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Purpose: The purpose of this study was to investigate femtosecond laser trabeculo-
tomy (FLT) in a clinically relevantmanner (i.e., delivering the surgical laser beam through
the cornea of the intact, human anterior segment to create channels from the anterior
chamber into the Schlemm’s canal) and to investigate the effect of this treatment on
intraocular pressure in perfused human anterior segments.

Methods: Perfused human anterior segments (15 eyes) received either FLT treatment (n
= 8) or a sham-treatment (n= 7). Intraocular pressure (IOP) in the perfused samples was
recorded before and after treatment. Spectral domain optical coherence tomography,
second harmonic generation imaging, and transmission electronmicroscopywere used
to investigate the FLT channels.

Results: The FLT group (n = 7, 1 eye excluded) had a statistically significant reduction
in mean IOP of 20.2% from baseline after treatment (5.06 ± 1.46 mm Hg to 4.04 ±
1.63 mm Hg; P < 0.0005), whereas the control group (n = 7) remained statistically
unchanged (7.72 ± 3.45 mm Hg to 7.78 ± 3.51 mm Hg; P < 0.71). Imaging confirmed
that the channels traversed the entire trabecular meshwork into the Schlemm’s canal.

Conclusions: This study has provided the first direct evidence supporting the feasibil-
ity of clinically applicable, noninvasive femtosecond laser trabeculotomy for the treat-
ment of glaucoma. Various imaging modalities revealed minimal collateral damage to
adjacent issues.

Translational Relevance: This work demonstrates noninvasive femtosecond laser
trabeculotomy in a laboratory setting that is clinically relevant.

Introduction

The only proven treatment for glaucoma is reducing
the intraocular pressure (IOP), thus relieving pressure
on the optic nerve head lead. This in turn reduces or
ideally stops retinal ganglion cell death and progres-
sive visual field loss.1 The typical treatment paradigm
begins withmedicated eyedrops, selective laser trabecu-
loplasty (SLT), then microinvasive glaucoma surgeries
(MIGS) before advancing to more traditional filtration

surgeries.2 Each of these treatment modalities comes
with its own limitations, ranging from suboptimal
patient compliance with eyedrops,3 limited longevity
with SLT,4,5 an ab interno approach requiring a corneal
incision with MIGS,6 to the invasive and complex
nature of traditional filtration surgeries and the risks
and difficulties associated with their postoperative
management regimens.7,8

After eyedrops SLT is the next treatment in
the hierarchy of treatment escalation. SLT uses a
laser that is selectively absorbed by the pigmented
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endothelial cells of the trabecular meshwork (TM),
causing thermal damage to the cells and result-
ing in a cascade of biological effects thought to
increase hydraulic conductivity of the inner wall of the
Schlemm’s canal.9,10 Subsequently, MIGS are typically
the next treatment because of their minimally invasive
nature and favorable safety profiles. In fact, MIGS are
increasingly viewed as an alternative tomedical therapy
as opposed to being seen as an alternative to filter-
ing surgery.11 MIGS procedures target three anatom-
ical categories, namely the Schlemm’s canal, supra-
choroidal space, or subconjunctival space.6 The major-
ity of MIGS, however, target the Schlemm’s canal
and operate on the principle of reducing or bypass-
ing the resistance to aqueous humor outflow encoun-
tered in the TM, juxtacanalicular tissue, and inner
wall of the Schlemm’s canal. Once this resistance is
removed, the aqueous can directly pass into collec-
tor channels, aqueous veins, and eventually into the
episcleral venous system. For example, implants such
as the iStent (Glaukos Corporation, San Clemente,
CA, USA) and Hydrus Microstent (Ivantis, Inc.,
Irvine, CA, USA) bypass the resistance in the TM
via a small tube-like implant through the TM and
into the Schlemm’s canal.12,13 Other devices, such as
the Trabectome (NeoMedix, Irvine, Ca)14 and Kahook
dual blade (NewWorld Medical, Rancho Cucamonga,
CA, USA),15 physically remove the TM by electro-
cautery or mechanical cutting, respectively. Excimer
laser trabeculostomy (ELT) is a laser-based MIGS
procedure that creates holes through the TM into the
Schlemm’s canal via nonthermal absorption of ultra-
violet laser light and ionization of the TM. Published
data report the longevity of this procedure and patency
of the holes out to at least two years, although the eye
must still be opened to introduce the laser.16,17

