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ABSTRACT

To manage the increasing prevalence of glaucoma, we need access to
effective and safe medical and surgical treatments that can lower the
intraocular pressure (IOP) — so far the only proven strategy to slow
disease progression. Treatment typically starts with eye drops or a laser
procedure, but many patients will eventually require surgery. Traditional
surgery is time-consuming and carries significant risks, whereas
microinvasive glaucoma surgery (MIGS) has emerged as a safer, earlier
option that could potentially prevent or delay more invasive procedures
such as a trabeculectomy. Additionally, many patients with glaucoma
develop cataract, and MIGS procedures can be conveniently performed
together with the cataract operation. Although MIGS is now widely
adopted, concerns about bias remain as many studies are industry-
funded. The benefit of combining MIGS with cataract surgery is also
debated, especially in advanced glaucoma. Moreover, research is scarce
for pseudoexfoliation glaucoma (PEXG), common in the Nordic
countries and harder to treat, with a poorer prognosis than other open-
angle glaucoma types.

In this thesis, we evaluate the efficacy and safety of the trabecular MIGS
procedures iStent inject® (iStent) and Kahook Dual Blade® (KDB) across
various stages and subtypes of glaucoma. We show that KDB is effective
and safe when combined with cataract surgery, whereas its efficacy as a
stand-alone procedure is lower. Therefore, we do not recommend the
stand-alone approach in patients with advanced or uncontrolled
glaucoma.

Furthermore, iStent and KDB demonstrate comparable outcomes,
showing effectiveness not only in mild to moderate disease but also in
advanced stages and in PEXG. Our results show that trabecular MIGS
combined with cataract surgery is effective even in patients with
markedly elevated IOP and/or on maximum tolerated therapy. These
patients, previously considered candidates for bleb-forming surgery,
may instead begin with trabecular MIGS combined with cataract

surgery.

Many patients undergoing trabecular surgery have previously received
laser trabeculoplasty (LTP), and we show that LTP does not seem to
negatively affect the surgical outcomes of cataract surgery combined
with KDB.
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Finally, surgical success can be enhanced if iStent or KDB is added to the
cataract operation, and in stable glaucoma patients this will mainly be
due to greater medication reductions. Postoperative IOP spikes can also
be reduced by more than half by adding iStent or KDB.

In summary, this thesis demonstrates that trabecular MIGS as a stand-
alone procedure offered only moderate success and often required
further interventions. Therefore, we do not recommend the stand-alone
approach in patients with advanced or uncontrolled glaucoma. When
performed together with cataract surgery, our data show that trabecular
MIGS is both effective and safe — even in patients with markedly
elevated IOP and/or on maximum tolerated therapy. In more stable
glaucoma patients with lower preoperative IOP levels and a low rate of
progression, combining trabecular MIGS with cataract surgery can be
considered when medication reduction is a clinical goal. This approach
also lowers the risk of early IOP spikes, and both iStent and KDB
perform equally well, with comparable outcomes in PEX and non-PEX
eyes.



SVENSK SAMMANFATTNING

Glaukom ar den framsta orsaken till permanent blindhet globalt. I takt
med den demografiska utvecklingen och en vixande andel dldre i
befolkningen forviantas sjukdomens forekomst 6ka under kommande
decennier. For att mota denna utmaning kravs effektiva och sikra
medicinska och kirurgiska behandlingar som sanker 6gontrycket, vilket
ar den enda bevisade metoden for att bromsa sjukdomens fortskridande.

Glaukombehandling inleds oftast med 6gondroppar eller laser, men
maénga patienter behover pa sikt kirurgi. Traditionella kirurgiska
metoder ar dock tidskravande och medfor betydande risker.
Mikroinvasiv glaukomkirurgi har darfor vackt stort intresse som ett
mindre riskabelt alternativ som kan anviandas tidigare i
sjukdomsférloppet. Mikroinvasiv glaukomkirurgi kan med fordel daven
kombineras med kataraktkirurgi, vilket ar relevant da katarakt och
glaukom ofta forekommer samtidigt.

Aven om mikroinvasiv glaukomkirurgi numera anvinds brett finns det
oro for att forskningen kan vara snedvriden, eftersom manga studier ar
finansierade av industrin. Det rader ocksa delade meningar om nyttan
med att utfora denna typ av kirurgi vid avancerade stadier av glaukom.
Dartill finns det begransad forskning om pseudoexfoliationsglaukom —
en form av glaukom som ir vanlig i Norden och som ofta ar svarare att
behandla och har sdmre prognos dn andra typer av 6ppenvinkelglaukom.

Denna avhandling utvarderar de mikroinvasiva metoderna iStent inject®
(iStent) och Kahook Dual Blade® (KDB) — vid olika stadier och former av
glaukom. Bdda metoderna verkar genom att 6ka utflodet av vitska
genom Ogats utflodeskanaler i det sa kallade trabekelverket.

Vi visar att KDB ar en effektiv och siker metod 1 kombination med
kataraktkirurgi, medan dess effekt som fristaende ingrepp ar ldgre och
darfor inte bor rekommenderas vid avancerat eller okontrollerat
glaukom.

Vidare uppvisar iStent och KDB i kombination med kataraktkirurgi
jamforbara resultat och ar effektiva inte bara vid milda till mattliga
glaukom, utan dven vid mer avancerade stadier, liksom vid
pseudoexfoliationsglaukom. Mikroinvasiv glaukomkirurgi i kombination
med kataraktkirurgi forefaller vara effektivt och siakert aven hos



patienter med kraftigt forh6jda 6gontryck och/eller maximal
medicinering. Baserat pa avhandlingens resultat kan mikroinvasiva
ingrepp i kombination med kataraktkirurgi 6vervagas aven hos dessa
patienter, som tidigare ofta bedomts behova mer omfattande kirurgi.

Manga glaukompatienter som genomgar kataraktkirurgi har tidigare fatt
laserbehandling mot trabekelverket, och vara resultat visar att detta inte
paverkar utfallet av ett kombinerat ingrepp med kataraktoperation och
mikroinvasiv glaukomkirurgi. Dessutom ser vi att hos patienter med
stabilt glaukom kan fler lakemedel sittas ut nar iStent eller KDB
kombineras med kataraktoperation, och risken for hoga 6gontryck dagen
efter operationen mer dn halveras jamfort med nar kataraktoperation
utfors som enskilt ingrepp.

Sammanfattningsvis visar avhandlingen att de mikroinvasiva
glaukomkirurgiska metoderna iStent och KDB éar likvardiga och bada har
en god effekt och hog sikerhet nar de kombineras med
kataraktoperation — dven hos patienter med hoga 6gontryck och/eller
maximal medicinering. Vara resultat visar att dessa patienter kan borja
med ett mikroinvasivt ingrepp i samband med kataraktkirurgi. Som
enskilt ingrepp ar resultaten simre och vi rekommenderar darfor inte
denna form av kirurgi hos patienter som redan ar kataraktopererade
sedan tidigare. Vidare ar resultaten jamforbara hos patienter med och
utan pseudoexfoliationer och, oavsett om ett mikroinvasivt ingrepp laggs
till eller ej, sa ser vi att livskvaliteten forbéttras av att operera katarakt
hos patienter med glaukom.
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INTRODUCTION

Background

Glaucoma is a chronic, progressive eye disease characterized by
optic nerve damage, thinning of the retinal nerve fiber layer and
corresponding visual field defects. It is the leading cause of
irreversible blindness worldwide, and its prevalence is expected to
rise in the coming decade due to an aging population.* By 2040,
approximately 112 million people are expected to be affected by the
disease.2 Glaucoma is a heterogenous disease that can present with
either open- or closed-angle mechanisms and exhibits a wide range
of clinical phenotypes. This thesis focuses exclusively on open-
angle glaucoma.

Primary open-angle glaucoma (POAG) is the most common form
of glaucoma and is often associated with elevated intraocular
pressure (IOP), although IOP can also be within the normal range,
then called normal-tension glaucoma. Pseudoexfoliation glaucoma
(PEXG) and pigmentary glaucoma are additional subtypes of
secondary open-angle glaucoma.

PEXG develops from pseudoexfoliation syndrome, a condition
characterized by the accumulation of abnormal fibrillo-granular
protein material (pseudoexfoliations, PEX) both within the eye and
systemically. In the eye, this PEX material deposits on the anterior
lens capsule, pupillary margin, trabecular meshwork (TM), and
zonules, obstructing aqueous humor outflow and elevating IOP,
thereby increasing the risk of glaucoma development.34 In eyes
with PEXG, IOP levels tend to be higher than in POAG, and optic
nerve damage often progresses more rapidly.>¢ PEXG is
particularly prevalent in the Nordic countries,’'° where it is
considered a subtype of POAG, whereas in other regions it is
classified as a secondary glaucoma.

Pigmentary glaucoma is a secondary form of open-angle glaucoma,
accounting for approximately 1-1.5% of cases.4!* In pigmentary
glaucoma, melanin pigment from the iris pigmented epithelium is
released due to rubbing between the lens zonules and posterior



surface of the iris. These melanin granules obstruct aqueous
humor outflow through the TM, leading to elevated IOP and an
increased risk of glaucomatous optic nerve damage.*2*3 Clinical
features of pigmentary glaucoma include dense TM pigmentation,
mild myopia, and iris transillumination defects.214

The trabecular outflow system

The IOP is regulated by the balance between aqueous humor
production by the ciliary body (2-3 pL./min) and its outflow
through the TM and the supraciliary space, although the latter is
believed to play only a minor role.’s TM dysfunction is a key
contributor to glaucoma, making it a central target for treatment.

The TM separates the anterior chamber from Schlemm’s canal and
consists of three layers: the uveal meshwork, the corneoscleral
layer, and the juxtacanalicular tissue (Figure 1). TM cells exhibit
phagocytic activity, helping maintain outflow by clearing debris.*®
Aqueous humor passes through these layers into Schlemm’s canal,
which encircles the limbus and connects to collector channels.
Outflow occurs segmentally,” with high-flow regions near collector
channels, especially in nasal and inferior quadrants — also
preferred sites for microinvasive glaucoma surgeries (MIGS).

TRABECULAR MESHWORK:

1. Juxtacanalicular
2. Corneoscleral

Schlemm’s Sanal

Iris

Scleral spur -

Figure 1. The trabecular meshwork and surrounding structures seen
from within the eye. Illustration by Anna Barkander.



Trabecular outflow is a dynamic process influenced by ocular
pulse, blinking, and eye movements. The TM expands and recoils
in synchrony with the cardiac cycle, facilitating aqueous humor
movement into Schlemm’s canal. This pump-like mechanism
depends on the TM’s elasticity and recoil capacity. In glaucoma,
the TM becomes stiffer and loses its natural flexibility, impairing
this function.8-20 Excessive production and crosslinking of
extracellular matrix components further increase tissue rigidity
and reduce aqueous humor permeability in glaucoma.
Furthermore, trabecular outflow resistance is driven by cellular
and molecular changes, including the overexpression of specific
growth factors such as transforming growth factor beta (TGF-f).
Elevated levels of TGF-f have been consistently observed in
glaucoma patients, underscoring its role in promoting fibrosis
within the trabecular outflow pathway.2:-23

Effective IOP regulation depends not only on a functional TM but
also on an episcleral venous pressure within normal limits. In
healthy individuals, episcleral venous pressure typically ranges
from 8-10 mmHg, while in glaucoma patients it is often elevated to
10-14 mmHg.24 Episcleral venous pressure acts as a
counterpressure, preventing IOP from dropping too low. Since
episcleral venous pressure restricts trabecular outflow, treatments
targeting the TM cannot lower IOP below the episcleral venous
pressure.

For trabecular surgeries to be effective, both a patent outflow
system and a normal episcleral venous pressure are necessary.
However, downstream structures such as collector channels and
aqueous veins may be compromised by chronic conjunctival
inflammation, long-term topical glaucoma therapy, or previous
ocular surgeries. It has been hypothesized that in advanced or
long-standing glaucoma, dysfunction of the distal collector system
may occur, potentially limiting the efficacy of trabecular MIGS;
although this hypothesis remains unproven.

The effect of IOP on the trabecular meshwork

Already in the 1980s, Rosenquist et al demonstrated that complete
removal of the TM in enucleated human eyes reduced resistance by



49% at an IOP of 7 millimeter mercury (mmHg), with this effect
increased to 71% at 25 mmHg.25 These findings suggest that the
impact of trabecular surgery may be more pronounced at higher
IOP levels. However, studies have shown that when IOP exceeds
30 mmHg, Schlemm’s canal can collapse, obstructing the collector
channels.26:27

Studies on trabecular MIGS have found that eyes with higher
preoperative IOP levels often experience better postoperative
outcomes compared to those with lower preoperative IOP
levels.28.29 However, some studies have also reported an increased
incidence of surgical failure and a need for additional glaucoma
procedures when baseline IOP has been high.3° This may be due to
chronic damage to the outflow system, affecting long-term
efficacy.3!

Glaucoma diagnostics

Since IOP is the only modifiable risk factor for glaucoma,+¢32 IOP
measurement is a cornerstone in glaucoma care. While direct
measurements are invasive and not used in routine practice,
current methods estimate true IOP using techniques such as
applanation and rebound tonometry.33 The most widely used
applanation method is Goldmann Applanation Tonometry (GAT).
To measure IOP with GAT, a drop of anesthetic and fluorescein is
applied to the ocular surface, and an optical prism is gently pressed
against the cornea. The force required to applanate the cornea is
then directly proportional to the IOP. Noncontact tonometry also
uses the applanation method but does not require anesthetics since
an air pulse is used instead of a probe. Due to its noninvasive
nature, noncontact tonometry is widely used by opticians.
Rebound tonometry with Icare® is another widely used method
that uses a small probe which briefly touches the cornea, making it
ideal for children and patients with disabilities due to its
portability and ease of use.34

Functional assessment of glaucoma is primarily performed
through visual field testing (Figure 2). In Sweden, the most widely
used device for this purpose is the Humphrey Field Analyzer (Carl
Zeiss Meditec AG®). Humphrey utilizes standard automated



perimetry, a computerized, static threshold test that evaluates the
patient’s ability to detect white light stimuli presented against a
white background. Humphrey is highly sensitive and capable of
detecting glaucomatous visual field defects even in the early stages
of the disease, before noticeable symptoms arise.35:3¢ It provides
detailed information about the location, depth, and progression of
visual field loss, which is crucial for guiding treatment decisions
and evaluating the effectiveness of therapy over time. The test
results are typically presented in grayscale and pattern deviation
plots, which help distinguish true glaucomatous damage from
other causes of visual field loss. Regular and consistent visual field
testing is essential for tracking disease progression and preventing
significant vision impairment.

