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Ahmad A. Aref and Rohit Varma

The current era has been described as a
“Renaissance Period” in glaucoma surgical care.
Our care has been revolutionized with innovative
techniques and devices designed to enhance
physiologic aqueous outflow pathways in patients
with mild stages of glaucomatous optic neuropa-
thy. Although these techniques in this specific
patient population have deservedly taken the
spotlight with regard to advancing glaucoma
treatment paradigms, it is important to note simi-
larly transformative treatment strategies for
patients with late stages of the disease as well as
those experiencing persistent complications in
the postoperative period. This textbook aims to
shed light on these strategies for a host of com-
plex entities that may present to the glaucoma
surgical consultant.

Drs. Hu and Moster describe use of a novel
trabecular micro-bypass stent to access and
enhance physiologic aqueous outflow pathways
for the treatment of mild glaucomatous optic
neuropathy (Chap. 2). In its current iteration, a
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single micro-bypass stent (iStent, Glaukos Corp.)
is attached to a disposable inserter. The device is
currently approved for insertion in conjunction
with cataract surgery. Upgrades in stent design
are currently under study and will allow for mul-
tiple stents to be placed with a single inserter.
Current evidence supports multiple stent inser-
tion for enhanced aqueous outflow [1]. In addi-
tion, targeted stenting may increase rates of
success by increasing chances of accessing func-
tioning trabecular collector systems.

Drs. Kaplowitz and Loewen describe the use of
the trabectome procedure (Neomedix, Inc.) for the
treatment of complex angle-closure glaucomas
(Chap. 3). Although typically categorized as a
microinvasive procedure with typical indications,
the authors describe a technique with encouraging
results for the reversal of peripheral anterior syn-
echiae. In addition, the authors describe the use
of the device after failed conventional glaucoma
filtering procedures [2]. Supplemental video of the
technique as performed by Dr. Nils Loewen pro-
vides invaluable instruction.

The conventional treatment paradigm for
angle-closure glaucomas is currently under inves-
tigation, with lens extraction becoming a prime
consideration in earlier stages of the disease. Drs.
Trikha, Perera, Husain, and Aung provide con-
vincing evidence from anterior segment imaging
studies to support this approach (Chap. 4) [3].
Indeed, the high-quality pre- and postoperative
figures in this chapter reveal a marked improvement

Essentials in Ophthalmology, DOI 10.1007/978-3-319-18060-1_1
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in angle crowding with presumed enhancement in
trabecular outflow. The authors provide guidance
for the performance safe cataract removal under
challenging preexisting conditions of a shallow
anterior chamber with angle closure.

Drs. Grover and Fellman describe a truly
innovative technique, Gonioscopy-Assisted
Transluminal Trabeculotomy (GATT) (Chap.
5). The technique involves use of the iTrack
microcatheter for performance of ab-interno tra-
beculotomy for the treatment of adult and devel-
opmental glaucomas. Advantages of this
technique include sparing of the conjunctiva and
the ability to visualize safe cannulation of
Schlemm’s canal. The group recently reported a
39.8 and 52.7 % decrease in IOP with this tech-
nique in primary and secondary open angle
glaucomas, respectively, after 12 months of
follow-up [4].

Drs. Reznik and Varma describe a novel
microinvasive procedure for bypass of physio-
logic outflow pathways (Chap. 6). The procedure
is performed via an ab-interno approach, utilizing
a porcine gelatin tube (XEN Gel Stent) to access
the subconjunctival space. Three lumen sizes are
available, with the degree of aqueous flow deter-
mined by the Hagen—Poiseuille equation. A mul-
ticentered randomized controlled clinical trial
investigating the safety and efficacy of the device
is currently underway.

Drs. Khoueir and Shaarawy describe non-
penetrating glaucoma surgical procedures
(Chap. 7). The authors note a relatively long
learning curve with these techniques when com-
pared to conventional glaucoma filtering surger-
ies. This learning curve may have slowed the
adoption of these techniques which offer a supe-
rior safety profile when compared to trabeculec-
tomy surgery [5]. Step-by-step instruction and
supplemental video provided by the authors
help to soften this learning curve for the novice
while providing invaluable pearls for the experi-
enced surgeon.

Dr. Noecker describes the use of endoscopic
cyclophotocoagulation for the treatment of plateau
iris and angle-closure glaucomas (Chap. 8). In a
modification of the technique typically employed
for open angle glaucomas, Dr. Noecker describes

A.A. Aref and R. Varma

treatment of the posterior aspect of the ciliary pro-
cesses. This allows for pulling of the anterior pro-
cesses away from the iris with subsequent angle
opening. This technique, termed endocycloplasty,
represents an important advance as angle-closure
associated with plateau iris may persist after laser
iridoplasty and/or lens extraction [6, 7].

Drs. Allan and Sarkisian describe surgical
pearls for Ex-Press Mini-Glaucoma Device
(Alcon Laboratories, Inc.) implantation for the
treatment of complex glaucomas, including uve-
itic glaucoma (Chap. 9). The device may offer an
advantage over conventional trabeculectomy in
uveitic diseases as it is typically associated with
less postoperative inflammation and anterior
chamber shallowing. Supplemental surgical video
by Dr. Sarkisian demonstrates key steps of the
procedure.

Normal-tension glaucoma represents a chal-
lenging entity as it is often difficult to achieve
significant intraocular pressure lowering from
apparently moderate baseline levels. Drs.
Khodadadeh and Tsai describe trabeculectomy
pearls for safe achievement of these target levels
(Chap. 10). The surgeons also describe their pre-
ferred topical anesthetic technique so as to reduce
the risks for retrobulbar anesthesia.

The Boston Keratoprosthesis represents a
landmark achievement in the treatment of corneal
blindness. Unfortunately, postoperative glau-
coma represents an important and vision-
threatening complication after KPro implantation.
Drs. Vajaranant and Aref describe a technique for
combined glaucoma, pars plana vitrectomy, and
KPro surgery (Chap. 11). The technique allows
for posterior placement of the glaucoma implant
tube in order to allow for optimal contact lens fit-
ting and decreased risk of tube erosion.
Addressing the preexisting (and likely future)
glaucoma at the time of KPro implantation mini-
mizes the risk of irreversible glaucomatous visual
field loss. A recent report by the authors supports
this strategy with a relatively low risk of postop-
erative complications [8].

Postoperative glaucoma may also develop
after retinal detachment surgery. The presence of
a scleral buckle makes surgical management of
the condition somewhat challenging. Drs.
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Vazquez and Gedde describe the Modified
Schocket Procedure to manage this condition
(Chap. 12). A supplemental surgical video by Dr.
Aref demonstrates the procedure in an infant suf-
fering traumatic glaucoma after prior scleral
buckling surgery.

Dr. Palmberg describes an ab-interno tech-
nique for trabeculectomy revision once episcleral
fibrosis has limited aqueous outflow (Chap. 13).
The technique offers logistical, financial, and psy-
chological advantages over conventional trans-
conjunctival bleb needling. Preliminary results of
the technique, as performed by Dr. Palmberg, are
encouraging.

Ms. Teramoto and Dr. Tanji describe com-
plex pathophysiology of choroidal effusions and
hemorrhage (Chap. 14). The development of a
postoperative choroidal hemorrhage may repre-
sent a devastating complication of ophthalmic
surgery. However, appropriate management, as
outlined by the authors, may allow for a success-
ful outcome.

Drs. Varma and Ahmed describe the patho-
physiology and management of malignant glau-
coma (Chap. 15). Surgical techniques offer
definitive therapy and include anterior or poste-
rior iridozonulohyaloidotomy and anterior cham-
ber reformation with intraocular lens pushback.
It is important to note that core vitrectomy is not
an effective stand-alone treatment. Exceptional
figures in this chapter guide the reader through
the appropriate surgical techniques.

Each section of the current text may serve as a
stand-alone chapter for rapid reference by the
practitioner during stages of surgical planning.
In that regard, the text is meant to guide and assist
the clinician in important surgical decision-making
for complex ophthalmic conditions. At the same
time, the text offers concise, clear explanations
of these conditions while addressing advantages
and disadvantages to various treatment strategies.

In this regard, the text serves as a valuable ref-
erence for experienced and novice ophthalmic sur-
geons alike.
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Wanda D. Hu and Marlene R. Moster

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 filtration pro-
cedures, practitioners often turn to medications
and/or laser trabeculoplasty as first-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
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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 profile with
smaller incisions and less distortion of the nor-
mal anatomy [8]. Compared to traditional filter-
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-
flow to Schlemms’ canal (trabectome, Neomedix,
Inc.; iStent, Glaukos, Corp.; Hydrus microstent,
Ivantis, Inc.), (2) improving outflow through the
suprachoroidal  space (Cypass, Transcend
Medical, Inc.; iStent Supra, Glaukos, Corp.), or
(3) creating an alternative outflow pathway
through the subconjunctival space (Xen Gel Stent;
Aquesys, Inc.).

It is thought that the primary site of outflow
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 outflow resistance and creates a

Essentials in Ophthalmology, DOI 10.1007/978-3-319-18060-1_2
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direct pathway between the aqueous and
Schlemm’s canal. However, one study demon-
strated that about one third of the outflow 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 first trabecular bypass stent was first
described by Speigel and Kobuch [13], who
implanted a silicone trabecular bypass tube shunt
via an ab externo approach in six eyes, with a
significant reduction in IOP and glaucoma medi-
cations from preoperative levels. The implant
was successfully implanted in five 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 filtering
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 outflow,
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 first 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 first pilot study in 2007 [14],
demonstrating the efficacy 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 pm. 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

W.D. Hu and M.R. Moster

inner wall of the canal and the “open” side against
the outer wall where the collector channels reside.
Three retention arches fixate 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 first-generation device, measur-
ing 360 pm in length and the conical head mea-
suring 230 pm in width. The conical head sits in
Schlemm’s canal with four flow outlets, each
measuring 50 pm in diameter. The trabecular
meshwork holds the thinner thorax region and the
flange contains an inlet orifice measuring 80 pm
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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Fig.2.1 (a) First-generation iStent®. (b) Second-generation iStent inject®. Image Courtesy of Glaukos

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 significant 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 field. 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 benefit from the more traditional
combined phacoemulsification/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-
emulsification. 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 outflow system.
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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 difficult. A more pig-
mented trabecular meshwork will also ease
proper placement of the device, but is not neces-
sary as identification of Schlemm’s canal can be
seen with blood reflux 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 phacoemulsification.

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 difficult.

2. It is advisable to perform phacoemulsification
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 filled 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 magnification and
approach the upper third of the nasal TM at a
15° angle with the tip pointed inferiorly
(Fig. 2.2). If it is difficult to visualize the tra-
becular meshwork, transient hypotony can
help cause blood reflux 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 magnification. Blood reflux from
Schlemm’s canal with hypotony can improve visualiza-
tion of TM
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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 reflux
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. Trrigate 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-
sification 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 phacoemulsification is that the
angle will be deeper after the lens is removed,
aiding visualization of angle structures.

14. Routine postoperative management after
phacoemulsification 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] first
demonstrated the successful implantation of the
iStent with phacoemulsification. 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 first published
double-masked randomized controlled trial com-
paring IOP reduction between phacoemulsifica-
tion alone (control) and phacoemulsification
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 significant IOP and medi-
cation reduction in the combined group (phaco-
emulsification+iStent) compared to the control
group (phacoemulsification 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 (phacoemulsification
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 profile was excel-
lent in the combined group in this large cohort of
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Table 2.1 Results after Glaukos iStent® implantation

Mean IOP
Number of Combined | Number | Follow-up |reduction Mean reduction in
Study iStents with phaco? | of eyes | (months) | (mmHg) medications
Spiegel et al. [23] 1 Yes 48 6 5.7£3.8 1.5£0.7 vs. 0.5£0.8%
Spiegel et al. [24] 1 Yes 42 12 4.4+4.5 1.2+0.7
Fea [25] 1 Yes 12 15 3230 2.0£0.9vs. 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£3.4vs.  1.6£0.8vs.0.3£0.6
17.1£2.9*
Arriola-Villalobos 1 Yes 19 54+£9.3 3239 0.5x£1.0
et al. [28]
Fernandez- 2 Yes 17 12 6.6x3.0 1.1£0.5 vs. 02
Barrientos et al. [29]
Belovay et al. [30] 2t03 Yes 53 12 18.0£4.0vs. [20x14
143£29
Ahmed et al. [31] 2 No 39 18 22.2£2.0vs. | N/AP
11.8£2.120
Arriola-Villalobos 2 (iStent inject® | Yes 20 12 3.2+3.8 1.0£0.8
et al. [32] GTS-400)
Fea et al. [33] 2 (iStent inject® | No 94 12 8.1x£2.6 c
GTS-400)
Voskanyan et al. [34] | (iStent inject® No 99 12 10.4£3.2 ¢
GTS-400)

1OP intraocular pressure

aData not available (mean pre-op vs. mean post-op shown)

®Not applicable; all subjects required to be on at least travoprost postoperatively

‘Data not available

patients. The most frequent adverse events
occurred with similar frequencies in both groups.
The only stent-related adverse events were stent
obstruction (iris, fibrin, 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 significant IOP
reduction in conjunction with phacoemulsifica-
tion. Recent studies have investigated the efficacy
and safety of multiple iStent implantations.
Investigation into the efficacy 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 phacoemulsification results in a significant
reduction in IOP and medication use.
Furthermore, the three-stent group was on sig-
nificantly fewer postoperative glaucoma medica-
tions than the two-stent group. In a comparative
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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 outflow 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 outflow 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 phacoemulsification. 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. Phacoemulsification 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 phacoemulsification
is safe and will lower IOP significantly with a
reduction in medications.

Lastly, a few preliminary studies regarding the
efficacy 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 profile.
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 TheICE 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

phacoemulsification [36]. ECP ablates the ciliary
body, thereby decreasing aqueous production and
reducing IOP. In the “ICE” procedure, ECP
decreases “inflow” and iStent implantation
increases “outflow,” 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 efficacy 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 phacoemulsification, and
iStent placement with other MIGS procedures.
Overall, this is an exciting time for the field of
glaucoma with the myriad of tools and procedures
we have available to battle this progressive and
potentially blinding disease.
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3.1 Introduction

Ab interno trabeculectomy (AIT) with the trabec-
tome handpiece (Neomedix, Tustin, CA) is a glau-
coma surgery that the Food and Drug
Administration (FDA) approved in February 2004
[1, 2] as a “micro-incisional glaucoma surgery for
adult and infantile glaucomas.” The FDA defini-
tion of a micro-incisional surgery requires the inci-
sion to be below 2 mm and the keratome used in
AIT is 1.8 mm wide. Trabectome surgery belongs
to the family of “minimally invasive glaucoma sur-
geries (MIGS)” several of which do not meet the
micro-incisional criterion, for instance endocyclo-
photocoagulation [3] and the suprachoroidal gold
shunt [4]. Trabectome surgery was originally
described as a plasma surgery method with a bipo-
lar 550 kHz electrode tip that ablates 30-60° of
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trabecular meshwork (TM) but can be extended to
180° using one incision or 360° using two. Over
10 years of growing trabectome use, the name has
become synonymous with AIT although Ab
interno trabeculectomy has been done with other
instruments that were less successful due to more
extensive trauma to the outer wall of Schlemm’s
canal and considerable TM remnants [5-7]. The
aim of this chapter is to briefly review the surgical
technique, indications, results, and complications
of trabectome surgery, focusing specifically on
outcomes in secondary glaucomas.

3.2  Indications

Trabectome was first described for use in open
angle glaucomas with an angle open more than
20° and uncontrolled intraocular pressure (IOP)
on maximally tolerated medical therapy; how-
ever, its role has now considerably expanded [2].
The most important exclusion criteria are poor
visualization of the TM and neovascular glau-
coma. Additionally, the patient must be able to
rotate either the neck or the entire axial core in
order to assure an adequate gonioscopic view.
In our experience with more than 600 trabectome
surgeries, we have found that a wide range of
glaucoma types and stages can be operated on
using a modified surgical technique described
below. We find that only active neovascular
glaucoma, elevated episcleral venous pressure,
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more than moderately active uveitis, and angle
dysgenesis represent contraindications and now
routinely operate on cases with narrow angles,
trauma, scleral buckle, and uveitis.

3.3  Surgical Technique

3.3.1 Trabectome-Mediated AIT

The key steps to a successful surgery will be
briefly reviewed, which we believe provide better
chances of achieving the desired target pressure.
The surgeon sits temporally. The irrigation bottle
should be raised near maximum height if deemed
safe for the stage of glaucoma because it will help
deepen the angle and improve the view. If the case
is combined with phacoemulsification, the trabec-
tome part should be done first. No viscoelastic
should be used to avoid optical interfaces and the
trapping of ablation gas bubbles.

The main incision, 1.6 mm iris-parallel and
uniplanar, is fashioned 2 mm anterior to the lim-
bus to help prevent iris prolapse. Pressurizing the
anterior chamber with BSS or preservative-free
lidocaine from the paracentesis aids in construct-
ing the main incision with minimal or no counter-
traction and without damaging the anterior
capsule. The internal, left and right aspects of the
incision are flared to maximize mobility of the
handpiece within the wound. The uniplanar, short
wound provides better visualization by reducing
corneal striae from torque. For patients who may
have significant difficulty rotating the neck, the
microscope tilt can be increased or the patient’s
entire axial core may be rotated; although this
can make the hand positioning and stability more
challenging.

Under gonioscopic view, the TM is approached
with the tip at a 45° angle at the level of the scleral
spur. The upward angle eases the engagement of TM
over the instrument tip (Fig. 3.1b). It is important

Fig.3.1 Goniosynechiolysis technique with the trabectome
tip. (a) The footplate (golden oval) is placed anterior to the
tip of the peripheral anterior synechiae and gently pushed
outward and down. (b) After access to the trabecular

meshwork is achieved, the tip is inserted into Schlemm’s
canal with a 45° upward and left movement and plasma-
mediated ablation is initiated
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to exert a slight inward pull during ablation to
counteract the natural tendency to push outward,
especially since the eye’s curvature is not easily
appreciated during gonioscopic view. Otherwise,
excessive force will be directed against the outer
wall of Schlemm’s canal that can damage the col-
lector channel orifices. Rather than starting abla-
tion directly opposite to the main wound, it is
easier to engage the TM towards the left since this
offers a more acute angle of contact between the
pointed tip and the TM (Fig. 3.1b).

The ablation is started at 0.8 mW and titrated
up. The first 60° can usually be ablated continu-
ously without many adjustments and up to 90°
can be achieved by experienced surgeons. The tip
is disengaged, rotated downward 180° (away
from the cornea), and the ablation is started in the
other direction. Again, the goal is to ablate for
90° in both directions. A total of 180° ablation
will achieve near 240° of total outflow because a
single opening through the TM typically provides
access to about 60° of Schlemm’s canal [8]. Once
ablation is complete, a viscoadaptive substance
can be injected to fill about 20 % of the anterior
chamber in order to leave a crescent of tamponad-
ing viscoelastic over the ablation arc to minimize
postoperative  hyphema  from  flowback.
Preservative-free  dexamethasone (100 pL,
10 mg/mL) is injected under the viscoelastic
shell into the capsular sac. We used the described
technique in a consecutive series of 192 patients.
After 1 year, 81 % of patients had an IOP< 18,
while 52 % of patients had an [OP< 15, and 27 %
had an IOP<12 [9].

All glaucoma medications can be discontinued
on the day of surgery. The patient is seen on post-
operative day 1, week 1, month 1, 2, and 3. The
postoperative regimen for the first week consists
of a topical fluoroquinolone, prednisolone acetate
1 %, and pilocarpine 2 %, all of which are started
four times daily on the day of surgery. The fluoro-
quinolone is continued for 7 days and predniso-
lone is tapered over 2—4 weeks. Pilocarpine can
be maintained at four times daily for 4 weeks,
then three times per day for 4 more weeks.
Flattening the peripheral iris using pilocarpine is
thought to reduce the chance of forming peripheral
anterior synechiae (PAS) [10].

3.3.2 Goniosynechiolysis

In narrow angles with synechiae, the smooth base
plate of the trabectome handpiece serves as an
excellent instrument for goniosynechiolysis.
Video 3.1 shows an example of goniosynechialysis
and trabectome surgery in an eye with two failed
tube shunts in a patient who had pressures around
25 mmHg and had a postoperative IOP of about
15 mmHg and needed one medication less at
1-year follow-up. For loosely connected syn-
echiae, gentle posterior and outward pushing and
sweeping motions with the base plate is often
sufficient to displace them (Fig. 3.1). The pointed
tip does not have to be used but more adherent
synechiae can also be engaged directly between
the tip and the baseplate and gently peeled away.
Caution must be exercised to not injure the cili-
ary body band or create a cyclodialysis. The con-
tinuous irrigation under gonioscopic view offers
direct visualization of the procedure while debris
or blood is flushed away or actively aspirated and
the anterior chamber stays well formed and pres-
surized, minimizing corneal striae.

3.4 Results

3.4.1 Overall Results

The initial clinical description of the trabectome
was extended to 101 patients and demonstrated a
40 % 1OP decrease [11]. Only 11 of those
patients had follow-up for 30 months and that
small group sustained a 33 % mean IOP decrease.
The published results of trabectome surgery are
divided into standalone trabectome cases below
in Table 3.1 and combined phaco-trabectome in
Table 3.2. Those results show that trabectome
can be expected to decrease the IOP by an over-
all average of 8 mmHg (33 %) while concur-
rently lowering the number of medications by
two. There are no published randomized trials
involving trabectome. The largest case series,
dating back to the first case, had 1,878 trabec-
tome cases (alone or with phacoemulsification)
recorded as of 2010 [24]. There was data on 5
patients who had been evaluated a full 6 years
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Mean Mean Mean # Length
Number baseline IOP | final IOP | % IOP | decrease in | of study
Study Type of study | of subjects | (mmHg) (mmHg) |decrease | medication | (months)
Minckler et al. [2] Prospective 37 28 16 45 1.1 13
Minckler et al. [11] Prospective 101 28 16 41 Not 30
reported
Minckler et al. [12] Prospective 738 26 18 32 2.43 60
POAG of Ting et al. [13] | Prospective 450 26 17 34 0.57 12
PXG of Ting et al. [13] | Prospective 67 29 16 44 0.88 12
Jeaetal. [14] Retrospective | 115 28 17 41 1 30
Minckler et al. [15] Prospective 1,151 26 17 36 1.7 60
Mosaed et al. [16] Prospective 538 26 17 37 0.79 12
Ahujaet al. [17] Retrospective | 88 26 13 50 0.3 48
Maeda et al. [18] Prospective 80 27 18 33 1.7 12
Table 3.2 Combined phaco-trabectome outcomes
Mean Mean Mean # Length
pre-op IOP | final IOP | % IOP decrease in | of study
Authors Type of study |Totaln | (mmHg) (mmHg) |decrease |medication |(months)
Minckler et al. [12] Retrospective | 366 20 17 18 0.93 30
Francis et al. [19] Prospective 304 20 17 17 1.22 21
POAG of Ting et al. [13] | Prospective 263 20 16 22 0.75 12
PXG of Ting et al. [13] Prospective 45 22 14 35 0.96 12
Minckler et al. [15] Prospective 681 20 16 21 0.87 36
Mosaed et al. [16] Prospective 290 20 16 23 0.85 12
Francis and Winarko [20] | Prospective 89 22 15 30 1 12
Ahuja et al. [17] Retrospective | 158 19 12 39 0.5 45
Klamann et al. [21] Retrospective 27 23 14 40 0.29 12
Klamann et al. [22] Retrospective 74 21 13 37.5 0.12 6
Francis [23] Prospective 114 22 15 31 1 24

after the procedure and they still maintained a
38 % mean IOP decrease.

Studies reporting on the success of the trabec-
tome procedure have used varying definitions of
success, making it difficult to compare results.
The only common definition of success was final
IOP<21 mmHg with a 20 % decrease in I0P
from baseline. For standalone trabectome cases,
the success rate using this definition ranged from
65 % [13] to 71 % [13] after 1 year, but then fell
as low as 22 % after 2 years [14]. For cases com-
bined with phacoemulsification, the success rate
ranged from 87 % [16] to 95 % [20] after 1 year
and 80 % at 2 years [23]. A series of 1,127
patients (738 cases of standalone trabectome and
366 cases of phaco-trabectome) found a 45 %

success rate after 4 years [12]. The same cohort
was extended and analyzed success rates of 1,415
patients [25]. Using a less stringent definition of
success as [OP<21 or a 20 % IOP decrease from
baseline, the success rate was approximately
95 % for combined cases after 3 years and
approximately 52 % for standalone trabectome
cases after 6 years.

3.4.2 Trabectome in Secondary
Glaucomas

The realization that AIT with the trabectome
works beyond primary open angle glaucoma
(POAG) is relatively recent. Consequently, fewer
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results have been reported for trabectome in
secondary glaucomas specifically, although they
may be included in outcomes without detailed
subtype analysis. In fact, of all the published
papers with nonoverlapping cohorts that detail
the subtype of glaucoma, POAG alone accounts
for two-thirds of the total reported cases.
Pseudoexfoliation glaucoma (PXG) is the second
largest subgroup and is detailed below. Numerous
secondary glaucomas have been treated but in
numbers too small for subgroup analysis and often
with overlapping pathomechanisms. In order of
prevalence in the reported literature of trabectome
treatment, they are: pigment dispersion glaucoma,
uveitic, steroid-induced, anti- VEGF agent-induced,
postsurgical, and traumatic.

It was thought that trabectome may be more
effective in PXG because in addition to removing
the obstructed and dysfunctional TM, the irriga-
tion, ablation, or resulting mild inflammatory
response may help clear pseudoexfoliation mate-
rial from the anterior chamber [13, 21]. Also, tra-
bectome may deepen the angle, which could
decrease iridolenticular touch and lead to
decreased exfoliative material release [26].
Combining trabectome with phacoemulsification
may be the most meaningful way to avoid the
accumulation of pseudoexfoliative material pro-
duced primarily by the lens. Further, the com-
bined treatment often allows for bypassing of
highly difficult surgeries and complications from
zonular dehiscence seen later in the course of the
disease while preventing the unexpected,
aggressively worsening IOP that may occur in
some individuals.

There are three publications that investigated
trabectome in secondary glaucomas. The first
was a prospective study designed to compare the
IOP outcomes in POAG versus PXG [13]. In the
group that received standalone trabectome, the
PXG group started from a significantly higher
baseline IOP, at 29 mmHg, versus 26 mmHg in
the POAG group. The mean decrease in IOP at 1
year was better for PXG (44 % versus 34 % in
POAG). The success rate at 1 year (defined as a
20 % decrease in IOP from baseline without
reoperation) was superior in PXG at 79 % versus
63 % in POAG and the reoperation rate was also

significantly lower in the PXG group. In the
combined phaco-trabectome group, the baseline
IOP of the two groups was statistically similar
but the mean decrease in IOP was again superior
for PXG at 35 % versus 22 % for POAG. The
complication rates were non-visually threatening
and similar in both groups.

The second, retrospective study investigated
PXG only [21]. The study compared the results
of 27 phaco-trabectomes to 28 cases of phaco-
emulsification combined with trabecular aspira-
tion. The baseline IOP was statistically equivalent
at 23 mmHg in the phaco-trabectome group and
22 mmHg in the phaco-aspiration group. After 1
year, the IOP was 40 % lower in the phaco-
trabectome group versus 23 % after phaco-
aspiration. These outcomes are difficult to
compare to other studies because according to
the author’s protocol, all of the patients had a tar-
get IOP below 16 mmHg and medications were
used as needed to maintain the target IOP, even in
the postoperative period. Strict adherence to this
protocol would explain why there was no statisti-
cally significant decrease in medication in either
group after 1 year.

The third study aimed to prospectively
examine the outcome of trabectome in different
types of glaucoma, although POAG alone still
accounted for 45 % of the 557 cases [27]. The
second largest subgroup was PXG, accounting
for 30 % of cases, and was the only subtype
besides POAG large enough for subgroup anal-
ysis with a short follow-up time of 7 months.
Results were reported combining standalone
trabectome with phaco-trabectome. The mean
IOP in the POAG group decreased by 25 %
from a baseline of 24 mmHg versus a 30 %
decrease from a baseline of 25 mmHg in the
PXG group. Although the final difference in
IOP in PXG was not large (final IOP 17.6 mmHg
in PXG versus 18.2 in POAG), the success rates
were considerably higher in PXG. Defining
success as a 20 % decrease in IOP, the rate after
2 years was 50 % for PXG and only 32 % for
POAG. A fourth study found in their risk factor
for failure analysis, that PXG was protective
when compared to POAG since the hazard ratio
was 0.43 [28].
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However, there are several weaknesses in
concluding that trabectome is more effective in
PXG as compared to POAG. First, the number of
studies is small. Second, in both comparative
studies conducted to-date [13, 27], the POAG
group had worse IOP outcomes and started from
a lower baseline IOP. Lower baseline IOP has
been consistently shown to have worse IOP out-
comes with trabectome, including in multivari-
able analysis [14, 19, 29]. The lower baseline
IOP in the POAG group would then be expected
to have worse outcomes on that basis alone.
Finally, in cases of pseudoexfoliation, simply
increasing the volume of irrigation has been
shown to be associated with a lower IOP for as
long as 2 years [26]. Further, the possible IOP-
lowering effect of washing out the exfoliation
material (as may occur with almost any intraocu-
lar surgery) cannot be easily separated from the
effects of TM ablation alone. Pigment dispersion
glaucoma can continuously produce dispersed
pigment until the burn-out phase (after an aver-
age of 10 years) [30] or resolution of the reverse
pupillary block [31, 32]. We find that pigment dis-
persion glaucoma can be treated effectively, but
patients have to be prepared to experience several
months without compelling IOP reduction when
massive pigment is liberated at the time of sur-
gery. This freed material can obstruct collector
intakes, but typically resolves eventually. Pigment
dispersion eyes often have a high axial length that
can lead to displacement of refluxed blood into
the posterior chamber during abnormal iris lens
diaphragm movement. It is plausible that POAG
has a considerable outflow resistance component
within the distal outflow tract [33], while PXG
and possibly other types like steroid-induced
glaucoma [34] primarily have a TM component
and, therefore, have better results with ablation
of the TM.

Several abstracts have also investigated the
use of trabectome in secondary glaucomas.
A small case series followed 15 eyes with com-
plex glaucoma for one year after treatment with
trabectome [35]. The IOP in five cases of retinal
detachment repaired with scleral buckle fell 52 %
from 31+ 10 mmHg with a reduction of medications
by 3.1. Three traumatic cases had a 55 % IOP
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decrease from a baseline of 32+9 mmHg on four
fewer medications. In three cases with inactive,
regressed neovascularization of the iris and angle
after panretinal photocoagulation, the IOP fell 37 %
from 46+12 mmHg on 2.3 fewer medications,
and the IOP of three cases of uveitic glaucoma
decreased 60 % from a baseline of 306 mmHg
on 2.4 fewer medications. Only one patient (7 %)
needed further surgery within 1 year and received
cyclophotocoagulation. No other complications
or vision loss occurred. A case series of 61 patients
with uveitic glaucoma found a 32 % decrease from
a baseline IOP of 32 mmHg after 1 year on 0.5
fewer medications with a 26 % reoperation rate
[36]. Another abstract analyzed 12 cases of iso-
lated anterior uveitis over 2 months and found that
the IOP fell 43 % from a baseline of 31 mmHg
on two fewer medications [37]. A small series of
15 cases of steroid-induced glaucoma found that
IOP fell 47 % from a baseline of 31 mmHg on 1.5
fewer medications after 1 year [38].

3.4.3 Trabectome in Glaucomas
with Narrow Angle
as an Atypical Indication

A narrow anterior chamber angle has, in the past,
been considered a relative contraindication
because it was feared that in addition to poor visu-
alization of the target structure during surgery,
PAS, descemetization of the angle, and fibrosis
may form more readily and hasten failure [39].
This has prevented a large number of glaucoma
patients from taking advantage of the highly
favorable risk profile of trabectome surgery com-
pared to traditional filtering glaucoma surgery as
angle-closure glaucoma contributes to approxi-
mately 70 % of glaucoma cases in women and to
87 % of cases in Asians [40].

In our prospective study of trabectome com-
bined with phacoemulsification and trabectome-
only in patients with narrow angles of Shaffer
grade <2 (SG<2) versus open angles with a
Shaffer grade >3 (SG > 3), we analyzed outcomes
that included IOP, medications, complications,
secondary surgery, and success (IOP<21 mmHg
and >20 % reduction without further surgery) [41].
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Of 671 included cases with at least 1 year of
follow-up, AIT patients with SG<2 (n=43) had
an IOP reduction of 42 % from 27.3+7.4 to
15.7+3.0 mmHg (p<0.01) versus AIT SG>3
(n=271) with an IOP reduction of 37 % from
26.1+7.8 mmHg to 16.4+3.9 (p<0.01). In phaco-
AIT with SG<2 (n=48), IOP was reduced 24 %
from 20.7+7.0 mmHg to 15.7+3.6 (p<0.01)
versus phaco-AIT with SG>3 (n=309) with an
IOP reduction of 25 % from 22.6+6.4 mmHg to
17.0+3.4 (p<0.01). There was no significant dif-
ference between SG<2 and SG>3 in reduction
of IOP or medications, complications, secondary
surgery, and success rates (Fig. 3.2, p>0.05).
These results indicate that both phaco-
trabectome and standalone trabectome can signifi-
cantly reduce the IOP and number of medications
regardless of degree of angle opening. This sug-
gests that indications for trabectome should be
expanded to include narrow angles. The results
show that trabectome can be considered in the
relatively large population of patients with narrow
angles who might have mixed mechanisms that
lead to increased IOP. Phacoemulsification in
itself can decrease IOP by 1.5-3 mmHg [42-44],
via decompression or mechanical stretch of the
TM and Schlemm’s canal [45] or activation of a
stress response pathway by ultrasound [46].
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Fig. 3.2 In phaco-AIT (trabectome combined with
phacoemulsification, left), no significant differences were
found between IOP and glaucoma medication use in
patients with a narrow anterior chamber angle (SG<2,
n=48) compared to those with an open angle (SG>3,

However, after TM ablation, this mechanism
would not achieve additional IOP reduction via
these mechanisms, disaffirming cataract surgery
as a significant contributor.

3.4.4 Trabectome as a Secondary
Procedure After Failed
Trabeculectomy

Trabectome can be successfully used in cases
following failed incisional surgery. We analyzed
73 patients with a minimum of 1 year of follow-up
who were treated with trabectome following
failed trabeculectomy (Fig. 3.3) [47]. In the stand-
alone trabectome group, the mean IOP was
reduced from23.7+5.5mmHgto 16.2+3.9mmHg
(28 % mean reduction, p<0.01) on 0.8 fewer
medications (p<0.01) at 1 year. In the phaco-
trabectome group, the mean IOP was reduced
from 20.0+£5.9 mmHg to 15.6+5.1 mmHg (19 %
mean reduction, p=0.11) on 0.9 fewer medica-
tions (p=0.24). While 89 % of standalone trabec-
tome and 92 % of phaco-trabectome cases
finished with an IOP<21 mmHg, defining suc-
cess as [OP<21 mmHg with a 20 % IOP decrease
meant only 62 % of patients in both groups were
successful at 1 year. There were no visually

AIT
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n=309) over a 1-year period. Similarly, in AIT (trabec-
tome, right), no significant differences were found in IOP
and glaucoma medication use between patients with a nar-
row anterior chamber angle (SG<2, n=43) and a wide
angle (SG >3, n=271) during 1-year period (all p>0.05)
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Fig. 3.3 One-year outcomes of trabectome-mediated ab
interno trabeculectomy combined with phacoemulsifica-

threatening complications. A recent abstract
reported on 24 patients who had trabectome after
failed aqueous shunt surgery [48]. The IOP fell
30 % from a baseline of 23 mmHg on 0.8 fewer
medications after 1 year. 83 % of patients main-
tained an IOP<21 mmHg with a 20 % decrease
at 1 year. There were no visually threatening
complications.

