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Purpose: We compared the corneal endothelial cell loss between trabeculectomy (Trab) and Ex-Press® surgery (EXP) for low- 
intraocular pressure (IOP) glaucoma patients.
Patients and Methods: This was a single-facility retrospective study. We analyzed the cases of patients with primary open-angle 
glaucoma (POAG) and pre-operative IOP ≤ 21 mmHg who had undergone Trab or EXP surgery and were followed for >3 years. 
Noncontact specular microscopy was used to determine the corneal endothelial cell density (CED) before and after Trab or EXP 
surgery. We measured the CED at 12, 24, and 36 months post-surgery. We compared the CED values and CED survival ratio after both 
surgeries using paired t-tests.
Results: We included 39 eyes that underwent Trab and 36 eyes that underwent EXP surgery. In the Trab group, the mean CED value 
had decreased from 2333 ± 399 at baseline to 2066 ± 587 cells/mm2 after 3 years. In the EXP group, the mean CED value had 
decreased from 2320 ± 393 at baseline to 2229 ± 460 cells/mm2 after 3 years. The survival ratio of CED at >3 years was 89.3 ± 14.2% 
(Trab group) and 95.6 ± 11.1% (EXP group); compared to the Trab surgery, the EXP surgery thus significantly decreased the CED loss 
(p = 0.037). No case resulted in bullous keratopathy.
Conclusion: Compared to trabeculectomy, Ex-Press® surgery appears to be a safer surgical method with regard to the endothelial cell 
loss risk.
Keywords: Ex-Press, glaucoma, corneal endothelial cell, trabeculectomy

Introduction
Normal tension glaucoma accounts for ~90% of all glaucoma cases in Japan.1 Glaucoma patients with progressive visual 
field aggravation despite low intraocular pressure (IOP) are more common in Japan compared to some other populations. 
There are many options for the surgical treatment of glaucoma, but minimally invasive glaucoma surgery (MIGS) results 
in mid-teen values of the mmHg range, and it might be difficult to achieve a successful outcome of MIGS for patients 
with a low preoperative IOP value.2 Tube shunt surgery is also difficult for patients with low preoperative IOP, due to the 
risk of hypotony.3 For these reasons, there are limited surgical options for glaucoma patients with low preoperative IOP.

Trabeculectomy is the most common glaucoma surgery for patients with low IOP,4 and trabeculectomy was reported to be 
effective for low-IOP glaucoma.5,6 Another surgical option for patients with low preoperative IOP is Ex-Press® surgery (Alcon 
Laboratories, Fort Worth, TX, USA); several studies have indicated that Ex-Press surgery is effective for patients with low 
preoperative IOP.7–9 The Ex-Press is a glaucoma filtration device designed for use in glaucoma surgery, and it was approved in 
Japan in December 2011. The Ex-Press surgery is similar to a trabeculectomy as filtration surgery, but Ex-Press surgery has the 
advantages of not requiring the removal of the trabecular meshwork or a resection of the iris. The surgical outcomes of 
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trabeculectomy and Ex-Press surgery have been compared, and most of these studies described similar surgical outcomes.10–12 

A single investigation reported that Ex-Press surgery resulted in fewer postoperative complications compared to 
trabeculectomy.13

The cornea’s endothelial cells have the function of maintaining the transparency of the cornea. Persistent corneal 
edema (also called “bullous keratopathy”) due to a reduction of corneal endothelial cell density (CED) is one of the 
serious possible complications of filtration surgery.14 Arimura et al stated that Ex-Press surgery decreased their patients’ 
CED faster compared to a trabeculectomy, and they proposed that Ex-Press surgery should not be considered for eyes 
with compromised corneal function.15 As noted by Ishida et al, Ex-Press surgery had the disadvantages of loss of the 
CED compared to trabeculectomy.16 However, Omatsu et al observed that the CED of their patients who underwent Ex- 
Press surgery was decreased by only 0.8% at 2 years postsurgery, and they concluded that Ex-Press surgery was 
beneficial for patients who have a low CED.17 There are thus reports with different opinions regarding the effect of 
trabeculectomy and Ex-Press surgery on CED. Possible reasons for the discrepant opinions include the lack of long-term 
data and the coexistence of various glaucoma types.18

We conducted the present study to investigate the effects of these two surgical techniques on CED, limited to patients 
with primary open-angle glaucoma (POAG). We compared the CED values and the CED reduction ratio between patients 
with POAG who underwent a trabeculectomy and those who underwent Ex-Press surgery.