Evaluation of the optic nerve head is another key component of
glaucoma diagnostics and can be performed using indirect
fundoscopy at the slit lamp. Structural assessment may also
include fundus photography and optical coherence tomography
(OCT), which measures the optic nerve head, retinal nerve fiber
layer, and ganglion cell layer. While OCT can support a glaucoma
diagnosis, it must be interpreted alongside visual field findings, as
an abnormal OCT alone is not sufficient for diagnosis.4

Additional diagnostic tools include gonioscopy and pachymetry.
Gonioscopy is essential for evaluating the anterior chamber angle,
confirming the presence of open-angle glaucoma, and identifying
features such as TM pigmentation, abnormal blood vessels, and
peripheral anterior synechiae. Pachymetry, commonly performed
using OCT, measures central corneal thickness. Central corneal
thickness plays an important role in the interpretation of IOP
readings. Variations in corneal thickness can significantly
influence IOP measurements: thicker corneas may produce falsely
elevated IOP values, while thinner corneas may result in
underestimation of the true IOP. Beyond its role in glaucoma
assessment, corneal thickness measurement is also valuable in
detecting corneal decompensation,3” which may arise following
intraocular surgery or as a consequence of corneal pathology.



Glaucoma staging and target IOP

Glaucoma staging is crucial since disease severity influences target
IOP levels and the aggressiveness of treatment. Generally, the
more advanced the disease, the lower the IOP should be to prevent
further visual field deterioration.

Glaucoma staging is typically based on visual field mean deviation
(MD). The Hodapp-Parrish-Anderson classification is one of the
most commonly used staging criteria in glaucoma research and is
also recommended by the European Glaucoma Society.4 According
to the Hodapp classification:38

e Mild glaucoma: MD >-6 decibels (dB)
e Moderate glaucoma: MD -6.01 to -12 dB
e Advanced glaucoma: MD <-12 dB

If visual field defects are absent and the optic nerve appears
normal in the presence of elevated IOP, the condition is classified
as ocular hypertension (OHT). If visual field defects are absent but
optic nerve cupping is observed, the condition is classified as
suspected glaucoma, as structural changes may precede functional
loss.4

MD -5.09 dB MD -10.24 dB MD -24.61dB

Figure 2. Examples of mild, moderate and advanced glaucoma (left eye)
from three different glaucoma patients. dB = decibels; MD = mean
deviation.



Target IOP refers to the maximum pressure considered acceptable
for an individual with glaucoma. For newly diagnosed patients, the
target IOP is a qualified guess by the treating clinician, based on
disease severity and baseline IOP. In mild glaucoma, an IOP of up
to 21 mmHg is generally acceptable, whereas moderate glaucoma
requires a target of 15-17 mmHg. In advanced cases, IOP should be
kept below 15 mmHg and often reduced to as low as 10-12
mmHg.3¢ For OHT or suspected glaucoma, higher IOP levels may
be tolerated, but even in these cases, IOP should remain well below
30 mmHg. Due to disease progression and potential comorbidities,
the target IOP must be continuously reassessed.39

Treatment in glaucoma

The goal of glaucoma treatment

The primary goal of glaucoma treatment is to halt disease
progression and preserve the patient’s quality of life (QoL).4-4°
Research has shown that QoL is significantly impaired when the
visual field in the worst-seeing eye declines below 50%.4! Given the
often slow progression of glaucoma, IOP is commonly used as a
surrogate endpoint in surgical trials. This approach is both
practical and ethically sound, as waiting for substantial visual field
loss would require many years and expose patients to irreversible
harm.

QoL can also be negatively impacted by the side effects of
glaucoma medications or the development of cataract.42 These
factors can result in ocular discomfort and reduced functional
vision, even in the absence of significant visual field loss.

Medical therapy

Topical eye drops are, alongside laser procedures, typically the
first-line treatments for glaucoma. These medications either
reduce aqueous humor production or increase aqueous humor
outflow:

e Reduction of aqueous humor production: beta-blockers,
carbonic anhydrase inhibitors, and alpha-2 selective
adrenergic agonists.



e Increase in aqueous humor outflow: prostaglandin
analogues, parasympathomimetics, and Rho kinase
inhibitors. Prostaglandin analogues enhance uveoscleral
outflow, while parasympathomimetics increase TM outflow
by stimulating ciliary muscle contraction. Rho kinase
inhibitors, a relatively new treatment, lower resistance in
the TM and reduce episcleral venous pressure.

Glaucoma treatment usually follows a stepwise approach,
beginning with a prostaglandin analogue or beta-blocker as
monotherapy. If IOP remains above target, additional medications
are introduced. However, the Glaucoma Intensive Treatment Study
(GITS) has challenged this strategy, suggesting that intensive
initial treatment may be beneficial in newly diagnosed cases with
higher IOP levels.4344If a patient requires more than three
medications or suffers from intolerable side effects, surgery should
be considered. Oral carbonic anhydrase inhibitors can temporarily
be added while awaiting surgical intervention, but they are seldom
tolerated as long-term treatment.

Laser trabeculoplasty

Laser trabeculoplasty (LTP) can be used as either a primary
treatment or an adjunctive therapy when topical medications are
insufficient, and its effect has been shown to be comparable to
IOP-lowering eye drops.45-47

LTP consists of two main techniques:

e Argon Laser Trabeculoplasty (ALT): targets both
pigmented and non-pigmented cells but causes coagulative
tissue damage.

e Selective Laser Trabeculoplasty (SLT): acts specifically on
pigmented cells, avoiding collateral damage to the TM. SLT
is nowadays the laser treatment of choice, and its efficacy is
similar to that of ALT.

Both ALT and SLT involve applying laser spots to the TM,
triggering mechanical and cellular changes that enhance



permeability and promote aqueous outflow, thereby reducing
I0P.48

LTP is generally safe, with mild inflammation and temporary IOP
spikes as the most common adverse effects.49 Despite its safety
profile, LTP may not be effective for all patients and should
preferably be used in mild to moderate glaucoma.s°

Transscleral cyclophotocoagulation

Transscleral cyclophotocoagulation (TCP) is applied over the
sclera, penetrating the tissue to reach the ciliary body, where it
impairs the function of the secretory epithelium, thereby reducing
aqueous humor production. Due to potential severe adverse effects
such as persistent hypotony, prolonged intraocular inflammation,
and deterioration of visual acuity, TCP is primarily reserved for
eyes with advanced glaucoma and poor visual function,5* although
recent studies indicate that serious complications are rare.52

Bleb-forming surgery

When medical therapy and/or LTP can no longer provide sufficient
IOP control, surgical intervention is recommended. Traditionally,
trabeculectomy has been considered the gold standard for
glaucoma surgery. This procedure involves the creation of a fistula
to connect the anterior chamber with the subconjunctival space,
establishing an alternative pathway for aqueous humor drainage.
The long-term IOP control following a trabeculectomy is largely
dependent on wound healing, which is managed using antifibrotic
agents such as mitomycin-C. While mitomycin-C significantly
improves surgical success, it carries risks including excessive
drainage, scarring and endophthalmitis.53 Despite procedural
refinements that have improved trabeculectomy safety, major
complications remain, and the surgery requires frequent
postoperative follow-up visits and adjustments, such as suture
manipulation and needling.

Long-tube glaucoma drainage devices such as Molteno®, Ahmed®,
Baerveldt® and Paul® are alternatives to trabeculectomy. In
Europe, they have traditionally been used after failed
trabeculectomy, but recent trials suggest their potential also as
primary procedures, especially when trabeculectomy success rates



are expected to be low.54 However, like trabeculectomy, long-tube
surgery carries risks of early or late hypotony, infection, scarring,
corneal decompensation, and diplopia.55-57

Over the past decade, less invasive bleb-forming surgeries have
entered the market, and currently, two devices are available — Xen
Gel Stent® and PreserFlo® microshunt. These surgeries use the
same mechanism as traditional bleb-forming surgeries with the
creation of an external subconjunctival filtration, but with
potentially faster recovery.s8¢ However, their efficacy seems to be
inferior to traditional bleb-forming surgeries and serious
complications such as hypotony and excessive scarring remain.59:6

History of trabecular meshwork surgery

Trabecular meshwork surgery in glaucoma has a long history. In
1938, Otto Barkan introduced goniotomy (from Greek: gonio =
angle; tomein = cut), a procedure designed to surgically incise and
open the TM in infants with congenital glaucoma.®* In the 1960s,
Hermann Burian and Redmond Smith adapted the technique for
adults, using an ab externo approach, i.e from outside the eye.¢2
Although goniotomy appeared to be effective in adult glaucoma,
results were better in congenital glaucoma.®3 In the 1960s,
trabeculectomy emerged as a surgical option, and goniotomy
nearly disappeared as a treatment for adult glaucoma.®4.65

By the early 2000s, surgical advancements using ab interno
techniques again renewed interest in goniotomy for adult
glaucoma. An ab interno approach - i.e. from within the eye
without disrupting the conjunctiva — offers a less invasive surgical
option, with reduced risks and faster recovery compared to earlier
techniques. These new techniques performed ab interno form the
foundation of the modern paradigm of MIGS.

MIGS

MIGS is a group of surgical techniques designed to lower IOP
and/or reduce the need for topical medications, while being
minimally traumatic to the eye. These procedures are characterized
by a favorable safety profile and a fast postoperative recovery.66.67

10



The possibility of intervening earlier in the disease course has led
to a growing adoption among surgeons, and the use of MIGS
continues to expand. All MIGS devices enhance aqueous humor
outflow from the anterior chamber, either by directly accessing the
TM or by diverting aqueous humor to the suprachoroidal space
(Figure 3).

Micro Invasive Glaucoma Surgeries

(MIGS)
Trabecular stenting devices Suprachoroidal devices
* iStent inject * MINIject
* Hydrus
Trabecular dilation
+ ABIC

Trabecular disruption surgeries
+ Trabectome

+ Kahook Dual Blade

+ GATT

Figure 3. Overview of microinvasive glaucoma surgeries. ABIC= Ab
interno canaloplasty; GATT= Gonioscopy assisted transluminal
trabeculotomy.

Suprachoroidal devices work by creating controlled cyclodialysis
and increasing uveoscleral outflow via the suprachoroidal space.®8
While ongoing studies continue to assess their efficacy and safety,
long-term data are limited.

Trabecular MIGS include stenting devices, trabecular dilation, and

trabecular disruption, all of which improve conventional trabecular
outflow. This thesis focuses on one stenting device — iStent inject®

(iStent), and one disruptive device — Kahook Dual Blade® (KDB).

The iStent®, developed by Glaukos Corporation and FDA-approved
in 2012, was the first trabecular micro-bypass stent introduced to
the market. Implanted through a clear corneal incision, it is
inserted into Schlemm “s canal to bypass the TM, facilitating
aqueous humor outflow. It was originally launched as a single
snorkel-shaped device but has undergone refinements over the
years (Figure 4). The iStent inject®, introduced in 2018, features a
dual stent coated with heparin and made of non-ferromagnetic
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titanium. Measuring 360 pm in length and 230 pm in diameter, it
is the smallest medical implant approved for human use. In 2019,
the iStent inject W® was developed; with a broader neck, it
improves implantation precision and prevents over-insertion. The
most recent version, the iStent infinite®, was introduced in 2022 as
a three-stent model. However, long-term comparative studies
evaluating its efficacy and safety are still awaited.

iStent® iStent inject® iStent inject W®

e

360 um

Figure 4. First, second and third generation iStent stents. Illustration by
Anna Barkander.

The KDB, developed by New World Medical and approved by the
FDA in 2015, features a knife with a dual-sided tip designed for
precise incisions in the TM. By lifting and excising a strip of TM
tissue, it facilitates aqueous humor drainage into Schlemm”s canal.
The KDB Glide®, introduced in 2020 as a second-generation
instrument, features beveled edges and rounded corners designed
to enhance usability (Figures 5 and 6). Despite these ergonomic
improvements, it retains the original KDB’s ramp technology and
230 um blade distance. Given the minor design changes, KDB and
KDB Glide are expected to demonstrate comparable efficacy.
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KDB® ™._ KDBGlide®

dual blades

beveled edges

Figure 5. Kahook Dual Blade and Kahook Dual Blade Glide. Illustration
by Anna Barkander.

Comparative studies between the first generation iStent and KDB
suggest that KDB may be slightly more effective.®® The second-
generation iStent inject and iStent inject W appear to offer
improved efficacy compared to the single-stent version, though few
direct comparisons between iStent inject/iStent inject W and KDB
have been conducted.7o-72 Additionally, long-term studies remain
sparse. Moreover, studies including PEXG patients are few,73-75
and this glaucoma type is especially common in the Nordic
countries.7-10

The most common postoperative complications after iStent and
KDB are transient IOP spikes and hyphema. Although a hyphema
does not appear to negatively impact surgical outcomes,?® it can
temporarily impair visual acuity, which is particularly problematic
for patients who are blind in one eye. IOP spikes are typically
managed with additional IOP-lowering medications. However,
delayed or insufficient treatment can result in irreversible optic
nerve damage.”” Cases of cyclodialysis cleft have also been reported
with both iStent and KDB.%°

Conducting comparative studies on trabecular MIGS poses
significant challenges due to variations in glaucoma severity,
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baseline IOP levels, and medication regimens among study
patients. Additionally, the use of different outcome measures
further complicates comparisons. The frequent combination of
MIGS with cataract surgery adds another layer of complexity when
interpreting outcomes, as it can be challenging to separate the
effect of the cataract procedure from the effect of the MIGS
procedure.

Figure 6. Kahook Dual Blade surgery performed by Anna Barkander.
From the operating room at the Eye Clinic in Ostersund.

Glaucoma and cataract surgery

Many glaucoma patients develop cataract, and early cataract
surgery is often beneficial for these individuals. Beyond improving
visual acuity and QoL,”8 cataract surgery can contribute to a
modest reduction in IOP, typically averaging 2-4 mmHg.79-82 In
patients with PEX, the IOP-lowering effect is often at the higher
end of the range,®3-85 and it has even been shown that cataract
surgery in PEX patients can reduce the risk of developing
glaucoma.s®

Having a pseudophakic patient — one who has undergone cataract
surgery — is beneficial if bleb-forming surgery is later required.
Pseudophakia simplifies surgical planning and reduces the risk of
lens-induced complications. In phakic patients — those with their
natural lens — bleb-forming surgery accelerates cataract
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development,’” and if cataract surgery is performed after a bleb-
forming procedure, the likelihood of failure can increase due to
inflammation and scarring.88:89 This underscores the importance of
performing cataract surgery at an earlier stage.

When cataract surgery is performed in both study arms of a
comparative MIGS trial, it becomes difficult to assess the true
effect of the MIGS procedure. Additionally, some postoperative
complications may result from the cataract operation rather than
the MIGS procedure.

Cataract surgery is generally considered safe, but it can
nonetheless have complications such as infection, corneal edema
and prolonged postoperative inflammation. In glaucoma patients,
and especially if PEX is present, cataract surgery can be more
challenging due to small pupils or weak zonules.90:9

Compliance and adverse effects of treatment

Eye drops and laser procedures are usually first-line treatments for
glaucoma, while traditional bleb-forming surgery is the most
effective treatment. However, bleb-forming surgery carries risks
such as inflammation, hypotony, bleeding and infection.92 They
also require longer operating times and more frequent
postoperative follow-up visits. Additionally, the lifelong risk of
bleb-related complications, such as bleb dysesthesia, leakage, and
infection, must be considered when deciding upon surgery.

