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Treatment  � 	   Treatment

II.3.11  Adherence in glaucoma

Glaucoma is a chronic progressive disease that requires continuous long-term engagement 
of the patient with the recommendations proposed by the doctor.

II.3.11.1  Terminology

The commonly used term ‘compliance’ has been increasingly replaced in recent times by the 
term ‘adherence’. Both are defined as the ‘cooperation of the patient with the recommenda-
tions given by the doctor’. The former is more passive while the latter implies the active part 
of the patient. ‘Persistence’ is defined as the length of time during which the patient is taking 
the medication as prescribed.

FC XIX� Treatment algorithm
in glaucoma topical therapy
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II.3.11.2  Factors associated with non-adherence

The following factors have been described as common obstacles to glaucoma medication 
adherence:
	– Medication per se like cost of the drugs, side effects, complicated dosing regimen
	– Ocular surface disease (OSD)
	– Individual/situational/environmental like a major event in the patients life, or a disordered 

life-style
	– Forgetfulness, comorbidity, poor understanding of the disease, sex (men are more likely 

to be non-adherent)
	– Stage of the disease (patients with less advanced disease tend to be less adherent)
	– Clinician lacking communication with the patient

II.3.11.3  Identifying non-adherence

Clinicians are unable to detect non-adherence unless such information is volunteered by 
patients.
Non-adherence is best identified by asking how and who administers the eye drops, taking 
an empathetic approach and asking questions, e.g., “have you forgotten to use your eye 
drops during the last week?” If “yes”, then ask “how many times?” Sometimes asking the 
patient to demonstrate their drop instillation technique is useful (See Ch I.5).

II.3.11.4  Improving adherence

Adherence may be improved by simplifying the drop regimen, with patient education, by 
improving communication and setting alarms/messages. For selected patients drug deliv-
ery by sustained release devices may be a future option to reduce burden of daily therapy 
thereby increasing compliance. Currently, a variety of these slow-release drug delivery sys-
tems are being developed but are not yet available in Europe. These include, for example, 
prostaglandin-releasing implantable devices, drug eluting contact lenses or conjunctival for-
nix inserts.

Systematic reviews:
	– Waterman H, Evans JR, Gray TA, et al. Interventions for improving adherence to ocular 

hypotensive therapy. Cochrane Database Syst Rev 2013:CD006132.
	– Ha A, Jang M, Shim SR, Kim CY, Chang IB, Kim YK. Interventions for Glaucoma Medi-

cation Adherence Improvement: A Network Meta-analysis of Randomised Controlled Tri-
als. Ophthalmology. 2022 Nov;129(11):1294-1304. doi: 10.1016/j.ophtha.2022.06.025. 
Epub 2022 Aug 23. PMID: 36028393.
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II.3.12  Laser surgery

II.3.12.1  Laser peripheral iridotomy (LPI)

Indications:
Angle closure disease
High risk PACS, PAC, PACG
Treatment of AAC with suspected pupillary block and / or plateau iris mechanism (See Fc X, 
XI, XII and XIII).

Preoperative preparation:
Instil topical pilocarpine. If the cornea is oedematous, use topical glycerin 10% if available. 
Systemic acetazolamide, IV mannitol or oral hyperosmotic agents may be needed to clear 
the cornea in cases of AAC. For prevention of IOP spikes use a topical alpha-2 agonist 1 
hour prior to the procedure and immediately afterwards.

Procedure:
After abundant instillation of topical anesthetic, a laser iridotomy contact lens with coupling 
solution is placed onto the cornea. The lens keeps the eyelids open, stabilises the eye, pro-
vides additional magnification, focuses the laser beam and acts as a heat sink.
The iridotomy should be either completely covered or fully uncovered by the upper eyelid 
to reduce visual symptoms. It is preferable if the site is in the superior quadrant of the iris 
between 11 or 1 or at 3 or at 9 o’clock, in a thinner area or crypt, in the iris periphery avoiding 
visible vessels.
The goal is to achieve patency with minimal total energy. Two approaches are in use: multiple 
(10-30) low-energy shots or fewer (2-3) but higher power shots*.
Whole thickness perforation of the iris is assumed when pigment, mixed with aqueous, flows 
from the posterior into the anterior chamber. Once a full thickness hole has been made, it 
should be enlarged to achieve an adequate size 200 micron in order to maintain patency in 
case of iris oedema, pigment epithelial proliferation or pupil dilation. Red reflex transillumina-
tion through the peripheral iridotomy is not a reliable indicator of patency.

Lasers parameters for Nd:YAG LPI

Power 1-6 mJ

Spot size 50-70 μm (constant for each laser model)

Pulses per burst 1-3

Recommendations

	– Focus the beam within the iris stroma rather than on the surface of the 
iris* Avoid any apparent iris vessels

	– Use the least amount of energy that is effective
	– Lens capsule damage is possible above 2 mJ energy With most lasers 

less than 5 mJ per pulse is required

*start with the lowest power.
**Pretreatment with argon laser to minimise bleeding by coagulating iris vessels is optional (spot size 400 μm, 
duration 0.2 sec, energy approximately 200-300 mW)
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In case of thick dark irides, to reduce total Nd:YAG energy, pretreatment with a thermal laser 
in 2 stages may be considered. In the case of Argon laser, low power of 90-250 mW, pulse 
duration 0.05 sec, spot size 50 μm is applied first, followed by higher power of 700 mW, 
pulse duration 0.1 sec, spot size 50 μm to create a punched-out crater appearance. LPI is 
completed with Nd:YAG laser.

Complications:
	∑ Intraoperative complications

	– Bleeding from the iridotomy site can usually be stopped by gentle pressure applied 
to the eye with the laser contact lens.

	– Lens capsule damage is possible especially with higher energy.
	∑ Postoperative complications

	– Transient IOP elevation a few hours after the procedure is the most frequent early 
complication.

	– Postoperative inflammation is transient and mild, rarely resulting in posterior syn-
echiae.

	– Visual disturbances, e.g. glare, blurring, ghost images, halo, crescent are less likely 
to occur when the peripheral iridotomy is either completely covered by the eyelid or 
completely uncovered.

	– Rare complications include cystoid macular oedema, aqueous misdirection or cho-
roidal effusion.

