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Elena Bitrian and Alana L. Grajewski

Introduction

In recent years, there have been multiple new
devices developed in glaucoma surgery that target
the angle and can be grouped in the category of
minimally invasive glaucoma surgeries (MIGS).
These procedures were mainly developed for
adult glaucoma surgery, but by the very fact that
they are variations on angle surgery, many may
have application in pediatric glaucoma patients.
With that being said, it should be noted that infor-
mation regarding outcomes is limited for many of
these devices in adults and even more so in chil-
dren. Given the paucity of data regarding risk and/
or benefit of these procedures in children, one
should make the clinical decision for use of these
newer techniques on an individual basis.

When considering new and novel techniques, it
is always best to look back at the principal founda-
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tions that led to these innovations. The origin of
pediatric glaucoma surgery dates back to 1938 with
Barkan describing his goniotomy technique [1].
While classical angle surgery still continues to be a
first-line treatment in primary congenital glaucoma
(PCG) [2, 3], in recent years modifications in this
technique and new devices have been developed. If
the first angle surgery is not successful and the angle
has not been treated 360°, many surgeons will fur-
ther treat the angle before performing a filtering
procedure (trabeculectomy) or glaucoma drainage
device (GDD) [4]. Several instruments and tech-
niques have been developed to extend the area of
angle treated and/or to remove the trabecular mesh-
work (TM) from the eye or dilate Schlemm’s canal.

This chapter presents these new surgical tech-
niques and devices that target the angle via an ab
interno approach. The following will be discussed:
trabeculotomy with TRAB™360, viscodilation
with VISCO™360, combined trabeculotomy and
viscodilation with the OMNI™, gonioscopic-
assisted transluminal trabeculotomy (GATT) with
fiber optic or suture, and TM destruction and
removal with Trabectome/Goniotome and the
Kahook dual blade®. These devices share indica-
tions, complications, advantages, and limitations.
We also introduce an ophthalmic surgery model
eye (Bioniko, Miami, FL, USA) that can be used
to teach angle surgery in a safe environment.

In PCG, the inhibited posterior sliding of the
ciliary body (CB) from the Schwalbe line to
scleral spur has been theorized to result in an
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anterior position of the CB and peripheral iris
overlapping with the TM [5]. This arrest in matu-
ration of the angle leads to a wide variation in
appearance of the angle on gonioscopy and is felt
to be the etiology of the obstruction to outflow.
This anatomic anomaly in PCG and obstruction
to outflow make the TM and the inner wall of
Schlemm’s canal the site of greatest resistance to
aqueous outflow [6, 7]. Once opened, this allows
aqueous humor flow from the anterior chamber
(AC) to the collector channels in the external wall
of Schlemm’s canal [8-10].

Augmentation of the conventional (trabecular)
outflow pathway can facilitate physiologic out-
flow and subsequently lower intraocular pressure
(IOP). Recent techniques to enhance the conven-
tional outflow pathway via an internal approach
to the TM and Schlemm’s canal fall into three
novel surgical approaches:

1. Disruption of the TM and inner wall of
Schlemm’s canal via an internal approach (ab
interno trabeculotomy) with the use of an illu-
minated microcatheter to perform gonioscopic-
assisted transluminal trabeculotomy (GATT):
iTrack™ catheter (Ellex iScience, Fremont,
CA, USA) or with TRAB™360 (Sight
Sciences, Menlo Park, CA, USA)

2. Dilation of Schlemm’s canal with viscoelastic
via an internal approach (ab interno canalo-
plasty): AbiC™ (iTrack™ catheter, Ellex
iScience) VISCO™360 or with OMNI™
(Sight Sciences)

3. Removal of the TM and inner wall of
Schlemm’s canal by an internal approach (ab
interno trabeculotomy) with the Trabectome®/
Goniotome (NeoMedix, Tustin, CA, USA)
and the Kahook dual blade® (New World
Medical, Rancho Cucamonga, CA, USA)

In contrast to external filtration surgeries (tra-
beculectomy and GDD) and ab externo angle sur-
geries, the procedures above are performed from
an internal approach via gonioscopic visualiza-
tion of the angle and are aimed to remove obstruc-
tion to a natural outflow pathway. There are
published reports of some of these techniques via
an external approach, e.g., GATT for the treat-
ment of selective types of glaucoma [10].

