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Background
Glaucoma surgery has always had a 

reputation for success rates with room 
for improvement and a complication rate 
needing reduction. Although cataract 
surgeons have been spoiled with happy 
patients with 20/20 vision, glaucoma 
surgeons have often left the clinic in agony 
over too high or low intraocular pressure 
(IOP). The methods for cataract surgery 
have become increasingly sophisticated 
over time: from couching to intracapsular 
or extracapsular cataract extraction, and 
now phacoemulsification. Quality and 
safety have followed accordingly. Numerous 
glaucoma surgeries and devices have been 
developed over the years but disappeared 
again. The graveyard of glaucoma surgery 
has many tombstones, and experienced 
surgeons can talk about treatment fads 
of the past. When it comes to the bottom 
line, trabeculectomy and tubes (Ahmed 
or Baerveldt) from the 1990s remain the 
bread and butter of glaucoma surgeons. 
The strong tradition for deep sclerectomy 
in Finland is worth mentioning, with many 
surgeons preferring it over trabeculectomy 
and considering it the best compromise 
between IOP reduction and safety. In the 
past 10 years, much attention has been 
focused on less invasive procedures, a group 
called minimally invasive (or micro-invasive) 
glaucoma surgery (MIGS). Devices designed 
as possible alternatives to deep sclerectomy 
or trabeculectomy and traditional tubes 
have also been introduced. Some of these 
procedures have been coined micro-invasive 
bleb surgery (MIBS) since they rely on the 
formation of a subconjunctival filtering 

bleb. In the United States, a significant 
amount of glaucoma surgery today is MIGS 
procedures combined with cataract surgery, 
often performed by a cataract surgeon. 
The purpose of this article is to provide an 
overview of new surgical treatment options 
for glaucoma that are relevant for the Nordic 
reader.

Minimally invasive glaucoma surgery
MIGS procedures are characterized by 

minimal anatomical disruption, a high 
safety profile, ease of use, the possibility 
to combine with cataract surgery, less 
need for postoperative care, and a 
clinically relevant IOP reduction.1 MIGS 
procedures are not designed to replace 
filtering surgery but provide an alternative 
to patients who may not require maximal 
IOP reduction. The mechanisms by which 
the procedures work can be grouped into 
three different categories: re-establishing 
conventional trabecular outflow, bypassing 
the trabecular meshwork, and increasing 
the uveoscleral outflow by diverting fluid 
to the suprachoroidal space. All techniques 
use an ab interno approach: the surgery is 
performed intracamerally using corneal 
incisions (Figure 1). Techniques targeting 
the conventional trabecular outflow are 
limited by the episcleral venous pressure, 
and hypotony is thus not possible. On the 
other hand, the suprachoroidal space has 
no natural brake, and hypotony will develop 
unless flow is controlled. Most randomized 
clinical trials of MIGS have evaluated them 
in the setting of a combined procedure 
together with cataract surgery. Essential 
here is including a control group that 

consists of cataract surgery alone since 
cataract surgery can result in considerable 
IOP reductions in itself.