Postoperative management:
	∑ Check the patency of the peripheral iridotomy immediately after treatment. Check 

the IOP after 1-3 hours and treat accordingly.
	∑ Topical anti-inflammatory drops (NSAIDS or steroids) during the first week: e.g. 2 

hourly steroids for 2 days followed by 4x day for 5 days - more intensively in eyes 
with dark irides.

	∑ Check the angle with gonioscopy after a week or more to assess the impact of 
treatment on angle configuration.

II.3.12.2  Laser trabeculoplasty

Multiple forms of laser trabeculoplasty exist, including Argon laser trabeculoplasty (ALT), 
Selective Laser Trabeculoplasty (SLT) and other thermal effect lasers. SLT is widely used as 
primary treatment. Direct trans-limbal SLT has also recently been introduced.

Indications:
Lowering of IOP in POAG, PXFG, PDG and high risk OHT:

	– As initial treatment (See Fc VIII)
	– As an add-on or replacement treatment for reasons of efficacy, tolerability and 

adherence
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Contraindications:
	– Angle closure
	– Neovascular glaucoma
	– Uveitic glaucoma
	– Juvenile Open Angle Glaucoma
	– Angle dysgenesis

Preoperative preparation:
Abundant instillation of topical anesthetic. For prevention of IOP spikes, medications to lower 
the IOP are recommended. Options include topical alpha-2 agonist (most commonly), pilo-
carpine or acetazolamide prior to or immediately after the procedure.

Procedure:
Most frequently used lasers are:

	– Q-switched, short pulsed, frequency–doubled Nd:YAG (532 nm) laser SLT
	– Argon continuous-wave laser (green or blue/green) ALT

Lenses:
Available types include: Goldmann-type gonioscopy lens, Ritch trabeculoplasty lens©, 
CGA©, Meridian©, Latina© (SLT), Magnaview©.
Identify angle landmarks and place the laser spots at the pigmented TM over 360° (in eyes 
with highly pigmented TM, 180° initial treatment may be considered).

Laser parameters for laser trabeculoplasty

Laser parameters ALT SLT

Spot size 50 μm 400 μm

Exposure 0.1 sec 3 nsec (fixed)

Power
500-1200 mW according to the
reaction on the TM; with heavily
pigmented TM low power is sufficient

0.4 to 1.2 mJ according to the desired 
reaction; in heavily pigmented  
TM start with low levels e.g. 0.4 mJ

Optimal reaction
Transient bleaching or small gas
bubble formation

The power is titrated until the appearance 
of tiny air bubbles, »champagne bub-
bles«, at the site of the laser burn, with 
visible bubbles on at least 50% of shots

Number of spots 50-100 evenly spaced
spots over 180-360°

c.100 non-overlapping spots
spaced over 360

Complications:
	– Transient elevation of IOP
	– Inflammation
	– PAS (after ALT)
	– Corneal endothelial changes
	– Transient corneal haze
	– Cystoid macular oedema
	– Keratitis (rare)
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Post-operative management:
IOP should be checked after 1-3 hours, and in high risk patients like those with advanced 
glaucomatous damage again within one week. Topical corticosteroids or NSAIDs may be 
prescribed for 4-7 days, but often are not needed. Efficacy of the treatment may be evalu-
ated at 6-8 weeks.

Effectiveness of laser trabeculoplasty:
ALT and SLT have the same IOP lowering efficacy.
Laser trabeculoplasty is initially effective in 80 to 85% of treated eyes with a mean IOP reduc-
tion of 20 to 25% or 4 to 9 mmHg, likely to be greater for primary treatment than for those 
already on medication.
The effect wears off over time, for both ALT and SLT.

Repeat treatment:
If the first complete treatment is effective but the target pressure is not achieved or if the 
effect wears off after a period of control, a second treatment may be effective. Evidence for 
third or fourth retreatments is lacking.

Predictors of efficacy:
Higher baseline IOP is associated with greater IOP reduction after SLT and ALT.
ALT is less successful in eyes with no pigmentation of TM, whereas SLT effect appears to be 
independent of TM pigment.

Systematic reviews:
	– Chi SC, Kang Y.-N, Hwang D.-K, et al. Selective laser trabeculoplasty versus medication 

for open-angle glaucoma: systematic review and meta-analysis of randomised clinical 
trials Br J Ophthalmol 2020;104:1500–1507.

	– Rolim-de-Moura CR, Paranhos Jr A, Loutfi M, Burton D, Wormald R, Evans JR. Laser 
trabeculoplasty for open-angle glaucoma and ocular hypertension. Cochrane Database 
of Systematic Reviews 2022, Issue 8. Art. No.: CD003919. DOI: 10.1002/14651858. 
CD003919.pub3.

II.3.12.3  Thermal laser peripheral iridoplasty (TLPI)

Indication:
This may be helpful in plateau iris syndrome with remaining angle closure despite a patent 
peripheral iridotomy and elevated IOP, although the efficacy in reducing IOP is limited. (See Fc 
XII). It has also been used to break treatment-resistant Acute Angle Closure attacks. Occa-
sionally utilized with non-penetrating filtering surgeries to prevent or treat iris incarceration.

Lasers:
Different modes and wavelengths of continuous wave lasers can be used.
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Preoperative preparation:
Instillation of pilocarpine. For prevention of IOP spikes use topical alpha-2 agonist prior to the 
procedure and immediately afterwards.

Lens:
Contact TLPI lenses.