Indications and Contraindications
(Table 9.1)

Given that these procedures are done from an ab
interno approach on the same area of the outflow
system, the indications and contraindications are
similar to those of angle surgery. The common
thread to all surgical procedures performed ab
interno is the requirement to visualize the angle to
safely complete the surgery. While areas of high
insertion and iris adhesions can be overlooked, for
the most part the angle must be identified [11].

Risks Factors for Failure

The risk factors for failure include the inability to
clearly visualize the angle, a shallow AC, and the
inability to fully cannulate Schlemm’s canal.

Advantages and Disadvantages

Multiple studies describe the advantages of treat-
ment of the TM in its entirety [12-15]. The
unique advantage to the ab interno approach is
similar to goniotomy, requiring only small cor-
neal incisions leading to a significant reduction in
surgical time and, in addition, the ability to treat
the complete angle in one surgical event. While

Table 9.1 Indications and contraindications for ab
interno procedures

Indications

Primary congenital glaucoma (PCG)
Juvenile open-angle glaucoma (JOAG)
Glaucoma following cataract surgery

Glaucoma associated with non-acquired ocular
anomalies

Glaucoma associated with non-acquired systemic
disease or syndrome

Some glaucoma associated with acquired conditions:
Uveitic glaucoma

Steroid-induced glaucoma

Contraindications

Corneal opacity of a degree that obscures the view of
the angle

Complete secondary angle closure
Traumatic glaucoma

Neovascular glaucoma

Secondary glaucoma due to ciliary body or iris tumor
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less clearly determined, there may also be an
advantage to the simultaneous dilation and irriga-
tion of the distal collecting system [16].

Similar to goniotomy, the disadvantage is manip-
ulation in the AC with the attendant risk of damage
to adjacent structures (lens, iris, and cornea).

Ab Interno Angle Surgery:
Preoperative Surgeon Preparation

Ab interno angle surgery is becoming a more com-
mon procedure in the armamentarium of adult
cataract and glaucoma surgeons. Glaucoma sur-
gery for infants and children is not the same as
glaucoma surgery for adults. The anterior segment
of the child is a much different environment, and
the task should not be taken lightly. Observation
and training with skilled pediatric glaucoma sur-
geons is recommended. Wet labs and model eyes,
while not perfect, do provide some level of compe-
tence for the surgeon who plans to do angle sur-
gery in children. Bioniko (Miami, FL, USA) has
developed an artificial eye with a canal that pro-
vides realistic access to the angle and practice for
goniotomy, TRAB™ 360, VISCO™ 360, and
GATT procedures (Fig. 9.1). The eye model is

Fig. 9.1 Bioniko eye model for angle surgery simulation
is a 3D printing model with Schlemm’s canal that is held
in a tilting holder and allows to visualize the angle and
practice angle surgical procedures
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placed in a tilting holder that allows visualization
with the goniolens at the same time as performing
intraocular manipulation. Video 9.1 shows the
SCHLEMM™ Model from Bioniko being used
for TRAB™ 360 and GATT practice.

Ab Interno Angle Surgery:
Preoperative Patient
Considerations and Preparation

In addition to surgeon preparation, careful patient
selection and procedure selection are also key.
Above all for ab interno surgery, one must be able
to visualize the angle during the examination
under anesthesia (EUA) preceding surgery. The
examination in the office is often indicative of the
ability to visualize the angle; a clear cornea or
minimal corneal haze will often predict an ade-
quate view of the angle. In some cases, the ability
to see the angle at the time of surgery is improved
if the cornea has cleared with interim topical
treatment and/or the IOP is reduced with general
anesthesia. At the time of the EUA, gonioscopy
should be performed and the microscope and the
child’s head positioned appropriately to assist in
the examination and incision of the angle. Once
the decision to proceed with ab interno angle sur-
gery is made, pilocarpine 1% or 2% may be
instilled or a direct acting cholinergic (either ace-
tylcholine chloride [Miochol™, Bausch & Lomb,
Bridgewater, NJ, USA] or carbachol [Miostat®,
Alcon Laboratories, Fort Worth, TX, USA]) at
the time of surgery into the AC for miosis, before
instillation of the viscoelastic. The surgeon sits
temporally and the head of the patient is tilted
30° away from the surgeon. The microscope is
tilted 40° towards the surgeon (Fig. 9.2). Table 9.2
shows the instruments and supplies needed for ab
interno procedures.

