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The main modifiable risk 
factor for progression of 
glaucoma is IOP. Available 
treatments include medical 

and surgical options. If topical medication therapy fails or is 
not well tolerated by the patient, a variety of surgical inter-
ventions with varying success rates are available. The choice 
of a surgical procedure should be evaluated critically. 

Once the decision is made to treat glaucoma surgically, 
the most important factors that influence doctors’ choices 
of surgical procedure are:

• The procedure’s success rate in terms of short- and 
long-term IOP lowering; 

• The rates of associated complications; 
• The need for follow-up interventions; and 
• The need to use antimetabolites adjunctively. 

This overview article summarizes salient information on 
surgical options for glaucoma from the current literature. In 
Table 1, common procedures are displayed, comparing their 
pros and cons. 

TRABECULECTOMY: STILL THE GOLD STANDARD 
Trabeculectomy is still considered the gold standard glau-

coma surgical procedure, and it acts as reference point for 
most studies. Varying success rates have been reported, with 
generally good short-term results with regard to lowering IOP; 
however, long-term results are more controversial. Complete 
success after 5 years may be achieved in 40% to 71% of cases.1,2 

The major disadvantage of trabeculectomy is the need 
for time-consuming and cost-intensive follow-up.3 The use 
of antimetabolites, techniques such as suture lysis or flap 
revision, and long-term continuation of topical medication 
are frequently necessary. Avascular blebs often also lack epi-
thelial protection and may leak aqueous. Thus, severe com-
plications such as blebitis, hypotony, and endophthalmitis 
can ensue.4,5

THE BASICS OF A GOOD 
GLAUCOMA PROCEDURE
There are many surgical options when medications are 
no longer sufficient to control IOP.

TABLE 1.  COMPARISON OF GLAUCOMA SURGICAL PROCEDURES
Procedure Short-Term 

Success  
(1 year)

Long-Term Success (>3 years; 
qualified or complete, with 
varying IOP endpoints)

Success Without 
Follow-Up 
Interventions

Success 
Without Use of 
Antimetabolites

Chance of 
Uncomplicated 
Procedure

Trabeculectomy1-5 +++ +
40–71%

–– –– –

Canaloplasty6-10 +++ ++
36–78%

++ +++ ++

MIGS12-21 +++ +
insufficient data

++ ++ ++

Trabecular laser22-24 ++ –
32–44%

+ +++ ++

Glaucoma drainage 
devices25-31

+++ +
8–50%

– – –

Cyclodestructive32-36 ++ +/–
little data

+ +++ +/–

Scale: --- = very poor; +++ = very good
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CANALOPLASTY
Canaloplasty is a 

nonpenetrating glau-
coma surgery offering 
promising results simi-
lar to those achieved 
with nonpenetrating 
deep sclerectomy 
procedures. The 1-year 
results seem to be infe-
rior to those for trab-
eculectomy,6 and com-
plete long-term success 
rates range from 36% 
to 77.5% of cases.7-9

In contrast with 
trabeculectomy, post-
operative management 
with canaloplasty is 
less intense. Patient 

satisfaction is higher,10 and further intervention is rarely needed. 
Severe complications, especially endophthalmitis, are rare. 
Occasional peripheral Descemet membrane detachment and, 
more commonly, transient hyphema have been reported, but 
the latter is considered to be a positive prognostic factor.6,11 
The procedure as initially described was performed with an 
intracanalicular 10-0 polypropylene suture. Variations include 
implanting a Stegmann Canal Expander (Ophthalmos; Figure 1) 
and an ab-interno approach with no implant.

MICROINVASIVE GLAUCOMA SURGERY 
Microinvasive glaucoma surgery (MIGS) is a development 

of relatively recent years. Therefore, for the most part, limit-
ed intermediate (1–3 year) follow-up data are available. The 
various devices, also outlined in Table 1, can be categorized 
into three groups: 
   Schlemm canal devices:

• iStent (Glaukos; Figure 2)
• Hydrus Microstent (Ivantis)
Suprachoroidal devices:
• CyPass Micro-Stent (Alcon) 
Subconjunctival devices:
• Xen Gel Stent (Allergan; Figure 3)
• Ex-Press Miniglaucoma implant (Alcon).

