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Purpose: The aim of this study was to evaluate the efficacy of trabeculectomy for primary open angle glaucoma (POAG) with low
preoperative intraocular pressure (IOP).

Patients and Methods: This was a retrospective single facility, non-randomized study. We included POAG patients with preoperative
IOP <12 mmHg who were taking maximally tolerance glaucoma medications. We enrolled 11 patients who underwent trabeculectomy
and could be followed for >3 years. We used the value of inclination of the mean deviation (MD) slope (dB/year) as the speed of
progression of visual field defects as an index of surgical efficacy. We compared the MD slope before and after trabeculectomy.
Results: The mean preoperative IOP was 11.1+1.4 mmHg and the mean postoperative IOP was 6.5+2.5, 8.6+2.8 and 8.8+2.1 mmHg
at 1, 2, and 3 years respectively. The inclination value of MD slope significantly improved from —1.19+0.35 to —0.13+0.37 dB/year
(p<0.001). Trabeculectomy significantly decreased IOP and slowed the progression of visual field defects.

Conclusion: The results suggest that trabeculectomy might be effective even in patients with very low preoperative IOP.
Keywords: trabeculectomy, glaucoma, low IOP, NTG, MD slope

Introduction

Normal tension glaucoma accounts for more than 90% of all glaucoma cases in Japan.' In Japan, there are many cases of
glaucoma progressing despite low intraocular pressure (IOP) compared to other countries. In many low-IOP patients,
glaucomatous damage to the visual field will progress if treatment is limited to eye drops. Although are multiple surgical
treatments for glaucoma, the options for glaucoma patients with low preoperative IOP are limited. For example, while
minimally invasive glaucoma surgery (MIGS) often reported that the post operative IOP results in mid-teen values of the
mmHg range, and it is difficult to reduce below 12 mmHg.? Tube shunt surgery is effective for glaucoma in general, but
problematic for patients with low preoperative IOP because it is high risk of hypotony.®

On the other hand, trabeculectomy (Trab) has been reported to be effective at mitigating the visual field deterioration
in patients with low-IOP glaucoma,*’ and has become the most common surgery for such patients. During a Trab, a bleb
is formed in the sub-tenon space to receive the outflow of aqueous humor, thereby further lowering the IOP. Following
the Trab procedure in a patient with low-preoperative IOP glaucoma, the IOP must be strictly controlled by suture lysis,
suturing, or needling.

In the special case of glaucomatous patients with very low preoperative IOP under 12 mmHg, it remains controversial
whether surgical intervention is appropriate. However, we have encountered cases in which the visual fields are deteriorated
despite very low IOP with tolerated eye drop treatment. The purpose of this study was to investigate whether trabeculectomy is
effective for such patients. We included cases in which visual field defects progressed even when preoperative [OP was
<12 mmHg. To our knowledge, this is the first study to examine the outcomes of trabeculectomy in patients with very low
preoperative IOP of <12 mmHg. However, the question arises as to whether it is appropriate to evaluate the surgical outcomes
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based on IOP alone for such very low-IOP glaucoma patients. Indeed, Trab that targets very low IOP carries the risk of vision
loss due to postoperative hypotony.g’g Therefore, in addition to postoperative IOP, we compared the rate of deterioration of
visual field defects before and after Trab, and postoperative visual acuity (VA).

Patients and Methods

Patients

This was a retrospective, single facility, non-randomized observational study. We included patients with primary open
angle glaucoma (POAG) and preoperative IOP of 12 mmHg or less. We defined the preoperative IOP as the mean of the
IOPs measured at the two visits prior to surgery while under treatment with glaucoma medication. Inclusion criteria were
as follows: (1) POAG; (2) preoperative IOP <12 mmHg with glaucoma medications; (3) at least five visual field tests
performed before surgery; (4) at least five visual field tests performed after surgery; (6) follow-up for more than 3 years
after surgery; (7) best-corrected VA >0.1. We excluded patients who had undergone filtration glaucoma surgeries, or who
had other eye disorders that affect vision or the visual field.