Laser parameters for laser iridoplasty

Laser parameters [II,D] Contraction burns of long duration, low power, large spot size

Spot size 200-500 μm

Exposure 0.3-0.6 sec

Power 200-400 mW

Location Aiming beam should be directed at the most peripheral part of the iris

Optimal reaction Visible contraction of the peripheral iris with flattening of the iris curvature,
avoiding bubble formation or pigment release

Number of spots 20-24 spots over 360° leaving 2 spot diameters between each spot and
avoiding visible radial iris vessels

Complications:
	– Mild iritis
	– Corneal endothelial burns
	– Transient elevation of IOP
	– Post-operative posterior synechiae
	– Permanent pupil mid dilation
	– Peripheral iris atrophy

Post-operative management:
	– Topical corticosteroids or NSAIDS should be instilled for the first week
	– Prevention of IOP spike as per laser trabeculoplasty
	– Gonioscopy

Systematic review:
	– Bayliss JM, Ng WS, Waugh N, Azuara-Blanco A. Laser peripheral iridoplasty for chronic 

angle closure.Cochrane Database of Systematic Reviews 2021, Issue 3. Art. No.: 
CD006746. DOI: 10.1002/14651858.CD006746.pub4.
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II.3.13  Cyclo-ablative procedures

Indications:
	– When filtration surgery or glaucoma drainage devices are likely to fail, have failed, or are 

not feasible
	– Refractory glaucomas
	– Acute management of aqueous mis direction

Available technologies:
•	 Lasers

Laser delivery modes include: transscleral, endoscopic and transpupillary 
Each technique requires the appropriate probe

Transscleral diode cyclophotocoagulation 
Micropulse laser cyclophotocoagulation
Direct and endoscopic cyclophotocoagulation

•	 Ultrasound
High intensity focused ultrasound circular cyclo-coagulation

•	 Cryoprobe 

Technique;

Anesthesia Retrobulbar or peribulbar injection

Scleral transillumination
The light source is directed posterior to the limbus to identify ciliary body by
transillumination. The dark demarcation line indicates the anterior margin of
the ciliary body

Probe positioning, 
settings, applications

According to the manufacturer recommendations

Endoscopic cyclophotocoagulation:
Endoscopic techniques combined with laser technology allow the photocoagulation of ciliary 
processes. The approach can be limbal or through pars plana.

Transpupillary cyclophotocoagulation:
This procedure is limited to cases of aniridia, through a large surgical iridectomy or when 
broad anterior synechiae pull forward the iris enough to make the ciiary body visible to 
gonioscopy.

Complications:
	– Persistent inflammation
	– Hyphaema
	– Corneal decompensation
	– Vision loss
	– Hypotony and phthisis
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Post-operative management:
Consider pain control. Topical corticosteroids and/or NSAIDS, and atropine as needed. In 
the immediate postoperative period, IOP should be monitored and the anti-glaucoma med-
ication changed accordingly.

II.3.14  Incisional surgery

II.3.14.1  General principles

Indications for different techniques of incisional surgery depend on:
	– the type of glaucoma
	– the target IOP
	– the previous history (e.g. surgery, medications, degree of VF loss)
	– the risk profile (e.g. single eye, occupation, refractive status, myopia)
	– the preferences and experience of the surgeon
	– the patient preference, expectation and postoperative compliance

Surgery should be considered whenever medical or laser treatment is unlikely to maintain 
sight in the affected eye. It should not be left as a last resort (see Ch II.3.1).

Treatment options:
Glaucoma surgery can be successfully practiced in many ways. A detailed description of 
surgical techniques is not within the scope of this text. The ophthalmologist must assess the 
indications, the risks and the benefits of surgery in each individual case.
The primary goal of surgery is to reduce IOP, ideally achieving a target IOP without additional 
medication. Additional medications can be used if the target IOP is not reached by surgery 
alone. Success rates of a surgical method in terms of IOP lowering can be best evaluated 
in the absence of additional IOP-lowering medical treatment. Also, it is useful to count the 
percentage of “successes” below a defined IOP level as a scattergraph. See Fig. II.3.3.
It is important to consider not just the IOP but also complication rates and functional out-
comes. Filtration surgery is a generic term used for procedures where the IOP- lowering 
effect is obtained by creating a passageway for the aqueous to drain into the episcleral or 
subconjunctival space. PCG is usually treated with surgery, likely trabeculotomy or goni-
otomy, or filtration surgery with antifibrotic agents. (See Ch II.2.1). Complicated glaucoma 
cases such as those having failed previous surgery, many types of secondary glaucoma and 
congenital glaucoma require tertiary care management. In addition to trabeculectomy, other 
types of procedure may be necessary. For repeated surgery, cyclodestructive procedures 
and long-tube implants are more commonly used. (See Fc VIII)

	∑ LPI: Argon laser pretreatment for dark irises reduces YAG laser energy requirements
	∑ Laser trabeculoplasty is a good option for first line treatment of OHT/POAG
	∑ t is important to emphasise that the need for life-long follow-up remains after 

laser treatment
	∑ Drainage surgery may be be prioritized over cyclo-destructive procedures in 

eyes with potential for useful vision
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II.3.14.2  Techniques

II.3.14.2.1  Penetrating glaucoma surgery

II.3.14.2.1.1  Trabeculectomy

The most widely used surgical procedure in glaucoma is trabeculectomy, which produces 
a ‘guarded’ fistula between the anterior chamber and the subconjunctival space. Modifica-
tions have been proposed including changes in size, shape and thickness of the scleral flap, 
dissection of limbal or fornix-based conjunctival flaps, positioning of fixed or releasable or 
adjustable sutures and, in order to reduce scarring and “modulate” wound healing the use 
of antifibrotics and other anti-scarring agents are delivered in different ways.
With the continuous refinement of the technique over the years, the long-term success rate 
of filtering surgery by experienced surgeons has been reported to be very high. Long-term 
IOP control with fewer or no medications is achieved in many cases, although some patients 
do require further therapy or repeat surgery.
There are however large differences in the criteria used for the definition of success and in 
the final success rates reported.
While there are newer options for bleb-forming procedures involving the use of an implant, 
trabeculectomy currently appears to be still more effective in terms of IOP reduction and 
seems to have a lower risk of failure, possibly due to greater flexibility in the postopera-
tive management. The use of implants for performing filtration surgery should be weighed 
against the cost of the devices and the expected benefits.

Indications:
	– Medications, laser or other surgeries have failed to obtain the target IOP or to stabilize 

the disease or are not suitable (e.g. due to non-compliance or side-effects)
	– Where a target pressure is unlikely to be achievable with topical medications, lasers or 

other types of surgery
	– In the more advanced stages of glaucoma initial surgery should be considered as a more 

effective primary management option than medical treatment

Risks of trabeculectomy:
	– Clinically significant vision threatening consequences of hypotony may develop at any 

time post-operatively, such as macular folds, epiretinal gliosis and chronic choroidal 
detachment.