Suprachoroidal space
The IOP-lowering potential in the 

suprachoroidal space is well-known to 
ophthalmologists for traumatic cyclodialysis, 
which can induce profound hypotony. Few 
ophthalmologists today have experience 
with creating cyclodialysis to lower IOP, 
but that has been a treatment in the past. 
The fibrotic response in the suprachoroidal 
space is much lower compared to the 
conjunctiva. Therefore, the suprachoroidal 
space has long been an interesting target 
for glaucoma surgery. One issue has been 
diverting the fluid to the suprachoroidal 
space in a controlled manner, i.e., without 
risking hypotony. The first suprachoroidal 
MIGS device was the CyPass (Alcon), which 
received FDA approval in 2016. CyPass 
was a 6.3-mm-long fenestrated polyimide 
stent (internal lumen 0.3 mm) that was 
placed in the angle and diverted fluid to the 
suprachoroidal space. The device was tested 
in a large randomized clinical trial (cataract 
surgery and CyPass versus cataract surgery 
alone) that demonstrated a significant IOP 
reduction after two years.2 The mean IOP 
reduction was 7.4 mmHg for the CyPass and 
cataract surgery group versus 5.4 mmHg in 
cataract surgery alone. The proportions of 
medication-free patients were 85% versus 
59%, respectively. In 2018, the device was 
withdrawn from the market due to five-
year data showing significant reductions in 
corneal endothelial cell count. Surprisingly, 
early postoperative IOP spikes were often 
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seen.3 The American Society of Cataract 
and Refractive Surgery CyPass Withdrawal 
Task Force suggests monitoring all patients 
with CyPass for the development of clinically 
significant corneal edema and in these 
cases, trimming the proximal (intracameral) 
end of the device.
The only suprachoroidal MIGS procedure 

now is the MINInject (iStar). The MINInject is 
5 mm long with cross-sectional dimensions 
of 1.1 x 0.6 mm. It is made of porous silicone, 
which allows fluid to seep through the 
sponge-like material. It is placed in the 
angle in the same manner as the CyPass. In 
a prospective non-randomized multicenter 
study, the IOP was lowered from 23.2±2.9 
mmHg to 13.8±3.5 mmHg after two years, 
and 48% of the patients were medication-
free.4 The study had no control group. The 
MINInject is currently being tested in further 
studies. It appears safe, but limited data is 
available so far.

Schlemm’s canal plumbing
Canaloplasty, where a suture or catheter 

is run through Schlemm’s canal, has the 
purpose of opening the normal outflow 
system. The procedure is performed ab 
interno, via corneal incisions, and a small 
incision in the angle is created that allows 

introducing the probe into Schlemm’s canal. 
Catheters exist that have been developed 
for the purpose, some of which can inject 
viscoelastica (visco-canaloplasty). The 
purpose of the latter is to dilate Schlemm’s 
canal and open the system further 
downstream, at the collector channels. The 
techniques require some technical skills to 
master. In general, the techniques have not 
been studied in as rigorous a manner as 
other MIGS procedures, and more studies 
are needed to assess their efficacy. This may 
explain why the techniques have not been 
widely adopted in the Nordic countries. 
However, the concept of simply flushing and 
re-establishing the normal outflow pathway 
of the eye is appealing, but efficacy is crucial; 
therefore, high-quality studies are needed.

Trabecular meshwork: to puncture or to 
remove?
iStent
iStent (Glaukos) is probably the 

frontrunner in the MIGS era. It is a 360-µm-
long titanium stent that punctures the 
trabecular meshwork, and the tip is placed 
in Schlemm’s canal, thus bypassing the 
resistance in the trabecular meshwork. 
Two iStents are placed, separated by a 
few hours. The first generation iStent was 

introduced 10 years ago, whereas the second 
generation iStent (iStent inject) received 
FDA approval in 2018 and was evaluated in 
a randomized clinical trial.5 At two years, 
the IOP reduction was significantly lower 
in the cataract surgery plus iStent group 
compared to cataract surgery alone, with 
a mean of 7.0 mmHg versus 5.4 mmHg, 
respectively. There was also lower mean use 
of ocular hypotensive medications: 0.4±0.8 
versus 1.6±0.8. The rate of medication-
free patients was also higher in the iStent 
group, at 84% versus 67%. Complications 
are most commonly hyphema and device 
obstruction.
Hydrus
The Hydrus (Alcon) is an 8-mm-long stent 