Ab Interno Angle Surgery: Surgical
Procedures

Intraoperative Preparation

* Position microscope: tilted approximately 40°

Position child: head turn away from surgeon
approximately 30°
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Fig.9.2 Positioning for ab interno angle procedures. The
surgeon sits temporally and the head of the patient is tilted
30° away from the surgeon. The microscope is tilted 40°
towards the surgeon

Table 9.2 Surgical list of instruments and supplies for ab
interno procedures

Instruments
Gonioscopic lens
Tying forceps

Microforceps (for GATT procedure)

Supplies

Balanced salt solution

75 blade or MVR blade or 2.2 mm keratome
Intraoperative miochol/miostat or preoperative
pilocarpine 1%

Healon®

10-0 Vicryl® suture or 10-0 nylon

GATT gonioscopic-assisted transluminal trabeculotomy

e Position surgeon: temporal
* Review equipment (in particular intraopera-
tive gonioprisms and device)

Ab Interno Angle Surgical Techniques

TRAB™M360/VISCO™360/
OMNI™ TRAB™360/VISCO™360/0OMNI™
(Sight Sciences) are designed to treat the angle
by disrupting 180°-360° of the internal wall of

Schlemm’s canal and TM by an ab interno
approach. The VISCO™360 differs from the
TRAB™360 in that there is the ability to use a
microcatheter to inject and dilate the canal with
viscoelastic (Healon®) simultaneous to the tra-
beculotomy. The OMNI™ also has the ability to
perform  both  viscoelastic  dilation and
trabeculotomy.

Each of these devices is a handheld, single-use
device that has a bent sharp needle tip to pierce
the TM and inner Schlemm’s canal wall and a
nylon catheter that can be threaded 180° in
Schlemm’s canal (Fig. 9.3). After threading
Schlemm’s canal with the blue nylon catheter, the
canal can then be unroofed. The same procedure
can then be performed in the opposite direction,
threading and unroofing Schlemm’s canal 180° in
the opposite direction. The VISCO™360 can be
used just for irrigation and dilation of the canal
with viscoelastic; however, there is no evidence
in children that this procedure alone is effica-
cious (Fig. 9.4).

TRAB™360 Technique A 1 mm clear corneal
incision is made with a paracentesis blade near
the limbus and parallel to the iris. Acetylcholine
chloride (Miochol™) is injected in the AC to
achieve pupillary constriction and protect the
lens. Ophthalmic viscoelastic (e.g., Healon®,
Johnson & Johnson Vision, Santa Ana, CA, USA)
is injected in the AC. The TRAB™360 instru-
ment is unlocked by removing the safety pin at
the base. After confirming the function and spin-
ning the wheel minimally to advance and with-
draw the blue filament, the instrument is
introduced into the AC and advanced across the
AC under direct visualization towards the nasal
angle. Viscoelastic is placed on the corneal sur-
face and a Swan-Jacob gonioprism lens is held by
the nondominant hand of the surgeon and used to
visualize the nasal angle. The TRAB™360 tip is
used to pierce the TM and enter Schlemm’s canal.
The wheel in the handpiece is turned to allow the
nylon inner filament to thread along Schlemm’s
canal until it comes to a stop. At this point,
approximately 180° of the canal has been cannu-
lated with the microfilament and the surgeon per-
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Control
wheel

Trabeculotome
body

Fig.9.3 The TRAB™360 is a single-use instrument with
a bent sharp needle tip with a nylon filament to thread
Schlemm’s canal. It is advanced and withdrawn with a

Reservoir and Infusion Pump
(Inside the handle)

Control Wheel —,
(For advancement and retraction)

Cannula

Locking
mechanism

Trabeculotome

wheel mechanism. (Courtesy of Sight Sciences, Menlo
Park, CA, USA)
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Fig. 9.4 The VISCO™360 is an instrument similar to TRAB™360 but also allows viscodilation of Schlemm’s canal.

(Courtesy of Sight Sciences, Menlo Park, CA, USA)

forms a maneuver to unroof Schlemm’s canal by
slowly withdrawing the handpiece through the
corneal incision. If desired, the device is turned
over and redirected to treat the opposite 180° of
the angle after refilling the AC with viscoelastic
(Video 9.2). At the time of writing, the filament
can be advanced and withdrawn only two times
before it locks and the instrument becomes
nonfunctional.