	– Patients undergoing trabeculectomy should be advised on the symptoms of blebitis/ 
endophthalmitis that include red eye, tearing, discharge or decreased vision, and should 
be warned to immediately seek the help of an ophthalmologist if any of these symptoms 
develop in the operated eye. Endophthalmitis is more common if the bleb is thin and 
cystic or leaking.

	– Accelerated progression of cataract is frequently seen after filtration surgery.
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II.3.14.2.1.2  Trabeculotomy and goniotomy

Trabeculotomy, alone or combined with trabeculectomy, is generally used for paediatric 
glaucoma and is less frequently used in adults. Trabeculotomy may be also performed ab-in-
terno if the cornea is clear with the gonioscopy assisted transluminar trabeculotomy (GATT) 
technique. GATT is also feasible in selected cases of open-angle glaucoma. Goniotomy is 
another viable alternative for paediatric glaucoma if the cornea is clear. (see also II.2.1)

II.3.14.2.2  Non-penetrating glaucoma surgery (NPGS)

These techniques are deep sclerectomy, canaloplasty and viscocanalostomy. Deep sclerec-
tomy leads to the creation of a filtering bleb and usually involves the use of antifibrotic agents. 
Canaloplasty and viscocanalostomy additionally dilate Schlemm’s canal. These techniques 
were developed with the aim to lower IOP in OAG while exposing the patient to less severe 
postoperative complications, in particular hypotony. Long-term IOP lowering is less than 
with trabeculectomy. NPGS generally takes longer to master surgically than trabeculectomy.

Trabeculectomy versus non-penetrating glaucoma surgery

Factors in favour of trabeculectomy Factors in favour of NPGS

	– Lower long-term postoperative IOP
	– Fewer postoperative lOP-lowering
	– lOP-lowering medications

	– Fewer hypotony-related complications
	– Lower rate of cataract formation
	– Less intensive postoperative care (e.g. bleb 

management)

II.3.14.2.3  Long-tube glaucoma drainage devices (GDDs)

Long-tube glaucoma drainage devices (GDDs), also known as aqueous shunts or “tubes”, 
have become increasingly common in the surgical management of glaucoma. These are 
mainly indicated for patients in whom trabeculectomy with antifibrotics is unlikely to be effec-
tive (see Ch II.3.14), or carries greater risk or has already failed. These drainage devices 
generally consist of a long synthetic tube connected to a synthetic plate. The tube enables 
aqueous humour to be drained to the plate wich is positioned retroequatorially, therefore 
far more posteriorly than by trabeculectomy. The implantation of any such device is often 
referred to as “tube surgery”.
Different types of GDDs are commercially available and vary in terms of design and technical 
characteristics (e.g. Molteno©, Baerveldt©, Ahmed©, Paul Glaucoma Implant© etc). The 
published evidence does not support clear superiority of one device over any of the others. 
Also, there is no high-quality evidence to support the use of antifibrotic agents, such as 
mitomycin, with tube surgery.
GDDs can achieve long-term IOP control usually in combination with IOP-lowering drops.
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However, some patients will require further surgery to achieve target pressure. Diode laser or 
a second tube may need to be considered if the IOP remains uncontrolled.

Indications:
	– Failed filtration surgery
	– High risk of failure of filtration surgery
	– Most forms of secondary glaucoma
	– Refractory paediatric glaucoma, particularly when less invasive surgery has failed

Significant risks of GDDs:
	– Vision threatening hypotony in the early postoperative period; non-valved tubes should 

be stented and/or ligated to reduce this risk
	– Exposure of the implant and associated risk of endophthalmitis
	– Long term corneal decompensation, particularly if the tube is close to the corneal endo-

thelium

Trabeculectomy versus GDDs

Factors in favour of trabeculectomy Factors in favour of long tube GDDs

	– No implant/foreign body, no risk of 
tube exposure

	– Lower risk of corneal decompensa-
tion

	– More options for further glaucoma 
surgery

	– High risk of filtration surgery failure
	– Less intensive postoperative care
	– Lower risk of postoperative wound leak

II.3.14.2.4  Additional/alternative surgical techniques

Surgical procedures, entailing less tissue manipulation with the expectation of a better 
safety profile and quicker recovery as compared to conventional filtration surgery, have been 
developed.
Ab interno, non-bleb forming approaches can be defined as minimally invasive or 
micro- incisional glaucoma surgery or “MIGS”. MIGS tend to have a modest IOP-lower-
ing effect but can reduce the burden of medication, although the latter is not in line with 
the traditional aim of glaucoma surgery. The target population is also largely different to 
that of conventional filtering surgery. MIGS could be suitable for patients with mild to 

	∑ Trabeculectomy with anti-fibrotic agents remains the most efficient surgical 
procedure to lower IOP long-term

	∑ The use of anti-fibrotic agents, which is routinely part of bleb-forming glaucoma 
surgeries, is associated with a higher risk of hypotony and bleb related compli-
cations

	∑ Long-tube drainage devices should be considered for patients in whom trabe-
culectomy with antifibrotics is unlikely to be effective or has already failed
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moderate glaucoma or with OHT. All these procedures are most commonly combined with 
phacoemulsification. This has made it difficult to distinguish the IOP lowering effect of MIGS 
from that induced by phacoemulsification alone. The field of MIGS is also rapidly expanding 
and their role in clinical practice needs to be viewed in the context of emerging evidence, 
long-term effects on IOP and on visual field progression.
Ab interno and ab externo bleb-forming devices in the shape of miniaturized tubes without a 
plate are another relatively recent addition to the glaucoma surgical armamentarium. These 
techniques were originally developed as a complement to bleb-forming surgeries such as 
trabeculectomy. The devices are based on Pouiseille’s law of fluidics and aim to provide a 
standardized method of aqueous outflow into the subconjunctival space, with potentially 
added IOP lowering when compared to MIGS. These devices are dependent on bleb forma-
tion and therefore, to be successful, need strategies to prevent bleb scarring such as intra-
operative antimetabolite use and post-operative bleb management. They also have a higher 
risk of potential complications requiring specific expertise, such as hypotony and bleb failure.
A complete description of this evolving field is not within the scope of this chapter. More 
details on surgical techniques, efficacy and complications of such procedures can be found 
in the “Guide on Surgical Innovation for Glaucoma” published by the EGS in 2023.
See https://www.eugs.org/educational_materials/146

