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Abstract: Purpose: To compare ab interno trabeculectomy by trabecular meshwork excision
to plasma-mediated ablation in primary open-angle glaucoma.

Methods: Retrospectively collected data of TrabEx+ (TEx, n=56) and Trabectome (T, n=99)
were compared by coarsened exact matching to reduce confounding and matched based on
baseline IOP and age. Primary outcomes were IOP and number of glaucoma medications.
Complications and need for additional glaucoma surgery were assessed. Patients were
followed for up to one year.

Results: 53 TEx could be matched to T. Baseline IOP was 16.5+4.6 mmHg in both; age was
73.748.8 and 71.5+9.9 years in TEx and T, respectively. TEx were taking more medications than
T (p<0.001). IOP was reduced to 14.8+4.3 in TEx and to 13.4+3.4 in T at 6 months, and to
14.9+6.0 (p=0.13) in TEx and to 14.1+3.8 mmHg (all p<0.05) in T at 12 months. Medications
were reduced at both 6 and 12 months (p< 0.05). No differences were seen between TEx and
T at 6 and 12 months. In TEx, only one serious complication occurred, and two patients
required further glaucoma surgery.

Conclusion: Although both groups had a baseline IOP considered low for ab interno
trabeculectomy, IOP and medications were reduced further at 6 and 12 months. IOP reduction
did not reach significance in TEx at 12 months. The inter-group comparison did not reveal
any significant differences. Both had a low complication rate.

Keywords: Glaucoma; TrabEx; Trabectome; ab-interno trabeculectomy; prognosis;
intraocular pressure

Introduction

Ab interno ablation, excision, and disruption of the trabecular meshwork (TM)
can lower intraocular pressure (IOP) effectively in primary open-angle glaucoma
(POAG) when the outflow resistance is at the most proximal part of the conventional
outflow tract [1]. Secondary open-angle glaucomas with a pathomechanism that
principally affects the TM respond to these procedures equally well (pigmentary [2,
3], and anti-VEGF-agent-induced [4] glaucoma), or better than POAG
(pseudoexfoliation [5], steroid-induced glaucoma [6]).

Plasma-mediated ablation of the TM with the Trabectome (T; MicroSurgical
Technology, Redmond, WA, USA), has been available to surgeons since 2004 [7],
while excisional removal was first introduced in 2014 [8, 9]. Interestingly, dual blade
excision of tissue in the angle was invented earlier (1989), but was only used to
obtain biopsies [10]. Current leading modalities of excisional TM removal are the
TrabEx (TEx; MicroSurgical Technology, Redmond, WA, USA) and the Kahook
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Dual Blade (KDB, New Word Medical, Rancho Cucamonga, CA, USA). The absence
of a bleb and the theoretical limit of maximal IOP reduction to the level of episcleral
venous pressure constitute important safety features of T, TEx and KDB because
they avoid hypotony or bleb-related complications so common to filtering surgeries
[11].

There are advantages to both plasma-mediated ablation (T) and dual blade
excision (TEx and KDB). T enables the atraumatic molecularization and aspiration
of the TM [7]. In contrast, TEx and KDB can be used to obtain TM samples [9] and
excise the TM without the need to purchase a high-frequency alternating current
generator as an additional, external device. An advantage of TEx over the KDB is
the active irrigation and aspiration that improve visibility and anterior chamber
stability [12]. A downside of both the TEx and KDB is that a dual cut of the TM
cannot always reliably be initiated, potentially allowing remaining TM lips to
reapproximate, as can happen in trabecular disruption by trabeculotomy [13].
Literature regarding TEx is limited to studies of its efficiency in obtaining TM
biopsies in vivo [9] and ex vivo porcine anterior segments [2, 12, 14].

Given the effectiveness of excisional ab interno trabeculectomy in clinical
studies [8, 15, 16], we hypothesized that subtle differences between T and TEx could
be discovered by applying a modern statistical method to existing data in the form
of matching. Matching reduces confounding factors by enabling a highly balanced
comparison [17, 18]. In two studies where matching was used, we found that T
performed significantly better than trabecular micro-bypass implants [18, 19]. This
is something that can be obscured when unmatched averages are compared and is
not eliminated by, e.g., comparing two procedures in the fellow eyes of the same
individual [20].