A total of 11 consecutive patients (11 eyes) who underwent Trab for the first time at Toyama University Hospital or
Oyama Eye Clinic during the period from January 2017 to December 2021 met the inclusion criteria and were included
in this analysis. Among them, 6 patients simultaneously underwent cataract surgery. One glaucoma specialist (N.T.)
diagnosed the cases of POAG and performed Trab.

An experienced glaucoma specialist (N.T) diagnosed POAG using gonioscopy, fundus photography, optical coherent
tomography (OCT) RS-3000 (Nidek; Aichi, Japan), and visual field testing (Humphrey visual field analyzer (HVF); Carl
Zeiss Meditec, Dublin, CA). We measured IOP with Goldmann applanation tonometry (GAT). We did not predetermine
the time of IOP measurement and did not consider the fluctuation of IOP.

Patients who have already received maximum glaucoma medication treatment but have not been found to be effective
in preventing the progression of visual field damage were candidates for surgery. The surgical indication was determined
by a single glaucoma specialist (N.T). This study adhered to the Declaration of Helsinki and was approved by the
institutional review board of the University of Toyama (Approval No. R2024122). We provided a thorough explanation
of possible consequences of the study to all patients before surgery and obtained written informed consent.

Surgical Techniques

All patients were performed by single surgeon (N.T.) with abundant experience in glaucoma filtration surgery. All
patients underwent Trab as follows: Tenon’s capsule anesthesia and conjunctival marking were performed, followed by
fornix-based conjunctival incision and dissection of Tenon’s capsule. After creating a 4x4mm square half-thickness
scleral flap, a deep flap was created. Mitomycin C (MMC) 0.04% was applied for 4 minutes and then thoroughly irrigated
with balanced salt solution. In the case of simultaneous cataract surgery, the cataract surgery was performed at this time.
The surgical indication for simultaneous cataract surgery was determined by a single glaucoma specialist (N.T). The
trabecular meshwork was removed, the peripheral iris was removed, and the scleral flap was sutured. The conjunctiva
was sutured to prevent aqueous humor from leaking from the filtration bleb. Dexamethasone was injected in subcon-
junctiva, and antibiotic and steroid ointments were applied.

Evaluation of the Factors

The VF examinations were performed using a HVF with the standard 30-2 or 10-2 test pattern and the Swedish
Interactive Threshold Algorithm (SITA) standard strategy. The 30-2 and 10-2 indications for visual field tests were
determined by a glaucoma specialist (N.T). Visual field tests were performed preoperatively and postoperatively using
the same visual field test pattern. We excluded cases that had not been examined more than five times with the same
visual field test pattern. Progression of visual field defects was evaluated using analysis software HfaFiles ver.5 (Beeline
Co., Tokyo). This software can display the slope of changes in mean deviation (MD) (dB) against time. We compared
between preoperative and postoperative MD slopes (dB/year) and evaluate the effectiveness of Trab in decreasing the
MD slope. We also used HVF data from contributing hospitals.
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Definition of Success

We defined success as IOP reduction ratio >20% compared to the preoperative IOP. In this study, we did not use the
absolute value of postoperative IOP for the definition of success due to very low preoperative IOP. We defined failure as
following conditions: (1) IOP reduction ratio <20% on two consecutive visits after the first postoperative month; (2) IOP
<5SmmHg on two consecutive visits after the first postoperative month; (3) requiring additional glaucoma surgery; or (4)
phthisis or loss of light perception. In this study, there was no failure criterion for IOP being too low. After Trab surgery,
glaucoma medications were discontinued, and glaucoma medications treatment was added as need. The addition of
glaucoma medication did not affect the definition of success or failure.

Postoperative Complications

We evaluated the postoperative complications as (1) choroidal detachment (CD), (2) shallow anterior chamber (sub-
jectivity observed with a slit lamp), (3) hyphema (niveau formation) (4) hypotony maculopathy (vertical slices of OCT
reveal folds on the macular area due to hypotony), (5) vitreous prolapse, (6) bullous keratopathy (the central corneal
endothelial cell density could not be measured with the EM-3000 specular microscope (Tomey, Nagoya, Japan)) and (7)
endophthalmitis.