made of a nickel-titanium alloy. The stent is 
placed in Schlemm’s canal and dilates it and 
a small portion of it bypasses the trabecular 
meshwork. By permanently expanding 
Schlemm’s canal, it has an additional 
mechanism of action compared to the 
iStent. The Hydrus was evaluated in the 
HORIZON randomized clinical trial (cataract 
surgery plus Hydrus versus cataract surgery 
alone).6 After two years, a significantly lower 
IOP was found in the combined procedure 
group compared to cataract surgery 
alone: 16.9±3.3 mmHg versus 19.2±4.7 
mmHg, respectively. More patients were 
medication-free with the Hydrus, at 73% 
versus 38%. After five years, a similar IOP 
was found in both groups but with the help 
of significantly fewer medications in the 
combined procedure group: 0.5±0.9 versus 
0.9±0.9.7 The rate of filtration surgery was 
included as a secondary endpoint in the 
trial. At three years, the number was 0.6% 
in the cataract surgery plus Hydrus group 
compared with 3.9% in the cataract surgery 
alone group, and at five years, it was 2.4% 
and 6.2% respectively, both statistically 
different. Visual fields have been analyzed 
retrospectively at one study site and the 
results presented at conferences this 
year, demonstrating reduced visual field 
progression in the combined procedure 
group. Complications include hyphema and 
device obstruction.
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Figure 1. Illustration of MIGS procedures: Hydrus, iStent, and iStar MINInject are devices that are placed in the angle 
using preloaded injectors via a corneal incision. Trabectome and Kahook Dual Blade on the other hand are instruments 
that are inserted via a corneal incision and used to remove part of the trabecular meshwork. Aqueous outflow is increased 
via the uveoscleral outflow (iStar MINInject) or the conventional trabecular outflow (Hydrus, iStent, Trabectome and 
Kahook Dual Blade)
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Kahook Dual Blade
The Kahook Dual Blade (KDB, New World 

Medical) is a goniotomy blade designed to 
completely remove the trabecular meshwork 
over a few hours. This is in contrast to other 
goniotomy or trabeculotomy techniques 
where the trabecular meshwork is incised 
but not removed. It has only been evaluated 
in a small randomized clinical trial (n=42), 
where no difference existed in IOP reduction 
or medication reduction between the 
combined procedure and cataract surgery 
alone. Retrospective studies suggest that 
the KDB may be more effective than the 
iStent, but this has not been replicated 
in a randomized controlled trial,8,9 so it is 
premature to conclude. Complications are 
most commonly hyphema and IOP spikes.
Trabectome
Whereas the KDB uses sharp blades 

to excise the trabecular meshwork, the 
Trabectome (NeoMedix) ablates the 
trabecular meshwork by generating high-
frequency electrocautery. It has been used 
for more than 10 years. Despite being used 
extensively for a long time, the scientific 
evidence supporting its efficacy is poor.10 
Many surgeons who initially adopted the 
technique have moved on to other MIGS 
procedures. The complication profile is 
similar to the KDB.

What can we expect from MIGS and what 
should we use?
MIGS are relatively safe and reduce IOP 

to some extent, which translates to reduced 
use of IOP-lowering medications. The iStent 
is the MIGS procedure that has been most 

extensively studied in terms of the number 
of publications. However, quantity does not 
necessarily equal quality. Similar to most 
other MIGS devices, the surrogate markers 
IOP and medication use have been chosen 
as endpoints in almost all studies, and most 
studies have not been randomized. With very 
few head-to-head comparisons of MIGS, it is 
difficult to say which procedure is the most 
effective. Data so far seem to suggest that 
the Hydrus is slightly more effective than 
the iStent, but the clinical relevance of any 
difference is unclear. The effect of MIGS is 
probably exaggerated in non-randomized 
studies due to bias and the absence of a 
control group (cataract surgery can affect 
IOP significantly), which is worth keeping 
in mind when non-randomized studies are 
read.