VISCO™360 Technique Viscodilation with
VISCO™360 is a surgical technique that intends
to surgically restore the aqueous drainage system
by catheterization and viscodilation of Schlemm’s
canal to decrease the resistance to aqueous out-
flow in the collector channels (see Fig. 9.4).

Surgical technique mirrors that for
TRAB™360. Of note, the device is prepped
with an ophthalmic viscoelastic and a small
amount used to flush the instrument. As with
the TRAB™360, the instrument is introduced
into the eye and advanced across the AC until
near the nasal angle. Using the gonioprism the
angle is identified and the instrument is used to
pierce the TM. Using the wheel on the hand-
piece, the microcatheter then advances in
Schlemm’s canal 180°. The wheel is turned in
the opposite direction, and this allows the vis-
coelastic (usually Healon®) to be delivered in
Schlemm’s canal as the microcatheter is
retracted and Schlemm’s canal is incised. Then
the instrument is removed from the AC, rotated,
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and inserted again in the eye to treat the remain-
ing 180° of Schlemm’s canal.

Both of these procedures result in some bleed-
ing reflux into the AC.

Potential Modifications of TRAB™360,
VISCO™360, and OMNI™: Combination
Viscodilation-Trabeculotomy

The VISCO™360 device can be used to viscodi-
late 180° of Schlemm’s canal and then reintro-
duced into the same region of the canal to disrupt
the TM, creating a trabeculotomy. While this
effectively treats only 180° of the angle, it com-
bines the canal dilation and episcleral venous
fluid wave irrigation with circumferential trabec-
ulotomy [16]. Use of the OMNI™ actually allows
360° of both viscodilation and circumferential
trabeculotomy.

GATT: Gonioscopic Ab Interno
Assisted Trabeculotomy

Similar to the other techniques in this section,
GATT is an ab interno approach to the angle. The
technique offers the unique advantage of a small
corneal incision to perform 360° disruption of the

internal wall of Schlemm’s canal with simultane-
ous infusion of viscoelastic [14, 17, 18]. Unlike
TRAB™360, with GATT the treatment cannot be
titrated into 180°. Similar to TRAB™360, GATT
depends on successful ab interno access and can-
nulation of Schlemm’s canal 360°.

GATT Surgical Technique

Following the standard surgeon and patient posi-
tioning discussed previously and confirmation of
visualization of the angle, two clear cornea inci-
sions are made at the temporal limbus: the first at
the 3 or 9 o’clock position, depending on the sur-
gical eye, and the second incision 2-3 clock
hours to the right or left of this principal incision.
The initial incision can be created with a 2.2 ker-
atome angled incision, much like an entry for
adult cataract extraction, and the second incision
more like a paracentesis entry site. Miotic is
instilled in the eye followed by a viscoelastic. An
MVR blade or 30 g needle is used to cross the AC
towards the nasal angle under direct visualiza-
tion. The gonioprism is placed on the eye and the
angle brought into focus. The blade/needle is
used to unroof 1-2 clock hours of Schlemm’s
canal and then removed. The Iscience catheter
with Healon® attached at the infusion site

Fig.9.5 Positioning and securing of the iTrack™ catheter and Healon® for gonioscopic-assisted transluminal trabecu-
lotomy (GATT). (Courtesy of Davinder Grover MD, MPH, Glaucoma Associates of Dallas, Dallas, TX, USA)
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(Fig. 9.5) is passed through the paracentesis inci-
sion into the AC. The gonioprism is placed on the
cornea and the angle visualized. Using a micro-
retinal forceps passed into the AC at the keratome
incision site, the iScience catheter is grasped and
directed to the opening in Schlemm’s canal. The
catheter is then fed into the canal with a grasp-
regrasp technique to advance the iScience fiber
optic around the canal. Once the end reappears,
the micro forceps grasp the end and hold it in the
AC while the external portion is grasped and
pulled with a steady force until the catheter has
incised the entire canal (Video 9.3).

Potential Modifications of GATT:
Thermal Suture Modification
with Dye-Stained Tip and Partial
Angle Treatment

Grover and Fellman described a technique to per-
form the GATT procedure with a 4-0 or 5-0 nylon
suture that is pretreated with a hand held cautery
to blunt the tip before threading. In order to assist
in the visualization of the suture as it advances,
they also recommend staining the tip with a blue
marker [19].