Patients and Methods
Patients
This was a retrospective single-facility study. We included consecutive POAG patients who underwent a trabeculectomy (the 
Trab group) or Ex-Press surgery (the EXP group) for the first time at Toyama University Hospital and were followed for >3 
years. We excluded patients with glaucoma types other than POAG, such as pseudo-exfoliation glaucoma and secondary 
glaucoma. We also excluded patients with a preoperative IOP value ≥22 mmHg while under treatment with glaucoma 
medication. We excluded patients who had a history of conventional trabeculectomy, laser iridotomy, peripheral iridotomy, or 
keratoplasty. Since the aim of this study was to evaluate the reduction of CED affected by these filtration surgeries, we 
excluded patients who had undergone additional glaucoma surgery. We included patients with a history of cataract surgery, 
trabeculotomy (TLO), selective laser trabeculoplasty (SLT), or vitrectomy before their filtration surgery.

We analyzed 39 eyes (36 patients) that underwent a trabeculectomy during the period from May 2018 to January 2020 
and 36 eyes (34 patients) that underwent an EXP surgery during the period from May 2013 to April 2018. We used 
binocular data for the patients who underwent trabeculectomy or Ex-Press surgery in both eyes. Ex-Press surgery was 
chosen for all cases before April 2018, and trabeculectomy was chosen for all cases after May 2018. Since this study’s 
design was retrospective, we did not define a distinct surgical indication for glaucoma or cataracts. The indication for 
surgery was determined based on the judgment of one glaucoma specialist (N.T).

The study’s research protocol was approved by the Institutional Review Board of the University of Toyama (IRB No. 
R2023254), 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 surgeries were performed by one surgeon (N.T) who has abundant experience conducting both trabeculectomy and Ex-Press 
surgery. The Ex-Press surgical method was as follows. The surgery was performed with the patient under retrobulbar anesthesia. 
A fornix-based conjunctival incision was made, and a single 3.5-mm2 scleral flap was created. Mitomycin C (MMC) 0.04 mg/mL 
was applied below the conjunctiva and scleral flap for 4 min and washed out with approx. 100 mL of balanced saline solution. In 
the case of simultaneous cataract surgery, the cataract surgery was performed at this time. Phacoemulsification was performed 
with a WhiteStar Signature system (Johnson and Johnson, New Brunswick, NJ), and an intraocular lens (IOL) was implanted from 
the clear temporal cornea. Cataract surgery was performed based on the operator’s judgment. A 25-ga. guide needle was inserted 
into the anterior chamber parallel to the iris at the trabecular meshwork, and an Ex-Press shunt (model p50, Alcon Laboratories, 
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Fort Worth, TX) was then inserted into the anterior chamber. The scleral flap was sutured using 10–0 nylon with two stitches. The 
conjunctiva was sutured closed with 10–0 nylon to prevent leakage.

Although the trabeculectomy surgical method has many of the same steps as the Ex-Press surgery, the differences 
from the Ex-Press surgery are as follows: (i) the trabecular meshwork is excised, (ii) the peripheral iris is incised, and (iii) 
the scleral flap is sutured with four stitches.

Postoperative Treatment
The postoperative treatment protocol was same in both groups. The postoperative treatments consisted of topical steroids, 
antibiotics, and non-steroidal anti-inflammatory drugs (NSAIDs). The antibiotics were applied the 4–6 weeks. The 
steroid and NSAIDs were reduced over a 12-week period after the interventions. After surgeries, glaucoma medications 
were stopped in all cases.

