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Abstract

The trabeculectomy (TRAB) procedure has undergone various modifications to increase the long-term
surgical success and safety profiles. The main issues with TRAB include short and long-term complications,
that are more common with the concomitant use of anti-fibrotic agents. While many surgeons have
predicted the demise of trabeculectomy amidst newer non-penetrating glaucoma surgeries, it is still the gold
standard procedure for patients with an advanced or rapidly progressing disease and for those patients who
need very low intraocular pressures. This review article is unique in summarizing the evolution of
trabeculectomy and its efficacy compared to neoteric shunt procedures while trying to predict if
trabeculectomy has a future in the modern surgical world. We have compared the outcomes and
complications of trabeculectomy to all the surgical procedures available to date and have tried to evolve an
algorithm to help surgeons to decide on their preferred technique.
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Introduction And Background

In this new era of the renaissance of non-penetrating glaucoma surgeries, newer implants, and shunt
procedures, the role of trabeculectomy (TRAB) as the gold standard of glaucoma procedures is ambivalent.
Even though many practitioners claim that TRAB will not survive in the near future, it still remains the first
choice for most glaucoma surgeons. in cases with advanced damage, rapid progression despite maximal
medical therapy, and in patients where the target intraocular pressure (IOP) required is very low.
‘Trabeculectomy' procedure reported by Cairns in 1968 has undergone various modifications to increase
outflow and achieve long-term success [1]. But the main issues with TRAB include short and long-term
complications like hypotony, hypotonic maculopathy, wipe-out phenomenon, bleb leaks, cataracts,
choroidal effusion, and hemorrhage [2]. These complications are accelerated with the concomitant use of
anti-fibrotic, but without them, the chances of short-term failure are also relatively high [3,4]. The advent of
novel minimally invasive glaucoma surgeries (MIGS) and non-penetrating surgeries (NPGS) have paved the
path for lesser complicated yet effective ways of controlling IOP [5-8]. This review article summarizes the
evolution and modifications of TRAB and its comparison of efficacy with neoteric shunt procedures while
trying to answer whether TRAB has a future in the modern surgical world.

Review
Evolution of filtering surgeries

Glaucoma surgery now encompasses a variety of surgeries apart from conventional trabeculectomy (Figure
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FIGURE 1: Schematic diagram illustrating different surgical options for
the treatment of glaucoma

Trabeculectomy underwent significant changes from an initial sclerotomy to an anterior sclerotomy, later a
sclerectoiridectomy in 1906 or limbal trephination and iridencleisis to provide a permanent fistula by using
iris as a wick between the anterior chamber and the subconjunctival space [2]. This was modified with a
peripheral iridectomy and thermal sclerostomy (1958), or posterior lip sclerectomy before guarded filtration
surgeries were introduced to offset the catastrophic complications with full-thickness procedures [2,8,9].

Evolution of partial-thickness procedures

Cairns JE initially described trabeculectomy in 1968 [1] that was later modified by Watson in 1970 [10,11].
Over the years, it has undergone modifications and supplementations to improve long-term success and
reduce complications. Cairns described TRAB as a bypass procedure of making a deep scleral flap with
excision of a small segment of the canal of Schlemm with trabecular tissue, Removal of the trabecular
barrier at that point thus allowed an alternative resistance-free pathway. Few clinicians consider the name a
misnomer, as cutting mainly the Schlemm's canal and adjoining corneal tissue will also serve the purpose,
and clearing the trabecular tissue alone is not mandatory [11]. But the initial procedure was associated with
complications of a full-thickness procedure and had high rates of failure [3,4,10-12].

Complications and the search for newer procedures

Early trabeculectomy filtering procedures were associated with a high rate of complications like hypotony,
hypotonic maculopathy, choroidal detachment, suprachoroidal hemorrhage, bleb-related infections, and
endophthalmitis [12-18]. Early cases of bleb leaks, shallow anterior chamber, and hypotony can be resolved
with the use of large bandage contact lenses, pressure patching, symblepharon rings, and the Simmons shell.
However, a flat anterior chamber with lens-corneal touch requires immediate surgical intervention to
prevent rapid cataract development and irreversible corneal endothelial damage [12-14]. Initial studies have
reported hypotony and choroidal detachment as late as 2-26 months following primary uncomplicated
surgery that warrants a repeat surgery [14,15]. These complications forced surgeons to search for newer
surgeries or ways to increase the safety profile while not compromising on the surgical success of
trabeculectomy.

Partial-thickness procedures- new horizons

Watson and Barnett later modified this procedure by making a 5 x 5 mm partial-thickness flap and making a
corneoscleral window for the passage of aqueous humor [10]. The original TRAB technique described by
Cairns never intended to make a drainage bleb, but later it was observed that cases with good bleb had a
higher success rate. It was then that the focus shifted to considering TRAB as a filtration surgery, and more
attention was focused on the surgical techniques, which facilitated the creation of diffuse drainage blebs
[16-18]. In the late 1960s, in order to create a track between the subconjunctival space and the anterior
chamber, various methods of ab-interno and ab-externo approaches were tried using pulsed Nd: YAG laser,
carbon dioxide laser, and excimer laser [16-19]. However, higher failure rates with laser surgeries make TRAB
the standard procedure of choice for ensuring long-term success [19]. Newer procedures with comparable
IOP outcomes are still evolving and are yet to replace TRAB as the gold standard for preservation of visual
function in early-moderate glaucoma and more so for advanced stages of glaucoma, where TRAB still
remains the surgery of choice.
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Modifications in trabeculectomy

Antifibrotics to the Rescue

Increased use of anti-fibrotic agents like mitomycin C (MMC) and 5-fluorouracil (5-FU) along with TRAB
started in the early 1990s to enhance the success rate, long-term survival rate, and decrease the progression
of glaucoma [15,19-26]. In recent years, the use of MMC has significantly increased, while that of 5-FU has
declined as a preferred practice pattern for primary TRAB [19-22]. A United Kingdom survey recently
reported the use of anti-fibrotic agents in primary TRAB in 93% of their cases, of which 63% used 5-FU and
97% used MMC [20]. Various doses and duration of MMC use have been tried to offset delayed complications
like bleb thinning, bleb leaks, or endophthalmitis. The American Glaucoma Society survey in 2016, claimed
the dosage of MMC as 0.4 mg/mL (ranging from 0.2 to 0.5 mg/mL) applied for 2 minutes (range 45s-3
minutes) for primary TRAB, as the most popular and safer method [20]. Considering the role of angiogenesis
in TRAB failure by wound modulation, the use of anti-VEGF agents is being tried in place of antifibrotics in
TRAB. Liu et al. [21] reviewed eight randomized control trials (RCT) on TRAB with bevacizumab and
concluded that bevacizumab and MMC had similar efficacy in IOP reduction. However, bevacizumab has
been associated with a higher risk of leaking bleb and encystation, with other major issues being cost-
effectiveness and off-label use [22]. The most recent RCT on intracameral bevacizumab in TRAB showed
comparable surgical efficacy and IOP reduction to MMC, but with an increased rate of bleb leaks [23].
Recently the use of Ologen collagen matrix has been found to effectively modulate fibrous tissue formation
thus decreasing the chances of failure [24,25]. Few surgeons have also tried using a combination of Ologen
and MMC, with encouraging results [25]. A five-year follow-up study comparing Ologen to MMC also showed
comparable results in both efficacy and safety between the two groups [26]. However, the cost of the Ologen
implant is a major limiting factor for developing countries.

How Trabeculectomy Lost the Battle

Though TRAB success rates improved with the use of antifibrotics, the rates of delayed complication rates
also increased parallelly, which again questioned the efficacy of TRAB as a standard glaucoma filtering
surgery [15-18,27-30]. Belyea et al. studied 385 eyes that underwent TRAB with antifibrotics (MMC and 5-FU)
and found an incidence of late repetitive multifocal bleb leaks in 1.8% of the eyes [15]. The incidence was
equal among the two antifibrotics according to their study. The median period of the presentation was 20
months post-surgery. Singh et al. [27] studied the complications associated with the use of 0.2 mg/ml of
MMC in TRAB and reported late bleb leaks, scleral necrosis, and hypotonic maculopathy as the major
complications. It is now understood that their use results in the formation of thin and avascular blebs even
in the delayed postoperative period, paving way for the easier migration of pathogens across the bleb and
increased chance of delayed-onset endophthalmitis and blebitis. Incidence of bleb relation infection with
MMC TRAB procedures reduced from 5.7% to 1.2% after the 1990s, after the introduction of MMC into
clinical practice [28]. A recent study by Vaziri et al. [29] reported the incidence of endophthalmitis post
trabeculectomy to be 0.45 = 0.2% for confirmed cases and 1.3 + 0.34% for confirmed plus presumed cases.
The most common microbiological flora isolated from eyes with bleb-related infections includes
Staphylococcus aureus, coagulase-negative staphylococci, Corynebacterium, and Haemophilus influenza [30].