Definition and classification of techniques:
Ab interno non-bleb-forming procedures which aim to increase trabecular or suprachoroidal 
outflow and are labelled as Minimally Invasive Glaucoma Surgery (MIGS). They are designed 
to enhance outflow with minimal disruption of the normal anatomy/physiology with a good 
safety profile, fast recovery time, reduced postoperative interventions and follow up visits. 
However, hypotensive efficacy is evidently lower than with bleb-forming surgeries and IOP 
will rarely remain below the mid-teens.
Relatively short, thin tube devices with no plate which rely on the formation of a bleb to lower 
the IOP are generally categorized as minimally invasive bleb surgery or MIBS. Bleb-forming 
techniques cannot be categorized as MIGS, as they are more invasive and comparatively 
carry more risks. As with any bleb-forming surgery, there is the inherent potential for severe 
complications. Accordingly, one may still consider these procedures as moderately invasive 
especially when risk assessment guides clinical decision-making. The aim of this subchapter 
is to provide a summary overview of such techniques and indications.
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MIGS classification:
MIGS can be classified as in the following table:

Categories Procedure/Devices

1. Trabecular procedures

1.1 Trabecular implants/stenting
iStent™ (Glaukos Corporation, Laguna Hills, CA, USA ), Hydrus™ 
(Alcon Laboratories Inc., Fort Worth, TX, USA)

1.2 Trabecular surgeries

1.2.1 Trabecular viscodilation
ABIC (iTrack Advance™Nova Eye, Inc), OMNI™ (Sight Sciences, CA 
USA) Streamline™ (New World Medical, Inc; Rancho Cucamonga, 
CA, USA)

1.2.2 Trabecular disrupting 
surgeries

GATT
OMNI™ (Sight Sciences, CA USA)
Kahook Dual Blade™ (KDB, New World Medical, CA, USA) 
TrabEx™ (MicroSurgical Technology, Redmond, Washington, USA)
Trabectome™ (Neomedix, Tustin, CA, USA)

1.2.3 Trabecular laser procedures ELT™ (Bausch & Lomb, USA)

2. Suprachoroidal procedures Miniject™ (iSTAR Medical SA, Wavre, Belgium)

Indications:
These techniques mainly aim to reduce the IOP and/or the medication burden in patients 
with early to moderate open angle glaucoma or OHT.
	– They are mostly used in combination with phacoemulsification but some of them can 

also be used as stand-alone procedures.
	– When making a treatment recommendation clinicians should consider the benefits of 

early MIGS surgery in the context of the patient characteristics (medical and nonmedical, 
lifestyle, expectations, etc.).

Contraindications:
	– MIGS are not usually indicated for patients with advanced glaucoma, those needing 

lower target IOPs and those with angle closure.
	– Trabecular MIGS should not be used in cases of elevated episcleral pressure, congenital 

anomalies of the angle/anterior chamber or neovascular glaucoma.
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II.3.14.2.4.1  Trabecular implants

In these procedures the outflow is increased by bypassing the trabecular meshwork, direct-
ing aqueous humour into the SC.
The iStent® (Glaukos Corporation, Laguna Hills, CA, USA) is currently made of non- ferro-
magnetic titanium with an 80 µm lumen diameter.
The Hydrus® microstent (Alcon Laboratories Inc., Fort Worth, TX, USA) is a crescent- 
shaped open structure with a curved design to match the curvature of the SC. It is made of 
nitinol, a nickel-titanium alloy, which bypasses the TM and scaffolds 3 clock hours of the SC.

II.3.14.2.4.2  Trabecular dilation

Ab-interno canaloplasty (ABIC) with a specialized microcatheter with an illuminated tip 
(iTrack™ Advance, Nova Eye, Inc). Involves 360° catheterization followed by pressurized 
viscodilation of Schlemm’s canal (SC).

II.3.14.2.4.3  Trabecular disrupting surgeries

In these procedures the TM is cut or ripped exposing the SC to the aqueous humour flow. 
The Kahook Dual Blade® (KDB, New World Medical, CA, USA) is a trabeculotomy proce-
dure performed with a cutting, non-thermal instrument.
Gonioscopy-assisted transluminal trabeculotomy (GATT) is a modification of the 360° suture 
ab-externo trabeculotomy technique. GATT can also be performed using a Prolene suture 
introduced through a small TM incision.
The OMNI system (Sight Sciences, CA USA) allows for the combination of a dilating proce-
dure with the additional possibility of performing a 180º-360º trabeculotomy.

II.3.14.2.4.4  Trabecular laser procedures

Excimer laser trabeculotomy (ELT; Bausch & Lomb, USA) aims to enhance the outflow facility 
by creating up to ten 210 micrometer holes through the anterior meshwork into the inner wall 
of Schlemm’s canal. ELT is a non-thermal laser and collateral damage at the periphery of the 
ablation zone is reported to be limited.

II.3.14.2.4.5  Suprachoroidal devices

Suprachoroidal devices aim to create a controlled cyclodialysis cleft and improve uveoscleral 
outflow through a connection between the anterior chamber and the suprachoroidal space.
The MiniJect® (iSTAR Medical SA, Wavre, Belgium), is a small oblong implant
(length = 5.0 mm, width=1.1mm, thickness=0.6mm), made of silicone-based STAR® 
biomaterial.
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MIGS are not risk-free
Be aware of potential IOP spikes after MIGS and careful IOP monitoring after MIGS 
surgery is crucial
Careful patient selection and setting realistic expectations are essential

Keys for a successful MIGS Surgery:
Proficiency with intraoperative gonioscopy.
Adequate positioning of patient head and microscope.
The surgeon’s posture needs to be adapted to these procedures. Being familiar with 
each device (inserters, probes, etc.).

