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Abstract
Purpose: To compare surgical outcomes between Ex-PRESS® surgery (EXP) and trabeculectomy (Trab)
for primary open angle glaucoma (POAG) with low preoperative intraocular pressure (IOP).

Patients and Methods: This was a retrospective non-randomized study. We included POAG patients with
preoperative IOP ≤16 mmHg who were taking tolerance glaucoma medications. We compared the
surgical outcomes, postoperative IOP, number of glaucoma medications, reduction rate of corneal
endothelial cell density (ECD), visual acuity, and postoperative complications between POAG patients
who underwent EXP (34 eyes) or Trab (38 eyes) and could be followed for >2 years.

Results: Both surgeries signi�cantly decreased the IOP (p<0.001): at 2 years, EXP provided decreases
from 13.4 ± 2.3 to 10.2 ± 3.1 mmHg, Trab provided decreases from 13.5 ± 2.0 to 8.9 ± 3.2 mmHg. No
signi�cant differences were observed in the postoperative IOP (p=0.076), number of postoperative
medications (p=0.263), success rate (p=0.900), reduction rate of ECD (p=0.410), or difference in visual
acuity (p=0.174). The reduction rate of IOP was signi�cantly high in the Trab group (p=0.047).

Conclusions: Both surgeries signi�cantly decreased IOP and were useful surgical methods for low-IOP
glaucoma. Our results suggest that trabeculectomy can decrease IOP more than Ex-PRESS surgery but
might have more complications.

Introduction
Various surgical methods for glaucoma have been created since the 2000s. For example, minimally
invasive glaucoma surgery (MIGS) and tube shunt surgeries are performed worldwide. Many MIGS result
in intraocular pressure (IOP) that is in the mmHg range of mid-teen values [1], and it might be di�cult to
achieve postoperative IOP at values lower than the mid-teens. Tube shunt surgery is di�cult to perform
for patients with low preoperative IOP, due to the risk of hypotony [2]. For these reasons, there are limited
surgical options for glaucoma patients with low preoperative IOP.

Patients with progressive visual �eld impairment despite low IOP are more common in Japan [3].
Trabeculectomy (Trab) is the most common glaucoma surgery for patients with low IOP. In a Trab, a bleb
is formed in the sub-tenon space to receive the out�ow of aqueous humor, thereby lowering the IOP. In
addition, in cases in which a Trab is performed, the postoperative IOP can be adjusted with suture-lysis,
suturing, or needling. In patients with low preoperative IOP in particular, strict IOP control is required after
a Trab is conducted. Trabeculectomy was reported to be effective for low IOP glaucoma, with an
improvement in the deterioration of the visual �eld [4–9].

With another surgical method, i.e., Ex-PRESS® (Alcon Laboratories, Fort Worth, TX) (EXP) surgery, the
postoperative IOP can also be adjusted [10]. The EXP is a stainless-steel �ltration device designed to
shunt the aqueous humor from the anterior chamber to the sub-tenon space. EXP has some similarities to
Trab, but there are some important differences between these two types of surgery. With the EXP,
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trabecular meshwork and the peripheral iris do not have to be excised. The EXP is also thought to be less
invasive than a Trab. Generally, the EXP has the merits of low risks of hypotonic maculopathy, choroidal
detachment, and shallow anterior chamber because the amount of aqueous humor exiting the bleb from
the anterior chamber is limited [11]. However, due to the limited out�ow of aqueous humor, it is unclear
whether the IOP can be su�ciently reduced for a long term [12]. There are few reports of surgical
outcomes of EXP for low-IOP glaucoma [13–15].

Many investigations have compared the surgical outcomes of Trab and EXP, and several reports state
that these surgeries' ability to lower IOP is comparable [16–18]. We have found no reports of
comparisons of these surgeries for low-IOP glaucoma patients. In the present study, we compared the
surgical outcomes between EXP and Trab surgery for patients with low preoperative IOP. We evaluated
seven factors: (1) the postoperative IOP, (2) the number of postoperative glaucoma medications, (3) the
rate of the reduction of IOP from the preoperative IOP, (4) the postoperative surgical success rate, (5) the
reduction rate of corneal endothelial cell density (ECD), (6) visual acuity (VA), and (7) postoperative
complications.