Immediately after surgery, laser suture-lysis was performed as necessary, aiming for an IOP of 10 or less. If IOP was 
high even after all suture-lysis were performed, we reduced IOP by needling. We used a bleb knife for needling and did 
not use antimetabolite such as MMC. Glaucoma medications were added at the discretion of the physicians. We counted 
a compounding agent as two medications.

Evaluation of the Rate of CED Reduction
As the measurement method, we used the EM-3000 specular microscope (Tomey Corp., Nagoya, Japan) to observe the 
CED at the center of the cornea a single time and used the value to automatically calculate it. The patient’s CED was 
measured once preoperatively and every 12 months postoperatively. We defined the ratio of CED survival as the ratio of 
the post-operative CED to the pre-operative CED.

Statistical Analyses
We used a paired t-test for comparisons between the Trab and EXP groups. JMP Pro 14 software (SAS, Cary, NC) was 
used for all of the statistical analyses. Significance was defined as a p-value <0.05.

Results
Final totals of 39 (Trab group) eyes and 36 eyes (EXP group) were analyzed. The patients’ ophthalmic data are summarized in 
Table 1, and their post-operative IOP values and glaucoma medications are provided in Tables 2 and 3. In Trab group, there were 
significantly fewer patients who had undergone TLO (p = 0.0287). We could not make an equal comparison. Both the 
trabeculectomy and Ex-Press surgeries significantly decreased the patients’ IOP values and number of glaucoma medications. 
There was no significant between-group difference in the patients’ postoperative IOP (p = 0.918) or number of medications (p = 
0.951). Table 4 presents the two groups’ mean CED values and CED survival ratios. No case in either group resulted in persistent 
corneal edema. At >3 years postsurgery, the CED survival ratio was 89.3% in the Trab group and 95.6% in the EXP group. The 

Table 1 Patients’ Characteristics

Trab (39 Eyes) EXP (36 Eyes) p-value

Age, yrs 65.8 ± 9.8 64.2 ± 11.4 0.829

Simultaneous cataract surgery, eyes 24/39 (61.5%) 15/36 (41.7%) 0.104
CCT, µm 526 ± 31 519 ± 30 0.356

Preoperative IOP, mmHg 15.8 ± 3.4 15.8 ± 3.5 0.931

Preoperative medications 3.5 ± 0.9 4.0 ± 0.5 0.0126
Preoperative CED, cells/mm2 2333 ± 399 2320 ± 393 0.885

History of SLT, eyes 2/39 (5.1%) 5/36 (13.9%) 0.187

History of TLO, eyes 1/39 (2.6%) 6/36 (16.7%) 0.0287

Abbreviations: CCT, Central corneal thickness; CED, corneal endothelial cells density; Trab, trabe
culectomy; EXP, Ex-Press surgery; SLT, Selective laser trabeculoplasty; TLO, Trabeculotomy.
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patients who underwent the Ex-Press surgery thus had a significantly lesser decrease in CED compared to the patients who 
received a trabeculectomy (p = 0.037).

As an additional analysis, we compared the survival rates of CED between patients who underwent simultaneous 
cataract surgery and those who underwent glaucoma surgery alone. The results are shown in Table 5. Our results showed 
that simultaneous cataract surgery did not play a significant role in CED loss.

Discussion
The results of our present analyses of 75 eyes that underwent a trabeculectomy or Ex-Press surgery demonstrated that 
both surgeries significantly decreased the patients’ IOP; at >3 years postsurgery, the mean postoperative IOP was 
9.6 mmHg in the Trab group and 9.6 mmHg in the EXP group. There are multiple reports that the postoperative IOP 
results of trabeculectomy and Ex-Press surgery were equivalent.10–13 Our present results are similar. It has been reported 
that the postoperative IOP was 13.1–14.7 mmHg after Ex-Press surgery and 13.1–13.9 after trabeculectomy.5,10,12 Our 

Table 2 Comparison of Postoperative IOP 
Between Ex-Press and Trabeculectomy

Trab EXP p-value

Preoperative 15.8 ± 3.4 15.8 ± 3.5 0.931

6 mos 8.9 ± 3.5 9.1 ± 2.6 0.882

12 mos 8.2 ± 3.7 9.5 ± 3.0 0.107
18 mos 9.2 ± 3.6 9.8 ± 3.2 0.505

24 mos 9.6 ± 3.7 9.6 ± 3.5 0.993

30 mos 9.3 ± 3.6 9.7 ± 3.3 0.666
36 mos 9.6 ± 3.3 9.5 ± 3.3 0.918

Note: Data are mmHg. 
Abbreviations: Trab, trabeculectomy; EXP, Ex-Press surgery.

