (3) eyes with no
contact of the Ex-PRESS tip with the corneal endothelium
confirmed by gonioscope during the course. The exclusion criteria
were as follows: (1) primary angle-closure glaucoma, pseudoexfo-
liation (PE) glaucoma, and secondary glaucoma caused by uveitis,
(2) history of laser iridotomy or intraocular lens implantation, and
(3) eyes that underwent another glaucoma surgery after Ex-PRESS
surgery. We excluded PE glaucoma because patients with PE have
lower CECD [17, 18], and uveitis is reported to be a prognostic
factor for decreasing CECD after trabeculectomy [19].

Ophthalmic examinations
Slit-lamp examination using gonioscopy had a four-mirror lens
(AU-810-4, Ocular), and fundus examinations were routinely
conducted at each visit. A calibrated Goldmann applanation
tonometer (Haag-Streit, Germany) was used to measure IOP
during office hours after administering topical anaesthesia. A
corneal specular microscope (EM-3000, TOMEY CORPORATION)
was used to examine preoperative (baseline) and postoperative (3,
6, 12, 24 and 36 months) CECD for both the eyes. CECD of the
central cornea was used as the mean number of CECD. An
autorefractor keratometer (ARK-900, Nidek) was used to measure
refractive error.

Surgical technique
Ex-PRESS surgery (including combined surgery) was performed by
two well-trained surgeons (SS and MA). The surgical technique
was as follows: after instilling anaesthesia into the sub-Tenon
space, a 5- to 6-mm fornix-based conjunctival incision was made
along the limbus at the temporal or nasal side. This process was
followed by cauterization, formation of a single rectangular scleral
flap, soaking with 0.05% mitomycin C (MMC) for 1.5 min, and
washout of residual MMC with 100mL of a balanced salt solution).
A 25-gauge needle was inserted from the scleral floor to the
anterior chamber at the anatomical ring (grey zone), followed by
Ex-PRESS insertion, release, and fixation at the same site. Then,
placement of two or three 10-0 nylon scleral flap sutures,
adjustment of aqueous humour flow with an occasional additional
suture, and placement of a wing conjunctival suture with
ophthalmic 10-0 nylon sutures (MANI, Utsunomiya, Japan) were
performed. In combined cataract surgery cases, a clear corneal
incision was made at the superior quadrant with viscoelastic
materials [Viscoat 0.5 Ophthalmic Viscoelastic Substance (Alcon,
Tokyo, Japan) and 1% Healon Ophthalmic Viscoelastic Substance
(AMO, Tokyo, Japan)] using the soft-shell technique. Postoperative
medical treatment consisted of four applications of 0.1%
betamethasone and moxifloxacin ophthalmic solution. For the
combined surgery, two applications of diclofenac sodium
ophthalmic solution were added. If IOP was elevated after the
surgery, either laser suture lysis (Blumenthal suture lysis lens, Volk)
or bleb needling was performed at the surgeon’s discretion to
increase the flow rate of the aqueous humour.

Statistical analysis
The first operated eye was selected if both the eyes met the
inclusion criteria. The amount of change in CECD after Ex-PRESS
surgery was the main evaluation item. A linear mixed model was

chosen because the same examination was repeated in the same
patient so CECD measurements correlated with each other [20].
The percentage decrease in CECD was calculated as follows: 3-year
reduction rate (%)= [(baseline CECD number − final CECD
number)/baseline CECD number] × 100 followed by mean annual
reduction rate (%/year)= 3-year decrease rate (%)/3 years. Death
was defined as a 5% decrease in the number of CECD from
baseline CECD, and CECD survival rate at 36 months was
examined by Kaplan–Meier survival curve. A log-rank test was
used to compare the differences in the surgical methods between
single and combined surgeries. Based on these criteria, univariate
and multivariate Cox proportional hazard models were used for
risk factor analysis for CECD loss. The covariates were age, surgical
technique (single or combined), refraction, baseline IOP, baseline
CECD (binarization process was performed to determine whether
baseline CECD was larger or smaller than 2000 cells/mm², which
was considered to be the lower limit of normal and was used in
the Cox model), postoperative mean IOP, postoperative IOP
fluctuation (defined as standard deviation), number of needling,
and number of laser suture lysis. Factors associated with P values
< 0.2 for univariate analysis were subjected to multivariate
analysis. Finally, the change in IOP during the course was
evaluated by analysis of variance performed using a mixed model.
JMP Pro (version 16.0, SAS Institute, Cary, NC, USA) and IBM

SPSS Statistics (version 23.0, IBM Corp., Armonk, NY, USA) software
were used for all statistical analyses. P < 0.05 was considered
statistically significant unless otherwise specified.