Patients And Methods

Patients
This was a retrospective, non-randomized observational study. Seventy-two patients (76 eyes) underwent
glaucoma surgeries. Four patients underwent surgery for both eyes; we used the unilateral data of the eye
that was operated earlier. We analyzed the cases of a �nal total of 72 consecutive patients who
underwent EXP (EXP group: 34 eyes) surgery or Trab (Trab group: 38 eyes) for the �rst time at Toyama
University Hospital and were followed for >2 years. We performed these surgeries for patients with
primary open angle glaucoma (POAG) and the mean preoperative IOP ≤16 mmHg. We de�ned the
preoperative IOP as the mean IOP of the patient's three visits just before he or she underwent preoperative
treatment.

All cases during the period from September 2014 to January 2020 were recruited. We performed EXP
from September 2014 to March 2018, and after that we performed Trab in all cases. We included patients
who simultaneously underwent cataract surgery. Glaucoma patients other than those with POAG and
who had undergone other glaucoma surgery were also excluded. Two glaucoma specialists (N.T. and
A.H.) diagnosed the cases of POAG.

All patients underwent a comprehensive ophthalmic examination including refraction, Goldmann
gonioscopy, Goldmann applanation tonometry (GAT), a fundus examination, automated perimetry
(Humphrey Field Analyzer; Carl Zeiss Meditec, Dublin, CA), measurement with optical coherent
tomography (OCT) RS-3000 (Nidek; Aichi, Japan), the measurement of central corneal ECD with an EM-
4000 specular microscope (Tomey; Nagoya, Japan), and the measurement of the central corneal
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thickness (CCT) with AS-OCT (CASIA SS-1000; Tomey, Nagoya, Japan). The IOP was measured by GAT.
We did not �x the time point for the measurement of IOP.

The patients had already used maximally tolerated glaucoma medications but required further treatment
to lower their IOP due to the progression of their visual-�eld disorder. The surgical indication was judged
by one glaucoma specialist (N.T.). The research protocol was approved by the Institutional Review Board
of the University of Toyama, and the procedures used conformed to the tenets of the Declaration of
Helsinki. After the nature and possible consequences of the study were explained to the patients, written
informed consent was obtained from all individual participants included in the study.

Surgical techniques
All patients were operated on by one surgeon (N.T.), who has abundant experience performing EXP and
Trab. The EXP surgical technique in all cases was as follows. Retrobulbar anesthesia was administered.
A standard fornix-based conjunctival incision was made to gain exposure to the scleral bed adjacent to
the limbus. A single 3.5-mm2 square scleral �ap was created. Mitomycin C (MMC) solution (0.04 mg/ml)
was applied below the conjunctiva and below the scleral �ap for 4 min. At this point, the eye was a
completely enclosed space, and thus the MMC solution could not �ow into the anterior chamber. The
treated area was then irrigated with approx. 100 ml of balanced salt solution. If the patient needed
simultaneous cataract surgery, the cataract surgery was performed at this time. Phacoemulsi�cation was
performed with a WhiteStar Signature system (Abbott Medical Optics, Santa Ana, CA), and an intraocular
lens (IOL) was implanted from the clear temporal cornea. Regarding the surgical indications for cataract
surgery, since the present study was a retrospective analysis, no clear criteria were established for visual
acuity (VA), the Emery grade, or patient age; cataract surgery was performed based on the operator's
judgment.

The scleral �ap was lifted, and a 25-ga. needle was horizontally inserted into the anterior chamber at the
surgical limbus to create a path for the Ex-PRESS® (model P50); the 25-ga. needle was inserted into the
anterior chamber from the sclera-cornea transition zone parallel with the iris. The Ex-PRESS shunt was
then inserted into the anterior chamber. The scleral �ap was sutured using 10-0 nylon while the tension
on the sutures was adjusted to maintain the anterior chamber depth with a slow �ow of aqueous humor
around the margins of the scleral �ap. Most of the cases were sutured with two stitches. The conjunctiva
was meticulously closed with 10-0 nylon sutures. We con�rmed that there was no leakage from the blebs.

The Trab surgical technique was as follows, in all cases. The differences from the EXP were that: (1) a 4-
mm2 square scleral �ap consisting of a double layer was created; (2) the trabecular meshwork was
excised; and (3) the peripheral iris was incised. Most of the cases were sutured with four stitches.

Postoperative medication
The postoperative treatment protocol was the same in both the EXP and Trab groups. The postoperative
treatments consisted of topical steroids, antibiotics, and non-steroidal anti-in�ammatory drugs (NSAIDs).
The antibiotics were applied for 4–6 weeks after the surgery. The steroid and NSAIDs were reduced over a
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12-week period after the interventions. After the surgeries, glaucoma medications were stopped in all
cases. Glaucoma medications were added at the discretion of the patients' physicians. We counted a
compounded agent as two medications.