Most MIGS procedures, ELT included, bypass
the traditional outflow pathway by introducing direct
aqueous humor communication between the anterior
chamber and Schlemm’s canal. However, these trans-
trabecular procedures require a corneal incision and
the introduction of varying degrees of instrumentation
into the anterior chamber. As such, there is an unmet
medical need for a glaucoma treatment that can bypass
the aqueous humor outflow resistance found in the TM
region without the need to open the eye. To this end
we developed a novel device, the ViaLase laser system,
(ViaLase, Inc. Aliso Viejo, CA, USA), which deliv-
ers tightly focused femtosecond laser pulses through
the cornea and across the anterior chamber to the
iridocorneal angle, thus creating channels through the
trabecular meshwork and into the Schlemm’s canal.We
have previously demonstrated that femtosecond laser
channels created directly through the TM (not deliv-

ered through the cornea) in a nonclinically relevant
manner can lower IOP in perfused human anterior
segments.18 The objective of this study was to inves-
tigate the efficacy of femtosecond laser trabeculotomy
(FLT) in a clinically relevant manner (i.e., by focusing
through the intact cornea to deliver FS laser pulses to
the TM using the ViaLase, Inc., laser system).

Methods

This study used a custom femtosecond laser
system designed and built by ViaLase, Inc., to
perform femtosecond laser trabeculotomy on perfused
corneoscleral shells (anterior segments). The effect
of the procedure on IOP in the perfused anterior
segments was measured. Sample tissues were imaged
using second harmonic generation microscopy (SHG),
optical coherence tomography (OCT), and transmis-
sion electron microscopy (TEM). This study was deter-
mined not a be a human subject study and was
performed in compliance with the principles of the
Declaration of Helsinki.

Surgical Device

The laser delivery system was designed and built
by ViaLase, Inc., to deliver tightly focused femtosec-
ond laser pulses through the intact cornea, across
the anterior chamber, and to the outflow struc-
tures (trabecular meshwork, juxtacanalicular tissue,
and Schlemm’s canal) via custom delivery optics. A
regeneratively amplified femtosecond laser produc-
ing 400 femtosecond (fs) pulses at 1030 nanome-
ters was used as the laser engine (NKT Photon-
ics, Birkerød, Denmark). The laser was aligned into
a custom delivery system comprising laser scanning
mirrors, a camera, an aiming laser, an objective lens,
and finally custom eye tissue interface optics that
couple light into the iridocorneal angle. The spot size
out of the delivery system was measured to be less
than 10 μm. The scanning mirrors and objective lens
were controlled using custom ViaLase, Inc., software
capable of scanning the focal point of the femtosec-
ond laser in a contiguous rectangular volume along
the axis of the laser. A 632.8 nm HeNe aiming laser
(Thorlabs, Inc., Newton, NJ, USA) was split into two
parallel beams and coaligned with the femtosecond
beam through the delivery system. The aiming beams
overlapped into a single spot at the focal point of the
system, thus indicating the focal point of the infrared
treatment laser.
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Figure 1. Corneoscleral shell mounted to the perfusion device.

