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Abstract
Glaucoma is one of the leading causes of blindness worldwide, and reduction of intraocular pressure (IOP) is
the only available evidence-based treatment that reduces visual field deterioration in glaucoma. We present
a representative case of structural recovery and recovery of visual field progression after successful
trabeculectomy (TLE) with long-term follow-up. A 35-year-old woman with glaucoma visited our hospital in
2008. The IOP in her right eye was 11 mmHg at the first visit, and subsequently increased to values in the
high teens to 20 mmHg despite treatment with anti-glaucoma eye drops. During this period, the progression
of this eye’s visual field deterioration was fast (mean deviation [MD] slope = −0.63 dB/year) and the optic
disc cupping was advanced. In the seven-year period after successful TLE in 2014, the IOP declined to
between 8 and 12 mmHg without any anti-glaucoma medication. During the first two years after TLE, the
MD values were poorer than those before TLE. However, by 2020, MD values improved gradually to a state
better than that before the surgery (MD slope during this period was +0.75 dB/year). The appearance of the
optic disc was monitored using fundus photography, which showed optic disc morphological changes during
topical glaucoma medication before and after TLE. In particular, a remarkable reversal of optic disc cupping
enlargement started at two weeks after TLE, and the optic disc shape in 2021 was similar to that in 2008.

Minimally invasive glaucoma surgeries are often preferred; however, our findings suggest that successful
TLE followed by long-term rigorous IOP control can result in structural recoveries. Additionally, despite the
deterioration in visual field in the early years after TLE, in the long term, it may settle down to the same
level before the surgery with recovery of visual field progression, which may be a part of functional recovery.
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Introduction
Trabeculectomy (TLE) is an important surgical procedure for glaucoma because it can be applied to all
glaucoma types and it can lower the intraocular pressure (IOP) to a higher degree than that achieved by
recently developed minimally invasive glaucoma surgeries [1-4]. However, complications associated with
TLE, such as loss of visual acuity, hypotony, infection, cataracts, bleb leakage, and cataract progression,
among others, have discouraged some surgeons from practicing this procedure [5]. Nevertheless, TLE surgery
may benefit patients by decreasing the depth of the lamina cribrosa (reversal of cupping) and increasing the
minimum rim width and area of the optic disc [6-10]. Additionally, TLE may slow the rate of perimetric decay
from glaucoma and improve the long-term cell function of the retinal ganglion cells [11]. However, evidence
for these benefits is limited due to lack of reporting during long-term follow-ups on morphological and
visual field recoveries following successful TLE [12,13].

Here, we present a case describing 12 years of follow-up (six years both before and after TLE) on a patient
whose visual field sustained remarkably with the recovery of visual field progression, along with a reversal
of glaucomatous optic disc changes after TLE. Although minimally invasive glaucoma surgeries are often
preferred [1-4], this case report suggests that sustained maintenance of low IOP after TLE is important.

Case Presentation
This report received approval from the Institutional Review Board of Saneikai Tsukazaki Hospital (IRB no.
201061) and was performed according to the tenets of the Declaration of Helsinki. In 2008, a 35-year-old
female patient at Tsukazaki Hospital was diagnosed with primary open-angle glaucoma in the right eye (the
left eye was normal). Her right and left eye IOPs were 11 and 15 mmHg, respectively. The visual acuity
values in her right and left eyes were 0.4 (1.5 × S − 0.75D = C − 0.5DAx170°) and 1.5 (1.5), respectively. Right
and left central corneal thickness values were 448 and 461 μm, respectively. The axial length was 24.4 mm in
both eyes. The optic disc of the right eye appeared glaucomatous, with inferior rim thinning and defects in
the retinal nerve fiber layer (vertical cup/disc [C/D] ratio = 0.72). The mean deviation (MD) as measured by
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the Humphrey visual field analyzer (Carl Zeiss Inc., Dublin, CA; Swedish Interactive Threshold Algorithm
[SITA]-standard, 24-2) was −6.88 dB in the right eye. Consequently, we started latanoprost 0.005% in the
right eye. During three years of this treatment, however, the IOP continued to increase to 14-16 mmHg,
whereas the MD value gradually decreased. Considering the thinness of her central cornea, we added a fixed
combination of dorzolamide 1% and timolol 0.5% in the right eye in 2011. Nevertheless, the IOP increased
to between 17 and 20 mmHg during 2012. Thus, we performed a 360-degree selective laser trabeculoplasty
in 2013 (top panel, Figure 1).

FIGURE 1: Progress of visual field and intraocular pressure during 12
years
(A) IOP measured by Goldmann applanation tonometry. (B) MD and gray scale measured by the Humphrey
visual field analyzer (HFA).

IOP, intraocular pressure; MD, mean deviation; TLE, trabeculectomy. Dashed arrow indicates the timing of
TLE.