Subconjunctival drainage devices
Much variation exists in how a 

trabeculectomy is performed, depending on 
the surgeon. Therefore, although the basic 
concept of guarded outflow under a scleral 
flap is the same for all trabeculectomies, 
how this is constructed varies. Every part 
of creating the outflow pathway is in the 
hands of the surgeon, and if not performed 
to perfection, the result will not be optimal 
and may range from poor to lost vision. 
Unpredictability and manipulations or 
interventions in the postoperative weeks 
are part of the standard trabeculectomy 
follow-up. The reason to use some kind of 
tube to divert flow out of the eye and reduce 
IOP is therefore simple (Figure 2 and 3). It 
reduces human variability (surgeons and 

patients), flow is fixed, and it increases the 
ease of flow creation. There is less to go 
wrong, but also less to manipulate if needed 
(e.g., reducing the IOP further). The new 
subconjunctival drainage devices can be 
divided into two categories: micro-invasive 
bleb surgery (MIBS) and glaucoma tube 
shunts. Both groups rely on the formation 
of a subconjunctival filtering bleb but use 
different principles. MIBS are thin tubes 
that terminate freely approximately 4–6 
mm behind the limbus and form a fluid bleb. 
Glaucoma tube shunts are thicker tubes 
connected to a tube plate that is sutured to 
the sclera. The anterior edge of the plate is 
more than 8 mm behind the limbus. The bleb 
forms over the plate and is thus much more 
posteriorly placed compared with the MIBS 
blebs.
Micro-invasive bleb surgery

XEN-45
The XEN-45 (Allergan-Abbvie) is a 6-mm-

long porcine gelatin tube with an internal 
diameter of 45 µm (220 µm outer diameter), 
which is designed for placement in the 
subconjunctival space via an ab interno 
approach. The dimensions of the tube are 
designed to provide enough resistance 
to prevent hypotony. The procedure is 
combined with subconjunctival injection 
of mitomycin C. The procedure is unique 
since it provides subconjunctival drainage 
without a peritomy. No randomized 
clinical trials have been published. The 
IOP reduction at two years was in a meta-
analysis determined to be 7.44 mmHg (95% 
CI: 4.91–9.97).11 The same study found that 
at least 38% required a minimum of one 

XEN-45

PreserFlo

Paul Glaucoma Implant

Figure 2. Illustration of new subconjunctival drainage devices: The three devices are typically placed in the positions as shown in the figure (left). XEN-45 is most often implanted 
from the inside of the eye via a corneal paracentesis. Paul Glaucoma Implant and PreserFlo-Microshunt are implanted from the outside, which requires a conjunctival peritomy and 
dissection of a large conjunctival pocket. The plate of the Paul Glaucoma Implant is tucked under the rectus muscles and sutured to sclera (right). XEN-45 can also be implanted from 
the outside using the same approach as PreserFlo-Microshunt. 
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needling. The procedure can be combined 
with cataract surgery. Difficulties with 
achieving a trabeculectomy-low IOP and 
a high needling rate have led to fading of 
the initial excitement over the procedure. 
Some advocate an ab externo approach, 
with a conjunctival peritomy, to avoid the 
device becoming entangled and blocked 
in tenon tissue. A new XEN-63, which has a 
63-µm internal diameter, has recently been 
introduced. The goal is to achieve greater 
IOP reduction because of a bigger internal 
diameter. The most common complications 
are transient post-operative hypotony and 
scarring with frequent need for needling.
PreserFlo-Microshunt
The PreserFlo-Microshunt (Santen) 

is an 8.5-mm-long poly (styrene-block-
isobutylene-block-styrene; SIBS) tube 
with an internal diameter of 70 µm (outer 
diameter 350 µm), designed for placement 
ab externo after a conjunctival peritomy 
(Figure 4). Mitomycin C is placed far 
posteriorly under the tenon using shields. 
The device was thoroughly evaluated in a 
randomized clinical trial of 527 patients who 
were randomized to either trabeculectomy 
or PreserFlo-Microshunt. The study was 
designed as a non-inferiority trial. One-year 
results have so far been published in this 
ongoing study, and the non-inferiority criteria 
were not achieved at this time point. The 
reason was primarily superior IOP reduction 
in the trabeculectomy group: average IOP 
11.1±4.3 mmHg compared with 14.3±4.3 
mmHg in the PreserFlo-Microshunt group. 
Fewer medications were also used in the 
trabeculectomy arm: 0.3±0.9 medications 
versus 0.6±1.1 medications. A higher 
rate existed of transient, not treatment-
requiring, hypotony (numerical hypotony) 
in the trabeculectomy group. Otherwise, 
complication rates were similar. An expert 
consensus on the use of the PreserFlo-
Microshunt was published this year.12 The 
panel of 11 experienced glaucoma surgeons 
(including >100 PreserFlo-Microshunt 
operations) concluded that PreserFlo-
Microshunt was effective in reducing IOP 