Safe TRAB Re-emergence and Renewal

Since there was an increasing understanding of the causes of MMC-related bleb complications, safer
techniques were now sought to prevent these delayed complications [15,18,30-31]. Khaw et al. [31]. designed
a range of strategies commonly known as Moorfield's safe surgery techniques to improve the control of IOP
as well as to preserve visual acuity by minimizing bleb-related complications and hypotony. Three major
objectives in the adoption of the technique include: 1) prevention of hypotony; 2) prevention of thin
uncomfortable cystic blebs and 3) prevention of limbal leaks of aqueous. Various steps adopted to prevent
hypotony include a fornix-based conjunctival flap, making a small sclerotomy punch, continuous
intraoperative anterior chamber infusion to achieve optimal pressure titration and to prevent hypotony,
posterior placement of the MMC loaded sponges ensuring posterior flow, avoidance of >3minutes of MMC
application at any single time, and a thorough wash of the area after each application. To prevent cystic
uncomfortable blebs, selection of a superior location under the eyelid, larger area of treatment, fornix-based
flap to minimize posterior scarring, and posterior diversion of aqueous by altering scleral flap construction,
are some useful measures for safer TRAB with lower complication rates. Adopting a corneal groove-closure
technique also helps in preventing limbal leaks of aqueous. Adoption of these techniques reduced the
delayed complication rates associated with MMC use and this ushered in a resurgence of TRAB in glaucoma
until the advent of technologically assisted filtering procedures [31].

Technological advancements supersede trabeculectomy
Minimally Invasive Glaucoma Surgery (MIGS)

Those procedures wherein the trabecular meshwork (TM) is incised /excised under direct supervision using
specialized instruments are called ab-Interno or microinvasive glaucoma surgery [32-38]. These include the
usage of trabectome, kahook dual blade, microhook ab-interno trabeculectomy, gonioscopy assisted
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transluminal trabeculotomy (GATT, Figure 2A), ab-interno goniotomy (Figure 2B), and ab-interno
trabeculotomy 360 degrees. These are usually not associated with a bleb, require smaller incisions of entry,
and are therefore not associated with bleb-related complications (Figures /-2). A meta-analysis found the
success rate of trabectome alone to be 46%, and when combined with phacoemulsification to increase to
85%, both achieving >30% IOP reduction [32]. With gonioscopy-assisted transluminal trabeculotomy
(GATT), results have shown an IOP decrease of approximately 7.7 mmHg and 11.1 mmHg at 6 and 12
months, respectively. The number of anti-glaucoma medications (AGMs) reduced by 0.9 and 1.1 on average
at 6 and 12 months [33]. Similarly, trabeculotomy 360 procedures performed on patients with refractory
primary open-angle glaucoma (POAG) reported a 20% IOP reduction in 59% of patients, with the average
number of anti-glaucoma medications dropping from 1.7 = 1.3 to 1.1 + 1.0 medications [34]. However, this
had a 25% failure rate, with the majority requiring a second procedure within 12 months. Another study
comparing ab-interno trabeculectomy with trabectome with ab-externo trabeculectomy found a lower
success rate (22.4% Vs 76.1%), with 43.5 % requiring a second procedure for effective IOP control [35]. Even
now, these procedures are used for moderate to early glaucoma, while TRAB remains the time-tested surgery
for advanced glaucoma. Further, none of these procedures have been reported to offer long-term
preservation of visual function better than TRAB or to be cost-effective for the patient in developing
countries.

FIGURE 2: Comparison of open glaucoma surgery versus minimally
invasive glaucoma surgeries

A- showing intraoperative gonioscopic assisted transluminal trabeculectomy being done with 5-0 prolene suture
through a needle track entry into the anterior chamber. B- shows ab-interno goniotomy. C- shows routine
trabeculectomy being done that entails cutting open part of the trabecular tissue

All images are from the corresponding author's own work.

Non-penetrating glaucoma surgeries (NPGS)

Metanalysis comparing TRAB and non-penetrating glaucoma surgeries (NPGS) has concluded that TRAB
results in much better control of IOP than NPGS [28-32]. Though the complications rates with TRAB are
higher, it is preferable in cases with advanced chronic glaucoma and pseudoexfoliation glaucoma, where
NPGS offers a lower success rate [32]. In 1964, Krasnov published his first report on a novel technique called
"sinusotomy," which consisted of removing a lamellar band of the sclera and opening the Schlemm's canal
over 120° [36]. He believed that the aqueous outflow resistance was mainly at the level of scleral aqueous
drainage veins and not in the trabecular meshwork. Hence, no superficial scleral flap covered the
sclerectomy in this technique. However, the sinusotomy procedure was eventually abandoned due to the
difficult learning curve and less reduction in IOP compared with TRAB.

In 1989, Fyodorov and Kozlov described another technique called deep sclerectomy. In this procedure,
careful scraping of the Schlemm's canal bed is done to remove a homogenous "external trabecular
membrane" that allows aqueous humor to exit through the remaining inner trabecular layers [37]. Later in
1999, Stegmann et al. [38] reported 'viscocanalostomy' where a high molecular weight viscoelastic substance
is injected into the opening of Schlemm's canal to enlarge the canal. This procedure allows the aqueous to
bypass the juxtacanalicular trabecular meshwork and also drains the aqueous from the exposed Descemet's
window. These surgeries were designed as a safer alternative to reduce complications of a full penetrating
procedure while allowing filtration through the Schlemm's canal.

Trabecular bypass and suprachoroidal procedures

Micro-invasive glaucoma implants, targeting the conventional outflow pathway, have emerged in the field
of glaucoma over the last two decades to address an unmet need for better therapeutic options [32-45].
Various approaches have been adopted by these procedures to bring down the IOP by directly bypassing the
trabecular meshwork, dilating the Schlemm's canal, and enhancing the uveoscleral outflow by assessing the
suprachoroidal space and decreasing the aqueous production by ablating the ciliary body. One study
reported a mean reduction of 7.0 * 4.0 mmHg with I-stent combined with phacoemulsification versus a mean
IOP reduction of 5.4 = 3.7 mmHg with phacoemulsification alone, with 84% of the former eyes being
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medication free [39]. Another trial evaluated the safety and efficacy of CyPass® stunt (ab-interno-
supraciliary space shunt) and reported a higher reduction of IOP (77% vs 66%) in eyes that underwent stent
implantation along with cataract surgery. Furthermore, 85% of eyes in the CyPass® group were medication-
free at two years [40]. However, the device was later withdrawn due to certain safety concerns over follow-up
[41]. Gabbay and Ruben did a retrospective analysis on the safety of CyPass® stents and reported few other
adverse effects over a short follow-up like postoperative pressure sikes (28%), hyphema, vitreous
hemorrhage, choroidal effusion, and retinal detachment [42]. A hydrogel implant (XEN) is a newer FDA-
approved implant that helps in shunting aqueous outflow into the subconjunctival space. Studies have
reported a >20% reduction in IOP in 75.4% of patients, with a decrease in an average number of AGMs from
3.5 to 1.7 at 12 months postoperatively [43]. Studies comparing the latest XEN implant to conventional
TRAB have claimed a higher and more efficacious IOP reduction with TRAB [44,45]. Though MIGS is now
recognized as an alternative to TRAB, the major concerns include the steep learning curve and the varying
safety profiles of different surgical procedures. Further, the cost-effectiveness, need for sophisticated
machinery and instruments, and the need for frequent follow-up/additional surgeries, questions the actual
effectiveness for visual function and the long-term applicability of these procedures worldwide.