3.4.5 Trabectome as an Adjunctive
Procedure

Trabectome can be used as an adjunctive proce-
dure at the time of glaucoma drainage device
implantation with a non-fenestrated tube that is
completely tied off with a suture material that
takes longer than two full months to dissolve
(Video 3.2). Our preliminary data suggests that
this prevents a hypertensive phase, achieves a
lower final average IOP and reduces the need for
topical medications. This approach is especially
useful for advanced to end stage glaucoma and
patients with poor compliance. For this reason, we
prefer the 350 mm? Baerveldt implant (Abbott
Medical Optics, Abbott Park, Illinois) and glue
without tube fenestrations. This makes it also pos-
sible to treat thin-walled, high risk eyes where a
scleral suture pass can risk perforation. The trabec-
tome (or phaco-trabectome) is performed first to
have the best possible view of the angle and cham-
ber stability that a tight trabectome incision allows.
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tion (phaco-AlT, left) or trabectome surgery (AIT, right)
after failed trabeculectomy

After trabectome and cataract surgery have
concluded, the entire anterior chamber can be left
filled with viscoelastic to facilitate tube shunt
implantation and tube insertion. For the glaucoma
drainage device implantation, an 8 mm long, lim-
bus-parallel cut-down to the sclera is made either
in the superotemporal or inferonasal position that
is not more than 5 mm posterior to the limbus. The
dissection is carried anterior to the limbus and pos-
terior close to the recti muscles. The recti muscles
and their insertions are visualized with muscle
hooks. The tube of the tube shunt is tied with 6-0
chromic gut that has a longer absorption time of
nearly 60 days compared to the commonly used
threaded polyglactin 910 (coated Vicryl, Ethicon,
Blue Ash, OH). After positioning the wings of the
device under the muscles, the tube is placed on the
cornea and cut with bevel up to allow positioning
in the peripheral anterior chamber. The anterior
chamber is entered with a 23 gauge needle 1.5 mm
posterior to the limbus in an iris-parallel angle.
The tip of the tube is guided into the eye to posi-
tion flush on the iris with tube shunt insertion for-
ceps, and the tube is secured to the sclera with 8-0
nylon in between the plate and the limbus to avoid
displacement. A saline soaked, 5 mm by 8§ mm
long scleral patch graft is placed on the tube and
nudged into the conjunctival pocket at the limbus.
The thin component of fibrin glue is now applied
in the sub-tenon space, around and on the scleral
donor patch graft, followed by the more viscous,
second glue component. The conjunctival lips are
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approximated with forceps and held in place for
1 min. Conjunctival lips are secured with two
interrupted vicryl sutures to the left and the right of
the scleral flap to relieve tension on the incision.
Some of the viscoelastic can be displaced by care-
fully gaping the main incision while injecting
saline.

3.5 Surgical Failure

Possible reasons for failure to reach the target
IOP following an apparently successful proce-
dure may be inferred from preclinical studies on
donor eyes [49]. At least one specimen showed
that the TM was still intact, so the footplate likely
never entered into Schlemm’s canal. Another
specimen revealed damage only to the superficial
TM, suggesting incomplete penetrance of the
handpiece. At least two specimens did show
successful ablation of the TM, but the edges had
re-approximated. Limbal corneal endothelial
cells, particularly at Schwalbe’s line [50], have
been demonstrated to migrate and repair wounded
TM and likely are capable of forming a mem-
brane over the trabectome cleft [51]. Other cases
demonstrate large PAS seen to directly block the
trabectome cleft [52]. In cases with no visible
blockage, there may be a transparent membrane
or it may be that the downstream collector
channels, plexi, or aqueous veins become more
fibrosed or stenotic over time, decreasing outflow
[52]. Fellman and Grover have proposed an intra-
operative test of functional patency of the collec-
tor channels and downstream system following
trabectome [52]. They suggest provoking an epi-
scleral venous fluid wave by allowing the anterior
chamber to decompress until blood reflux is
noted through the trabectome cleft and then plac-
ing an irrigation/aspiration handpiece directly
adjacent to the cleft and triggering irrigation. The
surge of balanced salt solution can be seen to irri-
gate through (and blanch) episcleral, conjuncti-
val, or aqueous veins and demonstrate functional
patency of the distal collector system. They dem-
onstrated a case of an absent fluid wave despite a
visibly apparent trabectome cleft which sug-
gested proximal intracanalicular stenosis. They

proceeded with a repeat trabectome in the same
area which lead to successful IOP control. IOP
failure with a visibly open cleft with a positive
fluid wave may suggest damage to the collector
channel orifices.

A common cause for failure and high pressures
for new trabectome surgeons is wrong site ablation
that injures the highly vascular ciliary body band
when it is mistaken for the TM in the absence of
TM pigmentation. Because the TM is still intact
and the arterial hyphema cannot evacuate during
the postoperative phase, pressures are very high
yet wound burps in the clinic can lead to instant
rebleeds. One way of addressing this is by evacu-
ating the hyphema surgically and performing a
proper TM ablation with a trabectome if there is
no corneal edema that prevents ablation.
Otherwise, tube shunt implantation, trabeculec-
tomy, and cyclodestruction remain viable options.
Wrong site ablation can also occur when the tra-
bectome is inserted too anteriorly but the detach-
ing Descemet is easily seen and the ablation can be
reoriented. The postoperative course is marked by
an absence of IOP drop if this is not recognized.

3.5.1 Risk Factors for Failure

The most established risk factor for failure of the
surgery is a lower baseline IOP. This is primarily
because IOP reduction is not a simple percentage
of preoperative IOP but limited by the outflow
resistance that remains downstream of the
TM. The average postoperative IOP is somewhat
higher than episcleral venous pressure (§ mmHg
[53]) around 15-16 mmHg regardless of preop-
erative values. If a lower IOP is needed, phaco-
trabectome and trabectome still make good
initial incisional therapy options as IOPs below
15 mmHg are achieved in up to 50 %, and they
are safe and can improve vision where a cataract
limits acuity. After multivariate Cox analysis, the
hazard ratio of lower baseline IOP was calculated
to be 0.96 per | mmHg [14]. One study (n=304)
stratified IOP results after phaco-trabectome
according to baseline IOP [19]. When baseline
IOP was >25 mmHg, there was a 45 % IOP
decrease at 12 months. For baseline IOP between
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20 and 25 mmHg, there was a 28 % decrease, and
for baseline IOP < 20, there was actually a 0.2 %
IOP increase (although they were on 60 % fewer
medications compared to baseline). A prospective
study of 1,401 cases had a similar trend when
stratifying results by baseline IOP [29]. From a
baseline IOP below 17 mmHg, the decrease in
IOP was only 7 %, whereas when the baseline IOP
was between 23 and 29, the IOP decreased by
33 %. The superior IOP reduction reported in
cases with higher baseline IOP may be due to the
floor effect in that most successful cases will finish
with an IOP in the low to mid teens, regardless of
the baseline IOP. Another explanation may be dif-
ferent indications for surgery. With a high baseline
IOP, the main goal of the procedure is to lower the
IOP. Since trabectome has a relatively low side
effect profile, with lower baseline IOPs, the proce-
dure may be combined with phacoemulsification
mainly to reduced the number of medications
rather than significantly lower the IOP.

The second main risk factor is younger age
(hazard ratio 0.98 per year of age) [14]. Other
risk factors that have been investigated and deter-
mined not to increase the risk of failure include
previous laser trabeculoplasty, although in that
study the results were not stratified by type of
laser [54]. The initial theory was that damage to
the outflow pathway by the laser or resulting
inflammation could lead to downstream scarring
which would lower the efficacy of the trabectome
procedure [54]. After reviewing 1,345 trabec-
tome cases, 493 of whom had previous laser tra-
beculoplasty, the investigators found that despite
starting from a similar baseline IOP, there was a
larger mean IOP decrease at 36 months in the
group who had previously undergone laser trabec-
uloplasty (39 % decrease versus 32 %), though
the difference was not statistically significant.
There was no statistically significant difference
in the complication rate between the two groups.
A second, smaller study found that previous
argon laser trabeculoplasty (ALT) may be a risk
factor for failure [28].

Previous selective laser trabeculoplasty (SLT)
has also been analyzed separately as a risk factor
for failure [22]. In fact, in patients with PXG, a
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small retrospective comparative trial found that the
group of patients who previously failed SLT (fail-
ure was defined as IOP>16 mmHg) prior to com-
bined phaco-trabectome actually had lower final
IOP than patients with no history of SLT [22].
Starting from statistically equivalent baseline IOPs,
the group of PXG patients who had failed SLT had
a46 % decrease in IOP 6 months after surgery, ver-
sus only a 35 % IOP decrease in the group of
patients without a history of SLT. A similar but less
significant outcome difference occurred in pigment
dispersion glaucoma (PDG), again favoring
patients with a history of failed SLT. The last group
of patients in the study had POAG and there was no
statistically significant difference in outcomes. The
explanation for improved IOP outcome following
previous SLT only in PXG and PDG but not in
POAG is not immediately apparent.

A possible risk factor is phakic lens status,
but results were conflicting. When analyzing
their standalone trabectome cases, Ahuja et al.
found no difference in IOP reduction between
the phakic and pseudophakic cases [17]. Another
study analyzed risk ratios for phaco-trabectome
versus standalone trabectome and found a haz-
ard ratio of 0.2 for the combined procedure,
although it was not specified if they accounted for
other contributing risk factors, mainly baseline
IOP [27].

3.5.2 Timing of Surgical Failure

In studies that detail the timing of surgical failure
and reoperation, it appears that most failures will
occur before sixth months following trabectome.
Over a five-year study period in a series of 738
standalone trabectomes, only 100 (14 %) required
additional surgery [12]. Of these cases, 88 %
required a second surgery by postoperative month
6. In a prospective study of standalone trabectome
in 80 cases, 13 cases (16 %) went on to require
reoperation within 1 year [18]. Of the 13, 77 %
of them required reoperation before month 6. In
another study, the range of time to reoperation
following a failed trabectome was 3 days to 18
months, with an average of 4.9 months [55].
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3.5.3 Reoperations

Following a failed trabectome surgery, every type
of conventional surgery and laser has been
reported to be used as a subsequent procedure,
but the most common is advancing to trabeculec-
tomy ab externo [14, 17, 27]. The IOP at the visit
before reoperation is not detailed in most studies.
In one study that did mention this (n=246),
the reoperation rate after 4 years was 27 % [17].
The mean IOP at the visit prior to reoperation
was 26.2 mmHg, 21 % higher than the original
IOP prior to the trabectome. In another study,
the IOP in failed cases rose 33 % above pre-
trabectome levels [10].

One study investigated the effect of SLT fol-
lowing failed phaco-trabectome in 14 patients
[56]. Almost half of the patients had previously
failed argon or SLT prior to the trabectome which
was used for an average of only 89° of ablation
arc. The mean IOP prior to the study SLT (mean
55 laser shots) was 18 mmHg which fell to an
average of 13 mmHg (28 % decrease) on 0.8
fewer medications 6 months later. Success rates
as defined by >20 % IOP decrease were only
57 % at 2 months and 0 % after 11 months, with
a median time to failure of 3.8 months.

One study reports using Nd: YAG goniopunc-
ture for 8 patients with post-trabectome IOP ele-
vation [10]. Six of the eight patients had visible
PAS lysis during the laser, while the other two
were thought to have a membrane covering the
trabectome cleft which was considered reopened
upon blood reflux into the anterior chamber.
Following goniopuncture, the IOP decreased
21 % 11 months later. The settings used were
0.2-0.6 mJ for 3—15 shots. This procedure offers
an additional option, particularly in patients with
uveitic glaucoma who are more prone to develop
synechiae.

Repeat trabectome has been reported in small
numbers [14]. The numbers are too small to be
analyzed separately but the most common out-
come is repeated failure, as happened in two of
two cases [27]. It has been suggested that testing
for an episcleral venous fluid wave (see above)
can be used to distinguish between failure due to

fibrosis at the level of collector channel orifices
versus more distal structures [52]. Repeat trabec-
tome may be more successful in cases where the
trabectome cleft is visibly patent but a fluid wave
cannot be initiated, although this test requires a
return to the operating room.

Outcomes of subsequent glaucoma procedures
involving the conjunctiva are not affected by
trabectome. One study compared the outcome
of trabeculectomies in 34 patients who had failed
trabectome surgery and 42 patients who under-
went primary trabeculectomy [55]. Starting from a
similar baseline IOP, the mean IOP was 11 mmHg
in both groups after 24 months, with no statisti-
cally significant difference in IOP between the two
groups at any time point. Success rates were also
statistically equivalent. Finally, there was also no
statistically significant difference in rates of com-
plication between the two groups.

3.6 Complications

At this time, there is no evidence that the rate or
type of intraoperative or postoperative complica-
tions is any different in primary versus secondary
glaucoma, but further publications with subset
analysis will be necessary to illuminate this issue.
Table 3.3 below lists the published complications
of trabectome. The most common complication
is hyphema but given that blood refluxes into

Table 3.3 Complications reported after trabectome
Hyphema or microhyphema (nearly 100 % of 101
cases) [11]

PAS (14 % of 101 cases) [11]

Corneal injury (6 % of 101 cases) [11]
Transient IOP spike (6 % of 1,127 cases) [12]
Cyclodialysis cleft (two total cases) [14, 16]

Transient hypotony (1.5 % of 1,127 cases [12] no case
reported to persist past 3 months)

Iris injury (1 % of 304 cases) [19]

Cystoid macular edema (1.6 % of 192 combined
phaco-trabectomes) [27]

Cataract progression (1.2 % of 86 cases) [11]
Aqueous misdirection (four total cases) [12, 16, 17, 27]
Choroidal hemorrhage (1 total case) [15]
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Schlemm’s canal when episcleral pressure
exceeds IOP, and Schlemm’s canal is unroofed
during this procedure, this can be an expected
occurrence. There are only three published cases
detailing surgical intervention for hyphema asso-
ciated with an IOP spike [27, 28]. The vast major-
ity are cleared by 1 week. In our experience,
visual acuities of 20/30 can be expected if the
anterior chamber is properly pressurized and
maintained as described above.

A case series of 12 patients who complained of
transient decrease in vision between 2 and 31
months following trabectome demonstrated a
spontaneous rebleed associated with a mean IOP
12 mmHg higher than the preceding visit [28].
Knape and Smith noted intraoperative hyphema
during a trabeculectomy done 11 months after a
failed trabectome surgery [57]. This led the authors
to suggest avoiding hypotony during second sur-
geries following a trabectome. In the study by
Jea et al. comparing trabeculectomy after failed
trabectome to primary trabeculectomy, there was a
higher incidence of postoperative hyphema in the
group who had a previous trabectome surgery
(20 % versus 7 %), but this difference was not
statistically significant (p=0.1) [55].

In one study, the second-most common com-
plication was formation of PAS, found in 24 % of
patients [2]. Transient postoperative IOP spikes
of at least 10 mmHg may be seen in 4 [58]—10 %
[13]. It occurred in only 6 % of a series with
1,127 cases [12]. One study examined the time
course and found that while 9 % had an IOP spike
over 10 mmHg on post-op day 1, only 2 % still
had an IOP spike at post-op day 7 [19]. One study
compared corneal endothelial cell density before
and 1 year after trabectome and showed that there
was no decrease [18]. Doing trabectome-only in
phakic eyes does not seem to have a large effect
on cataract progression. After 30 months, only 1
of 86 cataracts (1.2 %) was noted to have signifi-
cant progression [11].

Serious complications include a total of four
cases of aqueous misdirection. Details were not
given so it is not clear if chronic angle-closure,
short axial length, other risk factors were present
or if it was a combined procedure. In at least one
of the four, it was a combined phaco-trabectome
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case, and intracameral acetylcholine was used
[27]. A single choroidal hemorrhage was reported
without any further details [15]. A total of two
cases with a cyclodialysis cleft were described
but without additional details. In one of the two,
it was noted that the cleft closed spontaneously
[16]. A cyclodialysis cleft in trabectome is differ-
ent from the deep and long clefts that trauma or
surgical complications produce: [59] the tip can
slip outward into the suprachoroidal space if
undue outward pressure is applied leaving a small
channel of 1 mm that tends to close on its own.
Inadvertent traction and iris disinsertion along
the scleral spur can also occur in fragile high
myopic eyes when dragging is not noticed.

As of May 2014, no patient has been reported
to have lost two lines of Snellen visual acuity that
was directly attributed to the trabectome. Most
of the literature directly specifies that no patient
in the study lost two lines of vision. There is a
single paper that notes that 13 patients (5 %) lost
>2 lines of vision, but there is no clarification
specifying if the vision loss was related to glau-
coma or a comorbidity or whether those patients
had received combined surgery [17].

3.7 Comparison to Other

Surgeries

Unlike the iStent [60] (Glaukos, Laguna Hills,
CA), trabectome has not been compared in a
randomized trial to combined phaco-trabectome.
It is doubtful that cataract surgery has an addi-
tional IOP-lowering effect when combined with
trabectome because the effect of cataract is TM
mediated that is here partially removed allowing
to bypass the remaining TM along the nasal
periphery [45, 46]. In one study, there was no
regression of the success rate towards trabec-
tome-only over time in a prospective study [19].
Also, previous studies suggest that standalone
phacoemulsification usually only decreases the
IOP by 1.5-2 mmHg in both healthy and glau-
coma patients, even after 5 years [43]. There was
one nonrandomized study that compared 145
cases of phacoemulsification in patients without
glaucoma against 114 phaco-trabectomes [23].
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Unfortunately, the baseline IOPs were too different
(in favor of the phaco-trabectome group) to yield
convincing conclusions. From a baseline IOP of
22 mmHg, the IOP fell by 31 % at 2 years after
phaco-trabectome, while the nonglaucomatous
phacoemulsification group only fell by 12 %
from a baseline of 16 mmHg. Case matching by
baseline IOP was done for only ten of the cases.

One of the main benefits of performing trabec-
tome is that there is no bleb formation with the
perpetual increased risk of infection nor is there
any hardware left in the eye to erode or become
infected. The conjunctiva is spared in case further
surgery is needed. The main disadvantage is that
trabectome should not be relied upon when the
target IOP is in the low teens. Two studies com-
pared the trabectome to trabeculectomy with
mitomycin C but neither was randomized. The
first was a prospective study that found a 52 %
IOP decrease following trabeculectomy versus a
30 % decrease following trabectome [58]. Using
the stringent success criteria of final
I0P<21 mmHg with a 20 % IOP decrease while
avoiding hypotony and reoperation, the 12 month
success rates were statistically similar at 95 %
for trabectome and 83 % for trabeculectomy,
p=0.1. The second (retrospective) study fol-
lowed 217 patients for 2.5 years [14]. The
reported success rate of trabectome after 2 years
was only 43 % versus 76 % with trabeculectomy.
At the same time, excluding hyphema (none of
which required treatment), the complication rate
was only 4 % with trabectome versus 35 % with
trabeculectomy.

Since studies for different MIGS have different
patient populations and different indications for
surgery, the results cannot be directly compared.
None of them have been compared to any other in
a published randomized trial. To try to give some
type of comparison from the available data, the
iStent has been shown to reduce the IOP by 8 %
[60]—27 % [61] with an overall mean final IOP
of approximately 17 mmHg. In the multicenter,
randomized Tube versus Trabeculectomy Study, a
Baerveldt shunt lowered the IOP by 41 % (mean
IOP at 5 years was 14.4 mmHg) and trabeculec-
tomy by 50 % (mean IOP at 5 years was
12.6 mmHg) [62]. This compares well to other

large studies, including a national survey [63] as
well as a meta-analysis which found that trabecu-
lectomy lowered the IOP 3.8 mmHg more than
aqueous shunts [64]. MIGS are designed to be
highly standardized and should be performed sig-
nificantly safer and faster than penetrating glau-
coma surgery.

3.8 Conclusion

Trabectome-mediated AIT is a mature surgical
technique with an extensive body of experience
since 2004. On average, trabectome can be
expected to lower the IOP by approximately
36 % to a final average IOP around 16 mmHg.
Among secondary glaucomas, the most data is
available for pseudoexfoliation glaucoma which
may achieve even lower IOPs than in POAG.
Comparable results may also be achieved with
other secondary forms of glaucoma, including
inactive neovascular, uveitic, traumatic, and post-
surgical glaucoma. Trabectome as an adjunctive
step in tube shunt implantation affords an effec-
tive way of achieving even lower IOPs safely
over several months, avoiding the hypertensive
phase and reducing drop dependence beyond
regular tube shunt surgery. Vision-threatening
complications are limited to case reports at the
current time. Trabectome offers an effective and
safe option for a wide range of glaucomas.
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4.1 Introduction

Angle closure originates from appositional closure
of the drainage angle by the iris, which results in
impaired aqueous outflow. This can progress to
synechiae formation, an increase in intraocular
pressure (IOP), and eventually, glaucomatous
optic neuropathy. It is estimated that primary angle
closure glaucoma (PACG) accounts for 26 % of all
patients with glaucoma worldwide [1]. A number
of mechanisms of PACG aetiology have been pos-
tulated, and an anatomical classification has been
developed by Ritch and Lowe involving features
at different levels within the eye: the pupil, the
ciliary body (plateau iris), lens related phenomena,
and forces posterior to the lens (e.g. malignant
glaucoma) [2]. Of these, pupil block is the main
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mechanism underlying PACG. Recent work has
also identified iris volume, iris thickness, and cho-
roidal expansion as factors potentially involved in
PACG [3]. It is likely that the influence of these
coexisting mechanistic factors, possibly coupled
with physiological and dynamic factors, precipi-
tates angle closure.

Research in the past 5 years has shed new light
upon the management of PACG. The cornerstone of
treatment is first relieving pupil block and then
managing the IOP. Conventional management con-
sists of topical and systemic IOP lowering medica-
tions, usually followed by laser peripheral iridotomy
(LPI), with laser iridoplasty advocated for situa-
tions where there is a plateau iris configuration.
Surgical management of PACG, in the form or cata-
ract surgery, coupled with angle manipulation or
filtration surgery, has been suggested as an alterna-
tive management strategy and may potentially offer
advantages over the conventional approach.

In this chapter, we discuss the evidence for lens
extraction in PACG, and follow this with aspects of
preoperative counselling, surgical techniques, and
suggestions for post-operative management.

4.2 Pathophysiology

The lens has long been thought to play a mechani-
cal role in angle closure, and recent studies using
imaging modalities such as anterior segment opti-
cal coherence tomography (AS-OCT) and ultra-
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sound biomicroscopy (UBM) have demonstrated
that spherophakic, swollen, or subluxed crystal-
line lenses may cause, or be a consequence of,
angle closure glaucoma [4] (Fig. 4.1). Whilst an
association between angle closure glaucoma and
shallower anterior chamber depth and increased
lens thickness has been established [5], more
recently AS-OCT parameters such as lens vault
(LV), the proportion of the lens anterior to the
scleral spurs has been found to be a significant
factor as well [6] (Fig. 4.2).

4.3 Reasons for Lens Extraction
in Angle Closure Glaucoma
4.3.1 Evidence for Lens Extraction

Anatomical risk factors associated with PACG
are primarily due to a crowded anterior chamber
with iridotrabecular contact. Both can be relieved

Fig. 4.1 AS-OCT demonstrating a subluxed crystalline
lens causing angle closure

Fig.4.2
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by lens extraction. A number of studies have
advocated lens extraction in PACG, with the pri-
mary outcome measure being a sustained reduc-
tion in IOP. It has been postulated that the anterior
chamber shallows with age due to an increase in
lens thickness [7]. Consequently, deepening of
the anterior chamber achieved by lens extraction
may improve aqueous access to the angle, and
therefore reduce the IOP [7] (Figs. 4.3a, b). Weak
evidence exists as to whether patients without
glaucoma receiving cataract surgery achieve any
reduction in IOP. One study of 93 patients found
an average of 1.5 mm reduction at 3 years [7].
IOP reductions of between 2—6 mmHg have been
described following lens extraction in PACG
eyes [8—11], notably greater in PACG compared
to POAG eyes [12].

A recent randomized, controlled trial evalu-
ated laser peripheral iridotomy (LPI) versus lens
extraction in patients with acute primary angle
closure (APAC), following emergency medical
management to lower the IOP. Compared to the
LPI group, the group receiving phacoemulsifi-
cation demonstrated a greater IOP fall.
Furthermore, when performed within 1 week of
an acute angle closure attack, phacoemulsifica-
tion was associated with reduced failure of IOP
control at 2 years when compared to LPI [13]. A
study performed by Lam et al. randomized 62
eyes to LPI or phaco/IOL after medical control
of APAC and demonstrated a mean IOP of
12.6 mmHg in the phaco group versus
15.0 mmHg in the LPI group, after 18 months of
follow-up [14].

Lens vault

AS-OCT depicting anterior lens vault which may contribute to angle crowding
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Fig.4.3 (a) AS-OCT before phacoemulsification surgery
showing a shallow anterior chamber and angle closure
due to the presence of a cataract with large lens vault.

Whilst conventional LPI may open the drainage
angle and reduce the IOP initially in APAC, a
retrospective review of 65 subjects who had LPI
followed up for 5 years revealed that 100 %
required medications and 63 % surgery to lower
the IOP [15]. Important mechanistic aspects of
ACG, such as pupil block are relieved by lens
extraction, reducing the risk of CACG. A case
series of 21 eyes reported a 19 % reduction in
PAS greater than 270° [16] and another purported
that the degree of lens vault may be a positive
predictor for IOP reduction and degree of angle
widening following surgery [17].

Tham et al. [18, 19] performed two randomized
studies comparing phacoemulsification alone to
combined phaco-trabeculectomy in medically
controlled and uncontrolled chronic PACG.

(b) AS-OCT of the same patient as in Fig. 4.3a after
phacoemulsification surgery showing deepened anterior
chamber with open angles

They assessed a number of factors including IOP
control, post-operative complications, and the
number of glaucoma drops. Combined phaco-
trabeculectomy was associated with greater com-
plications, with some necessitating additional
surgery. The difference in glaucoma progression
was not significant in both groups [19].
Interestingly improved IOP control in the phaco-
trabeculectomy group was only marginal when
compared to the phacoemulsification group across
the 24 months of the study.

Whilst combined phaco-trabeculectomy sur-
gery does offer a small benefit in terms of IOP
control, there is little evidence to suggest that this
improvement is associated with better long-term
outcomes in terms of visual field progression.
Therefore, primary lens extraction may be a
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viable option in the management of angle closure
glaucoma. In many circumstances, lens extrac-
tion may suffice for glaucoma control—only
2.9 % of patients with controlled PACG versus
14.8 % in uncontrolled PACG receiving lens
extraction alone went on to require a trabeculec-
tomy [18, 19].

4.3.2 Additional Considerations
for Cataract Surgery in PACG

The patient pathway for conventional phacoemul-
sification surgery is well established. With infre-
quent post-operative visits compared to glaucoma
filtration surgery, this option may appear more
attractive to patients, particularly when the nature,
demographics, and geographical setup of the clini-
cal setting are considered. In a scenario where
frequent and long-term patient follow-up may
be difficult, the option of lens extraction may be
favoured above other treatment modalities.

Furthermore, fluctuations in visual perfor-
mance tend to be less frequent following cataract
surgery when compared to glaucoma surgery, the
latter often resulting in variations in IOP and
blurred vision, which can persist for several
weeks. Ocular surface discomfort and inflamma-
tion is less pronounced following phacoemulsifi-
cation surgery [20], and studies have demonstrated
improved patient satisfaction following this pro-
cedure [20, 21]. Glaucoma filtration surgery can
potentially expose patients to long-term risks,
including blebitis and bleb-related endophthal-
mitis which are circumvented by the choice of
cataract surgery.

4.3.3 Combined Procedures

4.3.3.1 Lens Extraction
with Goniosynechialysis/
Viscogonioplasty
Whilst cataract surgery alone may deepen the
anterior chamber and open the drainage angle, its
effect on the presence of significant peripheral
anterior synechiae (PAS) may be limited. PAS
formation has been shown to occur even with the
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presence of a patent PI [22]. In recent years, fur-
ther evidence has emerged to incorporate gonio-
synechialysis (GSL) with cataract surgery [23].
In this procedure, PAS are stripped manually
under gonioscopic view. This can be performed
either directly, using a blunt spatula, or via the
application of viscoelastic (also known as visco-
gonioplasty, VGP), delicately avoiding potential
complications such as bleeding, iridodialysis,
and fibrinous uveitis. GSL is thought to be most
effective in patients where PAS has been present
for less than 6-12 months [24].

Whilst the results of randomized controlled
trials are awaited, there was a recent cohort study
of 51 eyes (17 with APAC and 34 with chronic
angle closure glaucoma) that underwent phaco-
emulsification surgery and GSL. At an average of
25 months follow-up, the mean IOP dropped by
an average of 9.67 mmHg for both groups. The
average number of medications used fell from
2.51 preoperatively to 0.67 post-operatively [25].
The GSL technique can contribute to deepening
the anterior chamber angle [25]. Two retrospec-
tive case series have described the IOP effect of
phaco-VGP. Varma et al. described, in 15 eyes of
patients with refractory PACG, a mean IOP
reduction from 27.4 mmHg (on medication) to
14.1 mmHg (off all medications in 14/15 eyes) at
6 months [26]. Another study, in 2008, of 11
patients (11 eyes) with PACG (all of whom had
refractory control despite patent LPI) showed a
reduction in IOP from 39.4 mmHg preoperatively
to a mean of 13.4 mmHg after phaco-VGP at 7.8
months follow-up [27]. Intraoperative complica-
tions such as haemorrhage and iridocyclodialy-
sis, previously described with GSL, were not
observed in this series.

4.3.3.2 Phaco-Trabeculectomy

A combination of phacoemulsification surgery
with trabeculectomy surgery with mitomycin-C
should be considered in patients with cataract
and advanced PACG or those with glaucomatous
progression, with suboptimal IOP control, or
those with extensive PAS. One benefit of this
approach is that, in most cases, this will result in
one visit to the operating room. However, trab-
eculectomy function may be compromised if
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cataract surgery is complicated at the same sitting.
Post-operative “spikes” in IOP are generally
avoided with the combined procedure, and this
may be advantageous particularly in advanced
glaucoma to reduce the risk of “wipe out”. Tham
et al. [19] have demonstrated lower mean 10OP
and medication use after phaco-trabeculectomy
compared to phacoemulsification alone in medi-
cally uncontrolled CACG patients. However, the
IOP findings were only significant at a few time
points, and the increase in post-operative compli-
cations in the trabeculectomy group were due to
the trabeculectomy part of the procedure [18].
Currently, the long-term results of phacoemulsi-
fication alone versus phaco-trabeculectomy are
not known.

4.3.4 TheTiming of Lens Extraction

Controversy surrounds the optimal timing of lens
extraction in both acute and chronic PACG. Whilst
some surgeons suggest primary lens extraction
days after the resolution of the acute angle closure
episode, surgery may be technically less challeng-
ing and safer once the corneal clarity and intraocu-
lar inflammation have settled after a few weeks. A
study by Imaizumi on 18 eyes undergoing cataract
surgery within 1 day of medical control of APAC
demonstrated no difference in the endothelial cell
count compared to a control group of conventional
phacoemulsification in normal eyes [11]. Whilst
the largest IOP reductions have been observed in
medically uncontrolled APAC eyes undergoing
phacoemulsification [28], Jacobi et al. demon-
strated significantly better IOP control and
reduced use of ocular hypotensive medications,
at 10 months follow-up, in patients receiving
phacoemulsification surgery within 4 days of
APAC versus conventional surgical iridectomy
[29]. Improved long-term results may be best if
surgery is performed before PAS has had a chance
to fully form. However, in cases where access to
surgery is limited, preparative LPI may be a more
viable option.

It has been suggested that 50 % of PACG
patients are likely to go on and develop cata-
racts due to ageing and the effects of glaucoma
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treatment, and the latter in fact may accelerate
cataract progression [30]. However, by the time
the cataracts have formed, glaucoma progression
may be severe and irreversible. Higher rates of
posterior capsule rupture have been associated
with dense cataracts, suggesting surgeons may
wish to intervene before this stage [31].

The exact timing of intervention will involve
planning between the surgeon and patient.
A detailed ocular examination, patient demo-
graphics, assessing visual symptoms, angle mor-
phology (with the degree of appositional and
synechial closure), along with IOP, and impor-
tantly, the rate of glaucoma progression, should
determine when to consider phacoemulsification.
In the presence of mild glaucoma and minimal
PAS, phacoemulsification alone is preferred,
whereas if extensive and relatively recent PAS is
present, cataract surgery may be augmented by
GSL or VGP. A cataract/filtration procedure
(phaco-trabeculectomy) can be reserved for
advanced glaucoma cases in which greater IOP
lowering may be required.

4.4  Preparing for Surgery

4.4.1 Cataract Extraction in Angle
Closure Glaucoma: Potential
Risks

Phacoemulsification is not without its risks:
Johnston et al. published an overall posterior cap-
sule rupture rate of 1.92 % in the UK national
cataract database of 55,297 cataract operations
[32]. The risk of endophthalmitis varies between
0.014 and 0.048 % [33]. Risks associated with
surgery may correlate with extreme refractive
status, with a higher rate of complications associ-
ated with higher ametropia. Lens subluxation
may be a precipitating factor for angle closure
glaucoma in high myopes, whereas shallow ante-
rior chamber depth may be a causative factor in
high hyperopes.

Lens extraction in cases of angle closure
glaucoma presents potential additional factors to
consider aside from routine phacoemulsification
surgery. Significant post-operative complications
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have been reported. Technically, lens extraction
post APAC may pose challenges involving a mid-
dilated pupil. Iris atrophy and atonicity may
increase the risk of iris prolapse, trauma, and
bleeding. The eye itself may still be inflamed and
the corneal clarity compromised, therefore obscur-
ing the view. With APAC, inflammation may lead
to zonular weakness and lens instability [13]. This
may have secondary effects upon fluidic manage-
ment and anterior chamber stability. In PACG, the
lens itself may be bulky and cataractous, increas-
ing the risk of sudden drop in IOP upon removal,
and subsequent risk of suprachoroidal haemor-
rhage. Furthermore, the presence of a shallow
anterior chamber may exacerbate endothelial
damage, retard visual recovery, and occasionally
lead to corneal decompensation. Additional risks
in these PACG eyes include malignant glaucoma
and post-operative IOP elevation, as well as pro-
longed post-operative inflammation [9]. Via risk
stratification, these cases are therefore best
reserved for more experienced surgeons.

In recent times, straightforward cataract sur-
gery has received positive media coverage.
However, the nuances and specific complications
of lens extraction after APAC need to be carefully
detailed to the patient and family members, to
prevent potential medico-legal ramifications.
Specifically, the patient may be required to mod-
ify their IOP medication regimen, use systemic
medications, and be warned about the rare possi-
bility of further procedures should the IOP
become uncontrollable.

4.4.2 Lens Selection

Patients should be especially involved in the
decision of lens selection. Some patients with
angle closure may be of pre-presbyopic age and
therefore should be warned of the potential loss
of accommodation post-surgery and the possibil-
ity of spectacle dependence. Careful assessment
involving focimetric analysis and manifest
refraction should be performed, with a clear plan
regarding the fellow eye also discussed. Patients
need to be made aware of potential anisometropic
symptoms and the possible commitment to sec-
ond eye surgery.
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4.4.3 Biometry Considerations

Myopic eyes with angle closure may have an
elongated vitreous cavity in comparison to the
anterior chamber depth, and this may result in
inaccurate IOL calculations [24]. Furthermore,
the subject of effective lens position (ELP) in
cases of phacoemulsification post APAC has been
subject to debate. It may be possible that the IOL
actually moves anteriorly as the capsule contracts
and fibroses, with subsequent effects upon IOL
calculation. The Holladay IOL Consultant (Jack
T. Holladay, Houston, Tex) is commonly used to
optimize outcomes as the formula includes ante-
rior chamber depth and corneal diameter mea-
surements in the IOL calculation.

4,5 Surgical Technique

4.5.1 Choice of Anaesthesia

Ocular features that are likely to make surgery
more challenging such as a small pupil, large
bulky cataract, and reduced corneal clarity along
with the presence of corneal guttata should be
considered. Prior to surgery, the use of preopera-
tive mannitol to shrink vitreous volume, or acet-
azolamide to reduce aqueous production, may be
used. A detailed medical history should be avail-
able to prevent inadvertent use of these medica-
tions and subsequent cardiac, renal, or other
systemic complications. Local anaesthetic, using
topical and/or intracameral anaesthesia may be
the first choice, as anterior sub-tenons or peribul-
bar block may increase orbital pressure. However,
peribulbar anaesthesia may be more appropriate if
the surgical time is likely to be extended, as this
should reduce risk. The conversion of anaesthetic
during surgery should be avoided, where possible,
as this may exacerbate patient anxiety.

4.,5.2 Anterior Chamber
Management

Generally in eyes with angle closure, the anterior
chamber is likely to be shallow, with little room
for manoeuvering instruments. A small but long
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side-port incision may be used first along with a
highly retentive cohesive viscoelastic. Some sur-
geons may prefer DiscoVisc (Alcon, Fort Worth,
Tex) and Healon GV or 5 (Advanced Medical
Optics, Santa Ana, Calif) when AC stability and
adequate pupil size is difficult to maintain.
Protection of the corneal endothelium is of para-
mount importance, particularly as some patients
with narrow angles may have coexisting corneal
guttata or endothelial compromise, which may
be exacerbated by the proximity to phacoemulsi-
fication and contact with lens fragments and
instruments.

4,5.3 Surgical Steps

Due to the risk of iris prolapse, a three-step
corneal incision should be considered. Any fur-
ther sideport incision should be angled to prevent
iris movement to the wound. The surgeon should
be constantly aware of iris behaviour during sur-
gery. In the case of iris movement, further visco-
elastic can be used to tamponade the iris and
prevent it from prolapsing. Failing this, the
wound can be sutured and a new corneal main
wound constructed.

The surgeon should anticipate any radial
extension of the continuous curvilinear capsulor-
rhexis (CCC) usually precipitated by a shallow-
ing of the AC. If this occurs, the capsulorrhexis
should be temporarily aborted and the anterior
chamber filled with viscoelastic. If the CCC con-
tinues to extend outwards despite a rescue tech-
nique, a second instrument may be placed on the
lens to depress it. This will reduce the tendency
for it to tear out and allow the capsulorrhexis to
be completed.