The same eye drop regimen as that before the operation was administered; however, the IOP did not
decrease, and reached 22 mmHg in June 2014 (Figure 1A). Thereafter, we performed TLE with 0.04%
mitomycin C. Before the surgery, right eye MD was −9.59 dB and the MD slope was −0.63 dB/year (Figure
1B). After the surgery, IOP values ranged from 8 to 12 mmHg, without any medication, until 2021. Once MD
deteriorated during the two years after TLE, the visual field progression began recovering and subsequently
reverted to the pre-TLE level. The post-surgery MD slope was 0.75 dB/year between September 2014 and
December 2020 and the MD at the final visit was −8.66 dB, similar to previous TLE. Moreover, the visual filed
was sustained by reduction in the IOP efficiency caused by successful TLE. At the final visit in 2021, the
visual acuity values for her right and left eyes were 1.2 (1.5 × S+ 0.5D = C − 1.0DAx15°) and 0.8 (1.5× S− 0.5D),
respectively. Her right and left eye IOPs were 12 and 15 mmHg, respectively.

In Figure 2, the morphological changes in the optic disc demonstrate structural recovery during 12 years of
patient follow-up after TLE.

FIGURE 2: Optic disc morphological changes during 12 years of follow-
up
(A) Optic disc appearance three months after starting medication in 2008: the optic disc appears oval
(H/V ratio = 0.78) and the C/D ratio was 0.72. (B) Optic disc appearance before TLE in 2014: compared to
2008, inferior and superior rim widths appear thinner, optic cupping appears enlarged (C/D ratio = 0.78), and
optic disc is becoming circular (H/V ratio = 1.0). (C) Optic disc after two weeks of TLE: optic cupping appears
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to be decreasing (C/D ratio = 0.61) and the origin of the blood vessels is closer to the center. The H/V ratio
was 1.0. (D) Optic disc in 2020: it has regained its oval shape (H/V ratio = 0.84) and the rim width and area are
similar to those of 2008 (C/D ratio = 0.72) (A).

H/V, horizontal/vertical disc diameter; C/D, vertical cup/disc diameter

Discussion
Our report shows the recoveries of optic disc shape (structure) and functionally maintained visual field
during long-term follow-up after TLE. A previous analysis shows that TLEs are associated with significantly
stable optic disc progression (3% vs. 10%, TLE vs. medication, respectively; P = 0.07) and more incidences of
reversal of cupping (13% vs. 1%, TLE vs. medication, respectively; P < 0.001) [14]. Moreover, such reversal of
cupping, i.e., displacement of the lamina cribrosa, after TLE is associated with greater IOP reduction,
younger age, and smaller baseline C/D ratios [15]. Additionally, cases in which reversal cupping is large are
associated with a gain of +3dB in MD [15]. These findings suggest that TLE is advantageous when patients
are young and at the early stage of glaucoma. This is supported by a recent report that early visual field
improvement after TLE is more likely to occur in patients with mild/moderate glaucoma, whereas the visual
field of patients with severe glaucoma will tend to decline greatly over one year [16]. This is consistent with
our case report: the patient was 35 years old and with moderate glaucoma (MD = −9.59) at the time of TLE.
TLE is also beneficial by reducing IOP fluctuation. For instance, the diurnal fluctuation in IOP may decrease
from 8.6 to 4.9 mmHg, and this effect is more pronounced in phakic eyes [17]. This observation is
particularly relevant to ‘low-teens normal-tension’ type of glaucoma, because a high degree of long-term
diurnal IOP fluctuation is a significant risk factor in the progression of glaucoma [18]. In our case, IOP
fluctuated by approximately 8 mmHg in the three years prior to TLE, which was reduced to approximately 2
mmHg after TLE. The change in the optic disc shape (oval at baseline to circular before TLE) has been
explained as the effects of IOP on the surface of the anterior lamina, which deforms the lamina posteriorly,
and on the sclera, which causes an expansion of the scleral canal [19]. Therefore, decreasing IOP by TLE will
induce structural changes of sclera, which is associated with changes in optic disc appearances.
Furthermore, clinicians occasionally observe MD aggravation in the initial years after TLE; however, it is not
possible to determine whether this phenomenon depends on the momentum of worsening glaucoma or
invasion of TLE. This case suggests that it is best to observe the phenomenon patiently if the IOP control
appears to be good after TLE.

Our parameter of C/D ratio, H/V ratio using optic disc photography and MD may provide subjective
impressions. It is more persuasive to show objective data using optical coherence tomography (OCT) images.
During the 12 years, however, the OCT instruments were replaced, and the same instrument could only be
used for a few years at most. Therefore, comparing parameters such as optic disc shape, circumpapillary
retinal nerve fiber layer, and macula ganglion cells measured by the same OCT during 12-year treatment was
impossible. The true evaluation of structural and functional recovery after TLE should be judged by MD and
same OCT parameters (no previous study done).

Conclusions
Glaucoma treatment now requires longer time follow-up due to the long life span. Successful TLE followed
by long-term rigorous IOP control can ensure structural recoveries and treat the visual field deterioration at
early phase after TLE by long-term follow-up.
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