Another modification of the GATT procedure
is partial angle treatment. There are occasions
when the catheter or suture will not pass com-
pletely around the canal 360°. In these instances
and depending on the location, one can attempt to
go the other direction to see if the area that does
not appear continuous can be passed or dilated
with Healon®. If, however, the block persists, a
small “cutdown” over the tip site, using the para-
centesis blade, can be performed to grasp the
catheter tip where it lies. Then, holding it, the
catheter is pulled through to cannulate a portion
of the canal. The catheter can then be threaded in
the opposite direction to the cutdown area and the
remaining angle incised.

Kahook Dual Blade

The Kahook dual blade® (KDB; New World
Medical) was designed to perform a goniotomy
and remove the TM and internal Schlemm’s canal

wall tissue of the treated area. The tip of the KDB
has a special design that allows it to perforate the
TM and the internal wall of Schlemm’s canal. Once
the KDB is correctly inserted in the canal, the
instrument is advanced along the TM while the
angulated metal at the tip of the instrument elevates
the TM tissue and guides it towards the blades that
are located at each side of the elevation. This allows
cutting and removing the TM and inner Schlemm’s
canal tissue [20, 21]. The design of the KDB allows
performing a precise incision without damaging
the adjacent structures (Fig. 9.6).

Kahook Dual Blade Surgical Technique

As with all the ab interno angle surgery, position-
ing is an important step in this procedure: the
microscope tilted, the head of the patient rotated
away from the temporally positioned surgeon. A
clear corneal incision is created (1.6 mm or big-
ger) close to the limbus and parallel to the iris.
Cohesive viscoelastic is injected through the cor-
neal incision to stabilize the AC. Bubbles need to
be avoided in order to have a clear visualization
of the angle structures. The KDB is introduced in
the eye through the corneal incision and is
advanced in the AC towards the nasal angle.
Viscoelastic is placed on the corneal surface and
then a gonioscopic lens is placed on the corneal
surface to achieve direct visualization of the nasal
angle. The tip of the KDB is inserted through the
TM in Schlemm’s canal. The surgeon makes a
cut in the TM clockwise. Afterwards the surgeon
returns to the original point of insertion and
moves the blade counterclockwise in order to

Dual blades:
To excise a strip of meshwork

Fig.9.6 The Kahook dual blade is designed to incise and
remove the trabecular meshwork. (Courtesy of New
World Medical, Rancho Cucamonga, CA, USA)
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remove additional TM and inner Schlemm’s
canal wall tissue. The surgeon is able to remove
this TM tissue out of the eye, since it remains in
the instrument surface. Often, blood reflux is
observed during the surgery, which confirms that
Schlemm’s canal has been unroofed.

Potential Modification of KDB:
Viscoelastic Tamponade and Irrigation

As with most angle surgeries, there is reflux of
blood into the AC at the time the canal is unroofed.
The removal of tissue using the KDB makes the
margins easily seen, and irrigation with the vis-
coelastic agent such as Healon® helps to tam-
ponade the reflux of blood and can be seen
clearing the episcleral venous veins around the
limbus. The Healon® is left in the AC.

Trabectome/Goniotome

Trabeculotomy ab interno performed with
Trabectome (NeoMedix) or the Goniotome
(NeoMedix) is a technique that uses a bipolar
electrode of 550 KHz to ablate the TM and the
internal wall of Schlemm’s canal. The ablation of
tissue is mediated by plasma that ionizes and dis-
integrates the TM, dissipating the heat and mini-
mizing surgical trauma [22-26].

The U.S. Food and Drug Administration
cleared the Trabectome in 2004 for use in adults
with open-angle glaucoma both phakic and
pseudophakic. Outcomes of Trabectome have
been published mainly for primary open-angle
glaucoma and pseudoexfoliation glaucoma but
also in pigmentary, uveitic, steroid-induced, and
narrow-angle glaucoma [27-29]. Although stud-
ies include pediatric cases, there are no pub-
lished outcomes of Trabectome in children. In
general Trabectome has not found a place in the
routine treatment of glaucoma in childhood, but
there are some unique instances where the bipo-
lar cutting electrode cautery applied to intraocu-
lar tissue in the AC (e.g., iridocorneal adhesions)
has been helpful to create a better view of the
angle without promoting bleeding from the iris,

which would further obscure the view. The
Goniotome is similar but is associated with irri-
gation and aspiration.