Hydrodissection should be performed with
caution, to prevent inadvertent posterior capsule
blowout in the presence of a small
CCC. Furthermore, excessive hydrodissection
should be avoided which can cause iris prolapse
via a rapid increase in anterior chamber pressure.
Gentle pressure on the posterior edge of the
wounds can release viscoelastic in a controlled
manner, decompressing the anterior chamber and
permitting safe hydrodissection. A “phaco-chop”
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or “stop and chop” technique is preferred, as this
will result in lower overall energy and risk of
endothelial cell loss, as well as minimize zonular
stress. A continuous irrigation setting may help to
provide further anterior chamber stability during
this step and subsequent soft lens matter removal.
Furthermore, the surgeon should be aware of
aqueous misdirection and sudden changes in
anterior chamber volume at all times.

Following soft lens matter removal and intra-
ocular lens insertion, the surgeon should exam-
ine the anterior chamber for stability, and inspect
the wounds for signs of a leak. Temporary 10-0
nylon sutures can be placed if a wound leak is
suspected, and these can be removed after 4—6
weeks. Post-operatively, oral acetazolamide mit-
igates against transient IOP spikes, and close
follow-up should be organized within the first
week.

46 Conclusion

Increasing evidence suggests that lens extraction
may be of benefit in cases of angle closure glau-
coma, improving IOP control over the medium to
long term, and thereby slowing glaucoma pro-
gression. However, detailed clinical evaluation is
required to determine optimal surgical timing, in
order to balance patient benefit with surgical risk
and delay resulting in irreversible glaucomatous
damage. In advanced cases of PACG, lens extrac-
tion may be combined with trabeculectomy.
Patients need to be informed of the risks and ben-
efits of lens extraction, with careful counselling.
Furthermore, the surgical steps described should
be considered to reduce the risk of complications,
and ensure an optimal outcome.
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Gonioscopy Assisted Transluminal
Trabeculotomy (GATT)

for the Treatment of Adult

and Developmental Glaucomas

Davinder S. Grover and Ronald L. Fellman

5.1 Introduction

Lowering intraocular pressure (IOP) is the main-
stay treatment option for preventing blindness
due to glaucoma. Most commonly, this is accom-
plished with either medical and/or laser therapy.
However, when the above modalities fail to con-
trol the disease, incisional surgery, a far more
complicated process is necessary.

Historically, when incisional surgery is neces-
sary, an alternative non-physiologic subconjunc-
tival drainage space was created by the flow of
aqueous though a guarded limbal fistula, or trab-
eculectomy. This labor-intensive procedure was
the most common incisional surgery for failed
medical/laser therapy. Trabeculectomy is a
demanding procedure that requires intensive
postoperative care. It remains a trying experience
for both patients and physicians due to variability
in wound healing and the long-term bleb vigi-
lance for dysesthesia and blebitis.

Electronic supplementary material The online version
of this chapter (doi:10.1007/978-3-319-18060-1_5)
contains supplementary material, which is available to
authorized users.

D.S. Grover, M.D., M.P.H. (<) ¢ R.L. Fellman, M.D.
Glaucoma Associates of Texas, Dallas, TX, USA
e-mail: dgrover@glaucomaassociates.com;
rfellman@glaucomaassociates.com

© Springer International Publishing Switzerland 2015
A.A. Aref, R. Varma (eds.), Advanced Glaucoma Surgery,

Glaucoma drainage tubes are the other main-
stay for non-physiologic surgical glaucoma man-
agement. Recent studies have provided more
insight into their safety and efficacy [1-3]. While
more and more surgeons are depending on glau-
coma drainage tubes, they are not without risk.
Following these surgeries, the patient is at risk
for double vision, tube erosion, corneal failure,
and/or poor IOP control.

Seeking a safer more predictable alternative,
ophthalmologists are turning to simpler bleb-
less procedures that reduce complications by
improving flow into the eye’s natural collector
channels, commonly termed microinvasive glau-
coma surgery (MIGS). These procedures enhance
flow into the eye’s natural collector channels
instead of creating an artificial drain (bleb) that
abandons the existing natural physiologic out-
flow channels (Fig. 5.1). Figure 5.2 outlines the
general approach the authors follow when evalu-
ating surgical glaucoma patients.

Trabeculotomy, a time honored bleb-less
angle procedure, reduces IOP by increasing flow
into the natural outflow pathway. It cleaves open
a diseased glaucomatous outflow system and
improves aqueous flow into Schlemm’s canal and
adjacent collector channels, thereby avoiding an
artificial bleb drainage system. Trabeculotomy
has evolved over the past 50 years from an ab
externo metal segmental trabeculotome approach
to a minimally invasive gonioscopy assisted ab
interno microcatheter (iTrack, Ellex Medical

a
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Fig. 5.1 Artificial subconjunctival drainage (trabeculec-
tomy) versus physiologic canal-based collector channel
outflow. (a) During trabeculectomy, a segment of tissue is
removed at the limbus, creating a sclerostomy site (arrow).
(b) This creates a pathway for aqueous to exit underneath
the sclera (false passageway) into the subconjunctival
space, creating a non-physiologic outflow pathway, seen as

a bleb. (c) Improvement in physiologic outflow.
Appearance of episcleral veins (black arrow) 1 week post-

Lasers, Ltd.) circumferential approach [4-9]. In
this chapter, the authors describe the Gonioscopy
Assisted Transluminal Trabeculotomy (GATT)
procedure, an ab interno suture-less circumferen-
tial MIGS for the treatment of adult and develop-
mental open angle glaucomas [10].

5.2  Preoperative Evaluation

Prior to considering a GATT surgery, one must
evaluate the drainage angle using a gonioprism
preoperatively. The patient must not only have an
open angle with identifiable landmarks but the
angle must also be free of extensive peripheral
anterior synechiae (PAS) or neovascularization,

canal-based surgery, IOP 12 mmHg. (d) When the patient
looks slightly up, the IOP increases, forcing aqueous into
recently cleaved open Schlemm’s canal and out the adja-
cent veins causing a transient laminar washout of venous
blood (white arrows). The black and white arrows are
located in the same episcleral positions. This is similar to
the phenomena of laminar flow in aqueous veins as
described by Goldmann and Ascher

as this may result in extensive bleeding and
inflammation and thus surgical failure. The cor-
nea must also be sufficiently clear to allow for a
proper view intraoperatively. If the patient has an
unstable intraocular lens (IOL), one should con-
sider an alternative surgery as the GATT surgery
requires a moderate amount of intraocular
manipulation.

5.3  Surgical Procedure

After a standard sterile preparation, the surgical
eye is draped and an open wire nasal lid specu-
lum inserted to hold the eyelids open. A 23-gauge
needle paracentesis track, oriented tangentially, is
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Fig. 5.2 Glaucoma surgery algorithm for physiologic
restoration of outflow. It is no longer necessary to filter
every glaucoma patient; the surgeon and patient now have
the option to enhance flow into the patient’s natural drain-
age system. Surgeons with experience in filtration and
tube surgery along with canal-based techniques have
greater options in order to tailor the surgery to the patient’s

placed in either the supero-nasal or infero-nasal
quadrant (Fig. 5.3a). This initial track serves as
the entry site for the microcatheter or suture.
A viscoelastic (sodium hyaluronate) is injected
into the anterior chamber through this site. A tem-
poral paracentesis is created (Fig. 5.3b). A suture
(the authors prefer a 4.0 or 5.0 nylon suture, how-
ever, others prefer a 6.0 polypropylene suture)
with a blunted tip or the microcatheter (iTrack,
Ellex) is inserted into the anterior chamber
through the entry site with the tip resting in the
nasal angle (Fig. 5.3c). The microscope and the
patient’s head are then oriented to allow proper
visualization of the nasal angle with a Swan-
Jacob goniolens. A 1-2 mm goniotomy of the
anterior trabecular meshwork is created in the
nasal angle with a microsurgical blade through
the temporal site (Fig. 5.3d). Typically, upon
decompression of the eye, blood will reflux into
the canal, allowing for improved identification of
angle structures. Microsurgical forceps are then

specific needs. In general, patients with earlier disease
who have less damage to their natural collectors are good
candidates for MIGS, while patients with advanced dis-
ease whose collectors are atrophic are better candidates
for creation of a new drainage system as in filtration or
tube shunt surgery. **indicates non-FDA approved
devices/procedures

introduced through the temporal site and used to
grasp the microcatheter or suture within the ante-
rior chamber. The distal tip of the microcatheter
is then inserted into Schlemm’s canal at the goni-
otomy incision (Fig. 5.3e). Within the anterior
chamber, the microsurgical forceps are used to
advance the catheter through the canal circumfer-
entially 360°. Viscoelastic is reinserted as needed
to keep a clear medium for optimal viewing.
When using a microcatheter, the surgeon can
visco-dilate the canal as the catheter is being
passed as this may improve outcomes. If this is
performed, one must keep the catheter moving
for if the catheter stops, a Descemets detachment
can occur. The progress of the microcatheter is
noted by observing the illuminated tip. When a
suture is used, the progress of the suture can be
appreciated through use of a gonioprism. Upon
retrieving the distal tip, after the catheter has
passed 360° around the canal, the catheter tip is
externalized from the temporal corneal incision
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Fig.5.3 GATT procedure. (a) tangential nasal paracente-
sis is made with a 23 gauge needle followed by miochol
and viscoelastic. (b) A larger temporal paracentesis is
fashioned with a 15° blade; this site will accommodate
entry for the microsurgical graspers. (¢) The iTrack cath-
eter is inserted into the anterior chamber. The distal tip
rests above the iris in the nasal angle and the proximal
portion is secured to the nearby drape for directional sta-
bility. (d) After appropriate tilting of the microscope and
patient’s head, the angle is viewed through the Swan-
Jacob goniolens. An MVR blade is used to create a
1-2 mm goniotomy for access to the canal. Expose the
canal as seen in the photo. (e) Insert the microcatheter into

creating the first half of the 360° trabeculotomy
(Fig. 5.3f). Then, traction is placed on the proxi-
mal aspect of the catheter, thus completing the
360° ab interno trabeculotomy (Fig. 5.3g).
Intraoperative inspection of the anterior chamber
angle immediately after performance of the tra-
beculotomy often reveals discrete areas of blood
reflux from adjacent collector channels (Fig. 5.3h).
The viscoelastic is then removed from the anterior
chamber by a two-handed irrigation aspiration

the canal while visualizing the course of the illuminated
tip. (f) Advance the tip for 360°, then retrieve the illumi-
nated tip from the angle, pulling it towards and out the
temporal paracentesis site. This initiates the circumferen-
tial trabeculotomy. (g) Stabilize the distal tip of the micro-
catheter as it exits from the temporal incision and pull the
proximal portion of the catheter to complete the trabecu-
lotomy. (h) Intraoperative goniophotograph of angle
immediately after trabeculotomy demonstrating an
opened canal with blood reflux from adjacent collectors.
At the end of the procedure, after AC washout, the wounds
are hydrated with BSS until watertight

system in order to wash the anterior chamber of
blood. Near the end of the procedure, a 25 %
anterior chamber fill with viscoelastic can be
instilled to help tamponade bleeding from the
canal. This may decrease the chance of a signifi-
cant postoperative hyphema. The wounds are
hydrated and checked to ensure a watertight
closure. Postoperative steroid (sub-conjunctival
or intracameral) and antibiotic drops are given
per the surgeon’s discretion.
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Fig.5.3 (continued)

In certain cases, the suture or microcatheter
cannot be passed 360° in one direction and stops
at around 180-270°. In these limited trabeculot-
omy cases, create a new paracentesis site in order
to better access the termination of the catheter or
suture tip. Perform the goniotomy directly over
the site where the probe stopped and retrieve the
distal end from this location cleaving the cannu-
lated part of the canal. A suture/microcatheter
can then be passed in the opposite direction
through an additional 23-gauge needle incision
thus completing a 360° trabeculotomy.

5.4 Intraoperative Evaluation
During the irrigation/aspiration portion of this
surgery, one can often appreciate an episcleral
venous fluid wave [11]. The authors feel this is
intraoperative evidence and confirmation of an
intact collector system and is correlated with
postoperative IOP control.

5.5 Postoperative Evaluation

and Care

After surgery, all patients should be given topical
broad-spectrum antibiotics and topical steroids.
Pilocarpine can be used in the immediate postop-
erative period if the IOP is >15 mmHg; this may
help keep the trabecular shelf open. The topical
antibiotics should be stopped at postoperative
week 1. The topical steroids (prednisolone acetate
1 %) should be tapered over 1-2 months, depend-
ing on the inflammation. Topical nonsteroidal
anti-inflammatory (NSAID) drops can be used in
addition to steroids to help control inflammation.
Patients sometime have an IOP spike due to topi-
cal steroids. In these situations, the authors have
used NSAIDS to control inflammation while rap-
idly tapering topical steroid drops. The patient’s
IOP should be treated during the postoperative
period per the surgeons’ discretion however,
usually once steroid drops are eliminated, the IOP
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Fig. 5.4 Angle goniophotograph post-trabeculotomy.
(a) Trabecular shelf. When the angle is successfully
cleaved open, a large trabecular leaflet of tissue, termed
the trabecular shelf, extends well over the iris. This is eas-
ily and consistently seen on gonioscopy within the supe-
rior angle. Filamentary cleavage of the canal creates this
type of opening because the vector forces during cleavage
of the suture or iTrack preferentially open first at
Schwalbe’s line. The large posterior leaflet then protrudes

will decrease. Typically, patients are seen on
postoperative day 1, week 1, and then 2-3 weeks
later. Afterwards, patients are then followed a
month or two after and then every 3 months for a
few visits before scheduling them out to every 6
months. Gonioscopy should be performed around
the 1 month visit and then regularly afterwards to
ensure that the trabecular shelf remains open and
free of PAS (Fig. 5.4).

5.6 Outcomes

Several authors have reported on the success
rates of circumferential ab externo trabeculotomy
in various adult open angle glaucomas as well as
pediatric glaucomas. Ikeda et al. reported nearly
a 90 % success rate with a mean follow-up of 9.5
years, in patients diagnosed with developmental
glaucoma that were treated with an ab externo
trabeculotomy [12]. Similarly, Tanihara reported
success rates in patients with primary open angle
glaucoma (POAG) and pseudoexfoliation glau-
coma (PXF) of 76.4 % and 83.6 %, respectively,
at 1 year. After 5 years, the success rates dropped
to 58 % and 73.5 % in POAG and PXF patients,

over the iris and may attach to it, keeping the canal open.
(b) Blood in angle post-trabeculotomy. Blood may be
seen at various stages of healing in the angle post-trabec-
ulotomy. Some of the blood appears to be in Schlemm’s
canal as expected. However, other vessels may represent
undesirable or excessive scarring (wound healing) in the
canal. At this time, our knowledge of wound healing in
the canal after trabeculotomy is limited

respectively [13]. Of note, there was substantial
loss to follow up after 5 years in this study.
Additionally, the success rates for trabeculec-
tomy were similar to those reported at 5 years
with the Tube versus Trabeculectomy (TVT)
study [3]. Other authors have reported better
long-term results. For example, Iwao et al.
reported compared ab externo trabeculotomy
with trabeculectomy in patients diagnosed with
steroid-induced glaucoma [14]. These authors
demonstrated that after 3 years, the trabeculot-
omy group had a success rate of 78.1 % versus
55.8 % in the trabeculectomy group.
Preliminary results with the GATT procedure
are very similar (if not better) than the previ-
ously published results for ab externo trabecu-
lotomy. The authors reviewed all cases that
underwent a GATT surgery with at least 6
months of follow up (unpublished data). This
study included 203 eyes of 177 patients, 66 %
Caucasian, with an average age of 64.5 years, all
of whom underwent the GATT procedure. The
analysis was divided between a high pressure
group (preoperative IOP> 18 mmHg) and a low
pressure group (preoperative IOP<18 mmHg).
The “high pressure” group (n=159 eyes) had a
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preoperative IOP averaging 26.7+7.8 mmHg on
3.2+1.1 medications. In eyes with >6 months
follow-up (n=92 eyes), the mean IOP was
reduced to 14.8 £5.6 mmHg on an average of 1.4
medications (p<0.001). By 1 year, the cumula-
tive proportion failing was 34.8 %. The “low
pressure” group (n=44 eyes) had a preoperative
IOP averaging 15.3+2.1 mmHg on 2.6+1.1
medications. In eyes with >6 months follow-up,
the mean IOP was reduced to 13.5+3.5 mmHg
on 0.7+.8 medications (p=0.010). Overall, 38
of 203 eyes (18.7 %) were considered treatment
failures, with 16 of the 38 eyes requiring further
glaucoma surgery.

Grover et al. published on the initial results in
POAG and secondary open angle glaucoma
patients [10]. The group of patients was the same
as the group reported above; however, the data
was reported differently. Only one eye per patient
was included (randomly selected). If an eye had a
complication or failure from the surgery, they
were also included in the study. This analysis
strategy allowed for a more conservative approach
to outcomes data analysis. Using this analysis, 85
patients with an age range of 24 to 88 years
underwent GATT with at least 6 months of fol-
low-up. In the 57 patients with POAG, the IOP
decreased by an average of 7.7 mmHg [(SD,

6.2 mmHg) or 30.0 % (SD, 22.7 %)] with an
average decrease in glaucoma medications of 0.9
(SD, 1.3) at 6 months. In this group, the IOP
decreased by 11.1 mmHg (SD, 6.1 mmHg;
39.8 % [SD, 16.0 %]) with 1.1 fewer glaucoma
medications at 12 months. In the secondary glau-
coma group of 28 patients, IOP decreased by
17.2 mmHg (SD, 10.8 mmHg; 52.7 % [SD,
15.8 %]) with an average of 2.2 fewer glaucoma
medications at 6 months. In this group, the IOP
decreased by 19.9 mmHg (SD, 10.2 mmHg;
56.8 % [SD, 17.4 %]) with an average of 1.9
fewer medications (SD, 2.1) at 12 months. Failure
was defined as postoperative IOP >21 mmHg
and/or a drop in IOP <20 % or need for further
glaucoma surgery. Using this definition, treat-
ment was considered to have failed in 9 % (8/85)
of patients because of the need for further glau-
coma surgery. The cumulative proportion of fail-
ure at 1 year ranged from 0.1 to 0.32, depending
on the group. Lens status or concurrent cataract
surgery did not have a statistically significant
effect on IOP in eyes that underwent GATT at
either 6 or 12 months (P>0.35). The most com-
mon complication was transient hyphema, seen
in 30 % of patients at the 1-week visit.

Table 5.1 describes the study groups, includ-
ing number of eyes per group, mean age, gender,

Table 5.1 Demographic information separated by specific study groups

POAG, POAG, POAG, prior CE, | Other glaucoma, Other glaucoma,
GATT only | GATT+CE GATT only GATT only GATT+CE

N eyes (patients) |32 (29) 21(17) 18 (17) 19 (18) 16 (15)

Age, Mean (SD) |58.8 (10.2) |74.4(7.1) [60-86] |77.2 (6.6) [67-88] |47.8 (14.7) [24-68] | 69.8 (14.5) [58-87]

[range] [36-83]

N (%)

Diagnosis

POAG 32 (100 %) |21 (100 %) 18 (100 %) 2 (11 %) 3 (19 %)

CACG 4 (21 %) 9 (56 %)

PXF 4 (21 %) 0

Pigmentary 4 (21 %) 1(6 %)

Uveitic/Infl 1(5 %) 1(6 %)

MMech 0 2 (13 %)

Other OAG 2 (11 %) 0

Trauma steroid 2 (11 %) 0

POAG Primary Open Angle Glaucoma, GATT Gonioscopy Assisted Transluminal Trabeculotomy, CE Cataract
Extraction with Intraocular lens implantation, SD Standard Deviation, CACG Chronic Angle Closure Glaucoma, PXF
Pseudoexfoliation Glaucoma, Infl Inflammatory, MMech Mixed Mechanism, OAG Open Angle Glaucoma
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Table 5.2 Efficacy data for all patients in the study, separated by different groups

POAG, GATT POAG, POAG, prior Other glaucoma, | Other glaucoma,
only GATT+CE CE, GATT only | GATT only GATT+CE
(N=25) (N=16) (N=16) (N=17) (N=11)
Months followed, | 11.4 (3.3) [6,17] 9.2 (2.4) [6, 15] | 10.7 (3.9) [6, 17] | 12.4 (3.5) [6, 18] | 10.5 (2.1) [7, 14]
Mean (SD) [range]
N (%) patients 3(12 %) 0 2 (13 %) 2 (12 %) 109 %)
requiring f}lrther 7 weeks 7.6 months 2 weeks 4.2 months
IOP-lowering 5.8 months 8.9 months 4.1 months
surgery
6.2 months
N (%) of patients at follow-up visit*
3 months 24 (96 %) 16 (100 %) 16 (100 %) 16 (94 %) 11 (100 %)
6 months 24 (96 %) 16 (100 %) 16 (100 %) 15 (88 %) 10 91 %)
12 months 12 (48 %) 4(25 %) 531 %) 10 (59 %) 5 (45 %)
IOP, mean (SD)
Preoperative 25.6 (6.1) 23.9(7.2) 23.8 (5.1) 31.8 (11.5) 27.6 (8.0)
Mo 3 16.8 (3.5) 12.5 (1.8) 16.8 (2.6) 14.2 (5.9) 15.1(5.1)
Mo 6 18.5 (7.1) 16.9 (10.5) 17.4 (5.2) 13.6 (5.2) 13.4 (3.6)
Mo 12 15.7 (4.5) 15.5(1.7) 16.2 (4.4) 12.4 (3.4) 13.8 (2.2)
Postoperative IOP >21 mmHg
Mo 3 2 (8 %) 0 1(8 %) 2 (13 %) 2 (18 %)
Mo 6 5 (28 %) 1 (13 %) 3 (30 %) 1 (10 %) 0
Mo 12 18 %) 0 0 0 0
Postoperative IOP >18 mmHg
Mo 3 6 (25 %) 0 2 (15 %) 3 (20 %) 2 (18 %)
Mo 6 6 (33 %) 1 (13 %) 4 (40 %) 2 (20 %) 1 (14 %)
Mo 12 4 (33 %) 0 2 (40 %) 0 0
Num Meds
Preoperative 3.2(0.9) 29(1.1) 2.2 (1.0) 3.5(1.0) 2.9 (1.3)
Mo 3 1.6 (1.1) 0.9 (1.0) 1.3(1.2) 1.3(1.4) 0.7 (1.1)
Mo 6 2.3 (1.5) 0.8 (1.1) 1.9 (1.3) 1.1(1.3) 1.1(1.2)
Mo 12 1.5(1.2) 1.0 (1.4) 2.6 (1.5) 1.8 (2.0) 1.2 (1.3)
Num Zero Meds
Mo 3 6 (25 %) 7 (47 %) 4 (31 %) 7 (47 %) 7 (64 %)
Mo 6 2 (11 %) 5 (56 %) 2 (20 %) 5 (50 %) 3 (43 %)
Mo 12 4 (33 %) 2 (50 %) 1 (20 %) 5 (50 %) 2 (40 %)

POAG Primary Open Angle Glaucoma, GATT Gonioscopy Assisted Transluminal Trabeculotomy, CE Cataract
Extraction with Intraocular lens implantation, SD Standard Deviation, /OP Intraocular pressure, Num Meds Number of
Glaucoma Medications, Num Zero Meds Number of eyes in which no Glaucoma Medications were required
*Follow-up time censored after patient underwent glaucoma re-operation

and distributions of diagnoses per group. Efficacy
data are reported in Table 5.2 for 85 eyes of 85
patients. There is a discrepancy in the number
of study eyes between Tables 5.1 and 5.2. This
difference is because we included both eyes of
patients undergoing GATT as well as eyes with
a short follow-up in assessing complications
(Table 5.1), but only 1 eye of each patient and

none with follow-up of fewer than 6 months in
assessing the outcomes (Table 5.2).

Table 5.3 represents the intraoperative and
postoperative complications. Hyphema was a
common occurrence within the first week, but
nearly all cases resolved by the first postoperative
month. Steroid-induced IOP spike did occur
rarely at the first month postoperative visit.
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Table 5.3 Intraoperative and postoperative complications, separated by group
POAG, GATT POAG, POAG, Prior CE, | Other glaucoma, GATT | Other glaucoma,
only GATT+CE | GATT only only GATT+CE
Intraoperative | None None None None 1 bag
complications dehiscence/AV
Hyphema
W1 7 (23 %) 6 (29 %) 5(29 %) 7 (37 %) 5 (33 %)
Ml 13 %) 0 1 (6 %) 1(5 %) 0
M3 13 %) 0 0 0 0
M6 0 1(5 %) 0 0 0
Other W1 1 choroidal folds |0 0 2 IOP spike 0
complications
Other M1 2 steroid-induced |0 2 steroid-induced | 1 steroid-induced spike |0
complications | IOP spike 1OP spike 1 shallow AC
Other M3 0 0 0 0 1 CME
complications

POAG Primary Open Angle Glaucoma, GATT Gonioscopy Assisted Transluminal Trabeculotomy, CE Cataract Extraction
with Intraocular lens implantation, AV Anterior Vitrectomy, W1 1st postoperative week, M1 1st postoperative month, M3

3rd postoperative month, M6 6th postoperative month, /OP Intraocular pressure, CME Cystoid Macular Edema

5.7  Conclusion

The GATT procedure is a safe, effective, and min-
imally invasive method for performing a circum-
ferential, ab interno, 360° trabeculotomy. It is
applicable to a wide variety of diagnoses and
clinical situations. The ability to circumferentially
open the majority of the trabecular meshwork
without violating the conjunctiva is a major
advancement, especially since it does not cause
scarring of the conjunctiva and therefore should
not interfere with future filtration surgery.

Our results with GATT in adults are similar
to the previously published studies on trabecu-
lotomies in adults. Gonioscopy revealed a num-
ber of pertinent findings. At the time of surgery,
the entire trabecular meshwork was cleaved
open. After the hyphema cleared, gonioscopy
was carried out and most of the trabecular cleft
remained open. In many patients, the posterior
leaflet of the trabecular meshwork became teth-
ered to a small area of the peripheral iris causing
the leaflet of tissue to be easily seen protruding
over the iris. Redmond Smith was the first to
report on this suspension of tissue [15, 16]
which we have termed a trabecular shelf
(Fig. 5.4), a good indicator of an open cleaved

collector system typically associated with a
good postoperative outcome. Using a novel tra-
beculotome, Lynn and Berry also commented on
the importance of describing the type of trabecu-
lar leaflets or shelf produced by the cleavage of
the particular trabeculotome [17].

Interestingly, there were a few patients who
failed therapy even though their circumferential
trabeculotomy site appeared open with a tra-
becular groove and shelf seen on gonioscopy. It
is likely these patients have either a dysfunc-
tional collector orifice or badly damaged distal
collector system that is unable to accept the
flow of aqueous. Currently, we have no way of
clinically determining the function of one’s col-
lector system. There have been reports of deter-
mining the patency of the downstream collector
system intraoperatively, however, the clinical
utility of these techniques are yet to be deter-
mined [12]. In our recent analysis, we have
found that POAG patients with a mean devia-
tion worse than -15dB on Humphrey Visual
Field tended to have a higher failure rate. These
patients may be better treated with a trabeculec-
tomy or a tube shunt.

Based on our initial experience, we feel there
are absolute and relative contraindications for
this procedure. Absolute contraindications include
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an inability to stop anticoagulation medication, a
bleeding diathesis, an unstable IOL, inability to
identify angle structures (specifically the trabecular
meshwork), a closed angle or severe endothelial
compromise. Relative contraindications are a
prior corneal transplant or inability to elevate the
head 30° for the first postoperative week.

In conclusion, we introduce a minimally inva-
sive, conjunctival sparing surgical technique
(GATT procedure) that improves upon conven-
tional ab externo trabeculotomy in adults and
children. Success rates are at least equivalent to
previously published studies of ab externo cir-
cumferential trabeculotomy. The procedure was
safe and found to be effective in nearly 75 % of
eyes in a variety of clinical settings.
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6.1  Introduction

Increasing aqueous outflow has been the goal of
glaucoma surgery for decades. The most common
strategy is to redirect the aqueous fluid into the
subconjunctival space via sclerostomies or aque-
ous drainage devices. The final outcome relies on
the patency of the sclerostomy, aqueous produc-
tion, and the extent of conjunctival wound healing
[1-5]. It is a fine balance between hypotony and
hypertensive phase that has us searching for new
alternatives and minimally invasive glaucoma
surgery (MIGS). Most of these new technologies
take advantage of an ab-interno approach to mini-
mize the manipulation of the eye tissue. Most uti-
lize other than subconjunctival drainage spaces
such as Schlemm’s canal and suprachoroidal
space. However, those routes are dependent on
the venous system and therefore cannot achieve
an intraocular pressure (IOP) lower than the distal
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outflow system. We argue that the superiority of
subconjunctival space as a final drainage destina-
tion is important in the assessment of efficacy of
the XEN Gel Stent (Aquesys, Inc.) [6].

6.2  Materials

The XEN Gel Stent is a 6 mm hydrophilic tube
composed of a porcine gelatin cross-linked with
glutaraldehyde. It is not degraded and is not
rejected by the tissues. The stent is a rigid tube that
becomes soft upon hydration. There are three mod-
els available based on lumen size: 140, 63, and
45 pm (Fig. 6.1). The final IOP control achieved
with the device depends on the lumen size (larger
lumen will produce a larger IOP decrease). The
implantation is identical for all three models. Due
to its flexibility the implant conforms to the tissue
and there is less chance of migration and erosion.

6.2.1 Lumen Size and Flow

Laminar flow through a tube is calculated based
on Hagen—Poiseuille equation (Eq. (6.1)).
Outflow resistance depends on the tube geome-
try, flow rate, and viscosity of liquid. To avoid
hypotony, the maximum flow rate should equal
the maximum production of aqueous in the
human eye (which is 2 pL/min or 3 mL per day).
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The resistance of outflow is a combination of
outflow resistance of the tube and outflow resis-
tance of the subconjunctival space. We all agree
that outflow resistance of the subconjunctival
space is minimal, therefore all outflow resistance
has to come from the tube itself. In a glaucoma
drainage device such as the Ahmed Glaucoma
Valve (New World Medical, Inc.), outflow resis-
tance comes from the valve mechanism; in
Baerveldt Glaucoma Implants (Abbott Medical
Optics, Inc.), the tube is initially ligated to allow
a capsule to form around the plate to increase
subconjunctival resistance. In the XEN 45 Gel
Stent, the size of the lumen is small to allow
enough flow resistance based on Hagen—
Poiseuille equation to prevent hypotony. The size
of XEN 45 Gel Stent reduces the risk of hypotony
by providing 6-8 mmHg of flow resistance.

Fig. 6.1 Size comparison of glaucoma drainage device
and XEN Gel Stent implant

6.3  Surgical Technique
A less invasive ab-interno approach is used. The
injector is a single use 27 gauge needle with a
preloaded XEN Gel Stent in a peel pack. The
injector is designed to protect the XEN Gel Stent
and to accurately deliver into the correct anatom-
ical location. Placement is 1 mm posterior to lim-
bus in the anterior chamber angle. During
implantation, the stent will be hydrated and swell
into place to decrease the risk of migration; the
lumen diameter remains fixed.

Please refer to the accompanying Video for a
step-by-step delivery technique.

1. Prep the eye in a standard fashion.

2. Intended placement quadrant is supero-nasal and
3 mm behind the limbus (marking pen used).

3. Corneal incision: main and sideport incisions
are created.

4. A preloaded, single use injector is provided to
the physician.

5. Viscoelastic is injected in the eye to allow
better visualization and stability.

6. Optional goniolens used. Placement is forgiv-
ing: anywhere from Schwalbe’s line to scleral
spur (Fig. 6.2a, b).

7. The needle is pushed to go through the sclera
and into the subconjunctival space; bevel is
visualized under the conjunctiva (Fig. 6.3a, b).

8. The XEN Gel Stent is deployed and visualized
under the conjunctivae (Fig. 6.4a, b).

9. Procedure is complete by retracting the injector
and disposing it (Fig. 6.5a, b).

Fig.6.2 Illustration (a) and surgical footage (b) of inserter passing across the anterior chamber to reach the angle
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Fig. 6.3 Illustration (a) and surgical footage (b) of needle entering the angle and creating a ~3 mm scleral tunnel.
Blue arrows pointing at the pre-marked target exit at 3 mm from the limbus

Fig. 6.4 Tllustration (a) and surgical footage (b) of implant being deployed in position (blue arrow pointing at distal
end of implant)

Fig.6.5 Illustration (a) and surgical footage (b) of blunt sleeve being removed from eye

6.3.1 Postoperative Bleb gradually reduce and eventually subconjunctival
Morphology fluid will disperse over wide areas, giving a much

desired low-lying and diffuse appearance. These

The presence of subconjunctival fluid marks a findings have been confirmed with anterior seg-
successful glaucoma surgery. There is an imme- ment optical coherence tomography (AS-OCT).
diate bleb appearance with the XEN Gel Stent. From our review of data, none of the patients
From experience, during the first week this bleb will received antimetabolites during the initial
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implantation and most showed effective IOP
lowering without the use of antimetabolites such
as mitomycin C (MMC) at the time of surgery.

6.4 Clinical Results

6.4.1 Preclinical Testing

Several studies were performed in rabbits, pri-
mates, and canines with hundreds of XEN stents
implanted that showed minimal inflammation and
prolonged drainage time when compared to trab-
eculectomy in both rabbits and primates. No
occlusion of lumen has been observed in these
studies.

6.4.2 Clinical Testing

International and US studies are being held
with the purpose of establishing the safety and
effectiveness of the XEN Gel Stent in patients
with primary open-angle glaucoma. In this
multicentered, prospective, non-randomized,
open label international study, 174 patients
undergoing either primary or secondary sur-
gery were followed for up to 36 months, and
their outcomes for mean IOP, IOP change, and
reduction of medications were recorded.
Effectiveness was determined by comparing
the baseline IOP and number of glaucoma
medications taken with the postoperative val-
ues during a 3-year period. Safety parameters
were evaluated such as loss of visual acuity
and adverse side effects.

A.Reznik and R. Varma

The study enrollment and follow-up is ongo-
ing in Canada, Europe, Asia, Australia, and South
America. Partial results are presented in Table 6.1.
Mean preoperative IOP was 22.9 mmHg on 2.8
medications (no medication wash out). Mean
postoperative IOP at 12 months was 15.6 mmHg
on 1 medication. At 36 months mean IOP was at
13.9 and less than 1 medication was used. Please
note that postoperative medication use was
reduced by 82 %.

6.5 Conclusion

The XEN Gel Stent is an exciting conjunctiva-
sparing ab-interno approach that promises an
alternative initial treatment for open-angle glau-
coma patients. The preliminary results are
encouraging and the stent has been used in
Europe for some time. XEN Gel Stent maintains
a patent outflow pathway between the anterior
chamber and subconjunctival space while tissues
around heal naturally without surgical trauma or
anti-scarring medication. Another advantage of
this procedure is the simple and easy-to-perform
surgical technique that does not require extensive
training, surgical skills, or learning curve. More
studies and follow-up are required to assess this
procedure’s effectiveness compared to standard
trabeculectomies and glaucoma drainage devices.
With FDA approval on the horizon, those studies
will be possible in the near future.

Hagen Poiseuille Equation :
av ) ﬂRA(—AP)_ aR*|ap| (6.1

O =—=vaR =
dr 8n \ Ax 8n L

Table 6.1 Efficacy results of a multicenter prospective non-randomized open-label study of the XEN Gel Implant

(Aquesys, Inc.)

12 months | 18 months |24 months |30 months | 36 months
(N=111) (N=50) (N=41) (N=20) (N=10)
Mean IOP mm Hg (SD) 156 (4.5) |[1433.7) |15649) |14.1(3.9) |13.94.0)
Mean post-op meds (mean % reduction in meds) | 1.1 (61) 1.2 (57) 1.7 (39) 1.6 (43) 0.5 (82)
IOP reduction from medicated baseline (%) 30 38 30 36 37
IOP reduction from washout baseline (%) 48 52 48 53 53
<21 mmHg and/or >20 reduction (%) 94 98 90 100 100
<18 mmHg and/or >20 reduction (%) 86 92 88 100 90
<16 mmHg and/or >30 reduction (%) 66 86 71 85 70

IOP intraocular pressure, SD standard deviation
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7.1 Introduction
The concept of nonpenetrating glaucoma surgery
(NPGS) evolved in a considerable manner during
the last 50 years. The first published report goes
back to 1964 when Krasnov published a paper on
sinusotomy which consists of deroofing
Schlemm’s canal over 120°. This was done by
removing a lamellar band of scleral tissue that
was thought to be the main site of outflow resis-
tance [1]. This technique fell relatively quickly
out of favor because of its modest long-term
results, as well as its technical difficulty in a time
before the surgical microscope was widely used
in ophthalmology [2].