Treatment with eye drops and laser procedures also has
limitations. Topical medications can cause both ocular and
systemic side effects,93 and patient adherence is often suboptimal.o
Despite using multiple medications or undergoing repeated laser
treatments, many patients still experience glaucoma progression.
By the time surgery is performed, patients have often been on
several medications for years, leading to increased postoperative
inflammation and a higher risk of scarring and surgical
failure.93:95:96

Given the side effects of topical therapy and the potential
complications associated with traditional surgery, MIGS has
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emerged as an alternative to control the disease at an earlier stage,
while simultaneously reducing topical medications.9”

Need for further MIGS research?

Interest in MIGS has grown over the past decade, yet a clear
consensus on its optimal use is still lacking. Although numerous
publications have reported results on MIGS outcomes, most are
retrospective and show considerable variability in the definition of
outcome measures.”>98-104 Non-industry sponsored studies that
stratify results by glaucoma severity are limited, and most of the
existing research focuses on patients with mild to moderate
disease.04-196 There is a notable lack of studies involving patients
with PEXG and those with advanced-stage disease. Furthermore,
no head-to-head comparisons have been made between iStent W
and KDB. Additionally, nearly all existing studies on KDB are
retrospective in nature, limiting the strength of the evidence.%

KDB has been less extensively studied than iStent, but its lower
cost suggests it may be a more cost-effective alternative. However,
further research is essential to determine the comparative efficacy,
safety, and long-term impact of these procedures.
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HYPOTHESES AND AIMS

The overall purpose of this project was to provide insights into the
role of trabecular MIGS in contemporary glaucoma management.
The general aim was to study the efficacy and safety of the
trabecular MIGS procedures iStent inject/iStent inject W and
KDB/KDB Glide.

Based on prior studies and clinical experience, we hypothesized
that iStent and KDB, when performed in combination with cataract
surgery, would lead to a reduction in IOP and/or a decreased need
for glaucoma medications compared to cataract surgery alone. We
also hypothesized that these MIGS procedures would be effective
and safe across various glaucoma subtypes and severities. To
evaluate their overall effectiveness, stand-alone trabecular MIGS
procedures were also included in the retrospective analysis
alongside combined MIGS and cataract surgery.

The specific aims of this project were:

e To evaluate the efficacy and safety of stand-alone KDB
versus KDB combined with cataract surgery in patients
with medically uncontrolled glaucoma.

e To compare KDB and iStent in mild to moderate versus
advanced glaucoma and evaluate the effect of preoperative
IOP levels and number of medications on surgical
outcomes.

e To assess the efficacy and safety of KDB and iStent in
patients with and without PEX.

e To investigate a possible association between the effect of
LTP and the effect of subsequent surgery with cataract-
KDB.

e To evaluate if adding iStent W or KDB Glide to cataract

surgery affects surgical outcomes and QoL compared to
performing cataract surgery as a stand-alone procedure.
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MATERIALS AND METHODS

Subjects

Studies I-IV included patients from the Eye Clinic in Ostersund,
located in the Region of Jamtland Harjedalen in northern Sweden
(Figure 7). Studies I-III were retrospective analyses of medical
records from patients who underwent surgery with iStent or KDB
between 2019 and 2021. To minimize bias, only the first operated
eye was included for patients who had both eyes eligible for

surgery.

Figure 7. Map of Sweden with the County of Jamtland Hdrjedalen
marked. Image adapted from Wikimedia Commons.
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Study I included 9o patients who had undergone goniotomy with
KDB, either as a stand-alone procedure or in combination with
cataract surgery, between September 1, 2019, and December 31,
2020. The inclusion criteria were mild to advanced open-angle
glaucoma that was uncontrolled, i.e., having visual field
progression and/or elevated IOP despite treatment with three or
more medications.

Study II included 153 patients who had undergone cataract surgery
combined with iStent or KDB between March 1, 2019, and August
31, 2020. The inclusion criteria were mild to advanced open-angle
glaucoma.

Study III included 250 open-angle glaucoma patients who had
undergone cataract surgery combined with KDB between October
1, 2019, and December 31, 2021. Among these, 111 patients had

previously undergone LTP at some point before the cataract-KDB
operation.

Study IV, referred to as the SMIGS (Swedish Microlnvasive
Glaucoma Surgery) study, included 120 adult patients receiving
medical treatment for glaucoma or OHT, all of whom had clinically
significant cataract.
The inclusion criteria in Study IV were:

e Ageover 18 years

e C(Clinically significant cataract

¢ Glaucoma or OHT treated with one to four medications and

no need for additional glaucoma surgery at the time of

study enrollment

¢ Open chamber angle with Shaffer grading three to four in at
least two quadrants

The exclusion criteria in Study IV were:

e Prior glaucoma surgery, including TCP
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e SLT within 90 days prior to the planned surgery

e Exudative age-related macular degeneration, proliferative
diabetic retinopathy, clinically significant corneal
dystrophy, or any eye disease that could potentially affect
IOP or the visual field

¢ Inability to participate or provide written consent due to
other medical conditions

Patients likely to be eligible for the trial were identified at their
regular consultation for glaucoma and provided with a patient
information leaflet. The principal investigator was responsible for
deciding whether a patient was eligible for inclusion in the study.
Eligible patients, who agreed to take part, signed a consent form
before being randomized into one of three treatment arms:
cataract surgery alone, cataract surgery combined with iStent W,
or cataract surgery combined with KDB Glide.

IOP measurements

In Studies I, IT and III, IOP measurements were generally
performed using GAT. However, due to the retrospective design,
occasional IOP measurements were performed with iCare or
noncontact tonometry.

In Studies I and II, we used IOP measurements at baseline and
postoperatively at one week, one month, three months (Study I
only), six months, 12 months and 24 months. In Study III, we used
IOP measurements taken three months after LTP and one year
after cataract-KDB surgery. Since Studies I-IIT were retrospective
analyses of medical records, the closest available time point to the
scheduled measurement was selected.

In Study IV, all IOP measurements were obtained using GAT.
Since this prospective study was not masked, the two-person
method was used, wherein the investigator performed the GAT
measurement while an assistant recorded the IOP. Before
randomization to surgery, two IOP measurements were taken on
separate days and averaged before calculation. Postoperatively,
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IOP measurements were taken on day one, week six, months three,
six, 12, and 24. Additional measurements were performed when
necessary, such as after a change in therapy.

Best corrected visual acuity

Best corrected visual acuity (BCVA) was measured as decimal
acuity using the Snellen chart. In Studies I-II1, data were collected
from medical records. In Study IV, BCVA was measured before
pupil dilation, tonometry, gonioscopy, or any other procedure that
could affect visual acuity. Decimal acuity values were converted
into logMAR to allow for statistical analysis. A high logMAR value
corresponds to low BCVA, and vice versa. In cases of very poor
visual acuity, BCVA was documented as counting fingers, hand
movements, light perception, or amaurosis.

Slit lamp biomicroscopy

In Studies I-III, slit lamp biomicroscopy findings were collected
from medical records. In Study IV, slit lamp biomicroscopy was
performed in a standardized manner, examining the anterior
segment first and progressing posteriorly. In Study IV,
examinations were conducted within three months preoperatively
and at postoperative intervals on day one, week six, months three,
six, 12, and 24. The presence of hyphema, intraocular
inflammation, and corneal edema was recorded.

Gonioscopy

In Study IV, preoperative gonioscopy was conducted in all patients
to confirm an open chamber angle. Shaffer grading was used,
requiring an angle grade of three or four in at least two quadrants
to exclude closed-angle glaucoma.

Pachymetry

In Study IV, pachymetry was performed within six months prior to
surgery and reassessed three months after surgery to exclude
surgery-related corneal decompensation.
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Optical Coherence Tomography (OCT)

In Study IV, preoperative OCT (DRI OCT Triton®, Topcon) of the
optic nerve and macula was conducted to strengthen the diagnosis,
differentiate suspected glaucoma from OHT, and detect any
pathology affecting BCVA or visual field. Postoperative OCT was
allowed at any time point if BCVA declined, investigating potential
complications such as postoperative macular edema or epiretinal
membrane formation.

Visual field testing

In Studies I and II, the last visual field before surgery was
evaluated and reassessed after one and two years.

In Study IV, visual field testing was conducted before surgery
(within three months) and at six and 12 months postoperatively.
Standard automated perimetry using the Humphrey® Field
Analyzer (SITA Faster) was utilized, with the technician
monitoring the patient throughout.

Cataract surgery

In Studies I-IV, cataract surgery was performed in a standardized
manner by an experienced surgeon (Figure 8). When iStent/iStent
W or KDB/KDB Glide were added, these procedures were
performed after cataract removal and intraocular lens placement.
In Study IV, patients were randomized to cataract surgery alone or
combined with iStent W or KDB Glide.
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Figure 8. Cataract surgery performed by Anna Barkander at the Eye
Clinic in Ostersund.

iStent inject and Kahook Dual Blade surgery

In Studies I-IV, implantation with iStent/iStent W or goniotomy
with KDB/KDB Glide was performed after cataract surgery
(Figures 9 and 10). The anterior chamber was filled with additional
cohesive viscoelastic, and the operating microscope was tilted
approximately 35°, while the patient”s head was turned 35° away
from the surgeon to optimize the view of the chamber angle.

The previously made temporal cataract incision was utilized. After
implanting iStent stents or performing goniotomy with KDB, all
viscoelastic was removed using an irrigation-aspiration
instrument, and the eye was filled with balanced salt solution. At
the end of surgery, intracameral cefuroxime (1 mg) and ampicillin
(0.1 mg) were administered.
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Figure 9. iStent inject. Illustration by Anna Barkander.

Trabecular meshwork
Schlemm *s canal

Blood vessels
Figure 10. Kahook Dual Blade. Illustration by Anna Barkander.

Postoperative care and follow-up

In Studies I-III, patients received topical dexamethasone (1
mg/ml) three times daily for three weeks postoperatively. In Study
IV, this regimen was supplemented with topical nepafenac (3
mg/ml) once daily for three weeks to reduce postoperative
inflammation and minimize the risk of macular edema.

24



Glaucoma medications were generally continued for the first three
postoperative weeks. After this period, medications were
discontinued if the disease remained stable and target IOP was
achieved. Generally, IOP levels <21 mmHg were acceptable in
medically treated OHT or suspected glaucoma, <18 mmHg in mild
glaucoma, <15 mmHg in moderate glaucoma, and <12 mmHg in
advanced glaucoma. The Hodapp-Parrish-Anderson criteria were
used to classify glaucoma severity. If visual field progression
occurred or IOP became unacceptably elevated, medications were
adjusted, or LTP was performed. To ensure patient safety, further
glaucoma surgery was permitted if necessary during follow-up.

Vision-related quality of life

Patients in the SMIGS study (Study IV) were asked to complete a
vision-related QoL assessment preoperatively and after six
months, using the National Eye Institute Visual Function
Questionnaire (NEI VFQ-25, 25 items). NEI VFQ-25 is one of the
most commonly used patient-reported outcome measures in
ophthalmology studies, and its purpose is to measure both vision-
and health-related QoL.107:108

Vision-related QoL measurements have been advocated in
glaucoma trials but also questioned as glaucoma’s impact on
vision-related QoL is often only detectable once the disease reaches
an advanced stage.’°9 However, side effects associated with
glaucoma medications can also negatively affect vision-related
QoL, and reducing medication dependency through MIGS has
been shown to improve ocular symptoms.!t© Since MIGS surgeries
are commonly combined with cataract surgery, which itself
enhances vision-related QoL,!! it is essential that QoL assessments
in MIGS studies include a comparative cataract control group.

Statistical methods

In Studies I-IV, subject demographics and outcomes were
descriptively summarized using means and standard deviations
(SD) for continuous, symmetric variables and medians and inter-
quartile ranges (IQR) for continuous skewed variables. Categorical
variables were presented as frequencies and percentages. Group
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comparisons were performed using independent-samples t-tests
for parametric data and Mann-Whitney U tests for nonparametric
data. In Study IV, comparisons across the three treatment arms
were performed using one-way ANOVA for parametric data and
Kruskal-Wallis tests for nonparametric data. Categorical variables
were analyzed using chi-square tests or Fisher’s exact tests. For
paired data, dependent-samples t-tests (parametric) or Wilcoxon
signed-rank tests (nonparametric) were used. Kaplan-Meier
survival analysis was used to assess failure rates over time.
Postoperative comparisons included IOP measurements, changes
in visual field MD, and the number of IOP-lowering medications.

A P-value <0.05 was considered statistically significant. Snellen
visual acuity was converted into logMAR for statistical analysis. If a
patient required additional surgery, their BCVA and IOP data were
excluded from further analysis.

In Study IV, a power calculation was performed based on the
assumption of a 4 mmHg difference in IOP between cataract
surgery alone and cataract surgery combined with either iStent W
or KDB Glide.8 The study was not designed to detect a significant
difference in efficacy between iStent W and KDB Glide. To achieve
a statistical power greater than 80% at a significance level of 0.05,
a sample size of 37 eyes per group was required. To account for a
potential dropout rate of up to 10%, 40 eyes were included in each

group.

Outcome measures and adverse events

In Study I, surgical success was defined as:

e Areduction in IOP of >20% and/or a reduction of >1
medication at 24 months.

In Study II, we chose to report IOP- and medication reduction as
separate outcomes to enable comparisons between patients with
varying glaucoma severity, as well as between iStent and KDB.
Surgical success was defined as:
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e Areduction in IOP of >20% with a postoperative IOP <18
mmHg at 24 months.

e A reduction of >1 medication at 24 months.

Results were stratified according to glaucoma severity — mild to
moderate versus advanced.

In Study III, the primary outcome was to examine whether
previous LTP treatment influenced subsequent surgery with
cataract surgery combined with KDB. The secondary outcome was
to examine whether there was an association between LTP success
and cataract-KDB success. A successful outcome of LTP and
cataract-KDB was defined as:

e Areduction in IOP of >20% and/or a reduction of >1
medication after three months (+ two months) and one
year (+ six months) respectively. If further glaucoma
surgery occurred within the follow-up period, the cataract-
KDB procedure was considered a failure.

In Study IV, the primary outcome measures were:
e Number of patients in each group achieving a reduction in
IOP of 220% and/or a reduction of >1 medication at 12

months.

e Changes in IOP and number of medications compared to
baseline.

In Study IV, the secondary outcome measures were:

e Number of patients reaching IOP thresholds of <12 mmHg,
<15 mmHg, <18 mmHg, and <21 mmHg at 12 months.

e Number of patients requiring additional surgery or TCP
during follow-up.

e Number of patients requiring additional medications or
SLT during follow-up.
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In Studies I-IV, for outcomes to be classified as successful, they
had to be achieved without additional medical therapy, SLT, TCP,
or further glaucoma surgery. In Studies I, II, and IV, the number of
patients requiring additional glaucoma surgery or TCP during
follow-up was documented, along with adverse events such as
hyphema, IOP spikes, and excessive inflammation, including
rebound iritis and postoperative macular edema. We also assessed
any potentially serious adverse events that could result in
permanent and significant visual impairment, such as
endophthalmitis or suprachoroidal hemorrhage.

Study dropout rates

e In Study I, two-year data were unavailable for eight
patients due to death (n=4), comorbidities preventing
examination (n=3), or relocation to another city (n=1).

e In Study II, two-year data were unavailable for four
patients due to death (n=3) or relocation to another city
(n=1).

e In Study III, patients were excluded due to lack of IOP
and/or medication data (n=12), death (n=9), presence of
another eye disease affecting the IOP (n=4), or prior
glaucoma surgery before the cataract-KDB operation (n=8).

e In Study IV, there were no dropouts at the one-year follow-
up.