Short-term results with all devices are in general very 
good.12-15 Intermediate-term results show higher variability. 
As MIGS devices are often implanted in conjunction with 
cataract surgery, many studies report results with combined 
procedures (implant plus phacoemulsification). The IOP-
lowering effect of cataract surgery alone, 5 years postopera-
tive, is reported to be 1.8 ±3.5 mm Hg.12-16 Results are also 
influenced by patients’ preoperative IOP levels, in that those 
with higher IOPs experience a greater effect of treatment.

For the iStent, initial success rates of up to 91% have 
been reported.13 Two-year data suggest success rates of 
53% to 61%, depending on the definition of success.17 For 
the Hydrus, with success defined as a 20% reduction in 
IOP, success after 24 months was reported to be 80%.18  
Complications are usually less frequent than with trabecu-
lectomy; however, hyphema and IOP spikes are occasionally 
mentioned. In many cases, more than one iStent device is 
implanted to achieve an enhanced effect (Figure 2).

In a randomized trial comparing the CyPass plus phaco-
emulsification with phacoemulsification alone, at 2 years 
postoperative, mean IOP reduction was 7.4 mm Hg in the  
microstent group and 5.4 mm Hg in the phaco alone group, and 
85% of those receiving the device required no medications.19 

At 1 year after Xen implantation, IOP reduction has been 
reported in the range of 23% to 30%.20,21 As with filtering 
surgery, there is a need for subconjunctival application of 
antimetabolites to secure success with this device. A review 
of the Ex-Press data showed complete success in 57% of 
patients after 5 years.22

TRABECULAR LASER
Argon laser trabeculoplasty (ALT) has been employed for 

many years as a way to increase aqueous outflow by open-
ing portions of the trabecular meshwork. Recently, selective 
laser trabeculoplasty (SLT) has seemed to replace ALT, as it 
is as effective and can be repeated several times in one eye. 

Figure 1.  Gonioscopic view of 

Stegmann Canal Expander located 

in Schlemm canal following 

canaloplasty.

Figure 2.  Two iStents implanted into Schlemm canal.

Figure 3.  Xen Stent in situ after 2 years with subconjunctival 

filtering bleb. 
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Short-term effects of SLT are reported to be good, but after 
2 to 3 years the effect seems to fade. With follow-up of more 
than 3 years, IOP is successfully reduced in only 32% to 44% of 
eyes.23-25 Furthermore, the amount of IOP reduction achieved 
with SLT is relatively limited. 

GLAUCOMA DRAINAGE DEVICES
Glaucoma drainage devices can be valved (eg, the Ahmed 

Glaucoma Valve; New World Medical) or nonvalved (eg, the 
Baerveldt Glaucoma Implant; Johnson & Johnson Vision).26-32 In 
short-term results, the success rate with these devices is com-
parable with those of other procedures.26,30 Long-term success 
with the Ahmed valve has been reported to be 8% to 50%,27 
with a clinical annual failure rate of 10%.27 For the Baerveldt 
device, the 5-year results are similar, and success may vary 
between 14% and 71%.30,31 In general, data are limited, groups 
are heterogeneous, and definitions of success vary significantly.32 

Complications similar to those of trabeculectomy have 
been reported with glaucoma drainage devices; additional 
disadvantages include corneal decompensation due to the 
placement of the tube and strabismus with diplopia.27,29  

CYCLODESTRUCTION
Cyclophotocoagulation (CPC) is reserved mostly for refractory 

glaucoma when other procedures have failed. CPC can be per-
formed transsclerally or with an endoscope. The indications are 
limited because of strong inflammatory reactions and a broad 
spectrum of complications such as cystoid macular edema, 
necrotising scleritis, phthisis, and sympathetic ophthalmia.33,34 

Often, the procedure must be repeated to achieve satisfy-
ing IOP reduction. There are few published data on the long-
term success of CPC; at 2 years, the success rate is 61% for 
transscleral CPC and 74% for endocyclophotocoagulation.35,36 

The relatively new concept of micropulse laser CPC has 
shown promising results in terms of predictability and reduction 
of side effects, but long-term data are not yet available.34,37

CONCLUSION
For decades, trabeculectomy was the gold standard of 

glaucoma surgery. New canal-based approaches and MIGS 
procedures have improved outcomes by reducing complica-
tions and the need for postoperative care. n
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• For decades, trabeculectomy was the gold standard 
of glaucoma surgery; now, canal-based approaches 
and MIGS procedures are taking center stage.

• The most important factors influencing doctors’ 
choices of surgical procedures include the procedure’s 
success rate, the rate of associated complications, and 
the need for follow-up interventions.

AT A GLANCE