Trabectome/Goniotome Surgical
Technique

Operative angle surgery positioning to allow ade-
quate gonioscopic visualization of the nasal TM
is again applied: the surgeon sitting temporally,
the head of the patient rotated approximately 30°
away from the surgeon, and the microscope
inclined 40° towards the surgeon.

A 1.6-1.8 mm corneal incision is made close
to the sclerocorneal limbus. Then the Trabectome
is introduced through the corneal incision with
active irrigation (AC maintainer) and a goniolens
(amodified Swan-Jacob lens, Ocular Instruments,
Bellingham, WA, USA) is placed on the corneal
surface to allow visualization of the nasal angle.
Then the triangular tip of the Trabectome is
inserted in Schlemm'’s canal and the ablation of
the TM tissue is performed in one direction; then
the tip is turned and the other direction of the
nasal angle is treated. Approximately 120°-180°
of angle can be treated (Fig. 9.7).

The ablation is performed starting with
0.8 mW controlling the energy and aspiration
rate through the pedal. The aspiration eliminates
the remaining debrided tissue. The surgery is per-
formed under continuous irrigation and after
ablating the TM, the Trabectome is removed

Fig.9.7 Trabeculotomy ab interno with Trabectome uses
a bipolar electrode to ablate the trabecular meshwork and
the internal wall of Schlemm’s canal. (Courtesy of
NeoMedix, Tustin, CA, USA)
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from the AC and viscoelastic is injected over the
TM to minimize the postoperative hyphema.
Then a 10-0 Vicryl® (Ethicon, Somerville, NJ,
USA) or nylon corneal suture is placed and a
bubble can be left in the AC as internal
tamponade.

Potential Modification of Trabectome/
Goniotome: Goniosynechiolysis

The unique use of a bipolar electrode cautery tip
to ablate tissue can be used to lyse iris adhesions
to an anteriorly displaced Schwalbe line in
Axenfeld-Riegers anomaly.

Ab Interno Angle Surgery:
Postoperative Management

Postoperative management should be guided by
treatment of the postoperative hyphema and
inflammation. Each of these procedures results in
a variable amount of bleeding and postoperative
inflammation. Closure of the angle cleft by either
peripheral anterior synechiae (PAS)—or, in some
cases, iris strands—and membranes can result in
less than satisfactory results. In general, postop-
erative medications are aimed at treating the
postoperative bleeding. Steroids and often cyclo-
plegia along with a topical antibiotic are used in
the immediate postoperative period. Once the
refluxed blood has cleared, pilocarpine 1% may
help in pulling the iris away from the angle and
assist in maintaining an open cleft.

Ab Interno Angle Surgery:
Complications and Outcomes

The most common complication of ab interno
angle surgery is intraoperative blood reflux and
hyphema. Some patients following Trabectome
can have recurrent spontaneous AC bleeding that
can produce IOP spikes [29, 30]. Another com-
plication is the formation of PAS in up to 24% of
patients. Other uncommon but severe complica-
tions reported in adults are hypotony of <5 mmHg

in 0.09% of cases, aqueous misdirection in
0.04%, cyclodyalisis 0.06%, and choroidal hem-
orrhage 0.01% [18, 24].

With respect to outcomes, Fellman et al. sug-
gest that decompression and forceful irrigation of
the AC to elicit an episcleral venous wave may
indicate a functional collector channel system
beyond Schlemm’s canal and so be a predictor of
angle surgery success [16].

Nevertheless, the fact remains that in children
there is very little to no data regarding complica-
tions or outcomes from these newer procedures
and devices. We are left to extrapolate from adult
data along with the known pathophysiology of
childhood glaucoma to access the risk and bene-
fits of each of these surgical approaches.

Ab Interno Angle Surgery: Options
After Failed Procedures

Depending on the time course, an unfavorable
outcome following ab interno angle surgery may
be approached in one of two ways after reexam-
ining the amount of angle treated. The first option
is to treat more angle if the first procedure did not
treat 360°. If 360° were treated on the first proce-
dure, we would then proceed with other surgical
modalities. While this varies from region to
region, for the most part either a GDD or a trab-
eculectomy with antimetabolite [31] are the pro-
cedures of choice following complete treatment
of the angle.