in open-angle glaucoma patients with an 
IOP of >21 mmHg. Performing the surgery 
with cataract surgery is feasible, but data 
are lacking on the efficacy of combined 
surgery. The most common complications 
are transient post-operative hypotony and 
scarring.
Glaucoma tube shunts
Whereas the XEN-45 and PreserFlo-

Microshunt target primary open angle 
glaucoma (POAG) patients, the main 
target group for glaucoma tube shunts is 
patients at high risk of fibrosis (e.g., uveitis, 
neovascular glaucoma, previous failed 
glaucoma surgery). The Ahmed (New World 
Medical) and Baerveldt (Johnson&Johnson) 
tube shunts were developed in the 
1990s, both with their advantages and 
disadvantages. In contrast to the XEN-45 
and PreserFlo-Microshunt these tubes are 
connected to a tube-plate that is sutured to 
the sclera at least 8 mm behind the limbus 
and a filtering bleb forms over the large 
plate. The new Ahmed ClearPath (New World 
Medical) shares the same features as the 
Baerveldt tube (plate size, tube diameter, 
and no valve) but has a different plate design 
and is produced by a different company. 
It can probably be regarded as a modified 
Baerveldt tube. The major innovation in this 
category is the Paul glaucoma implant.
Paul glaucoma implant
The Paul tube strives to be a mixture of 

the best of the Ahmed and Baerveldt tubes. 
It provides instant IOP reduction (like the 
Ahmed), but at the same time, it has a large 
surface area and low plate height (two 
Baerveldt features). A large surface area 
has been suggested to result in greater IOP 
reductions in the long term. The plate is 
made of flexible silicone and is designed to 
be placed under the two adjacent rectus 
muscles and sutured to the sclera at least 
10 mm behind the limbus. The surface area 
is 342 mm2 (Baerveldt 350 mm2, Ahmed 184 
mm2), but the plate is longer and narrower 
compared to the Baerveldt 350. Less of 
the plate is thus hidden under the rectus 
muscles, and more is available for bleb 

formation. Both the external (467 µm) and 
internal diameter (125 µm) are smaller than 
Ahmed and Baerveldt (600 µm external and 
300 µm internal for both). The diameter of 
the tube is still too big to provide enough 
resistance to prevent hypotony. Therefore, 
most surgeons place a 6-0 Prolene suture 
in the tube lumen (Figure 4), which can be 
removed later if additional IOP reduction is 
needed. The Paul tube has not been tested 
in any randomized clinical trial. Prospective 
and retrospective studies suggest that the 
tube is non-inferior to the Baerveldt tube, 
and an IOP around 13 mmHg on around 
one medication seems to be realistic.13–15 
Hypotony is rare. The smaller tube size 
should make it easier to place it posteriorly to 
Schwalbe’s line and thus reduce endothelial 
cell loss,16 but this remains to be proven. 
Similar to the two large studies comparing 
the Ahmed and Baerveldt tubes,17 a Paul 
versus Baerveldt trial is needed.