Statistical Analysis

We used a Wilcoxon signed-rank test to compare pre- and post-operative outcomes. We used a Kaplan—Meier curve to
estimate the survival rate of Trab surgery. All of the statistical analyses were performed with JMP Pro 14 software (SAS,
Cary, NC). Significance was defined as a p-value <0.05.

Results
Ophthalmic Data

The surgeries were conducted without intraoperative complications such as expulsive hemorrhage. All cases were followed-
up without additional glaucoma surgery within 3 years. The characteristics of the patients are summarized in Table 1.

Postoperative IOP

The postoperative IOPs and the number of glaucoma medications are summarized in Table 2. The means of the postoperative
IOPs at 6, 12, 18, 24, 30 and 36 months were significantly lower than the means of the preoperative IOPs. There was one case

Table 1 Ophthalmic Data

No. of Eyes I

Age, years 632 +92
Gender; male/female 4/7
CCT, m 529 + 34
Preoperative follow-up period, months 83.9 £ 328
No. of preoperative HVF test 9.3 +38
Preoperative MD slope, dB/year —1.19 £ 0.35
MD value immediately before surgery, dB | —14.1 + 3.16
Preoperative IOP, mmHg I+ 1.4
No. of pre-medications 3.7 £ 0.65
Simultaneous cataract surgery 6/11 (54.5%)
Postoperative follow-up period, months 463 + 7.1
No. of postoperative HVF test 68 + 1.5
Postoperative MD slope, dB/year —0.13 £ 037
Final MD value, dB —14.9 + 478

Note: Triple surgery: trabeculectomy and phacoemulsification +
intraocular lens implantation simultaneously.

Abbreviations: CCT, central corneal thickness; IOP, intraocular pres-
sure; HVF, Humphrey visual field; MD, mean deviation.
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Table 2 Postoperative IOP and Number of Medications Numbers

Preoperative

6Mo

12Mo

18Mo

24Mo

30Mo

36Mo

IOR,

IOP,

IOP,

IOP,

IOP,

IOP,

IOP, mmHg
Medications

mmHg (reduction ratio)
Medications

mmHg (reduction ratio)
Medications

mmHg (reduction ratio)
Medications

mmHg (reduction ratio)
Medications

mmHg (reduction ratio)
Medications

mmHg (reduction ratio)

Medications

1.1 +1.4
37+£07

9.0 + 3.4 (19.0 £ 31.0%)
0.1 £03

6.5 + 2.5 (42.0 £ 21.0%)
06+ 14

8.1 + 3.0 (26.9 £ 25.7%)
08+ 15

8.6 + 2.8 (21.9 £ 26.5%)
1.6 £2.0

75 +24 (3.1 £22.4%)
1.7+19

8.8 + 2.1 (19.2 £ 22.2%)
1.7+19

0.0416
<0.0001
0.0062
0.0004
0.0095
0.0004
0.0131
0.0219
0.0006
0.0225
0.0138
0.0225

Note: Numbers in parentheses indicate the number of eye.

Abbreviations: Mo, months; IOP, intraocular pressure.

in which postoperative IOP at 3 years was higher than preoperative IOP. The results of the Kaplan-Meier analysis are

illustrated in Figure 1. The success rates at 12, 24 and 36 months were 81.8%, 45.5% and 36.4%, respectively. As the reasons

for failure, there were five cases due to IOP reduction ratio <20% and two cases due to IOP <5SmmHg.

Visual Field

Nine cases were followed in the 30-2 mode, and 2 cases were followed in the 10-2 mode. Trab significantly improved
the MD slope from —1.19 £ 0.35 to —0.13 + 0.37 dB/year (p<<0.001). There was no case in which the MD slope worsened

100% - ——

75% —

50% —

Survival Probability

25% —

0% —

Figure | The Kaplan-Meier analysis of the |1 eyes.