Trabeculectomy in clinical practice
TRAB Versus Lensectomy

Since cataract extraction alone was reported to cause IOP reduction, TRAB has been compared with cataract
extraction alone in POAG and primary angle-closure glaucoma (PACG) [46-57]. Tham et al. [46] compared
phacoemulsification (PHACO) alone to TRAB with MMC in medically uncontrolled angle-closure glaucoma
without cataracts. Both groups resulted in significant and comparable IOP reduction at 24 months after
surgery (IOP reduction of 34% for PHACO alone vs. 36% for TRAB+MMC, {P=0.76}). Nevertheless,
TRAB+MMC-treated eyes required fewer AGMs than PHACO alone eyes. The same group studied the effect of
combined phaco trabeculectomy (PT) to phacoemulsification alone (PHACO) and claimed that the former
procedure is more effective than PHACO alone group in controlling IOP in medically uncontrolled chronic
angle closure glaucoma eyes with coexisting cataract [47]. However, the PT group was associated with more
surgical complications. An analogous study on POAG patients was done by Takihara et al. [49] and they
concluded that TRAB with MMC in pseudophakic eyes post phacoemulsification is less successful compared
with that in phakic eyes. However, no significant intergroup difference was noted in the number of
postoperative antiglaucoma medications, surgical complications or in the number of laser suture lysis
procedures.

TRAB Combined Cataract and Glaucoma Surgery

There had been numerous studies comparing TRAB with phaco trabeculectomy with anecdotal results (Table
1) [50-57]. However, a recent metanalysis on phaco trabeculectomy (PT) versus TRAB (TRAB) with or
without later phacoemulsification did not find a significant difference in IOP reduction between the two
procedures. A total of 25 studies were included comprising 2315 eyes that underwent PT and 2216 eyes that
underwent TRAB, wherein, PT was associated with a lower risk of postoperative complications and better
best-corrected visual acuity (BCVA) compared to TRAB [50]. Li et al. also evaluated the effect of PT versus
TRAB alone and concluded that the PT group had better outcomes when compared to TRAB. However, the
sample size and the follow-up period were less in their study [51]. Contrary to this Lochhead et al. stated
that TRAB was better with a significant difference in the IOP reduction and surgical success when compared
to PT [52]. Chang et al. [53] compared the effect of PT with 5-FU to TRAB with 5-FU and found conflicting
results wherein the surgical success rate was similar for both, with a greater mean IOP reduction in the
latter. Choy BN asserted an equal IOP control with the TRAB group having more diffuse blebs and less
incidence of failure [54]. Another study by Tan et al. gave contrasting results with a higher rate of
complications in the TRAB group than in the PT group [55]. Lam and Wechsler found comparable IOP
reduction in both eyes at 5 years with both procedures, though, the number of AGMs required
postoperatively was higher in the PT group [56].
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Study
author (Ref)

Lietal.

Lochhead et
al.

Chang et al.

Choy BN

Tan et al.

Lam

and Wechsler

Graf et al.

Method

Retrospective
review

Retrospective

Retrospective
study

Retrospective

Retrospective

Retrospective

Prospective
study

Type of
glaucoma

POAG

POAG

POAG
PACG
CACG
PXF PDG

POAG
CACG
Uveitic-
glaucoma

POAG
PACG

Not
mentioned

POAG
PXG NTG
CAG SEC

Parameters
compared (n)

Phacotrabeculectomy
(49) Trabeculectomy
(65) MMC

Phacotrabeculectomy
(44) Trabeculectomy
(44) No anti-
metabolite used

Phacotrabeculectomy
(45) Trabeculectomy
(47) 5-FU

Phacotrabeculectomy
(20) Trabeculectomy
(18) no anti-
metabolite

Phacotrabecuelctomy
(334)-PACG;608-
POAG)
Trabeculectomy(112-
PACG;208-POAG)

Phacotrabeculectomy-
(44) Trabeculectomy-
(79)

Phacotrabeculectomy
(161) Trabeculectomy
(85)

Outcomes measured

(1) IOP (12 months) (2) Visual
acuity (12 months) (3)
Complete success (IOP <21)
(4) Qualified success (IOP > 21
mmHg, but decreased to <21
mmHg after taking IOP-

lowering medication)

(1) IOP (12 months) (2)
Complications (3) Anti-
glaucomatous medication (4)
Surgical success

(1) IOP (minimum 12 months)
(2) Surgical success (3) Anti-
glaucomatous medication

(minimum 12 months)

1) IOP (3 months) (2) Complete
success (IOP

Complications (12 months)
Needling

1)IOP 2)number of glaucoma
medications, treatment success
rates

(1) IOP (24 months) (2)
Complete success (achieved
target pressure according to
visual field defects)

Limitation

-Small sample size -Short
follow up

-Retrospective

-IOP reduction was
greater with TRAB, -
Surgical success was
similar, still authors
recommend PT over
TRAB

-Short follow up period -
Non-homogenous
population and baseline
characteristics

-Mixed races included -
Non-uniform use of
antimetabolites

Type of glaucoma not
mentioned Retrospective
study—chances of
selection bias Non -
standardised procedures
and use of MMC Multiple
surgeons involved

Unequal sample size

Conclusion

PT better than
TRAB

Mean |IOP
reduction and
surgical success
significantly lower
in PT group

Similar success

rate

Equal IOP control
with both
procedures
Diffuse bleb
formation, lesser
incidence of
hypotony and
failure with TRAB.

PT less
complication than
TRAB, No
difference
between POAG
and PACG

IOP reduction
similar fewer
supplemental
glaucoma
medications in
TRAB group

Comparable
results between
the two
procedures

TABLE 1: Studies comparing outcomes of phacotrabeculectomy with trabeculectomy alone.

IOP- Intraocular pressure; POAG- primary open-angle glaucoma; PACG- primary angle closure glaucoma; PXG- pseudoexfoliative glaucoma; PDG-

pigmentary glaucoma; NTG- normal-tension glaucoma, CACG- chronic angle closure glaucoma, SEC- secondary glaucoma; MMC-mitomycin C; 5-FU-5-

fluorouracil; PT-phaco trabeculectomy; TRAB- trabeculectomy

Li et al. [51]; Lochhead et al. [52]; Chang et al. [53]; Choy BN [54]; Tan et al. [55]; Lam and Wechsler [56]; Graf et al. [57]

TRAB Versus Tube Surgery

Implants have revolutionized glaucoma surgery, especially in refractory cases [58-65]. A recent metanalysis
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TRAB
VERSUS
SHUNT
STUDIES
Author (ref)

Ordenes-
Cavieres et
al.

HaiBo et al.

Tseng et al.

Hong et al.

Minckler et
al.

Gedde eta
al.

comparing five systematic reviews on TRAB versus shunt surgeries concluded that shunt surgeries might
achieve greater qualified success than TRAB [58]. It is, however, not clear whether the aqueous shunts are
superior to TRAB owing to the lack of sufficient evidence with regards to aspects like cost-effectiveness and
long-term visual function preservation. Studies comparing TRAB versus tube surgeries and their outcomes
are listed in Table 2. Another meta-analysis by HaiBo et al. comparing Ahmed glaucoma valve implant (AGV)
to TRAB also reported no significant difference in IOP reduction between the two surgeries [59]. Similarly,
Tseng et al. [60] conducted a Cochrane database systematic review on the safety and efficacy of aqueous
shunts (both Ahmed and Baerveldt implants) in comparison with conventional TRAB and concluded there
were not many differences between aqueous shunts and TRAB for glaucoma treatment. A systematic review
by Hong et al. [61] on glaucoma drainage devices (GDDs, including Ahmed, Molteno, Baerveldt, Krupin) with
a total of 52 studies and 2682 patients, concluded that GDD is more effective in refractory glaucoma. To
summarize, TRAB with MMC seems to be equally effective as tube-shunt surgeries with preservation of
long-term visual function being achieved by both surgeries, albeit with TRAB achieving it for a longer time

[63].

OUTCOME
MEASURED

IOP reduction Surgical
success Safety profile
Visual acuity Visual
field deterioration

-%IOP reduction -
Complete and qualified
success) -Relative risks
for safety profiles

-IOP reduction -
LogMAR visual acuity -
Adverse events -
Quality of life

Surgical success

-IOP reduction -
Complication rate
Surgical success

-IOP reduction -
Success rate -
Complication rate -
Visual outcome

SAMPLE SIZE
AND TYPE OF
GLAUCOMA

Compared 5
systematic
reviews—total of
nine studies;
4RCTs

6 RCTs
comparing 249
AGV 258 TRAB

2099 patients

52 Studies
including 2682
patients

17 RCTs that
used Molteno 6
Baerveldt 3
AHMED 12
Krupin1

212 eyes
comparing tube
versus TRAB

CONCLUSION

Shunts might achieve greater qualified
success than TRAB, but the certainty of the
evidence was low to conclude its superiority
in all other outcomes.