Ethical considerations

All studies adhered to the Declaration of Helsinki and were
approved by the Swedish Ethical Review Authority.

In Studies I-1II, data was collected from medical records, and no
new interventions were introduced that could potentially harm
patients. In Study IV, patients were monitored at regular
postoperative intervals, with additional follow-up visits as needed.
If patients in any treatment arm exhibited visual field progression
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or elevated IOP, adjustments were made through medication
changes, laser therapy, or further glaucoma surgery.

Consent

In Study IV, all patients provided written informed consent before
inclusion. Consent was obtained after patients received both oral
and written study information and were given the opportunity to
ask questions.

Risk of harm

In Studies I-1III, surgery had already been completed, and no
additional harm was expected from retrospectively collecting and
analyzing the data.

In Study IV, patients were closely monitored in accordance with
the study protocol. All measurements used in the study are
standard in glaucoma care. IOP measurements and anterior
chamber angle grading require a local anesthetic drop and are
routinely performed in clinical practice. Other assessments,
including perimetry, pachymetry, and OCT, are non-invasive.

Cataract surgery carries potential risks such as infection,
inflammation, bleeding, and IOP spikes, but all patients in Study
IV had clinically significant cataract and an indication for surgery.
KDB and iStent have demonstrated an acceptable safety profile,
with hyphema being the most common postoperative
complication. Patients underwent regular follow-up visits, and
adverse events were managed according to standard clinical
practice.

Study results were presented at the group level, and all data were

handled securely to ensure the protection of sensitive personal
information.
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RESULTS

Baseline characteristics

Across all studies, patient characteristics including age, gender and

the presence of PEX were similar (Table 1). In Study I, patients

were specifically selected due to uncontrolled glaucoma; therefore,

baseline IOP levels and the number of medications were higher
compared to the other studies. Additionally, Study I included

patients with a history of previous glaucoma surgery, which was an

exclusion criterion in Studies II-IV.

In contrast, patients in Study IV were required to be stable enough

to undergo cataract surgery alone. Consequently, baseline IOP

levels and medication use were lower, and advanced glaucoma was

less common in this cohort.

Study I II I 1\
Number of patients 90 153 250 120
Age (years), mean + SD 77+ 6.9 75+ 6.4 75+ 6.5 76 £ 5.5
Female, % (n) 48% (43) 46% (71) 50% (124) 48% (57)
PEX, % (n) 629% (56) 59% (90) 57% (143) 55% (66)
Advanced glaucoma, % (n) 50% (45) 49% (75) 35% (88) 5% (6)
IOP, mean + SD 23.1+£7.0 20.2+6.1 21.1+6.5 18.6 £ 4.0
Range 12t0 54 810 44 11to 44 11.5t0 28.5
Medications, median [IQR] 31[3-4] 3[2-3] 3[1-3] 2 [1-3]
Previous glaucoma surgery*, % (n) 10% (9) - - -

Table 1. Patient characteristics from Studies I-IV. *Including

transscleral photocoagulation. IOP = intraocular pressure; IQR =

interquartile range; PEX = pseudoexfoliations; SD = standard
deviation.
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Success rates and change in IOP and
medications

At month 12, the largest reductions in IOP were observed in Study
I, where patients also had the highest IOP levels at baseline (Table
2). In both Studies I and II, IOP reductions remained stable from
month 12 to 24. Although the average IOP reduction ranged from
approximately 4 to 8 mmHg, there was considerable variation
among the included eyes. Some eyes experienced an IOP reduction
of up to 41 mmHg, whereas others had the same or even higher
IOP after 12 and 24 months.

The reduction in medication use was greater at 12 than at 24
months, especially in the KDB-alone group, where the number of
medications was actually higher at month 24 compared to
baseline.

Across Studies I-II, the highest success rates — defined as a
reduction in IOP of >20% and/or a reduction of >1 medication —
were seen in the cataract-KDB groups at month 12, while the
lowest success rate was seen in the KDB-alone group at month 24.
In this group, 28% of patients required additional glaucoma
surgery within 24 months. These eyes were excluded from the IOP-
and medication reduction analysis, but their outcomes were
reflected in a lower success rate.
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Study II
KDB-alone Cataract-KDB Cataract-iStent Cataract-KDB
Month 12 Number of patients 29 46 43 88
1I0P change, mean + SD -8.3+8.8 -7.7+6.3 -5.0+ 6.0 -4.4+6.3
Range -41t0 3 -281to0 2 -23t0 8 -28to9
Meds change, mean + SD -0.4 £ 1.1 -1.4+1.3 -0.4+0.7 -1.2+1.3
Range -3to1 -4to1 -3to1 -4to 2
Success rate month 12 57% 85% 55% 83%
Month 24  Number of patients 22 43 47 91
I0P change, mean + SD -7.8+6.8 -8.0t4.7 -5.2+7.3 -5.3+5.5
Range -23to 2 -22t0 -1 -27t0 13 -26to 5
Meds change, mean + SD 0.5%1.0 11t -0.4+0.9 -0.9%1.2
Range -3to1 -4to1 -3to1 -4to2
Success rate month 24 47% 76% 65% 75%

Table 2. Success rates and change in intraocular pressure and number
of medications. Success defined as an IOP reduction of 220% and/or a
reduction of =1 medication at 12 and 24 months. Eyes having further
glaucoma surgery within follow-up were excluded from the IOP- and
medication reduction analysis, but their outcomes were reflected in a

lower success rate. IOP = intraocular pressure (in mmHg); iStent =
iStent inject; KDB = Kahook Dual Blade; Meds = medications; SD =
standard deviation.

To further illustrate the variability in the IOP-lowering effect, we
combined 12-month data from Studies I-IV in a scatterplot (Figure
11). As illustrated in the scatterplot, most eyes had a 12-month IOP
level between 10 mmHg and 21 mmHg, regardless of whether the
preoperative IOP was as low as 10 mmHg or as high as 40 mmHg.
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Figure 11. Scatterplot showing combined data from Studies I-IV. iStent =
iStent inject/iStent inject W; KDB = Kahook Dual Blade/Kahook Dual
Blade Glide.

Target IOP levels at baseline and at month 12

After combining data from Studies I-IV, we found that baseline
IOP levels <12 mmHg were achieved in only up to 8% of patients
(Table 3). At month 12, this proportion had increased in all groups,
even so in the cataract-alone group, thus reflecting the IOP-
lowering effect of cataract surgery. Notably, target IOP levels were
overall similar between groups. However, it is important to
consider that patients who required further surgery within 24
months were excluded from the IOP- and medication analyses.
Additionally, some patients may have needed additional
medications to reach their target IOP, which could improve IOP
control without necessarily qualifying as a surgical success.
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Study I Studies I-IV Studies II & IV Study IV

IOP levels Timepoint  KDB-alone, % (n) Cataract-KDB, % (n)  Cataract-iStent, % (n) Cataract, % (n)
<12 mmHg Baseline - 6% (19) 8% (8) 3% (1)
Month 12 24% (7) 33% (96) 19% (18) 18% (7)
<15 mmHg Baseline 8% (3) 18% (53) 24% (23) 30% (12)
Month 12 52% (15) 63% (182) 59% (49) 59% (23)
<18 mmHg Baseline 21% (8) 40% (120) 48% (46) 55% (22)
Month 12 79% (23) 86% (251) 84% (770) 82% (32)
<21 mmHg Baseline 38% (15) 62% (184) 65% (62) 83% (33)
Month 12 86% (25) 95% (276) 95% (79) 95% (37)

Table 3. Target IOP levels at baseline and at month 12. Combined data
from Studies I-1V. IOP = intraocular pressure; iStent = iStent
inject/iStent inject W; KDB = Kahook Dual Blade/Kahook Dual Blade
Glide. Note: Patients that lacked 12-month data or had further surgery
are not included in the 12-month follow-up.

Medication use at baseline and at month 12

When KDB was performed as a stand-alone procedure, patients
were unlikely to become medication-free postoperatively. Only one
patient in the KDB-alone group was able to discontinue all
medications within the first 12 months (Study I, Table 4). In
contrast, when iStent or KDB were combined with cataract
surgery, nearly one-third of patients became medication-free
postoperatively (Studies I-IV, Table 4). Notably, following cataract
surgery alone, 23% of patients were medication-free at 12 months
(Study IV, Table 4).
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Study I Studies I-IV Studies II & IV Study IV

Meds  Timepoint KDB-alone, % (n) Cataract-KDB, % (n) Cataract-iStent, % (n) Cataract, % (n)

o Baseline - 4% (12)
Month 12 3% (1) 30% (88) 27% (22) 23% (9)

1 Baseline - 23% (69) 30% (29) 35%(14)
Month 12 7% (2) 14% (42) 19% (16) 31% (12)

2 Baseline - 31% (92) 20% (19) 31% (12)
Month 12 3% (1) 21% (61) 20% (17) 15% (6)

>3 Baseline 100% (39) 42% (124) 50% (48) 35% (14)
Month 12 86% (25) 21% (60) 34% (28) 31% (12)

Table 4. Medication use at baseline and at month 12. Combined data
from Studies I-IV. Meds = medications; iStent = iStent inject/iStent
inject W; KDB = Kahook Dual Blade/Kahook Dual Blade Glide.

Trabecular MIGS as stand-alone

In Study I, we retrospectively compared KDB as a stand-alone
procedure to KDB combined with cataract surgery. Patients
included in this study had glaucoma progression or risk thereof
due to uncontrolled IOP, despite treatment with three or more
glaucoma medications. In the KDB-alone group, 21% of patients
had a previously failed glaucoma operation compared to 2% in the
cataract-KDB group (P=0.004). Patients in the KDB-alone group
were older (80 versus 75 years, P <0.001), but advanced glaucoma
was equally common in both groups (47% versus 54%, P=0.523).
All patients in the KDB-alone group were pseudophakic, and the
cataract operation had been performed on average 7.4 + 6.6 years
prior to the KDB operation.

The primary success rate — defined as a reduction in IOP of 220%
and/or a reduction of >1 medication at month 24 — was 47% (15
eyes) in the KDB-alone group and 76% (37 eyes) in the cataract-
KDB group, a statistically significant difference favoring the
combined approach (P = 0.009).
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Medication reduction was modest in the KDB-alone group, and the
main treatment effect was seen in IOP reduction, where mean IOP
decreased from 24.8 + 8.3 mmHg at baseline to 15.0 £ 5.3 mmHg
at 24 months (P <0.001). However, it is important to note that data
from patients who underwent further glaucoma surgery were
excluded from this analysis.

Furthermore, after KDB-alone, only 24% of patients achieved IOP
levels below 12 mmHg — often considered necessary in advanced
glaucoma — suggesting limited efficacy in this subgroup.
Additionally, 28% of patients in this group required additional
glaucoma surgery within two years compared to 12% in the
combined cataract-KDB group. This was a statistically significant
difference in cumulative survival rate between the two groups
(Figure 12).

0,8 ‘

0,6

0,4 __1KDB-alone group

_I1Cataract-KDB group

—}— censored in the KDB-alone group
(O censored in the cataract-KDB-group

Cumulative Survival
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0,0

0 5 10 15 20 25

Time (Months)

Figure 12. Kaplan-Meier cumulative survival in the KDB-alone and
cataract-KDB groups. Patients in the cataract-KDB group were less
likely to undergo further surgical procedures within 24 months (P =
0.026, log-rank test). From Study I. KDB = Kahook Dual Blade.
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Trabecular MIGS across glaucoma stages

In Study II, we evaluated the efficacy and safety of cataract surgery
combined with either iStent or KDB in patients with mild to
moderate glaucoma versus advanced glaucoma. A total of 153 eyes
were included, of which 49% had advanced glaucoma.

Among eyes with mild to moderate glaucoma, 52% in the cataract-
iStent group and 54% in the cataract-KDB group achieved a
reduction in IOP of >20% with a postoperative IOP <18 mmHg. In
eyes with advanced glaucoma, the same outcome was achieved by
42% in the cataract-iStent group and by 46% in the cataract-KDB
group. Although a higher percentage of eyes with mild to moderate
glaucoma met the success criterion compared with those with
advanced glaucoma, the difference was not statistically significant.

At month 24, a reduction of >1 glaucoma medication was more
common in the cataract-KDB group compared with the cataract-
iStent group (53% versus 32%, P = 0.013), whereas no significant
differences were found between mild to moderate and advanced
glaucoma within either group (Study II).

After combining data from Studies I-IV and including eyes that
had either iStent/iStent W or KDB/KDB Glide, a statistically
significant difference in success rate at month 12 was observed
between mild to moderate and advanced glaucoma (Figure 13).
Among patients undergoing cataract surgery combined with these
trabecular MIGS procedures, the success rate was 86% in those
with mild to moderate glaucoma compared to 73% in those with
advanced glaucoma.
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Figure 13. A comparison of success rates between mild to moderate and
advanced glaucoma, where success is defined as a reduction in IOP of
>20% and/or a reduction of =1 medication at month 12. Combined data
from Studies I-1V on patients who had cataract surgery combined with
iStent inject/iStent inject W or Kahook Dual Blade/Kahook Dual Blade
Glide.

In Study II, we found that target IOP levels had improved at 24
months compared with baseline. For mild to moderate glaucoma,
IOP levels up to 18 or 21 mmHg are generally considered
acceptable, while for advanced glaucoma, targets are typically
below 12 or 15 mmHg. However, these thresholds are individual.
Some patients with mild to moderate glaucoma may require
pressures lower than 18 mmHg, while some patients with
advanced disease can remain stable even with IOP levels above 15
mmHg.

In mild to moderate glaucoma (Study II):
e IOP levels <18 mmHg increased from 30% to 74% in the
cataract-iStent group and from 35% to 90% in the cataract-
KDB group.
e IOP levels <21 mmHg increased from 39% to 90% in the

cataract-iStent group and from 56% to 94% in the cataract-
KDB group.
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In advanced glaucoma (Study II):

e IOP levels <12 mmHg increased from 12% to 50% in the
cataract-iStent group and from 5% to 44% in the cataract-
KDB group.

e IOP levels <15 mmHg increased from 27% to 82% in the
cataract-iStent group and from 31% to 74% in the cataract-
KDB group.

Stratified results based on IOP levels and
preoperative medication burden

After combining 12-month data from all operations with cataract-
iStent/iStent W and cataract-KDB/KDB Glide (Studies I-IV), we
stratified outcomes based on preoperative IOP levels and number
of medications. The success rate — defined as a reduction in IOP of
>20% and/or a reduction of >1 medication — was comparable
across varying preoperative IOP levels and number of medications
(Figures 14 and 15).