Human Anterior Segment Perfusion Model

Constant flow, variable pressure anterior segment
perfusion has previously been used by our group and
others to evaluate the effect of interventions on IOP
and is described in detail elsewhere.18–22 Measuring
IOP (mm Hg) was chosen instead of outflow facility
(μL/min/mm Hg) because of the clinical relevance of
IOP. Briefly, 15 dissected corneoscleral shells with no
known history of glaucoma, ocular hypertension, or
trabecular meshwork procedures and an average age
of 70.4 ± 5.6 years were received within 24 hours of
death from the San Diego Eye Bank and preserved in
Optisol GS corneal transplant media (Chiron Intraop-
tics, Irvine, CA, USA). The posterior segment, vitre-
ous, lens, iris, and choroid were removed. The tissues
were mounted to a custom artificial anterior chamber
and perfused in a tissue culture incubator at 37°C, 5%
CO2, and 95% humidity (Sheldon Manufacturing Inc,
Cornelius, OR, USA). Figure 1 shows a corneoscleral
shell mounted to a custom artificial anterior chamber
perfusion device. The inflow rate of perfusion media
(Dulbecco’s modified Eagle media supplemented with
100U/mL penicillin, 100 μg/mL streptomycin, 5 μg/mL
amphotericin B) was set to the physiological inflow
rate of 2.5 μL/min via a syringe pump (PHD 2000;
Harvard Apparatus, Inc., Holliston, MA, USA), while
the pressure within the anterior segment was recorded
via a computer-controlled pressure transducer at one-
minute intervals (PX409-GUSBH; Omega Engineer-
ing, Norwalk, CT, USA). Each anterior segment was
perfused for at least 12 hours before treatment to
achieve a baseline IOP. After FLT or sham-treatment,
perfusionwas recontinued for an additional 12 hours to
obtain postprocedure IOP before the experiment was
terminated.

Gonioscopic FLT and Sham Treatment

Eight anterior segments received FLT (treatment
group), whereas seven anterior segments received the

Figure 2. A typical ViaLase Inc. gonioscopic image acquired
through an intact ex vivo perfused human anterior segment. The
cornea, sclera, Schwalbe’s line (SL), trabecular meshwork (TM), and
scleral spur (SS) are clearly visible. The iris has been excised. (A)
The dual aiming beams on the TM. (B) The dual aiming beams
overlapped to a single point on the TM, indicating the focal plane
of the femtosecond laser.

sham treatment (control group). During FLT treat-
ment the anterior segment, while mounted to the artifi-
cial anterior chamber, was removed from the incuba-
tor and coupled to the surgical device via a custom
corneal interface optic using GenTeal Gel (Novartis,
Basel, Switzerland). First, the trabecular meshwork
was identified using the gonioscopic camera; next the
computer-controlled scanning mirrors and objective
lens were adjusted to overlap the dual aiming beams
onto the surface of the trabecular meshwork, thus
ensuring that the surgical laser was also focused onto
the TM at the desired location. The lower uveoscleral
meshwork was targeted because the Schlemm’s canal is
anatomically distal to this region. A typical view of the
trabecular meshwork and overlapping aiming beams in
the perfused anterior segment is presented in Figure 2.

Each sample in the FLT treatment group received
three channels measuring 500 μm wide, by 200 μm
high, through the full thickness of the TM. Each
channel accounts for less than 5° of the iridocorneal
angle. Figure 3 shows the laser scan pattern overlayed
on the iridocorneal angle outflow structures. The pulse
energy and repetition rate of the laser were 14 μJ and
10 kHz, resulting in an average power of 140 mW. The
length of pattern along the axis of the laser was longer
than the orthogonal thickness of the TM because of
the oblique angle of incidence of the surgical laser
relative to the tissue. The control eyes underwent the
same procedure with the exception that the femtosec-
ond laser was not turned on; therefore no channels were
created.
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Figure 3. The laser scan pattern is 200 μm high, 500 μm wide
circumferentially (into the plane of the paper, not shown), and
400 μm long in the depth direction. E, corneal endothelium; SL,
Schwalbe’s line; TM, trabecular meshwork; SC, Schlemm’s canal.

Imaging

FLT channels were imaged to determine whether
they fully penetrated the Schlemm’s canal and to assess
potential collateral damage to adjacent tissues.

OCT
A custom-built spectral domain (SD) OCT was

used to confirm that the femtosecond laser drainage
channels penetrated the Schlemm’s canal through the
TM. The SD-OCT had a central wavelength of 850
nm and theoretical axial and lateral resolutions of 2.7
μm and 8.2 μm in air, respectively. Further serial OCT
imaging of an FLT channel and a three-dimensional
(3D) reconstruction of the channel were performed.
To generate the 3D reconstruction of the channel
and surrounding tissue, B-scans were acquired at 5-
μm intervals along a 1.5-mm distance circumferentially.
Three hundred images were cropped and assembled
into a TIFF stack in ImageJ before being exported to
FluoRender software for 3D reconstruction (Scientific
Computing and Imaging Institute, Salt Lake City, UT,
USA).