-No significant difference in IOP, AGM
reduction, success rate, and safety concerns

-Inconclusive evidence to report any
difference between two procedures

-GDD are more effective in controlling
refractory glaucoma

-Comparable benefits of shunts to TRAB in all
complex glaucoma. -No advantages in adding
antifibrotics to shunts -Clinical failure rate
comparable to TRAB.

-TRAB had greater IOP reduction than tubes.
-Initial postoperative complications more in
TRAB -Serious complications were similar in
both groups.

TABLE 2: Comparison of tube versus trabeculectomy

LIMITATION

Heterogenous study
population, one study based
on pediatric glaucoma

-Type of glaucoma patient
not clearly defined

Heterogenous study
population -Heterogenous
surgical procedures

-Diverse etiology -
Heterogenous surgical
techniques and implants -
Lack of uniformity in study
designs

Heterogenous study group

-Multiple surgeons -No
standardized definition of
surgical complications

IOP- intraocular pressure; TRAB- trabeculectomy; AGMs- antiglaucoma medications; AGV- Ahmed glaucoma valve; RCT- randomized control trials, GDD-
glaucoma drainage devices

Ordenes-Cavieres et al. [58]; HaiBo et al. [59]; Tseng et al. [60]; Hong et al. [61]; Minckler et al. [62]; Gedde et al. [63]

TRAB Versus Laser Trabeculoplasty
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Laser trabeculoplasty has been a well-established technique for lowering IOP in POAG and ocular
hypertension patients over the last two decades [66-70]. Wise and Witter reported IOP reduction by 10 mm
Hg in 40 patients with phakic eyes, using argon laser, with 65% of these eyes requiring AGMs to control IOP
[66]. The Glaucoma Laser Trial Research Group compared argon laser trabeculoplasty (ALT) to antiglaucoma
medication and found better control in IOP with laser trabeculoplasty alone compared to a single AGM at 6
months, 1 year, and 2 years [67]. Studies evaluating selective laser trabeculoplasty (SLT) and glaucoma
surgery are lacking in the literature. The EMGT (Early Manifest Glaucoma Trial) study observed that a 1
mmHg reduction in IOP from baseline decreased the risk of progression by 10% [68]. The advanced glaucoma
intervention study (AGIS) looked at the effect of ALT before or after TRAB and found no change in white
individuals. Neither prior ALT nor prior TRAB had a statistically significant effect on the failure of other
procedures [69]. For 168 patients with uncontrolled chronic glaucoma, Migdal and Hitchings conducted a
prospective clinical study comparing laser trabeculoplasty, medical therapy, and surgery as the primary
therapy and concluded that the surgical group had the lowest average intraocular pressures and was the
most successful at managing IOP diurnal swings [70]. Whilst laser trabeculoplasty resulted in a smaller
reduction in pressure, these individuals were more likely to have high-pressure spikes.

TRAB in current glaucoma practice
TRAB In POAG

The role of TRAB in primary open-angle glaucoma patients (POAG) is well-established, however, there had
been few anecdotal reports from few studies on its IOP reduction rates and visual field progression rates [71-
75]. A recent study by Mataki et al. [71] in POAG documented a visual field (VF) progression of 0.7 decibels
(dB)/year with a mean IOP of 15.7 mmHg. Similarly in a US-based study, Iverson et al. [72] reported a VF
progression rate of 1.1 dB/year pre-operatively that had a mean IOP of 13.5 mmHg. Caprioli et al. [73] also
confirmed in their study that TRAB can improve or maintain long-term visual function, a result that has not
been proved unequivocally with other newer or older glaucoma surgeries.

TRAB In PACG

TRAB is the most common procedure used to reduce the IOP in both acute primary-angle closure glaucoma
and chronic primary-angle closure glaucoma that are unresponsive to medical and laser treatment [76-77].
The overall success rate of TRAB varies from 68% to 100% depending upon the race and population [77].
However, because of the complications associated with TRAB, including cataract development, this is now
less preferred. Adding to this is the high incidence of malignant glaucoma in this group of patients.

TRAB in Pseudoexfolaition Glaucoma

Pseduoexfoliative glaucoma (XFG) is known to be more aggressive than other types of glaucoma with a high
rate of intraoperative complications like vitreous loss, zonular damage, clinically significant choroidal
detachment, and choroidal hemorrhage [78-81]. Popovic and Sjostrand [80] compared the efficacy of TRAB in
XFG eyes and POAG eyes and reported comparable results in both with a marginally better outcome in XFG
eyes. Contrary to this, a recent study by Li et al. proclaimed significantly lower long-term success rates at 3
years and 5 years of follow-up in XFG eyes than in POAG eyes, though the short-term success rates were
similar [81]. Ehrnrooth et al. [78] compared 55 POAG eyes with 83 XFG eyes and found a significantly higher
overall success rate for patients with POAG than XFG and reported that a higher preoperative IOP>30 mm Hg
in the early postoperative period having an adverse effect on the surgical success of TRAB in XFG. Another
study by Gurlu et al. [79] found no significant difference in the long-term success of TRAB between the two
groups whose clinical characteristics are otherwise similar.

TRAB in Normal Tension Glaucoma (NTG)

Several landmark trials and studies have reported the efficacy of TRAB in NTG [82-87]. Naito et al. studied
the effectiveness of TRAB in NTG patients with IOP<15 mmHg and found a significant reduction in mean
IOP (8.1 + 2.9 mmHg) and the number of AGMs (0.8 + 1.5) [86]. In the Collaborative Normal-Tension
Glaucoma Treatment Study (CNTGS) [83,84], nearly half of the eyes had undergone surgery, with an average
post-operative IOP of 10.6 mmHg. The EMGT study [82], suggested that ALT may have a limited function in
the treatment of NTG. A recent study that evaluated the effectiveness and long-term outcomes of TRAB
using Moorfield’s technique claimed to have more successful long-term outcomes along with better safety
and visual acuity preservation [87].

Conclusions
TRAB for glaucomatologist-a friend or foe?

Thus, even amidst a myriad of newer surgical techniques, trabeculectomy still remains the preferred
procedure, especially for those patients with advanced glaucoma and rapidly progressive disease. The ab-
Interno procedures, MIGS, and newer microshunts are advised mainly in mild to moderate open-angle
glaucoma cases and are relatively contraindicated in angle-closure cases. TRAB and implants/shunts still
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remain the rescue surgery in all refractory cases and inflammatory and neovascular glaucoma cases. MIGS
and other ab-interno surgeries have expanded our options for treatment of mild to moderate stages of
glaucoma, but fail to reach IOP levels at, or below the episcleral venous pressure achieved with a
trabeculectomy. The IOP reduction achieved with trabeculectomy alone surpasses all the novel innovative
methods. As our glaucoma population ages, there is an increasing need to titrate the IOP to a single-digit
value that can be achieved only with TRAB compared to all novel operations. TRAB has been time-tested in
terms of long-term success in a reduction in IOP, surgical success, and the preservation of visual fields. The
evolution of safe surgical techniques and optimization of antifibrotic use has reduced the complication rate
and increased the surgical success rates for TRAB. For those who have predicted the demise of
trabeculectomy, we conclude that trabeculectomy does have a future and will remain the go-to procedure in
most advanced and refractory cases in the coming decades.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

The authors would like to acknowledge the Hyderabad eye research foundation.

References

1. Cairns JE: Trabeculectomy. Preliminary report of a new method . Am ] Ophthalmol. 1968, 66:673-9.

2. Rulli E, Biagioli E, Riva I, Gambirasio G, De Simone I, Floriani I, Quaranta L: Efficacy and safety of
trabeculectomy vs nonpenetrating surgical procedures: a systematic review and meta-analysis. JAMA
Ophthalmol. 2013, 131:1573-82. 10.1001/jamaophthalmol.2013.5059

3. Wilkins M, Indar A, Wormald R: Intra-operative mitomycin C for glaucoma surgery. Cochrane Database Syst
Rev. 2005, CD002897. 10.1002/14651858.CD002897.pub2

4.  Wormald R, Wilkins MR, Bunce C: Post-operative 5-Fluorouracil for glaucoma surgery. Cochrane Database
Syst Rev. 2001, CD001132. 10.1002/14651858.CD001132

5. Azuara-Blanco A, Katz LJ: Dysfunctional filtering blebs . Surv Ophthalmol. 1998, 43:93-126. 10.1016/50039-
6257(98)00025-3

6. Spaeth EB: Symposium: Glaucoma surgery. All imaginable types. I. History of early surgical treatment .
Trans Pa Acad Ophthalmol Otolaryngol. 1975, 28:138-41.