RESULTS
In this study, we included 79 eyes of 79 patients (46 males, 33
females), with a mean age of 63.3 ± 11.0 years. The patient
characteristics are presented in Table 1. A total of 24 eyes had
undergone standalone Ex-PRESS surgery (single), and the other 55
eyes had undergone Ex-PRESS surgery with combined cataract
surgery (combined).
The overall mean CECD ( ± standard deviation: SD) was 2521 ±

305 cells/mm² at baseline (N= 79) and 2429 ± 366 cells/mm² (N=
59) (P= 0.003, adjusted for Bonferroni correction) (95% con-
fidence interval (CI) of the mean difference from the baseline:
13.6–108.4 cells/mm²) at 3 months, 2462 ± 332 cells/mm² (N= 73)
(P < 0.001) (95% CI: 14.4–103.9 cells/mm²) at 6 months, 2457 ± 317

Table 1. Clinical characteristics of participants.

Total
(79 eyes)

single
(24 eyes)

Combined
(55 eyes)

Age (years) 63.3 ± 11.0 60.9 ± 15.0 64.4 ± 8.6

Gender (M/F) 46/33 12/12 34/21

Diagnosis
(number)

POAG 36 12 24

NTG 43 12 31

Lens status (number)

Phakia 63 8 55

Pseudophakia 16 16 0

Refraction
(Dioptres)*

−6.7 ± 4.8 −7.9 ± 2.1 −6.5 ± 5.0

Baseline
IOP (mmHg)

19.3 ± 5.9 18.9 ± 7.4 19.5 ± 5.1

Postoperative
IOP (mmHg)

11.9 ± 2.4 11.9 ± 2.4 11.8 ± 2.3

M Male, F Female, POAG Primary open-angle glaucoma, NTG Normal-
tension glaucoma, IOP Intraocular pressure.
*Only in phakic eyes.
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cells/mm² (N= 75) (P < 0.001) (95% CI: 33.3–122.1 cells/mm²) at
12 months, 2433 ± 333cells/mm² (N= 72) (P= 0.001) (95% CI:
49.4–139.3 cells/mm²) at 24 months, and 2387 ± 352 cells/mm² (N
= 79) (P < 0.001) (95% CI: 89.9–177.2 cells/mm²) at 36 months
(Fig. 1). The decrease rate was calculated as 1.8%/year. From
baseline to 3 months, a significant decrease was observed in the
amount of CECD, but there was no subsequent significant
difference in the amount of change of CECD between each
measurement (P ≥ 0.155).
In patients who underwent combined cataract surgery, a

significant decrease in CECD was observed after 6 months. No
significant decrease was observed in patients who underwent
single surgery until 24 months; however, it showed a significant
decrease at 36 months (Table 2).
In the cumulative Kaplan–Meier survival analysis, the survival

rate of 95% of CECD from baseline was 50.0% (95% CI, 37.1–63.0)
at 36 months (Fig. 2a). The survival rate was 48.4% (95% CI,
32.8–62.9) with combined cataract surgery and 54.8% (95% CI,
32.0–77.6) with single surgery (Fig. 2b). No significant difference

was found between the surgical methods (P= 0.61, log-rank test).
Among single Ex-PRESS surgery (24 eyes), the survival rate for
phakic eyes (16 eyes) and pseudophakic eyes (18 eyes) were
50.0% and 25.8%, respectively, with no significant difference
between them (P= 0.47, log-rank test).
Low CECD ( < 2000 cells/mm²) at the time of surgery consider-

ably contributed toward the loss in CECD after the surgery
(Table 3).
The mean IOP ± SD was 19.3 ± 5.8 mmHg at baseline, whereas it

was 11.0 ± 3.8 mmHg (P < 0.001, adjusted for Bonferroni correc-
tion), 12.3 ± 3.5 mmHg (P < 0.001), 12.0 ± 3.1 mmHg (P < 0.001),
12.0 ± 3.4 mmHg (P < 0.001), and 13.5 ± 4.9 mmHg (P < 0.001) at 3,
6, 12, 24 and 36 months, respectively.

DISCUSSION
Ex-PRESS surgery is a procedure with a faster postoperative
recovery of visual acuity than trabeculectomy [7], and it is
widely being indicated for patients with OAG. In this study,

Fig. 1 Changes in corneal endothelial cell density after Ex-PRESS surgery. The horizontal axis represents the time course (months) and the
vertical axis represents the corneal endothelial cell density (CECD: cells/mm²). Error bar represents the 95% confidential interval. A significant
decrease was found in CECD at 12, 24 and 36 months compared with baseline. *P= 0.015, **P= 0.001 and ***P < 0.001.

