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2.1              Introduction 

 In the past few years, there has been an increas-
ing interest in microinvasive glaucoma surgery 
(MIGS) procedures as they may play a novel 
role in the glaucoma treatment algorithm. More 
traditional ab externo glaucoma procedures such 
as trabeculectomies and glaucoma drainage 
devices are known to very effectively reduce 
intraocular pressure (IOP), but are also associ-
ated with numerous sight-threatening complica-
tions that may occur even years after surgery 
(e.g., bleb leak, bleb-related endophthalmitis, 
hypotony) [ 1 , 2 ]. Because of the relatively high 
complication rates associated with fi ltration pro-
cedures, practitioners often turn to medications 
and/or laser trabeculoplasty as fi rst-line thera-
pies to reduce IOP [ 3 ]. However, many patients 
struggle with compliance and ocular surface 
issues with medications [ 4 , 5 ], and laser trabecu-
loplasty may only have a limited and modest 
effect [ 6 , 7 ]. The hope is that MIGS procedures 

will bridge the gap between medications and 
more invasive procedures for patients with mild 
to moderate glaucoma. 

 MIGS procedures utilize an ab interno 
approach, sparing the conjunctiva to allow for 
future glaucoma surgical procedures if necessary, 
and offer a much higher safety profi le with 
smaller incisions and less distortion of the nor-
mal anatomy [ 8 ]. Compared to traditional fi lter-
ing procedures, these procedures are often easier 
to adopt with fewer postoperative complications 
and therefore, can be utilized by both glaucoma 
specialists and comprehensive ophthalmologists 
in their armamentarium against this potentially 
blinding disease. Currently, there are several 
MIGS devices/procedures that may decrease 
IOP through either (1) improving trabecular out-
fl ow to Schlemms’ canal (trabectome, Neomedix, 
Inc.; iStent, Glaukos, Corp.; Hydrus microstent, 
Ivantis, Inc.), (2) improving outfl ow through the 
suprachoroidal space (Cypass, Transcend 
Medical, Inc.; iStent Supra, Glaukos, Corp.), or 
(3) creating an alternative outfl ow pathway 
through the subconjunctival space (Xen Gel Stent; 
Aquesys, Inc.). 

 It is thought that the primary site of outfl ow 
resistance in primary open angle glaucoma 
(POAG) occurs at the juxtacanalicular compo-
nent of the trabecular meshwork and the endothe-
lial lining of the inner wall of Schlemm’s canal 
[ 9 – 11 ]. A trabecular bypass stent bypasses the 
region of highest outfl ow resistance and creates a 
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direct pathway between the aqueous and 
Schlemm’s canal. However, one study demon-
strated that about one third of the outfl ow resis-
tance occurs distal to Schlemm’s canal and 
therefore, bypassing the trabecular meshwork 
may not reduce the IOP enough for all glaucoma-
tous eyes [ 12 ]. 

 The fi rst trabecular bypass stent was fi rst 
described by Speigel and Kobuch [ 13 ], who 
implanted a silicone trabecular bypass tube shunt 
via an ab externo approach in six eyes, with a 
signifi cant reduction in IOP and glaucoma medi-
cations from preoperative levels. The implant 
was successfully implanted in fi ve out of six 
eyes. All eyes showed no loss of visual acuity and 
a reduction of IOP or glaucoma medication use. 
Two of these eyes developed low diffuse fi ltering 
blebs through this ab externo approach. 

 The Glaukos iStent ®  trabecular micro-bypass 
stent (Glaukos Corporation, Laguna Hills, 
California) also bypasses the trabecular mesh-
work by connecting the anterior chamber to 
Schlemm’s canal to enhance physiologic outfl ow, 
but through a titanium L-shaped stent and an ab 
interno approach. This device was approved by 
the FDA in June 2012 and is the fi rst FDA- 
approved MIGS device to treat mild to moderate 
open angle glaucoma in conjunction with cata-
ract surgery. Several clinical studies have been 
published since the fi rst pilot study in 2007 [ 14 ], 
demonstrating the effi cacy and safety of this 
device for treatment of mild to moderate 
glaucoma.  