Two-Photon Imaging
Nonlinear or two-photon imaging uses nanojoule

femtosecond laser pulses in the near infrared to gener-
ate autofluorescent or second harmonic signals in
biological tissues. Tissue was fixed in paraformalde-
hyde and 250 μm thick vibratome sections were cut
through the cornea-sclera in the region of the FS
channel using a Campden Instruments Ci 5100 M2
Vibratome (Loughborough, England). A multipho-
ton microscope (Leica SP8 Falcon; Leica, Wetzlar,
Germany) was used to perform SHG and two-photon
excited fluorescence imaging. SHG and autofluores-

cence signals were generated using 820 nm FS pulses,
and emission spectra were collected from 390 to 430
nm and 450 to 550 nm for SHG and autofluorescence,
respectively. Images were taken within the region of the
trabeculotomy and in untreated adjacent tissues.

TEM
Tissue samples were fixed in glutaraldehyde and

further prepared for TEM by Outermost Technology
(Santa Clara, CA, USA). Imaging was performed at
theDepartment of Health Sciences of theUniversity of
Utah. The outer wall of Schlemm’s canal was imaged in
control tissue and adjacent FLT-treated tissue to inves-
tigate potential thermal collateral damage adjacent to
the laser channel.

Statistics
A two-way repeat measures analysis of variance

using SigmaStat (Palo Alto, CA, USA) was performed
to determine whether significant differences existed
between pretreatment and post-treatment perfusion
pressures for each group (FLT and sham) and between
the baseline perfusion pressures between both arms
(FLT vs. sham).

Results

Perfusion IOP

The FLT group (n= 7, 1 eye excluded) had a statisti-
cally significant reduction in mean IOP of 20.2% from
baseline following treatment (5.06 ± 1.46 mm Hg to
4.04 ± 1.63 mm Hg; P < 0.0005), while the control
group (n = 7) remained statistically unchanged (7.72 ±
3.45 mm Hg to 7.78 ± 3.51 mm Hg; P < 0.71) after
12 hours. The IOP data for all eyes are presented in
the Table. Despite a drop in IOP of 38%, eye number
eight in the FLT group was excluded from statistical
analysis because the baseline IOP was well outside of
the normal physiological range. Although the mean
baseline IOP in the control group was higher than the
baseline IOP in the FLT group, the difference was not
statistically different (P = 0.11).

OCT

Figure 4 contains two cross-sectional OCT images
showing the untreated tissue (A) (in the vicinity of
the femtosecond laser treatment) and the femtosec-
ond laser created drainage channel (B) in a sample
eye. Schlemm’s canal is visible in Figure 4A along with
the TM, Schwalbe’s line, and residual iris root left
over from tissue dissection. Figure 4B shows the FLT
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Table. IOP Data for FLT and Control Groups

IOP (mm Hg)

Before Treatment After Treatment �IOP (%)

FLT
1 5.7 ± 0.7 4.4 ± .2 22.9
2 6.1 ± 0.4 5.9 ± 0.2 3.6
3 3.5 ± 0.6 2.3 ± 0.1 35.3
4 6.4 ± 0.5 5.6 ± 0.2 12.6
5 3.8 ± 0.2 2.8 ± 0.1 27.4
6 6.9 ± 0.2 5.7 ± 0.1 17.5
7 3.0 ± 0.2 1.7 ± 0.2 42.3
8* 20.6 ± 1.3 12.6 ± 1.8 38.7
Mean 5.1 4.0 20.0
σ 1.5 1.6
P 0.0005