10 15 20

Time

25 30 35

(month)
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Table 3 Change of Visual Acuity

VA Change from Preoperative VA | p value

Preoperative | 0.170 + 0.345

12Mo 0.288 + 0.264 | 0.118 = 0.172 0.066
24Mo 0.288 + 0.332 | 0.118 = 0.137 0.022
36Mo 0.218 £ 0.290 | 0.048 + 0.168 0.726

Abbreviation: VA, visual acuity.

Table 4 Complications

Choroidal Detachment 4/11 (36.4%)
Shallow anterior chamber 111 (9.1%)
Hyphema /11 (9.1%)
Hypotony maculopathy 0/11 (0%)
Vitreous prolapse 0/11 (0%)
Bullous keratopathy 0/11 (0%)
Endophthalmitis 0/11 (0%)

compared with the preoperative MD slope. By extending the earlier progression of visual field defects across this same
time period, we can estimate that a deterioration of 2.26 dB would have occurred without surgical intervention.

Visual Acuity

Table 3 provides the data of the mean VA and the difference from the preoperative VA to the postoperative VA. The
decimal VA values were converted to logMAR. Even though 6 of the 11 studied cases underwent simultaneous cataract
surgery, VA worsened after surgery. In particular, significant VA decline was observed at two years after surgery, however
no significant VA decline was observed at three-year after surgery. In patients who underwent simultaneous cataract
surgery, VA changed from 0.164 + 0.426 to 0.185 £ 0.296 (p=0.786), while in patients who underwent Trab alone, VA
changed from 0.177 + 0.266 to 0.257 + 0.311 (p=0.352) after 3 years. We did not observe any patients with postoperative
wipe-out phenomenon.

Complications
The postoperative complications are summarized in Table 4. There were no cases with hypotony maculopathy, vitreous
prolapse, bullous keratopathy or endophthalmitis.

Discussion

NTG is defined as a POAG case with an untreated IOP of 21 mmHg or less.’ In this study, we could not confirm their
untreated IOP. However, all included patients might NTG, we considered it impossible to define NTG and therefore
referred to it as POAG. We believe that referring to the literature on NTG (low-IOP POAG) is not a problem.

Several studies have shown that trabeculectomy is also effective for NTG.>'®!' It has been reported that
trabeculectomy for NTG is associated with a high risk of complications.®'? If visual field impairment persists despite
low IOP, it is difficult to decide whether to recommend surgery or monitor the progress with eye drops treatment.
Glaucoma is a multifactorial disease, and it is difficult to grasp the pathology based on just one factor, ie, IOP."
Therefore, in order to confirm that the IOP is truly low and that visual field impairment is progressing, it is necessary to
repeatedly perform visual field tests and measure IOP over several years. In this study, the mean of the follow-up period
before surgery was extremely long at 83.9 months. During that time, visual field tests were performed an average of 9.3
times. It has been reported that visual field tests are more reliable when performed 10 times.'* Therefore, several years
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are required to obtain a reliable set of visual field test results, and glaucoma may worsen over that period. Indeed, in this
study, the mean MD value had progressed to —14.1 dB immediately before surgery.

At present, reduction of the IOP is the only treatment reliably shown to improve glaucoma.'* Our results showed that the
Trab could reduce IOP from 11.1 to 8.8 mmHg. Previous studies reported that Trab for NTG reduced IOP from 13.9 to 9.0
mmHg,"> from 13.9 to 8.1 mmHg,' and from 16.2 to 11.0 mmHg.* Another study estimated that a reduction of 30% or
more in IOP is desirable for NTG."® In this study, a reduction of approximately 20% in IOP was achieved. However, even
with a 20% reduction in IOP, the progression of visual field defect was somewhat mitigated. Trab was suggested to be
effective for glaucoma characterized by progression of the visual field impairment despite low preoperative IOP. It has been
reported that either a 20% reduction from preoperative IOP or holding the IOP to single digits is effective in preventing the
progression of NTG.'""' However, the postoperative IOP needs to be about 6 to 9 mmHg, and very strict postoperative IOP
control is required. In addition, it is expected that the risk of complications due to low IOP will inevitably increase. In this
study, the number of patients who occurred CD was high compared to previous studies.®'°

Naito et al reported that when IOP us lowered below 7 mmHg, there is a high risk of deterioration of VA.'® Our
results showed that VA was poor for up to two years after surgery, and gradually improved over the third year. Shoji et al
reported that the risk factors of deterioration in VA after Trab were CD and shallow anterior chamber.”® These facts
underscore that postoperative management should be performed by a doctor with extensive experience in Trab surgery.