Subconjunctival drainage devices from a 
historical perspective
Interestingly, the first tubes were short 

tubes without a plate, thus similar to the 
XEN-45 and PreserFlo-Microshunt. However, 
they quickly turned non-functional because 
of scarring and fibrosis around the tubes. 
The tubes first became a success when 
Molteno introduced the tube plate and most 
importantly moved the plate posteriorly, far 
away from the limbus. One is therefore left 
wondering what the reason was for XEN-
45 and PreserFlo-Microshunt going back 
to concepts that have been tested without 
positive results. There are probably two 
reasons. The first is new ways to produce 
tubes. New, more biocompatible materials, 
in theory reducing fibrosis, are available. 
The tubes can also be produced with exact 
dimensions, and the resistance can be 
determined precisely. The second reason, 
and probably the most important, is the 
introduction of mitomycin C in glaucoma 
surgery. Mitomycin C reduces the fibrotic 
response, which was the predominant 
reason for the poor success of the first short 

Device Purpose Theoretical outcomes and advantages Documented effect in RCTs Disadvantages

MIGS
(iStent, Hydrus, iStar 
MINInject, Kahook Dual 
Blade and trabectome)

Early surgical inter-
vention for light to 
moderate glaucoma

1) Reduced IOP and medication use
2) Reduced need for future filtration surgery
3) Increased quality of life because of re-
duced drop burden

Reduced drop burden 1) Price
2) Modest efficacy

XEN-45 & PreserFlo 
Microshunt (MIBS)

Safer and more 
predictable 
alternative to 
trabeculectomy

1) Lower hypotony rates
2) More predictable outcomes
3) Less intense post-operative course 

Good IOP reduction 
(RCT evidence only for 
PreserFlo)

1) Price
2) Inferior to trabeculectomy in 
terms of IOP reduction 
3) Higher needling rate versus 
trabeculectomy

Paul Glaucoma Implant 
(Glaucoma tube shunt)

Safer and more 
predictable 
alternative to Ahmed 
and Baerveldt tubes

1) Lower hypotony rates
2) Reduced loss of corneal endothelial cells

No RCT evidence None - yet

Table 1. Overview of new surgical treatments in glaucoma. 

RCT = Randomized Clinical Trials MIGS = Minimally Invasive Glaucoma Surgery IOP = Intraocular pressure   MIBS = micro-invasive bleb surgery
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tubes without a tube plate. The PreserFlo-
Microshunt was originally developed to be 
used without mitomycin C, but successful 
results were first achieved when mitomycin 
C was added to the procedure, confirming 
the crucial role of antifibrotic drugs for tubes 
without a plate.

Summary of MIGS and new 
subconjunctival drainage devices
The European Glaucoma Society (EGS) 

suggests that MIGS fit into the treatment 
algorithm for glaucoma as a combined 
procedure with cataract surgery to reduce 
the use of IOP-lowering medication but 
not to lower IOP (Table 1). Good evidence 
supports this standpoint. However, the 
effect is not dramatic. A review from last 
year over Cochrane analysis and network 
meta-analysis determined the absolute 
reduction in the number of IOP-lowering 
drops to be approximately half a drop per 
day on average for the iStent, Hydrus, and 
CyPass.18 Depending on the number of 
medications used, this may result in the 
patient becoming medication-free. The 
procedures are relatively safe. The Hydrus 
is the only procedure that has been shown 
to reduce the need for future filtration 
surgery, with a number needed to treat of 
26–30 (i.e., 26–30 Hydrus implementations 
to prevent one eye from receiving a filtration 
surgery).7 The PreserFlo-Microshunt and 
XEN-45 are alternatives to trabeculectomy 
for patients with an IOP of >21 mmHg. The 
Paul glaucoma implant seems to be non-
inferior to the Ahmed and Baerveldt tubes 
and may be used instead of both.15 In theory, 
it has some advantages, but these are not 
yet backed by scientific evidence.

Reflections and perspective
Numerous new glaucoma procedures 

have been introduced in the past 10 years, 
and the most relevant ones have been 
mentioned and outlined in this article. 