Evaluation of the factors
We used two success criteria. We de�ned a successful surgery as a post-operative reduction in the IOP
>20% (Criterion A) or >30% (Criterion B) from the preoperative IOP. We did not use the absolute value of
postoperative IOP for the de�nition of success. We de�ned failure as meeting one of the following
conditions: (1) post-operative IOP reduced <20% or 30% from the preoperative IOP on two consecutive
visits after the �rst postoperative month; (2) postoperative IOP <5mmHg on two consecutive visits after
the �rst postoperative month; (3) requiring additional glaucoma surgery; or (4) phthisis or loss of light
perception. The de�nition of success did not include the use or non-use of glaucoma medications.

We examined the ECD at the center of the cornea with the EM-4000 specular microscope, which
automatically calculates the density value. The measured values were obtained only once before the
surgery and at 1 and 2 years after the surgery. We de�ned the reduction rate of ECD as the ratio of post-
operative ECD from pre-operative ECD. Since cataract surgery is known to affect ECD, we compared the
survival rate in ECD, excluding cases that underwent simultaneous cataract surgery.

We measured the patients' VA with decimal visual acuity. We converted the values to the logMAR
(minimum angle of resolution) and evaluated the change of VA. Since cataract surgery is known to affect
postoperative VA, we compared the difference of preoperative VA and postoperative VA, excluding cases
that underwent simultaneous cataract surgery.

We evaluated the postoperative complications as (1) shallow anterior chamber (subjectivity observed
with a slit lamp), choroidal detachment, hypotony maculopathy (fold in macula due to hypotony),
hyphema (niveau formation), vitreous hemorrhage, vitreous prolapse, leaking bleb (needed suture or
needling), visual acuity aggravation (aggravated more than 0.2 with logMAR), and bullous keratopathy
(the ECD could not be measured with the EM-4000 microscope).

Statistical analysis
A Wilcoxon signed-rank test and Student's t-test were used. A log-rank test was used for the comparison
of the results of a Kaplan-Meier analysis. All of the statistical analyses were performed with JMP Pro 14
software (SAS, Cary, NC). Assuming that the standard deviation of the postoperative IOP was 3.0 mmHg,
we found that a total of 34 pairs of values was necessary to detect a meaningful difference of 2.0 mmHg
with respect to the IOP daily variation with 80% power and the two-sided signi�cance level of 0.05.
Signi�cance was de�ned as p-values <0.05.

Results

Ophthalmic data
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We analyzed 72 patients. The surgeries were conducted without intraoperative complications such as
expulsive hemorrhage. All cases were followed-up without additional glaucoma surgery within 2 years.
The characteristics of the EXP and Trab groups are summarized in Table 1. No ophthalmic parameters
were signi�cantly different between the two groups.

Table 1
Patients' characteristics

  Ex-press

(34eyes)

Trab

(38 eyes)

p-value

Age, yrs 70.1 ± 12.2 68.4 ± 10.0 0.519

Simultaneous cataract surgery, eyes 11/34 (32.3%) 17/38 (44.7%) 0.242

CCT, mm 523 ± 33 518 ± 28 0.527

Preoperative IOP, mmHg 13.4 ± 2.3 13.5 ± 2.0 0.860

Preoperative medications 3.9 ± 0.6 3.5 ± 0.9 0.145

Preoperative ECD, cells/mm2 2294 ± 441 2350 ± 362 0.677

Preoperative visual acuity, logMAR 0.402 ± 0.376 0.222 ± 0.378 0.051

ECD: endothelial corneal cells density

Postoperative IOP
The postoperative IOP data are summarized in Table 2. The means of the postoperative IOPs at 1, 3, 6
and 18 months were signi�cantly higher in the EXP group compared to the Trab group. The postoperative
medications are summarized in Table 3. In the EXP group, the mean numbers of glaucoma medications
used at 6 and 12 months were signi�cantly higher than those in the Trab group. The EXP patients thus
tended to require more glaucoma medications. The reduction rate of IOP is described in Table 4. At 2
years post-surgery, the IOP reduction rate in the EXP group was a 22.8% decrease, and that in the Trab
group was a 33.4% decrease. The mean of the reduction rate of IOP was signi�cantly higher in the Trab
group (p=0.0471).
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Table 2
Comparison of postoperative IOP between Ex-press

and trabeculectomy

  Ex-press Trab p-value

preoperative 13.4 ± 2.3 13.5 ± 2.0 0.860

1 mo 8.8 ± 4.8 6.4 ± 3.5 0.0142

2 mos 9.4 ± 4.0 7.5 ± 3.9 0.0514

3 mos 9.6 ± 3.7 7.6 ± 3.0 0.0104

6 mos 9.1 ± 2.2 7.6 ± 3.2 0.0277

12 mos 9.5 ± 2.8 8.3 ± 3.3 0.0841

18 mos 10.0 ± 2.2 8.6 ± 3.2 0.0353

24 mos 10.2 ± 3.1 8.9 ± 3.2 0.0758

Data are mmHg.