100% 0
90% 8% 85% i 8%
80% 757 787
70%
60%
50%
40%
30%
20%
10%

0%

Success rate month 12

<18 >18-25 >25-30 >30
(n=163) (n=150) (n=46) (n=23)

Preoperative IOP levels

Figure 14. Success rates stratified by preoperative IOP levels in mmHg.
Success defined as a reduction in IOP of 220% and/or a reduction of =1
medication at month 12. Combined data from patients in Studies I-IV who
had cataract surgery combined with either iStent inject/iStent inject W or
Kahook Dual Blade/Kahook Dual Blade Glide.
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Figure 15. Success rates stratified by preoperative number of
medications. Success defined as a reduction in IOP of 220% and/or a
reduction of =1 medication at month 12. Combined data from patients in
Studies I-IV who had cataract surgery combined with either iStent
inject/iStent inject W or Kahook Dual Blade/Kahook Dual Blade Glide.
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Figure 16. Mean IOP reductions (+ standard deviation) in mmHg at
month 12 stratified by preoperative IOP levels. Combined data from
patients in Studies I-IV who had cataract surgery combined with either
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iStent inject/iStent inject W or Kahook Dual Blade/Kahook Dual Blade
Glide. IOP = intraocular pressure.

IOP reductions at month 12 were greater in eyes with higher
preoperative IOP levels, with reductions from 1.8 mmHg in eyes
with lower IOP levels to 17 mmHg in eyes with higher IOP levels
(Figure 16).

Medication reductions were greater in eyes with lower
preoperative IOP levels, although eyes with higher preoperative
IOP levels also demonstrated a modest reduction in medication
use (Figure 17). Interestingly, the reduction in medication use was
comparable between eyes with preoperative IOP levels of >18-25
mmHg and >25-30 mmHg. Medication reductions were also
greater in eyes with a higher number of medications prior to
surgery (Figure 18).
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Figure 17. Mean medication reduction (+ standard deviation) at month
12 stratified by preoperative IOP levels in mmHg. Combined data from
patients in Studies I-IV who had cataract surgery combined with either

iStent inject/iStent inject W or Kahook Dual Blade/Kahook Dual Blade
Glide. IOP = intraocular pressure.
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Figure 18. Mean medication reduction (+ standard deviation) at month
12 stratified by preoperative number of medications. Combined data
from patients in Studies I-IV who had cataract surgery combined with
either iStent inject/iStent inject W or Kahook Dual Blade/Kahook Dual
Blade Glide.

Trabecular MIGS in eyes with PEX

In Study I, the success rate at month 24 — defined as a reduction in
IOP of >20% and/or a reduction of >1 medication — was similar in
eyes with and without PEX (65% versus 63%). Notably, 20 eyes
demonstrated IOP reductions of >40%, 75% of which had PEX.
Furthermore, IOP reductions of >50% and =60% were observed in
11 and 7 eyes, all of which had PEX.

Similarly, in Study IV, success rates at month 12 were comparable
between eyes with and without PEX across all three treatment
groups (cataract-alone, cataract-iStent W and cataract-KDB Glide).
The success rate — defined as a reduction in IOP of >20% and/or a
reduction of >1 medication — was met by 55%, 84% and 90% of
PEX eyes in the cataract, cataract-iStent and cataract-KDB groups.
In non-PEX eyes the same success criterion were met by 44%,
93%, and 86%, respectively.
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After combining data from Studies I-IV on cataract surgery
combined with either iStent/iStent W or KDB/KDB Glide, we
found a significant difference in success rate at month 12 between
eyes with and without PEX. The predefined success criterion — a
reduction in IOP of >20% and/or a reduction of >1 medication was
met by 87% of PEX eyes compared to 75% of non-PEX eyes (P =
0.006). This higher success rate observed in PEX eyes was
primarily driven by a greater reduction in IOP rather than a
reduction in medication use. The mean IOP reduction was 6.3 +
6.2 mmHg in PEX eyes compared to 4.4 + 6.0 mmHg in non-PEX
eyes (P = 0.004). The mean medication reduction was 0.9 + 1.0 in
PEX eyes and 0.7 + 1.0 in non-PEX eyes (P = 0.203).

v Non PEX eyes
PEX eyes

30,0

20,0

Intraocular pressure at month 12 (mmHg)

0 10,0 20,0 30,0 40,0 50,0

Intraocular pressure at baseline (mmHg)

Figure 19. Scatterplot showing intraocular pressure levels at baseline
and at month 12. Combined data from patients in Studies I-IV who had
cataract surgery combined with iStent inject/iStent inject W or Kahook
Dual Blade/Kahook Dual Blade Glide. PEX = pseudoexfoliations.

PEXG is typically more aggressive and challenging to manage than
POAG. Despite this, findings from Study II showed that although
59% of eyes had PEXG, these eyes accounted for only 27% of the
cases requiring additional surgery. A similar pattern was observed
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in the cataract-KDB group in Study I, where 60% of included eyes
had PEX, but only 33% of the eyes that needed further surgery had
PEX. In the KDB-alone group, on the other hand, 72% of the eyes
requiring further glaucoma surgery had PEX.

Trabecular MIGS and laser trabeculoplasty

LTP is widely used in clinical practice, and many patients
undergoing cataract surgery have previously undergone LTP. In
Study III, we evaluated 250 patients with open-angle glaucoma
who underwent cataract surgery combined with KDB between
2019 and 2021. Of these, 111 patients had received one or more
previous LTP treatments (43 ALT and 68 SLT).

The surgical success after cataract-KDB — defined as a reduction in
IOP of 220% and/or a reduction of >1 medication — was similar
regardless of whether previous LTP treatment had been performed
or not (83% with previous LTP and 89% without previous LTP)
and also similar regardless of whether previous LTP treatment had
been successful (81% after successful LTP and 83% after
unsuccessful LTP). Comparable results were seen, regardless of
whether ALT or SLT had been performed.

IOP- and medication reductions were also comparable in LTP- and
non-LTP-treated patients. One year after cataract-KDB, the mean
IOP reduction in LTP-treated patients was 6.3 + 6.2 mmHg
compared to 6.9 + 6.5 mmHg in non-LTP-treated patients.
Similarly, the reduction in glaucoma medications was 0.8 + 1.1in
LTP-treated patients and 0.9 + 1.1 in non-LTP-treated patients.

The effect of cataract surgery on the IOP

To evaluate the IOP-lowering effect of cataract surgery compared
to cataract surgery combined with either iStent W or KDB Glide,
we conducted a randomized controlled study including 120
patients. Although the study aimed to include patients across all
stages of glaucoma, patients with an unstable disease were
excluded due to the requirement that further glaucoma surgery
should not be needed at the time of study enrollment.
Consequently, Study IV primarily reflects the outcomes of adding
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iStent W or KDB Glide in patients with a stable disease, and few of
the included patients had advanced glaucoma.
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Figure 20. Flow diagram outlining the phases of the SMIGS Study
(Study 1V). iStent W = iStent inject W; KDB Glide = Kahook Dual Blade
Glide.

Patients in the SMIGS study will be followed for five years, but the
results so far — after one year — show that the primary success (a
reduction in IOP of >20% and/or a reduction of >1 medication)
was achieved by 53% after cataract surgery alone and by 88% after
cataract surgery combined with iStent W or KDB Glide (P<0.001).
IOP reductions were similar between groups (Table 5), whereas
medication reductions were greater in the groups receiving iStent
W or KDB Glide. In the cataract group, 23% of patients were
medication-free at one year compared to 53% in the cataract-iStent
W group and 43% in the cataract-KDB Glide group.
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Cataract

Cataract-iStent W

Cataract-KDB Glide

P-value

Number of patients

IOP change,” mean + SD

Range

Meds change,” mean + SD

Range

40

-3.0+4.2
-17.5t0 4

-0.4+0.8
-3to1

40

-3.5+3.8
-13.5t04.5

-0.8+0.7
-3too

40

-2,8+4.3
-10.5t0 10

-0.9+0.7
-3to1

88%

0.755

<0.001

Success rate 53% 88%

Table 5. Success rates and change in intraocular pressure and number
of glaucoma medications at month 12. From the SMIGS study (Study
IV). Success defined as an IOP reduction of 220% and/or a reduction of
>1 medication at 12 months. IOP = intraocular pressure in mmHg;
iStent W = iStent inject W; KDB Glide = Kahook Dual Blade Glide; Meds
= medications. *Note: Intraocular pressure- and medication changes
are not included for one patient (in the cataract group) that had further
glaucoma surgery within the specified time-period.

Safety and adverse events

Hyphema

Definition of hyphema varied in the different studies, as did the
time of evaluation. In Study I, hyphema was defined as layered
blood in the anterior chamber at week one after surgery. Since
small layered hyphemas are generally harmless, in Study II, we
also evaluated presence of complete hyphemas, defined as total
filling of blood in the anterior chamber, resulting in a
postoperative BCVA <20/200 within the first postoperative week.
Presence of blood cells visible at the slit lamp at week one was also
assessed in the same study. In Study IV, hyphema was again
defined as layered blood in the anterior chamber (as in Study I),
but the assessment was performed on postoperative day one rather
than at week one.

In Study I, a layered hyphema at week one was observed in 26%
(n=9) of eyes after KDB-alone and in 4% (n=2) of eyes after
cataract-KDB. In Study II, blood cells in the anterior chamber
were, as expected, more common than layered hyphema and found
in 14% (n=8) of cataract-iStent eyes and in 62% (n=60) of cataract-
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KDB eyes. A total 5% of eyes (n=7) developed a complete hyphema
— one in the cataract-iStent group and six in the cataract-KDB
group. All complete hyphemas occurred in eyes with PEX and two
of these patients (both in the cataract-KDB group) required an
anterior chamber washout in the operating room. Both these two
patients later also underwent Yttrium Aluminum Garnet (YAG)
laser capsulotomy because of blood staining on the posterior lens
capsule.

In Study IV, the rate of hyphema was lower than in the other
studies, despite the assessment being performed on day one rather
than at week one, when many hyphemas would typically have
resolved. All hyphemas found in Study IV were small and self-
limiting and observed only in the cataract-KDB Glide group (15%,
n=6).

In Studies I and II, we investigated a potential association between
anticoagulation therapy and hyphema. Although 44% and 29% of
patients were on anticoagulants, we found no association between
anticoagulation therapy and hyphema at week one when KDB or
iStent were combined with cataract surgery. However, when KDB
was performed as a stand-alone procedure (in Study I), a
statistically significant association was observed between hyphema
and anticoagulation therapy (P = 0.005). Still, the number of
patients in this subgroup was only 39, making it difficult to draw
firm conclusions.

IOP spikes

An IOP spike was defined as an IOP elevation of =10 mmHg from
baseline or an absolute IOP of >30 mmHg. In Studies I and II, IOP
spikes were assessed at postoperative week one, whereas in Study
IV, the evaluation was performed on day one.

In Study I, an IOP spike was observed in 11% (n=4) of eyes in the
KDB-alone group and in 8% (n=4) of eyes in the cataract-KDB
group. One patient in each group required an aqueous tap through
the existing paracentesis at the slit lamp due to elevated IOP (and
concurrent hyphema). In both cases, IOP normalized within one
month.
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In Study II, an IOP spike at week one was seen in 5% (n=3) of eyes
in the cataract-iStent group and in 14% (n=14) of eyes in the
cataract-KDB group (P = 0.120).

In Study IV, where patients were evaluated on postoperative day
one instead of week one, an IOP spike was observed in 38% (n=15)
of eyes in the cataract-alone group, 10% (n=4) in the cataract-
iStent W group, and 15% (n=6) in the cataract-KDB Glide group.
This represented a statistically significant difference between the
cataract-alone group and the two MIGS groups (P = 0.006).

Postoperative inflammation

Postoperative inflammation is an expected consequence of
intraocular surgery. Following cataract surgery, with or without
trabecular MIGS, the standard three-week course of anti-
inflammatory therapy is sometimes insufficient and must be
extended due to persistent or rebound iritis or macular edema. In
our studies, we examined the number of patients who, due to
prolonged inflammation, required extended anti-inflammatory
therapy beyond the third postoperative week.

In Study I, one patient (with PEX) in the cataract-KDB group
developed rebound iritis, and one patient (without PEX)
postoperative macular edema. These inflammatory conditions both
resolved within three months on topical treatment.

In Study II, rebound iritis occurred in four eyes in both the
cataract-iStent and cataract-KDB groups. Notably, 88% of these
cases were in eyes with PEX. One patient (without PEX) in the
cataract-KDB group experienced transient postoperative macular
edema, resolving within two months on topical treatment.

In Study IV, surgical complications were also more common in
eyes with PEX. Rebound iritis (two cases in the cataract-alone
group) and transient macular edema (one case in the cataract-
alone group and three in the cataract-KDB group) were exclusively
observed in PEX eyes, and resolving within four months on topical
treatment.

No serious adverse events were found in any of the studies.
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Corneal edema

In Study IV, corneal edema was observed on day one in 5% (n=2)
of eyes in the cataract-alone group compared to 35% (n=14) in the
cataract-iStent W group and 38% (n=15) in the cataract-KDB Glide
group (P = 0.001). All cases were spontaneously resolved. One
patient in the cataract-iStent W group also had pre-existing
corneal guttata, but even in this patient, the corneal edema was
resolved by the six-month visit.

Surgical complications

In Study IV, one eye developed transient aqueous misdirection
with posterior fluid pressure, resulting in iris prolapse and
subsequent loss of iris tissue at the wound site. Another eye had a
posterior capsule rupture, although without vitreous prolapse.
Despite these events, the assigned procedures were completed as
planned (in both cases cataract-KDB Glide), and no further
interventions were needed.

Mechanical pupil dilation was required in 8% (n=5) of eyes (all
with PEX) — three in the cataract-alone group and one in the
cataract-iStent W group. None of these cases resulted in
postoperative complications. Additionally, due to PEX and zonular
weakness, one eye in the cataract-KDB Glide group required the
use of capsule retractors during surgery.

Vision and visual field status

In Study I, visual field status at month 24 showed a statistically
significant worsening in the KDB-alone group. The MD declined
from -13.7 + 5.6 at baseline to -16.6 + 6.7 at month 24 (n=14, P =
0.019). However, this deterioration was observed only in patients
with advanced glaucoma; those with mild or moderate disease
showed stable MD values. In contrast, the cataract-KDB group
demonstrated overall stability in visual field status, with MD
changing from -11.4 + 7.8 preoperatively to -10.8 + 8.3 at month 24
(n=39, P = 0.129). Even among patients with advanced glaucoma
in this group, MD remained stable (-17.9 + 6.5 at baseline versus -
17.8 £ 1.5 at month 24; n=18, P = 0.955).
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In Study II, both BCVA and MD at month 24 were either improved
or unchanged across all treatment subgroups.

In Study IV, BCVA was improved or unchanged in all three
treatment groups (cataract-alone, cataract-iStent W, and cataract-
KDB Glide). At the group level, both MD and BCVA remained
stable or improved across all groups. No patient experienced a
reduction in BCVA of >2 lines at month 12 compared to baseline.
However, a worsening in MD by >2 dB at month 12 was observed
in two patients in the cataract-alone group (from -6.0 to -12.4 and
from -6.6 to -9.4), and in one patient in the cataract-iStent W
group (from -4.1 to -6.2). One patient underwent additional
glaucoma surgery at month eight (in the cataract-alone group) and
was excluded from the visual field analysis at month 12, as were
three patients who were unable to perform a reliable visual field
test at that time point (two in the cataract-alone group and one in
the cataract-KDB Glide group).