Despite this, trabeculectomy does not 
seem to be ready for retirement. Current 
evidence and expert opinion still point to 
trabeculectomy being the gold standard 
procedure for maximal IOP reduction and 
the only procedure to reach single-digit 
IOPs.12,19 Although new subconjunctival 
drainage devices, such as MIBS, can have 
a role in the management of glaucoma, 
it is worrisome if this leads to the art of 
trabeculectomy dying because a group of 
patients needs it. Trabeculectomy requires 
skills and volume to master. When you 
have those patients who need single-digit 
IOP, you must have confidence that your 
trabeculectomy will deliver this. From 
that perspective, preserving the teaching 
of trabeculectomy for glaucoma fellows 
is also important since it is still the gold 
standard procedure, and how long the new 
subconjunctival procedures will exist is 
unclear.
The majority of new devices can be 

categorized as MIGS, and the target 
population is patients with mild to 
moderate primary open-angle glaucoma. 
In terms of outcome, the expected result is 
a reduction in IOP-lowering medications. 
Although this population is large, whether 
it is the one in most need of new surgical 
treatments is doubtful. The patients most 
in need of improved care are probably 
those with advanced and progressive 
glaucoma, and these are the patients at 
high risk of developing blindness. Everyday 
life for the patient with advanced glaucoma 
becomes increasingly difficult as the disease 
progresses, and the cost for society grows as 
the patient needs support. These patients 
often need maximal IOP reduction, which 
increases the complexity of developing new 
procedures. A smaller patient population 
and a more difficult task make engaging 
in developing new treatments for these 
patients less appealing from a commercial 
perspective. Can early intervention with 

MIGS reduce the number of patients 
progressing to advanced glaucoma or 
blindness? High-quality data are needed to 
answer this question properly. One can argue 
that the challenge is not to early diagnose 
and intervene but to avoid late detection. 
Little is known of the clinical effectiveness 
of MIGS measured in other ways than IOP 
and medication use. To what extent MIGS 
can reduce the need for filtration surgery 
has only been studied in one randomized 
clinical trial for one device (the Hydrus in the 
HORIZON trial), where ≈25 Hydrus surgeries 
were needed to prevent one filtration 
surgery over five years in this large cohort of 
patients with light to moderate glaucoma.7 

The effect is statistically significant, but 
the clinical impact should be considered. 
We still do not know the optimal time to 
intervene surgically in glaucoma in terms of 
the EGS mission statement: “the goal of care 
for people with, or at risk of, glaucoma is to 
promote their well-being and quality of life 
within a sustainable health care system.”
The capacity of the healthcare system 

matters when we choose treatments. In 
a survey of 43 glaucoma specialists in 
the UK (poster at EGS 2022), a reduced 
number of postoperative follow-up visits 
and shorter surgical duration were the two 
major reasons for choosing the PreserFlo-
Microshunt over trabeculectomy, which may 
reflect a healthcare system under pressure. 
How the healthcare system is organized 
also matters when we choose treatments. 
Reimbursement and insurance systems 
provide a strong economic incentive for the 
treating physician in the United States to add 
a MIGS procedure to a cataract operation. 
With cataract surgeons incorporating MIGS 
procedures in their practice, the accessibility 
of MIGS has increased radically. Therefore, 
economic incentives and high accessibility 
can explain why MIGS is much more common 
in the United States compared with Europe. 
We also know that tertiary academic centers 

XEN-45 PreserFlo-Microshunt Paul Glaucoma Implant
(+intraluminal 6-0 Prolene stent)