Control
1 13.1 ± 0.8 12.7 ± 0.4 3.4
2 12.5 ± 0.5 13.2 ± 0.3 −5.4
3 6.2 ± 0.3 6.5 ± 0.3 −4.3
4 4.2 ± 0.4 3.8 ± 0.1 9.6
5 5.5 ± 0.2 5.5 ± 0.3 0.0
6 4.4 ± 0.3 4.6 ± 0.4 −5.2
7 8.1± 0.3 8.2 ± 0.3 −1.1
Mean 7.7 7.8 −0.8
σ 3.5 3.5
P 0.7

Themeandrop in IOP for the FLT groupwas 20%compared
to baseline. Eye no. 8 in the FLT group was excluded from
analysis because the baseline IOP was out of physiological
range.

channel fully penetrating Schlemm’s canal through the
full thickness of the trabecular meshwork. Schwalbe’s
line is intact, and a large collector channel is also visible.

Figure 5 shows a 3D OCT reconstruction of the
TM in the region of the FLT channel. The image
shows a channel with well-defined edges and shows
that this treatment was located above what appears to
be a collector channel. Also depicted in the figure is
that the channel becomes deeper posteriorly, follow-
ing the natural wedge-shaped contour of the trabecular
meshwork itself. This is due to the oblique angle of the
incoming laser relative to the target tissue, as depicted
in Figure 3.

Two-Photon/SHG Imaging

Figure 6 is a two-photon autofluorescence
(Green)/SHG (Magenta) image showing the intact
trabecular meshwork region adjacent to the FLT
channel (A, B) as well as the region containing the FLT

channel (C, D). Panel A was taken with an objective
×20 and shows the intact TM, Schlemm’s canal, and
Schwalbe’s line. Panel B was taken with a×63 objective
and shows a zoomed image of the Schlemm’s canal
and juxtacanalicular region. The outer wall is intact
and continuous. Panel C was taken with an objective
×20 and shows the FLT drainage channel passing
completely through the TM and into Schlemm’s canal.
Schwalbe’s line is undisturbed. Panel D was taken

Figure 4. (A) SD-OCT showing the intact TM and Schlemm’s canal
(SC) in the region adjacent to the FLT drainage channel. Schwalbe’s
line (SL) and residual iris root (IR) are also visible. (B) SD-OCT showing
the FLT channel penetrating Schlemm’s canal through the trabecular
meshwork. Also visible is a large collector channel within the region
of the FLT channel.

Figure 5. A 3D spectral domain OCT reconstruction of an FLT
channel (c-cornea, s-sclera, TM-trabecular meshwork, cc-collector
channel). (A) Full image showing the wedge shape and well-defined
edges of the FLT channel. (B) Cross-section of the FLT channel
showing a collector channel.
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Figure 6. (A) Autofluorescence/SHG image takenwith a 20x objec-
tive showing the intact TM, Schlemm’s canal, and Schwalbe’s line
(SL). (B) Zoomed in image of SC region from (A) taken with a ×63
objective. (C) Autofluorescence/SHG image taken with a×20 objec-
tive showing the FLT drainage channel, Schlemm’s canal (SC), resid-
ual TM, and Schwalbe’s line (SL). (D) Zoomed in image of the SC
region from (C) taken with a ×63 objective. Asterisks demarcate
undisturbed tissue layer connecting FLT channel region to inner
region of SC.

with an objective ×63 and shows a zoomed image of
the FLT drainage channel, remaining TM, and outer
wall of Schlemm’s canal. The asterisks demarcate a
continuous layer of tissue on the surface of the outer
wall, which begins inside of the Schlemm’s canal and
continues outward undisturbed into the region of the
FLT drainage channel.

TEM

Figure 7 showsTEM images atmagnification×2000
of the outer wall of Schlemm’s canal in the untreated
TM/SC region (7A) and in the adjacent treated region
within the same sample (7B). Panel 7A shows the
intact outer wall in an untreated control region. The
endothelium is present as are some adjacent structures.
About 5 to 10 μm distal to the outer wall endothe-
lium collagen bundles begin to appear, as indicated
by stars and arrows. Panel B shows the outer wall of
Schlemm’s canal in the adjacent FLT treated region.
The endothelium and adjacent structures have been
removed, although the collagen bundles, as in 7A, are
undisturbed.