References

1. Barkan O. Microsurgery in chronic simple glaucoma.
Am J Opthalmol. 1938;21(4):403-5.

2. Morin JD, Merin S, Sheppard RM. Primary con-
genital glaucoma—a survey. Can J Ophthalmol.
1974;9:17-28.

3. Shaffer RN. Prognosis of goniotomy in primary
infantile glaucoma (trabeculodysgenesis). Tans Am
Ophthalmol Soc. 1982;80:321-5.

4. Papadopoulos M, Edmunds B, Chiang M, Mandal
A, Grajewski AL, Khaw PT. Section 5: Glaucoma
surgery in children. In: Weinreb RN, Grajewski AL,
Papadopoulos M, et al., editors. World Glaucoma
association consensus series — 9: childhood Glaucoma.
Amsterdam: Kugler Publications; 2013.



146

E. Bitrian and A. L. Grajewski

5.

10.

11.

12.

13.

14.

15.

16.

17.

Anderson DR. The development of the trabecu-
lar meshwork and its abnormality in primary
infantile glaucoma. Trans Am Ophthalmol Soc.
1981;79:458-85.

. Seiler T, Wollensak J. The resistance of the trabecular

meshwork to aqueous humor outflow. Graefes Arch
Clin Exp Ophthalmol. 1985;223(2):88-91.

. Johnson MC, Kamm RD. The role of Schlemm’s

canal in aqueous outflow from the human eye. Invest
Ophthalmol Vis Sci. 1983;24(3):320-5.

. Godfrey DG, Fellman RL, Neelakantan A. Canal

surgery in adult glaucomas. Curr Opin Ophthalmol.
2009;20(2):116-21.

. Kaplowitz K, Bussel II, Honkanen R, Schuman

JS, Loewen NA. Review and meta-analysis of ab-
interno trabeculectomy outcomes. Br J Ophthalmol.
2016;100(5):594-600.

Sarkisian SR Jr. An illuminated microcatheter for
360-degree trabeculotomy [corrected] in congeni-
tal glaucoma: a retrospective case series. J] AAPOS.
2010;14(5):412-41.

Jea SY, Francis BA, Vakili G, Filippopoulos T, Rhee
DJ. Ab interno trabeculectomy for open-angle glau-
coma. Ophthalmology. 2012;119(1):36-42.

Beck AD, Lynch MG. 360 degrees trabeculotomy
for primary congenital glaucoma. Arch Ophthalmol.
1995;113(9):1200-2.

Sarkisian SR, Allan E. 360-degree ab interno trabecu-
lotomy. In: Francis BA, Sarkisian SR, Tan JC, editors.
Minimally invasive glaucoma surgery, a practical
guide. New York: Thieme Medical Publishers Inc.;
2017.

Grover DS, Smith O, Fellman RL, Godfrey DG,
Butler MR, Montes de Oca I, Feuer WJ. Gonioscopy
assisted transluminal trabeculotomy: an ab interno
circumferential trabeculotomy for the treatment of
primary congenital glaucoma and juvenile open angle
glaucoma. Br J Ophthalmol. 2015;99(8):1092-6.
Lim ME, Dao JB, Freedman SF. 360-degree trabecu-
lotomy for medically refractory glaucoma following
cataract surgery and juvenile open-angle glaucoma.
Am J Ophthalmol. 2017;175:1-7.

Fellman RL, Feuer WJ, Grover DS. Episcleral venous
fluid wave correlates with trabectome outcomes:
intraoperative evaluation of the trabecular outflow
pathway. Ophthalmology. 2015;122(12):2385-91.
Grover DS, Godfrey DG, Smith O, Feuer WJ, Montes
de Oca I, Fellman RL. Gonioscopy-assisted translu-
minal trabeculotomy, ab interno trabeculotomy: tech-
nique report and preliminary results. Ophthalmology.
2014;121(4):855-61.

. Grover DS, Fellman RL. Gonioscopy-assisted trans-

luminal trabeculotomy. In: Francis BA, Sarkisian SR,

20.

21.

22.

23.

24.

25.

26.

27

28.

29.

30.

31.

Tan JC, editors. Minimally invasive glaucoma sur-
gery, a practical guide. New York: Thieme Medical
Publishers Inc.; 2017.