Further interventions

In Study I, additional glaucoma surgery or TCP was performed in
28% (n=11) of eyes in the KDB-alone group and in 12% (n=6) of
eyes in the cataract-KDB group within 24 months. Kaplan-Meier
analysis showed a higher likelihood of requiring additional surgical
intervention in the stand-alone group. However, it is important to
note that eight patients in the KDB-alone group had previously
undergone a failed glaucoma surgery, and five of these patients
required an additional surgical intervention following the KDB
procedure.

In Study II, a total of 7% (n=11) of patients required a further
surgical intervention within 24 months — seven in the cataract-
iStent group and four in the cataract-KDB group. This difference
was statistically significant (P <0.046, log-rank test), although the
groups were not matched at baseline, and the second-generation
iStent was used rather than the updated W-model.

Interestingly, although a total of 23 patients across all studies had

preoperative IOP levels >30 mmHg, only one of these patients
required additional glaucoma surgery within the first year.
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In Study IV, follow-up is currently limited to 12 months. During
this period, one patient in the cataract-alone group required
further glaucoma surgery, performed at month eight. Additional
interventions, defined as the initiation of glaucoma medications or
SLT, were required in four eyes: three in the cataract-alone group
(one SLT and two with added medications) and one in the cataract-
KDB Glide group (added medications).

Vision-related quality of life

There were no significant differences in patient-reported
outcomes, as measured by the NEI VFQ-25, between the cataract-
alone, cataract-iStent W, and cataract-KDB Glide groups at
baseline or at month six.

The composite score improved in all three groups at month six,
indicating a perceived enhancement in vision-related QoL
following surgery.

Composite score Baseline Month 6 P-value
Cataract surgery alone, mean + SD 77.7£13.9 88.4+10.0 <0.001
Cataract surgery & iStent W, mean + SD 79.9 £ 13.1 87.2+9.6 <0.001
Cataract surgery & KDB Glide, mean + SD 79.0 £ 12.0 89.0+10.8 <0.001
P-value 0.634 0.522

Table 6. Composite scores at baseline and at month six using the Visual
Field Questionnaire 25 (VFQ-25). From the SMIGS study (Study IV).
iStent W = iStent inject W; KDB Glide = Kahook Dual Blade Glide; SD =
standard deviation.
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DISCUSSION AND CLINICAL
IMPLICATIONS

Trabecular MIGS as stand-alone

We found the success rate after KDB alone to be 47% (compared
with 76% after cataract-KDB) and almost a third of patients
required further glaucoma surgery within two years. Consistent
with our findings, previous studies have reported less favorable
outcomes after KDB alone compared with KDB combined with
cataract surgery.98:12 Wakil et al. found a significant reduction in
medication after 12-18 months in patients who underwent
cataract-KDB, whereas patients who underwent KDB alone were
unable to reduce their medications. IOP levels were similar
between groups, but the re-operation rate within 18 months was
22% after KDB alone compared with only 2% after combined
cataract-KDB.!2 The re-operation rate after trabecular MIGS as
stand-alone is an important measure on the overall effectiveness,
and due to inclusion of patients with different preoperative
characteristics, the re-operation rate has varied from 12% to 44%
within 12 to 24 months postoperatively.t2-115 Duong et al. reported
the highest re-operation rate — 44% within 24 months — and
patients in that study were using four or more glaucoma
medications preoperatively, had IOP levels exceeding 25 mmHg,
and more than one-third had severe glaucoma.'s

In our studies, we did not evaluate iStent as a stand-alone
procedure, but previous studies have shown iStent to have an effect
in a stand-alone setting.¢:17 A meta-analysis including 17 studies
and 978 eyes, reported that 86% (95% CI: 74% to 93%) of eyes
achieved an IOP reduction >20% at the study endpoint (up to 42
months). The mean difference in IOP between baseline and
endpoint was -2.6 (95% CI: -3.2 to -2.1), and the mean difference
in medication use was -1.7 (95% CI: -2.2 to -1.2).126 Another meta-
analysis on stand-alone iStent (including 13 studies and 778 eyes)
reported a mean IOP reduction of 31%, corresponding to a mean
decrease of 7.0 mmHg (95% CI: 5.9 to 8.1) at six to 12 months. For
studies with longer follow-up periods (36 to 60 months), IOP
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reductions remained consistent, ranging from 30% to 33%.7
Medications were reduced by approximately 1.0 medication at six
to 18 months and by 1.2 medications at 36 to 60 months. Overall,
3% of eyes included in the analysis required secondary glaucoma
surgery, such as trabeculectomy, during the follow-up period. The
relatively low rate of subsequent surgical interventions likely
reflects that 92% of included eyes had mild to moderate glaucoma,
and therefore a reduced need for additional procedures.**

Based on our findings and supported by other studies,¢117 we
suggest that trabecular MIGS as a stand-alone procedure may be
an appropriate option for patients with mild to moderate glaucoma
and inadequately controlled IOP. Conversely, for patients with
advanced disease who require lower target IOP levels, bleb-
forming surgery should remain the preferred approach.

1Stent versus KDB

IOP reductions were similar in patients undergoing cataract
surgery combined with either iStent or KDB. However, in Study II,
we found that medication reduction was significantly greater in the
cataract-KDB group compared with the cataract-iStent group, with
53% versus 32% of patients achieving a reduction of >1 medication
at 24 months (P = 0.013). This finding is consistent with results
from Lee et al., who reported that a higher proportion of eyes
undergoing cataract-KDB achieved a reduction of >1 medication at
six months compared with those undergoing cataract-iStent (43%
versus 17%, P = 0.004).18 Similarly, EIMallah et al. observed a
greater medication reduction with KDB compared with iStent (first
generation), although the difference was not statistically significant
(80% versus 77%, P = 0.522).102

Furthermore, we found an increased occurrence of further surgery
after cataract-iStent compared with cataract-KDB (Study II).
However, the groups were not matched at baseline, which may
have influenced the results. Additionally, the iStent model used in
Study II was an earlier version; the currently used iStent W is likely
more effective.
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It is important to note that comparative studies between iStent and
KDB have not evaluated the iStent W model, and studies
comparing iStent W with the earlier versions have demonstrated
higher success rates with the W model.*9.120 In Study IV, we found
the efficacy of iStent W and KDB Glide to be similar, likely due to
the broader neck of the iStent W, which helps prevent over-
implantation. Based on these findings, we believe that KDB may
offer slightly greater efficacy compared with the first- and second-
generation iStent stents (iStent and iStent inject), whereas
KDB/KDB Glide and iStent W are likely equally effective.

This conclusion is supported by a recent meta-analysis (including
14 studies with a total of 1959 eyes) that found similar IOP
reductions at 12 and 24 months following cataract surgery
combined with either iStent/iStent W or KDB/KDB Glide.”>
Additionally, the same study found similar rates of glaucoma re-
operations between the cataract-KDB and cataract-iStent groups.
Rates of hyphema and IOP spikes were also comparable between
KDB and iStent, although these events were evaluated together
(21% versus 12%, P = 0.140).72 Likewise, we did not observe a
statistically significant difference in the incidence of IOP spikes
between KDB and iStent. However, the rate of hyphema was
consistently higher following cataract-KDB compared with
cataract-iStent in both Studies II and IV.

An increased incidence of hyphema after KDB compared with
iStent is an expected finding, since KDB opens a larger area of the
TM, thereby raising the likelihood of blood reflux into the anterior
chamber. Given this elevated risk of hyphema after KDB, iStent
may be the preferable option in one-eyed patients, where
minimizing postoperative complications that could cause transient
vision loss is particularly important.

Trabecular MIGS across glaucoma stages

While prospective MIGS studies mainly evaluate patients with
mild to moderate glaucoma,9:121.122 retrospective studies often
involve a broader range of disease severities,'°%123 although few
studies have stratified results according to glaucoma grade.
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We found that surgical success was slightly higher in eyes with
mild to moderate glaucoma compared with advanced glaucoma,
although this difference reached statistical significance only after
combining data from Studies I-IV (Figure 13). Nevertheless, the
success rate regarding reduction in IOP and/or medications in eyes
with advanced glaucoma was still 73% (combined data from
Studies I-IV). Importantly, we found that among patients with
advanced glaucoma, target IOP levels were improved. IOP levels
<15 mmHg went from 27% to 82% in the cataract-iStent group and
from 31% to 74% in the cataract-KDB group.

A case series (n=59) by Ferguson et al. evaluated the outcomes of
cataract surgery combined with the first generation iStent in eyes
with advanced glaucoma.24 They found that 63% of eyes achieved
an IOP <15 mmHg at 36 months compared with 31% at

baseline. In another small case series (n=117), the same authors
reported outcomes stratified by glaucoma severity in patients with
PEXG undergoing cataract surgery combined with iStent
implantation.”3 In eyes with mild PEXG (n=49), the mean IOP
reduction at 24 months was 4.7 mmHg, and medication reduction
0.7. In eyes with severe PEXG (n=12), the mean IOP reduction was
9.6 mmHg, and medication reduction 0.7 over the same period.
These findings suggest that even in more advanced cases, iStent
combined with cataract surgery can provide meaningful reductions
in both IOP and medication burden.

Conversely, Chansangpetch et al. evaluated 104 eyes undergoing
cataract surgery with iStent implantation and found that surgical
success at 12 months — defined as achieving an IOP of <18 mmHg
without medications — was significantly lower in eyes having
advanced glaucoma (6%) compared with those having mild (72%)
and moderate (23%) glaucoma.2s While informative, the study
included only 33 eyes from 29 patients with advanced glaucoma,
limiting the strength of its conclusions.

The effect of preoperative IOP levels and
number of medications on surgical outcomes

Experimental studies on enucleated and animal eyes have shown
that Schlemm s canal can collapse when IOP exceeds 30 mmHg,
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potentially contributing to increased outflow resistance.26-27
However, high preoperative IOP levels do not seem to negatively
affect outcomes after trabecular MIGS combined with cataract
surgery. 126,127

After stratifying results from Studies I-IV according to
preoperative IOP levels and number of medications (Figure 14-19),
the greatest IOP reductions were observed in patients with the
highest preoperative IOP levels — those exceeding 25 and 30
mmHg. Similarly, Samuelson et al. reported that patients with
baseline IOP levels >30 mmHg and on >3 medications achieved
the greatest IOP reductions and the highest surgical success rates
when iStent (inject) was added to cataract surgery.'2¢ Likewise,
Ferguson et al. reported that patients with PEXG and preoperative
IOP levels of 22-24 mmHg experienced a mean IOP reduction of
7.6 mmHg — more than twice the reduction observed in patients
with baseline IOP levels of 16-18 mmHg.7+ Among patients with
preoperative IOP levels >24 mmHg, the mean IOP reduction was
14.1 mmHg, and 100% of patients had a reduction in IOP.

IOP reductions varied across our studies, with the greatest
reductions observed in Study I, where patients had a more
unstable disease and higher preoperative IOP levels. In contrast, in
Study IV, patients had a stable disease preoperatively and lower
preoperative IOP levels, resulting in smaller IOP reductions.
However, a high proportion of patients in Study IV were instead
medication-free at follow-up: 53% in the cataract-iStent W group
and 43% in the cataract-KDB Glide group (compared with 23% in
the cataract-alone group). Our data show that in our cohort of
patients with stable glaucoma and mean preoperative IOP levels
<19 mmHg (Table 5, Study IV), more medications could be
reduced when trabecular MIGS was added to the cataract
operation compared with when cataract surgery was performed as
a stand-alone procedure.

Trabecular MIGS combined with cataract surgery had favorable
outcomes — even in patients with advanced and/or uncontrolled
glaucoma and markedly elevated IOP levels (sometimes >40
mmHg). We therefore suggest that trabecular MIGS combined
with cataract surgery is both a safe and effective strategy to start
with, even in patients that may previously have been considered
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candidates for bleb-forming surgery. Our data show that in
patients with IOP levels >30 mmHg (n=23), only one needed
further surgical intervention within the first year.

While further surgical interventions were rare within the first 12-
24 months, consistent with findings from other studies, 24 long-
term outcomes beyond this period remain uncertain. However, a
key advantage of trabecular MIGS procedures is that they preserve
the conjunctiva, allowing for bleb-forming surgery if needed in the
future.

Trabecular MIGS in eyes with PEX

Overall, IOP reductions were greater in eyes with PEX, although
these eyes often presented with higher preoperative IOP levels.
This trend is in agreement with previous studies, which have also
reported more substantial IOP reductions following cataract
surgery combined with iStent or KDB in PEX eyes compared with
non-PEX eyes.7375128

Although our studies individually did not show a statistically
significant difference in success between PEX and non-PEX eyes
(Studies I and IV), the success rate reached significance when
combining data from Studies I-IV. Specifically, 87% of PEX eyes
achieved a reduction in IOP of >20% and/or a reduction of >1
medication compared with 75% of non-PEX eyes (P = 0.006).
Although both PEX and non-PEX eyes had clinically relevant IOP
reductions, our data suggest that combining cataract surgery with
trabecular MIGS may be particularly beneficial for patients with
PEX. However, cataract surgery alone can result in higher IOP
reductions in PEX eyes,83-84 so this approach may be sufficient in
certain cases, especially when glaucoma progression is stable.

Despite favorable outcomes, PEX eyes were more susceptible to
both peri- and postoperative complications. These included a
higher incidence of large hyphemas, persistent postoperative
inflammation, and increased surgical complexity due to small
pupils and zonular instability. These findings were expected to
some extent and consistent with previous literature.90:129.130
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Interestingly, despite the fact that PEXG is often harder to treat
and is known to progress more rapidly compared with POAG, the
need for additional glaucoma surgery was unexpectedly low in PEX
eyes following combined cataract surgery and trabecular MIGS.
Ferguson et al. similarly reported a low rate of further surgical
interventions (4%, n=5) in a retrospective case series involving 117
PEX eyes treated with cataract surgery and iStent.”s This low rate
of further surgery may be attributed to the enhanced IOP-lowering
effect of cataract extraction in PEX eyes, potentially reducing the
necessity for subsequent procedures.

Notably, this advantage was not observed when trabecular MIGS
was performed as a stand-alone procedure (Study I), suggesting
that the synergistic benefit may be specific to the combined
surgical approach.

Previous LTP treatment and trabecular MIGS

Previous LTP treatment does not seem to impair the outcomes of
subsequent cataract surgery combined with trabecular MIGS. Eyes
that were unresponsive to LTP still demonstrated favorable
responses to further surgery with cataract-KDB (Study III). Our
methods were not designed to assess structural changes that could
explain the observed outcomes, but we hypothesize that in cases
where LTP is ineffective, the TM may be stiffened or fibrotic,
thereby limiting the laser’s ability to enhance aqueous outflow. In
such instances, the KDB may still be effective by mechanically
excising a segment of the TM, thereby bypassing the dysfunctional
tissue and facilitating outflow through a more direct pathway.

The lack of an observed association between prior LTP and
subsequent cataract surgery combined with trabecular MIGS is
consistent with findings from most previous studies.!3!-134
However, a recent registry-based study reported that prior LTP
was linked to an increased likelihood of requiring additional
glaucoma surgery within 12 months following trabecular MIGS.135
It is important to interpret these findings with caution, as such
analyses may be influenced by confounding factors. For example,
patients who previously underwent LTP might have had a more
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advanced or aggressive disease, making them more prone to
further surgical intervention.