Figure 7. Transmission electron microscopy (TEM, ×2000) of the
outer wall of Schlemm’s canal in untreated control tissue (A) and
tissue treated by femtosecond laser trabeculotomy (B). (A) The
endothelium of the outer wall of Schlemm’s canal is intact with
orthogonal collagen bundles beginning 5 μm beyond the endothe-
lial layer, as demarcatedby the star. These collagenfibrils are running
into the plane of the image. A transverse bundle of collagen is
demarcated by arrows. (B) The endothelial layer of the outer wall of
Schlemm’s canal has been removed in this sample. The orthogonal
and transverse collagen bundles (star and arrows, respectively) are
present and a similar location relative to Panel A. The collagen fibrils
(<100 nm in diameter) are intact adjacent to the FLT treatment area,
indicating that there is no thermal collateral damage.

Discussion

The current study introduced a novel technology,
the ViaLase, Inc., laser system for glaucoma treat-
ment, capable of delivering tightly focused femtosec-
ond laser pulses through the cornea and into the
iridocorneal angle to noninvasively create drainage
channels through the TM and into the Schlemm’s
canal. The channels resulted in a significant reduc-
tion in IOP of 20.2% in perfused anterior segments.
The Schlemm’s canal tends to collapse in some regions
of the cadaver eye. For this reason, three channels
were created to increases the chances of penetrat-
ing a noncollapsed region of Schlemm’s canal. Our
group previously investigated the effect of femtosec-
ond laser channels created directly through the TM
in a cuvette containing a corneoscleral shell with the
TM facing upward toward the laser.18 That study found
that FLT channels significantly lowered IOP by 22% in
perfused human anterior segments when compared to
baseline and control tissues. The current study builds
on what was learned previously in that the signifi-
cant technical challenge of delivering tightly focused
femtosecond laser pulses through the cornea and into
the iridocorneal angle was overcome. Using custom
designed delivery optics, we were able to achieve a
spot size small enough for photodisruption in the
TM at low pulse energies (14 μJ). As in our previous
study,18 this study showed FLT drainage channels can
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reduce IOP in constant inflow perfused human anterior
segments by about 20%. This agrees with previous
studies investigating trabecular bypass implants, such
as the iStent and Hydrus Microstent, which resulted
in either IOP reduction or outflow facility increase in
the perfused anterior segment of 20% to 70%.13,22–24
Because much of the aqueous outflow resistance is
thought to reside in the juxtacanalicular tissue and
inner wall of Schlemm’s canal, the circumvention of
this tissue is expected to reduce IOP. As in our previ-
ous study, it is important to note that baseline IOP
values reported in the current study were significantly
lower than the average physiological IOP of 15 mm
Hg.25 The lack of episcleral venous back pressure (7–
11 mm Hg) in the perfusion model accounts for this
discrepancy.26–28

Femtosecond lasers have been used previously
to photodisrupt the trabecular meshwork in human
tissue, primate tissue, and porcine tissue. In human
tissues, Toyran et al.29 directly photodisrupted the
TM in excised tissue (without a gonio lens) and were
able to penetrate fully through the TM and, with
certain combinations of pulse energy and exposure
time, penetratedwell into the sclera. That study demon-
strated that direct irradiation of the human TM with
amplified femtosecond pulses (7–14 μJ pulse energies)
could penetrate the Schlemm’s canal without causing
any thermal damage. However, their approach did
not use a gonio lens with laser delivery through
the intact cornea. Studies in primate and porcine
tissue investigated the delivery of amplified femtosec-
ond laser pulses to the TM and iridocorneal angle
using a gonio lens (Magna View Gonio Laser Lens;
Ocular Instruments, Inc., Bellevue, WA, USA).30,31
These studies used significantly higher pulse energies
(40–240 μJ) but failed to fully penetrate through the
TM to the Schlemm’s canal. This was likely due to
the significant optical aberrations introduced when
focusing femtosecond laser pulses through a tradi-
tional gonio lens and the cornea at such an oblique
angle. Traditional gonio lenses, such as those used
during SLT, are designed to achieve spot sizes hundreds
of micrometers in diameter and are not suitable for
femtosecond photodisruption. Our group previously
used amplified femtosecond laser pulses tuned to
1.7 μm to create partial thickness scleral drainage
channels for lowering pressure in a live rabbit model.32
Although the approach showed some promise, the
generation of amplified FS pulses at 1.7 μm was
cumbersome.