II.3.14.2.5   Bleb-forming shunts/devices without a plate

This term applies to relatively short, thin tube devices with no plate which drain into the sub-
conjunctival space and rely on the formation of a filtering bleb to achieve their effect (see Ch 
II3.14.2.4). This definition is made to distinguish them from, on one hand, ‘traditional’ longer 
tubes with plates (See Ch II.3.14.2.3) and on the other hand from trabecular bypass devices 
(See Ch II. 3.14.2.4). Bleb-forming shunts without a plate are also distinct from bleb-form-
ing surgery which does not use a device. In theory therefore these devices could be an 
alternative to more traditional bleb-forming procedures such as trabeculectomy and deep 
sclerectomy. There is also an assumption that these shunts/devices without a plate have a 
lower risk of complications as they are considered less invasive, have standardized outflow 
based on Poiseuille’s law and potentially have a more predictable post-operative IOP when 
compared to trabeculectomy.
Bleb-forming shunts/devices without a plate also tend to need less intensive post-
operative follow-up which may also be beneficial for certain patient groups. They should be 
described to patients explaining that such surgery involves conjunctival and scleral incisions, 
postoperative bleb management and the same type of potential postoperative complica-
tions as traditional filtration surgery.
The currently available bleb-forming shunts/devices without a plate are the XEN-45 and XEN-
63 (AbbVie Inc., Chicago, IL, USA) and the PreserFlo Microshunt (Santen, Osaka, Japan).

II.3.14.2.5.1   Xen™

The XEN 45 is a 45 µm lumen, 6 mm long hydrophilic stent made of porcine gelatine cross-
linked with glutaraldehyde which is preloaded in a disposable injector with a 27-gauge, dou-
ble-beveled needle. It was designed for ab interno implantation but an ab externo approach 
has also been described. The XEN 63, with a 63 µm lumen size, was introduced commer-
cially in Canada and several European countries in 2022. The gelatin is designed to expand 
and become flexible when hydrated.
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II.3.14.2.5.2  Preserflo™

The PreserFlo MicroShunt is made of a flexible polymer (poly-styrene-block-isobutylene- 
block-styrene, or SIBS).
The total length of the PreserFlo MicroShunt is 8.5 mm with an outer diameter of 350 µm and 
an inner lumen size of 70 µm. The implantation is performed ab externo, enabling aqueous 
outflow from the anterior chamber under the conjunctiva and Tenon’s capsule.

Indications:
	– These techniques have the potential for greater IOP reduction when compared to MIGS 

and therefore can be considered in cases of more moderate and advanced glaucoma.
	– The XEN45 and XEN63 are was designed for ab interno implantation with or without 

phacoemulsification surgery. It therefore could also be considered in patients with more 
advanced glaucoma who also need cataract surgery, particularly if the IOP is sub-opti-
mal.

Contraindications:
	– Relative contraindications as with other bleb forming procedures, including traditional 

ones such as trabeculectomy, include: thin, unhealthy conjunctiva, prior conjunctival sur-
gery such as pars plana vitrectomy or failed bleb-forming surgery, high myopia, congen-
ital glaucoma, secondary glaucomas.

	– Further explanation and discussion on indications, contraindications, techniques, expert 
consensus and evidence can be found in the Guide on Surgical Innovation for Glau-
coma. See https://www.eugs.org/educational_materials/146

When choosing the implant location, consider anatomical factors, development of scar-
ring and side-effects of antimetabolite which could affect future surgeries.

Proper positioning of these devices in the anterior chamber is crucial to minimise the 
potential risk of endothelial cell loss.

The appropriate use of antimetabolites is key to the success of bleb-forming devices. 
Although higher doses of Mitomycin C result in better IOP-lowering outcomes, they need 
to be balanced with the potential risks associated with stronger antimetabolite use (e.g. 
bleb leaks or hypotony).

Consider temporary intraluminal stenting of a PreserFlo in patients where hypotony 
could be clinically more relevant, like in axial myopia.
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Systematic reviews:
	– King AJ, Shah A, Nikita E, et al. Subconjunctival draining minimally-invasive glau-

coma devices for medically uncontrolled glaucoma. Cochrane Database Syst Rev. 
2018;12(12):CD012742.

	– Le JT, Bicket AK, Wang L, Li T. Ab interno trabecular bypass surgery with iStent for open 
angle glaucoma. Cochrane Database Syst Rev. 2019;3(3):CD012743.

	– Otarola F, Virgili G, Shah A, Hu K, Bunce C, Gazzard G. Ab interno trabecular bypass 
surgery with Schlemm´s canal microstent (Hydrus) for open angle glaucoma. Cochrane 
Database of Systematic Reviews 2020; 3: CD012740.

	– Gillmann K, Hornbeak DM.  Rates of visual field change and functional progression 
in glaucoma following trabecular microbypass implantation of iStent technologies: a 
meta-analysis. BMJ Open Ophthalmol. 2024 Feb 15;9(1):e001575.

Further references:
	– Abegao Pinto L, Sunaric Mégevand G, Stalmans I, Azuara-Blanco A, Bron A, Garcia 

Feijoo J, Garway Heath T, Grehn F, King A, Kirwan J, McNaught A, Mercieca K, Oddone 
F, Saldanha I, Spaeth G, Topouzis F, Enrico Traverso C, Tuulonen A; EGS Surgery Task-
force. European Glaucoma Society A guide on surgical innovation for glaucoma. Br J 
Ophthalmol. 2023 Dec 21;107(Suppl 1):1-114

II.3.14.3  Methods of preventing filtering bleb scarring

II.3.14.3.1  Antifibrotic agents

Wound healing is one of the main determinants of long-term IOP control after filtering sur-
gery. Risk factors for conjunctival scarring include young age, African-descent, inflammatory 
eye disease, long-term multiple medical therapy, aphakia, complicated cataract surgery, 
recent intraocular surgery (<3 months), previous conjunctival incisional surgery, previous 
failed glaucoma filtration surgery, neovascular glaucoma.
Antifibrotics such as 5-fluorouracil (5-FU) and mitomycin-C (MMC) are routinely used in 
patients undergoing glaucoma filtration surgery in order to reduce postoperative conjunctival 
scarring and improve drainage.
Although 5-FU and MMC are not officially approved for ocular surgery, their off-label use in 
filtration surgery has become standard clinical practice and there is ample evidence support-
ing their efficacy in improving the IOP lowering effect of filtration surgery.
There is some low-quality evidence that MMC may be more effective in achieving long- term 
lower intraocular pressure and in reducing corneal injury after trabeculectomy compared to 
5-FU. There is no high-quality evidence to support the use of antifibrotic agents in tube shunt 
surgery.