7.  Wood CA: A system of ophthalmic operations: being a complete treatise on the operative conduct of ocular
diseases and some extraocular conditions causing eye symptoms. JAMA. 1911, 20:1499-1500.
10.1001/jama.1911.02560200067037

8. Elliot RH: A preliminary note on a new operative procedure for the establishment of a filtering cicatrix in
the treatment of glaucoma. Ophthalmoscope. 1909, 7:804.

9. Scheie HG: Retraction of scleral wound edges: as a fistulizing procedure for glaucoma . Am | Ophthalmol.
1958, 45:220-9. 10.1016/0002-9394(58)90246-0

10. Watson PG, Barnett F: Effectiveness of trabeculectomy in glaucoma . Am ] Ophthalmol. 1975, 79:831-45.
10.1016/0002-9394(75)90745-x

11. Razeghinejad MR, Spaeth GL: A history of the surgical management of glaucoma . Optom Vis Sci. 2011,
88:E39-47. 10.1097/0PX.0b013e3181fe2226

12.  Gabai A, Cimarosti R, Battistella C, Isola M, Lanzetta P: Efficacy and safety of trabeculectomy versus
nonpenetrating surgeries in open-angle glaucoma: a meta-analysis. ] Glaucoma. 2019, 28:823-33.
10.1097/1]G.0000000000001323

13.  Vastardis I, Fili S, Perdikakis G, Gatzioufas Z, Kohlhaas M: Estimation of risk-benefit ratio and comparison
of post-operative efficacy results between trabeculectomy and canaloplasty. Eur ] Ophthalmol. 2021,
31:1405-12. 10.1177/1120672120914491

14. Burney EN, Quigley HA, Robin AL: Hypotony and choroidal detachment as late complications of
trabeculectomy. Am J Ophthalmol. 1987, 103:685-8. 10.1016/s0002-9394(14)74330-2

15. Belyea DA, Dan JA, Stamper RL, Lieberman MF, Spencer WH: Late onset of sequential multifocal bleb leaks
after glaucoma filtration surgery with 5-fluorouracil and mitomycin C. Am J Ophthalmol. 1997, 124:40-5.
10.1016/s0002-9394(14)71642-3

16. L'Esperance FA Jr, Mittl RN: Carbon dioxide laser trabeculostomy for the treatment of neovascular
glaucoma. Trans Am Ophthalmol Soc. 1982, 80:262-87.

17. Federman JL, Wilson RP, Ando F, Peyman GA: Contact laser: thermal sclerostomy ab interna . Ophthalmic
Surg. 1987, 18:726-7.

18.  Litwin RL: Successful argon laser sclerostomy for glaucoma. Ophthalmic Surg. 1979, 10:22-4.

19. Vinod K, Gedde SJ, Feuer WJ, Panarelli JF, Chang TC, Chen PP, Parrish RK 2nd: Practice preferences for
glaucoma surgery: a survey of the American Glaucoma Society. ] Glaucoma. 2017, 26:687-93.
10.1097/1]G.0000000000000720

20. Kirwan JF, Lockwood AJ, Shah P, et al.: Trabeculectomy in the 21st century: a multicenter analysis .
Ophthalmology. 2013, 120:2532-9. 10.1016/j.0phtha.2013.07.049

2022 Rao et al. Cureus 14(8): €27834. DOI 10.7759/cureus.27834 9of 12


https://pubmed.ncbi.nlm.nih.gov/4891876/
https://dx.doi.org/10.1001/jamaophthalmol.2013.5059
https://dx.doi.org/10.1001/jamaophthalmol.2013.5059
https://dx.doi.org/10.1002/14651858.CD002897.pub2
https://dx.doi.org/10.1002/14651858.CD002897.pub2
https://dx.doi.org/10.1002/14651858.CD001132
https://dx.doi.org/10.1002/14651858.CD001132
https://dx.doi.org/10.1016/s0039-6257(98)00025-3
https://dx.doi.org/10.1016/s0039-6257(98)00025-3
https://pubmed.ncbi.nlm.nih.gov/1103377/
https://dx.doi.org/10.1001/jama.1911.02560200067037
https://dx.doi.org/10.1001/jama.1911.02560200067037
https://scholar.google.com/scholar?q=intitle:A preliminary note on a new operative procedure for the establishment of a filtering cicatrix in the treatment of glaucoma
https://dx.doi.org/10.1016/0002-9394(58)90246-0
https://dx.doi.org/10.1016/0002-9394(58)90246-0
https://dx.doi.org/10.1016/0002-9394(75)90745-x
https://dx.doi.org/10.1016/0002-9394(75)90745-x
https://dx.doi.org/10.1097/OPX.0b013e3181fe2226
https://dx.doi.org/10.1097/OPX.0b013e3181fe2226
https://dx.doi.org/10.1097/IJG.0000000000001323
https://dx.doi.org/10.1097/IJG.0000000000001323
https://dx.doi.org/10.1177/1120672120914491
https://dx.doi.org/10.1177/1120672120914491
https://dx.doi.org/10.1016/s0002-9394(14)74330-2
https://dx.doi.org/10.1016/s0002-9394(14)74330-2
https://dx.doi.org/10.1016/s0002-9394(14)71642-3
https://dx.doi.org/10.1016/s0002-9394(14)71642-3
https://pubmed.ncbi.nlm.nih.gov/6190294/
https://pubmed.ncbi.nlm.nih.gov/3431799/
https://pubmed.ncbi.nlm.nih.gov/384319/
https://dx.doi.org/10.1097/IJG.0000000000000720
https://dx.doi.org/10.1097/IJG.0000000000000720
https://dx.doi.org/10.1016/j.ophtha.2013.07.049
https://dx.doi.org/10.1016/j.ophtha.2013.07.049

Cureus

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

Liu X, Du L, Li N: The effects of bevacizumab in augmenting trabeculectomy for glaucoma: a systematic
review and meta-analysis of randomized controlled trials. Medicine (Baltimore). 2016, 95:€3223.
10.1097/MD.0000000000003223

Koike KJ, Chang PT: Trabeculectomy: a brief history and review of current trends . Int Ophthalmol Clin.
2018, 58:117-33. 10.1097/110.0000000000000231

Vahedian Z, Mafi M, Fakhraie G, Zarei R, Eslami Y, Ghadimi H, Mohebbi M: Short-term results of
trabeculectomy using adjunctive intracameral bevacizumab versus mitomycin c¢: a randomized controlled
trial. ] Glaucoma. 2017, 26:829-34. 10.1097/1]G.0000000000000741

Senthil S, Rao HL, Babu ]G, Mandal AK, Garudadri CS: Comparison of outcomes of trabeculectomy with
mitomycin C vs. ologen implant in primary glaucoma. Indian ] Ophthalmol. 2013, 61:338-42. 10.4103/0301-
4738.109520

Dada T, Kusumesh R, Bali SJ, Sharma S, Sobti A, Arora V, Panda A: Trabeculectomy with combined use of
subconjunctival collagen implant and low-dose mitomycin C. ] Glaucoma. 2013, 22:659-62.
10.1097/1JG.0b013e3182594f5b

Cillino S, Casuccio A, Di Pace F, Cagini C, Ferraro LL, Cillino G: Biodegradable collagen matrix implant
versus mitomycin-C in trabeculectomy: five-year follow-up. BMC Ophthalmol. 2016, 16:24. 10.1186/s12886-
016-0198-0

Singh J, O'Brien C, Chawla HB: Success rate and complications of intraoperative 0.2 mg/ml mitomycin C in
trabeculectomy surgery. Eye (Lond). 1995, 9 ( Pt 4):460-6. 10.1038/eye.1995.107

Rai P, Kotecha A, Kaltsos K, Ruddle JB, Murdoch IE, Bunce C, Barton K: Changing trends in the incidence of
bleb-related infection in trabeculectomy. Br ] Ophthalmol. 2012, 96:971-5. 10.1136/bjophthalmol-2011-
300926

Vaziri K, Kishor K, Schwartz SG, Maharaj AS, Moshfeghi DM, Moshfeghi AA, Flynn HW Jr: Incidence of bleb-
associated endophthalmitis in the United States. Clin Ophthalmol. 2015, 9:317-22. 10.2147/OPTH.S75286
Ramakrishnan R, Bharathi MJ, Maheshwari D, Mohideen PM, Khurana M, Shivakumar C: Etiology and
epidemiological analysis of glaucoma-filtering bleb infections in a tertiary eye care hospital in South India.
Indian ] Ophthalmol. 2011, 59:445-53. 10.4103/0301-4738.86311