Methods

This study was approved by the institutional review board (IRB) of the
University of Wiirzburg (Protocol ID: 21122020 1920). Due to its retrospective
nature, informed consent was waived. The study abided by the principles stated in
the declaration of Helsinki and its subsequent amendments. We performed a chart
review of all patients with open-angle glaucoma who had undergone surgery from
February 2020 to February 2021. The surgical indication for T and TEx was an IOP
value above target level on maximally tolerated topical treatment, or a desire to
reduce the number of glaucoma medications. Those with a follow-up of 6 months or
longer were matched using coarsened exact matching (CEM). We excluded patients
with secondary glaucoma and those with a follow-up of fewer than six months.
Patients younger than 20 years of age or who underwent prior glaucoma surgery on
the same eye were also excluded.

Baseline parameters recorded included age, gender, type of glaucoma, date of
surgery, visual acuity, intraocular pressure, and the number of IOP-reducing
medications. Data on postoperative complications and subsequent ocular surgeries
were also gathered. Visual acuity, IOP, and the number of medications were
obtained one day before surgery, as well as at each follow-up visit. All IOP
measurements were carried out using Goldmann applanation tonometry (Haag-
Streit, Koniz, Switzerland). Surgical success was defined as a total IOP decrease >
20% with a final IOP < 21 mmHg. In addition, patients who had a medication
reduction of one drop or more were also considered to have undergone a successful
intervention.

Surgical Intervention
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The patient’s head was tilted 45° away from the surgeon. After a temporal clear-
corneal incision, light pressure was applied to the posterior lip of the incision to
release a small amount of aqueous humor. The resulting hypotension, caused
venous blood to reflux into Schlemm’s canal (SC) and helped identify the proper
target. The tip of the instrument was inserted. The TM was visualized with a
goniolens, and then ablated (T) or excised (TEx) along approximately 120° of the
nasal circumference. Subsequent blood reflux indicated a successful removal of the
TM and the inner wall of SC. After retraction of the instrument, the anterior chamber
was reformed by injecting balanced salt solution (BSS) and the corneal incision was
sealed by hydration. The postoperative treatment was similar for both procedures
and consisted of dexamethasone eye drops tapered by one drop per week and
antibiotic eye drops for one week; glaucoma drops were continued as deemed
necessary.

Statistical Analysis

Our power calculation indicated that 48 patients would be needed in the
TrabEx group to compare them to Trabectome patients and achieve a statistical
power of 80%. Data was analyzed using SPSS Statistics (Version 26, IBM, New York,
USA). Means and standard deviations were calculated for continuous variables,
while frequencies and percentages were used for categorical variables. The
Kolmogorov-Smirnov test was run to test for normal distribution of data. Patients
were matched by IOPs. and age, the two most important determinants of
postoperative IOP [21]. To compare the means of the primary outcome parameters,
a t-test or a Mann-Whitney U test was used. Surgical success was reported as a
dichotomous variable and compared using a Chi-square test. A p-value of 0.05 or
less was considered statistically significant.

Results

Of 75 TEx patients, 53 could be matched to T by age and IOP using CEM. Table
1 shows the baseline characteristics of the matched groups. There were no
differences in age, gender, glaucoma type, baseline IOP and visual acuity between
both groups (all p-values > 0.05). Matched baseline IOP was at 16.6+4.6 mmHg (p =
0.97). Age was 73.748.8 years in TEx and 71.9+9.9 years in T (p = 0.24). TEx were
taking more medications, 2.1+1.4, than T with 1.4+1.1 (p < 0.001). Most patients (>
80% in both groups) had a simultaneous phacoemulsification/intraocular lens
insertion (Phaco/IOL) with their TEx or T procedure. POAG patients represented the
majority, 73.6%, in both groups; LTG comprised the remaining 26.4%.

From a baseline IOP of 16.6+4.6mmHg, our 6 months postoperative mean IOP
was reduced to 14.8+4.3 mmHg in TEx and 13.4+3.4 mmHg in T. Both values were
significantly lower than baseline (p < 0.01 for both). At 12 months, IOP levels in TEx
were similar to baseline (14.9+6.0, p = 0.135). T was significantly lower than baseline
(14.1£3.8, p < 0.001). Both groups took significantly fewer glaucoma medications at
6 and 12 months (Table 2, both p < 0.005).