In the same decade a new surgical technique
called trabeculectomy was introduced and it
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quickly became the standard of care for filtering
procedures [3, 4]. However, despite numerous
advances and modifications, reproducibility of
trabeculectomy outcomes remained unsatisfac-
tory when it came to intraocular pressure (IOP)
lowering. Furthermore, sudden decompression of
the eye occurs upon penetration of the anterior
chamber which yields a relatively high risk of
early postoperative complications such as over-
filtration, hypotony, and choroidal detachment.
The need to develop safer and more reliable sur-
gical techniques led to a revival of Krasnov’s
concept of NPGS in light of a better understand-
ing of the aqueous humor outflow.

It is now known that the primary resistance to
outflow is located at the level of the juxtacana-
licular trabeculum and the inner wall of
Schlemm’s canal. Zimmerman and colleagues
proposed to target those two anatomical struc-
tures with a technique they termed nonpenetrat-
ing trabeculectomy [5]. The term ab-externo
trabeculectomy was introduced in 1991 [6].
Fyodorov was the first to use the term deep scle-
rectomy [7] and later Kozlov suggested his ver-
sion of the operation named ‘“nonpenetrating
deep sclerectomy,” stressing the importance of
removing corneal stroma behind the anterior tra-
beculum and Descemet’s membrane [8]. A modi-
fication of NPGS was introduced by Stegmann in
1999, emphasizing the importance of dilating
Schlemm’s canal by injecting high-viscosity
sodium hyaluronate into it in order to improve
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aqueous outflow [9]. Currently deep sclerectomy,
ab-externo trabeculectomy, and viscocanalos-
tomy are the most commonly performed nonpen-
etrating techniques.

7.2 Surgical Technique

A deep sclerectomy can be broken down into sev-
eral basic steps:

1. Exposure: A corneal limbal traction suture is
used to rotate the globe down, providing good
exposure of the superior sulcus and limbus,
which can be very helpful for a limbus-based
conjunctival flap. A superior bridle suture has
the same purpose but with an increased risk of
postoperative ptosis and subconjunctival hem-
orrhage. Care should be taken when adjusting
the speculum to keep pressure off the globe.
The Shaarawy Eye Speculum (Huco Vision
SA, Saint-Blaise, Switzerland) facilitates this
step since it has four knobs for attachment of
corneal traction sutures.

2. Conjunctival wound: Usually, the deep scle-
rectomy is positioned at 12 o’clock or in either
superior quadrant, depending on surgeon pref-
erence. A fornix-based or a limbus-based con-
junctival flap can be used. Each technique has
its pros and cons. The fornix-based is techni-
cally easier to realize but requires very careful
suturing to avoid postoperative wound leak.
The advantage of a fornix-based conjunctival
flap is the creation of a subconjunctival scar
anterior to the scleral flap, thereby facilitating
posterior aqueous flow and a more posterior
conjunctival bleb. The limbus-based conjunc-
tival bleb is technically more challenging, but
it offers the advantage of a secure closure well
away from the limbus. The incision is done
8—10 mm posterior to the limbus while
avoiding the superior rectus muscle. The
limbus-based flap has a lower risk of leakage
but with the disadvantage of a subconjunctival
scar posterior to the scleral flap, impeding
posterior flow with the resulting bleb closer to
the limbus.

3.

4.
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Superficial scleral flap: A 5 x5 mm superficial
rectangular scleral flap is created and it should
include one-third of the scleral thickness
(300 pm). The initial incisions are made with
a No. 11 stainless steel blade while horizontal
dissection is performed with a crescent knife.
Anterior flap dissection 1-2 mm into clear
cornea is essential to allow Descemet’s mem-
brane exposure during the next surgical step.
Mitomycin 0.02 % soaked corneal shields
may be placed in the scleral bed and under
Tenon’s capsule for 45 s or more in patients
with a high risk of scar formation. This should
be followed by thorough irrigation with bal-
anced salt solution for 60 s to wash away the
antifibrotic agent.

Deep sclerokeratectomy and exposure of
trabeculo-Descemet’s membrane (TDM): A
square of deep sclera measuring 4 x4 mm is
then dissected into the scleral bed leaving a
margin of 0.5 mm on the three sides, allowing
tight closure of the scleral flap in the setting of
an intraoperative perforation of TDM. The
initial incision is performed at the level of the
lateral or posterior aspect of the flap down to
the choroid to assess the depth of the remain-
ing sclera and then deep sclerectomy is done
slightly superficial to the choroidal plane leav-
ing a residual layer of deep sclera that should
be as thin as possible (50-100 pm) (Fig. 7.1a).
In the posterior part of the dissection, the
scleral fibers are arranged in a random pattern
and they become organized and parallel to the
limbus anteriorly to constitute the scleral spur
which is the surgical landmark just posterior
to Schlemm’s canal. This canal is then
unroofed and the dissection carefully contin-
ues further into clear corneal stroma to expose
the anterior trabeculum and Descemet’s mem-
brane (Fig. 7.1b). Descemet’s membrane dis-
section is the most critical and technically
challenging step of the procedure. This mem-
brane is very thin and is therefore prone to
perforation. To expose Descemet’s mem-
brane, two radial corneal cuts are performed
with a No. 11 steel blade with the bevel side
up and out (Fig. 7.1c). The anterior trabecu-
lum and Descemet’s membrane are then gently
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Fig. 7.1 Surgical footage demonstrating the stepwise
performance of nonpenetrating glaucoma surgery. After
creation of a 5x5 mm superficial scleral flap, a deep
sclerokeratectomy is performed in order to expose the
trabeculo-Descemet’s membrane (a). Schlemm’s canal is
then unroofed (b) and dissection continues anteriorly into
clear corneal stroma. Descemet’s membrane is then
exposed by creating two radial corneal cuts with a No. 11
steel blade with the bevel side up and out (c). The anterior

trabeculum and Descemet’s membrane are then gently
detached using a wet triangular sponge or a blunt metallic
spatula. The deep scleral flap is then excised at the level of
Descemet’s membrane using microscissors (d). An ab-
externo trabeculectomy is performed by grabbing and
peeling away the Schlemm’s canal endothelium and juxta-
canalicular trabeculum (e). A space-maintaining implant
may be sutured to the scleral bed (f)
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detached from the overlying sclerocorneal
tissue using a wet triangular sponge or a blunt
metallic spatula. Upon completion of this
anterior dissection the deep scleral flap is
excised at the level of Descemet’s membrane
using microscissors (Fig. 7.1d). At this stage
the ab-externo trabeculectomy is performed
with a fine forceps after drying the exposed
inner wall of Schlemm’s canal with a sponge.
It consists of grabbing and peeling away the
thin Schlemm’s canal endothelium and juxta-
canalicular trabeculum (Fig. 7.1e). Aqueous
humor is seen percolating through the
remaining TDM in the scleral bed indicating a
successful anatomical outcome. A space-
maintaining implant can then be sutured to the
scleral bed (Fig. 7.1f).

5. Closure of scleral flap and conjunctiva: The
superficial scleral flap is then repositioned and
closed with one or two 10.0 Nylon interrupted
sutures. Conjunctiva and Tenon’s capsule are
closed separately or in a single layer using
polyglactin 9.0 interrupted or running sutures.

7.3 \Variations of Surgical
Technique

7.3.1 The Use of Implants

Numerous space-maintaining implants have been
developed to increase long-term success of
NPGS by avoiding secondary collapse of the
intrascleral space. They are placed in the scleral
bed before suturing the superficial scleral flap.
The first to be used was a highly purified lyophi-
lized porcine collagen cylinder (Aquaflow, Staar
Surgical AG, Mideau, Switzerland) [8, 10, 11]. It
is placed radially at the center of the deep scle-
rectomy and secured with a single 10.0 Nylon
suture to the scleral bed before closure of the
superficial flap. It swells rapidly when exposed to
aqueous humor and is progressively resorbed
within 6-9 months after surgery [12, 13]. Another
resorbable implant has been proposed in the form
of areticulated hyaluronic acid triangular implant
(SK-GEL, Corneal, Paris, France) [14]. The
advantage of this implant is that it does not need
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to be sutured to the scleral bed and it can occupy
a large volume in the intrascleral space given its
rheological and physical characteristics [15-17].
Another hyaluronic acid device has been pro-
posed in the form of a slowly resorbable visco-
elastic implant that can be injected under the
scleral flap and the conjunctiva to maintain both
subconjunctival and intrascleral filtration routes
(Healaflow, Anteis, Geneva, Switzerland) [18]. A
nonresorbable hydrophilic implant has also been
developed to maintain the intrascleral space
(T-Flux, IOLTech laboratories, La Rochelle,
France). Each arm of this T-shaped designed
implant is inserted into one of the surgically cre-
ated ostia of Schlemm’s canal to increase aque-
ous outflow through this route [16, 19-21].

7.3.2 Trabeculectomy Ab-Externo

Once the conjunctiva is opened, a 4x4 mm
superficial scleral flap is created with a depth cor-
responding to one-third of the scleral thickness.
A radial cut is performed at the edge of the flap to
localize Schlemm’s canal. The change of orienta-
tion of the scleral fibers can be a good landmark
for this step. Once Schlemm’s canal is identified,
it is unroofed. The inner wall of the canal is
removed using fine forceps until percolation of
aqueous humor occurs. This technique is similar
to a sinusotomy except for the presence of a
superficial scleral flap and the removal of the
inner wall of Schlemm’s canal [5, 22]. It differs
from a deep sclerectomy since a deep scleral flap
is not created and dissection of a TDM window is
not performed.

7.3.3 Viscocanalostomy
and Canaloplasty

In the 1990s Stegmann introduced a variant of
NPGS consisting of injecting high-viscosity
sodium hyaluronate (Healon GV) into Schlemm’s
canal to improve aqueous drainage through this
pathway [9]. Injection of viscoelastic into the
canal not only dilates the canal and associated
collectors but also disrupts the internal and
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external walls of Schlemm’s canal and adjacent
trabecular layers, thus increasing trabecular out-
flow facility and making the procedure act as a
trabeculotomy [23]. Increased outflow occurs
also at the TDM window into the scleral lake
where it can diffuse into the subchoroidal and
subconjunctival space. External filtration and
filtering blebs are uncommon in viscocanalos-
tomy because of tight suturing of the flap and
can be detected only in up to one-third of the
eyes [24], whereas a supraciliary hypoechoic
area suggesting subchoroidal drainage has been
shown in UBM studies [25]. The challenge in
viscocanalostomy is to maximize circumferential
outflow and this has been possible with the
recent advances in cardiac stent technology.
Canaloplasty consists of inserting a flexible
catheter into Schlemm’s canal (iTrack, iScience
Interventional, Menlo Park, CA) [26]. This facil-
itates Healon GV injection followed by a 10.0
Prolene tensioning suture in the canal to enhance
outflow [27, 28].

7.3.4 Laser-Assisted Sclerectomy

Numerous authors have reported the use of dif-
ferent kinds of lasers to facilitate the dissection
of the deep corneoscleral flap. The use of
erbium: Yag and excimer lasers for performing a
deep sclerectomy have been described in the lit-
erature as relatively effective alternatives to the
conventional surgical procedure [29-34]. More
recently CO, Laser-assisted deep sclerectomy
has been developed using an OT-135 beam
manipulator system, conjugated with a CO, laser
(“IOPtiMate’’; IOPtima Ltd., Ramat Gan, Israel).
This system, which was first described by Assia
et al., enables deep tissue ablation with minimal
risk of perforation [35, 36]. The far infrared radi-
ation of this laser (wavelength of 10,600) is
absorbed in water and thus is ineffective when
applied over wet tissues [37]. Applying CO,
laser energy on the dried scleral and trabecular
tissue results in a localized ablation until the
point at which fluid begins to percolate through
the inner wall of Schlemm’s canal. Once perco-
lation occurs, further laser application is ineffec-

61

tive because of the wavelength characteristics.
This technique offers a potential alternative to
the manual NPGS, making the procedure sim-
pler and less surgeon dependent [38].

7.4 Pathophysiology

Following NPGS, aqueous humor outflow is
facilitated through two main pathways:

1. Anteriorly through the trabeculo-Descemet’s
membrane (TDM): the deep sclerokeratec-
tomy performed during NPDS leaves a patent
space behind the anterior trabeculum and
Descemet’s membrane. Tissue removal cre-
ates a gradient of pressure across the TDM
allowing for aqueous humor percolation. In an
in vitro model of aqueous dynamics after deep
sclerectomy, Vaudaux et al. showed that ocu-
lar outflow resistance dropped for a mean of
5.34+0.19 ml min~' mmHg™! preoperatively
to a mean of 0.41+0.16 ml min! mmHg™!

postoperatively  while outflow facility
increased from 0.19+0.03 to
245+12.6 ml min" mmHg! [39].

Histological studies demonstrated that the
main outflow through the TDM occurs at the
level of the anterior trabeculum whereas some
degree of outflow still occurs through the pos-
terior trabeculum [40].

2. Posteriorly through the classical trabecular
outflow. This pathway is considerably
enhanced by ab-externo trabeculectomy [40]
since it removes the external trabecular mem-
brane which consists of the inner wall of
Schlemm’s canal and the cribriform juxtacan-
alicular trabeculum [41]. This membrane
accounts for more than 50 % of outflow resis-
tance in healthy human eyes and this percent-
age is suspected to be more important in
glaucomatous eyes [42]. Rosier et al. studied
aqueous dynamics in enucleated human eyes
following ab-externo trabeculectomy. Outflow
facility increased from 0.24+0.08 preopera-
tively to 6.10+6.63 mlmin'mmHg~! which is
still four times lower than after deep sclerec-
tomy [40]. In ab-externo trabeculectomy the
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filtration membrane is formed by the posterior
trabeculum alone whereas in NPGS this mem-
brane is larger since it encompasses the ante-
rior trabeculum and Descemet’s membrane.

Once it reaches the intrascleral space, aqueous

humor resorption occurs through four hypotheti-
cal pathways:

1.

Subconjunctival bleb: Similar to trabeculec-
tomy, a conjunctival bleb is almost always
obtained after NPGS on the first day postop-
eratively. However this bleb tends to be shal-
lower and more diffuse than the one following
trabeculectomy since aqueous resorption fol-
lowing NPGS does not rely solely on the sub-
conjunctival route. UBM studies demonstrate
the presence of a low and diffuse subconjunc-
tival bleb even years after successful NPGS
[43]. The presence of a subconjunctival bleb
following viscocanalostomy (VCS) is still
controversial. Some studies suggest that con-
junctival blebs are associated with successful
IOP control and that the subconjunctival
route played a role in aqueous resorption after
VCS [44]. Other reports demonstrated that
blebs were rarely present following VCS and
that a mechanism of filtration other than the
subconjunctival one accounted for aqueous
resorption [25, 45]. This probably is deter-
mined by the surgeons technique and the
amount of diligence spent in suturing the
scleral flap, with the aim of preventing sub-
conjunctival filtration.

. Intrascleral bleb: Approximately 5 to 8 mm?

of scleral tissue is removed during deep scle-
rectomy creating a patent space under the
superficial scleral flap. This intrascleral vol-
ume represents a reservoir equivalent to a fil-
tering bleb. Implants have been used in NPGS
to preserve the patency of this space. UBM
studies have demonstrated the presence of a
scleral hyporeflectivity around the scleral
lake in 45 % of patients where a reticulated
hyaluronic acid implant was used as an
adjunct to deep sclerectomy [43]. Similarly,
Kzakova et al. observed an intrascleral bleb
in more than 90 % of patients who received a
collagen implant and the mean bleb volume
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was 1.8 mm? [46]. New scleral drainage ves-
sels develop after deep sclerectomy and are
probably responsible for this intrascleral
resorption route. Their presence has been
demonstrated on animal models by optical
microscopy [47] and anterior segment angi-
ography using fluorescein and indocyanine
green [48, 49].

3. Suprachoroidal: Aqueous humor outflow can
occur into the suprachoroidal space through a
90 % thinned out sclera following deep scle-
rectomy. This can be demonstrated by the
presence of a thin hyporeflective suprachoroi-
dal area in more than 45 % of cases [12, 43,
46]. On the other hand, the clinical signifi-
cance of this suprachoroidal area is still quite
controversial. Some studies suggest that its
presence is associated with a statistically sig-
nificantly lower IOP [12] whereas other
reports find that it is not associated with surgi-
cal success [50]. One should keep in mind that
this hyporeflective area could also indicate a
localized ciliary body detachment with a sub-
sequent decrease in aqueous production and
therefore further studies are needed to evalu-
ate this resorption route.

4. Schlemm’s canal: On either side of the deep
sclerokeratectomy site lie the two surgically
created sections of Schlemm’s canal. Those
two ostia may drain the aqueous humor
through a “physiological” route into the epi-
scleral veins. This mechanisms probably
plays a more important role after VCS since
viscoelastic substance is observed in the
aqueous veins as blood is displaced [9]. The
T-Flux implant takes advantage of its
T-shaped design to keep the two ostia of
Schlemm’s canal open thus facilitating aque-
ous outflow through this route.

7.5 Indications

NPGS offers the advantage of slow postoperative
decrease in IOP which helps prevent hypotony-
related complications. There is also no need for
iris tissue manipulation during the surgery which
results in less postoperative inflammatory reac-
tion [51]. In all types of open-angle glaucoma,
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the main resistance to outflow is at the level of the
trabecular meshwork. NPGS targets this specific
aspect of the pathology by tackling the juxtacan-
alicular trabeculum and the inner wall of
Schlemm’s canal [42]. Because of its significant
reduction in postoperative complications, NPGS
can be proposed in early primary open-angle
glaucoma (POAG) to preserve the conjunctiva
from long periods of exposure to topical medica-
tion toxicity. Furthermore, it has the advantage of
being less cataractogenic as compared to trabecu-
lectomy and would be therefore the most suitable
option for young patients with a clear lens [52]. It
is also an efficient surgical alternative in advanced
and medically uncontrolled POAG [53].

Pseudoexfoliative glaucoma (PEXG) is a
challenging condition with high levels of IOP
and an irregular pattern of fluctuations.
Progression is difficult to halt with antiglaucoma
medications and surgery is often needed. NPGS
offers a safe surgical option in PEXG where the
blood—aqueous barrier is altered and intraocular
surgery such as trabeculectomy carries a high
risk of complications [54]. Deep sclerectomy is a
suitable option for PEXG patients with a high
success rate that is maintained for a long period
of time [55] with a need for more goniopunctures
[56]. NPGS is also an interesting option for pig-
mentary glaucoma since it targets the main site of
pathology. This condition is more frequent in
young patients and is often resistant to medical
treatment. NPGS early in the course of the dis-
ease is a safe, lens-preserving option that is use-
ful to avoid lifelong exposure to the noxious
effects of topical medications on the ocular sur-
face of those young patients.

Highly myopic eyes have an increased risk of
complications with conventional glaucoma sur-
gery because of their anatomical characteristics.
NPGS could offer safer outcomes in those
patients because of the gradual postoperative
decrease in IOP [57]. On the other hand, highly
myopic eyes are elongated with a lower scleral
thickness and a modified limbal anatomy which
makes flap dissection and identification of
Schlemm’s canal more challenging.

Uncontrolled aphakic glaucoma is one of the
most difficult situations to manage when it comes
to glaucoma surgery [58]. NPGS, unlike trabecu-
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lectomy, does not require an iridectomy that
would potentially disrupt the vitreous body sta-
bility. The vitreous base might migrate through
the iridectomy and block the filtration site despite
extensive peripheral vitrectomy that is often chal-
lenging in such cases. This instability carries an
increased risk of traction retinal detachment.
Aphakic glaucoma is also a serious complication
in 14-45 % children who are left aphakic after
congenital cataract extraction [59]. An early indi-
cation for NPGS instead of prolonged medical
therapy would be beneficial in managing those
cases. Zimmerman et al. performed nonpenetrat-
ing trabeculectomy in 28 aphakic eyes. The first
group of 18 eyes had chronic open-angle glau-
coma while the second group had secondary
complicated glaucoma. At 1 year after surgery
IOP was controlled in 89 % of eyes in the first
group and 37.5 % in the second group. NPGS
may be a good option in aphakic patients who
require surgical management, at least in the set-
ting of a chronic open-angle glaucoma [22].

NPGS has also been evaluated in congenital
glaucoma. Tixier et al. were the first to report the
results of deep sclerectomy in 12 eyes with juve-
nile glaucoma [60]. Success was achieved in
75 % of eyes (IOP<16 mmHg under general
anesthesia at final examination) with no intra- or
early postoperative complications. Therefore
deep sclerectomy is at least as effective as trab-
eculectomy in congenital glaucoma with a lower
risk of complications. Other authors have drawn
the same conclusions with deep sclerectomy and
viscocanalostomy on congenital and juvenile
glaucoma [61-63].

In open-angle uveitic glaucoma, inflammatory
cells and mediators can activate fibroblasts and
create excessive scarring that is detrimental for
surgical success. Antimetabolites have been used
to tackle the scarring cascade and increase the
success rate but are also associated with an
increased risk of late postoperative complications
[64]. NPGS does not disrupt anterior chamber
integrity and it does not require an iridectomy. It
is indicated in uveitic cases because it is associ-
ated with less inflammation and targets the dam-
aged trabeculum that is the site of resistance to
aqueous outflow [12]. Both deep sclerectomy and
viscocanalostomy have been reported to be safe
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and effective in the setting of uncontrolled uveitic
glaucoma [65, 66]. However, when extensive
peripheral anterior synechiae (PAS) develop,
NPGS is no longer a suitable option.

Sturge—Weber syndrome (SWS) is a neuro-
cutaneous disorder with angiomas that involve
the leptomeninges (leptomeningealangiomas)
and the skin of the face, typically in the ophthal-
mic (V1) and maxillary (V2) distributions of the
trigeminal nerve. Glaucoma occurs in 30-70 %
of patients with SWS and is therefore the most
common ophthalmic complication of this con-
genital disease [67]. Trabeculectomy offers
good short-term results but with a risk of mas-
sive choroidal effusion or expulsive hemor-
rhage, which is already high in these patients
because of the increased episcleral venous pres-
sure [68, 69]. Few reports have been published
on the use of NPGS in SWS [70, 71]. NPGS
associated with laser and/or medical treatment
is a safe and efficient alternative to trabeculec-
tomy in SWS because it does not involve an
abrupt peroperative drop of IOP that can be cat-
astrophic in the setting of an elevated episcleral
venous pressure [72]. Further studies of NPGS
for glaucoma associated with thyroid orbitopa-
thy, carotid-cavernous fistula, or SWS are war-
ranted to explore the benefit of nonpenetrating
procedures when glaucoma is caused by an
increased episcleral venous pressure.

7.6 Relative Contraindications

NPGS relies on the integrity of the trabeculum
for its outcomes and it works best when the angle
structures are within limits of the normal anat-
omy and consequently when the cause of ele-
vated IOP is structural rather than anatomical.
Most authors consider angle-closure glauco-
mas a relative contraindication to NPGS. Many
therapeutic strategies have been proposed for
angle-closure glaucoma. Laser peripheral iri-
dotomy or surgical iridectomy is at best a tempo-
rary option to widen the angle configuration.
Cataract surgery or clear lens extraction opens
the angle too and helps deepens the chamber.
When chronicity and progression occur, glau-
coma surgery is indicated alone or in combina-
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tion with lens extraction. NPGS can be attempted
for these cases, even though the iris root is very
close to the filtration window and may impede
adequate outflow.

Eyes that have been treated with laser trabecu-
loplasty present ultrastructural and morphologic
trabecular changes. The trabeculum may be more
easily ruptured during surgery. In the setting of a
perforation, an iridectomy is performed and
NPGS can be then converted to trabeculectomy.
Scarification of the trabeculum might also occur
in posttraumatic angle-recession glaucoma. The
damage of the trabeculum is not always complete
and an attempt to perform NPGS can be made by
trying to restore adequate outflow function. This
is done by thoroughly scraping and peeling the
posterior surface of the trabeculum during sur-
gery [73].

7.7 Absolute Contraindications

NPGS is contraindicated in conditions when the
angle is invaded by abnormal structures that will
obstruct outflow. This is the case of neovascular
glaucoma where rubeosis iridis extends to the iri-
docorneal angle. This is also the case of the irido-
corneal endothelial syndrome (ICE syndrome).
The trabeculum is obstructed and loses its func-
tion [74]. Neovascular glaucoma is a challenging
condition and until now favorable outcomes have
been reported only with drainage devices with or
without the use of anti-VEGF injections [75, 76].

7.8 Complications

Various reports agree on the fact that NPGS
offers the advantage of a low complication rate
when compared to trabeculectomy. Visual acuity
is also preserved after NPGS and quickly returns
to the preoperative level within the first postop-
erative week [77]. This is mainly due to the fact
that it is a closed-globe surgery that does not disrupt
the anterior chamber structures. Inflammation
and disturbance of the blood—aqueous barrier are
minimal since there is no need for an iridectomy.
Reduction of IOP is gradual because it relies on
percolation through a membrane rather than the
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Table 7.1 Complications of nonpenetrating glaucoma surgery according to the anatomical/functional structures

involved

Structure/function involved Intraoperative

TDM and iridocorneal angle Perforation

Early postoperative

Late postoperative
PAS

Iris Prolapse

Anterior chamber Inflammation
Hyphema
Cataract progression
Intraocular pressure IOP spike
Hypotony

Hypotony maculopathy

Choroidal effusion

Suprachoroidal
hemorrhage

Sclerocorneal

Descemet’s membrane

Corneal steepening

detachment Corneal endothelial decompensation
Scleral ectasia
Bleb Wound leaks Bleb leaks
Blebitis Bleb fibrosis

TDM trabeculo-Descemet’s membrane, PAS peripheral anterior synechiae, /OP intraocular pressure

creation of a hole, thus preventing complications
related to sudden hypotony. We prefer to classify
potential NPGS complications according to the
anatomical or functional structures involved
(Table 7.1).

7.8.1 TDM and Iridocorneal Angle

Complications

Intraoperative perforation of the TDM is likely
the most common complication of NPGS. It
occurs during the anterior deep dissection, which
is a delicate and complex technique resulting in
the relatively flat learning curve of NPGS. It is
not uncommon to encounter a 30 % perforation
rate during the first 10-20 cases and this rate
drops to 2-3 % after the learning phase [78].
Management of this complication depends on
the magnitude of perforation, the depth of the
anterior chamber, and the presence or absence of
iris prolapse [79]. A small hole with a deep
anterior chamber can be disregarded and the
surgery is completed normally. These small per-
forations can be usually tamponaded by posi-
tioning the collagen implant next to the hole. If a
larger crack in the membrane occurs upon deep

dissection with a flat or deep anterior chamber
and no iris prolapse, viscoelastic can be injected
through a paracentesis to restore a normal con-
figuration. This prevents further iris prolapse or
PAS. In the worst situation, transverse tears
occur at the weakest point of the TDM which is
the junction between the anterior trabeculum and
Descemet’s membrane. Such tears are immedi-
ately followed by iris prolapse. Protruding iris
tissue must be excised by a peripheral iridec-
tomy. NPGS is then converted to a trabeculec-
tomy and the superficial scleral flap is tightly
sutured with 6—8 10.0 Nylon sutures and outflow
resistance is created by injecting viscoelastic
into the intrascleral reservoir.

Late postoperative complications can also
occur at the level of the TDM. PAS can develop
late after intraoperative microperforations.
They can also be caused by iris prolapse fol-
lowing goniopuncture [80] or any other trau-
matic disruption of the TDM (e.g., blunt trauma,
valsalva maneuver followed by corectopia and
iris prolapse). PAS can disrupt aqueous outflow
resulting in increased IOP. Failure of Nd:YAG
laser synechiolysis to reposition the iris is an
indication for medical or surgical treatment if
the IOP is still high.
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7.8.2 Anterior Chamber
Complications

Early postoperative inflammation is relatively
less common in NPGS compared to trabeculec-
tomy. Chiou et al. compared flare levels after
deep sclerectomy with collagen implant and con-
ventional trabeculectomy [12]. Postoperative
flare was significantly lower in the deep sclerec-
tomy group and there was a quick return to the
preoperative level within 1 week whereas the
intense inflammation following trabeculectomy
persisted for 1 month. Eyes with a compromised
blood—aqueous barrier such as those with uveitic
glaucoma or PEXG may benefit from this advan-
tage that NPGS offers.

Early postoperative intraocular bleeding is a
rare complication because the IOP is reduced
gradually with nonpenetrating techniques.
Hyphema has a low incidence after NPGS [79,
81] and does not require any particular treatment.
It is usually due to a rupture of small iris vessels
or leakage of red blood cells from the scleral bed
or Schlemm’s canal ostia through the TDM.

Cataract progression seems to be significantly
reduced with NPGS. Cataract formation rate after
trabeculectomy is 78 % at 5 years and the risk of
cataract increases considerably in the setting of a
flat anterior chamber or significant postoperative
inflammation [51]. Shaarawy et al. followed 105
patients after deep sclerectomy and found no sur-
gery-induced cataracts. The mean follow-up was
64 months and 25 % of eyes showed progression
of a preexisting age-related cataract [13].

7.8.3 10P Complications

Early postoperative IOP spikes have been
described following trabeculectomy when the
scleral flap has been too tightly sutured. This
complication seldom occurs following NPGS if
the dissection of the membrane has been done
properly. Insufficient surgical dissection in the
hands of an inexperienced surgeon can be a
potential cause of hypertony. Hemorrhage in the
scleral bed or even excessive viscoelastic in the
anterior chamber can cause IOP spikes that are
usually self-resolving in a few days. Hypertony
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can also be caused by malignant glaucoma fol-
lowing NPGS as reported by Shaarawy et al. in a
case that was successfully treated with cyclople-
gics [82]. Steroid response during the first post-
operative weeks is also a potential cause of
hypertony when other conditions have been ruled
out. Iris prolapse and PAS should always be ruled
out by gonioscopy in the setting of a postopera-
tive IOP spikes and should be managed with laser
synechiolysis or surgical management if the for-
mer doesn’t work [80].

Hypotony occurs in 50 % of patients for some
days following NPGS and the average IOP on the
first postoperative day has been reported to be
5 mmHg [9, 82]. This indicates that the dissection
was adequately performed and is generally consid-
ered as a favorable predictive factor for surgical
success [13]. Prolonged hypotony should be care-
fully monitored to identify a cause such as wound
leakage. The risk of prolonged hypotony remains
minimal following NPGS [9, 82] but still can lead
to hypotony maculopathy if left untreated [10, 83].
Choroidal effusion is a rare complication [9, 79,
84] and the incidence rate has been reported to be
5 % after NPGS which is four times lower than
following trabeculectomy [85]. Suprachoroidal
hemorrhage has been rarely reported after deep
sclerectomy [86] or viscocanalostomy [87] and
the main risk factor seems to be the occurrence of
a prolonged hypotony [88]. Hypotony is more
common in the first weeks following NPGS when
compared to trabeculectomy but complications
associated with prolonged hypotony are much
less frequent in the former. The safer profile of
NPGS is also due to the absence of an abrupt IOP
decrease during the procedure [77].

7.8.4 Sclerocorneal Complications

Early postoperative Descemet’s membrane
detachment occurs in about one of 250-300 oper-
ated eyes after NPGS [77]. In viscocanalostomy,
this complication is due to a misdirection of the
viscoelastic canula during injection into
Schlemm’s ostia [89]. Descemet’s membrane
detachments are less frequent after deep sclerec-
tomy and occur when the membrane is under-
mined by aqueous humor, viscoelastic, and/or
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blood [77]. This can be seen several weeks after
surgery as a bulla under the cornea at the level of
the dissection site and the adjacent stroma
becomes opalescent. Reflux of fluid in the sub-
Descemet space can be caused by an elevation of
intrableb pressure in the setting of a trauma or
bleb fibrosis. Treatment consists of curing the
cause if the problem is an encysted bleb or dealing
with the detachment itself by descemetopexy.
Late postoperative corneal refractive and
endothelial changes are uncommon following
NPGS compared to trabeculectomy. NPGS
induces less astigmatism and less endothelial cell
loss than trabeculectomy [90, 91]. On the other
hand, late postoperative scleral ectasia has been
described in a single case after deep sclerectomy
in a patient with chronic uveitic glaucoma sec-
ondary to juvenile arthritis [92]. The scleral bed
in NPGS is thinner than the one created in trab-
eculectomy. The deep scleral dissection creates a
zone of weakness that can lead to ectasia espe-
cially in patients with a thinner than usual scleral
thickness (e.g., pathologic myopia, rheumatoid,
or juvenile arthritis). The scleral bed in those
patients is vulnerable and requires careful con-
sideration when antimetabolites are used. Late
scleral ectasia has also been reported in patients
with no underlying predisposing conditions [93].

7.8.5 Bleb Complications

Early postoperative wound leaks are due to inad-
equate conjunctival closure and this complica-
tion occurs with the same frequency after
trabeculectomy and NPGS [78, 79]. This condi-
tion should be carefully monitored and in most
cases it resolves spontaneously with the use of
ophthalmic ointments or a bandage contact lens.
In some rare severe situations, surgical revision
of the conjunctiva is mandatory to prevent pro-
longed hypotony and all related complications.
Late postoperative bleb leaks are more fre-
quently observed following Mitomycin C aug-
mented glaucoma surgery in trabeculectomy
when compared to deep sclerectomy (24.6 % vs.
3.1 %, respectively) [94]. Early postoperative
blebitis has been well described after trabeculec-
tomy and is a potentially dangerous complica-
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tion that can lead to endophthalmitis [95]. Only
two cases of blebitis have been reported in the
literature to our knowledge [79, 96]. The TDM
offers a natural barrier against the intraocular
spread of bacteria and no cases of endophthalmi-
tis following NPGS have been reported to date.

Late postoperative bleb fibrosis is due to epi-
scleral or conjunctival fibrosis and is slightly
more frequent after NPGS than after trabeculec-
tomy [77]. If IOP increases, subconjunctival
injections of antimetabolites are indicated to
stop the scarring process. An encapsulated bleb
or a Tenon’s cyst is a thick-walled opalescent
fibroblast overgrowth that traps aqueous in the
subconjunctival process. Their incidence is
comparable between trabeculectomy and scle-
rectomy. Needling of the cyst, with or without
the use of antimetabolites, is indicated when
IOP increases and surgical excision can be
attempted in cases of recurrence. Shaarawy
et al. reported that subconjunctival injections of
S5FU were needed in 23 % of patients who
underwent DSCI [13].

7.9 Goniopuncture Technique

Nd:Yag goniopuncture is indicated when filtra-
tion through the TDM is insufficient and IOP is
not low enough. An insufficient surgical dissec-
tion or late postoperative TDM fibrosis can be the
reason of insufficient percolation. A gonioscopic
contact lens is used to visualize the TDM window
and 2 to 15 shots are applied with a power of
5-10 mJ using the free-running and Q-switched
mode [73]. The resulting microscopic holes allow
aqueous outflow from the anterior chamber to the
intrascleral space. Shaarawy et al. reported their
goniopunctures rates following NPGS. The group
reported that 42—46 % of their patients needed a
goniopuncture after deep sclerectomy without
collagen implant and this rate was 46-51 % when
a collagen implant was used [13, 57, 97]. The
immediate success rate of the laser procedure
was 91.6 % [57]. In the group’s study on viscoca-
nalostomy, 37 % of the patients required gonio-
puncture and the mean time between surgery and
laser treatment was 9.4 months with an immedi-
ate IOP reduction of 39.5 % on average [98].
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7.10 The Learning Curve

NPGS is technically challenging and has a rela-
tively long learning curve. One group compared
viscocanalostomy to trabeculectomy in a ran-
domized prospective study and reported a 50 %
success rate for trabeculectomy vs. 0 % or total
failure for canalostomy [99]. They presented a
second study 1 year later with a new group of
patients and success rates of 57 % with trabecu-
lectomy and 30 % with viscocanalostomy [100].
Similarly, Gilmour et al. described how the pro-
cedure of viscocanalostomy required a learning
curve and that this might have been relevant to
their outcomes when compared to trabeculec-
tomy [101]. This indicates the importance of the
learning curve in NPGS, which should be taken
into consideration when analyzing data concern-
ing this kind of procedure. The same group also
reported that their dissection depth was inade-
quate in 65 % of their cases (30 % too deeply and
35 % too superficial) [102]. When deep sclerec-
tomy was performed they found that the dissec-
tion was performed too superficially in 48 % of
cases [103]. The complication rate also tends to
be higher among surgeons who have no prior
experience in NPGS. Jehn et al. reported that half
of their deep sclerectomy cases were followed by
complications [104] and that surgical revision
was required in 11 % of the eyes during that
learning curve.

7.11 Outcomes

Trabeculectomy, as described by Sugar in 1961
and Cairns in 1968 remains the gold standard
technique for filtering surgery [3, 4]. Therefore,
all novel glaucoma procedures including NPGS
are tested against it. Various studies comparing
NPGS to trabeculectomy have a consensus on the
superior safety of NPGS but controversy remains
concerning efficacy [105-109]. This discrepancy
can be attributed to a number of factors, includ-
ing the fundamental differences between NPGS
and penetrating filtering techniques, the long
learning curve of NPGS, and the need to use
goniopuncture to achieve target IOPs [73]. It
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should be kept in mind that goniopuncture should
not be considered a failure criterion in NPGS
studies. This is based on the rationale that similar
procedures like suture lysis and capsulotomy in
glaucoma and cataract surgeries are not criteria
of surgical failure in clinical trials.