. Grover DS, Fellman RL. Gonioscopy-assisted trans-

luminal trabeculotomy (GATT): thermal suture modi-
fication with a dye-stained rounded tip. J Glaucoma.
2016;25(6):501-4.

Seibold LK, Soohoo JR, Ammar DA, Kahook
MY. Preclinical investigation of ab interno
trabeculectomy using a novel dual-blade device. Am J
Ophthalmol. 2013;155(3):524-9.

Khouri AS, Wong SH. Ab interno trabeculotomy with
a dual blade: surgical technique for childhood glau-
coma. J Glaucoma. 2017;26(8):749-51.

Francis BA, See RF, Rao NA, Minckler DS, Baerveldt
G. Ab intreno trabeculectomy: development of a
novel device (Trabectome) and surgery for open angle
glaucoma. J Glaucoma. 2006;15(1):68-73.

Francis BA, Akil H, Bert BB. Ab interno
Schlemm’s canal surgery. Dev Ophthalmol. 2017;
59(4):127-46.

Bussel II, Kaplowitz K, Schuman JS, Loewen NA,
Trabectome Study Group. Outcomes of ab interno tra-
beculectomy with the trabectome by degree of angle
opening. Br J Ophthalmol. 2015;99(7):914-9.
Mosaed S, Rhee DJ, Filippopoulos T, Tseng H,
Deokule S, Weinreb RN. Trabectome outcomes in
adult open angle glaucoma patients- one year follow
up. Clin Surg Ophthal. 2010;28(8):5-9.

Bailey AK, Vold SD, Sarkisian SR Jr. Ab interno
approach to Schlemm canal: ab interno trabecu-
lar ablative procedures. J Cataract Refract Surg.
2014;40(8):1281-4.

. Mosaed S. The first decade of global Trabectome out-

comes. Clin Surg Ophthalmol. 2014;32:21-9.

van Oterendorp C, Ness T, Illerhaus G, Neuburger
M, Jordan JE. The trabectome as treatment option in
secondary glaucoma due to intraocular lymphoma. J
Glaucoma. 2014;23(7):482-4.

Ahuja Y, Ma Khin Pyi S, Malihi M, Hodge DO, Sit
AlJ. Clinical results of ab interno trabeculotomy
using the trabectome for open-angle glaucoma: the
Mayo Clinic series in Rochester, Minnesota. Am J
Ophthalmol. 2013;156(5):927-35.

Minckler D, Baerveldt G, Ramirez MA, Mosaed S,
Wilson R, Shaarawy T, Zack B, Dustin L, Francis
B. Clinical results with the Trabectome, a novel sur-
gical device for treatment of open-angle glaucoma.
Trans Am Ophthalmol Soc. 2006;104:40-50.

Wang Q, Harasymowycz P. Goniopuncture in the
treatment of short-term post-trabectome intraocular
pressure elevation: a retrospective case series study. J
Glaucoma. 2013;22(8):e17-20.



	9: Other Procedures for Pediatric Glaucoma Surgery: New Devices and Techniques
	Introduction
	Indications and Contraindications (Table 9.1)
	Risks Factors for Failure
	Advantages and Disadvantages
	Ab Interno Angle Surgery: Preoperative Surgeon Preparation
	Ab Interno Angle Surgery: Preoperative Patient Considerations and Preparation
	Ab Interno Angle Surgery: Surgical Procedures
	Intraoperative Preparation
	Ab Interno Angle Surgical Techniques
	Potential Modifications of TRAB™360, VISCO™360, and OMNI™: Combination Viscodilation-Trabeculotomy

	GATT: Gonioscopic Ab Interno Assisted Trabeculotomy
	GATT Surgical Technique
	Potential Modifications of GATT: Thermal Suture Modification with Dye-Stained Tip and Partial Angle Treatment

	Kahook Dual Blade
	Kahook Dual Blade Surgical Technique
	Potential Modification of KDB: Viscoelastic Tamponade and Irrigation

	Trabectome/Goniotome
	Trabectome/Goniotome Surgical Technique
	Potential Modification of Trabectome/Goniotome: Goniosynechiolysis

	Ab Interno Angle Surgery: Postoperative Management
	Ab Interno Angle Surgery: Complications and Outcomes
	Ab Interno Angle Surgery: Options After Failed Procedures
	References