Khaw PT, Chiang M, Shah P, Sii F, Lockwood A, Khalili A: Enhanced trabeculectomy: the Moorfields Safer
Surgery System. Dev Ophthalmol. 2012, 50:1-28. 10.1159/000334776

Kaplowitz K, Bussel I, Honkanen R, Schuman JS, Loewen NA: Review and meta-analysis of ab-interno
trabeculectomy outcomes. Br ] Ophthalmol. 2016, 100:594-600. 10.1136/bjophthalmol-2015-307131

Grover DS, Godfrey DG, Smith O, Feuer W], Montes de Oca I, Fellman RL: Gonioscopy-assisted transluminal
trabeculotomy, ab interno trabeculotomy: technique report and preliminary results. Ophthalmology. 2014,
121:855-61. 10.1016/j.0phtha.2013.11.001

Bussel II, Kaplowitz K, Schuman JS, Loewen NA: Outcomes of ab interno trabeculectomy with the
trabectome after failed trabeculectomy. Br ] Ophthalmol. 2015, 99:258-62. 10.1136/bjophthalmol-2013-
304717

Jea SY, Francis BA, Vakili G, Filippopoulos T, Rhee DJ: Ab interno trabeculectomy versus trabeculectomy for
open-angle glaucoma. Ophthalmology. 2012, 119:36-42. 10.1016/j.0phtha.2011.06.046

Krasnov MM: Sinusotomy in glaucoma (Article in Russian) . Vestnik Oftalmologii. 1964, 77:37-41.

Mermoud A: Sinusotomy and deep sclerectomy. Eye (Lond). 2000, 14 ( Pt 3B):531-5. 10.1038/eye.2000.140
Stegmann R, Pienaar A, Miller D: Viscocanalostomy for open-angle glaucoma in black African patients . |
Cataract Refract Surg. 1999, 25:316-22. 10.1016/s0886-3350(99)80078-9

Samuelson TW, Sarkisian SR Jr, Lubeck DM, et al.: Prospective, randomized, controlled pivotal trial of an ab
interno implanted trabecular micro-bypass in primary open-angle glaucoma and cataract: two-year results.
Ophthalmology. 2019, 126:811-21. 10.1016/j.0ophtha.2019.03.006

Vold S, Ahmed I, Craven ER, et al.: Two-Year COMPASS Trial Results: supraciliary microstenting with
phacoemulsification in patients with open-angle glaucoma and cataracts. Ophthalmology. 2016, 123:2103-
12.10.1016/j.ophtha.2016.06.032

Reiss G, Clifford B, Vold S, He ], Hamilton C, Dickerson J, Lane S: Safety and effectiveness of CyPass
supraciliary micro-stent in primary open-angle glaucoma: 5-year results from the COMPASS XT Study. Am |
Ophthalmol. 2019, 208:219-25. 10.1016/j.2j0.2019.07.015

Gabbay IE, Ruben S: CyPass® micro-stent safety and efficacy at one year: what have we learned? . J Curr
Glaucoma Pract. 2019, 13:99-103. 10.5005/jp-journals-10078-1264

Grover DS, Flynn WJ, Bashford KP, Lewis RA, Duh YJ, Nangia RS, Niksch B: Performance and safety of a new
ab interno gelatin stent in refractory glaucoma at 12 months. Am J Ophthalmol. 2017, 183:25-36.
10.1016/j.2j0.2017.07.023

Theilig T, Rehak M, Busch C, Bormann C, Schargus M, Unterlauft JD: Comparing the efficacy of
trabeculectomy and XEN gel microstent implantation for the treatment of primary open-angle glaucoma: a
retrospective monocentric comparative cohort study. Sci Rep. 2020, 10:19337. 10.1038/s41598-020-76551-y
Wagner FM, Schuster AK, Emmerich J, Chronopoulos P, Hoffmann EM: Efficacy and safety of XEN®-
Implantation vs. trabeculectomy: data of a "real-world" setting. PLoS One. 2020, 15:e0231614.
10.1371/journal.pone.0231614

Tham CC, Kwong YY, Baig N, Leung DY, Li FC, Lam DS: Phacoemulsification versus trabeculectomy in
medically uncontrolled chronic angle-closure glaucoma without cataract. Ophthalmology. 2013, 120:62-7.
10.1016/j.ophtha.2012.07.021

Tham CC, Kwong YY, Leung DY, et al.: Phacoemulsification versus combined phacotrabeculectomy in
medically uncontrolled chronic angle closure glaucoma with cataracts. Ophthalmology. 2009, 116:725-31,
731.e1-3.10.1016/j.ophtha.2008.12.054

Song BJ, Ramanathan M, Morales E, Law SK, Giaconi JA, Coleman AL, Caprioli J: Trabeculectomy and
combined phacoemulsification-trabeculectomy: outcomes and risk factors for failure in primary angle
closure glaucoma. ] Glaucoma. 2016, 25:763-9. 10.1097/1]G.0000000000000493

Takihara Y, Inatani M, Ogata-Iwao M, Kawai M, Inoue T, Iwao K, Tanihara H: Trabeculectomy for open-
angle glaucoma in phakic eyes vs in pseudophakic eyes after phacoemulsification: a prospective clinical

2022 Rao et al. Cureus 14(8): €27834. DOI 10.7759/cureus.27834

100f 12


https://dx.doi.org/10.1097/MD.0000000000003223
https://dx.doi.org/10.1097/MD.0000000000003223
https://dx.doi.org/10.1097/IIO.0000000000000231
https://dx.doi.org/10.1097/IIO.0000000000000231
https://dx.doi.org/10.1097/IJG.0000000000000741
https://dx.doi.org/10.1097/IJG.0000000000000741
https://dx.doi.org/10.4103/0301-4738.109520
https://dx.doi.org/10.4103/0301-4738.109520
https://dx.doi.org/10.1097/IJG.0b013e3182594f5b
https://dx.doi.org/10.1097/IJG.0b013e3182594f5b
https://dx.doi.org/10.1186/s12886-016-0198-0
https://dx.doi.org/10.1186/s12886-016-0198-0
https://dx.doi.org/10.1038/eye.1995.107
https://dx.doi.org/10.1038/eye.1995.107
https://dx.doi.org/10.1136/bjophthalmol-2011-300926
https://dx.doi.org/10.1136/bjophthalmol-2011-300926
https://dx.doi.org/10.2147/OPTH.S75286
https://dx.doi.org/10.2147/OPTH.S75286
https://dx.doi.org/10.4103/0301-4738.86311
https://dx.doi.org/10.4103/0301-4738.86311
https://dx.doi.org/10.1159/000334776
https://dx.doi.org/10.1159/000334776
https://dx.doi.org/10.1136/bjophthalmol-2015-307131
https://dx.doi.org/10.1136/bjophthalmol-2015-307131
https://dx.doi.org/10.1016/j.ophtha.2013.11.001
https://dx.doi.org/10.1016/j.ophtha.2013.11.001
https://dx.doi.org/10.1136/bjophthalmol-2013-304717
https://dx.doi.org/10.1136/bjophthalmol-2013-304717
https://dx.doi.org/10.1016/j.ophtha.2011.06.046
https://dx.doi.org/10.1016/j.ophtha.2011.06.046
https://pubmed.ncbi.nlm.nih.gov/14176823/
https://dx.doi.org/10.1038/eye.2000.140
https://dx.doi.org/10.1038/eye.2000.140
https://dx.doi.org/10.1016/s0886-3350(99)80078-9
https://dx.doi.org/10.1016/s0886-3350(99)80078-9
https://dx.doi.org/10.1016/j.ophtha.2019.03.006
https://dx.doi.org/10.1016/j.ophtha.2019.03.006
https://dx.doi.org/10.1016/j.ophtha.2016.06.032
https://dx.doi.org/10.1016/j.ophtha.2016.06.032
https://dx.doi.org/10.1016/j.ajo.2019.07.015
https://dx.doi.org/10.1016/j.ajo.2019.07.015
https://dx.doi.org/10.5005/jp-journals-10078-1264
https://dx.doi.org/10.5005/jp-journals-10078-1264
https://dx.doi.org/10.1016/j.ajo.2017.07.023
https://dx.doi.org/10.1016/j.ajo.2017.07.023
https://dx.doi.org/10.1038/s41598-020-76551-y
https://dx.doi.org/10.1038/s41598-020-76551-y
https://dx.doi.org/10.1371/journal.pone.0231614
https://dx.doi.org/10.1371/journal.pone.0231614
https://dx.doi.org/10.1016/j.ophtha.2012.07.021
https://dx.doi.org/10.1016/j.ophtha.2012.07.021
https://dx.doi.org/10.1016/j.ophtha.2008.12.054
https://dx.doi.org/10.1016/j.ophtha.2008.12.054
https://dx.doi.org/10.1097/IJG.0000000000000493
https://dx.doi.org/10.1097/IJG.0000000000000493
https://dx.doi.org/10.1001/jamaophthalmol.2013.5605