Table 3 The Number of Postoperative 
Glaucoma Medications

Trab EXP p-value

Preoperative 3.5 ± 0.9 4.0 ± 0.5 0.0126

6 mos 0.6 ± 1.3 0.6 ± 1.3 0.912
12 mos 1.0 ± 1.5 1.4 ± 1.7 0.289

18 mos 1.5 ± 1.4 1.7 ± 1.8 0.558

24 mos 1.7 ± 1.4 1.7 ± 1.8 0.810
30 mos 1.9 ± 1.4 2.1 ± 1.6 0.644

36 mos 2.1 ± 1.5 2.1 ± 1.6 0.951

Abbreviations: Trab, trabeculectomy; EXP, Ex-Press 
surgery.

Table 4 Corneal Endothelial Cell Density and Survival Rate

Trab EXP p-value

Preoperative CED, cells/mm2 2233 ± 399 2320 ± 393 0.885

12 mos CED, cells/mm2 2245 ± 493 2282 ± 410 0.730
24 mos CED, cells/mm2 2135 ± 558 2196 ± 468 0.592

36 mos CED, cells/mm2 2066 ± 587 2229 ± 460 0.288
12 mos Survival ratio, % 96.4 ± 13.0 98.5 ± 6.7 0.379

24 mos Survival ratio, % 90.0 ± 12.5 94.0 ± 11.1 0.247

36 mos Survival ratio, % 88.5 ± 14.2 95.6 ± 11.1 0.037

Abbreviations: CED, endothelial corneal cells density; Trab, trabeculectomy; EXP, 
Ex-Press surgery.
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surgical outcomes included IOP values that are lower compared to those of the previous reports. However, clinicians 
need to aim for postoperative IOP values that are even lower than low preoperative IOP values. In our present 
investigation, we excluded the cases of patients who underwent additional glaucoma surgery, and we thus used data 
only from cases in which the surgery was successful.

The central cornea as the measurement site for the CED was not exactly the same site in all cases, and a measurement 
error may certainly have occurred. Our results also showed that in the EXP group, the CED values at 3 years post-surgery 
were further increased compared to the values at 2 years.

The mean CED survival ratios after 3 years of follow-up were 88.5% in the Trab group and 95.6% in the EXP group. 
In other words, the CED reduction ratio was 11.5% in the Trab group and 4.4% in the EXP group. There are few reports 
of long-term CED outcomes after a trabeculectomy or Ex-Press surgery.18 According to a study by Higashide et al, 
trabeculectomy decreased the CED of POAG patients by 4.8% after 2 years.15 Arimura et al noted that at 2 years post- 
surgery, the use of trabeculectomy had decreased the CED by 2.2% and the use of Ex-Press surgery had decreased the 
CED by 18.0%; they concluded that Ex-Press surgery resulted in a greater CED loss compared to trabeculectomy.15

On the other hand, several research groups reported that trabeculectomy caused a greater CED loss than Ex-Press 
surgery. Omatsu et al stated that at 2 years post-surgery, trabeculectomy had decreased the CED from 2505 ± 280 to 2277  
± 385 cells/mm,2 and Ex-Press surgery had decreased the CED from 2377 ± 389 to 2317 ± 449 cells/mm2.17 The mean 
CED reduction ratio at 12 months post-surgery in a study by Lee et al was 18.2 ± 13.3% in their trabeculectomy group 
and 10.0 ± 7.0% in their Ex-Press surgery group.19 The reduction ratio of CED varies widely among existing studies, 
especially among patients who underwent Ex-Press surgery. One of the reasons for this large variation might be due to 
the insertion site used in Ex-Press surgery. In one of our group’s earlier studies, we compared the CED loss between 
cornea insertion and trabecular meshwork insertion, and we observed that the mean CED reduction ratio was 5.2% in the 
trabecular meshwork insertion group and 15.1% in the corneal insertion group.20