In 2014, the Cochrane collaboration published
a review comparing NPGS to trabeculectomy.
This exhaustive review included relevant ran-
domized controlled trials (RCTs) and quasi-
RCTs that gave outcome data at a minimum of 12
months [110]. Only five trials met those criteria
and were pooled in this review [107, 109, 111—
113]. A total of 311 eyes from 247 participants
were pooled in which 133 eyes (participants)
were quasi-randomized. One hundred and fifty-
one eyes had nonpenetrating glaucoma surgery
(101 deep sclerectomy and 50 viscocanalostomy)
while 160 eyes had trabeculectomy.

The odds of success in deep sclerectomy par-
ticipants was no different than that in trabeculec-
tomy participants (odds ratio (OR) 0.98, 95 %
confidence interval (CI) 0.51-1.88) while the
odds of success in viscocanalostomy participants
was lower than in trabeculectomy participants
(OR 0.33,95 % CI1 0.13-0.81). There was a trend
toward better IOP outcomes with trabeculectomy
which was statistically significant when compar-
ing total success in participants with viscoca-
nalostomy and trabeculectomy.

The rates of the reported adverse effects
reported in this review were 26 complications
with nonpenetrating surgeries (17 %), compared
to 104 complications in the trabeculectomy group
(65 %). This confirms that the justification for
NPGS is based on greater safety with a lower risk
of complications when compared to trabeculec-
tomy [72, 114, 115].

7.12 Conclusion

NPGS encompasses various surgical techniques,
including ab-externo trabeculectomy, nonpene-
trating deep sclerectomy, and viscocanalostomy.
All these variants require a long and flat learning
curve that is still the main cause of its lack of
popularity among eye surgeons. The main advan-
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tage of NPGS is the superior safety profile when
compared to conventional trabeculectomy. This
low complication rate makes it the first choice in
many indications especially in young patients.
Primary and secondary angle-closure glaucomas
are relative contraindications while neovascular
glaucoma and ICE syndrome are absolute
contraindications.

NPGS is efficient at lowering the
IOP. Available data is not sufficient to draw a
final conclusion compared to trabeculectomy
which is still the gold standard and further multi-
center prospective randomized trials are needed
to draw final conclusions.
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Robert Noecker and Shiyoung Roh

8.1 Introduction

Over the past two decades, there have been
advances in laser treatment for glaucoma that have
improved glaucoma management and enhanced
treatment options. One of these laser systems
(Fig. 8.1) is Endoscopic Cyclophotocoagulation
(ECP; Endo Optiks, Inc.), first made available in
1991. ECP uses a diode laser delivered through a
19-20 gauge fiberoptic probe and imaged via a
video monitor that is integrated into the system
(Fig. 8.2). The diode has a wavelength of 810 nm,
a 175 W xenon light source, and a helium-neon
aiming beam. The fiberoptic laser delivery system
allows internal visualization (Fig. 8.3) and treat-
ment of the ciliary body. In the United States, the
FDA approved endoscopic laser system is the E4
laser system by Endoptiks.

ECP offers the advantage of being able to
internally visualize the ciliary body and its pro-
cesses, not visualized in transscleral cyclophoto-
coagulation procedures [1, 2]. The latter is not
always effective and associated with side effects
of pain, inflammation, choroidal effusions, and
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hypotony. Thus, it is used to treat glaucoma in
cases of failed conventional filtration surgery and
in cases with poor predicted outcomes [3].
Studies of transscleral cyclophotocoagulation
confirm extensive tissue damage compared to
ECP-treated eyes, both in autopsy eyes and living
human eyes that were subsequently enucleated
for unrelated pathology [4, 5].

8.2  Indications

There are many studies pertaining to the use of
ECP in open angle glaucoma and particularly in
conjunction with phacoemulsification surgery
[6, 7]. However, ECP has been found to be useful
in other types of glaucoma as well [8]. Among
these are plateau iris syndrome and angle-closure
glaucomas.

Inherent in the treatment of angle-closure
glaucomas with filtration surgery is the increased
risk of aqueous misdirection or malignant glau-
coma, choroidal effusions, and shallow anterior
chambers. ECP is less invasive in reducing intra-
ocular pressure (IOP) by reducing aqueous pro-
duction. ECP combined with phacoemulsification
to remove the natural lens and deepen the ante-
rior chamber, provides an effective and safer
IOP-lowering treatment option for angle-closure
glaucomas [7, 9].

In plateau iris syndrome (PIS), ECP has been
shown to help open the angles by shrinking the
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ciliary body and its processes away from the
posterior iris and angle structures [10]. PIS is a
condition characterized by narrow angles despite
a patent iridotomy and may result in chronic

Fig. 8.1 The Endocyclophotocoagulation (ECP) unit
(Image courtesy of Endo Optiks, Inc.)

angle-closure glaucoma. The angle remains nar-
row due to ciliary processes that are anteriorly
positioned and push forward the peripheral iris.
Currently, the most common treatment is laser
peripheral iridoplasty using argon laser [8]. The
argon laser burns shrink the peripheral iris tissue
away from the trabecular meshwork. ECP and
variations of ECP, Endocycloplasty (ECPL)
treatment, have recently been used in the man-
agement of this disorder and is done in conjunc-
tion with phacoemulsification [9-11]. ECP treats
as much of the ciliary epithelium as possible,
with the anterior processes being treated first and
moving them anteriorly in order to treat more tis-
sue [6, 7]. As opposed to ECP, ECPL treats the
posterior processes first in order to shrink them
away from the iris.

8.3  Surgical Technique

The technique used by Francis in ECPL consists
of performing cataract surgery first with phaco-
emulsification and implanting the intraocular
lens implant (IOL). Following removal of visco-
elastic from the capsular bag after IOL place-
ment, viscoelastic is placed inside the anterior
chamber and the ciliary sulcus, creating a space
for the endoscope. The laser settings are similar
to ECP, with a power setting of 300 mW on a
continuous setting, 270° to 360° around the

Laser

Fig. 8.2 The Endocyclophotocoagulation fiberoptic probe consisting of light, diode laser, and video sources (Image

courtesy of Endo Optiks, Inc.)
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Fig. 8.3 In vivo image of the ciliary processes as cap-
tured by the Endocyclophotocoagulation (ECP) fiberoptic
probe (Image courtesy of Endo Optiks, Inc.)

ciliary body. The spray-painting technique over
the ciliary body is performed at the posterior or
middle of the processes, thus pulling the anterior
process posteriorly and away from the iris [12].
Steroid is injected subconjunctivally, and in cases
where inflammation is an issue, an intracameral
injection of 600 pg of preservative-free dexa-
methasone is recommended [12]. This tech-
nique is similar to others, whereby a 20-G
curved ECP probe is used to deliver the diode
laser 810 nm in a continuous delivery mode with
power of 250-350 mW, targeting the posterior
ciliary processes [13].

8.4  Outcomes

In the conventional management of PIS, laser
iridoplasty does not always work, and its efficacy
may not be long lasting [14]. Removing a cata-
ract alone also does not change the anatomic con-
figuration of PIS as previously thought. On
ultrasound biomicroscopy evaluating the angle
structures prior to cataract extraction and follow-
ing cataract extraction, it has been shown that the
angles were still narrow and the ciliary processes
still touched the posterior iris in PIS [15]. The
mainstay of treatment may thus lead to the need

for surgical intervention such as traditional trab-
eculectomy surgery or tube-shunt surgery.

ECPL offers a less invasive treatment option
that actually targets the anatomic abnormality
in PIS, with promising results. In a retrospec-
tive review of 58 patients treated with phaco-
emulsification and ECPL for angle-closure
glaucoma associated with plateau iris syn-
drome, Ahmed and colleagues [10] reported a
mean IOP decrease from 17.3 to 13.3 mmHg
with a corresponding decrease in IOP-lowering
medications from 1.7 to 0.7. Widening of the
anterior chamber angle was noted with gonios-
copy, anterior segment optical coherence
tomography, and ultrasound biomicroscopy.
Adverse events included transient corneal
edema (n=3), persistent anterior uveitis (n=1),
and transient hyphema (n=2).

8.5 Conclusion

Angle-closure glaucoma encompasses an array of
anatomic abnormalities that cause elevated
IOP. Laser iridotomy is the first-line treatment for
narrow angles at risk for angle closure, but often
does not address the etiology of angle closure. In
plateau iris syndrome, treatment with laser irido-
plasty has its limitations. ECP and ECPL offer effec-
tive treatment options for these glaucoma cases that
may be much less invasive and with fewer complica-
tions than traditional glaucoma surgeries.

Compliance with Ethical Requirements Robert Noecker
is a consultant to EndoOptiks. No human or animal stud-
ies were carried out by the author for this article.
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9.1 Introduction

Optonol Ltd. (Neve Ilan, Israel) first developed
the Ex-PRESS device to shunt aqueous under-
neath the conjunctiva and reduce intraocular
pressure (IOP). The device is a non-valved, stain-
less steel device. Once fixated, the device remains
stable, even in the setting of magnetic resonance
imaging [1]. At 3 mm in length and 400 pm
external diameter, it remains one of the smallest
implants being used in the human body. Models
of the shunt are currently available in 50 or
200 pm internal lumen diameters (Fig. 9.1). In
2010, the device was acquired by Alcon
Laboratories (Ft. Worth, Texas, USA) and it was
felt confusion would be best avoided if the name
was changed from Ex-PRESS Mini-Glaucoma
Shunt to Ex-PRESS Mini-Glaucoma Device,
thus separating the device from more traditional
“shunt” implants. Originally, the rabbit models
were used to prove biocompatibility [2].
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of this chapter (doi:10.1007/978-3-319-18060-1_9)
contains supplementary material, which is available to
authorized users.

E. Allan, M.D. (P<)) ¢ S.R. Sarkisian Jr., M.D.

Dean McGee Eye Institute, Oklahoma City, OK, USA
e-mail: evan-allan@dmei.org;

steven-sarkisian @dmei.org

© Springer International Publishing Switzerland 2015
A.A. Aref, R. Varma (eds.), Advanced Glaucoma Surgery,

Initially, the device was placed directly under
the conjunctiva, full thickness through the sclera
near the limbus. Unfortunately, implanting the
Ex-PRESS in this manner was fraught with com-
plications. Most worrisome were erosion, pro-
found hypotony, and extrusion of the implant
[3-6]. Endophthalmitis secondary to extrusion
without a scleral flap was perhaps the most severe
of complications [4]. Presentation of the above
was typically initially seen as hypotony, followed
by erosion of the conjunctiva at the outer flange
of the device.

Typical to the innovative process, old surgical
vision was melded with new surgical technology
as Dahan and Carmichael became the first to rec-
ommend placement of the Ex-PRESS under a
scleral flap [7]. Subsequently, erosion of the
device was virtually eliminated. In addition, the
scleral flap was found to reduce the risk of post-
operative hypotony.

Initial reports were extremely favorable as the
Ex-PRESS device surpassed trabeculectomy in
almost every aspect. As longer follow-up time
has accrued and further research performed,
early excitement has been tempered. However,
the Ex-PRESS still appears to be superior to tra-
beculectomy in visual recovery [8—10]. Some
studies observed more favorable rates of hypotony
and number of interventions due to hypotony
[11, 12].
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Total length 2.64mm

Axial lumen Relief port

el

Beveled tip Spur

Fig.9.1 Ex-PRESS mini-glaucoma device

9.2  Surgical Technique

The techniques used for Ex-PRESS implantation
have many similarities to a traditional trabeculec-
tomy. The Ex-PRESS device may be placed
under topical, sub-tenon, or retrobulbar anesthe-
sia. Choice of fornix- or limbal-based surgery is
made according to surgeon preference. Careful
cautery of the scleral bed is important for hemo-
stasis prior to scleral flap creation. The shape of
the scleral flap is not important as long as the flap
has good 1 mm coverage of all sides of the
device’s outer flange. This requires at least a
2.5%2.5 mm flap. Anti-fibrotics are administered
prior to or after scleral flap creation similar to the
standard trabeculectomy. A clear corneal para-
centesis allows for controlled lowering of the
intraocular pressure and access for reformation
of the anterior chamber if necessary. However,
one advantage of the Ex-PRESS is that the ante-
rior chamber typically stays extremely stable
throughout the duration of the procedure. When
anti-fibrotics have been administered, the non-
dominant hand will lift the scleral flap with care
so as to identify the trabecular meshwork at the
“blue line” next to the cornea. Several different
instruments can be used to enter the anterior
chamber at the “blue line” including a 25-gauge
needle or 25-gauge MVR blade. It is important to
enter straight in at the iris plane and come straight
out to ensure proper sizing of the ostium and
avoid hypotony or device dislocation/instability
in an ostium that is too large for the device.

Scleral slot

Shaft

a

Vertical channel

Backplate

The Ex-PRESS device comes on a preloaded
injector. The injector has a metal shaft that holds
the device at the lumen. The injector is then used
to introduce the device via the created ostium.
The ostium should be approached with the
device’s face plate rotated in a direction 90° from
its final resting place. Care should also be taken
to approach at the same angle as was used to
fashion the ostium. Once the face plate is flush
with the sclera, the device is rotated 90° so the
flow is directed posteriorly and then released by
pressing the button on the injector. The device
should be centered at this time and checked for
anterior chamber position. Of note, no scleros-
tomy or iridectomy is performed.

The scleral flap is closed in desired fashion
with interrupted 10-0 nylon sutures. The number
of sutures and tightness of sutures should be
adjusted for proper flow. The previously created
paracentesis can be utilized for injection of bal-
anced salt solution to check flow. Conjunctiva is
then closed in the surgeon’s preferred technique
and the wound checked with a fluorescein strip.

Several potential problems should be avoided
during the Ex-PRESS implantation. Premature
release of the device is possible and the provided
injector is advertised as a single use system.
Therefore, the assistant should be warned to not
deploy the device. If it is inadvertently deployed,
the surgeon can attempt to straighten the wire and
reload the device.

At the time of scleral flap creation, the sur-
geon should be mindful of flap thickness as a thin
flap could inadvertently be disinserted during
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device implantation. A fair amount of counter-
traction is needed to insert the Ex-PRESS through
a properly sized ostium. Additionally, the flap
should be dissected anterior into clear cornea to
aid in proper device seating. If the device flange
is immediately adjacent to the flap hinge, malro-
tation of the device and potential erosion, espe-
cially through a thin flap, may occur.

As discussed above, if the surgeon is not care-
ful in using a properly sized needle for ostium
creation, the resulting ostium can be larger than
the device and lead to additional aqueous leakage
around the device. Hypotony may be more likely
in these cases. Also, creating the ostium and
inserting the Ex-PRESS in the plane of the iris
and at the “blue line” is important to avoid ante-
rior or posterior positioning of the device. There
is no evidence that anterior positioning results in
endothelial cell loss. Posterior positioning may
potentially result in cataract formation in phakic
patients, increased inflammation due to iris chaf-
ing, and/or iris atrophy.

Subacute apparent failure of Ex-PRESS
device implantation was observed in 1.7 % of
patients in a large cohort [13]. These patients had
flat blebs and elevated IOP during the late post-
operative period. One eye had vitreous obstruct-
ing the Ex-PRESS tip. Four other patients had an
inflammatory response in the anterior chamber.
The Nd:YAG laser was utilized to treat the tip of
these Ex-PRESS devices which resulted in an
elevated bleb and lower IOP. Interestingly, the
patients with the inflammatory response were not
noted to have obstruction at the tip but were noted
to have dispersal of white particles during the
laser procedure. Before considering adding glau-
coma medications, performing a bleb needling,
or pursuing further glaucoma surgery, one should
consider Nd:YAG to laser the tip of the
Ex-PRESS, especially in patients that have had
inflammation postoperatively.

Bleb needling with anti-fibrotics has become a
frequently performed procedure in attempting to
restore bleb function for trabeculectomy. It can
be repeated as needed and there are a few sight-
threatening complications reported with needle
revision [14]. Unfortunately, there is no data that
investigates this procedure in eyes after

Ex-PRESS shunt surgery, but anecdotally, needle
revision is more difficult in these eyes [15]. Friedl
concluded that bleb needling in an eye with an
Ex-PRESS shunt is more difficult anecdotally
than in an eye without the device. The authors
state that one must take care to elevate the scleral
flap parallel to the limbus and never in a radial
fashion to prevent dislodging the Ex-PRESS
shunt into the anterior chamber. Preliminary
chart review from our institution (publication
pending) has demonstrated efficacy results com-
parable to that of bleb needling for trabeculec-
tomy. The safety of bleb needling after Ex-PRESS
shunt surgery was also demonstrated. In contrast
to Friedl and colleagues, we regularly approach
the Ex-PRESS shunt radially at the time of nee-
dling procedures without dislodging the shunt.
We regularly needle blebs after placement of the
Ex-PRESS device and view it as a safe and effi-
cacious procedure.

9.3 Outcomes

9.3.1 Ex-PRESS Versus
Trabeculectomy

One of the first groups to study the Ex-PRESS
was de Jong [16]. As mentioned, initial reports
were extremely favorable with the Ex-PRESS
being superior in almost every category. Long-
term follow-up from this group showed equiva-
lence of the Ex-PRESS and trabeculectomy in
most areas [17]. Specifically, IOP results were
favorable in both the Ex-PRESS and trabeculec-
tomy groups, but better controlled in the
Ex-PRESS group from years 1 to 3 (12 mmHg
and 13.5 mmHg, respectively). Interestingly,
although the Ex-PRESS group’s IOP remained
stable through year 5 (11.5 mmHg), average IOP
decreased to 11.3 mmHg at year 5. Complete
success rates were significantly higher in the
Ex-PRESS group through year 3 (66.7 % to
41 %, respectively). However, after year 1, there
was no difference between the groups when
placed on IOP lowering medications. By year 5,
there was no difference between the groups in
terms of complete or qualified success, albeit
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with a substantial trend toward higher complete
success rates in the Ex-PRESS group. Average
number of medicines was similar between the
two groups at year 5 (2.1 for Ex-PRESS and 2 for
trabeculectomy). A smaller percentage of patients
in the Ex-PRESS group required IOP lowering
medicines when compared to the trabeculectomy
group from years 1 to 5.

Studies have also investigated the P-200
Ex-PRESS model and specifically compared it to
traditional trabeculectomy. Moisseiev and col-
leagues retrospectively reviewed 100 eyes, 39 of
which had received the P-200 Ex-PRESS [18].
This study was particularly interesting as they did
not exclude patients for “complex” glaucoma, a
term they used for uveitic, neovascular, and
chronic angle closure glaucomas (addressed
below). Similar to de Jong et al. [17], success
rates, whether complete (62.3 % for trabeculec-
tomy and 66.6 % for Ex-PRESS) or qualified
(86.9 % for trabeculectomy and 84.6 % for
Ex-PRESS) were similar, as was postoperative
IOP. The number of required medications, unlike
the above study, was similar between the study
groups. Overall complication and hypotony rates
were similar (9.8 % for trabeculectomy and
7.7 % for Ex-PRESS). Four patients (two in each
group) required reoperation for uncontrolled
IOP. Interestingly, none of the four were from the
complex glaucoma group.

9.3.2 Prospective Studies

Buys investigated the efficacy and safety of
Ex-PRESS versus trabeculectomy procedures in
a prospective, randomized fashion [8, 19]. The
study was not masked and reported 1-year out-
comes. This study again showed equivalence of
trabeculectomy and the Ex-PRESS device in suc-
cess rates (complete 57 % and 70 %, respectively,
qualified 90 % and 83 %, respectively), postop-
erative IOP (11.6 and 11.3, respectively), number
of medications (0.6 and 0.4, respectively), and
complication rates. Postoperative hypotony rates
were similar at 39 % in each group.

Two particularly interesting elements of the
study were the endothelial cell counts and pachym-
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etry readings, as this is the first information on
the Ex-PRESS device’s effect on endothelial
health. With the use of specular microscopy, it
has been established that there is little to no endo-
thelial cell loss especially when used prior to
entry of the anterior chamber. Long-term study of
the endothelium will be interesting and fortu-
nately, at 1 year, there is no difference between
trabeculectomy and Ex-PRESS groups (2,257
cells and 2,301 cells, respectively).

In both groups, vision was significantly
reduced in the early postoperative period.
However, the study reported that the Ex-PRESS
group had faster visual recovery with no differ-
ence from preoperative acuity by postoperative
month 1. In contrast, the trabeculectomy group
never returned to baseline visual acuity even at
last follow-up at 1 year. Median vision loss at the
6 month follow-up was 0 lines for the Ex-PRESS
group and 1.5 lines for the trabeculectomy group.
Forty-seven percent of patients treated with trab-
eculectomy experienced >2 Snellen lines of
vision loss by their 6 month follow-up visit,
whereas only 16 % of those treated with the
Ex-PRESS device lost that level of vision.

It is important to pause and consider visual
recovery. It is clear that transient vision loss is
common after filtration surgery. Shallowing of the
anterior chamber is thought to cause a myopic
shift postoperatively. Tight flap suturing, scleral
cautery, postoperative ptosis, and large filtration
blebs may lead to changes in corneal curvature and
subsequent astigmatism [20]. Other retrospective
studies have been a mixed bag with differing defi-
nitions and analysis when considering visual
recovery [7, 10, 16, 21-23]. However, both pro-
spective studies that specifically analyzed visual
recovery [8, 9] definitively demonstrated a quicker
visual recovery in the Ex-PRESS group with
Beltran-Agullo and colleagues reporting that the
trabeculectomy group never returned to baseline
visual acuity at 1 year follow-up. It would be inter-
esting to understand the economic impact this has
on patient job productivity as it has been previ-
ously unstudied in past economic analysis.

Perhaps one of the most important prospec-
tive, randomized trials is the XVT (Ex-PRESS
versus trabeculectomy) study authored by
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Netland et al. [9]. In that study, 59 patients
received the Ex-PRESS device, whereas 61
underwent trabeculectomy. Mean IOP at 2 years
was statistically equivalent (14.7 for Ex-PRESS
and 14.6 for trabeculectomy, respectively). Mean
number of medications was 0.9 for the Ex-PRESS
group and 0.7 for the trabeculectomy group.
Visual acuity was significantly reduced for both
groups at the day 1 and week 1 postoperative vis-
its. However, that reduction disappeared for the
Ex-PRESS group at the 1 month visit and required
an additional 2 months for the trabeculectomy
group. Qualified success was 83 % at 2 years for
the Ex-PRESS group and 79 % for patients under-
going trabeculectomy. Complication rates were
higher in the trabeculectomy group (36.1 %
versus 17 %).

Results from a recently performed meta-
analysis of all randomized, prospective studies,
excluding the XVT (not published at the time of
the meta-analysis) [24] confirms most of the
above conclusions. Qualified success rates, mean
IOP, and number of medications are equivalent
between both groups. However, the Ex-PRESS
was more likely to have complete success at 1
year with fewer postoperative interventions.
Hyphema was also found to be less common in
the Ex-PRESS group.

9.3.3 Complex Glaucomas

Trabeculectomy was long the gold standard for
any glaucoma. However in recent years, adoption
of glaucoma drainage implants has increased for
complex glaucomas. With the advent of the
Ex-PRESS shunt, some are beginning to again
switch back to filtering surgery for some complex
glaucomas. Although no formal studies have
been conducted investigating the outcomes in
such cases with the Ex-PRESS shunt, there are
some data to review.

9.3.3.1 Uveitic Glaucomas

Joseph Beer first described “arthritic iritis” in
1813 in a patient that developed glaucoma and
blindness after a “gray-green” deep obscuration
caused by vitreous opacification. Uveitic glaucoma

can be both open and closed angle with open
angle being the more common. Etiology is var-
ied. Inflammatory cells, proteins, debris, or fibrin
can obstruct the trabecular meshwork. Resistance
to flow can increase due to inflammatory precipi-
tates on the meshwork and swelling or dysfunc-
tion of the trabeculum even from topical
corticosteroid use. The biochemical milieu can
also affect the IOP. Rho kinase can constrict the
trabecular endothelium and cytokines can pro-
mote neovascularization. A fibrovascular mem-
brane can eventually grow over the angle, fully
obstructing flow. Secondary angle closure may
occur in three instances: (1) pupillary block result-
ing in iris bombe because of posterior synechiae,
(2) broad peripheral anterior synechiae, and (3)
anterior rotation of the ciliary body secondary to
edema and swelling.

Frequently, uvietic glaucoma can progress to
the point of requiring surgical intervention. In the
past, trabeculectomy was the procedure of choice.
Ideally, good control of the intraocular inflamma-
tion is requisite prior to filtration surgery.
Unfortunately, this is not always an option.
Subconjunctival and intravitreal corticosteroid are
other potential options in cases where inflamma-
tion is not optimally controlled prior to surgery.
Antiproliferative agents have helped improve
long-term outcomes, but compared to open angle
glaucoma, outcomes with traditional trabeculec-
tomy have not been excellent. Success rates with
different definitions of success have ranged from
48 to 67 % [25-31]. One of the most difficult
aspects of filtering surgery in uveitic glaucoma is
hypotony. Ciliary body function may be tenuous.
If ciliary body shutdown occurs, overfiltration can
result even despite very minimal flow at the scleral
flap. It has been recommended that loose sutures
be avoided in these patients. Additionally, ciliary
body shutdown can lead to scarring over the scleral
flap due to absence of aqueous flow.

The Ex-PRESS shunt does not help the surgeon
avoid potential ciliary body hyposecretion of aque-
ous, but it does have some potential advantages in
these patients. Firstly, implantation of the
Ex-PRESS device in uveitic individuals may
decrease the risk of cataract progression due to
relative maintenance of anterior chamber stability.
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Additionally, implantation of the Ex-PRESS
device may reduce the risk of increased postop-
erative intraocular inflammation, which can
decrease success rates due to decreased flow sec-
ondary to ciliary body shutdown, a fibrovascular
membrane forming across the sclerostomy site,
or aggressive flap scarring. One advantage to the
Ex-PRESS in these patients is there tends to be
less postoperative inflammation due to the lack of
iridectomy during surgery.

As mentioned, there are no formal published
reports on the efficacy and safety of the
Ex-PRESS device in uveitic glaucoma patients.
However, few scientific abstracts have been pre-
sented and international ophthalmic society
meetings. The first looked at 11 eyes of 10
patients, all of which had inactive disease and at
least 6 months follow-up. Surgical success was
defined as a 20 % or greater decrease in IOP and
decrease in antiglaucoma medications at 6
months follow-up. Mean age was 66.7 years.
Several of the patients had a history previous
ocular surgery (three women had previous
Ahmed valve implantation, three women and two
men had selective laser trabeculoplasty (SLT),
and one woman had trabeculectomy). The mean
postoperative IOP was 12.2 mmHg with a mean
number of postoperative medications of 1.2 at 6
months postoperatively. Complete surgical suc-
cess (both a 20 % reduction in IOP and decrease
in medications) was observed in 36.4 %. 72.7 %
had 20 % or greater decrease in IOP with 63.6 %
having a decrease in ocular hypotensive medica-
tion. Two eyes had no decrease in IOP, and only
one eye had hypotony at 1 month that subse-
quently resolved.

A study from our group (Dean McGee Eye
Institute) investigated the P-200 Ex-PRESS in
various types of glaucoma (primary open angle,
neovascular, uveitic, multiple mechanism, pig-
mentary, steroid response, pseudoexfoliation,
aphakic, traumatic, chronic angle closure, and ICE
syndrome). Sixty-eight percent of the eyes had a
preoperative diagnosis of secondary glaucoma.
Follow-up at the time of abstract presentation was
relatively short with a mean of 9.6 months.
Preoperative IOP was reduced from a mean of
31.5-14.7, resulting in an average IOP reduction

E. Allan and S.R. Sarkisian Jr.

of >40 % at every time point. Medications were
reduced from 3.1-0.3 at last follow-up. There
were several failures with two patients requiring
a glaucoma drainage device and four requiring
subsequent cyclophotocoagulation. The patients
requiring secondary procedures all had a preopera-
tive diagnosis of neovascular glaucoma. One other
patient required endocyclophotocoagulation, but it
was not specified in the abstract what type of glau-
coma this patient had. The study concluded that
the Ex-PRESS can be safe and effective even in
patients with high risk for failure. This may be in
part due to the “shunt” aspect of the device.
Failure from flap scarring is still possible, but
fibrovascular or neovascular membranes may be
less likely to obstruct the Ex-PRESS rather than a
sclerostomy.

Lastly, Moisseiev and colleagues [18] did not
exclude complex glaucomas in their study cohort
when comparing trabeculectomy and Ex-PRESS
procedures. They did not include specific success
rates, IOP, or number of medications for these
complex cases but did note that none of them
required additional glaucoma surgery through
last follow-up.

Our group tends to perform Ex-PRESS on
most uveitic glaucoma patients as first-line surgi-
cal treatment for severe glaucoma when the
patient’s uveitis is quiet. However, some of our
surgeons will perform aqueous shunt implanta-
tion in the setting of active uveitis.

9.3.3.2 Other Complex Glaucomas

Other complex glaucomas include neovascular,
aphakic, Sturge—Weber, traumatic, anterior seg-
ment dysgenesis, congenital, and phakic primary
angle closure entities. There are some consider-
ations to address when using the Ex-PRESS in
the above scenarios. First, neovascular glaucoma
can result in brisk intraoperative bleeding and
elicit a strong inflammatory response following
surgery. For this reason, filtering surgery is often
avoided. However, the absence of an iridectomy
can limit some of the postoperative inflamma-
tion. Additionally, the Ex-PRESS device can
function in a similar way to a shunting surgery,
thus avoiding potential fibrovascular proliferation
across a sclerostomy. One potential downside to
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the Ex-PRESS in these patients is the potential
for the device to become completely obstructed
by blood clot with intraoperative bleeding. These
patients may require anterior chamber washout if
the blood does not clear on its own. We find it
best if these cases can follow up with anti-vascu-
lar endothelial growth factor therapy within a few
weeks, but this is not always possible.

In aphakic glaucoma patients, the device can
become obstructed by vitreous. Thus, if any vit-
reous is presenting at the pupil or anterior cham-
ber, it may be best to combine this surgery with a
pars plana vitrectomy. However, if the vitreous is
not presenting, the lack of an iridectomy may
make the Ex-PRESS a great option.

Sturge—Weber patients are at especially high
risk of suprachoroidal hemorrhage when IOP is
acutely lowered. One advantage of the Ex-PRESS
is the stability of the anterior chamber during
placement. Although the IOP will still be lower
following surgery, the stability of the anterior
chamber allows for some control in this process.
In a similar vein, traumatic glaucoma may benefit
from minimal tissue manipulation that Ex-PRESS
shunt surgery provides.

At this time, the long-term course of the
device is unknown in congenital glaucoma or
other patients with anterior segment dysgenesis.
Often these patients benefit from primary trabec-
ulotomy and we generally perform 360° trabecu-
lotomy with the Itrack catheter (iScience
Interventional, Menlo Park, CA) followed by
aqueous shunt implantation if necessary. Some
have advocated for not using the Ex-PRESS in
phakic patients for fear of cataract formation. We
have not observed this and will routinely place
the device in phakic patients, who do not have
cataract. We will not place the device in patients
with narrow angles or angle closure glaucoma, in
whom we leave phakic.

As mentioned, the effect of the Ex-PRESS on
the corneal endothelium is mostly unknown at
this time. It appears that endothelial cell count
and pachymetry are stable at 1 year [19]. There is
no data on outcomes of placing the Ex-PRESS in
eyes with an anterior chamber intraocular lens;
however, it is obvious that hypotony in these eyes
could compromise the endothelium.

Patients with thin sclera should be approached
with care as they may be especially at risk for
device erosion depending on the thickness of the
scleral flap. Additionally, there is no data in
patients with microphthalmos or nanophthalmos
and the general opinion is these eyes may not be
good candidates for the Ex-PRESS.

9.4  Conclusion
It is clear that the Ex-PRESS is a safe and effica-
cious device. Although costly, it does afford
patients with faster visual recovery and perhaps
less hypotony or hypotony-related intervention.
Additionally, the device should be considered in
the treatment of complex glaucomas where in
recent years, filtration surgery was unthinkable.
Fyodr Dostoevsky suggested that we tend
toward stagnation in our lives when he wrote,
“It seems, in fact, as though the second half of a
man’s life is made up of nothing, but the habits he
has accumulated during the first half.” May this
idea of stagnancy not apply to the changing world
of ophthalmology. Although not all new innova-
tions are permanent fixtures in our armamentar-
ium as glaucoma surgeons, an open mind is
necessary to avoid making our life of work simply
a habit.

Compliance with Ethical Requirements Dr. Allen had
no conflict of interest. Dr. Sarkisian is a consultant to
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the ethical standards of the responsible committee on
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Informed consent was obtained from all patients for being
included in the study.
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10.1 Introduction

Normal tension glaucoma (NTG), also called
low-tension glaucoma, is clinically diagnosed as
glaucomatous optic neuropathy with visual field
damage and intraocular pressure (IOP) measure-
ments documented at or below 21 mmHg [1].
The prevalence in large study populations is doc-
umented between 1 and 2 %; however, the per-
centage may be higher in specific demographics
studied [2—4]. Patients typically have open normal-
appearing anterior chamber angles. Prior to and in
conjunction with initiation of treatment, patients
with NTG should be evaluated, based on clinical
decisions, for other conditions which can mimic
NTG, such as primary open-angle glaucoma with
diurnal IOP variation, causes of previously
induced elevation of IOP (corticosteroid-induced
glaucoma, uveitic glaucoma, previous trauma),
and non-glaucomatous optic nerve head disease
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(congenital disc anomalies, compressive lesions,
acute episode of vascular insufficiency to the optic
nerve shock and anterior ischemic optic nerve, and
anterior ischemic optic neuropathy) with retro-
grade optic neuropathy, optic disc drusen, and
toxic or nutritional optic neuropathy (methanol
poisoning and tobacco/alcohol amblyopia) [5, 6].
It is debated whether NTG describes a disease
spectrum of primary open-angle glaucoma with
intraocular tension below 21 mmHg or, it is an
entirely separate entity, with distinct structural dif-
ference from POAG. Our treatment options for low-
ering IOP to prevent devastating vision loss is in
agreement with NTG being a continuum of the dis-
ease process of POAG. However, physiologic abnor-
malities of vascular flow have been postulated to
play a causative role in the onset and progression of
NTG. Vascular diseases including autoimmune dis-
eases, coagulopathies, ischemic vascular disease,
ocular migraine, Raynaud phenomenon, and sleep
apnea have been documented with increased preva-
lence in NTG patients [7-10]. Modifications of any
comorbid conditions may help to slow the progres-
sion of visual field loss in NTG patients, in associa-
tion with topical and surgical glaucoma therapies.

10.2 Preoperative Considerations
The management of NTG requires a multifac-

eted approach to decrease the IOP and modify
any accompanying systemic disease entities.
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Identification of glaucomatous optic neuropathy
and visual field change in the setting of “normal”
tensions is key in allowing the physician to inte-
grate the appropriate intervention and prevent
blinding consequences. In patients with consis-
tently stable intraocular tensions and repeatable
visual fields without progression, monitoring, or
continuation of current treatment is acceptable.

Automated visual field analysis on a regular
basis is important in monitoring stability and pro-
gression in NTG. Patients who show advancing
visual field defects and split fixation (Fig. 10.1)
should be treated more aggressively to lower the
intraocular pressure. However, these patients are
also at increased risk for complete loss of vision
with surgical intervention. Other risk factors for
“snuff out” of the optic nerve include IOP spikes
and hypotony postoperatively [11, 12].

S.S. Khodadadeh and J.C. Tsai

10.2.1 Topical and Medication
Therapy

Topical medical therapy is usually is the first line
of treatment in NTG patients, especially in the pre-
perimetric and early stages of NTG. If there are no
contraindications to a specific topical drug class
(allergic reactions, bronchospasm, cardiac disease,
etc.), topical therapy is initiated with single or
combination drugs. Typical maximum therapy is a
combination medication (beta-blocker and alpha-
agonist (timolol/brimonidine) or beta-blocker),
combined with a third-line agent carbonic anhy-
drase inhibitor (CAI) (dorzolamide) and a prosta-
glandin analog at bedtime (latanoprost). Topical
beta-blockers have been debated as a less effica-
cious first line of treatment in patients. A study
conducted out of the Early Manifest Glaucoma
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Fig. 10.1 Split fixation. Humphrey visual field (10-2)
from a patient demonstrating inferior split fixation and
inferior paracentral defect in the left eye. Reproduced
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Trial showed that betaxolol combined with selec-
tive laser trabeculoplasty (SLT) had little reduction
in JOP in patients with a baseline IOP of 15 mmHg
or less [13]. In addition, oral beta-blockers may
mask elevated IOP in true POAG patients. With the
postulated vascular factors that may contribute to
NTG, carbonic anhydrase inhibitors or alpha-ago-
nists may be of increased benefit, especially with
the postulated neuroprotective role of the latter [14,
15]. Miotic agents can be used as a last line of ther-
apy; however, polypharmacy should be monitored
in these patients as it may cause difficulty with
compliance and surface irritation. Oral CAls are
rarely given to NTG patients, as IOP is relatively
low even prior to surgical intervention. Oral medi-
cations can be reserved for further lowering of IOP
prior to surgical intervention if necessary.