Cureus

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

cohort study. JAMA Ophthalmol. 2014, 132:69-76. 10.1001/jamaophthalmol.2013.5605

Ahmadzadeh A, Kessel L, Subhi Y, Bach-Holm D: Comparative efficacy of phacotrabeculectomy versus
trabeculectomy with or without later phacoemulsification: a systematic review with meta-analyses. |
Ophthalmol. 2021, 2021:6682534. 10.1155/2021/6682534

Li X, Liu Y, Li Y, Wang M: Effects of modified trabeculectomy combined with phacoemulsification and
intraocular lens implantation on intraocular pressure and complications in patients with primary open
angle glaucoma. Int J Clin Exp Med. 2019, 12:1778-84.

Lochhead ], Casson RJ, Salmon JF: Long term effect on intraocular pressure of phacotrabeculectomy
compared to trabeculectomy. Br ] Ophthalmol. 2003, 87:850-2. 10.1136/bjo.87.7.850

Chang L, Thiagarajan M, Moseley M, Woodruff S, Bentley C, Khaw PT, Bloom P: Intraocular pressure
outcome in primary 5FU phacotrabeculectomies compared with 5FU trabeculectomies. ] Glaucoma. 2006,
15:475-81. 10.1097/01.ijg.0000212271.65477.a4

Choy BN: Comparison of surgical outcome of trabeculectomy and phacotrabeculectomy in Chinese
glaucoma patients. Int ] Ophthalmol. 2017, 10:1928-30. 10.18240/ij0.2017.12.23

Tan YL, Tsou PF, Tan GS, Perera SA, Ho CL, Wong TT, Aung T: Postoperative complications after glaucoma
surgery for primary angle-closure glaucoma vs primary open-angle glaucoma. Arch Ophthalmol. 2011,
129:987-92. 10.1001/archophthalmol.2011.71

Lam D, Wechsler DZ: Five-year outcomes of trabeculectomy and phacotrabeculectomy. Cureus. 2021,
13:e12950. 10.7759/cureus.12950

Graf NE, Miiller M, Gerlach F, et al.: Comparison of 2-year-results of mitomycin C-augmented
trabeculectomy with or without cataract extraction in glaucoma patients. Can ] Ophthalmol. 2019, 54:347-
54.10.1016/j.jcjo.2018.07.006

Ordenes-Cavieres G, Pimentel E, Schmidt J: Aqueous shunt versus trabeculectomy for treatment of
glaucoma. Medwave. 2018, 18:€7390. 10.5867/medwave.2018.08.7389

HaiBo T, Xin K, ShiHeng L, Lin L: Comparison of Ahmed glaucoma valve implantation and trabeculectomy
for glaucoma: a systematic review and meta-analysis. PLoS One. 2015, 10:e0118142.
10.1371/journal.pone.0118142

Tseng VL, Coleman AL, Chang MY, Caprioli ]: Aqueous shunts for glaucoma. Cochrane Database Syst Rev.
2017, 7:CD004918. 10.1002/14651858.CD004918.pub3

Hong CH, Arosemena A, Zurakowski D, Ayyala RS: Glaucoma drainage devices: a systematic literature
review and current controversies. Surv Ophthalmol. 2005, 50:48-60. 10.1016/j.survophthal.2004.10.006
Minckler DS, Vedula SS, Li T], Mathew MC, Ayyala RS, Francis BA: Aqueous shunts for glaucoma. Cochrane
Database Syst Rev. 2006, CD004918. 10.1002/14651858.CD004918.pub2

Gedde SJ, Heuer DK, Parrish RK 2nd: Review of results from the Tube Versus Trabeculectomy Study . Curr
Opin Ophthalmol. 2010, 21:123-8. 10.1097/ICU.0b013e3283360b68

Swaminathan SS, Jammal AA, Kornmann HL, Chen PP, Feuer W], Medeiros FA, Gedde SJ: Visual field
outcomes in the Tube Versus Trabeculectomy Study. Ophthalmology. 2020, 127:1162-9.
10.1016/j.ophtha.2020.02.034

Kotecha A, Feuer WJ, Barton K, Gedde SJ: Quality of life in the Tube Versus Trabeculectomy Study . Am |
Ophthalmol. 2017, 176:228-35. 10.1016/j.2j0.2017.01.019

Wise JB, Witter SL: Argon laser therapy for open-angle glaucoma. A pilot study . Arch Ophthalmol. 1979,
97:319-22. 10.1001/archopht.1979.01020010165017

The Glaucoma Laser Trial (GLT). 2. Results of argon laser trabeculoplasty versus topical medicines. The
Glaucoma Laser Trial Research Group. Ophthalmology. 1990, 97:1403-13.

Leske MC, Heijl A, Hyman L, Bengtsson B: Early Manifest Glaucoma Trial: design and baseline data .
Ophthalmology. 1999, 106:2144-53. 10.1016/s0161-6420(99)90497-9

The Advanced Glaucoma Intervention Study (AGIS): 11. Risk factors for failure of trabeculectomy and argon
laser trabeculoplasty. Am ] Ophthalmol. 2002, 134:481-98. 10.1016/s0002-9394(02)01658-6

Migdal C, Hitchings R: Control of chronic simple glaucoma with primary medical, surgical and laser
treatment. Trans Ophthalmol Soc U K (1962). 1986, 105 ( Pt 6):653-6.

Mataki N, Murata H, Sawada A, Yamamoto T, Shigeeda T, Araie M: Visual field progressive rate in normal
tension glaucoma before and after trabeculectomy: a subfield-based analysis. Asia Pac ] Ophthalmol (Phila).
2014, 3:263-6. 10.1097/AP0.0000000000000020

Iverson SM, Schultz SK, Shi W, Feuer W], Greenfield DS: Effectiveness of single-digit IOP targets on
decreasing global and localized visual field progression after filtration surgery in eyes with progressive
normal-tension glaucoma. ] Glaucoma. 2016, 25:408-14. 10.1097/1]G.0000000000000240

Caprioli ], de Leon JM, Azarbod P, et al.: Trabeculectomy can improve long-term visual function in
glaucoma. Ophthalmology. 2016, 123:117-28. 10.1016/j.0phtha.2015.09.027

Meyer AM, Rosenberg NC, Rodgers CD, et al.: Attaining intraocular pressure of <10 mm Hg: comparison of
tube and trabeculectomy surgery in pseudophakic primary glaucoma eyes. Asia Pac ] Ophthalmol (Phila).
2019, 8:489-500. 10.1097/01.AP0O.0000605088.02788.6d

Romero P, Hirunpatravong P, Alizadeh R, et al.: Trabeculectomy with mitomycin-C: outcomes and risk
factors for failure in primary angle-closure glaucoma. ] Glaucoma. 2018, 27:101-7.
10.1097/1]G.0000000000000842

Aung T, Tow SL, Yap EY, Chan SP, Seah SK: Trabeculectomy for acute primary angle closure .
Ophthalmology. 2000, 107:1298-302. 10.1016/s0161-6420(00)00137-8

Chen YH, Lu DW, Cheng JH, Chen JT, Chen CL: Trabeculectomy in patients with primary angle-closure
glaucoma. ] Glaucoma. 2009, 18:679-83. 10.1097/1]G.0b013e31819c4a07

Ehrnrooth P, Lehto I, Puska P, Laatikainen L: Long-term outcome of trabeculectomy in terms of intraocular
pressure. Acta Ophthalmol Scand. 2002, 80:267-71. 10.1034/j.1600-0420.2002.800307.x

Pelitli Giirlii V, Giiglii H, Ozal A, Benian O, Alimgil L: Comparison of long-term results of trabeculectomy to
treat pseudoexfoliative glaucoma and primary open angle glaucoma. Int ] Ophthalmol. 2018, 11:66-70.
10.18240/ijo.2018.01.12