Systematic reviews:
	– Wormald R, Wilkins MR, Bunce C. Post-operative 5-Fluorouracil for glaucoma sur-

gery. Cochrane Database Syst Rev. 2001;(3):CD001132.doi: 10.1002/14651858. 
CD001132. Update in: Cochrane Database Syst Rev. 2014 Feb 19;(2):CD001132. doi: 
10.1002/14651858.CD001132.pub2. PMID: 11686977.
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	– Cabourne E, Clarke JCK, Schlottmann PG, Evans JR. Mitomycin C versus 5-Fluoroura-
cil for wound healing in glaucoma surgery. Cochrane Database of Systematic Reviews 
2015, Issue 11. Art. No.: CD006259. DOI: 10.1002/14651858.CD006259.pub2

	– Foo VHX, Htoon HM, Welsbie DS, Perera SA. Aqueous shunts with mitomycin C ver-
sus aqueous shunts alone for glaucoma. Cochrane Database Syst Rev. 2019 Apr 
19;4(4):CD011875. doi: 10.1002/14651858.CD011875.pub2. PMID: 30999387; 
PMCID: PMC6472957.

	– Cui S, Zhang J, Zhang S, Li J, Li Q. Effect of mitomycin C and 5-fluorouracil on wound 
healing in patients undergoing glaucoma surgery: A meta-analysis. Int Wound J. 2024 
Mar;21(3):e14500. doi: 10.1111/iwj.14500. Epub 2023 Nov 21. PMID: 37990074; 
PMCID: PMC10898392.

	– Figueiredo R, Barbosa-Breda J. The efficacy of adjunctive mitomycin C and/or anti-
VEGF agents on glaucoma tube shunt drainage device surgeries: a systematic review. 
Graefes Arch Clin Exp Ophthalmol. 2024 Oct;262(10):3273-3286. doi: 10.1007/s00417-
02406476-z. Epub 2024 Apr 24. PMID: 38656422; PMCID: PMC11458658.

II.3.14.3.1.1  General precautions for the use of antifibrotics

The use of antifibrotics is potentially hazardous and requires careful surgical technique to 
prevent complications as well as precautions and specific procedures for preparation and 
disposal. Early and late excessive filtration and hypotony or a focally thin bleb that is asso-
ciated with a higher risk of infection, are more common with antifibrotics. The application of 
antifibrotic on a larger treatment area and the use of a fornix-based conjunctival flap may 
minimise the occurrence of thin cystic blebs. It is important to assess each individual case 
for risk factors, and/or the need of low target IOP and choose the substance, concentration, 
method of administration, volume and duration of exposure used. The use of antifibrotics will 
enhance the unfavourable effect of any imprecision occurring during surgery.
Strategies to increase control of flow should be considered, such as smaller sclerostomies, 
larger and/or thicker scleral flaps, tighter suturing of the scleral flap, focal pressure and 
releasable or adjustable sutures.
A large surface area of cytotoxic treatment together with large scleral flaps and accurately 
sutured fornix-based conjunctival flaps appear to lead to a more diffuse, posteriorly extended 
non-cystic blebs giving a considerable reduction in bleb-related complications such as blebi-
tis and endophthalmitis.
Antimetabolites should not enter the eye. Contact with the cut edge of conjunctival flaps 
should be avoided.
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5-Fluorouracil (5-FU):
Intraoperative use
	– Concentration: 25 or 50 mg/ml undiluted solution. Administration on a filter paper or 

sponge or by subconjunctival injection
	– Time of exposure: usually 5 minutes. Rinse after exposure with at least 20 ml of balanced 

salt solution
Postoperative use
	– Concentration: 0.1 ml injection of 50 mg/ml undiluted solution
	– Administration: subconjunctival injection adjacent to but not into bleb (pH 9), with a small 

caliber needle (e.g. 30 G needle on insulin syringe). Reflux from the injection site over the 
ocular surface should be prevented by pressing with a dry sponge or Q-tip

	– A very small amount of 5 FU entering the eye will irreversibly damage the endothelium
	– Relative contraindication: corneal epithelium compromise
	– Repeated injections are often necessary

Mitomycin C (MMC):
Intraoperative use
	– Concentration: 0.1-0.5 mg/ml
	– Administration: intraoperatively on a filter paper or a sponge or by subconjunctival injec-

tion. Both methods of MMC application during trabeculectomy are equally effective for 
IOP reduction, but they may differ in their impact on bleb morphology and postoperative 
medication requirement

	– Time of exposure: 1-5 minutes if on a filter paper or sponge
	– Injection: 0.1 ml injection of 0.1-0.5 mg/ml solution
	– Rinse after exposure with at least 10-20 ml of balanced salt solution

Postoperative use
	– Concentration: 0.1 ml injection of 0.1-0.5 mg/ml solution
	– Administration: adjacent to but not into the filtration bleb, with a 30 G needle. Reflux 

from the injection site over the ocular surface should be prevented by pressing with a dry 
sponge or Q-tip applicator

	– A very small amount of MMC entering the eye will irreversibly damage the endothelium
	– Repeated injections are often necessary

Systematic reviews:
	– Zheng J, Zhang A. Efficacy and safety of intraoperative injection of mitomycin C during 

trabeculectomy: a systematic review and meta-analysis. Int Ophthalmol. 2024 Sep 
6;44(1):372. doi: 10.1007/s10792-024-03291-7. PMID: 39240391.
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II.3.14.4  Alternative methods of preventing filtering bleb scarring

Beta radiation was shown to be efffective in clinical trials.
The effect on IOP control of anti-VEGF agents in glaucoma patients undergoing trabeculec-
tomy is still uncertain, compared to MMC.
Anti-VEGFs as an adjunct to conventional treatment could help reduce IOP in neovascular 
glaucoma in the short term and reduce intraoperative bleeding.