If topical or systemic IOP-lowering medica-
tions do not adequately control the IOP and risk of
progressive visual field loss is imminent with
advancing glaucomatous optic neuropathy, or dif-
ficulty with compliance of the medical regimen is
documented, surgical intervention is pursued.

10.2.2 Intraocular Pressure Targeting

The acceptable and appropriate level of IOP varies
from patient to patient. In most instances, target [OP
is determined from the Collaborative Normal
Tension Glaucoma Study Group finding that a
reduction of visual field progression from 35 to
12 % was correlated with a decrease in IOP at least
30 % from baseline. Consideration of other risk fac-
tors such as thin central corneas and the presence of
disc hemorrhages may lead the surgeon to con-
sider earlier surgical intervention if progression is
observed [16, 17]. In addition, women, older age,
and history of migraine headaches showed increased
progression, with two-thirds of all patients showing
signs of progression after 7 years [2].

10.2.3 Preoperative Patient
Considerations

As with any intraocular surgery, preoperative
assessment of the well-being and life expectancy
of the patient should be accounted for in the
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decision to proceed with surgery. Since NTG
patients often have vascular comorbidities, length
of the surgery and anesthesia consideration
should be discussed with the anesthesiologist and
the patient prior to the intervention. Prior to pro-
ceeding with surgery, it is important to discuss
with the patient goals, expectations of the sur-
gery, complications, and importance of follow-up
visits, as postoperative management of the surgi-
cal site is imperative and is not without failure.

10.3 Surgical Technique

10.3.1 Anesthesia

Topical anesthesia is a safe and effective alterna-
tive to retrobulbar anesthesia for glaucoma sur-
gery and allows the surgeon to monitor a patient’s
pain response to rare but devastating complica-
tions, such as suprachoroidal hemorrhage [18—
20]. Topical anesthesia is becoming more
commonplace in anterior segment surgery, and
the procedures discussed below can be routinely
performed without retrobulbar injections, perib-
ulbar injections or general anesthesia, which all
carry significant potential risk (intra-arterial
injection, intrathecal injection, globe perfora-
tion, extra-ocular muscle paralysis, atrophy, and
retrobulbar hemorrhage).

Depending on surgeon preference and indi-
vidual surgical efficiency, topical anesthesia can
range from 15 to 60 min (Table 10.1) with additional
re-administration to obtain an adequate desired
effect. With the use of these analgesics, blitz
anesthesia (topical plus intracameral and anterior
subTenon locally administered anesthesia) has
been proven to be safe and effective in anterior
segment surgery [21].

Table 10.1 Topical anesthesia for anterior segment
surgery

Agent Concentration | Onset of | Duration
(trade name) (%) action (min)
Lidocaine 1,2,4 4-6 min | 30-60
(xylocaine)

Proparacaine | 0.5 30s 15
Tetracaine 1 30s 25
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10.3.2 Trabeculectomy
with Mitomycin-C for Normal
Tension Glaucoma

The treatment of choice in NTG patients is trab-
eculectomy with adjunct mitomycin-C (MMC).
Trabeculectomy alone has been shown to control
IOP in primary open-angle glaucoma patients
with ocular tensions only below 22 mmHg. In the
same study, less than (1/5th) 17 % of patients
with NTG treated with trabeculectomy and no
adjunct antimetabolite therapy achieved a target
IOP less than 30 % of baseline [22]. Patients with
NTG require lower target IOPs and are at greater
risk for failure; therefore, the use of intraopera-
tive MMC should be considered for use in all
cases for better long-term success [23].

10.3.3 Surgical Steps
for Trabeculectomy
with Adjunctive Mitomycin-C

1. Obtain informed consent.

2. Administer adequate anesthesia as appropriate
for patient.

3. Preparation of the eye with 5 % betadine
directly into the fornices.

4. Place eyelid speculum (preference to a tem-
poral hinged-speculum, wire, or turn-knob).

5. Place and secure clear corneal traction suture
1 mm from limbus at the superior aspect of
the cornea. (7-0 vicryl or 6-0 silk on a spatu-
lated needle.)

6. Create a small opening in the conjunctiva
and Tenon capsule at the limbus (in the presence
of conjunctival scarring) or 1 mm posterior
to the limbus.

7. Inject 1.5 cm?® of 2 % lidocaine with epineph-
rine beneath the conjunctiva and Tenon capsule
to create a bleb of moderate size. (Preservative-
free lidocaine can be used if there is concern for
exposure to intraocular contents. Epinephrine
provides a longer duration of action.)

8. Massage the subconjunctival anesthetic in a
posterior direction, gently rolling a cotton
swab from limbal edge toward the optic
nerve posterior to disperse the agent of
choice. (This also in creates a dissection plane

10.

I1.
12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.
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for aqueous flow once the sclerostomy has
been made and after conjunctival closure.)
Create a 5.5 mm superior (superotemporal or
superonasal) fornix-based conjunctival perit-
omy. (In the absence of preexisting conjunc-
tival scarring, create with a 1-mm conjunctival
skirt of tissue remaining at the limbus; in the
presence of preexisting conjunctival scarring,
create the peritomy directly at the conjuncti-
val/limbal junction.)

Gently dissect into sub-Tenon space toward
the optic nerve, using a gentle spreading tech-
nique with blunt tip ophthalmic surgical scis-
sors. Care should be taken when handling the
conjunctiva to avoid fraying or button holes.
Obtain hemostasis with cautery if necessary.
Mark the eye for flap creation remove strik-
ethrough with a caliper.

With a super sharp blade, create a 3x2.5 mm
partial thickness rectangular scleral flap.
The flap should be approximately 1/2 to 2/3
the thickness of the entirety of the sclera in
that location.

Gently dissect anteriorly into clear cornea
with a 57-blade (or flap/crescent blade of
choice). Do NOT enter the anterior chamber
at this point. Application of MMC may be
compromised if this occurs.

Apply desired concentration of MMC directly
to bare sclera. Take precaution to avoid medi-
cation exposure to epithelium.

Remove sponge(s) and copiously irrigate
with balance salt solution.

Create a paracentesis.

Enter the anterior chamber within the previ-
ously made plane of the scleral flap.

Create a sclerostomy with a corneoscleral punch
within the anterior base of the sclerostomy.
Perform a superior surgical peripheral iridec-
tomy. (Cautery through the sclerostomy to
the iris may be necessary.)

Ensure flow through the sclerostomy with irri-
gation of BSS from the temporal paracentesis.
Close the flap with 10-0 nylon suture to the
desired flow rate. Recommended closure:
single interrupted 10-0 nylon in an anatomi-
cal clockwise position of flap; releasable
10-0 nylon in an anatomical clockwise posi-
tion of flap (see instructional Video 10.1).
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23. In an alternating locking, non-locking fash-
ion, create a water-tight conjunctival closure
with a recommended 9-0 vicryl suture on a
blood vascular needle.

Deepen the anterior chamber with BSS to
create elevation of the bleb and to ensure that
it is water-tight.

(Optional) Inject viscoelastic material into
the anterior chamber to prevent postopera-
tive hypotony. Step 25 is recommended in
cases with previous longterm use of ocular
hypotensive agents.

24.

25.

Table 10.2 outlines key surgical steps in the
procedure. Modifications to the surgical proce-
dure are adjusted based on patient-specific fac-
tors (Table 10.3).

10.3.4 Antimetabolites in Glaucoma
Surgery

Antifibrotic agents have been used as adjunctive
therapy for three decades to prevent fibrosis and
scarring associated with glaucoma surgical failure.

Table 10.2 Key points for trabeculectomy surgery with
mitomycin-C in normal tension glaucoma patients
» Use of topical/subconjunctival anesthesia
» Fornix-based conjunctival flap with 1 mm skirt at base
(in the absence of previous conjunctival scarring)
* Adjunctive use of MMC: 0.4 mg/mL for 2 min
* Releasable flap suture (10-0 nylon)

* Running, interlocking closure of wound (9-0 vicryl
on blood vascular (BV) needle)
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In a meta-analysis of five studies comparing
intraoperative use of MMC and 5-fluorouracil
(5-FU), MMC adjunctive therapy reached target
IOP of less than 30 % of baseline and sustained
the IOP-lowering effect better than those treated
with 5-FU [24].

Use of MMC and 5-FU in NTG patients can
improve success of target IOP and delay visual
field progression in NTG patients [25-27]. In
most cases of NTG, the use of MMC is during
surgical intervention with trabeculectomy, as
these patients typically have endured multiple
medications and are at risk of failure due to epi-
scleral fibrosis, and require lower IOPs for con-
trol of progression [28].

5-Fluorouracil (5-FU) is reserved for postop-
erative subconjunctival injection and increases
the success of trabeculectomy in patients who are
at higher risk for fibrosis, as well as those requir-
ing extremely low IOPs. Please see Table 10.4 for
a comparison between 5-FU and MMC.

Table 10.3 Preoperative and intraoperative special
considerations

Preoperative Intraoperative

¢ Avoid uncontrolled IOP | Adjust scleral flap
elevation resistance precisely

* Avoid uncontrolled ¢ Avoid hypotony with
hypertension viscoelastics

¢ Minimize blood ¢ Consider placing a

releasable suture

¢ Check IOP in first
few hours

pressure dips

These key items should be treated and employed to maxi-
mize successful outcomes and avoid during surgical and
postoperative complication

Table 10.4 Dosage and frequency of common antimetabolites used in trabeculectomy surgery and postoperative

period [8-10]

Antifibrotic

agent Mechanism of action Delivery route

MMC Antineoplastic antibiotic | Intraoperative
(from Streptomyces SubTenon’s sponge
caespitosus)

5-FU Pyrimidine analog; Subconjunctival
blocks DNA synthesis | injection

via inhibition of
thymidylate synthesis
in fibroblasts

MMC mitomycin-C, 5-FU 5-fluorouracil

Dosage Frequency Side effects

0.2-0.4 mg/mL | Varies based on Hypotony
patient; usually maculopathy
between 1 and 4 min

Smgin 0.1 mL | As needed, daily if | Corneal
necessary to prevent | toxicity, bleb
scarring leak
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However, adjunct therapy to increase success
of surgery is not without risk. Postoperative
hypotony and infection can ensue with the use of
MMC, and 5-FU injections can induce corneal
epithelial toxicity and wound leaks [29-31].

Topical nonsteroidal anti-inflammatory drops
have shown an inhibitory effect on wound heal-
ing can be considered in patients intolerant to
other anti-scarring postoperative therapies [32].

A newer alternative to antimetabolite treatment
during surgery is placement of collagen material to
promote structured fibroblast growth along a bio-
degradable matrix. Used in place of antimetabo-
lites, the implant material has not yet been proven
to be as effective in maintaining and achieving tar-
get IOP as previously discussed adjunctive agents
with traditional trabeculectomy surgery [33].

10.4 Postoperative Management

Optimal postoperative care is key in helping to
achieve success in filtering surgery. Achieving tar-
get IOP, preventing postoperative complications,
and maintaining a viable filtering bleb requires
frequent visits in the weeks after surgery. All
topical tension-lowering medications should be
discontinued after the filtering surgery to pro-
mote aqueous production. The eye should be
treated with anti-inflammatory and antibiotic eye
drops. Topical ointment can aid in patient com-
fort with suture irritation.

Steroid management (Table 10.5) should be
based on clinical signs of inflammation. An ante-

Table 10.5 Steroid management in postoperative
trabeculectomy for normal tension glaucoma

Steroid management in postoperative trabeculectomy
with MMC for NTG

e Taper based on clinical signs of inflammation

* History of severe postoperative uveitis
* Patient at high risk of bleb failure

* Oral steroid use in patients with concurrent
active uveitis

e Alternative agents: topical nonsteroidal anti-
inflammatory drops, immunosuppressive drugs

Key clinical considerations for aggressive steroid treatment
early in the postoperative period
MMC mitomycin-C, NTG normal tension glaucoma

Table 10.6 Early bleb modulation and rescue techniques

Postoperative

finding Rescue treatment

1. Bleb * Subconjunctival 5-FU or
encapsulation MMC injections

e Bleb needling with or without
anti-scarring adjuvant
injections

2. Leaking bleb ¢ Large diameter bandage

contact lens

* Surgical intervention
3. Flat bleb .
e Pull releasable suture

Laser suture lysis

Fig. 10.2 Postoperative week 1 trabeculectomy with
mitomycin-c adjunctive use. Note moderate elevation of
the bleb, water-tight conjunctival closure, and mild to
moderate vascularization of the conjunctiva. Releasable
suture was pulled prior and injection of MMC given for
hyperemia to prevent fibrosis

rior chamber reaction is generally present after
surgery and typically resolves faster than injec-
tion of the conjunctiva at the surgical site.
Steroid taper should be tailored to resolution
of the conjunctional injection at the operative
site to favor surgical success and help to
decrease bleb fibrosis. If scarring develops
despite aggressive steroid management, the bleb
can be rescued with tailored treatment
(Table 10.6; Fig. 10.2).

The risk and occurrence of late onset bleb leaks
is increased with the use of MMC and 5 FU [34]
(Fig. 10.3). Patients undergoing trabeculectomy
with MMC carry a lifelong increased risk for
infection. These patients should be monitored
closely and treated empirically [35].
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Fig.10.3 Shallow anterior chamber after trabeculectomy
with MMC. Anterior chamber is measured in comparison
to the depth of the corneal light wedge

Other complications reported after incisional
glaucoma surgery include hypotony, hypotony
maculopathy, epithelial defect, conjunctival button
hole, choroids detachment, and suprachoroidal
hemorrhage [36].

10.5 Cataract Surgery in Normal
Tension Glaucoma Patients

Cataract surgery can be performed as a standalone
procedure or combined with filtering surgery for
NTG patients, and can be executed from a one-site
or two-sites. The one-site approach gains entry
into the anterior chamber for phacoemulsification
under the trabeculectomy flap before the punch
sclerostomy is performed (see step #19 in Surgical
Steps for Trabeculectomy with adjunctive MMC).
Numerous studies have concluded that cata-
ract surgery alone can lower IOP in patients with
a predisposition to glaucoma [37, 38]. However,
cataract surgery can also induce an acute rise in
intraocular tension postoperatively, one study
noting an increase in as many as 17 % of patients
[39]. Risk factors for IOP spikes include longer
axial length, a higher number of preoperative
medications and previous laser trabeculoplasty.
Cataract extraction with phacoemulsification
after previous trabeculectomy may cause increased
episcleral fibrosis and IOP elevation associated
with changes in bleb morphology, and no studies
to date recommend a timeline as to when post-
trabeculectomy cataract extraction is recommended
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to minimize bleb failure [40, 41]. Increases in intra-
ocular inflammation with intraocular surgery can
increase the risk of bleb failure secondary to fibro-
sis, leading to sustained increases in intraocular
pressure [42]. Post-cataract subconjunctival injec-
tions of 5-FU may be administered to help pre-
vent bleb failure [43]. Treatment of bleb failure
related to cataract extraction, and cataract sur-
gery itself in NTG patients should be considered
on an individual clinical and pathologic basis.

10.6 Role of Laser
Trabeculoplasty

Laser trabeculoplasty can be performed as a first-
line treatment and as an adjunct to topical man-
agement of open-angle glaucomas. The intraocular
tension reduction is thought to occur via increases
in outflow of aqueous through the trabecular
meshwork. While the procedure may be effective
in some patients (pigmentary glaucoma, primary
open-angle glaucoma, pseudoexfoliation glau-
coma), it has a pressure-limited effect [44].

Different types of trabeculoplasty are avail-
able to treat patients with NTG: argon laser tra-
beculoplasty, SLT, and most recently, MicroPulse
laser trabeculoplasty. ALT and SLT are the most
widely performed laser procedures on NTG glau-
coma patients [45]. SLT has shown to decrease
IOP in NTG patients; however, an IOP reduction
of 30 % of baseline is difficult to obtain, even
with the additional topical medical therapy [46].
SLT laser is operator dependent and can be more
effective in the hands of different surgeons. It has
also been shown to have a greater IOP lowering
effect if administered earlier in the treatment reg-
imen when the number of topical medications is
low, and in patients with higher pre-treatment
intraocular tension [47-49]. In addition, laser tra-
beculoplasty may be considered prior to cataract
extraction in NTG patients as phakic patients
with higher intraocular tensions have the greatest
response, historically; however, more recent
studies note no statistically significant difference
in reduction of IOP between phakic and pseudo-
phakic individuals [50-55] (Table 10.7).

While laser trabeculoplasty studies show
promise in the treatment of NTG in countries
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Table 10.7 Settings for treatment of patients with argon laser trabeculoplasty and selective laser trabeculoplasty

[8-10, 62]
Treatment | Size Power Duration Laser |Lens Treatment
ALT 50 pm | 300-1,200 mW | 0.10 s Argon | Goniolens | Treat at junction of pigmented and
nonpigmented TM. 50 spots in 180°;
results in blanching
SLT 400 pm | 0.7-1.2 mJ 1 pulse/burst | SLT SLT; 50 spots in 180°; results in tiny bubbles
(fixed) goniolens

ALT argon laser trabeculoplasty, SLT selective laser trabeculoplasty, mW milliwatts, mJ millijoules

where topical therapy is not readily available or
cost-effective, surgical treatment of NTG with a
30 % reduction of IOP has been proven to be
cost-effective in the United States [56]. SLT may
decrease diurnal IOP variation in NTG patients,
even if target reduction is not reached [46, 57]. In
patients who cannot tolerate surgical interven-
tion, laser trabeculoplasty is a viable option to
help further reduce the intraocular tensions.

10.7 Role of Other Surgical
Interventions

Novel techniques for treating glaucoma patients
have flourished over the past decade.
Microinvasive glaucoma surgery (MIGS; includ-
ing canaloplasty, viscocanalostomy, trabectome,
and iStent) are less invasive techniques entering
the glaucoma circuit. They are not currently the
gold standard for treating patients with NTG.
Glaucoma drainage devices have also become
common practice in a surgeon’s repertoire. While
meta-analysis of both valved and non-valved sur-
gical devices has shown similar long-term IOP
reduction in primary open-angle glaucoma
patients, IOP control below 10 mmHg is not the-
oretically attainable with the devices [58].

Endocyclophotocoagulation can be consid-
ered in the treatment of NTG; however, a sus-
tained decrease in IOP is unlikely [59].

10.8 Future Treatments

The Collaborative Normal Tension Glaucoma
Study showed that with aggressive reduction of
IOP in NTG patients, visual field progression can
be halted. However, 12 % of patients included

in the study continued to progress despite reach-
ing target IOP. These calamitous findings are the
focus of future of vascular, genetic, and neuro-
protective research endeavors for NTG patients.
Vascular dysregulation has been implicated in
NTG patients, with clinical conditions such as
migraine headaches and Raynaud phenomenon
being linked with progression in NTG. Clinical
studies have shown a difference in the vascular
diameter in the central retinal artery in NTG patients
who progressed compared to NTG patients who
did not progress [47, 48]. Topical medical ther-
apy may be of benefit in increasing ocular circu-
lation and carry with it a decreased risk of optic
nerve head and visual field progression [60].
Other studies have focused on modification of
proteins in the aqueous and plasma (endothelin-1
and tumor necrosis factor-alpha) and research
linking the possible association between cerebro-
spinal fluid and NTG [61].

Great successes and innovative research to
develop key proteins and genes that potentially
permit earlier detection or reversal of glaucoma-
tous progression are the future of normal tension
glaucoma therapy. Until these modern therapeutic
additions are available to clinical practice, sys-
temic control of risk factors and surgical interven-
tion is needed to preserve vision in patients. Each
patient should be approached with detail in his-
tory and examination. Surgical decisions should
be made in conjunction with the patient to achieve
success in lifestyle and surgical expectations.

10.9 Conclusion
The management of NTG can be challenging even

for the most experienced and astute clinicians.
A 30 % IOP reduction from baseline decreases



10 Surgical Management of Normal Tension Glaucoma

the risk of glaucomatous progression in NTG
patients. Often, this degree of IOP lowering can
only be achieved with trabeculectomy surgery.
Trabeculectomy surgery in these cases often
requires adjunctive antifibrotic therapy in order
to increase the chances of success. Adjunctive
medical and laser therapies also play a role in
management of NTG patients. Neuroprotective,
vascular, and gene therapies are on the horizon.
These treatments show promise in the future of
clinical practice for earlier detection and possible
reversal of optic nerve damage.
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Indications
and Contraindications

11.1

Glaucoma affects a majority of eyes undergoing
Boston Type 1 Keratoprosthesis (KPro;
Massachusetts Eye and Ear Infirmary, Boston,
Massachusetts, USA) surgery and is associated
with relatively poor postoperative outcomes [1, 2].
Glaucoma after KPro surgery most likely devel-
ops secondary to progressive, synechial angle
closure [3]. Furthermore, a significant proportion
of candidates for KPro surgery have a preexisting
history of glaucoma [1-5]. For these reasons,
many surgeons consider addressing long-term
glaucoma therapy with incisional intervention at
the time of initial KPro implantation. There are
several advantages to this approach: (1) topical
medical therapies may be inadequate due to
diminished penetrance through the central
polymethylmethacrylate KPro optic in the post-
operative period, (2) an inability to monitor
patients with accurate postoperative intraocular

Electronic supplementary material The online version
of this chapter (doi:10.1007/978-3-319-18060-1_11) con-
tains supplementary material, which is available to autho-
rized users.

T.S. Vajaranant, M.D. (D<) » A.A. Aref, M.D.
Tllinois Eye and Ear Infirmary, University of Illinois
at Chicago School of Medicine, Chicago, IL, USA
e-mail: tvajaranant@yahoo.com; thasarat@uic.edu;
ahmadaref@ gmail.com; aaref@uic.edu

© Springer International Publishing Switzerland 2015
A.A. Aref, R. Varma (eds.), Advanced Glaucoma Surgery,

pressure (IOP) measurements warrants interven-
tions most likely to allow for long-term control,
(3) glaucoma occurring after KPro surgery is
characteristically aggressive in nature, and (4)
surgical intervention in the setting of a preexist-
ing KPro presents unique challenges potentially
increasing the rate of postoperative complica-
tions. With regard to type of incisional surgery,
glaucoma drainage implant (GDI) surgery is
often preferred as trabeculectomy surgery may
be prone to episcleral scarring and subsequent
failure in the setting of previous or concurrent
ophthalmic surgery [6]. Therefore, GDI surgery
is indicated in individuals with corneal disease
undergoing KPro surgery for visual rehabilita-
tion. The optimal time for this intervention is at
the time of initial KPro implantation.
Contraindications to this approach include
inadequate conjunctival tissue precluding place-
ment of a GDI implant and also poor ability for
patient follow-up in the postoperative period.

11.2 Preoperative Considerations

Given the complexity of combined glaucoma and
KPro surgery, a host of medical, social, and
anatomical factors must be considered during
preoperative assessment. The relatively long
operative time requires general anesthesia for
most cases, so patient candidates must be deemed
medically stable and consultation with experienced
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anesthesiologists and/or primary care practitio-
ners is often sought. The postoperative period
requires several outpatient visits with multiple
subspecialists for adequate monitoring and
adjustment of medications. Therefore, a patient’s
ability for reliable follow-up in the setting of
individual social circumstances must be ascer-
tained and included in the consent process.
Likewise, the potential need for further surgical
intervention to address possible complications
should be extensively discussed preoperatively.
Glaucoma and KPro surgeries are often com-
bined with pars plana vitrectomy (PPV) to allow
for posterior placement of the GDI tube. However,
anterior chamber placement may be performed in
select cases that demonstrate relatively deep
anterior chambers.  Preoperative  anterior
segment-optical coherence tomography
(AS-OCT) is often very helpful in this regard
(Fig. 11.1). On slit-lamp examination, the sur-
geon should carefully assess the conjunctival tis-
sue for overall integrity and mobility. A
cotton-swab may be used to mobilize conjunctiva
under topical anesthesia for this purpose.
However, even with astute preoperative clinical
examination, adequacy of conjunctiva may not be
fully realized until intraoperative assessment.

T.S.Vajaranant and A.A. Aref

The preoperative assessment of candidates for
combined glaucoma and KPro surgeries also
requires coordination among multiple ophthalmic
subspecialists including cornea, glaucoma, vitreo-
retinal, and contact lens specialists. Relevant med-
ical, social, examination, and imaging data should
be reviewed preoperatively among the various
subspecialists in order to derive a surgical strategy
specific to each individual patient to allow for the
highest chance of success while minimizing the
rate of complications.

11.3 Surgical Technique

This chapter focuses on two commonly used glau-
coma drainage devices: the Baerveldt tube shunt
(Abbott Medical Optics Inc., Santa Ana, CA) and
the Ahmed Glaucoma Valve (New World Medical,
Inc., Rancho Cucamonga, CA). Surgical steps
with clinical pearls are as follows [7, 8].

1. Traction suture
A 7-0 Vicryl suture on a cutting needle is
placed partial thickness through the superior
cornea such that the superior temporal quad-
rant is exposed.

Fig. 11.1 Anterior segment-optical coherence tomogra-
phy image corresponding to the right eye of a 58-year-old
female undergoing preoperative assessment for combined
glaucoma and KPro surgeries for a history aniridic

keratopathy. Anterior chamber depth is over 3.5 mm, indi-
cating that sufficient space exists for anterior segment
placement of glaucoma drainage implant tube
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Clinical Pearl: The traction suture should be
placed closer to the limbus to ensure that it
will not interfere with subsequent trephina-
tion and suturing of the corneal button.

. Conjunctival incision and subconjunctival/
Tenon’s dissection
After making a small opening of the conjunc-
tiva at the limbus, lidocaine 2 %, with epi-
nephrine is injected with a 30-gauge cannula
to create a plane for subsequent conjunctival
dissection. Conjunctival incision is made at
the limbus with two relaxing incisions on
either side. Dissection is carried through
Tenon’s capsule and down to bare sclera. The
incision is extended for approximately
10-12 mm parallel to the limbus. Dissection
at the level of bare sclera is carried posteriorly
between the rectus muscles of the quadrant,
first with Westcott scissors and then with
curved Steven’s scissors, to create an adequate
pocket for the plate. Light hemostasis is per-
formed to avoid bleeding when suturing the
plate to the sclera.

Clinical Pearl: The authors prefer a peritomy
at the limbus, especially in eye with exten-
sive conjunctival scarring. In a primary
surgery, some surgeons prefer a peritomy
at 2—4 mm from the limbus.

. Priming the tube

Ahmed Glaucoma Valve (New World Medical,

Inc., Rancho Cucamonga, CA).

The Ahmed Glaucoma Valve is primed by
cannulating the tube with a 30-gauge cannula
on a Balanced Salt Solution (BSS)-filled
syringe. BSS is slowly injected through the
tube until a continuous stream of the fluid is
demonstrated through valve.

Clinical Pearl: This step is crucial to ensure
adequate functioning of the valve. If the
initial opening pressure is extremely high,
it will likely not be reached physiologically
in the eye. Therefore, if this step is omitted,
absolute flow restriction may occur postop-
eratively. Of note, forceful irrigation should
be avoided.

Baerveldt Glaucoma Implant (Abbott Medical
Optics Inc., Santa Ana, CA)

The tube is irrigated with a 30-gauge
cannula on a BSS-filled syringe to ensure
its patency. As the Baerveldt tube has no
valve, it must be occluded to prevent early
hypotony. A 7-0 Vicryl suture is then tied
around the tube to occlude it at its base.
The tube is then again cannulated with a
30-gauge cannula on a BSS-filled syringe.
It is important to ensure that the tube is
completely occluded to avoid immediate
postoperative hypotony.

Clinical Pearl: A Vicryl absorbable suture
will allow the tube to open around 5-6
weeks postoperatively. Some surgeons pre-
fer placing a 5-0 Prolene suture in the tube
lumen, as a stent or “ripcord.” A 7-0 Vicryl
suture is then tied around the tube to
occlude it at its base. As needed, the sur-
geon can then pull the ripcord in the office
to allow earlier and/or more controlled
opening of the tube.

4. Inserting and suturing the plate

Clinical Pearl: The authors prefer to place the
plate before corneal and retinal procedures
because it is easier to manipulate and move
a closed and pressurized globe.

Ahmed Glaucoma Valve (New World Medical,

Inc., Rancho Cucamonga, CA).

The Ahmed Valve plate is then inserted into
the superotemporal (or other intended quad-
rant) sub-Tenon’s pocket 8—10 mm posterior
to the limbus. The valve portion of the plate
should not be directly handled or it may be
damaged. To fix the plate to the sclera, an 8-0
Nylon suture on a cutting needle is then placed
through two fixing holes. Suture knots are
rotated so they are buried.

Clinical Pearls: The plate should be at least
7 mm posterior to the limbus to decrease
the risk of exposure or conjunctival ero-
sion; however, it should not be much fur-
ther back than 10 mm due to the risk of the
end of the plate touching the optic nerve. In
addition, caution should be used in eyes
with short axial length. In general, axial
length of more than 21 mm can accommo-
date the adult-size Ahmed. The posterior



102

end of the FP-7 plate can be trimmed if that
is a concern. In the inferonasal quadrant,
the plate should not be placed further than
8 mm from the limbus due to the proximity
to the optic nerve in that quadrant. Lastly,
the authors prefer not to use the Pars Plana
Clip (New World Medical, Inc.), which has
potential for exposure and requires a very
relatively large bandage contact lens (rang-
ing from 16 to 24 mm in diameter).
Baerveldt Glaucoma Implant (Abbott
Medical Optics Inc., Santa Ana, CA)

In the selected quadrant, the two rectus
muscles are carefully isolated to ensure
that a clear space exists between the muscle
belly and the underlying sclera. The wings
of the Baerveldt plate are then placed under
each muscle. To fix the plate to the sclera,
an 8-0 Nylon suture on a cutting needle is
then placed through two fixing holes.
Suture knots are then rotated so they are
buried.

Clinical Pearl: In most eyes, the suture eyelets
should line up at 10 mm from the limbus if
the plate is appropriately positioned behind
the muscles.

. Keratoprosthesis and Vitrectomy

Some retina surgeons prefer a view through a

temporary KPro to ensure a complete shaving

for the vitreous base in the desired quadrant.

In this case, the steps will be temporary KPro,

PPV, removal of the temporary KPro and then

Boston KPro placement. Other retina sur-

geons may perform PPV through Boston

KPro. In this case, the steps will be Boston

KPro placement, and then PPV. This tech-

nique requires scleral depression for optimal

visualization of the vitreous base.

Clinical Pearls: It is recommended to shave
vitreous base 360° because many of these
eyes may require a future second GDI. In
many eyes that require KPro, a landmark
for the limbus may be difficult to discern.
In this case, transillumination and/or direct
visualization will aid a safe introduction of
a 23-gauge needle in the posterior part of
the pars plana (approximately aiming for
4-5 mm from the limbus).
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6. Inserting the tube into the anterior chamber

The tube is then trimmed to an appropriate
length (approximately 4 mm from the entry to
allow visualization of the tube behind the ker-
atoprosthesis). The tube may be trimmed
bevel down to decrease risk of contact/occlu-
sion with the iris and/or KPro device. To avoid
tube kinking, the tangential scleral entry for
the tube (pointing slightly anteriorly) is cre-
ated at 4-5 mm from the limbus using a
23-gauge needle. After the tube is inserted
through the scleral entry, the tip of the tube
should be visualized behind the KPro. The
tube is secured to the sclera with a 10-0 Nylon
mattress suture.

Clinical Pearl: Visualize the needle at all
times. The authors prefer not to use the
scleral entry from the vitrectomy port
because most of them are too large for the
tube causing excessive leakage around tube
that may lead to early hypotony.

For a Baerveldt tube shunt, venting slits
can be made proximal to the ligature to
allow for early postoperative flow since the
tube has been occluded. This is done by
passing the needle of the 7-0 Vicryl suture
through the side of the tube. Generally,
three venting slits are placed. The authors
prefer venting slits along the tube where
the Nylon mattress suture is placed. Placing
venting slits along a bent or curved tube
may lead to less controlled flow and exces-
sive leakage.

7. Scleral reinforcement

Common patch grafts used for scleral rein-
forcement include donor sclera, pericardium,
and cornea. In a combined case, a corneo-
scleral graft from the corneal rim can be used
as a patch graft. The corneal rim is cut into an
appropriate size about 3-4 mm. A partial
thickness corneoscleral patch graft is prepared
as follows. First, the corneal epithelium,
Descemet membrane, and endothelium layers
are removed. Second, a lamellar dissection of
the corneal stroma is performed to create a
partial-thickness corneal graft using a cres-
cent blade. Third, the anterior edge of the graft
is trimmed to create a gentle anterior slope.
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The prepared corneoscleral patch graft is

placed over the tube with the corneal side over

the tube so that the tube entry can be visual-
ized postoperatively. The graft can then be
sutured to the sclera in the four quadrants with

7-0 Vicryl suture on a cutting needle.

Clinical Pearl: 1t is easier to suture while the
vitrectomy infusion is on. The ports can be
removed after the tube is secured to
decrease a risk of significant intraoperative
hypotony.

8. Conjunctival closure

The conjunctival incision is then closed using

running 8-0 Vicryl on a non-cutting needle.

Clinical Pearls: To prevent early conjunctival
dehiscence, the closure should include ade-
quate Tenon’s and excessive tension should
be avoided. The wound should be checked
to ensure that they are watertight.

11.4 Postoperative Care

Patients undergoing combined glaucoma, vitreo-
retinal, and KPro surgery require close follow-up
in the postoperative period. Several outpatient
visits with multiple subspecialists are required
for adequate monitoring and adjustment of medi-
cations. Patients are often fitted for a bandage
contact lens to allow for adequate ocular surface
hydration. Adequate fitting for each individual
patient is critical to prevent rubbing of the lens
edge against GDI tube-plate junction and/or the
proximal aspect of the tube just posterior to the
overlying patch graft. Friction in these areas may
predispose to conjunctival erosion and subse-
quent tube exposure.

Given the aggressive nature of glaucoma
occurring and/or potentially progressing after
KPro surgery, frequent structural and functional
testing of the optic nerve is required in the post-
operative period. Once the initial postoperative
course has stabilized, usually by 3 months,
patients are followed on an outpatient basis at
least every 3 months thereafter with serial struc-
tural and functional testing measures. A greater
weight is often placed on structural measures
such as optical coherence tomography of the
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peripapillary retinal nerve fiber layer and stereo-
scopic disc photography as visual fields may be
affected by coexisting corneal and retinal pathol-
ogy. Postoperative slit-lamp examinations should
be performed to carefully assess the status of
conjunctival tissue overlying the GDI tube as
conjunctival erosion may occur asymptomati-
cally in the postoperative period.

Unfortunately, after KPro surgery, current [OP
measurement techniques are not possible through
the central polymethylmethacrylate optic of the
device. The current gold standard for postopera-
tive IOP assessment in these cases involves finger
palpation [9]. The clinician may perform this
maneuver by alternately applying pressure adja-
cent to the 12 o’clock meridian of the globe with
the index finger of each hand. The IOP can be
estimated by the relative firmness of the globe or
the amount of force needed to move fluid between
the two fingers. Alternative techniques including
scleral pneumatonometry may also be considered
[10]. Novel methods for IOP measurement in
these cases, including radio wave telemetry and
implantable IOP sensors, are currently under
investigation [11, 12].

Should structural/functional monitoring and/
or IOP assessment in the postoperative period
indicate persistently uncontrolled glaucoma, fur-
ther surgical intervention may be warranted. A
second GDI device may be considered (Fig. 11.2).
External diode laser photocoagulation may also
be an option in cases judged to be at high compli-
cation risk with a second GDI surgery [13].

11.5 Outcomes

Although the results of GDI surgery in the setting
of a preexisting KPro have been described by
several study groups, outcomes of combined GDI
and KPro surgery are described mainly in two
reports. Huh and colleagues described results
with the aforementioned surgical technique in 20
eyes of 20 patients with average follow-up of
31.6+17.4 months [14]. Patients who had preex-
isting GDI with subsequent tube repositioning to
the pars plana were included in the analysis. On
last follow-up in this series, 65 % and 95 % of
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Fig. 11.2 Wide-field retinal photograph demonstrating

superotemporal and inferonasal glaucoma drainage
implant tubes in a patient with advanced glaucomatous
optic neuropathy related to KPro implantation

patients had IOP measured less than 20 mmHg
by scleral pneumatonometry and digital palpa-
tion, respectively. Four (20 %) of patients
required additional procedures for adequate IOP
control. Most patients (85 %) experienced an
improvement in visual acuity from preoperative
levels. Postoperative hypotony related to GDI
surgery was not reported in the series. One patient
experienced conjunctival erosion over a Pars
Plana Clip (New World Medical Inc., Rancho
Cucamonga, CA) and required revision surgery.
Results of this study support a combined surgical
approach for management of glaucoma at the
time of initial KPro implantation with pars plana
GDI tube insertion.