In the inter-group comparison, IOP levels at the 6 and 12-month follow-ups
were similar (p = 0.12 and p = 0.99, respectively; Table 2). TEx used more glaucoma
medications compared to T (p < 0.001 for both 6 and 12 months). IOP reduction at 6
months was 2.0+5.0 mmHg in TEx and 3.2+4.8 mmHg in T. These values at 12
months were 0.6£5.9 mmHg in TEx and 2.4+4.8 mmHg in T. There was no significant
difference in IOP reduction between both groups at 6 or 12 months (p =0.41 and 0.2,
respectively). Medication reduction in TEx and T was 0.43+1.3 and 0.88+1.4 at 6
months and 0.63+1.29 and 0.75+1.25 at 12 months, respectively. These values did not
differ significantly between both groups (p >0.05).
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Table 3 depicts the unmatched data for each group. There was a significant
difference in age between TEx and T patients (p = 0.002). Both, TEx and T showed a
significant postoperative IOP decrease at 6 and 12 months (all p-values < 0.05). IOP
levels were similar in both groups at all time points (all p-values > 0.05). Similarly to
our matched data, compared to their baselines, TEx and T used fewer medications 6
and 12 months postoperatively (all p-values < 0.05) and T needed fewer medications
than TEx at both follow-ups (both p < 0.001%).

Applying success criteria common to minimally invasive surgeries, an I0OP
decrease of > 20% or final IOP <21 mmHg, TEx and T where at or exceeded 93% at
six months and 95% at one year (Table 4; p>0.05 for TEx vs. T). Using the more
stringent criteria of IOP decrease of > 20% and final IOP < 21 mmHg, success was
achieved in more than 40% at six months and in more than 32% at one year. A
success in both IOP reduction and at least one medication reduction was achieved
in15.2% in TEx and 13.5% in T at 6 months. These values were 10.0% (TEx) and 7.7%
(T) at one year, respectively.

Four (7.5%) TEx experienced postoperative complications that included toxic
anterior segment syndrome (n=1), and cystoid macular edema (CME; n = 3). Two
patients (3.8%) required further glaucoma surgeries and received a microshunt
(Preserflo, Santen, Osaka, Japan, n = 2). One T patient experienced postoperative
CME (1.9%).

Discussion

In this study, we applied CEM to compare the 1-year outcomes of excisional ab
interno trabeculectomy between a newer dual-blade device (TrabEx+, TEx) and
established plasma-mediated ablation (Trabectome, T). The advantage of matching
is that small IOP differences caused, for instance, by wound healing, can be detected.
Using matching, we previously found that an IOP increase seen in trabecular bypass
stents is absent in ab interno trabeculectomy [18, 19]. We had observed the difference
in IOP reduction around the time a foreign body reaction and fibrosis were observed
in other trabecular bypass studies, suggesting this may be the underlying cause [22,
23].

For the present study, we had chosen IOPs. and age as the matching
criteria because they are the two most important determinants of postoperative IOP,
which can diminish the IOP reduction according to the formula 0.73 mmHg x
baseline IOP plus 0.03 mmHg x age [21]. In contrast, the preoperative number of
medications affects the postoperative IOP result only in a minor way, by lessening
the response by 0.09 mmHg x number of medications [21]. Because the difference in
the average medication intake was only 0.7 drops, we would expect the IOP
reduction difference to be negligible (0.063 mmHg). The match caused our patient
baseline demographics to have the same baseline IOP and sufficient similarities in
the other variables not to be significantly different, except for the medication intake.
Patients who underwent TEx were taking more medications than T. This could
imply that the pressure in these patients was more refractory to medical treatment
than in T. It is important to point out that this would not have disadvantaged TEx.
On the contrary, it is often eyes with more advanced glaucoma, not milder
glaucoma, that have a larger response to AIT, possibly because their TM is more
diseased and less permeable [5, 24]. When this larger resistance is removed, a greater
total IOP decrease can ensue.

It is remarkable that both TEx and T did show an IOP reduction despite a
relatively low preoperative IOP of 16.6+4.6 mmHg. Such a low preoperative IOP is
rather close to the postoperative IOP that was achieved in other studies, for instance,
in a retrospective Trabectome analysis [25], where it was 16.5+2.8 mmHg, and in a
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propensity score matched comparison of Trabectome and Baerveldt implants [26],
where it was 16.1+4.1 mmHg. Indeed, the preoperative IOP in our present study is
almost equal to the computed, typically achievable postoperative IOP. Using a
hypothetical patient, a 75-year-old pseudophakic patient with POAG and a baseline
IOP of 21 mmHg on two medications, 16.8 mmHg would be expected [21]. TEx and
T appear to be most appropriate for patients who already have a low preoperative
IOP if they want to avoid the complications of filtering surgery. It is also appropriate
for those, who primarily need cataract surgery but also want to give IOP and
medication reduction a chance at the same time. As the low rate of patients who
fulfilled both the IOP and the medication success criteria (8-15%) highlights, the
riskier trabeculectomy may be better able to achieve freedom from drops and reduce
the IOP by a large amount [27]. The reduced success rate of T in the setting of a low
preoperative IOP has already been established before in other studies [28-30].