Systematic reviews:
	– K i r wa n J F, R e n n i e C, Eva ns J R. B eta rad i ati o n fo r g l au c o m a s u rg e r 

y. Cochrane Database of Systematic Reviews 2012, Issue 6. Art. No.: CD003433. DOI: 
10.1002/14651858.CD003433.pub3

	– Cheng J, Cheng S, Wei R, Lu G. Anti-vascular endothelial growth factor for control of 
wound healing in glaucoma surgery. Cochrane Database of Systematic Reviews 2016, 
Issue 1. Art. No.: CD009782. DOI: 10.1002/14651858.CD009782.pub2

	– Rittiphairoj T, Roberti G, Michelessi M. Anti-vascular endothelial growth factor for neo-
vascular glaucoma. Cochrane Database of Systematic Reviews 2023, Issue 4. Art. No.: 
CD007920. DOI: 10.1002/14651858.CD007920.pub4.
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II.3.15  Cataract and glaucoma surgery

When the patient has coexistent glaucoma and cataract, a personalised approach should 
be taken. Uncomplicated phacoemulsification with clear cornea inicisons may affect sub-
sequent glaucoma surgical procedures only if done soon after cataract surgery. The devel-
opment or worsening of a visually significant cataract is common after glaucoma surgery. 
Cataract surgery performed after trabeculectomy can affect the IOP control. The role of 
adjuvant wound modulating therapy at the time of cataract surgery to promote survival of a 
previously functioning trabeculectomy is unclear.
Cataract surgery alone can modestly but consistently reduce IOP and medications in POAG, 
with a more pronounced effect in eyes with PXG and higher preoperative IOP values. How-
ever, the exact magnitude and duration of this IOP lowering is not completely understood 
due to an array of confounding factors, including topical IOP- lowering medications. Addi-
tionally, a minority of these patients can experience a large postoperative IOP spike which 
can potentially worsen their pre-existing neuropathy. In general, cataract surgery alone is 
not recommended as a procedure to control IOP in open-angle glaucoma. With appropriate 
techniques, phacoemulsification is safely applicable in cases with small pupil, shallow AC or 
pre-existing filtering blebs.
Combining glaucoma procedures with phacoemulsification allows for greater IOP reduction 
than phacoemulsification alone. The success rate of combined phacoemulsification and 
bleb-forming surgery is less than stand-alone bleb-forming procedures. There is insufficient 
evidence comparing outcomes of sequential versus combined cataract and glaucoma surgery 
to inform our choice, and limited consensus on a generalised approach does not allow strong 
recommendations. For these reasons, an individualised approach is recommended. When-
ever the clinical condition allows, sequential surgery with phacoemulsification performed ini-
tially should be considered. The main criteria to consider when evaluating whether to perform 
combined or staged procedures and with which type of glaucoma surgery should include the 
severity of the disease (mild, moderate, or advanced) and the preoperative IOP. See Ch II.3.14.
MIGS can be expected to lower IOP only moderately and reduce the need for medications in 
cases with mild disease. For more severe disease or cases where preoperative IOP is high, 
a bleb-forming technique is likely to result in lower IOP and is therefore preferred. In angle 
closure disease, if there is symptomatic cataract prompt cataract surgery is recommended. 
If there is PACG and no symptomatic cataract, clear lens extraction should be considered, 
particularly for patients ≥50 years of age. See Ch II. 2.4.

Systematic reviews:
	– Ng WS, Jayaram H.Adjunctive modulation of wound healing during cataract surgery to pro-

mote survival of a previous trabeculectomy.Cochrane Database of Systematic Reviews 2021, 
Issue 8. Art. No.: CD013664. DOI: 10.1002/14651858.CD013664.pub2.

	– Chen PP, Lin SC, Junk AK, Radhakrishnan S, Singh K, Chen TC. The Effect of 
Phacoemulsification on Intraocular Pressure in Glaucoma Patients: A Report by the 
American Academy of Ophthalmology. Ophthalmology. 2015 Jul;122(7):1294-307. doi: 
10.1016/j.ophtha.2015.03.021. Epub 2015 May 2. PMID: 25943711.

	– Brízido M, Rodrigues PF, Almeida AC, Abegão Pinto L. Cataract surgery and IOP: 
a systematic review of randomised controlled trials. Graefe’s Archive for Clinical 
and Experimental Ophthalmology = Albrecht von Graefes Archiv fur Klinische und 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
. 

b
y g

u
est

 
29, 2025

o
n

 S
ep

tem
b

er
 

h
ttp

://b
jo

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
8 S

ep
tem

b
er 2025. 

10.1136/b
jo

p
h

th
alm

o
l-2025-eg

sg
u

id
elin

es o
n

 
B

r J O
p

h
th

alm
o

l: first p
u

b
lish

ed
 as 

http://bjo.bmj.com/


The Guidelines project was entirely supported by the European Glaucoma Society Foundation
207

Treatment  � 	   Treatment

Experimentelle Ophthalmologie. 2023 May;261(5):1257-1266. DOI: 10.1007/s00417-
022- 05911-3. PMID: 36441227.

	– Benekos K, Katsanos A, Haidich AB, Dastiridou A, Nikolaidou A, Konstas AG. The Effect 
of Phacoemulsification on the Intraocular Pressure of Patients With Open Angle Glau-
coma: A Systematic Review and Meta-Analysis. J Glaucoma. 2024 Aug 1;33(8):576-
586. doi: 10.1097/IJG.0000000000002386. Epub 2024 Apr 5. PMID: 38573897.

	– Yuan PHS, Dorling M, Shah M, Panarelli JF, Durr GM. Combined Microinvasive Glau-
coma Surgery With Phacoemulsification in Open-Angle Glaucoma: A Systematic 
Review and Meta-analysis. Am J Ophthalmol. 2025 Feb;270:154-163. doi: 10.1016/j.
ajo.2024.07.034. Epub 2024 Jul 31. PMID: 39089358.

	– Xie J, Li W, Han B. The Treatment of Primary Angle-Closure Glaucoma with Cataract: 
A Systematic Review and Meta-Analysis of Randomised Controlled Trails. Ophthalmol 
Ther. 2023 Apr;12(2):675-689. doi: 10.1007/s40123-022-00639-z. Epub 2022 Dec 29. 
PMID: 36580218; PMCID: PMC10011357.
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