2.2     Anatomical Basis 

2.2.1     First-Generation iStent 

 The iStent is a heparin-coated titanium single 
piece L-shaped device that measures 1.0 mm in 
length, 0.33 mm in high, and has a snorkel length 
of 0.25 mm. The snorkel diameter measures 
120 μm. The iStent is the smallest medical device 
to be implanted in the human body and is nonfer-
romagnetic. The canal portion is an open half- 
pipe body with the “closed” side lying against the 

inner wall of the canal and the “open” side against 
the outer wall where the collector channels reside. 
Three retention arches fi xate the device to the 
inner wall of Schlemm’s canal. The “snorkel” sits 
in the anterior chamber and acts as a conduit for 
the aqueous to bypass the trabecular meshwork 
into Schlemm’s canal (Fig.  2.1a ). The stent comes 
attached to the end of a disposable inserter and is 
sterilized by gamma irradiation. Should the stent 
become dislodged into the anterior chamber 
during implantation, the inserter is capable of 
recovering the device.  

 The two models GTS100R and GTS100L are 
identical except the body faces opposite directions 
to assist with nasal stent placement. The GTS100R 
is designed for the right eye and GTS100L is 
designed for the left eye. The inferonasal quadrant 
is the preferred site for insertion as it is thought to 
be the area with the highest density of collector 
channels [ 15 ]. There are about 20–30 collector 
channels surrounding the globe that drain aqueous 
from Schlemm’s canal to aqueous and episcleral 
veins [ 16 ].  

2.2.2     Second-Generation iStent 
Inject ®  

 Glaukos has recently developed a second- 
generation trabecular bypass stent, the iStent 
inject ®  (GTS400), which is currently CE 
(Conformité Européenne) marked in Europe and 
is undergoing clinical trials in the United States 
(Fig.  2.1b ). This device is also a single-piece, 
heparin-coated, titanium device. This device is 
smaller than the fi rst-generation device, measur-
ing 360 μm in length and the conical head mea-
suring 230 μm in width. The conical head sits in 
Schlemm’s canal with four fl ow outlets, each 
measuring 50 μm in diameter. The trabecular 
meshwork holds the thinner thorax region and the 
fl ange contains an inlet orifi ce measuring 80 μm 
in diameter. Since this device is symmetrically 
designed, it can be used in either eye. The iStent 
inject is preloaded on the G2-M-IS injector which 
houses two stents, enabling insertion of two 
devices with one injector.   
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2.3     Indications 

 The iStent ®  trabecular micro-bypass stent is cur-
rently FDA approved to be used in conjunction 
with cataract surgery for the reduction of IOP in 
open angle glaucoma. Approximately 1 in 5 
patients with a visually signifi cant cataract is on 
at least one ocular hypotensive medication for 
glaucoma or ocular hypertension [ 17 ]. However, 
the appropriate patient should have mild to mod-
erate glaucoma, demonstrating less than −12 dB 
MD on their visual fi eld. A patient who has 
uncontrolled glaucoma, who is on three or more 
ocular hypotensive medications, or who requires 
very low IOPs (below episcleral venous pressure) 
would likely benefi t from the more traditional 
combined phacoemulsifi cation/trabeculectomy 
or tube shunt procedure, which provides better 
control for IOP in more advanced glaucoma. 

 FDA approval guidelines require that the 
iStent be implanted concurrently with phaco-
emulsifi cation. There is often better visualization 
of the angle structures after the cataract is 
removed. Furthermore, cataract surgery alone has 
been shown in multiple studies to lower the IOP 
[ 18 – 20 ]. It is thought that the IOP lowers because 
there is a reversal of the compression of the cili-
ary body, Schlemm’s canal and trabecular mesh-
work complex after the enlarged cataractous lens 
is removed. The conventional wisdom is that the 
IOP lowers an average about 2–4 mmHg after 
cataract surgery [ 21 ]. Recent studies have shown 
IOP can lower as much as 8 mmHg especially 
when starting with a higher preoperative IOP 
[ 22 ]. By creating a bypass through the trabecular 
meshwork, the iStent can work in conjunction 
with cataract extraction to enhance the natural 
physiologic outfl ow system. 