Table 2. Mean CECD before and after the Ex-Press surgery.

CECD (cells/mm2)

Total (79 eyes) Single (24 eyes) Combined (55 eyes)

Baseline 2521 ± 305 2449 ± 356 2552 ± 277

3 months 2429 ± 366 2364 ± 460
(P= 0.075, 95% CI:−3.3 ~ 143.8)

2400 ± 493
(P= 0.069, 95% CI:−2.1 ~ 117.6)

6 months 2462 ± 332 2399 ± 407
(P= 1.0, 95% CI:−29.0 ~ 108.8)

2489 ± 293
(P < 0.001, 95% CI:11.0 ~ 124.2)

12 months 2457 ± 317 2456 ± 270
(P= 0.529, 95% CI:−19.7 ~ 116.1)

2458 ± 338
(P < 0.001, 95% CI:34.5 ~ 147.1)

24 months 2433 ± 333 2410 ± 401
(P= 0.319, 95% CI:−15.8 ~ 126.4)

2441 ± 308
(P < 0.001, 95% CI:54.4 ~ 167.0)

36 months 2387 ± 352 2364 ± 417
(P= 0.003, 95% CI:18.7 ~ 152.8)

2397 ± 324
(P < 0.001, 95% CI:99.1 ~ 209.8)

CECD Corneal endothelial cell density, CI Confidence interval.
P value was adjusted for Bonferroni correction, 95% CI was the confidence interval of mean difference from the baseline.

Y. Aoyama et al.

71

Eye (2023) 37:69 – 74



we performed Ex-PRESS surgery (including combined cataract
surgery) in Japanese patients with OAG and regularly measured
CECD for 36 months. There was a significant decrease in CECD at
36 months with a decrease rate of 1.8%/year. When a 5%
decrease in CECD from baseline (preoperative) was defined as
death in survival analysis, the survival rate of 95% CECD at
36 months was 50%. Low CECD before the surgery was detected
as a significant risk factor for CECD loss. The amount of CECD
loss in our cases was not thought to be clinically problematic;
however, it is mandatory to examine CECD at least once a year.
Further, it might be important to mention the possibility of
future bullous keratopathy in patients scheduled for Ex-PRESS
surgery with considerably reduced CECD.
Ex-PRESS surgery is thought to be a safer procedure than

trabeculectomy in postoperative IOP management because a
certain amount of aqueous humour is released from the eye into
subconjunctival through a metal tube, making postoperative low
IOP and eye collapse less likely, but corneal endothelial cell
damage is reported as one of the late complications [8], which is
discussed in this article. There are reports on postoperative CECD
change among several glaucoma procedures, including trabecu-
lectomy, Ex-PRESS, and glaucoma valve tube; however, it is
controversial whether which techniques are more likely to
decrease CECD [11–15].
First, in a 3-month observational study that examined

postoperative CECD among trabeculectomy, Ahmed-valve
shunt, and Ex-PRESS, CECD loss was the smallest in Ex-PRESS
compared with the former two [13]. This was because there was
less anterior chamber collapse in the Ex-PRESS procedure.
However, this is only a 3-month report and it requires a longer
observation period. Another prospective study comparing the
surgical outcomes between trabeculectomy and Ex-PRESS
procedure over a 12-month period found no difference in
postoperative CECD change in the two procedures [15]. In
contrast, a study examined postoperative CECD after trabecu-
lectomy and Ex-PRESS in Japanese patients with glaucoma and
found a significant decrease in CECD in Ex-PRESS compared to
trabeculectomy at 24 months [11].

There are several reports on treatment with standalone Ex-
PRESS surgery. In a study that examined the surgical outcomes of
Ex-PRESS in Japanese patients with OAG, there was a significant
decrease in CECD at 24 months. However, the actual number of
CECD at 24 months was insufficient to cause clinical endothelial
damage (i.e., 2428 cells/mm2) [11]. Moreover, a recent report
indicated a significant decrease in CECD at 12 months after Ex-
PRESS in Japanese patients with normal-tension glaucoma [12]. In
contrast, a study reported that CECD did not decrease at
24 months after Ex-PRESS in Japanese patients with glaucoma
[14]. The number of patients, number of CECD during the surgery,
postoperative management methods, and analysis methods
might account for these differences.
The number of CECD is reported to spontaneously decrease in