It is well known that glaucoma filtration surgery decreases the CED. The mechanisms that underlie the loss of CED 
after filtration surgery might be multifactorial. Factors such as the effects of MMC, inflammatory cytokines, and the 
abnormal aqueous humor flow might also be involved.21–23 Although trabeculectomy decreased CED year by year, Ex- 
press surgery decreased less CED in long-term. The application of an iridectomy might be a major reason why the CED 
decreases faster in trabeculectomy compared to Ex-Press surgery. Trabeculectomy requires iridectomy, whereas Ex-press 
surgery does not require iridectomy. It has been reported that an iridectomy decreased the CED.24,25 Another possible 
effect of an iridectomy is the secretion of inflammatory cytokines. Macdonald et al reported that inflammatory cytokines 
decreased the CED.23 The chronic inflammation might persist in the eye after iridectomy for long time.

This study has some limitations to address. There are many causes for the decrease in corneal endothelial cells, including the 
effects of previous surgery or laser treatment, the severity of postoperative inflammation, peripheral anterior synechia formation, 
postoperative shallow anterior chamber, and postoperative treatment. It is difficult to quantify and compare all of this information, 
and this study did not perform a multifactorial analysis. We did not consider potential confounding factors that might influence 

Table 5 Comparison of Corneal Endothelial Cell Survival Rate Between Glaucoma Surgery Alone 
and Simultaneous Cataract Surgery

Trab (15 Eyes) EXP (21 Eyes) p-value

Glaucoma surgery alone 12 mos Survival ratio, % 99.2 ± 11.8 97.5 ± 7.0 0.604
24 mos Survival ratio, % 89.5 ± 11.7 92.6 ± 12.8 0.467
36 mos Survival ratio, % 88.6 ± 12.0 93.1 ± 12.9 0.282

Trab (24 eyes) EXP (15 eyes) p-value

Simultaneous cataract surgery 12 mos Survival ratio, % 94.5 ± 13.6 99.6 ± 6.0 0.379

24 mos Survival ratio, % 91.7 ± 13.1 96.0 ± 8.1 0.247
36 mos Survival ratio, % 89.7 ± 15.9 99.0 ± 7.0 0.037

Abbreviations: CED, endothelial corneal cells density; Trab, trabeculectomy; EXP, Ex-Press surgery.
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long-term outcomes, such as systemic diseases, medication use, and smoking other than filtration surgery. For this reason, this 
study only evaluated a portion of the cause of the CED loss.

This study focused on EXP and Trab and was considered under the assumption that these two groups underwent the 
same conditions. In fact, there are some different conditions in the comparison between the two groups. For example, we 
included patients who had undergone cataract surgery, TLO, or SLT, and these surgeries affect the loss of the CED.26–28 

Simultaneous cataract surgery did not affect CED loss significantly in this study. The number of patients with a history of 
TLO differed significantly between the two groups. Postoperative shallow anterior chamber is a factor in corneal 
endothelial cell loss.29 There were two cases in each group that occurred a shallow anterior chamber after surgery 
(p = 0.934). The mean of survival ratio of CED after 3 years was 74.3 ± 21.3% in Trab group and 81.5 ± 23.0% in EXP 
group. In this study, the CED with postoperative shallow anterior chamber decreases rapidly.

The patients’ CED was measured only once. It is desirable to measure the CED several times and use the average 
value to avoid measurement error. In this study, the EM-3000 we used cannot automatically measure the coefficient of 
variation and hexagonality. We only evaluated the mean cell density. The number of patients in this investigation may 
also have been too small to evaluate the CED loss.

In conclusion, our results suggest that compared to trabeculectomy, Ex-Press surgery might be a factor preventing 
endothelial cell loss over a long period of term.
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