  Fig. 2.1    ( a ) First-generation iStent ® . ( b ) Second-generation iStent inject ® .  Image Courtesy of Glaukos        
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 This device has been successfully implanted 
in eyes with POAG and secondary open angle 
glaucoma such as pseudoexfoliation and pigmen-
tary glaucoma. Preoperative gonioscopy should 
rule out peripheral anterior synechiae (PAS), 
rubeosis, or other angle abnormalities that may 
make proper placement diffi cult. A more pig-
mented trabecular meshwork will also ease 
proper placement of the device, but is not neces-
sary as identifi cation of Schlemm’s canal can be 
seen with blood refl ux into the episcleral venous 
system during periods of transient intraoperative 
hypotony. With experience, one can consider 
implanting the device in eyes with a slightly nar-
row angle that is expected subsequently to deepen 
after phacoemulsifi cation.  

2.4     Contraindications 

 This device is contraindicated in eyes with primary 
or secondary angle closure glaucoma, as access to 
the trabecular meshwork is restricted. This device 
is also contraindicated in patients with pathology 
that may cause increased episcleral venous pres-
sure such as thyroid eye disease or Sturge–Weber 
Syndrome. In these cases, the cause of increased 
IOP is not secondary to resistance in the juxtacana-
licular meshwork and so the iStent would not be 
expected improve IOP. Lastly, one should be 
cautious while implanting this device in patients 
with corneal haze or opacities due to limitations in 
visualization of the angle structures.  

2.5     Surgical Procedure 

     1.    Preoperatively, one should carefully examine 
the angle gonioscopically to ensure that the 
angle structures, in particular the trabecular 
meshwork, are clearly visible. There should 
be no evidence of angle closure, rubeosis, 
angle recession, trauma, or other angle 
abnormalities that may make implantation of 
the iStent diffi cult.   

   2.    It is advisable to perform phacoemulsifi cation 
in the standard technique through a temporal 
clear corneal incision or limbal approach. 

This will allow implantation of the iStent 
nasally.   

   3.    After implantation of the intraocular lens 
(IOL), if the pupil is extremely dilated, an 
intracameral miotic can be instilled.   

   4.    After irrigation/aspiration, the anterior 
chamber should be fi lled with additional 
cohesive viscoelastic to maintain the anterior 
chamber.   

   5.    Position the microscope for better gonioscopic 
viewing of the angle. Rotate the patient’s head 
35° away from you and rotate the microscope 
35° towards you. An intraoperative gonio 
prism is placed on the cornea to adequately 
view the trabecular meshwork. To ensure a 
clear view, a light touch is required to prevent 
striae induced from the gonio prism.   

   6.    The iStent can then be inserted through the 
same temporal incision for cataract surgery 
(use the GTS100R for the right eye and the 
GTS100L for the left eye).   

   7.    Traverse the anterior chamber with the inserter 
with the implant on the tip of the inserter.   

   8.    View the angle under high magnifi cation and 
approach the upper third of the nasal TM at a 
15° angle with the tip pointed inferiorly 
(Fig.  2.2 ). If it is diffi cult to visualize the tra-
becular meshwork, transient hypotony can 
help cause blood refl ux into Schlemm’s 
canal for better visualization. Schlemm’s 
canal is located just posterior to the TM.    

   9.    Engage the TM and advance the iStent into 
Schlemm’s canal. The device should be 

  Fig. 2.2    iStent ®  aimed 15° into the trabecular meshwork 
(TM) under high magnifi cation. Blood refl ux from 
Schlemm’s canal with hypotony can improve visualiza-
tion of TM       

 

W.D. Hu and M.R. Moster



9

placed close to areas of heavier pigmentation 
as the collector channels are expected to be 
nearby. Proper placement into Schlemm’s 
canal typically demonstrates a small refl ux 
of blood; however, this does not always 
occur even with proper placement.   