Table 3
The number of postoperative glaucoma

medications

  Ex-press Trab p-value

Preoperative 3.9 ± 0.6 3.7 ± 0.8 0.145

3 mos 0.3 ± 1.0 0.2 ± 0.6 0.459

6 mos 0.9 ± 1.4 0.5 ± 1.2 0.221

12 mos 1.4 ± 1.7 0.6 ± 1.3 0.024

18 mohs 1.8 ± 1.9 1.2 ± 1.5 0.140

24 mos 1.9 ± 1.8 1.4 ± 1.6 0.263
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Table 4
Rate of IOP decline

  Ex-press Trabe p-value

3 mos 27.0 ± 27.5 44.1 ± 21.3 0.0042

6 mos 30.4 ± 20.1 43.0 ± 23.9 0.0188

12 mos 28.0 ± 20.6 37.8 ± 25.6 0.0825

18 mos 23.0 ± 23.2 35.6 ± 25.1 0.0349

24 mos 22.8 ± 21.1 33.4 ± 24.2 0.0471

The data are percentages. IOP: intraocular pressure.

Success rate
The results of the Kaplan-Meier analysis are illustrated in Figures 1 and 2. The surgical outcomes were
not signi�cantly different (Criterion A, p=0.900; Criterion B, p=0.150; log-rank test). The respective success
rates for Criterion A at 6, 12, 18, and 24 months were 85.3%, 79.4%, 76.5%, and 76.5% in the EXP group
and 94.7%, 84.2%, 79.0%, and 76.3% in the Trab group. The respective success rates for Criterion B at 6,
12, 18, and 24 months were 67.5%, 55.9%, 44.1% and 38.2% in the EXP group and 76.3%, 68.4%, 63.2%,
and 52.6% in the Trab group.

We de�ned success without medications as complete success. The ratio of complete success (Criterion
A) was 32.4% (11 eyes) in EXP group and 42.1% (16 eyes) in Trab group, there was no signi�cant
difference (p = 0.393). The ratio of complete success (Criterion B) was 17.6% (6 eyes) in EXP group and
31.6% (12 eyes) in Trab group, there was no signi�cant difference (p = 0.173).

The survival rate of ECD
The mean ECD value and survival rate of ECD are shown in Table 5. The survival rate of ECD after 2 years
was not signi�cantly different between the EXP (94.8%) and Trab (92.3%) groups (p=0.410). Since
cataract surgery is a factor that affects ECD, we also show data excluding cases of simultaneous
cataract surgery. The survival rate of ECD after 2 years was not signi�cantly different between the EXP
(92.6%) and Trab (90.5%) groups (p=0.731).
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Table 5
Corneal endothelial cell density and survival rate

total Ex-press

(34 eye)

Trab

(38 eyes)

p-value

Preoperative ECD, cells/mm2 2294 ± 441 2350 ± 362 0.677

12 mos ECD, cells/mm2 2194 ± 565 2305 ± 471 0.470

24 mos ECD, cells/mm2 2182 ± 502 2178 ± 477 0.663

12 mos Survival rate, % 95.4 ± 14.2 98.3 ± 14.2 0.629

24 mos Survival rate, % 94.8 ± 14.1 92.3 ± 20.8 0.410

Excluding the cases of simultaneous cataract surgery Ex-press

(23 eye)

Trab

(21 eyes)

 