Despite similar baselines and TEx patients taking more medications to achieve
this IOP, there was no statistically significant difference between the postoperative
IOP of TEx and T when compared directly. The IOP reduction in TEx was significant
at 12 months in the unmatched data, but the focus of our study was to detect
differences in outcomes of two already quite similar surgical modalities. The IOP
reduction in TEx appeared not to be statistically significant at 12 months in the
matched comparison because the match eliminated unmatched data, and also
because of the low baseline IOP. A low baseline IOP increases the number of subjects
required to detect a before-after difference while maintaining a sufficient statistical
testing power. A medication washout is often performed in clinical trials with a
prospective design for this reason. Upon first glance, the IOP reduction seemed
larger at 12 months in T than in TEx, but this has to be interpreted with caution since
the comparison of both groups did not show a difference. It is possible that these
differences exist but remain undiscoverable with the numbers used here and are
therefore not clinically relevant. A truly larger IOP reduction in T could have
pointed towards a less traumatic TM ablation with this technique. Plasma-mediated
ablation is drag free, while dual blade ablation requires that the TM be put under
stretch before the cut can be initiated. It is a common occurrence during surgery with
the TEx and KDB that drag transmits to the ciliary body band via processes that
insert into the TM. Occasionally, this can cause a shallow and inconsequential
cyclodialysis to form. It is also not unusual with excisional devices to catch the
scleral spur, the outer wall of Schlemm’s canal or the innermost part of the roof of
Schlemm’s canal, potentially causing trauma. A full TM strip can also not always be
excised, which causes the procedure in such patients to be more akin to a traditional
goniotomy, including a chance that TM lips might reapproximate as is known to
occur in trabeculotomy [13]. These concerns do not exist with T.

As is common to minimally invasive glaucoma surgeries in general, only a
handful of complications occurred, too few for a meaningful statistical comparison.
Both TEx and T can be considered very safe as only one serious and temporary
complication occurred, toxic anterior chamber syndrome, that resolved with
medical treatment. In comparison to our complications of 7% in TEx and 2% in T,
previous KDB studies reported complication rates ranging from 7% to 14% [16, 31,
32].

Our study had several limitations. The design was chosen in order to display
IOP differences between TEx and T that cannot be easily detected without matching.
We did so because there is already a considerable body of evidence demonstrating
the effectiveness of excisional ab interno trabeculectomy, both ex vivo [2, 12, 14] and
in vivo [8, 15, 16]. Our patients had a relatively low baseline IOP with a small IOP
and medication reduction. It is likely that patients with a higher baseline IOP would
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have experienced a larger IOP reduction, as seen in prior studies [33, 34]. Same-
session cataract surgery does not have a clinically significant impact on T [21, 35].
While it is reasonable to assume that the same applies to TEx, this has not been
established yet.

In conclusion, this study applied matching to display small, device-specific
differences between T and TEx, a plasma-mediated and excisional removal
technique of TM, respectively. A small IOP and medication reduction occurred in
both, despite a relatively low baseline IOP. There were no major device-specific
differences.
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Tables
Table 1
Table 1 Matched baseline characteristics of TEx and T
Variable TEx+ T p-value
(n=53) (n=53) TEx vs. T
Age (years) 73.7+8.8 71.5+9.9 0.24
Female (n, %) 31 (58.5 %) 29 (54.7 %)
Male (n, %) 22 (41.5 %) 24 (45.3 %) 0.7
POAG (n, %) 39 (73.6 %) 39 (73.6 %)
LTG (n, %) 14 (26.4 %) 14 (26.4 %) 1.0
IOPs. (mmHg) 16.6+4.6 16.6+4.6 0.97
Meds. 21+14 14+1.1 <0.001*
VAsL 0.7 0.6 0.07
With Phaco (n, %) 45 (84.9 %) 44 (83.0%) 0.8