   10.    The device is released by pushing the button 
on the inserter. Tap the snorkel on the side to 
ensure it is placed securely.   

   11.    If there is resistance on insertion, one can try 
again a half clock hour more inferiorly.   

   12.    Irrigate the anterior chamber with irrigation/
aspiration to remove all viscoelastic to achieve 
physiologic pressure at the end of surgery.   

   13.    Some surgeons prefer to perform phacoemul-
sifi cation after implantation of the iStent 
device. The advantage to this is that there may 
be less corneal edema and one can use a 
smaller corneal incision, which may help 
with anterior chamber stability during 
implantation of the device. Furthermore, the 
extra viscoelastic needed to implant the iStent 
if performed after the cataract surgery is not 
necessary. However, the advantage of placing 
the iStent after phacoemulsifi cation is that the 
angle will be deeper after the lens is removed, 
aiding visualization of angle structures.   

   14.    Routine postoperative management after 
phacoemulsifi cation should be used after 
cataract surgery with iStent placement. If the 
patient was on only one preoperative ocular 
hypotensive drop, one can consider stopping 
this postoperatively and resume it if neces-
sary. Some surgeons use loteprednol instead 
of prednisolone acetate postoperatively to 
avoid a steroid response.      

2.6     Outcomes 

2.6.1     First-Generation iStent 
Prospective Studies 

 Initial studies by Spiegel et al. [ 23 , 24 ] fi rst 
demonstrated the successful implantation of the 
iStent with phacoemulsifi cation. Their prospec-
tive noncomparative studies demonstrated an IOP 

reduction of 4.4 ± 4.5 mmHg after 12 months 
of follow-up, with 50 % of subjects achieving 
adequate IOP control off of medications 
(Table  2.1 ). Fea [ 25 ], was the fi rst published 
double- masked randomized controlled trial com-
paring IOP reduction between phacoemulsifi ca-
tion alone (control) and phacoemulsifi cation 
combined with iStent implantation. After a wash-
out of all postoperative medications at 15 months 
follow-up, the mean IOP difference was almost 
2.5 mmHg between the two groups with the 
combined group having the lower mean IOP. 
Furthermore, after a 15-month follow-up, 67 % 
of the combined group no longer required glau-
coma medications compared to only 24 % in the 
control group, demonstrating that the iStent is an 
effective way to reduce the medication burden in 
patients with concomitant cataracts with mild to 
moderate glaucoma.

   Samuelson et al. [ 26 ] reported on the largest 
multicenter randomized controlled trial to date, 
which demonstrated a signifi cant IOP and medi-
cation reduction in the combined group (phaco-
emulsifi cation + iStent) compared to the control 
group (phacoemulsifi cation alone). This study 
included 240 eyes with IOP controlled on 1–3 
medications preoperatively, with 111 eyes receiv-
ing the iStent. At all times points up to 2 years, 
there was a higher proportion of subjects in the 
combined group who achieved both the primary 
and secondary end points. The primary end point 
was an IOP ≤ 21 mmHg without medications and 
the secondary end point with an IOP reduction 
≥20 % without medications at 1-year follow-up. 
Those in the control group (phacoemulsifi cation 
only) had a substantially higher level of glaucoma 
medication use and restarted medications sooner 
postoperatively compared to the group that had 
the iStent implanted. Using the same study group, 
Craven et al. [ 27 ] showed that IOP was stable in 
the iStent group for a longer follow- up duration, 
between 12 and 24 months of follow- up. Mean 
IOP and medication use was still lower in the 
combined iStent and cataract  extraction group 
compared to cataract extraction alone after 24 
months of follow-up ( p  = 0.36). 