Our results showed that Trab was effective in slowing the rate of visual field deterioration, from —1.19 to —0.13 dB/
year. There have been several reports comparing the rate of progression of visual field defects between before and after
Trab for NTG. Previous groups reported MD slope improvements of —0.70 to —0.25 dB/year,” —0.91 to —0.31 dB/year,’
and —1.05 to —0.25 dB/year.'” Our results were similar to these previous reports.

Factors that have been reported to contribute to the progression of visual field defects include a thin CCT, large
fluctuation of IOP, ocular perfusion pressure and advanced age.?' > Although our study had a small number of patients
and limited statistical power, we believe that it would be desirable to increase the number of patients and investigate risk
factors in the future.

The success of glaucoma surgery is generally determined by the value of postoperative IOP. However, when
preoperative IOP is already very low, the use of postoperative IOP as the sole criterion of surgical success can be
misleading. In this study, five cases resulted in failure due to insufficient IOP reduction, however further reduction in IOP
might increase the risk of failure due to < SmmHg and the risk of VA aggravation. Maintaining long-term visual function
is also an important factor for surgical success. It is thus necessary to consider not only IOP but also visual field and VA.
However, visual field tests are subjective and not always reliable. Including VA as an index of surgical success could help
to compensate for this limitation of visual field tests. Finally, we note that Trab has been reported to worsen VA, albeit
not significantly.?® Patients should be fully apprised of the possibility of a decrease in VA.

It is unclear why there was a correlation between VA and MD slope in our analysis. VA and visual field do not
necessarily correlate.”” In general, VA is often preserved until the end stage of glaucoma, and it is difficult to predict the
visual field from VA. When damage occurs from the nerve fiber in the macula, the MD value may be in the acceptable range,
but VA may be poor. Regarding the correlation between the progression of myopia and visual field defects, reports have
described that patients with shorter axial length are more likely to have progression of visual field defects and that myopia is
not a factor in the progression of visual field defects.®*? Since one of our patients had high myopia (22.93-30.04 mm), the
progression of visual field damage may also have been influenced by myopia in this analysis. In a study with only 11 cases,
we cannot rule out that the inclusion of this highly myopic patient affected the accuracy of our results.

Several other study limitations bear mention. This research contained special cases, and there are many points that differ from
the concept of normal glaucoma surgery. This was a retrospective analysis. Prospective studies would be preferable. Since the
preoperative IOP was very low, the laser suture-lysis was intentionally performed earlier to achieve a lower target IOP than usual.
There is a risk that the results would vary greatly depending on the preoperative IOP values. It has been reported that factors that
contribute to progression of NTG include the presence of history of disc hemorrhage, high baseline IOP, long-term IOP
fluctuation, significantly greater vertical cup-to-disc ratio, ocular perfusion pressure and blood pressure.** > We did not consider
these factors. In addition, we did not analyze the results of visual field testing by segmented subfield. We were unable to compare
the Visual Field Index before and after surgery. We included cases who underwent simultaneous cataract surgery. It has been
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reported that simultaneous cataract surgery affects the outcomes of glaucoma surgical.>* We did not define the indications for

glaucoma surgery, cataract surgery, or additional glaucoma medications. The number of patients and times of visual field test

were small and the follow-up period was short.

Although many glaucoma surgical devices have been developed, surgical methods for cases with very low pre-

operative IOP might be limited. Trab has the advantage of being able to adjust IOP after surgery and to achieve very low

postoperative IOP. Trab was could significantly lower IOP and suppress the progression of visual field defects even in

patients with low preoperative IOP.
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