Law and colleagues separately described the
results of 29 eyes of 29 patients that underwent
combined GDI and KPro surgeries after a follow-
up of 34.4+17.7 months [15]. In contrast to the
technique described by Huh et al., most of the
GDI tubes in this series (91.3 %) were inserted
into the anterior chamber or ciliary sulcus rather
than the pars plana. By last follow-up, the major-
ity of eyes (82.8 %) experienced the same or bet-
ter final visual acuity compared with preoperative
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levels. The investigators did not perform statistical
analysis to compare pre- and postoperative IOPs.
A single eye required additional surgical inter-
vention for glaucoma in the series. The authors
did not report any instances of conjunctival ero-
sion and subsequent tube exposure. Similar to
results reported by Huh et al., Law and colleagues
present results supporting combined surgical
techniques in the management of glaucoma asso-
ciated with KPro implantation.

11.6 Complications

Indefinite contact lens wear is necessary to
maintain adequate hydration of the donor tissue.
This chapter focuses on two complications that
related to KPro and contact lens wear: (1) GDI
erosion secondary to contact lens wear and (2)
hypotony that may potentially lead to poor con-
tact lens fit, poor corneal hydration, and subse-
quent corneal melt.

11.6.1 Drainage Implant Erosion

Given the potential tube erosion secondary to
contact lens wear, careful postoperative examina-
tions of the GDI are recommended. A Seidel test
should be performed to rule out any leakage of
aqueous humor, and endophthalmitis needs to be
excluded and treated accordingly. In cases of ero-
sion without infection, the authors recommend a
revision within 1 or 2 weeks, except urgently in
children. In the meantime, antibiotic eye drops
and/or ointment should be administered. Based
on our experiences, if erosion involves the GDI
plate, the success of revision surgery is relatively
low. In these circumstances, it is best to explant
the GDI and place a new GDI in a different quad-
rant, preferably inferonasally.

If the erosion involves only the tube portion of
the GDI, revision can be performed successfully.
The keys to the successful revision are as
follows: First, determine if contact lens rubbing
is a culprit and/or if a patch graft is too bulky.
Then moving the tube to a more posterior position
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and replacing an old patch graft with a new fresh
corneal patch graft should be considered. Second,
a complete removal of conjunctival epithelium
around the exposed area is essential. This could
be accomplished by scrapping, cauterization,
and/or topical application of absolute alcohol in
the exposed area. Third, tension along conjuncti-
val suture lines should be avoided to prevent
wound dehiscence. Several techniques such as a
rotational conjunctival flap may be used. Lastly,
to prevent recurrent erosion, contact lens fitting
should be performed carefully.

11.6.2 Hypotony

Hypotony should be avoided in eyes with KPro
because it could lead to poor contact lens fitting,
poor corneal hydration, and sight-threatening
corneal melt. Early postoperative hypotony may
be avoided by using viscoelastics in Ahmed valve
placement and a complete occlusion of the tube
in Baerveldt Glaucoma Implant. In KPro eyes
with chronic hypotony and poor fitting contact
lens, a careful examination should be performed
to ensure adequate hydration at the cornea donor-
graft junction.

11.7 Conclusion

Glaucoma occurs with a relatively high frequency
after KPro implantation. Disease course is often
aggressive in nature and requires surgical inter-
vention. Combined surgical techniques involving
GDI surgery at the time of initial KPro implanta-
tion provide successful postoperative results.
There is no consensus as to whether tube place-
ment in the anterior versus posterior segments
offers an enhanced rate of success. Patients
require rigorous follow-up in the postoperative
period with coordination of care among multiple
ophthalmic subspecialists.

Compliance with Ethical Requirements Thasarat
S. Vajaranant and Ahmed A. Aref declare that they have
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accordance with the ethical standards of the responsible
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revised in 2000. Informed consent was obtained from all
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Luis E. Vazquez and Steven J. Gedde

12.1 Introduction
Glaucoma is not infrequently associated with reti-
nal detachment and retinal detachment surgery.
The onset of glaucoma can sometimes precede
that of retinal detachment. The prevalence of pre-
existing open-angle glaucoma is about 4—12 times
greater in eyes with a retinal detachment. Myopia,
pigment dispersion, and the use of miotic eye
drops are proposed risk factors for rhegmatoge-
nous retinal detachment [1-5]. Neovascular glau-
coma (NVG) and tractional retinal detachments
are often found concurrently in advanced stages of
diabetic retinopathy. Conversely, retinal detach-
ment may precede glaucoma as seen in Schwartz-
Matsuo syndrome, or NVG secondary to anterior
segment neovascularization in chronic retinal
detachments [6-8]. Nevertheless, glaucoma
occurs subsequent to retinal detachment surgery in
the majority of cases.

Retinal detachment surgery causes secondary
glaucoma by a number of different mechanisms.
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Vitrectomy itself is hypothesized to cause late-
onset open-angle glaucoma from increased oxi-
dative damage to the trabecular meshwork,
especially in aphakic and pseudophakic eyes
[9-11]. In addition, expansile gases and silicone
oil overfill may anteriorly displace the lens-iris
diaphragm resulting in secondary angle closure
glaucoma with or without pupillary block [12].
Silicone oil may result in inflammation, syn-
echial angle closure, rubeosis iridis, migration of
oil to anterior chamber with obstruction of the
angle, and idiopathic open-angle glaucoma [12].
Also, scleral buckling can result in decreased
venous drainage from the vortex veins resulting
in venous congestion and swelling of the ciliary
body. This can lead to anterior rotation of the cili-
ary body shifting the lens-diaphragm forward
and causing secondary angle closure glaucoma
similar to that reported with sulfa medications,
uveal effusion, choroidal hemorrhage, central
retinal vein occlusion, and pan-retinal photoco-
agulation [13-19]. In sickle cell patients, retina
surgery and encircling elements have also been
reported to produce anterior segment ischemia
and NVG [20]. Appropriate diagnosis and treat-
ment of glaucoma after retinal detachment sur-
gery is critical to prevent the deterioration of
vision in postoperative patients.

Treatment of secondary glaucoma after retinal
detachment surgery may be clinically challeng-
ing. The underlying problem must be recognized
and addressed, and management may include
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cycloplegic drops, anti-inflammatory drops,
intravitreal anti-vascular endothelial growth fac-
tor (VEGF) injection, laser peripheral iridotomy,
and/or silicone oil removal, among others,
depending on the cause [12]. Treatment aimed at
normalizing IOP is also critical. Conventional
strategies include medical treatment with IOP-
lowering drops or oral medications, cyclophoto-
coagulation, incisional glaucoma surgery, or a
combination of the above. Medical therapy is
usually initiated first, but surgical intervention is
often required for optimal long-term IOP control.
The Tube Versus Trabeculectomy (TVT) Study
demonstrated that glaucoma drainage device sur-
gery is a more effective option than trabeculec-
tomy in postsurgical eyes [21-23]. In addition,
trabeculectomy has a particularly high failure
rate in eyes with scleral buckles because signifi-
cant conjunctival scarring does not allow bleb
survival. Therefore, glaucoma drainage devices
are generally the preferred option in the manage-
ment of refractory glaucoma in eyes after retinal
detachment surgery.

Eyes with preexisting scleral buckles pose
additional challenges to glaucoma drainage
device placement. The scleral buckles can some-
times be bulky, particularly in the area where the
ends meet and are joined by the band. In addition,
eyes with an encircling buckle have extensive
scarring making conjunctival dissection difficult.
This may result in postoperative conjunctival
dehiscence, exposure of the tube or endplate of
the drainage device, and wound leak. Scarring
also limits the space available to fit a glaucoma
drainage device endplate over a preexisting
scleral buckle.

Sidoti and colleagues described a procedure in
which aqueous is shunted to the capsule of a pre-
existing scleral buckle [24]. This procedure only
requires the use of a piece of silicone tube similar
to that of glaucoma drainage devices or a
Crawford nasolacrimal stent, without the need
for a plate. The tube is inserted into the fibrous
capsule that forms around a preexisting scleral
buckle at one end, and the other end is inserted
into the anterior chamber as in routine glaucoma
tube surgery. This is in sharp contrast to the origi-
nal anterior chamber tube shunt to encircling
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band (ACTSEB) surgery described by Schocket
and colleagues in which an encircling band was
used not for repair of a retinal detachment, but
rather as the reservoir for aqueous humor [25].
The procedure described by Sidoti, commonly
referred to as the modified Schocket procedure, is
a useful tool to have in the armamentarium for
treatment of refractory glaucoma in eyes with
preexisting scleral buckles.

12.2 Surgical Technique

Schocket and colleagues were the first to describe
an ACTSEB in which the tube drained aqueous to
the cavity of a no. 20 scleral buckle [25, 26].
There have been several alterations to this proce-
dure since its original publication [27-29, 24].
The procedure description below is based on the
procedure described by Sidoti et al. in which
aqueous is shunted to the fibrous capsule of a pre-
existing scleral buckle in eyes with a history of
retinal detachment [24].

1. Anesthesia: A retrobulbar block consisting
of a 50:50 mixture of lidocaine 2 % and bupi-
vacaine 0.5 % is administered under moni-
tored anesthesia care.

2. Exposure: The eyelids and ocular adnexae are
sterilized in 5 % betadine solution and draped
in the usual sterile manner for ophthalmic sur-
gery. A lid speculum is placed and adjusted to
keep pressure off the globe. A traction suture
with 7-0 polyglactin is placed near the limbus
to rotate the eye and improve exposure of the
quadrant of planned surgery (usually supero-
temporal or inferonasal).

3. Conjunctival flap: A localized conjunctival
peritomy is created in the surgical quadrant
using blunt Westcott scissors, and the sub-
Tenon’s space is accessed and dissected pos-
teriorly to expose the recti muscles and the
fibrous capsule encasing the preexisting
scleral buckle.

4. Cautery of the episcleral vessels is applied as
needed to achieve hemostasis.

5. Capsule access: Sharp Vannas scissors are
used to incise the top of the fibrous capsule
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surrounding the scleral buckle. A blunt
cyclodialysis spatula is inserted through this
entry site over the scleral buckle to open the
space between the implant and the capsule.
6. Tube placement into the capsule: A 30 mm
piece of silicone tubing with 0.625 mm
and 0.3 mm external and internal diameter
respectively (Storz, St. Louis, MO, or FCI
Ophthalmics, Pembroke, MA (Crawford
nasolacrimal stent)) is obtained and one end
is inserted through this incision. A 23-gauge
needle is used to create an exit from the
fibrous capsule at the anterior edge, and the
proximal end of the tube is passed along
this needle track aiming towards the limbus
(Fig. 12.1). The incision on the top of the

Fig. 12.1 The silicone tube is inserted into the fibrous
capsule encasing the scleral buckle through a small inci-
sion on top of the scleral buckle. The tube exits the cap-
sule through a 23-gauge needle anteriorly before scleral
fistulization, anterior chamber insertion, and placement of
a scleral patch graft

10.

I1.

12.

fibrous capsule may be closed with 8-0 poly-
glactin on a tapered needle in a watertight
fashion.

Balanced salt solution on a blunt 27-gauge
cannula is injected into the proximal end of
the tube to test resistance and elevation of
the fibrous capsule.

. Tube ligation: The tube can be ligated with

7-0 polyglactin for early flow restriction and
prevention of immediate postoperative
hypotony (Fig. 12.2).

Sclerostomy: A sharp 23-gauge needle is
used to enter the anterior chamber 1-2 mm
posterior to the limbus and parallel to the iris
plane. The tube is trimmed to the appropriate
length with an anterior bevel, and is inserted
into the anterior chamber through the needle
tract. After ensuring that the tube is ade-
quately positioned in the anterior chamber
away from the corneal endothelium, it may be
fixated to the sclera using a 9-0 nylon suture.
Verify that the anterior chamber is holding
stable depth.

Patch graft: To prevent erosion through the
conjunctiva, cover the tube with a donor tissue
patch graft (cornea, sclera, or pericardium),
secured to the sclera using 7-0 polyglactin
sutures.

Conjunctival closure: The conjunctiva is
sutured using 8-0 polyglactin on a tapered
needle in a watertight fashion.
Subconjunctival injections of an antibiotic
and corticosteroid are administered and the
traction suture, lid speculum, and drapes are
removed.

Intra-capsular space

- =

A

Fig. 12.2 Tube modifications include (A) fenestrations
anterior to the ligature, (B) placing a securing suture to the
sclera, and (C) side ports at the intracapsular end of the

e

tube. A 7-0 polyglactin cutting needle, a 9-0 nylon suture,
and curved Westcott scissors can be used to perform these
modifications, respectively. Modified from Lee et al. [27]
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12.3 Procedure Modifications
and Alternatives

1. Needle fenestrations may be placed across the
tube anterior to the ligature using a 7-0 cutting
needle to allow for early flow prior to dissolu-
tion of the ligature (Fig. 12.2) [27].

2. To decrease the risk of tube obstruction at the
intracapsular end, side ports can be created on
the tube using curved scissors (Fig. 12.2) [27].

3. To prevent the risk of tube migration, the tube
can be secured to the sclera using a 9-0 nylon
suture (Fig. 12.2) [27].

4. A Baerveldt glaucoma implant (or other glau-
coma drainage devices) may be used [30, 31].
The device should be placed in the quadrant
with least amount of hardware (away from the
area where the ends of the scleral buckle are
tied); adequate posterior dissection is needed
to create enough space for the endplate. The
endplate is positioned over the recti muscles
and the encapsulated scleral buckle. The end-
plate can be secured to the sclera or buckle.
Either 250 or 350 mm endplates may be used
and trimmed to fit in tighter spaces if signifi-
cant subconjunctival scarring is present.

12.4 Outcomes

The initial ACTSEB procedure described by
Schocket and colleagues consisted of shunting
aqueous to an encircling band in eyes with NVG
[25, 26]. Final IOP in 18 of 19 eyes (95 %) was
less than 20 mmHg (average IOP 16.2 mmHg,
mean follow up 59 weeks). Of these 18 eyes, only
3 required IOP-lowering medications. The origi-
nal Schocket faired well when compared to the
initial data on the Krupin and Molteno glaucoma
drainage devices [25]. The original Schocket was
also compared to the double-plate Molteno in a
randomized, prospective study in eyes with
refractory glaucoma [32]. In this study, the final
IOP was similar between groups (14.4 mmHg
with Molteno and 15.1 mmHg with Schocket,
mean follow up 26 months), although the
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Schocket group required fewer medications
(mean 0.95 vs. 0.43 number of medications for
the Molteno and Schocket groups, respectively).
Nevertheless, more frequent complications were
encountered in the Schocket group. Also, newer
glaucoma drainage devices, such as the Baerveldt
and Ahmed implants, are similarly effective and
do not require placement of a 360° encircling
band, making them a more popular choice than
the original Schocket procedure for treatment of
refractory glaucoma.

The modified Schocket procedure originally
described by Sidoti and colleagues—and dis-
cussed here—consists of shunting aqueous to the
fibrous capsule of a previously existing scleral
buckle in eyes with a history of retinal detach-
ment [24]. Successful control of IOP (defined as
IOP between 6 and 21 mmHg with or without
IOP-lowering medications) after 1 year was
achieved in about 85 % of the eyes in 2 indepen-
dent small case series [27, 24]. Ten out of twenty-
one eyes required at least one IOP-lowering
medication, and vision improved in nineteen of
twenty-one eyes in the two series combined.
Thus, shunting aqueous to an encircling band
placed at the time of surgery (original Schocket)
or into the capsule surrounding a preexisting
scleral buckle (modified Schocket) is similarly
effective in lowering IOP.

Using glaucoma drainage devices in eyes with
preexisting scleral buckle is also a good surgical
option. Small retrospective case series have looked
at outcomes of Baerveldt drainage implants in
eyes with preexisting scleral buckle and found
similar results compared to the modified Schocket
procedure [30, 31]. Twenty-eight of thirty-three
eyes (85 %) achieved successful control of IOP
(defined as IOP between 6 and 21 mmHg with or
without IOP-lowering medications) at last follow
up in both studies combined. In one of the series, 7
of 16 eyes required at least one IOP-lowering
medication. Of the 9 eyes that did not need postop-
erative IOP-lowering medications, 2 had a
Baerveldt 250 mm and 7 had a Baerveldt 350 mm
device [30]. In general, vision remained stable in
both these studies at last follow up.

There is no prospective, randomized clinical
trial to date to compare the safety and efficacy
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between the modified Schocket procedure and
glaucoma drainage implants in eyes with preex-
isting scleral buckles. Nevertheless, the outcomes
reported for both procedures are comparable, and
both are effective options in the treatment of
refractory glaucoma in eyes with preexisting
scleral buckles.

12.5 Complications

In the original series by Sidoti and colleagues, all
complications related to the modified Schocket
procedure were observed within 4 months post-
operatively [24]. Complications included serous
choroidal detachment, conjunctival dehiscence
and wound leak, hyphema, and tube obstruction
by lens, vitreous, or episcleral fibrous tissue.
Interestingly, a more recent series by Lee et al.
reports significantly fewer complications [27].
Lee et al. report tube exposure in one patient, and
self-limited choroidal effusions in three eyes dur-
ing the immediate postoperative period. They
attribute the decreased rate of complications to
securing the tube to the sclera, and creating side
ports on the intracapsular end of the tube
(Fig. 12.2). Indeed, intracapsular obstruction was
the most common complication, and obstruction
inside the eye could be attributed to tube migra-
tion. Thus, albeit limited evidence, these simple
modifications appear to be beneficial in decreas-
ing complications.

Placement of Baerveldt drainage implants in
eyes with preexisting scleral buckle is associated
with similar postoperative complications, includ-
ing limited choroidal effusion, limited choroidal
hemorrhage, hyphema, and conjunctival dehis-
cence and wound leak [30, 31]. Of note, there
were more serious complications observed in
these series, including retinal detachment recur-
rence, limited vitreous hemorrhage, and signifi-
cant choroidal hemorrhage with subsequent
phthisis.

Because these are small retrospective studies,
it is difficult to estimate the exact frequency of
complications associated with both these proce-
dures. Similarly, one should consider the serious
complications observed with the Baerveldt

m

implant surgery as possible complications for
the modified Schocket procedure in eyes with a
preexisting scleral buckle.

12.6 Conclusion

The modified Schocket procedure is an effective
and relatively safe surgery for treatment of
refractory glaucoma in eyes with preexisting
scleral buckles. Placement of a glaucoma drain-
age device is an adequate alternative with com-
parable outcome and complication rates. There
are no randomized, prospective clinical trials
comparing the safety and efficacy between the
modified Schocket procedure and glaucoma
drainage implants in eyes with preexisting
scleral buckles to date. The use of the modified
Schocket procedure may be a better option in
cases where significant conjunctival and subcon-
junctival scarring is present and placement of the
plate of current glaucoma drainage devices may
be difficult.
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13.1 Introduction
The postoperative management in trabeculectomy
plays a very important role in achieving success.
One needs to maintain sufficient flow through the
scleral flap to maintain the filtering bleb, working
against the effects of fibrosis at the episcleral rim
of the scleral incision and in the conjunctival-Ten-
ons flap. Even with the use of anti-fibrosis agents
at surgery, which have greatly reduced failure
[1-4], about 20 % of patients require needling of
the scleral flap [5]. Using the technique of Khaw
[6] for applying Mitomycin-C in a wide area with
thin sponges produces more diffuse blebs which
are less prone to encapsulation, leakage or infec-
tion, but encapsulation can still occur.

Among the maneuvers that have been
employed to deal with excessive fibrosis, espe-
cially in the early postoperative period, are laser
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suture lysis of the scleral wound tensioning
sutures [7], massage or mechanical distortion of
the scleral wound edge to tear bridging fibrosis
[8], trans-conjunctival needle revision (with
or without adjacent subconjunctival injection
of the anti-fibrosis agents Mitomycin-C or
5-Fluorouracil) [9, 10], YAG-laser treatment of
the internal ostium [11] and/or external scleral
wound [12, 13], and ab-interno revision with a
cyclodialysis spatula [14, 15]. We describe here a
new approach we have been using for several
years, trans-corneal needling of the scleral wound
and bleb, performed at the slit lamp.

13.2 Indications

The best indication for this procedure is a case
in which clinical evaluation suggests that the
site of excessive resistance is at the episcleral
rim of the scleral incision, as indicated by an
elevated intraocular pressure in the presence of
a bleb that looks functional—that contains
hydrated Tenons, is somewhat ischemic and has
diffuse borders, and in which there is no block-
age of the internal scleral ostium as determined
by gonioscopy, and laser suture lysis has already
been performed. However, the procedure can
also be employed with reasonable success in
any failing bleb in which the conjunctival flap
has not become completely immobilized by
fibrosis.
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13.3 Surgical Technique

The preparation for the procedure includes
obtaining informed consent by discussion of the
need for action, what is involved in the proce-
dure, assurance that the procedure is almost
always painless due to use of anesthetic drops and
gel, and that we would stop if it became painful.
One may also discuss options appropriate to the
case, such as going to the operating room or
resuming medical therapy, the risks and benefits
of the procedure, and what the follow up will be.
The eye is then prepped with drops (Fig. 13.1) of
proparacaine for initial anesthesia (takes 20 s to
work), apraclonidine for vasoconstriction (takes
60 s, and reduces not only bleeding, but also ante-
rior chamber reaction and foreign body sensation
postoperatively), a drop of 5 % povidone iodide
applied to the cornea and conjunctiva for 2 min
for anti-sepsis, a rinse with proparacaine, and
application of 2 % xylocaine gel to the bleb area
for 2 min, and a final rinse with saline or propara-
caine (as xylocaine gel otherwise produces
corneal epithelial toxicity).

The half-inch 30 g needle, mounted on a TB
syringe, is bent into a “Z” shape (Fig. 13.2) [16].
This is done by holding the syringe upright with
the needle bevel facing you, grasping the needle
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3 mm from the hub with a blade-breaker or nee-
dle driver, bending the needle backwards at the
needle hub and then twisting it forwards where it
is being held by the blade-breaker. This makes an
instrument that is held comfortably with the
thumb and second and third fingers, and in which
the tip of the needle can approach the eye parallel
to the corneal surface.

After the patient has been seated comfortably
at the slit lamp (sitting upright with good support
of the chin and forehead) a solid bladed lid
speculum is placed to isolate the lashes. The sur-
geon likewise must be seated comfortably in an

Fig.13.2 Bent 30-gauge needle mounted on a tuberculin
syringe
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Fig. 13.1 The drops and gel to be applied before needling, proparacaine, apraclonidine, povidone iodide, and 3.5 %

xylocaine gel
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Fig. 13.3 Checking that the final portion of the needle
will reach the bleb margins

upright position, have the elbows resting on
either the slit lamp table or elbow supports, and
the hand holding the TB syringe with needle sta-
bilized by contact of the fourth and fifth fingers
with the patient’s cheek.

The needle is held over its intended path to be
sure that there is sufficient length beyond the distal
bend to pass through the internal ostium, out
through the episcleral margin of the scleral wound
and to the outer margins of the bleb (in case nee-
dling of the bleb itself is required) (Fig. 13.3).

The cornea is entered parallel to the surface
and passed vertically and somewhat obliquely (so
that the needle entry is not in the visual axis)
aimed towards the internal ostium, with the bevel
up, and until just the bevel is within the cornea.
Then the syringe is tilted up so that the needle tip
passes on a somewhat more perpendicular path to
enter the anterior chamber. This is done so that
the path in the cornea is not so long as to impede
side to side and up and down manipulations of
the needle tip. The needle is then advanced slowly
by gentle wiggling of the syringe, so that it does
not plunge too rapidly forwards. The needle tip
must then pass through the internal wound of the
trabeculectomy. This region is determined preop-
eratively with gonioscopy and noting any land-
marks, such as an iridectomy or iris details. The
needle should slide without significant resistance
through to the scleral surface. This may require
some gentle probing with retreat if resistance is
encountered. One does not want to penetrate the
sclera outside of the path of the trabeculectomy,
as that does not restore aqueous flow and can
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produce pain and bleeding. The procedure is far
easier to perform in the eyes in which a short
scleral tunnel or short scleral flap, with a wide
internal entry, had been used in the trabeculec-
tomy procedure [16].

Once the needle advances through the epi-
scleral tissue to reach the interior of the bleb, the
bleb may expand dramatically and that would
indicate that the major unwanted resistance has
been eliminated and that one may withdraw the
needle. However, if the bleb does not expand, the
needle may be advanced along the scleral surface
to penetrate Tenons adhesions at the bleb margin,
and the side of the 30 g needle used to slice such
adhesions in one or a few places, until the bleb
expands in size beyond its original margins.

13.4 Advantages
of the Ab-interno Technique

There are several advantages of this procedure
over trans-conjunctival needling, especially if the
latter is done in an outpatient or hospital operating
room. First, there are logistic advantages, as it is
performed in the clinic at the time the patient is
seen, with little cost and inconvenience, since no
scheduling of the procedure and no hospital or out-
patient facility paperwork and expense are
involved. This is particularly advantageous to the
practitioner within the global period, in which any
postoperative interventions are not reimbursed,
and in which returns to the hospital within the
global period may be monitored. Second are the
psychological advantages, in that one can explain
to the patient that the operation they recently had
has not “failed”, but just needs adjustment, and
deal with any anxiety by promptly dealing with
the problem, rather than have it weigh on their
mind until a revision could be scheduled and
performed. Third, the procedure avoids several
risks of trans-conjunctival needling.

With trans-corneal needling, the only entry
into the eye is a self-sealing 30 g needle entry.
To achieve a self-sealing wound, it is important
that the bevel be parallel to the cornea so that a
tunnel, and not a groove, is made. It is also
important that the needle path be sufficiently
long, and this is assured by having the bevel of
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the needle fully in the cornea before turning the
needle tip more perpendicularly for entry into the
anterior chamber. In contrast, a trans-conjunctival
needling by definition makes a hole in the con-
junctiva, which can cause hypotony and can serve
as an entry site for bacteria. For that reason,
trans-conjunctival needling entry sites must
always be Seidel tested and closed, if positive,
with a suture or cautery.

With trans-corneal needling, especially if only
an episcleral fibrosis at the scleral wound margin
requires cutting, hypotony is unlikely to occur, as
the outer margin of the bleb has usually formed by
the time of the procedure. This is particularly true
when a “safety-valve” trabeculectomy has been
performed, in which the scleral wound has valve-
like properties that provide about a 5 mmHg trans-
scleral pressure gradient [17, 18]. With trans-scleral
needling, especially if only an episcleral fibrosis at
the scleral wound margin requires cutting, bleed-
ing was usually not encountered, whereas trans-
conjunctival needling often cuts vessels.

13.5 Results

Our clinical impression in about 20 cases performed
has been that the success rate is somewhat better
than trans-conjunctival needling, though favorable
case selection likely played a role. The safety of
trans-corneal needling appeared to be distinctly bet-
ter, as no cases of hypotony, infection, or significant
intra-bleb bleeding occurred. A formal retrospec-
tive analysis will be performed with Institutional
Review Board approval and reported elsewhere.

Compliance with Ethical Requirements Dr. Palmberg
declares no Conflict of Interest. This presentation is based
upon a limited case series, does not constitute human sub-
jects research and is exempt from Institutional Review
Board review. No animal studies were performed by the
author for this article.
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14.1 Introduction

14.1.1 Choroidal Anatomy

The choroid is a distinct component of uveal tissue
that lies between sclera and the retinal pigment epi-
thelium [28]. The suprachoroidal space (Fig. 14.1)
is a potential space between the choroid and sclera.
If fluid accumulates in that potential space, it
becomes a true space of which the boundaries are
the scleral spur anteriorly and the optic disc posteri-
orly. The choroid is also attached to the sclera at the
ampullae of the four vortex veins. Normally there is
a minimal amount of fluid in the suprachoroidal
space that acts as a lubricant to allow the choroid to
glide smoothly against the sclera. The outer surface
of the ciliary body and the choroid are attached to
the sclera by fine collagen fibrils arranged in tan-
gential sheets. This arrangement also allows for
movement of the choroid against the sclera. The
optic nerve and perforating vessels and nerves limit
the movement of the choroid during accommoda-
tion. The scleral openings created by these vessels
and nerves can serve as emmisarial channels or
lymph-like spaces. They permit the slow drainage
of fluid from the suprachoroidal space [3].
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14.1.2 Choroidal Physiology

The choroid is highly vascularized and contains
large capillaries that are 20-30 pm in diameter.
It has been estimated that 70 % of the total blood
supply to the eye is distributed to the choroid [21].
The choroidal circulation is designed to provide
oxygen and metabolic support to the retina with-
out obstructing vision at the fovea. Four to seven
vortex veins provide venous drainage for the cho-
roid [28]. Venous drainage and arterial supply are
separated in the choroid, preventing thermal
exchange between outgoing and incoming blood.
This system suggests a role of the choroid as a
temperature moderator for the neural retina.

The choroidal capillaries are fenestrated,
allowing small and medium-sized molecules
to traverse across. Intraocular pressure (IOP)
opposes the outward osmotic pressure and main-
tains the steady state [2]. Under normal condi-
tions, the albumin concentration of the interstitial
space of the choroid is found to be less than 35 %
of plasma [3].

The major arterial supply, together with the
choriocapillaris, is functionally segmental with
very little collateral flow [12]. This contributes
to the pattern of large triangular lesions with
the bases located anteriorly towards the equator
if a vessel is occluded. Discrete lobular infarc-
tions occur if a single end arteriole is blocked
and can be associated with systemic hyperten-
sion, toxemia of pregnancy, disseminated intra-
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Fig. 14.1 Cross-section illustration of suprachoroidal
potential space between the sclera and the vascular choroid.
Copyright JirehDesign, reproduced with permission

vascular  coagulopathy, acute posterior
multifocal placoid pigment epitheliopathy, giant
cell arteritis, Goodpasture’s syndrome, and sickle
cell anemia [28].

A conclusive relationship between glaucoma
and the choroid has not been established.
Numerous potential associations have been pro-
posed, though studies have shown opposing
results. Histologically, Yin et al. found a decrease
in choroidal thickness in glaucomatous eyes when
compared to eyes with optic atrophy of other
causes and normal eyes [34]. Spraul et al. found
increased choroidal thickness in eyes with a his-
tory of glaucoma compared to age-matched con-
trols [31]. Of nine studies published using optical
coherence tomography (OCT) measurements, six
publications showed no significant difference
between the macular choroidal thicknesses of
glaucomatous eyes compared with controls [1,
14]. Choroid expansion may play a role in the
anterior displacement of the lens in primary angle
closure glaucoma according to Quigley [24].

14.2 Diagnosis

When choroidal effusions form, the abnormal
accumulation of fluid in the suprachoroidal space
can be seen as bullous, solid detachments, separated

Fig. 14.2 Fundus photograph of choroidal effusions with
associated exudative detachment

into quadrants [3]. The effusions usually appear as
dome-shaped elevations in the posterior segment
that are limited by fibrous adhesions concurrent
with the vortex veins. Choroidal effusions may
be associated with an exudative retinal detach-
ment (Fig. 14.2). Funduscopic findings can usu-
ally differentiate a choroidal detachment from a
retinal detachment, as choroidal detachments are
solid dome-shaped elevation under the retina,
which are relatively immobile, while retinal
detachments are mobile detachments of the retina
often with folds within the retina.

Ultrasonography can assist in the diagnosis of
choroidals when there is a limited view of the
posterior pole. B-scan ultrasonography will
reveal dome-shaped elevations (Fig. 14.3) that do
not cross from quadrant to quadrant [19].
Ultrasound imaging can also differentiate
between serous effusions and hemorrhagic cho-
roidals. Highly elevated choroidal detachments
with opacities in the suprachoroidal space sug-
gestive of clotted blood are typically noted with
the hemorrhagic type. A-scan ultrasonography is
also helpful and shows the steeply rising, double-
peaked spike characteristic of choroidal effusion
with lower reflective spikes from the clotted hem-
orrhage [5].

Small and peripheral choroidal effusions are
usually asymptomatic with minimal vision loss
and/or discomfort. Larger effusions can cause
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Fig. 14.3 Longitudinal sonographic section through the
macula. Note the nasal and temporal bullous choroidal
detachments which are not quite apposed to each other

decreased vision if the detachment involves the
macula or if there is an anterior displacement of
the lens-iris diaphragm causing a myopic shift
[26]. Patients may notice an absolute scotoma
corresponding to the site of the effusions. Sudden
and severe pain with significant loss of vision is a
feature of hemorrhagic choroidals. Hemorrhagic
choroidals are often associated with headache,
nausea and vomiting secondary to a sudden ele-
vation in IOP [5].

14.3 Pathophysiology

The most common type of choroidal effusion is
serous, with a protein concentration of approxi-
mately 67 % of serum protein. These effusions
result from a decrease in IOP following intraocu-
lar surgery. This creates a pressure differential
that allows small and medium-sized molecules,
along with fluid, to traverse across the isoporous
choroidal capillary membrane [2]. Normally
when IOP is lowered, the hydrostatic pressure of
the veins draining the choroid decreases and the
hydrostatic pressure of choroid capillaries likely
decreases, keeping the net hydrostatic pressure
across capillary walls unchanged. However, with
very low IOP or hypotony, the venous pressure
outside of the eye limits venous pressure inside
the eye so equilibrium shifts towards fluid accu-
mulation. In addition, the pressure gradient across
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the sclera is decreased, so fluid from the supra-
choroidal space through the emmisarial scleral
openings is eggressed at a slower rate. Fluid
begins to accumulate and spontaneous detach-
ment of the choroid from its scleral attachments
occurs. If bulk outflow decreases and colloid
accumulates in the suprachoroidal space, fluid
will enter the space even more rapidly [3].
Although the degree of the detachment correlates
to the degree of hypotony, inflammation is also
thought to be an important facilitator [29].
Inflammation augments the above process by
increasing the rate of colloid movement into the
suprachoroidal space. It increases the permeabil-
ity of choroidal capillaries [26]. Inflammation
can also contribute to hypotony possibly by a
prostaglandin-mediated decrease in aqueous
production combined with an increase in uveo-
scleral outflow [29].

Bellows et al. described an additional mecha-
nism for intraoperative choroidal effusion that
occurs in eyes with prominent episcleral vessels
and high episcleral venous pressure, as in patients
with a carotid-cavernous fistula or Sturge—Weber
syndrome. These effusions have a protein concen-
tration that is 18 % of the serum and thought to be
due to a process of molecular sieving. The elevated
venous pressure creates a magnified pressure
differential when IOP drops to zero, promoting the
filtration of larger proteins as fluids flows into the
extravascular space [2].

14.4 Sequelae

Persistent large choroidal effusions can result in a
flat anterior chamber with corneal decompensa-
tion and cataract progression. Choroidal effusions
can also turn into the hemorrhagic type with
stretching and breaking of the choroidal arteries.
This sequence of events may be especially pro-
nounced if the patient is on anticoagulant treat-
ment. Risk factors for hemorrhagic choroidals
include older age, a history of glaucoma, previ-
ous ocular surgery, and long or very short axial
length [19]. Hemorrhagic choroidal detachment
is usually associated with severe pain, a flat ante-
rior chamber and high IOP [13]. Liquefaction of



120

the hemorrhage must be considered before
attempting drainage. B-scan echography can be
used to follow progression of clot lysis that can
take a variable amount of time [5]. Large “kiss-
ing” choroidals with prolonged retinal apposition
may sometimes lead to retinal adherence and sec-
ondary retinal detachment, so earlier intervention
is more highly considered in this scenario.

14.5 Etiology
14.5.1 Postoperative

The most common cause of choroidal effusions is
intraocular surgery with the lowering of
IOP. Intraoperative and postoperative hypotony
with the inflammation associated with surgery is
the proposed etiology with the pathophysiology
previously discussed [3]. Associated risk factors
for postoperative choroidals include systemic
hypertension, older age, prior vitrectomy, nan-
ophthalmos, and elevated episcleral venous pres-
sure [19]. Effusions are commonly observed after
panretinal photocoagulation [9]. The number of
laser applications and increasing retinal surface
treatment area are positively correlated with the
development of effusions. Shorter eyes are also at
higher risk. Self-limited choroidal effusions are
often observed after scleral buckling procedures.
The fluid accumulation is thought to be the result
of compromised venous outflow at the vortex
veins. Risk factors include the size of the buckle
and its posterior location [22]. Choroidal effu-
sions can also be found preoperatively in the set-
ting of a rhegmatogenous retinal detachment.
Several studies have found poor prognosis for
these hypotonous eyes with a retinal detachment
and choroidal effusions [29].

14.5.2 Inflammatory

Choroidal effusion can also be primarily associ-
ated with inflammatory disorders affecting the
posterior pole, such as scleritis and Vogt—
Koyanagi—Harada syndrome [15]. Orbital inflam-
mation can also lead to choroidal effusions that
are thought to be related to an associated scleritis
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as well as congestion of the orbital cavity.
Treatment of the underlying disease process with
control of inflammation usually leads to reab-
sorption of the fluid.

14.5.3 Medical

Systemic medications such as sulfonamides, tet-
racycline, diuretics, topiramate and selective
serotonin reuptake inhibitors have been reported
to be associated with nonsurgical-related choroi-
dal effusions. Discontinuation of the offending
medication aids in the resolution of the effusion
[26]. The intraoperative use of antifibrotic agents
such as mitomycin-C or aqueous suppressants
such as timolol or dorzolamide after trabeculec-
tomy may be associated with prolonged hypot-
ony and choroidal effusions [26].