MedsL = number of medications at baseline; VAsL = visual acuity at baseline; With Phaco = in combination with
cataract surgery; * p-value < 0.05
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Table 2
Table 2 Follow-up parameters compared between TEx and T
p-value
TEx T p-value
Variable/Group _ B baseline vs. follow-up
(n =53) (n =53) TEx vs. T (TEx/T)
IOPsL 16.5+4.6 16.5+4.6 0.97
(mmHg) (n=53) (n=53) '
IOPs 14.8+4.3 13.4+3.4 . .
(mmHg) (n - 46) (n=52) 0.12 0.002*/ <0.001
IOP1 14.9+6.0 14.1+3.8 .
(mmHg) (n = 40) (n=53) 0.99 0.13/<0.001
Meds. 2.1+1.4 1.4+1.1
.004*
(drops) (n=>53) (n=>53) 0.00
Meds 1.7£1.5 0.5+0.8
.001* .03*/<0.001*
(drops) (n=47) (n=>52) <0.00 0.03%/<0.00
Medi2 1.5+1.3 0.6+1.0
<0.001* 0.005*/ <0.001*
(drops) (n = 40) (n=53) /<
Complications
4(7.5% 1(1.9% 0.17
(n, %) (7.5%) (1.9%)

IOPgL = IOP at baseline; IOPs = IOP at 6 months; IOP12 = IOP at 12 months; Med = medication;
VA = visual acuity; * p-value < 0.05
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Table 3
Table 3 Unmatched Comparison of TEx and T
p-value
TEx T p-value
Variable/Group _ _ baseline vs. follow-up
(n=56) (n=99) TExvs. T (TEx/T)
Age 74.049.1 68.84+10.4 0.002*
(Years) (n=56) (n=99)
Gender Ratio
1:14 1:1.2 .
(M:F) > 0.68
IOL
Phaco/IO 45 (80.4%) 86 (86.9%) 0.28
(n, %)
IOPsL 17.5+5.9 17.1+5.1 0.92
(mmHg) (n=56) (n=99) '
IOPs 14.8+4.2 13.6+3.3
A1 .001*/<0.001*
(mmHg) (n = 49) (n=95) 0 0.001%/<0.00
IOPx 15.1+5.9 14.3+3.9
.82 .037* .001*
(mmHg) (n = 44) (n=99) 08 0.037%/<0.00
Meds. 2.2+1.3 1.4+1.2 0.001*
(Drops) (n=>56) (n=99)
Meds 1.7+1.5 0.6+0.9 .
. 0.03*/ <0.001*
(Drops) (n = 50) (n =95) <0.001 /<
Med: 1.6+1.3 0.7+£1.0
.001* .005*/ <0.001*
(Drops) (n = 44) (n=99) <0.00 0.005*/ <0.00

IOPgL = IOP at baseline; IOPs = |IOP at 6 months; IOP12 = IOP at 12 months; Med = medication;
VA = visual acuity; *p-value < 0.05.
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Table 4
Table 4 Success rates of TEx and T for IOP and medication count

Success / Group TrabEx+ Trabectome p-value

IOP (OR criterion)

6 months 43/46 (93.5%) 50/52 (96.0%) 0.55
(n, %)

IOP (OR criterion)

12 months 38/40 (95.0%) 52/53 (98.1%) 0.40
(n, %)

IOP (AND criterion)

6 months 21/46 (45.6%) 21/52 (40.4%) 0.60
(n, %)

IOP (AND criterion)

12 months 13/40 (32.5%) 17/53 (32.1%) 0.97
(n, %)

IOP (AND criterion) AND

medication reduction, 7/46 (15.2%) 7/52 (13.5%) 0.80
6 months (n, %)

IOP (AND criterion) AND

Medication Reduction, 4/40 (10.0%) 4/53 (7.7%) 0.68
12 months (n, %)

Medication Reduction,

6 months (n, %) 20/46 (43.4%) 30/52 (57.7%) 0.16

Medication Reduction,

1year (n, %) 17/40 (42.5%) 28/53 (52.8%) 0.32

OR criterion = IOP decrease of > 20% or final IOP < 21 mmHg; AND criterion = IOP decrease of > 20% and final
IOP < 21 mmHg; med reduction = at least 1 drop less compared to baseline
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Figures
Figure 1
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Fig. 1 Mean intraocular pressure (IOP) (a) and number of medications (b) for TrabEx+ (TEx, blue) and Trabectome
(T, red). A) T and TEx had a low baseline IOP. An IOP reduction occurred in both, but was more pronounced in
T. B) TEx took more medications than T at baseline. A reduction in medications was achieved in both T and TEXx,
and to a similar extent. IOPsL = IOP at baseline; IOPs = IOP at 6 months; IOP12 = IOP at 12 months; MedsL = number
of medications at baseline; Meds = number of medications 6 months after surgery; Medi2 = number of medications
1 year after surgery; SE = standard error.
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