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Introduction

Figure 1:  Surgical Options for Glaucoma.

In their quest for safer surgery and better outcomes for their 
patients, glaucoma surgeons in many parts of the world have 
increasingly embraced minimally invasive glaucoma surgery 
(MIGS) procedures. Although generally safer than established 
surgical techniques, they remain a relatively new approach and 
the long-term benefits for patients and cost-effectiveness are 
unknown. MIGS describes a broad range of procedures which 
could be ab interno or ab externo, either with or without the use of 
implants (Figure 1). Most of the recent focus in the literature has 
been on MIGS implants, which can achieve the aim of intraocular 
pressure (IOP) reduction by one of three means: accessing 
the Schlemm’s canal (SC) and collector channels; through the 
suprachoroidal space and  the familiar subconjunctival space. In 
practical terms, IOP remains the only modifiable risk factor in 
glaucoma treatment.

Although some implants, particularly the subconjunctival 
ones, have been employed in tackling cases of advanced 
glaucoma, MIGS procedures generally, are positioned between 
medication and trabeculectomy in the treatment paradigm. 
Usually, they offer a modest reduction in IOP and medications 
post-operatively, and are predicated on being tissue sparing,  

 
safer and quicker both for the surgeon and the patient, 
with speedier visual rehabilitation. There are many MIGS 
publications, but few randomised controlled trials (RCTs), a 
lack of standardisation in study design and few standalone (i.e. 
without concomitant cataract surgery) studies. However, some 
interesting observations on efficacy and safety can be drawn 
from the current literature, with emphasis on the RCTs and 
comparative studies that are available.

Trabecular meshwork bypass stents, include iStent (Glaukos 
Corp., Laguna Hills, CA, USA), which has been in use for several 
years and is FDA approved. Since most MIGS procedures are 
combined with cataract extraction and lens implant (CE+IOL), it 
is difficult to elucidate the effect of the implant alone.  Therefore, 
studies comparing combined procedures with CE+IOL are 
important. One RCT showed a significant reduction in IOP and  
medications compared to cataract surgery alone [1]. There is 
evidence that potentially accessing multiple collector channels 
with more than one iStent is more efficacious in IOP reduction 
[2]. This has spawned the development of a second generation 
iStent, the iStent Inject/ model GST400 (Glaukos Corp., Laguna 
Hills, CA, USA), which is pre-loaded with 2 stents. Favourable 
reductions in IOP and medications were demonstrated in 
standalone studies, with follow-up of 12 and 18 months [3,4] 
and in a 4 year combined study [5]. These studies were non-
randomised and non- comparative. 

Hydrus (Ivantis Inc, Irvine, CA, USA)- is another trabecular 
meshwork bypass stent that straddles 3 clock hours of SC, with 
the aim of accessing more collector channels and dilating the SC, 
acting as a scaffold so that it does not block the collector channel 
ostia.

A RCT of 100 cases randomised to cataract surgery alone 
or combined cataract surgery with Hydrus, has been completed 
[6]. At 24 months, a significantly greater proportion of combined 
surgery cases reached the endpoint of 20% reduction in washed 
out diurnal IOP and the IOP was also significantly lower in the 
combined surgery group. There was also a significant reduction 
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in cases without ocular hypotensive medications in the combined 
surgery group.

Implants accessing the suprachoroidal space include the 
CyPass (Alcon, Fort Worth, TX, USA), which is FDA approved 
and is delivered ab interno, forming a conduit between the 
anterior chamber and suprachoroidal space. A 24 months RCT 
of 505 subjects randomized to CE/IOL+ CyPass or CE/IOL alone 
demonstrated fairly similar IOP lowering of 7.4mmHg compared 
to 5.4mmHg in the control group, but the difference being 
statistically significant (p<0.001), with 85% of treated patients 
drop-free at 24 months [7]. In a 12 month standalone study, 
CyPass achieved a 35% reduction in IOP at 12 months with a 
reasonable reduction in drop dependency [8]. 

Subconjunctival implants appear to have superior efficacy 
compared to other devices. However, there is a lack of high quality 
evidence for this group of implants. The XEN gel stent (Allergan, 

Dublin, Ireland) is an ab interno gelatine stent that is implanted 
via a clear corneal incision without conjunctival dissection. 
Three models have been evaluated with inner diameters of 45 
μm, 63 μm, and 140 μm, with the 45μm being the recommended 
device by the manufacturer. XEN 45 is FDA approved. 

Initial studies with the 63 and 140 model, demonstrated 
favourable IOP lowering with reduced medication burden, but 
these studies were not randomised nor were they comparative, 
usually with a mixture of combined and standalone cases [9,10]. 
The IOP reduction with XEN 45 was 25% in a small 12 month 
study, with mainly combined cases [11]. The results from 
the ongoing APEX study (combined procedures, open angle 
glaucoma, and 2 year follow-up) demonstrated a mean reduction 
in IOP of 39% (mean IOP at 2 years of 13.1mmHg) with a mean 
of 0.7 medications. However, the rate of needling significantly 
exceeded that seen following trabeculectomy. The results will be 
published later this year.

Table 1: Summary of efficacy and safety data.	

Phaco/

iStent (1)
Phaco/iStent 

inject (5)
Phaco/

Hydrus (6)
Phaco/ CyPass 

(7)
Phaco/

XEN 45 (11)

InnFocus 

(12)

Pre-op IOP 
(mmHg) 18.6 26.0 26.3 24.4 16.0 23.8

Post-op IOP 
(mmHg) 17.0 16.25 16.9 17.0 12.0 10.7

% IOP drop; 
% medication 

reduction

33%; 87% (versus 
32.5%; 73% in 

controls)
36.92%; 42%

50%; 73% (versus 
28%; 38% in 

controls

30.3%; 85.7% 
(versus 22%; 

53.9% in controls)
55%; 69.2%

AEs

0.85% endothelial 
touch; 6% iris 

touch; 4.2% 
secondary surgery

12% focal 
peripheral 

anterior synechiae

Transient 
choroidal 

detachment=2, 
tube extrusion=1, 
trabeculectomy=2

Transient 
hyptony=13%

transient 
choroidal 

effusion=8%

The Innfocus microshunt (Santen Pharm Ltd, Osaka, Japan) 
is an ab externo drainage device targeting the subconjunctival 
space. It involves more steps akin to trabeculectomy compared 
to other MIGS. Long-term IOP reduction is encouraging with 
80% reaching IOP</=14mmHg at 3 years, some cases being 
standalone and others combined. The mean IOP for the entire 
group was 10.7 +/-1.5 mmHg at 3 years; qualified success rate 
was 95% with a reduction in medications from 2.6+/-0.9 to 
0.8+/-1.2 [12]. Therefore, subconjunctival procedures appear 
to be more efficacious (Table 1), but inevitably require more 
post-operative bleb management, and potentially restrict future 
incisional procedures if required.

MIGS procedures have come a long way but are still 
evolving. More work is required to evaluate these procedures, 
particularly with more randomised controlled trials, standalone 
and comparative studies and cost-effectiveness modelling, 
before they can find a place in the glaucoma surgery firmament. 
With time, as the technology evolves further, clinicians will 
be better informed about the place of MIGS in their practice. 
Standardisation and improvements in the quality of future MIGS 

studies will help clinicians to negotiate this ever-expanding area 
more knowledgably and help them to optimise the selection of 
the appropriate device for the right patient. With the correct 
approach to investigating and evaluating new technologies, there 
is much potential for future generations of MIGS procedures to 
improve the quality of care for glaucoma patients.
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