 Most importantly, the safety profi le was excel-
lent in the combined group in this large cohort of 
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patients. The most frequent adverse events 
occurred with similar frequencies in both groups. 
The only stent-related adverse events were stent 
obstruction (iris, fi brin, blood, etc.), which 
occurred in 4 % of eyes, and stent malposition 
which occurred in 3 % of eyes. Three of the mal-
positioned stents were repositioned and one was 
removed and replaced. Levels of iritis were simi-
lar between both groups. These stent-related 
events occurred early in the postoperative course 
and were much less serious compared to the com-
plications that can occur with more traditional 
surgeries such as trabeculectomies and tube shunt 
implantation. The only severe adverse event was 
deemed not related to the ophthalmic surgery, in 
which one patient experienced a stroke and reti-
nal ischemia from carotid artery stenosis. In 
another prospective study with a longer mean 
follow-up of 54 months, there were no late-onset 
complications, such as endophthalmitis or tube 
shunt exposure, which can occur with more tradi-
tional incisional glaucoma procedures [ 28 ].  

2.6.2     Implantation of Multiple 
Stents and the iStent Inject ®  

 All the initial studies with the iStent used one 
device only for a moderate but signifi cant IOP 
reduction in conjunction with phacoemulsifi ca-
tion. Recent studies have investigated the effi cacy 
and safety of multiple iStent implantations. 
Investigation into the effi cacy of multiple stent 
placement began with in vitro studies with cul-
tured anterior segments from normal human eyes 
obtained at autopsy [ 35 ]. This study demon-
strated that although one stent produces the great-
est IOP reduction, additional stents may further 
lower IOP. 

 In a clinical study, Belovay et al. [ 30 ] demon-
strated that implantation of two or three iStents 
with phacoemulsifi cation results in a signifi cant 
reduction in IOP and medication use. 
Furthermore, the three-stent group was on sig-
nifi cantly fewer postoperative glaucoma medica-
tions than the two-stent group. In a comparative 

   Table 2.1    Results after Glaukos iStent ®  implantation      

 Study 
 Number of 
iStents 

 Combined 
with phaco? 

 Number 
of eyes 

 Follow-up 
(months) 

 Mean IOP 
reduction 
(mmHg) 

 Mean reduction in 
medications 

 Spiegel et al. [ 23 ]  1  Yes  48  6  5.7  ±  3.8  1.5  ±  0.7 vs. 0.5  ±  0.8 a  

 Spiegel et al. [ 24 ]  1  Yes  42  12  4.4  ±  4.5  1.2  ±  0.7 

 Fea [ 25 ]  1  Yes  12  15  3.2  ±  3.0  2.0  ±  0.9 vs. 0.4  ±  0.7 

 Samuelson et al. [ 26 ]  1  Yes  109  12  1.5  ±  3.0  1.4  ±  0.8 

 Craven et al. [ 27 ]  1  Yes  98  24  18.6  ±  3.4 vs. 
17.1  ±  2.9 a  

 1.6  ±  0.8 vs. 0.3  ±  0.6 

 Arriola- Villalobos 
et al. [ 28 ] 

 1  Yes  19  54  ±  9.3  3.2  ±  3.9  0.5  ±  1.0 

 Fernández- 
Barrientos et al. [ 29 ] 

 2  Yes  17  12  6.6  ±  3.0  1.1  ±  0.5 vs. 0 a  

 Belovay et al. [ 30 ]  2 to 3  Yes  53  12  18.0  ±  4.0 vs. 
14.3  ±  2.9 

 2.0  ±  1.4 

 Ahmed et al. [ 31 ]  2  No  39  18  22.2  ±  2.0 vs. 
11.8  ±  2.1 a,b  

 N/A b  

 Arriola- Villalobos 
et al. [ 32 ] 

 2 (iStent inject ®  
GTS-400) 

 Yes  20  12  3.2  ±  3.8  1.0  ±  0.8 

 Fea et al. [ 33 ]  2 (iStent inject ®  
GTS-400) 

 No  94  12  8.1  ±  2.6   c  

 Voskanyan et al. [ 34 ]  (iStent inject ®  
GTS-400) 