Preoperative ECD, cells/mm2 2247 ± 507 2309 ± 422 0.662

12 mos ECD, cells/mm2 2077 ± 532 2292 ± 501 0.185

24 mos ECD, cells/mm2 2117 ± 640 2098 ± 497 0.917

12 mos Survival rate, % 92.6 ± 12.1 99.7 ± 15.1 0.104

24 mos Survival rate, % 92.6 ± 13.4 90.5 ± 25.0 0.731

ECD: endothelial corneal cells density

Best Collected Visual acuity
Table 6 provides the data of the mean VA and the difference from the preoperative VA to the
postoperative VA. Since cataract surgery is a factor that affects VA, we also show data excluding cases
of simultaneous cataract surgery. In the EXP group, there were many cases of poor preoperative VA, but
there was no signi�cant difference versus the Trab group (p=0.051). Regarding the difference in VA
before and after surgery, the VA had declined at 1 year and 2 years post-surgery in the Trab group,
whereas there was no decline at 1 and 2 years post-surgery in the EXP group. The patients who
underwent the EXP procedure tended to have less visual loss than those who underwent the Trab
procedure, but the difference was not signi�cant (p=0.469). Since cataract surgery is a factor that affects
VA, we also show data excluding cases of simultaneous cataract surgery. The results were similar, visual
loss after EXP was less, but no signi�cant difference (p=0.251).
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Table 6
Changes in visual acuity (VA)

total Ex-press

(23 eyes)

Trab

(21 eyes)

p-value

Preoperative VA (logMAR) 0.402 ± 0.376 0.222 ± 0.373 0.051

12 mos (logMAR) 0.461 ± 0.421 0.320 ± 0.420 0.158

24 mos (logMAR) 0.469 ± 0.451 0.390 ± 0.565 0.562

12 mos VA difference 0.059 ± 0.192 0.097 ± 0.246 0.471

24 mos VA difference 0.067 ± 0.228 0.176 ± 0.409 0.174

Excluding the case of simultaneous cataract surgery Ex-press

(23 eyes)

Trab

(21 eyes)

p-value

Preoperative VA (logMAR) 0.420 ± 0.375 0.253 ± 0.419 0.170

12 mos (logMAR) 0.504 ± 0.379 0.332 ± 0.495 0.200

24 mos (logMAR) 0.508 ± 0.403 0.506 ± 0.668 0.988

12 mos VA difference 0.085 ± 0.177 0.079 ± 0.240 0.936

24 mos VA difference 0.088 ± 0.214 0.253 ± 0.641 0.251

Complications
The postoperative complications are summarized in Table 7. There was no signi�cant difference in
complications related to low IOP such as shallow anterior chamber, choroidal detachment, and hypotony
maculopathy. Since the Trab procedure requires the excision of the trabecular meshwork and the incision
of the peripheral iris, the rates of vitreous hemorrhage were signi�cantly higher in the Trab group
(p=0.047).
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Table 7
Complications

  Ex-press Trab p-value

Shallow anterior chamber 5 6 0.898

Choroidal detachment 6 6 0.833

hypotony maculopathy 0 0 1.000

Hyphema 5 6 0.898

Tube occlusion 0 0 1.000

Vitreous hemorrhage 0 3 0.047

Vitreous prolapse 0 2 0.256

Leaking bleb 1 4 0.190

Visual acuity aggravation 9 10 0.988

Bullous keratopathy 1 1 0.936

Discussion
The Ex-PRESS surgery and the trabeculectomy both signi�cantly reduced IOP even in cases of low
preoperative IOP. The trabeculectomy reduced IOP more compared to the EXP. There was no signi�cant
between-group difference in the surgeries' success rates.

There have been several reports that both EXP and Trab are useful for treating low-IOP glaucoma. Naito
et al. reported that Trab lowered the IOP from 13.9 to 8.1 mmHg at 2 years [4], and Schultz et al. stated
that Trab lowered the IOP from 13.1 to 8.5 mmHg [9]. The present surgical outcomes are equivalent to
these previous reports, which also indicated that Trab could suppress the progression of visual �eld
deterioration [4, 9].

In a study by Aihara et al., the use of EXP lowered the IOP from 14.8 to 10.0 mmHg in one year, achieving
a 31.1% reduction of IOP [15]. In our present study, the IOP reduction provided by EXP was equivalent to
28.0% at 1 year post-surgery. The Collaborative NTG study reported that a 30% reduction was
recommended for normal-tension glaucoma (NTG) [19]. In our present patient series, the reduction in the
EXP group at 2 years was 22.8%, whereas that in the Trab group was 33.4%. The reason for this
difference is that in the EXP procedure, a small amount of aqueous humor can �ow out, and as a result,
the IOP might be higher than that achieved with a Trab. We reported that the volume of �ltered blebs after
EXP declined by 26% per year [20]. It is expected that a large bleb will be maintained with a low IOP for a
long period. The trabeculectomy has the advantage of lowering the IOP to a greater degree compared to
EXP. Trab had a double layer scleral �ap, which could decrease IOP more.
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There are several ways to de�ne success after glaucoma surgery [21]. Since the present patients'
preoperative IOP was low, we did not use a cut-off IOP value for the de�nition of surgical success. There
was no signi�cant difference between the Trab and EXP surgeries when the <20% or <30% reductions in
IOP were successful. Considering that a 30% reduction is recommended, Trab seems to be slightly better.
This study was a retrospective analysis and did not compare preoperative and postoperative visual �eld
results; it is thus unclear whether a 20% reduction in the IOP is su�ciently effective. Oie et al. reported
that there was a correlation between the IOP reduction ratio and the speed of deterioration in the visual
�eld [22].