Although existing studies report mixed findings regarding the
impact of prior LTP on subsequent MIGS procedures, our data
suggest that previous LTP does not negatively affect the efficacy of
surgeries targeting the TM. Furthermore, responsiveness to LTP
does not appear to be a reliable predictor of surgical success with
trabecular MIGS.

Trabecular MIGS combined with cataract
surgery versus cataract surgery alone

We found improved efficacy when trabecular MIGS was combined
with cataract surgery, compared with cataract surgery performed
alone. In Study IV, the overall success rate — defined as a reduction
in IOP of >20% and/or a reduction of >1 glaucoma medication —
was 88% when iStent W or KDB Glide was added, versus 53% with
cataract surgery alone. Using the same success criterion, although
without including a cataract-alone group, Sieck et al. reported a
72% success rate at 12 months after cataract-KDB,98 while
Falkenberry et al. reported a 94% success rate after cataract-KDB,
and 83% after cataract-iStent (first generation single iStent).122

In our study, the primary benefit of adding iStent W or KDB Glide
was a greater reduction in medication use, and more patients
became medication-free after the combined surgeries. The lack of a
significant difference in IOP reduction between cataract surgery
alone and cataract surgery combined with iStent W or KDB Glide
may be attributed to the fact that patients in our prospective study
(Study IV) had well-controlled IOP preoperatively. A more
pronounced IOP reduction is expected when baseline IOP is high
or following a medication washout.*2¢ Since our study included
patients with advanced glaucoma, we deemed it unethical to
perform a medication washout or include patients with unstable
disease who might require additional surgery within the first
postoperative months.

Previous studies have consistently demonstrated superior IOP-
lowering outcomes when trabecular MIGS procedures have been
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combined with cataract surgery compared with cataract surgery
performed alone.105136.137 A meta-analysis (including 26 studies and
1659 patients) comparing cataract surgery combined with KDB to
cataract surgery alone reported a significantly greater IOP
reduction in the combined group (23% versus 10%).237 Similarly, a
meta-analysis (including 10 studies) evaluating iStent combined
with cataract surgery (n=853) versus cataract surgery alone
(n=600) found a greater IOP reduction in the combined group (4.7
+ 2.0 versus 2.8 + 1.9 mmHg).1°5 Additionally, patients in the
combined group experienced a larger reduction in glaucoma
medications (1.2 £+ 0.3 versus 0.6 + 0.6). Registry data from
Clement et al (including 1420 patients) further support these
findings.3¢ Cataract surgery combined with iStent (inject) resulted
in higher efficacy and a reduced need for secondary IOP-lowering
procedures at 12 months compared with cataract surgery alone.

In addition to increased success rates, we also found reduced
incidence of postoperative IOP spikes when iStent W or KDB Glide
was added to the cataract operation. This aligns with previous
studies showing a lower frequency of IOP spikes on postoperative
day one following cataract surgery combined with trabecular MIGS
compared with cataract surgery alone.38139 A sub-analysis of a
prospective multicenter study (including 556 patients)
demonstrated that adding a trabecular MIGS procedure to cataract
surgery reduced the incidence of IOP spikes (>40 mmHg on
postoperative day 1) from 14% to 1%.239 Similarly, another study
reported IOP spikes in 23% of patients undergoing cataract surgery
alone compared with only 6% in those receiving combined cataract
surgery and trabecular MIGS.38

These findings suggest that incorporating a trabecular MIGS
procedure may not only enhance IOP control and reduce
medication burden but also improve postoperative safety.
However, for patients with stable disease and a low requirement
for topical therapy, it is important to recognize that the additional
benefit of a MIGS procedure may be limited. Given that cataract
surgery alone often results in reduced IOP levels, these patients
may be adequately managed without trabecular MIGS. However, if
medication reduction is a clinical goal, there could be a benefit to
adding a trabecular MIGS procedure also in patients with stable
preoperative IOP levels and mild to moderate disease.
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The safety of trabecular MIGS

No serious adverse events were observed in our studies. As
expected, hyphema and IOP spikes were the most frequently
observed transient complications. The hyphemas were often
subclinical, but a few patients had complete hyphemas with
markedly reduced visual acuity within the first postoperative week.
Interestingly, all of these patients had PEX, which may not be
coincidental given that PEX is known to affect vessel walls.140-142
However, due to the small number of patients with complete
hyphemas, we cannot conclude that PEX is a true risk factor for
excessive bleeding in this context.

Anticoagulation therapy is theoretically associated with an
increased risk of hyphema. However, previous studies have not
demonstrated a significant association between anticoagulation
use and hyphema following MIGS procedures, although included
number of patients has been relatively small (64 to 164
patients).122143 Qur findings align with these results, reinforcing the
clinically important observation that anticoagulant therapy can be
safely continued when planning combined cataract and trabecular
MIGS surgery. This is particularly relevant given that many
glaucoma patients are elderly and commonly prescribed
anticoagulants.

Postoperative IOP spikes are another expected finding and can also
occur following cataract surgery alone.'44145 The reported incidence
of IOP spikes varies across studies, largely due to differences in
definitions and the timing of IOP measurements. The underlying
cause of these IOP spikes may also vary depending on the timing of
assessment. Within the first 24 hours after surgery, IOP spikes are
typically attributed to inflammation or retained viscoelastic
material, and thereafter they are more likely related to
corticosteroid use. In Study IV, we observed a reduced incidence of
early IOP spikes when either iStent W or KDB Glide was combined
with cataract surgery compared with cataract surgery alone. This
finding further supports the safety profile of trabecular MIGS
when performed in conjunction with cataract surgery.

Corneal edema on the first postoperative day was more frequently
observed following trabecular MIGS combined with cataract
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surgery than after cataract surgery alone (Study IV). However, the
clinical relevance of this finding remains uncertain. Previous
studies have shown minimal differences in corneal endothelial cell
loss between cataract surgery alone and cataract surgery combined
with trabecular MIGS.146147 A prospective study comparing iStent
(inject) combined with cataract surgery versus cataract surgery
alone reported a mean percentage decrease in endothelial cell
density at 60 months of 14% + 13% in the iStent group (n=178) and
15% + 10% in the cataract group (n=49, P = 0.8112).14¢ The
annualized rate of endothelial cell density change from 3 to 60
months was neither clinically nor statistically significant between
the groups.

Although KDB has been less extensively studied in this context, a
fellow-eye comparison (21 eyes) by Dorairaj et al. found less
endothelial cell loss following cataract surgery combined with KDB
compared with cataract surgery combined with iStent.47
Nonetheless, longer-term follow-up is needed to fully evaluate the
potential long-term effects of trabecular MIGS on corneal
endothelial health.

Increased or prolonged postoperative inflammation is a recognized
concern following both cataract surgery alone and cataract surgery
combined with trabecular MIGS. Interestingly, a lower rate of
postoperative inflammation was observed in Studies I and II
compared with Study IV, likely attributable to under-reporting and
the absence of predefined follow-up visits. OCT examinations were
not routinely performed in Studies I and II, and subclinical cases of
inflammation-induced macular edema were likely undetected.

Preserving visual field is a key goal in glaucoma management. Still,
most studies on trabecular MIGS do not report visual field
outcomes. Among those that do, studies on the iStent have
demonstrated stable visual fields for up to seven years
postoperatively.21127.148 Tt is important to acknowledge that visual
field progression has rarely been the primary outcome in studies
evaluating MIGS surgeries, and our studies were likewise not
specifically designed to detect visual field changes over time.

Therefore, while the findings should be interpreted with
appropriate caution, our data suggest that the combined surgical
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approach — cataract extraction with either iStent or KDB - is
associated with stable visual field outcomes over the first 12-24
months (Studies I, IT and IV). By contrast, Study I demonstrated
that stand-alone MIGS using KDB in patients with advanced
glaucoma was associated with a progressive decline in MD.
However, the strength of this finding is limited by the high
proportion of patients lacking reliable visual field data, largely due
to advanced age and comorbidities that impaired their ability to
perform consistent visual field testing. Both advanced glaucoma
and older age are known risk factors for disease progression, and
even bleb-forming surgery may not be sufficient in some of these
cases. While stand-alone KDB may be considered when bleb-
forming surgery is not feasible, its long-term efficacy — particularly
in advanced disease — appears limited. Notably, previous studies
on stand-alone KDB in advanced glaucoma have not reported
visual field outcomes.98:101,113,114,149,150

Overall, the need for additional glaucoma surgery was low when
trabecular MIGS was combined with cataract extraction, even in
patients with preoperative disease progression despite treatment
with maximum number of glaucoma medications (Study I). These
findings support the use of combined surgery as a safe and
effective first-line surgical option in patients with uncontrolled
glaucoma and coexisting cataract.

Vision-related QoL

Vision-related QoL improved following surgery. However, no
significant difference was observed between cataract surgery alone
and cataract surgery combined with either iStent W or KDB Glide.
This finding is in agreement with a previous study by van Gaskin et
al., which did not either find a significant difference in QoL
between cataract surgery alone and cataract surgery combined
with iStent. 48 In contrast, Samuelson et al. reported a measurable
improvement in vision-related QoL following cataract surgery
combined with iStent compared with cataract surgery alone.42

Detecting changes in QoL after glaucoma surgery can be

challenging, as glaucoma progresses gradually over many years,
often without immediate impact on central vision. The
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improvements observed in some MIGS studies are likely
attributable to reduced reliance on topical glaucoma medications,
which can improve ocular surface health and patient comfort,
rather than direct enhancements in visual acuity or preservation of
visual function.

Clinical relevance of trabecular MIGS in
glaucoma management

Trabecular MIGS demonstrated a high rate of surgical success
across various stages and subtypes of glaucoma (Studies I-1V).
Higher baseline IOP levels were generally associated with greater
absolute IOP reductions, with eyes having preoperative IOP levels
>25 mmHg and >30 mmHg showing the most substantial
decreases (Figure 17). Additionally, eyes with PEXG exhibited
greater IOP reductions than those with POAG, although their
postoperative IOP levels were similar. In patients with a more
stable disease and lower preoperative IOP, the primary benefit was
often a reduction in the number of medications rather than a
reduction in IOP (Study IV).

These findings suggest that trabecular MIGS can provide
meaningful reductions in IOP and/or medication use, particularly
in patients taking multiple medications and with elevated baseline
IOP levels (Studies I and IT). The additive effect of iStent or KDB
appears most pronounced in these patients. However, even
patients with stable glaucoma may benefit from trabecular MIGS
when a reduction in medication burden is a clinical goal (Study
V).

When performed as a stand-alone procedure, trabecular MIGS still
resulted in IOP reductions, but many patients remained dependent
on multiple glaucoma medications (Study I). A significant
proportion also required additional surgical interventions or
experienced visual field progression. Therefore, in pseudophakic
patients requiring further glaucoma surgery, a bleb-forming
procedure is likely more appropriate.

Although it has been hypothesized that prior LTP treatment may
induce TM fibrosis,’s* which could reduce the efficacy of
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subsequent trabecular interventions, our findings did not support
this concern (Study III). Therefore, we suggest that prior LTP does
not need to be considered when planning combined cataract and
trabecular MIGS surgery.

Furthermore, iStent and KDB were found to be equally effective
and safe. Given the lower cost of KDB, it may represent a
promising alternative to iStent. However, while cost-effectiveness
is a critical factor in evaluating MIGS options, it falls outside the
scope of this thesis.

Study population and patient selection

In Studies I-III, a high proportion of patients had advanced
glaucoma. In contrast, Study IV included fewer advanced cases, as
patients were required to be stable enough to be randomized to
cataract surgery alone. The study populations were generally of
advanced age, which aligns with the increasing prevalence of
glaucoma in elderly individuals.’52153 This age distribution may
influence both the outcomes and the long-term durability of
trabecular MIGS. Younger glaucoma patients tend to have more
aggressive scarring after bleb-forming surgery,'s4 and whether this
is also the case after trabecular MIGS surgery is so far unknown.

The populations studied were relatively homogeneous, which may
limit the generalizability of our findings to more diverse ethnic
groups. Of particular interest was the high prevalence of PEX —
present in approximately 50% of patients across all studies. PEX is
especially common in Scandinavian populations and is often
associated with a worse prognosis and more challenging glaucoma
management.®55 The favorable response of trabecular MIGS in
combination with cataract surgery in PEX eyes is therefore a
clinically relevant finding.

Strengths and limitations

The studies presented in this thesis each have different strengths
and limitations.
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Studies I-1I were retrospective in design, which inherently
introduces a higher risk of bias. These studies lacked a cataract
control group and relied on a single preoperative IOP
measurement, increasing the risk of regression to the mean
affecting the results. Additionally, the absence of predefined
follow-up intervals may have led to underreporting of
postoperative complications. Other limitations include missing
data at certain time points, unmatched comparison groups, and
limited follow-up beyond 24 months. Additionally, due to limited
clinical experience with stand-alone iStent procedures during the
study period, we were unable to assess the outcomes of stand-
alone iStent implantation or directly compare them with those of
stand-alone KDB. The number of patients in the KDB-alone group
was also quite few (n=39), and all had uncontrolled glaucoma,
which may have underestimated the potential efficacy of stand-
alone trabecular MIGS in patients with a more stable disease.

Despite these limitations, a key strength of Studies I-III is their
reflection of real-world clinical practice. Patients were included
regardless of comorbidity or glaucoma severity, allowing us to
assess the performance of trabecular MIGS in a broader and more
clinically relevant population - including patients with advanced
and uncontrolled glaucoma. Another strength is the relatively
large sample size, with a total of 476 patients included, and a low
rate of loss to follow-up.

Study IV was a prospective randomized study with a fixed protocol
and included a cataract control group, which strengthens the study
design and enhances comparability between groups. However, the
study was not masked, which may have influenced both patient-
reported outcomes and investigator assessments. The sample size
calculation was based on a difference in IOP, while the difference
observed was in medication reduction. A medication washout
period could have strengthened the validity of the findings, as
could the use of a fixed protocol for tapering or introducing
medications. Furthermore, only a limited number of patients in
this cohort had advanced or uncontrolled glaucoma.
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CONCLUSIONS

e Stand-alone KDB offered limited efficacy and should not be
recommended as a primary surgical option for patients
with uncontrolled or advanced glaucoma.

o KDB and iStent demonstrated comparable efficacy at 12
and 24 months postoperatively, especially when the iStent
W version was used.

e Combining iStent or KDB with cataract surgery was both
safe and effective across all stages of glaucoma — including
advanced cases.

o In patients with uncontrolled glaucoma despite maximal
treatment, trabecular MIGS combined with cataract
surgery can be considered as a first surgical option.

o Patients with PEX demonstrated a favorable response to
combined cataract surgery and trabecular MIGS, although
peri- and postoperative complications must be considered.

e Adding trabecular MIGS to cataract surgery improved
surgical success compared with cataract surgery alone,
primarily by reducing the need for IOP-lowering
medications. While hyphema and corneal edema were more
common on the first postoperative day, the addition of
trabecular MIGS markedly reduced the incidence of IOP
spikes.
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EPILOGUE

The journey so far

It all began with a desire to understand how well the newly
introduced microinvasive glaucoma surgeries actually worked.
These procedures held great promise, but when colleagues at other
clinics began to question their efficacy, I felt a strong responsibility
to take a closer look. At our clinic, we were performing these
surgeries on a large scale, and I knew we had a unique opportunity
— and perhaps even an obligation — to evaluate their outcomes
more systematically.