normal eyes, with an annual decrease of approximately 0.6% [21].
The rate of decrease in this study was calculated to be 1.8% per
year, which was faster than the rate in the natural course. As the
decrease rate of CECD loss after Ex-PRESS varies in the literature
(calculated based on the number of CECD in each article; from 0%
to 5.4% per year) [11–16], postoperative CECD examination is
important. Descemet’s membrane endothelial keratoplasty or
Descemet’s stripping automated endothelial keratoplasty may be
considered in some patients with originally low CECD.
The mechanism of CECD loss after Ex-PRESS surgery remains

unclear. The use of intraoperative MMC is thought to be involved
in one of the causes of CECD loss after trabeculectomy [22, 23],
but there is little knowledge on Ex-PRESS related CECD loss. The
damage may have started in the vicinity of the corneal endothelial
cells where the Ex-PRESS was inserted, which may be different
from the mode of CECD damage after trabeculectomy [16].
Furthermore, the involvement of MMC like trabeculectomy,
foreign body reaction, change in aqueous humour flow in the
anterior chamber, and mechanical contact between corneal
endothelial cells and Ex-PRESS (caused by ocular structural change
caused by ocular digital massage) are some of the possibilities.
The aqueous flow rate through Ex-PRESS tube remains constant

even after IOP-lowering procedures such as laser suture lysis or
bleb needling, suggesting that the anterior chamber might be

Fig. 2 Kaplan–Meier survival analysis. a Kaplan–Meier survival analysis based on the definition of maintaining 95% CECD in all cases. The
horizontal axis represents the time course (months) and the vertical axis represents the survival rate. Error bar represents the 95% confidential
interval at each point. b Kaplan–Meier survival analysis based on the definition of maintaining 95% CECD divided by the surgical technique.
The horizontal axis represents the time course (months) and the vertical axis represents the survival rate. Green line indicates combined
cataract surgery and blue line indicates single surgery, with no difference between them (P= 0.61, log-rank test). Error bar represents the 95%
confidential interval at each point.

Y. Aoyama et al.

72

Eye (2023) 37:69 – 74



difficult to collapse and the contact between Ex-PRESS tube and
the endothelial cell was unlikely to occur. On the contrary, Ex-
PRESS surgery for eyes with preoperative low CECD was found to
be a significant negative factor in CECD loss. As the corneal
endothelium is a nonregenerative tissue, once the corneal
endothelium is damaged in the eyes with low CECD, it may not
be able to keep up with the compensation of the surrounding
endothelial cells [24], resulting in a faster rate of CECD loss. The
presence or absence of concomitant cataract surgery was not
associated with CECD loss. In general, there is an association
between cataract surgery and corneal endothelial damage [25],
but the soft-shell technique protection might minimize this
impairment [26]. In addition, there is a report that examined
postoperative CECD in the following three groups [27]: trabecu-
lectomy with combined cataract surgery, trabeculectomy alone,
and cataract surgery alone. These three groups showed a
significant CECD decrease postoperatively, but the difference
was not significant among these groups. Although this cannot be
directly applied to our cases, these results suggested that current
minimum invasive cataract surgery itself is unlikely to have a
direct significant effect on CECD loss. Single Ex-PRESS surgery was
performed on patients with phakic and pseudophakic eyes, and
no difference in survival rate was observed between the two
groups (P= 0.27). The effect of standalone Ex-PRESS surgery on
CECD loss according to the lens status needs to be further
investigated.
This time, we set the successful maintenance rate of CECD as

more than 95% at 36 months, but there is no specific definition of
this rate. The survival rate was 28% if 97.5% CECD maintenance at
36 months was defined as success, and it was 80% if 90% CECD at
36 months was defined as successful. In normal eyes with a CECD
count of 2500 cells/mm² or more, there might be no clinical
problem at 36 months postoperatively, but regular CECD
examination is essential in patients with low CECD, especially
under 2000 cells/mm² at the surgery.
There was a significant reduction of an average of 35% from the

baseline IOP, which was a favourable outcome as reported in
previous studies [11, 12]. As evidenced by the collaborative
normal-tension glaucoma study results [3], it would be quite
beneficial in delaying glaucoma progression, if 30% IOP reduction
could be achieved. We obtained an IOP reduction rate of 35%, and
the relationship with VF progression will be discussed in our
next study.
This study has several limitations. First, this was a retrospective