Nonlinear imaging of the outer wall of Schlemm’s
canal (Fig. 6B) appeared to show an intact collagen
bundle a few micrometers in diameter extending from
within the Schlemm’s canal out to the region of the

FLT treatment. The continuity of the fiber in the
region of the FLT drainage channel suggests that the
FLT treatment did not penetrate the outer wall of
the Schlemm’s canal. Additionally, there is a loss of
the second harmonic signal associated with thermal
damage or thermal denaturization of collagen.33,34 The
presence of the fiber itself in the image indicates that
there is no thermal damage. Despite this, the resolu-
tion of the SHG image was insufficient to determine
the true extent of the FLT channel beyond the outer
wall, if any at all. TEM presented in Figure 7 showed
that the FLT channel did in fact extend slightly past
the outer wall of Schlemm’s canal by 5 to 10 μm. It is
important to note that the collagen bundle and individ-
ual fibrils, demarcated by the star in panel 6B, are on
the exact border of the FLT channel and remain intact.
This finding indicates that there is no thermal collat-
eral damage to the tissue adjacent to the treatment.
Although the FLT treatment did extend further than
intended by up to 10 μm, it was to be expected because
the depth of treatment was adjusted subjectively based
on the appearance of the aiming beams on the gonio
camera. Further iterations of the ViaLase laser system
can potentially incorporatemore sophisticated imaging
to fine-tune the treatment depth. Such an improvement
would ensure that the outer wall of Schlemm’s canal
would remain untouched. However, it is not uncom-
mon to damage the outer wall of the Schlemm’s canal in
glaucoma surgeries. Traditional filtering surgeries, such
as ab externo trabeculectomy, routinely unroofed the
Schlemm’s canal, essentially removing a portion of the
outer wall manually.7 CommonMIGS procedures such
as the Trabectome (NeoMedix, Irvine, CA, USA) and
dual-blade goniotomy also result in collateral damage
to the outer wall of Schlemm’s canal. Kahook et
al.35 presented preclinical histology in human cadaver
tissue that had undergone either a Trabectome proce-
dure or dual-blade goniotomy. In both instances there
was clear discontinuity and damage in the outer wall
on the order of tens of micrometers distal to the
Schlemm’s canal. Additionally, Yu et al.36 demon-
strated that the outer wall of the Schlemm’s canal can
be ablated during ELT (∼50 μm) in cadaver tissue
if the treatment is applied too deeply. This is to be
expected because there is variability in the thickness
of the trabecular meshwork, the extent of which is
not known when ELT is performed. Additionally, the
amount of pressure applied to the TM by the ELT
delivery tip can also influence depth of treatment.
Despite this discrepancy in the depth of treatment,
much like the present report regarding FLT, ELT does
not cause thermal collateral damage to the surround-
ing tissues. Berlin et al.17 reported the patency of
clear holes into the Schlemm’s canal at 2.5 years after
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ELT. This indicates little to no wound healing response
or scar tissue formation, likely because of the lack
of thermal collateral damage. Considering this, we
expect a similar patency of FLT channels given the
lack of thermal damage to the target and surrounding
tissues.

Overall, the ViaLase laser system can create clear
channels through the trabecularmeshwork and into the
Schlemm’s canal through the intact cornea in a nonin-
vasive, clinically applicable manner, with no thermal
collateral damage to the surrounding tissue. The treat-
ment results in significant IOP reduction in perfused
cadaver eyes with little to no thermal collateral damage
to surrounding tissue. This study supports the poten-
tial of the ViaLase, Inc., laser to provide a clinically
applicable, noninvasive femtosecond laser treatment
for glaucoma.
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