XEN-45

≈500µm ≈500µm ≈500µm

Figure 3. Gonioscopic view of the subconjunctival drainage devices: The outer/inner diameter of the three devices varies: XEN-45 (220µm/45µm), PreserFlo-Microshunt (350µm/70µm) 
and Paul Glaucoma Implant (467µm/125µm). The blue intraluminal prolene suture is to prevent early hypotony and can be removed in the post-operative weeks-months.
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are more likely to care for patients with advanced disease and that the standard 
surgical treatment for this group is trabeculectomy and tubes.21 In the Nordic 
countries, patients with early to moderate glaucoma, the target population for 
MIGS procedures, are much more likely to be in the hands of cataract surgeons or 
ophthalmologists who practice outside academic institutions. If the healthcare 
system does not support MIGS procedures outside academic and public hospitals, 
then it is likely that a large proportion of glaucoma patients will not be offered MIGS 
procedures for financial reasons.
It is unclear whether offering MIGS to patients with mild glaucoma leads to 

higher patient satisfaction and what impact this has on everyday life. Patient-
related outcome measures are notoriously lacking in randomized clinical trials. In 
the LIGHT study, newly diagnosed glaucoma patients were randomized to primary 
treatment with selective laser trabeculoplasty (SLT) or medication.20 Before 
starting the study, group interviews revealed that becoming medication-free was 
a top priority among patients. With this in mind, it is a bit surprising that very little 
difference existed after three years in quality of life, as analyzed with four different 
quality of life questionnaires, between the medication group and SLT group (70% 
were free of medications). Indeed, some patients are very happy to be drop-free 
or would appreciate once-daily instead of twice-daily drops (a realistic expectation 
for many MIGS), but for many, it may not make a big difference. Cost-effectiveness 
analysis also differs between countries, depending on how the healthcare 
system is organized, which general recommendations difficult from a healthcare 

economic perspective. If all the MIGS were priced 
at 1€, the recommendation would possibly be that 
all glaucoma patients undergoing cataract surgery 
should have a MIGS added to the procedure. However, 
that is not the reality. Given the new EGS guidelines 
where MIGS is recommended into the treatment 
algorithm for glaucoma as a combined procedure 
with cataract surgery, and keeping in mind—from a 
socioeconomic perspective—that optimizing the use 
of the taxpayer’s money is required, then the cost for 
the MIGS devices can be a decisive factor. Schlemm’s 
canal procedures have a similar effect but vary 
considerably in cost (≈350€–1400€).
In summary, despite their being widely adopted, 

we lack to a large degree randomized clinical trials 
with head-to-head comparisons for many of these 
new procedures. Randomized clinical trials are also 
needed that integrate patient-related outcome 
measures and objective measures of disease 
progression, ideally visual field testing, as well as 
cost-effectiveness analysis. Such trials would make 
it possible to go from the current educated guess to 
an evidence-based approach on how to optimally 
integrate these new procedures in the treatment 
of glaucoma from both the patient’s and society’s 
perspectives.
So how far have we come in glaucoma surgery? 

Definitely far, but there is still a long way to go before 
the perfect glaucoma operation has been developed, 
if it exists.
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Figure 4. PreserFlo-Microshunt and Paul Glaucoma Implant: Anterior segment optical coherence 
tomography (OCT) images showing a Paul Glaucoma Implant (red arrows) covered by a cornea patch graft 
(asterisk). To the right a photo of a different patient is shown with a Paul tube (red arrow), covered by a 
cornea patch graft and with a blue intraluminal prolene suture to prevent early hypotony. The end of the tube 
and tube plate is just covered by the eyelid. The bottom two images shows the slightly thinner and shorter 
PreserFlo-Microshunt (yellow arrow), resulting in less posterior outflow. Blue asterisk marks the approximate 
end of the tube and the resulting bleb (blue arrows). 
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Key points:
	• Minimally	invasive	glaucoma	surgery	
(MIGS)	procedures	can	be	used	to	
reduce	the	use	of	ocular	hypotensive	
medications.	MIGS	can	be	performed	as	
stand-alone	procedures	but	are	primarily	
indicated	in	combination	with	cataract	
surgery.
	• New	subconjunctival	drainage	devices	
are	an	alternative	to	trabeculectomy	for	
selected	patients.
	• More	randomized	clinical	trials	are	
needed	to	allow	the	precise	integration	
of	new	procedures	into	the	treatment	
algorithm	for	glaucoma.
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