We observe that the postoperative VA was less deteriorated in the EXP group. Since our study included
cases of simultaneous cataract surgery, we could not investigate the changes in VA affected by
glaucoma surgery without this factor. In the Trab group, the VA was more likely to deteriorate despite the
inclusion of more patients with simultaneous cataract surgeries in this group. This might be have
contributed to the decrease in the IOP being too low. Naito et al. reported that an IOP <7 mmHg posed a
risk of a decline in the VA [4]. An investigation by Beltran et al. revealed that patients who underwent a
Trab were more likely to lose ≥2 Snellen lines compared to those who underwent an EXP [23].
Astigmatism is likely to occur when the IOP is low [24], and astigmatism might affect VA. Several studies
reported that VA recovery after EXP was more rapid than that after Trab [18, 23, 25]. EXP might therefore
have an advantage concerning postoperative VA.

In the present study, there was no signi�cant between-group difference in the reduction ratio of ECD at 2
years post-surgery, but the reduction of ECD was slightly greater in the Trab group. Several studies
reported that Trab or EXP reduced the ECD by 2.2–23.0% in a 2-year period [13, 17, 26, 27]; however, in
one of the studies the EXP surgery reduced the ECD rapidly [13], whereas others observed that EXP could
not reduce ECD rapidly [17, 28]. We reported that postoperative ECD varies depending on the insertion
position of the EXP [29]. If the EXP is inserted in the correct position (the trabecular meshwork), it might
prevent ECD loss more effectively. The EXP procedure does not require the resection of the iris and
trabecular meshwork, and it results in less in�ammation compared to a Trab. Strong in�ammation might
decrease the ECD more rapidly [30, 31].

There are many reports that EXP has fewer complications than Trab [11, 17, 18]. In the present study as
well, the vitreous hemorrhage and vitreous prolapse that are characteristic of a Trab did not occur in the
EXP group. For these reasons, EXP might pose a lower risk of complications. The EXP also has a
characteristic complication of tube obstruction [32], but this did not occur in the present series of
patients.

The preoperative IOPs of our patients were very low, and surgeries that require further IOP reduction could
pose a high risk of complications associated with low IOP such as shallow anterior chamber, choroidal
detachment, and hypotony maculopathy. Notably, the Trab results in more out�ow to outside of the eye,
and we thus suspected that the Trab might result in more complications associated with low IOP.
However, there was no between-group difference in complications associated with low IOP. Arimura et al.
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reported that EXP caused choroidal detachment in 18% of their patients whereas Trab caused it in 12.5%,
which was not a signi�cant difference [17]. Our present results are similar. Appropriate laser suture-lysis
could lower the risk of complications.

In terms of medical economy, Patel et al. reported that EXP was associated with greater surgical cost
compared with Trab [33].

There are some study limitations to address. This was a retrospective analysis. There is a risk that the
results would vary greatly depending on the preoperative IOP values. We did not consider IOP
�uctuations. Our patient population included cases with simultaneous cataract surgery, and it has been
reported that simultaneous cataract surgery has poorer surgical results and is more likely to reduce the
ECD rapidly [34, 35]. We did not de�ne the indications for glaucoma surgery, cataract surgery, and
additional glaucoma medications. The number of patients was small, and the follow-up period was short.

Even in an era when many glaucoma devices are available, the number of surgical methods for patients
with low preoperative IOP might be limited. Since both EXP and Trab could adjust the postoperative IOP
to some extent, these surgeries were considered �rst for our patients. Trab has a greater ability to lower
the IOP. Since the surgical results of glaucoma focus on the postoperative IOP, it seems that Trab is the
better surgical method. However, we cannot recommend surgery that has a high possibility of
postoperative complications, even if the IOP decreases more. Both surgeries were useful for patients with
low preoperative IOP, and both have advantages and disadvantages. It is necessary to judge these
surgeries by the outcomes over a long-term follow-up.
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