14.5.4 Uveal Effusion Syndrome

Uveal effusion syndrome (UES) is a diagnosis of
exclusion that is used to describe cases of uveal
effusion with unknown etiology. Itis characterized
by uveal effusion and serous retinal detachment.
UES can be distinguished from other causes of
uveal effusion by normal IOP and the lack of sig-
nificant inflammation. There are several proposed
hypotheses for the pathogenesis of UES, with the
most likely being reduced scleral protein perme-
ability. It is felt to be related to scleral thickening
and poor fluid outflow. UES is more common in
males and generally follows a relapsing-remit-
ting clinical course. Most patients with UES have
bilateral involvement at some point in the disease
process [7].

14.5.5 Choroidal Tumors

Primary or metastatic tumor, such as melanoma,
may be associated with serous choroidal detach-
ment. B-scan ultrasonograhy and transillumina-
tion may be helpful if tumor is suspected. Primary
cancers that may metastasize to the choroid
include breast, lung, prostate, kidney, gastroin-
testinal tract, lymphoma, and leukemia.
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14.6 Medical Treatment

Suprachoroidal effusions are usually self-limited
and resolve with supportive medical treatment.
Resolution is generally expected within a few
weeks if the underlying etiology is successfully
addressed [19]. Inflammation should be aggres-
sively treated with reversal of hypotony.

All patients with choroidal effusions are
encouraged to avoid activities that increase
venous pressure in the eye. Examples of such
activities include lifting heavy objects, bending,
coughing, and Valsalva maneuver. Any elevation
in venous pressure increases the pressure differ-
ential and promotes movement of molecules and
fluid into the suprachoroidal space. Increase in
episcleral venous pressure also risks the rupture
of these vessels and the occurrence of devastating
hemorrhagic choroidals.

Cycloplegia with atropine 1 % or scopolamine
0.25 % is administered to relax an anteriorly rotated
ciliary body and deepen a shallow anterior cham-
ber [11]. The pupillary dilation with cycloplegic
use also prevents posterior synechiae formation
with a miotic pupil. Stabilization of the blood aque-
ous barrier is also thought to be a secondary action
of these agents. Topical corticosteroids are the
mainstay for control of inflammation. Frequent use
of prednisolone acetate 1 % or difluprednate oph-
thalmic emulsification 0.05 % for a few weeks is
recommended with dosing interval titrated to the
inflammation present [11]. Peribulbar injections
are effective for administration of steroids to the
posterior segment. Sub-Tenon injection of triam-
cinolone acetonide has been shown to be effective
in relieving inflammation in patients with scleritis
before systemic corticosteroids take effect [18].
Systemic corticosteroids may be needed if local
administration fails to control intraocular inflam-
mation [8].

14.7 Hypotony Reversal

The goal of glaucoma surgery is to lower IOP;
however if choroidal effusions are present with
lower than desired pressure, a systematic approach
to determine the etiology of the hypotony is
undertaken. After filtering surgery, the integrity of
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conjunctiva should be confirmed with Seidel
testing. If a hole with leakage is found, a soft ban-
dage contact lens may be used to cover the area of
aqueous egress and promote closure. Daily pres-
sure patching is an alternative treatment if contact
lens use is not tolerated or unavailable. If overfil-
tration is present with a large Seidel negative
bleb, steps to decrease aqueous flow should be
attempted. Oversized bandage soft contact
lenses can also be used to manage hypotony
after filtration surgery. A thicker and larger cus-
tom-made lens compresses the bleb and under-
lying scleral flap to slow down filtration. Early
application of the bandage soft contact lens can
prevent progressive overfiltration that would
require further surgical intervention [30].
Alternatively, torpedo patching with a fusiform-
shaped cotton ball can be placed over the bleb
area to slow down filtration. A shallow anterior
chamber should deepen after about an hour as
aqueous production inflates the globe. The patch
is then left on until later in the evening or over-
night [13]. Placement of a Simmons glaucoma
shell under a patch has also found to be effective;
however discomfort is always a consideration
with this bulky apparatus [20].

Stopping medications that suppress aqueous
production should be considered during treat-
ment for hypotony. Beta-adrenergic blocking
agents used systemically or to the contralateral
eye can slow down aqueous production in the
affected eye [33]. Systemic carbonic anhydrase
inhibitors may also need to be withheld.

In the setting of ocular trauma or anterior
segment surgery, chronic ocular hypotony can
result from a cyclodialysis cleft. This is when
there is disruption of the meridional ciliary mus-
cle fiber insertion into the scleral spur and an
abnormal secondary pathway of aqueous drain-
age into the suprachoroidal space is present. If
there is associated corneal edema and a shallow
anterior chamber, detection of the cyclodialysis
cleft may be difficult. Treating the eye with a
miotic and injecting a viscoelastic agent into the
anterior chamber may facilitate detection with
gonioscopy. Anterior segment OCT and/or
ultrasound biomicroscopy may allow for
enhanced visualization of the irido-corneal angle
also in order to detect a cyclodialysis cleft [16].
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However, loannidis et al. found that imaging
was not sufficiently precise and viscoelastic-
assisted gonioscopy was necessary for accurate
diagnosis [17].

Retinal detachment can be associated with
hypotony. It can be evaluated with indirect oph-
thalmoscopy with scleral decompression, slit
lamp examination with contact lens, OCT, and/or
B-scan ultrasonography. It is important to diag-
nose concurrent retinal detachment with choroi-
dal effusion because it influences management
and prognosis [10]. Prior cyclodestruction may
be a risk factor for hypotony after installation of
a glaucoma drainage device [27].

14.8 Surgical Indications

Suprachoroidal effusions are usually self-limited
and resolve with treatment of the underlying
cause. Resolution is generally expected within a
few weeks with supportive treatment [19].
Drainage is also usually not necessary following
retinal detachment buckling, as the fluid does not
interfere with repair of the break and spontane-
ous resolution is expected.

Bellows et al. described a number of indica-
tions for surgical drainage of the suprachoroidal
space: (1) a flat anterior chamber with lens-
cornea touch for more than 12 h, (2) corneal
edema with a shallow or flat anterior chamber, (3)
a flat anterior chamber with an inflamed eye and
apparent failing bleb, (4) suspicion of a hemor-
rhagic choroidal detachment with inflammation,
(5) appositional “kissing” choroidal detachment
for 48 h, (6) apposition of a combined choroidal-
retinal detachment to the posterior lens surface,
(7) persistent wound leak with choroidal detach-
ment and flat anterior chamber, and (8) flat ante-
rior chamber with choroidal detachment and
concurrent pupillary block [2]. Brubaker also
advocated immediate drainage of the detachment
with anterior chamber reformation for phakic
patients with lens corneal touch as well as for any
signs of corneal decompensation or bleb failure
[3]. In general, drainage is undertaken urgently
for effusions that result in a flat anterior chamber
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and electively for effusions causing a significant
reduction in vision [34]. The exact timing for the
latter surgical indication is an individualized clin-
ical decision [34].

14.9 Surgical Technique

Drainage of choroidal effusions is performed in a
surgical suite using the operating microscope.
Topical anesthesia with supplemental intrave-
nous sedation is usually sufficient for patient
comfort. The operative eye is prepped and draped
in the usual sterile fashion. A 6-0 traction suture
on a spatula needle is placed through inferior
peripheral cornea to allow exposure of the infe-
rior globe where the drainage site(s) are usually
placed. The inferior temporal quadrant between
the rectus muscles is the usual preferred drainage
site for ease of exposure. A temporal peripheral
corneal paracentesis is created with a 15° blade to
allow refilling of the anterior chamber. A
circumferential conjunctival incision is placed
approximately 4 mm from the limbus in the
desired inferior quadrant(s) with the Wescott
scissors. Hemostasis with the bipolar cautery
before scleral incision placement prevents sig-
nificant bleeding. The sharper tipped 15° blade is
used to start the radially directed sclerotomy site
starting and ending at approximately 4-7 mm
from the limbus. When choroidal pigment is
visualized, a rounded tip Beaver-type blade can
be used to complete the penetrating scleral inci-
sion as to avoid injuring the underlying uveal
tissue.

When the suprachoroidal space is entered,
clear, xanthochromic fluid should readily flow
from the drainage site. Fine-toothed forceps can
be used to separate the wound edges to promote
the drainage of the effusions. Application of cau-
tery to the incision edges may facilitate drainage
with the resultant scleral shrinkage. A scleral tra-
beculectomy punch can be placed to allow post-
operative drainage. Flow of fluid may cease
when the suprachoroidal space flattens with cho-
roid against the scleral incision site. The cyclodi-
alysis spatula can assist in additional drainage of
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distal fluid by reopening the suprachoroidal
space at the incision. The blunt tipped instru-
ment is inserted between sclera and choroid with
sclera lifted to create the space for additional
flow of fluid.

Periodic monitoring and reinflation of the
anterior chamber during the drainage procedure
insures the eye maintains an adequate pressure
that promotes the flattening of the effusions.

Various substances may be used for anterior
chamber reformation, including balanced salt
solution, a viscoelastic agent, air, or an expand-
able gas. Some have advocated the use of a cohe-
sive viscoelastic agent to slow down filtration
after glaucoma surgery. Intraocular gases have an
expansile effect and persist longer, but may
increase the risk of cataract formation in a phakic
eye [13].

Intraoperative ophthalmoscopy can be used to
confirm that adequate effusion removal was
accomplished. An additional sclerotomy inferior
nasally may be created if needed. The scleral
incision is left open to allow additional drainage
postoperatively with the conjunctival incision
closed with an absorbable suture [2].

Hypotony contributing to the drained choroi-
dal effusions should be addressed at the same
time as the drainage procedure. Additional
sutures may be placed across the scleral flap of
an overfiltering trabeculectomy. Eha et al.
recently reported long-term success in elevating
pressure with placement of additional transcon-
junctival scleral flap sutures using 10-0 nylon on
a longer cutting needle [6]. Opening of the bleb
with scleral grafting may be necessary if the
scleral flap appears inadequate [25]. In eyes with
overfiltration after installation of a glaucoma
drainage device, the tube may be ligated at the
time of drainage with a nonabsorbable suture
[32]. Removal of the tube with installation of a
smaller or valved device is another option to
consider. If a cyclodialysis cleft has been identi-
fied, direct repair under a scleral flap may be
undertaken. There are multiple novel techniques
for treatment of cyclodialysis cleft, but there are
insufficient studies to determine efficacy and
safety [4, 16].
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14.10 Outcomes

When drainage of choroidal effusions is medi-
cally necessary, the eye’s anatomy corrected with
restoration of ocular physiology. Bellows
reported good success with minimal intraopera-
tive and postoperative complications [2]. A large
retrospective study by WuDunn showed surgical
drainage improved vision and reduced hypotony.
Effusions associated with a flat anterior chamber
took longer to resolve and multiple drainage pro-
cedures were required in a significant number of
patients with 90 % of eyes achieving anatomic
success [34]. When indicated, surgical drainage
of choroidal effusions is an acceptable treatment
option with good outcomes.

Compliance  with  Ethical Requirements Kyla
M. Teramoto and Troy M. Tanji declare that they have no
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References

1. Banitt M. The choroid in glaucoma. Curr Opin
Ophthalmol. 2013;24:125-9.

2. Bellows AR, Chylack LT, Hutchinson BT. Choroidal
detachment clinical manifestation, therapy, and mech-
anism of formation. Ophthalmology. 1981;88(11):
1107-15.

3. Brubaker RF, Pederson JE. Ciliochoroidal detachment.
Surv Ophthalmol. 1983;27:281-9.

4. Ceruti P, Tosi R, Marchini G. Gas tamponade and
cyclocryotherapy of a chronic cyclodialysis cleft. BrJ
Ophthalmol. 2009;93:414-6.

5. Chu TG, Green RL. Suprachoroidal hemorrhage.
Surv Ophthalmol. 1999;43(6):471-86.

6. Eha J, Hoffmann EM, Pfeiffer N. Long-term results
after transconjunctival resuturing of the scleral flap in
hypotony following trabeculectomy. Am J Ophthalmol.
2013;155(5):864-9.

7. Elagouz M, Stanescu-Segall D, Jackson TL. Uveal effu-
sion syndrome. Surv Ophthalmol. 2010;55(2):134-45.

8. Erdol H, Kola M, Turk A. Optical coherence tomogra-
phy findings in a child with posterior scleritis. Eur J
Ophthalmol. 2008;18(6):1007-10.

9. Gentile RC, Stegman Z, Liebmann JM, Dayan AR,
Tello C, Walsh JB, Ritch R. Risk factors for choroidal
effusion  after  panretinal  photocoagulation.
Ophthalmology. 1996;103(5):827-32.

10. GuiJM, Jia LI, Liu L, Liu JD. Vitrectomy, lensectomy
and silicone oil tamponade in the management of



124

11.

12.

14.

20.

21.

22.

23.

retinal detachment associated with choroidal detach-
ment. Int J Ophthalmol. 2013;6(3):337—41.

Haynes WL, Alward WLM. Control of intraocular
pressure after trabeculectomy. Surv Ophthalmol.
1999;43(4):345-55.

Hayreh SS. In vivo choroidal circulation and its
watershed zones. Eye (Lond). 1990;4(Pt 2):273-89.

. Herndon LW. Shallow or flat anterior chamber. In:

Spaeth GL, editor. Ophthalmic surgery principles and
practice. 3rd ed. Philadelphia: Saunders; 2003.
p. 369-77.

Hirooka K, Fujiwara A, Shiragami C, Baba T, Shiraga
F. Relationship between progression of visual field
damage and choroidal thickness in eyes with normal-
tension glaucoma. Clin Experiment Ophthalmol.
2012;40:576-82.

. IkedaN, Ikeda T, Nomura C, Mimura O. Ciliochoroidal

effusion syndrome associated with posterior scleritis.
Jpn J Ophthalmol. 2007;51:49-52.

. Ioannidis AS, Barton K. Cyclodialysis cleft: causes

and repair. Curr Opin Ophthalmol. 2010;21:150-4.

. Toannidis AS, Bunce C, Barton K. The evaluation and

surgical management of cyclodialysis clefts that have
failed to respond to conservative management. Br J
Ophthalmol. 2014;98:544-9.

. Johnson KS, Chu DS. Evaluation of sub-Tenon tri-

amcinolone acetonide injections in the treatment of
scleritis. Am J Ophthalmol. 2010;149(1):77-81.

. Kahook MY, Noecker RJ. Why do choroidals form,

and how do you treat them? Glaucoma Today. Sept/
Oct 2007: 36-8.

Melamed S, Hersh P, Kersten D, Lee DA, Epstein
DL. The use of glaucoma shell tamponade in leaking
filtration blebs. Ophthalmology. 1986;93(6):839-42.
Mrejen S, Spaide RF. Optical coherence tomography:
imaging of the choroid and beyond. Surv Ophthalmol.
2013;58(5):387-429.

Packer AJ, Maggiano JM, Aaberg TM, Meredith TA,
Reeser FH, Kingham JD. Serous choroidal detachment
after retinal detachment surgery. Arch Ophthalmol.
1983;101(8):1221-4.

Parikh R, Parikh S, Das S, Thomas R. Choroidal
drainage in the management of acute angle closure
after topiramate toxicity. J Glaucoma. 2007;16(8):
691-3.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

K.M. Teramoto and T.M. Tanji

Quigley HA, Freidman DS, Congdon NG. Possible
mechanisms of primary angle-closure and malignant
glaucoma. J Glaucoma. 2003;12:167-80.
Radhakrishnan S, Quigley HA, Jampel HD, Friedman
DS, Ahmad SI, Congdon NG, McKinnon S. Outcomes
of surgical bleb revision for complications of trabecu-
lectomy. Ophthalmology. 2009;116(9):1713-8.
Reddy AC, Salim S. Diagnosis and management of
choroidal effusions. Eyenet. Nov 2012:47-9.
Rosentreter A, Gaki S, Lappas A, Cursiefen C,
Dietlein TS. Previous cyclodestruction is a risk factor
for late-onset hypotony and suprachoroidal haemor-
rhage after glaucoma drainage device surgery. Br J
Ophthalmol. 2013;97:715-9.

Scales DK, Fryczykowski AW, Opremcak EM. The
choroid. In: Albert DM, Jakobiec FA, editors.
Principles and practice of ophthalmology.
Philadelphia: Saunders; 1994. p. 252-61.

Schubert HD. Postsurgical hypotony: relationship to
fistulization, inflammation, chorioretinal lesions, and
the vitreous. Surv Ophthalmol. 1996;41:97-125.
Smith MF, Doyle JW. Use of oversized bandage soft
contact lenses in the management of early hypotony
following glaucoma filtration surgery. Ophthalmic
Surg Lasers. 1996;27(6):417-21.

Spraul CW, Lang GE, Lang GK, Grossniklaus HE.
Morphometric changes of the choriocapillaris and the
choroidal vasculature in eyes with advanced glauco-
matous changes. Vision Res. 2002;42:923-932.

Stein JD, McCoy AN, Asrani S, Herndon LW, Lee PP,
McKinnon SJ, Allingham RR, Challa P. Surgical man-
agement of hypotony owing to overfiltration in eyes
receiving glaucoma drainage devices. J Glaucoma.
2009;18(8):638—41.

Vela MA, Campbell DG. Hypotony and ciliochoroi-
dal detachment following pharmacologic aqueous
suppressant therapy in previously filtered patients.
Ophthalmology. 1985;92:50-7.

WuDunn D, Ryser D, Cantor LB. Surgical drainage
of choroidal effusions following glaucoma surgery.
J Glaucoma. 2005;14(2):103-8.

Yin ZQ, Vaegan, Millar TJ, Beaumont P, Sarks S.
Widespread choroidal insufficiency in primary open-
angle glaucoma. J Glaucoma. 1997;6:23-32.



Devesh K. Varma and Igbal Ike K. Ahmed

15.1 Introduction

Malignant glaucoma was first described in 1869
by Von Graefe, who noted anterior chamber shal-
lowing with elevated intraocular pressure (IOP)
following iridotomy. It was challenging to man-
age, and was therefore described as “malignant.”
[1]. Often, the lens-iris diaphragm is displaced
anteriorly during malignant glaucoma. It is most
often seen following glaucoma surgery but can
occur with any surgery, including iridotomy or
even phacoemulsification alone in a susceptible
eye [2].

The definition and understanding of malig-
nant glaucoma has evolved over time. In the past,
it has been called “aqueous misdirection syn-
drome” but, as no evidence of a “misdirected”
aqueous mechanism has been found, many now
prefer to avoid this term.
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15.2 Diagnosis

Typically, malignant glaucoma will present
within the first few weeks following surgery with
progressive anterior chamber shallowing accom-
panied by anterior shift of the lens-iris complex
and progressively worsening myopia (Fig. 15.1).
Angle closure with or without peripheral anterior
synechia (PAS) and elevated IOP may be present
and over time corneal decompensation can occur.
In mild cases of malignant glaucoma, or in the
presence of functioning filtering surgery, IOP
may not be elevated.

Malignant glaucoma is a diagnosis of exclu-
sion and it is important to rule out other causes
of postoperative anterior chamber shallowing,
including incision leakage, pupil block, capsu-
lar block syndrome, plateau iris, ciliary body
cysts, zonulopathy-induced lens subluxation,
and supraciliary or choroidal effusion/hemor-
rhage [3].

In some cases, malignant glaucoma may pres-
ent intraoperatively and manifest as acute and
marked anterior migration of capsule, lens, and
iris following an intraoperative anterior chamber
shallowing or decompression event. Iris often
prolapses and it may not be possible to reposit
despite decompressing the anterior chamber.
The condition does not improve with usual maneu-
vers done for “positive pressure” such as reliev-
ing tension on the lid speculum or encouraging
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Fig. 15.1 Anterior segment OCT showing malignant
glaucoma with anterior displacement of IOL and anterior
chamber shallowing (fop) and resolution of malignant

the patient to avoid valsalva/strain. As well,
unlike intraoperative suprachoroidal hemorrhage,
pain is not a hallmark of this condition.

15.3 Pathophysiology

Decompression, or sudden drop in IOP, is thought
to be the inciting event for malignant glaucoma.
It is usually accompanied by anterior chamber
shallowing. During surgery, decompression may
occur during incision creation, while moving
instruments in and out of the eye particularly
larger ones like hand-pieces for phacoemulsifica-
tion (phaco) or irrigation-aspiration, when creat-
ing openings for glaucoma filtration surgery or
during wound closure if tissue apposition is insuf-
ficient. Following surgery, decompression can
occur due to wound leak or excessive filtration
from glaucoma surgery.

Reduced IOP from decompression may
result in choroidal expansion as increased blood

glaucoma and deepening of anterior chamber after treat-
ment in the same eye (bottom)

volume rushes into the potential vascular space.
The choroid covers a large surface area and a
small increase in its thickness can add signifi-
cant volume to the intraocular contents pushing
other structures anteriorly. Normally, aqueous
outflow either via trans-scleral drainage or
anteriorly through the trabecular meshwork
would compensate for this event. However, this
may not occur in the susceptible eye due to a
combination of factors. These include a reduced
ability for fluid to transmit through vitreous due
to poor conductivity, limited lens-iris channel
area for anterior migration of aqueous, and
reduced trans-scleral outflow due to thicker
sclera. In eyes with these characteristics, a
decompression event may result in anterior lens-
iris movement and significant anterior chamber
shallowing [4].

Risk factors for malignant glaucoma include
shallow anterior chamber and shorter axial length.
These conditions are more common in female
hyperopes [3, 6].
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15.4 Prevention

The risk of malignant glaucoma may be reduced,
though not eliminated, by avoiding decompres-
sion during surgery.

During cataract surgery, when withdrawing
the phaco hand piece after lens removal or when
withdrawing the irrigation-aspiration hand piece
after cortex or viscoelastic removal, the anterior
chamber often shallows, signaling decompres-
sion. To avoid this, one can inject balanced salt
solution (BSS) or viscoelastic through the para-
centesis to maintain the anterior chamber pres-
sure. The choice between BSS or viscoelastic
would depend on the next step planned in sur-
gery. Typically, the authors would inject BSS
following phacoemulsification to prepare for
cortex removal, viscoelastic following cortex
removal to prepare for lens insertion, and BSS
after viscoelastic removal to prepare for wound
hydration. To reduce tremor, the surgeon can
depress the plunger using the index finger while
holding the syringe between the thumb and mid-
dle finger, rather than the traditional method of
depressing the plunger with one’s thumb. This
technique takes practice and one can do so on
routine cases so that the skill is honed for use
when needed.

During filtration surgery, decompression can
occur when creating an ostium as well as during
closure. Viscoelastic can be used in the anterior
chamber during ostium creation to avoid shal-
lowing. As well, during closure of a trabeculec-
tomy flap, periods of excessive aqueous egress can
occur resulting in anterior chamber shallowing.

Cycloplegia
oo
Agueous
Suppression

IZH
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With the microscope centered on the flap and the
surgeon’s attention focused on suturing, this may
go unnoticed. By periodically checking the ante-
rior chamber status during this step, one can
inject BSS or viscoelastic to help avoid excessive
shallowing and decompression. Similarly, during
tube shunt entry and manipulations, care in
avoiding excessive anterior chamber shallowing
may help reduce the risk of subsequent malignant
glaucoma.

15.5 Medical Treatment

Definitive treatment for malignant glaucoma
aims to restore the normal relationship between
the anterior and posterior segments by establish-
ing a unicameral eye. This can be achieved
through a stepwise approach which begins with
less invasive approaches and reserves more inva-
sive strategies only for cases that do not resolve
with earlier steps (Fig. 15.2).

Medical management consists of cyclople-
gics to help pull the lens-iris diaphragm posteri-
orly and aqueous suppressants to reduce
intraocular volume as well as control pressure.
Although traditionally this has been reported to
be successful in up to 50 % of patients [7], more
recent reports suggest this number may be as low
as 10-14 % [8, 9]. Furthermore, since medical
management does not address the underlying
anatomic issue, cycloplegia often cannot be dis-
continued [2], suggesting a role for medications
to help control but not necessarily cure malignant
glaucoma.

AC reformation
+ IZHV
IOL pushback

Fig. 15.2 Stepwise treatment approach beginning with
medical therapy using cycloplegia and aqueous suppres-
sants, then adding iridozonulohyaloidotomy (IZH) fol-
lowed by anterior chamber (AC) reformation and IOL

pushback and ultimately moving to iridozonulohyaloid-
otomy with vitrectomy in those cases that do not resolve
with the previous steps
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15.6 Surgical Treatment
15.6.1 Iridozonulohyaloidotomy

Iridozonulohyaloidotomy (IZH) aims to create a
channel for aqueous to pass through the iris, zon-
ules, and anterior hyaloid effectively allowing
aqueous to pass freely between the posterior and
anterior segments. This is intended to equalize
pressure between the two segments of the eye and
if successful should result in a deepening of the
anterior chamber within 24 h [10]. IZH can
resolve malignant glaucoma in 35 % of cases [9].

An IZH may be performed using a YAG laser
aimed at iris peripheral to the lens. A preexisting
iridotomy is often a good starting point for this
procedure and settings would mirror those used
for a YAG laser iridotomy. Once through the iris,
the laser is focused posteriorly to penetrate the
zonules and hyaloid respectively. If necessary,
the aperture can be enlarged to ensure adequate
visualization of deeper structures. Often in malig-
nant glaucoma, because the vitreous is com-
pressed anteriorly, an IZH may pass through both
anterior and posterior hyaloid.

In pseudophakic eyes with widely dilated
pupils, one can aim the laser through anterior and
posterior capsule leaflets peripheral to the lens
edge rather than through iris performing a capsu-
lohyaloidotomy rather than the traditional IZH.

15.6.2 Anterior Chamber
Reformation and Intraocular
Lens Pushback

In pseudophakic patients, once a patent IZH has
been created, if malignant glaucoma persists or
cycloplegia cannot be discontinued, it may help
to reform the anterior chamber (AC) with visco-
elastic and manually push the intraocular lens
(IOL) posteriorly. The surgeon may note a pal-
pable sense as anteriorly rotated ciliary processes
“pop” back into place. As well, the posterior
movement of the IOL can force fluid trapped in
the posterior segment to migrate through the patent
IZH into the anterior segment. This technique
may resolve a further 30 % of malignant glaucoma
cases [9].
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This procedure can be done at the slit lamp or
in an operating suite depending on the surgeon’s
comfort level. When performing this at the slit
lamp, it is advisable to use iodine as well as a lid
speculum to ensure sterility. A 30-gauge needle is
placed on a viscoelastic syringe and introduced
into the anterior chamber at the limbus.
Viscoelastic is injected to maintain the anterior
chamber and within this stable environment,
the needle can be advanced over the IOL optic
avoiding the visual axis. The needle is used to
push the IOL posteriorly.

With viscoelastic stabilizing the anterior cham-
ber during this procedure, there is an opportunity
to perform other maneuvers. Specifically, the IZH
can be enhanced by passing the needle 2 mm
posteriorly through the IZH to penetrate through
the hyaloid. If PAS have formed, one may also use
the sharp needle tip to engage iris peripherally and
then pull away from the angle thereby releasing
synechiae. Successful release of PAS cannot be
visualized during this procedure and should be
confirmed on subsequent gonioscopic exam.

15.6.3 Surgical
Iridozonulohyaloidotomy
with Vitrectomy

Medical therapy, IZH and AC reformation with
IOL pushback may not resolve malignant glau-
coma in 25 % of cases [9]. When this occurs, a
surgical iridozonulohyaloidotomy with vitrectomy
(IZHV) provides a definitive treatment [11].

It is typically reserved for pseudophakic eyes
or as part of a combined surgery in phakic
patients. In the latter, phacoemulsification should
be performed with insertion of an IOL prior to
the IZHV. The procedure is performed in the
operating room, typically under sedation with
topical, intracameral, and possibly subconjuncti-
val anesthesia. A retrobulbar or peribulbar block
can be used though these may induce external
pressure on the globe and make anterior chamber
maneuvers more challenging.

The goal of an IZHYV is to definitively create a
unicameral eye by passing the vitrectomy cutter
through peripheral iris, zonules, and hyaloid.
It can be performed from an anterior limbal
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approach or a posterior pars plana approach
depending on the surgeon’s comfort level.
Bimanual vitrectomy separating the vitrectomy
cutter from irrigation is highly recommended for
this procedure and a high cut rate (at least 800
cuts/min) is helpful to ensure optimal control
when removing tissue. Also, as a general rule,
working through small incisions helps to maintain
anterior chamber stability and is recommended.
To perform an IZHV from an anterior or lim-
bal approach, the surgeon creates two small para-
centeses—if sitting temporally one incision
would be superotemporal and the other infero-
temporal to allow easy manipulation of instru-
ments held in both left and right hands. The
surgeon would then form the anterior chamber
with viscoelastic and following this, place the
vitrectomy cutter through one incision. Use of
the automated irrigation cannula can cause ante-
rior chamber instability and iris prolapse.
Therefore if a small amount of infusion is needed,
this can be provided manually using a syringe
with BSS. Alternatively, the vitrectomy can be
performed under viscoelastic without infusion of
BSS. The cutter can be extended across the ante-
rior chamber and positioned over the iris with
port facing down (Fig. 15.3a, b). Because the
long ciliary arteries course at the 3:00 and 9:00
(horizontal) positions, these should be avoided to
minimize risk of bleeding. The foot pedal is then
depressed to position 3 (irrigation-cut-aspiration)
and a controlled iris opening is created
(Fig. 15.3c). One should be cautious to avoid
excessive iris tissue removal as this may result in
postoperative dysphotopsia or monocular diplo-
pia. Once the iris opening has been created, the
vitrectomy cutter port can be turned up to enable
visualization. The shaft is then angled more pos-
teriorly and passed through the iris opening in
position 2 (irrigation-cut). Once through the foot
pedal may again be advanced to position 3 to
remove zonules and anterior hyaloid. The cutter
need only be advanced 2 mm into the vitreous
space to permit the hyaloidotomy. It may be kept
for 1 or 2 s in the anterior vitreous space to ensure
the IZHV path is adequately cleared (Fig. 15.3d).
It is then withdrawn back into the anterior
chamber and out of the eye on position 2 to avoid
vitreous incarceration and prolapse. Throughout
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this time, irrigation is maintained as needed
through a separate cannula. The foot pedal is then
moved to position 0 (no irrigation) leaving the
irrigation cannula in the anterior chamber.
Viscoelastic is injected to maintain the AC prior
to removal of the irrigation cannula. Wounds are
sutured to ensure AC stability postoperatively as
any further decompression may result in vitreous
prolapse into the IZHV, which could potentially
block flow of aqueous and cause the procedure to
fail. As viscoelastic will be left in the anterior
chamber at the conclusion of the case, one must
be prepared to manage IOP postoperatively.
Medical therapy with topical agents and oral
acetazolamide are generally adequate.

To perform an IZHV from a posterior or pars
plana approach, the surgeon would inject subcon-
junctival lidocaine in a quadrant, then perform a
limbal peritomy and conjunctival dissection in
that quadrant. Cautery is used for hemostasis and
an MVR blade can be used to enter pars plana
3 mm from the limbus. Care must be taken to
avoid the long ciliary arteries when choosing an
entry site. The MVR blade should be angled
toward the optic nerve, and it may be easier to
visualize this angle if the eye is held in primary
position rather than angled away. The tip of the
MVR blade should be seen through the pupil
before it is withdrawn. Alternatively, a sutureless
trochar system can be used to create beveled pars
plana access incisions. A paracentesis is then cre-
ated at the limbus and can be used as needed to
provide manual irrigation with BSS or viscoelas-
tic. A second paracentesis is fashioned. The cutter
is initially introduced into the anterior chamber
through one paracentesis and with port facing
posteriorly, is used to create a controlled opening
in the iris peripherally, avoiding the long ciliary
vessels at 3:00 and 9:00 (Fig. 15.4a). The vitrec-
tomy cutter is then introduced into the anterior
vitreous space with the port facing posteriorly
such that it can be visualized through the pupil.
The foot pedal is depressed to position 3 and the
cutter is held stationary for 5-10 s to remove
anterior vitreous (Fig. 15.4b). Once the local vit-
reous has been removed, the foot pedal can be
withdrawn to position 2 and moved peripherally
underlying the iris opening (Fig. 15.4c). The
pedal is depressed to position 3 as the cutter is
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Fig.15.3 Anterior approach IZHV. (a) A 23 gauge vitrectomy cutter shown outside the eye; (b) the cutter is with port
down to remove a small amount of iris; (c) the port is then turned up to enable visualization; (d) the cutter is passed
through the iris opening and anterior hyaloid and zonules are removed to create a unicameral eye

advanced anteriorly through hyaloid, zonules,
and until it is passed through the iris opening into
the anterior chamber (Fig. 15.4d). The pedal is
then moved to position 2 (irrigation-cut) and
withdrawn back into the posterior segment after
which one can move the foot pedal to position 0
(no irrigation). If used, any irrigation is then
stopped and while maintaining the cutter in the
eye, viscoelastic can be injected into the anterior
chamber, paying attention to tamponade the
newly created IZHV pathway (Fig. 15.4e). This
prevents vitreous prolapse through the

IZHV. Following this, the cutter is withdrawn
from the pars plana incision site on position 2
(irrigation-cut) to avoid vitreous incarceration.
Any vitreous at the pars plana incision site is
cleaned by placing the cutter port down and
returning to position 3 on the foot pedal. The pars
plana incision is closed using an 8-0 vicryl suture
(Ethicon Inc, Somerville NJ, USA) passed in a
figure-8 pattern and the corneal incision can be
sutured if needed. If a sutureless trochar system
is used, the cutter and trochar can be removed
using a toothed forceps then pressure is applied



Fig. 15.4 Posterior approach IZHV. (a) A 23 gauge
vitrectomy cutter in the anterior chamber with port
down creating an iris opening at the intended IZHV
site; (b) the cutter is introduced through pars plana and
advanced until seen through the pupil where a limited
anterior vitrectomy is carried out; (c¢) the cutter is

advanced until seen through the iris opening; (d) the
cutter is advanced anteriorly through the iris opening
while removing hyaloid and zonules to create a uni-
cameral eye; (e) viscoelastic is used to tamponade the
IZHV and maintain the AC prior to withdrawing the
cutter and closing incisions
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using a weck cell to limit fluid outflow and the
possibility of vitreous incarceration.

A core vitrectomy alone will not resolve
malignant glaucoma and when referring patients
to a retina colleague for this procedure, it is
imperative that they pass their cutter from the vit-
reous space, through the hyaloid and into the
anterior chamber creating a unicameral eye.

When needed, surgical IZHV can be com-
bined with goniosynechialysis to address PAS. In
cases with underlying trabecular meshwork dys-
function, further IOP lowering therapy including
medications or surgery may be required.

15.6.4 Additional Treatments

External cyclophotocoagulation (CPC) has been
described as a potential treatment for malignant
glaucoma [2]. While it may help to control IOP, it
does not necessarily address the underlying pro-
gressive anterior chamber shallowing which
results in myopia, PAS, and sometimes corneal
decompensation. As well, in seeing eyes, it may
be preferable to choose a nondestructive inter-
vention. CPC may have a role in eyes that have
failed IZH and for various reasons may not be
amenable to an incisional approach.
Intraoperative malignant glaucoma can be
challenging to manage. If mild, supercohesive
viscoelastics such as Healon5 (Abbott Medical
Optics, Abbot Park, IL, USA) can be helpful. In
more severe cases, it may not be possible to
reposit prolapsed iris. In such situations, the
immediate goal is to decompress the vitreous
allowing the surgeon to reposit iris and if possi-
ble complete the surgery. This can be achieved
using the pars plana approach described previ-
ously to remove a small amount of vitreous. By
decompressing the vitreous space, the surgery
can be completed. At the conclusion of the sur-
gery, the cutter can be reintroduced and used to
perform the IZH. Alternatively, the eye can be
closed and if malignant glaucoma occurs postop-
eratively, it can be managed using the stepwise
approach described. For surgeons who are not
comfortable with the pars plana approach,
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intravenous Mannitol (500 mL of 20 % Mannitol
given over 30—45 min) can be given to deturgesce
the vitreous and allow iris to be reposited.

15.7 Conclusion

Malignant glaucoma presents with progressive
anterior chamber shallowing, myopia and may be
accompanied by angle closure with elevated
IOP. Decompression in a susceptible eye is
thought to be the inciting event. It may be possi-
ble to prevent malignant glaucoma by avoiding
anterior chamber shallowing during surgery
through effective chamber maintenance during
instrument changes and filtration ostium creation
as well as judicious wound closure. Treatment of
malignant glaucoma aims to create a unicameral
eye and a stepwise approach can be followed.
Medical therapy consisting of cycloplegics and
aqueous suppressants may be adequate in 10 %
of cases but typically are helpful to control but
not resolve malignant glaucoma. IZH can resolve
35 % of cases and when combined with anterior
chamber reformation and IOL pushback a further
30 % of cases can be addressed. 25 % of patients
will go on to require surgical IZHV, which is a
definitive treatment for malignant glaucoma.
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Varma and Igbal Ike K Ahmed declare that they have no
conflict of interest. All procedures followed were in accor-
dance with the ethical standards of the responsible com-
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