study conducted at a single institution, and it is inevitable that
there was a selection bias. It is necessary to consider that the
accuracy of Ex-PRESS surgery and postoperative results, including
IOP management, might correlate to some extent with the years
of surgical experience [28]. Therefore, our results may not
applicable to all surgeons working with Ex-PRESS. The position

of the insertion of Ex-PRESS tube was confirmed using a four-
mirror lens; however, it was thought that the positional relation-
ship with the corneal endothelium could also be accurately found
using anterior segment optical coherence tomography (AS-OCT).
However, this study could not be performed because the facility
did not have this machine. Second, the anterior chamber depth
was not measured quantitatively during the course. It is easy to
imagine that even if the anterior chamber does not become
significantly shallow, if the anterior chamber becomes shallow
because of over filtration, the possibility of contact of Ex-PRESS
with the corneal endothelium increases. It is necessary to consider
the relationship between this problem and the corneal endothe-
lium based on quantitative corner opening indices such as angel
opening distance 500 by AS-OCT. In long tube surgeries with a
plate (such as Ahmed glaucoma drainage device, Baerveldt
glaucoma drainage device), it has been reported that the CECD
reduction rate is lesser when the tube is placed in the ciliary sulcus
than that when it is placed in the anterior chamber [29, 30]. This
may be attributed to the fact that there is more physical contact
between the corneal endothelium and the tube when it is placed
in the anterior chamber. In support of this, when the distance
between the tip of the tube and the corneal endothelium was
measured by AS-OCT when the Baerveldt glaucoma drainage
device was inserted into the anterior chamber, a greater CECD
reduction rate was found as the distance between the tip and the
corneal endothelium decreased [31]. Based on these results, to
examine the physical distance between the tip of the Ex-PRESS
and the corneal endothelium are mandatory in future studies.
Third, in this study, the number of CECD was substituted in the
central cornea. There is a hypothesis that endothelial cells close to
Ex-PRESS insertion site are initially damaged [16], then endothelial
damage spreads to the central cornea. The measurement site of
endothelial cells may help to elucidate the mechanism of
endothelial cell damage after Ex-PRESS. This is only a 3-year
report and the progress of endothelial cells needs to be monitored
from a longer-term perspective. Finally, there are many factors
that are difficult to quantify, such as the location and intensity of
ocular digital massage, presence or absence of anterior chamber
haemorrhage, degree of inflammation, and duration of steroid eye
drop use. It is necessary to consider how these confounding
factors should be involved in a risk factor analysis.
To summarize, in Japanese patients with OAG undergoing initial

Ex-PRESS surgery, a significant CECD decrease was observed at
36 months. Although the decrease rate of 1.8% per year was not
clinically problematic, caution should be exercised for patients
with low CECD under 2000 cells/mm² at the surgery because the
CECD might be significantly reduced. As the Ex-PRESS tube is
originally a foreign body that will remain in the anterior chamber
for the rest of the patient’s life, further long-term follow-up of
CECD is necessary.

Table 3. Results of Cox’s proportional hazard model analysis of CECD loss after Ex-Press surgery.

Covariates Univariate Hazard ratio (95% CI) P value Multivariate Hazard ratio (95% CI) P value

Age 1.02 (0.99~1.06) 0.15 1.03 (1.00~1.06) 0.10

Surgical technique (reference as single surgery) 1.21 (0.56~2.61) 0.63

Refraction 1.04 (0.96~1.14) 0.33

Baseline IOP 1.03 (0.98~1.07) 0.24

Baseline CECD ( < 2000 cells/mm²) 4.28 (1.27~14.4) 0.019 4.98 (1.45~17.2) 0.011

Postoperative mean IOP 0.98 (0.85~1.14) 0.81

Postoperative IOP fluctuation 0.91 (0.69~1.17)) 0.48

Number of needling 1.04 (0.83~1.26) 0.70

Number of laser suture lysis 1.05 (0.83~1.35) 0.68

CECD Corneal endothelial cell density, CI Confidence interval, IOP Intraocular pressure.
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Summary
What was known before

● Although the corneal endothelial cell density (CECD) loss
associated with glaucoma surgery is becoming important, the
course of CECD after the initial Ex-PRESS surgery has been up
to 2 years, and the associated factors have not been
investigated.

What this study adds

● CECD after the initial Ex-PRESS surgery revealed a significant
decrease at 3 years but its deterioration rate might not be
clinically problematic. That preoperative low CECD (rough
estimate < 2000) was revealed a significant risk factor for CECD
loss meant that regular CECD measurement should be
performed, especially in patients with low CECD at the
surgery.
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