 No  99  12  10.4  ±  3.2   c  

   IOP  intraocular pressure 
  a Data not available (mean pre-op vs. mean post-op shown) 
  b Not applicable; all subjects required to be on at least travoprost postoperatively 
  c Data not available  
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study between implantation of two stents with 
cataract surgery to cataract surgery alone, the 
combined group with two stents demonstrated 
increased trabecular outfl ow facility and a reduc-
tion in IOP and medications at 1-year follow-up 
compared to the cataract only group [ 29 ]. This 
study deduced an increase in outfl ow facility of 
157 % after 1 year of follow-up through two 
stents alone. 

 Recently, a few studies have been published 
describing the implantation of the iStent without 
concurrent phacoemulsifi cation. Ahmed et al. [ 31 ] 
recently demonstrated that IOP is reduced from 
25.3 ± 1.8 mmHg to 17.1 ± 2.2 mmHg at 13 months 
postoperatively with two iStent implantation after 
washout. At 12 months, 100 % of patients had 
achieved an IOP reduction of 20 % or more, an 
IOP of 18 mmHg or less, and a reduction of one 
glaucoma medication. Phacoemulsifi cation was 
not performed during these surgeries. There were 
no intraoperative adverse events with multiple 
stent placements. The most common postoperative 
event was a progression of cataract over the 
18-month period, which occurred in 4 out of 39 
eyes. This study demonstrates that implantation of 
multiple stents even without phacoemulsifi cation 
is safe and will lower IOP signifi cantly with a 
reduction in medications. 

 Lastly, a few preliminary studies regarding the 
effi cacy and safety of the iStent inject ®  have 
recently been published [ 32 – 34 ] (Table   1.1    ). This 
device is currently CE marked in Europe. All three 
studies demonstrated a favorable safety profi le. 
Fea et al. [ 33 ] demonstrated a mean IOP decrease 
of 8.1 ± 2.6 mmHg after 12 months of follow-up 
and Voskanyan et al. [ 34 ] demonstrated a similar 
IOP reduction of 10.4 ± 3.2 mmHg. These recent 
studies show promise that the second-generation 
iStent may have the ability to reduce IOP and 
medication use even further.  

2.6.3     The ICE Procedure 

 There has also been a recent interest in the triple 
procedure called ICE, which stands for iStent, 
cataract extraction, and endocyclophotocoagula-
tion. Endoscopic cyclophotocoagulation (ECP) 
has been used to reduce IOP in conjunction with 

phacoemulsifi cation [ 36 ]. ECP ablates the ciliary 
body, thereby decreasing aqueous production and 
reducing IOP. In the “ICE” procedure, ECP 
decreases “infl ow” and iStent implantation 
increases “outfl ow,” thereby targeting two meth-
ods of IOP reduction. In a retrospective noncom-
parative series of 24 eyes that underwent the 
“ICE” procedure, Radcliffe et al. [ 37 ] demon-
strated a reduction of IOP from 19.1 ± 6.3 mmHg 
to 15.5 ± 3.9 mmHg with a reduction in glaucoma 
medications. No adverse events or hypotony 
occurred. Further prospective studies are war-
ranted to investigate the effi cacy and safety of 
this combined procedure.   

2.7     Conclusion 

 With the advent of MIGS procedures, there is hope 
for a new set of glaucoma surgical procedures that 
can effectively control IOP in a safe manner and 
reduce the medication burden in those with mild 
to moderate glaucoma. The iStent trabecular 
micro-bypass stent has demonstrated in several 
prospective randomized controlled trials to reduce 
IOP and glaucoma medications in conjunction 
with cataract surgery for those with mild to moder-
ate open angle glaucoma. Further studies are 
needed on the second- generation iStent, iStent 
implantation without phacoemulsifi cation, and 
iStent placement with other MIGS procedures. 
Overall, this is an exciting time for the fi eld of 
glaucoma with the myriad of tools and procedures 
we have available to battle this progressive and 
potentially blinding disease.     
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