What started as a clinical curiosity soon evolved into something
more. One conversation led to another, and the idea of pursuing a
doctoral project was suggested by Gauti, who would later become
my supervisor. His encouragement and belief in the value of this
work planted a seed that would grow into this research journey.

At first, the path felt uncertain. I struggled with doubts — about my
English, my academic writing, my ability to conduct quality
research, and especially whether I could manage the time and
energy required. But through hard work and persistence, I began
to see real progress. What once felt impossible gradually became
deeply rewarding. Learning new things is truly one of life’s greatest

joys.

Through doctoral courses, presentations, and countless articles
and books, my understanding deepened, and new perspectives
opened. Along the way, I made discoveries and realizations that
challenged what I thought I knew. Time and again, I found that
things are often far more complex than they first appear. This
fosters humility — something I have not always been great at but
have come to value deeply.

This project has taken me to new places and introduced me to
people I would not otherwise have met. I have learned a great deal
— not only about the research subject and the scientific process, but
also about myself, my beliefs, and my limits. This project has also
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been a constant in an otherwise changing life and world. I have
watched my daughters grow from small children into pre-teens.
I've experienced the loss of my beloved father — who encouraged
me in the beginning but wasn’t there to see the work continue.
Around me, the world has shifted too — with the escalation of the
climate crisis, growing political instability, and the increasing
influence of AI. But change can also hold potential for something
better — if we cooperate, keep hope alive, and recognize that we're
all part of a bigger puzzle, where every contribution can make a
difference. Just like in research, where each individual effort may
seem small, but together, they can lead to something much greater.

At times, this journey has been stressful. Balancing the roles of
researcher, surgeon, ophthalmologist, department head — and
parent — has not always been easy. Yet, these years of research
have been rewarding, and I've found great joy in the scientific
process. It has offered a welcome contrast to the daily demands of
meetings, strategic decisions, personnel matters, and the constant
stream of responsibilities.

And now, as this thesis comes to an end, there will be some
emptiness, like a small black hole in my universe. But I'm also
proud and happy to have completed this work, and I look forward
to the new challenges that await.
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APPENDIX

Visual Function Questionnaire 25 (25 fragor
om Din syn)

DEL 1 - ALLMAN HALSA OCH SYN
1. Som helhet, skulle Du vilja siga att Din allménna hélsa ar:

(Satt en ring runt en av siffrorna)

=
=]
&!D:
&
=

Mycket bra.......cccccuenneen. 2
Bra...ccoooeeiiiiiiiiiiininnnnn, 3
Varken bra eller délig.... 4
| DE:1 TSN 5

2. Idagsléget, skulle Du vilja sdga att Din syn néar Du anvénder bada
ogonen (med glaségon eller kontaktlinser pa, om Du har sddana)

ar utmaérkt, bra, varken bra eller dalig, délig, mycket délig, eller &r
Du helt blind?

(Satt en ring runt en av siffrorna)

Utmarkt.....ccceveevieneennee. 1
Bra....ocooocviveiieieiiiiiiiinns 2
Varken bra eller dilig..... 3
| DL 117 SRR 4
Mycket délig.................... 5
Helt blind........ccccccereenenne 6
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3. Hur stor del av tiden bekymrar Du Dig 6ver Din syn?

(Satt en ring runt en av siffrorna)

Aldrig....oecceeeeieeieee
Sallan........cceeeeeeecveeceeennen.
Ibland........ccoeeeenrieennneen.
Storre delen av tiden........ 4
Hela tiden............ccuu..... 5

4. Hur mycket smirta eller obehag har Du i och kring Dina 6gon
(t.ex. en brannande kénsla, klada, eller vark)?

(Satt en ring runt en av siffrorna)

Ingen......ueeeeeeeeeeeveeeeeeeennns 1
1Y 51 1 PO 2
J\Y £ 1 4 1 - 3
R2TZ: | SRR 4
Mycket SVAT.......ccceceenene. 5

DEL 2 — SVARIGHETER MED AKTIVITETER

De niarmast foljande fragorna handlar om hur svart Du har att utfora en
viss aktivitet dd Du bér Dina glasogon eller kontaktlinser, om Du brukar
anvianda dem vid denna aktivitet.

5. Hur stora svarigheter har Du med att ldsa normal stil i en
tidning? Skulle Du vilja sdga att Du har:

(Satt en ring runt en av siffrorna)

Ingen svarighet alls.........ccceverenineerienenereeeeeseenene 1
SMA SVATIGhEter.......ccvevviiiiciieeeee e

Mattliga SVArIgheter......cooecuvieeiiecieeeieeee e 3
Mycket stora SVATIgheter.........coceevievieninenerriene e 4
Slutat gora detta pa grund av Synen..........ccceeeveeecuveeennenn. 5
Slutat gora detta av andra skal eller ar inte intresserad

av att gOra detta......coceeeveenieeninrienieneeeeeeeeee e 6
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6. Hur stora svarigheter har Du med att arbeta eller utéva hobbies
som kraver att Du ser bra pa nara hall, t.ex. att laga mat, sy, laga
saker i huset, eller anvinda handverktyg? Skulle Du vilja sdga:

(Satt en ring runt en av siffrorna)

Ingen svarighet allS.........ccceeiieeiieeiieeiieeceeece e,
SMA SVATIZhELET......coveiiiieieieieeeee e
Mattliga sVATIgheter.......occevevenenenerieeere et
Mycket stora SVATigheter.........cocveeveeeiieecieeeceee e,
Slutat gora detta pa grund av synen.............cccccveeveennen.
Slutat gora detta av andra skil, eller r inte intresserad
av att gora detta........ccoeeeveeeeieieeieecie e 6

G N -

7. P& grund av Din syn, hur stora svérigheter har Du med att hitta
nagonting som stér pé en full hylla? Skulle Du vilja sdga att Du
har:

(Satt en ring runt en av siffrorna)

Ingen svarighet alls..........cceeeveeiieeiieecieeeeece e,
SMA SVATIZRELET......ceveieiiiieieieeeee e e
Mattliga SVATIGheter.......cccovevierirenirieieiee e
Mycket stora SVATigheter..........ccceeeveeeeeeceeeceeceieenen.
Slutat gora detta pa grund av synen............ceceeeevueneee
Slutat gora detta av andra skil, eller ar inte intresserad
av att gora detta........ccoeceveeeeeiecieecieete e 6

aprrwONH

8. Hur stora svarigheter har Du med att 14sa gatuskyltar eller namn
pé affirer?
(Satt en ring runt en av siffrorna)

Ingen svarighet alls..........ccceevieeiieeciiecieeeeece e, 1
SMA SVATIgheter........coeevuiieeiieeeeceeeeee e 2
Mattliga SVATIGheter........ccecveviererererieienese e 3
Mycket stora svarigheter.........c.ccccoveeieeceeeciiecieeeieeene 4
Slutat gora detta pa grund av Synen...........cceecueeeveeennenn. 5
Slutat gora detta av andra skil, eller r inte intresserad

av att gOra detta......coceeeevereeeieeieeeece et 6
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9. P& grund av Din syn, hur stora svarigheter har Du med att ga ner
for trappsteg, trappor eller trottoarkanter i svagt ljus eller pd

kvillen?

(Satt en ring runt en av siffrorna)
Ingen svarighet allS.........ccoeeeieeciieeiiieiieeeeecee e, 1
SMA SVATIZRETET......ceeeiiiiiieieiereeceeeee e 2
Mattliga SVArigheter.........ocovveeviieeiiieceeeeecee e 3
Mycket stora SVATIgheter.........ccceeevveeieecieeecieeeeieeeieene 4
Slutat gora detta pa grund av synen............ccceeeevveeeneene 5
Slutat gora detta av andra skal, eller ar inte intresserad
av att gora detta........ccoeceveeecieieeiieeeee e 6

10. Pagrund av Din syn, hur stora svarigheter har Du med att ldgga
marke till saker t sidorna nir Du gir forbi?

(Satt en ring runt en av siffrorna)

Ingen svarighet alls..........cceevieeiieeciiecieeeeece e, 1
SMA SVATIGhEter.......ccuviiiiieiieeeeece e 2
Mattliga SVATIGheter.......cccecuiveririneeierenere e 3
Mycket stora SVATigheter..........ccceecvveevieecieeeciieecieeeiene 4
Slutat gora detta pa grund av synen............. ceecuveenneeen. 5
Slutat gora detta av andra skil, eller ar inte intresserad

av att gOra detta......ooceereveeeeeeereeeeeeeer e 6

11. P& grund av Din syn, hur stora svarigheter har Du med att se
hur ménniskor reagerar pa saker som Du sager?

(Satt en ring runt en av siffrorna)

Ingen svarighet alls.........cccevievieneneniienereeeeeeene
SMA SVArIgheter........coeeiiieiiiieieceeceeeeeee e,
Mattliga SVATIGheter.......cccevevieririenerieeeriee e
Mycket stora SVATigheter.........ccoevveeerieneenenereeneneenes
Slutat gora detta pa grund av synen............. ceecuveenneeeen.
Slutat gora detta av andra skil, eller r inte intresserad
av att gOra detta.....cocevvierieeieerieeieneeeeeeceee e 6

aphrhONH-
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12. Pa grund av Din syn, hur stora svarigheter har Du med att vélja
och matcha Dina klader?

(Satt en ring runt en av siffrorna)

Ingen svarighet alls........ccccoeceriiriiiiineninineeeceeeee
SMA SVATIGhELET......coviveiieieieeeeee e
Mattliga SVArigheter........cocovveeieecieecieeeeeeceeeecre e
Mycket stora sVArigheter.........ccocoveeirierieneneneeneneenes
Slutat gora detta pa grund av Synen.........c.e. eeeveeecvrerennes
Slutat gora detta av andra skal, eller ar inte intresserad
av att gOra detta......coceevierieeieenieeneeeeeeeeeeee e 6

bW N -

13. P& grund av Din syn, hur stora svarigheter har du nar Du

besoker andra manniskor i deras hem, pé fester, eller pa
restaurang?
(Satt en ring runt en av siffrorna)

Ingen svarighet alls.........ccceevieeeiieciieciecee e
SMA SVATIZhELEr......coceeieiieieieeieeee e
Maittliga sVArigheter.........cccoveevvieeieeeiiecieeeeee e,
Mycket stora SVATigheter..........ccceeveeecieecieeecieeereeenen,
Slutat gora detta pd grund av synen............. ceceeveeneee.
Slutat gora detta av andra skal, eller 4r inte intresserad
av att gora detta........ccoeeeueeeeciiecieeeeeee e 6

aprwWNH

14. P& grund av Din syn, hur stora svarigheter har Du med att g&
pé bio, teater, eller idrottstavlingar?

(Satt en ring runt en av siffrorna)

Ingen svarighet alls.........ccoeeeieeiieciiecieeee e,
SMA SVATIGNELET......cccvierieieeieeieceeeeeeee e
Mattliga SVArigheter.........ccoveeeeeeceeeieeeeeee e,
Mycket stora SVArigheter..........cccoeeeveveeeciveeceeeeieenee,
Slutat gora detta pa grund av synen.............ccecueeuiees
Slutat gora detta av andra skal, eller ar inte intresserad
av att gOra detta......cocveecieeeereeeieeeeie e 6

ahrhwnNnH
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15.  Kor Du bil nufértiden, &tminstone da och di?

(Satt en ring runt en av siffrorna)

) - VO 1 Géa till fraga
15¢

15a. OM NEJ: Har Du aldrig kort bil eller har Du slutat kora bil?

(Satt en ring runt en av siffrorna)

Har aldrig kort......... 1 Ga till fraga 17
Har slutat................. 2

15b. OM DU SLUTAT KORA BIL: Var det huvudsakligen pa

grund av Din syn, huvudsakligen av andra anledningar,
eller p4 grund av bide Din syn och andra anledningar?

(Satt en ring runt en av siffrorna)

Huvudsakligen synen.................. 1 Ga till fraga
17

Huvudsakligen av andra

anledningar.........cccoeeeeeveeeeeennns 2 Géa till fraga
17

Béde synen och andra anledningar... 3 Ga till fraga
17
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15¢. OM DU FORTFARANDE KOR BIL: Hur stora svarigheter
har Du med att kora bil dagtid pa kénda stéllen?

Skulle Du vilja sdga att Du har:

(Satt en ring runt en av siffrorna)

Ingen svarighet alls.......................
Sma svarigheter.........ccccevveeernennen.
Mattliga svarigheter......................
Mycket stora svarigheter................

W N

16.  Hur stora svarigheter har Du med att kora bil nattetid? Skulle
Du vilja sdga att Du har:

(Satt en ring runt en av siffrorna)

Ingen svarighet alls.........cccoveviinineniinnnieiceien 1
SmA svarigheter........cocoeveiiciieciicceeceeeeeeeeeee, 2
Mattliga sVArigheter.........coocevvievievienenenieieeieene 3
Mycket stora svArigheter..........ocoveeveerieneenienceenienne 4
Slutat gora detta pa grund av synen...................... 5

Slutat gora detta av andra skil, eller ar inte
intresserad av att gora detta......cccceeveeveenceerseeneennen. 6
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DEL 3. REAKTIONER PA SYNPROBLEM

De niarmast foljande fragorna handlar om saker som Du kanske gor pa
grund av Din syn. For varje fraga, var snill och ringa in en siffra for att
visa om péstéendet giller Dig hela tiden, for det mesta, ibland, ndgon

gang eller aldrig.

17.

18.

19.

(Satt en ring runt en av siffrorna pa varje linje)

LAS KATEGORIER

Far Du mindre gjort &n Du
skulle vilja pa grund av Din

3372 0 PSP

Ar Du begrinsad i hur linge
Du kan arbeta eller utfoéra
andra aktiviteter pa grund av
Din syn?.....ccoccceeeveenveeeeneeennnens

Hur mycket hindrar Dig
smarta eller obehag i och kring
Dina 6gon, t.ex. brinnande
kénsla, klada eller vark, fran
att gora vad Du skulle vilja
gora? Skulle Du saga...........

Hela
tiden

100

For
det
mesta

Ibland Négon

géng
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20.

21.

22,

23.

24.

25.

For vart och ett av foljande péastdende, var snéll och ringa in den siffra som anger
om pastdendet ar helt ritt, 6vervigande ratt, osikert, 6verviagande fel eller helt
fel.

(Satt en ring runt en av siffrorna pa varje linje)

Helt Over- Osikert Over- Helt
ratt viagande viagande fel
ratt fel

Jag stannar hemma for
det mesta pé grund av

Jag kidnner mig
frustrerad en stor del av
tiden pa grund av min 1 2 3 4 5

Jag har mycket mindre
kontroll 6ver vad jag gor

pé grund av min syn.... 1 2 3 4 5

Pa grund av min syn ar

jag tvungen att lita for

mycket pa vad andra

talar om for mig......... 1 2 3 4 5

Jag behover mycket
hjalp fran andra pa
grund av min syn......... 1 2 3 4 5

Jag oroar mig for att
gora saker som generar

mig eller andra pa
grund av min syn.......... 1 2 3 4 5
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