Popovic V, Sjostrand J: Course of exfoliation and simplex glaucoma after primary trabeculectomy . Br |

2022 Rao et al. Cureus 14(8): €27834. DOI 10.7759/cureus.27834

110f12


https://dx.doi.org/10.1001/jamaophthalmol.2013.5605
https://dx.doi.org/10.1155/2021/6682534
https://dx.doi.org/10.1155/2021/6682534
https://scholar.google.com/scholar?q=intitle:Effects of modified trabeculectomy combined with phacoemulsification and intraocular lens implantation on intraocular pressure and complications in patients with primary open angle glaucoma
https://dx.doi.org/10.1136/bjo.87.7.850
https://dx.doi.org/10.1136/bjo.87.7.850
https://dx.doi.org/10.1097/01.ijg.0000212271.65477.a4
https://dx.doi.org/10.1097/01.ijg.0000212271.65477.a4
https://dx.doi.org/10.18240/ijo.2017.12.23
https://dx.doi.org/10.18240/ijo.2017.12.23
https://dx.doi.org/10.1001/archophthalmol.2011.71
https://dx.doi.org/10.1001/archophthalmol.2011.71
https://dx.doi.org/10.7759/cureus.12950
https://dx.doi.org/10.7759/cureus.12950
https://dx.doi.org/10.1016/j.jcjo.2018.07.006
https://dx.doi.org/10.1016/j.jcjo.2018.07.006
https://dx.doi.org/10.5867/medwave.2018.08.7389
https://dx.doi.org/10.5867/medwave.2018.08.7389
https://dx.doi.org/10.1371/journal.pone.0118142
https://dx.doi.org/10.1371/journal.pone.0118142
https://dx.doi.org/10.1002/14651858.CD004918.pub3
https://dx.doi.org/10.1002/14651858.CD004918.pub3
https://dx.doi.org/10.1016/j.survophthal.2004.10.006
https://dx.doi.org/10.1016/j.survophthal.2004.10.006
https://dx.doi.org/10.1002/14651858.CD004918.pub2
https://dx.doi.org/10.1002/14651858.CD004918.pub2
https://dx.doi.org/10.1097/ICU.0b013e3283360b68
https://dx.doi.org/10.1097/ICU.0b013e3283360b68
https://dx.doi.org/10.1016/j.ophtha.2020.02.034
https://dx.doi.org/10.1016/j.ophtha.2020.02.034
https://dx.doi.org/10.1016/j.ajo.2017.01.019
https://dx.doi.org/10.1016/j.ajo.2017.01.019
https://dx.doi.org/10.1001/archopht.1979.01020010165017
https://dx.doi.org/10.1001/archopht.1979.01020010165017
https://pubmed.ncbi.nlm.nih.gov/2255512/
https://dx.doi.org/10.1016/s0161-6420(99)90497-9
https://dx.doi.org/10.1016/s0161-6420(99)90497-9
https://dx.doi.org/10.1016/s0002-9394(02)01658-6
https://dx.doi.org/10.1016/s0002-9394(02)01658-6
https://pubmed.ncbi.nlm.nih.gov/3310341/
https://dx.doi.org/10.1097/APO.0000000000000020
https://dx.doi.org/10.1097/APO.0000000000000020
https://dx.doi.org/10.1097/IJG.0000000000000240
https://dx.doi.org/10.1097/IJG.0000000000000240
https://dx.doi.org/10.1016/j.ophtha.2015.09.027
https://dx.doi.org/10.1016/j.ophtha.2015.09.027
https://dx.doi.org/10.1097/01.APO.0000605088.02788.6d
https://dx.doi.org/10.1097/01.APO.0000605088.02788.6d
https://dx.doi.org/10.1097/IJG.0000000000000842
https://dx.doi.org/10.1097/IJG.0000000000000842
https://dx.doi.org/10.1016/s0161-6420(00)00137-8
https://dx.doi.org/10.1016/s0161-6420(00)00137-8
https://dx.doi.org/10.1097/IJG.0b013e31819c4a07
https://dx.doi.org/10.1097/IJG.0b013e31819c4a07
https://dx.doi.org/10.1034/j.1600-0420.2002.800307.x
https://dx.doi.org/10.1034/j.1600-0420.2002.800307.x
https://dx.doi.org/10.18240/ijo.2018.01.12
https://dx.doi.org/10.18240/ijo.2018.01.12
https://dx.doi.org/10.1136/bjo.83.3.305

Cureus

81.

82.

83.

84.

85.

86.

87.

Ophthalmol. 1999, 83:305-10. 10.1136/bjo.83.3.305

Li F, Tang G, Zhang H, Yan X, Ma L, Geng Y: The effects of trabeculectomy on pseudoexfoliation glaucoma
and primary open-angle glaucoma. ] Ophthalmol. 2020, 2020:1723691. 10.1155/2020/1723691

Heijl A, Leske MC, Bengtsson B, Hyman L, Bengtsson B, Hussein M: Reduction of intraocular pressure and
glaucoma progression: results from the Early Manifest Glaucoma Trial. Arch Ophthalmol. 2002, 120:1268-
79.10.1001/archopht.120.10.1268

The effectiveness of intraocular pressure reduction in the treatment of normal-tension glaucoma.
Collaborative Normal-Tension Glaucoma Study Group. Am ] Ophthalmol. 1998, 126:498-505.
10.1016/s0002-9394(98)00272-4

Comparison of glaucomatous progression between untreated patients with normal-tension glaucoma and
patients with therapeutically reduced intraocular pressures. Collaborative Normal-Tension Glaucoma Study
Group. Am ] Ophthalmol. 1998, 126:487-97. 10.1016/s0002-9394(98)00223-2

Oie S, Ishida K, Yamamoto T: Impact of intraocular pressure reduction on visual field progression in
normal-tension glaucoma followed up over 15 years. Jpn ] Ophthalmol. 2017, 61:314-23. 10.1007/s10384-
017-0519-8

Naito T, Fujiwara M, Miki T, et al.: Effect of trabeculectomy on visual field progression in Japanese
progressive normal-tension glaucoma with intraocular pressure < 15 mmHg. PLoS One. 2017, 12:0184096.
10.1371/journal.pone.0184096

Jayaram H, Strouthidis NG, Kamal DS: Trabeculectomy for normal tension glaucoma: outcomes using the
Moorfields Safer Surgery technique. Br ] Ophthalmol. 2016, 100:332-8. 10.1136/bjophthalmol-2015-306872

2022 Rao et al. Cureus 14(8): €27834. DOI 10.7759/cureus.27834

12 0f 12


https://dx.doi.org/10.1136/bjo.83.3.305
https://dx.doi.org/10.1155/2020/1723691
https://dx.doi.org/10.1155/2020/1723691
https://dx.doi.org/10.1001/archopht.120.10.1268
https://dx.doi.org/10.1001/archopht.120.10.1268
https://dx.doi.org/10.1016/s0002-9394(98)00272-4
https://dx.doi.org/10.1016/s0002-9394(98)00272-4
https://dx.doi.org/10.1016/s0002-9394(98)00223-2
https://dx.doi.org/10.1016/s0002-9394(98)00223-2
https://dx.doi.org/10.1007/s10384-017-0519-8
https://dx.doi.org/10.1007/s10384-017-0519-8
https://dx.doi.org/10.1371/journal.pone.0184096
https://dx.doi.org/10.1371/journal.pone.0184096
https://dx.doi.org/10.1136/bjophthalmol-2015-306872
https://dx.doi.org/10.1136/bjophthalmol-2015-306872

	Trabeculectomy: Does It Have a Future?
	Abstract
	Introduction And Background
	Review
	Evolution of filtering surgeries
	FIGURE 1: Schematic diagram illustrating different surgical options for the treatment of glaucoma

	Evolution of partial-thickness procedures
	Complications and the search for newer procedures
	Partial-thickness procedures- new horizons
	Modifications in trabeculectomy
	Technological advancements supersede trabeculectomy
	FIGURE 2: Comparison of open glaucoma surgery versus minimally invasive glaucoma surgeries

	Trabecular bypass and suprachoroidal procedures
	Trabeculectomy in clinical practice
	TABLE 1: Studies comparing outcomes of phacotrabeculectomy with trabeculectomy alone.
	TABLE 2: Comparison of tube versus trabeculectomy

	TRAB in current glaucoma practice

	Conclusions
	TRAB for glaucomatologist-a friend or foe?

	Additional Information
	Disclosures
	Acknowledgements

	References


