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INTRODUCTION

Treatment of glaucoma aims at lowering intraocular ocular
pressure (IOP), either by reducing aqueous humor production or
by increasing its outflow through the trabecular or uveoscleral
routes, or both. The traditional therapeutic approach consists of
non-invasive options in the early phases of the disease (topical
and oral medications, and laser therapy such as selective laser
trabeculoplasty-SLT), to be followed by invasive surgeries, such
as trabeculectomy and glaucoma drainage devices, at a more
advanced stage.! Among the classical treatments, continuous-
wave transscleral cyclophotocoagulation (CW-TSCPC) was left
as a last resort when all other medical and surgical treatments
were exhausted since it is frequently associated with severe
complications such asinflammation, chronic hypotony, and phthisis
bulbi.?~> Continuous-wave transscleral cyclophotocoagulation uses
an 810 nm diode laser to achieve IOP lowering via two mechanisms:
the destruction of the pigmented secretory ciliary body epithelium,
with indirect destruction of the non-pigmented cell layer as well,
and increase in the uveoscleral outflow.%” The past decade has
witnessed the introduction of several new technologies to the field
of glaucoma, widening the therapeutic options, and increasing the
safety profile of the interventions. Minimally invasive glaucoma
surgery (MIGS) is becoming more popular and some surgeons
are proposing it as an alternative to non-invasive surgeries.®
Furthermore, a new TSCPC using micropulse technology (repetitive
alteration of on and off laser cycles) was introduced to decrease the
side effects related to CW-TSCPC while maintaining a satisfactory
efficacy, thus changingits place in the treatment continuum so that
it is no longer reserved for end-stage glaucoma. The micropulse
transscleral cyclophotocoagulation (mTSCPC) uses a novel MP3
probe and the laser is delivered with the Cyclo G6 Glaucoma Laser
System (Iridex Corporation, Mountain View, CA, USA) (Fig. 1).27'® This
editorial aims at presenting an overview of the mTSCPC technology.

Treatment Application

The MP3 probe delivers through its fiberoptic cable an infrared diode
laser with a wavelength of 810 nm. The probe is fitted with a plastic
contact hemispheric tip through which the fiberoptic cable protrudes
0.7 mm in depth at 3 mm from a hemispheric edge, which helps
accurate positioning of the laser 3 mm posterior to the limbus at the
level of the pars plana (Figs 2A and B). The laser delivers a repetitive
short-pulse diode laser with adjustable power (frequently around
2,000 mW/cm?) and a duty cycle (proportion of each cycle during which
thelaseris on) of usually 31.33% (laser “on” 0.5 ms, laser “off” 1.1 ms). The
probe is applied using steady pressure, parallel to the visual axis, and
moved in a continuous sliding arcalong the limbus (painting manner).
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The treatment path should avoid the 3 and 9 o’clock meridians, areas
of scleral thinning, and areas of previous glaucoma surgery while the
treatment is being administered.’='>'*1> Only one study used the
stop-and-go motion instead of the painting manner.'® Figures 2and 3
propose tips for performing mTSCPC treatment.

The treatment is usually performed in the operating room
under peribulbar or general anesthesia. The surgeon can sometimes
use an external lighting source to better localize the position of
the ciliary body, especially in the pediatric population, or in eyes
with high myopia or buphthalmia. The postoperative treatment
consists of topical corticosteroid and possibly non-steroidal anti-
inflammatory drops, tapered slowly during the postoperative
period. Antiglaucoma drops are kept in the postoperative period
and then are either stopped, tapered, or kept at the physician’s
discretion.’ A new revised MP3 rev 2 probe released in 2019 offers
better viewing of the treated area and easier treatment application,
especially in small and sunken eyes. It also offers more intuitive
probe orientation and better light coupling (Fig. 4).

Mechanism of Action

The mechanism of action of the mTSCPC is not well understood
and several mechanisms have been suggested.
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Figs 1A and B: (A) Cyclo G6 Glaucoma Laser System machine (Iridex Corporation, Mountain View, CA, USA); (B) Welcome screen of the machine

with a standard 31.3% duty cycle and 90 seconds treatment duration

A

Figs 2A to D: (A) MP3 probe showing 3 and 4 mm distance from the fiber tip to the probe edge to help deliver the treatment at the right distance
from the limbus; (B) The probe should be perpendicular to the globe, not too flat, and not too steep; (C) The anterior curved edge of the probe
should be positioned at the limbus or 0.5 mm behind the limbus; (D) The probe should not be in this position; the flat side of the probe should

be towards the lid

Decreased Aqueous Humor Production

The 810 nm-wavelength diode laser is absorbed mainly by the
pigmented epithelium of the ciliary body. It is believed that the “on”
cycle helps achieves the coagulation threshold of the pigmented
ciliary epithelium, while the “off” cycle limits the accumulation of
heat and permits thermal dissipation in the adjacent cells, resulting
in less disruption of the non-pigmented epithelium and the ciliary
stroma."” This limited rise of temperature secondary to laser
application denatures proteins faster than the natural biological
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cell repair mechanism, resulting in a reduction of aqueous humor
production without any macroscopic tissue alterations. Anterior
segment OCT and ultrasound biomicroscopy have shown no major
changesin the ciliary body or anterior segment anatomy.'®'° Moussa
et al. found that mTSCPC did not cause significant damage to the
ciliary body (epithelium destruction, separation of the pigmented
ciliary epithelium from the stroma and stromal coagulation). These
findings suggest that the IOP-lowering mechanism of mTSCPC may
be independent of aqueous production.'
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Fig. 4: MP3 rev2 probe gives better viewing of the treated area, a more
intuitive orientation and an easier treatment application with better
light coupling
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Figs 3A to D: (A and B) Preferred right-handed surgeon’s disposition while treating a right eye one hemisphere at a time; (C and D) Preferred right-
handed surgeon’s disposition while treating a left eye

Increased Uveoscleral Outflow

Thereis no direct evidence on the effect of mTSCPC on uveoscleral
outflow. However, this effect was directly observed with CW-TSCP,
both histologically?® and with the help of tracer-particle perfusion.?!
Also, an increase in uveoscleral outflow has been suggested
indirectly through the observation of an increase in choroidal
thickness observed in patients treated successfully with mTSCPC,
even though the sample was too small to show a statistically
significant difference.??

Increased Trabecular Meshwork Outflow

A third and final mechanism is the action of the laser on
the longitudinal fibers of the ciliary body, which leads to its
contraction and causes a displacement of the scleral spur, thus
changing the configuration of the trabecular meshwork and
increasing the outflow through this pathway. This effect is similar
to the mechanism of pilocarpine in lowering IOP. It has been
demonstrated that this effect is energy-dependent, meaning
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that the higher the energy applied the lower the recovery of
the contracted ciliary muscle, resulting in a more sustained
pilocarpine-like effect.?32*

mTSCPC vs CW-TSCPC

Only afew studies have compared the safety and efficacy of mTSCPC
to CW-TSPC and demonstrated a better safety profile of mTSCPC
with equal efficacy.'%% In a prospective randomized study including
patients with refractory advanced glaucoma, Aquino et al. reported
a comparable efficacy between mTSCPC and CW-TSCPC, with a
respective successful outcome defined asan IOP between 6 and 21
mm Hg and at least 30% reduction with or without medication at 18
months in 52 and 30% of included patients. Furthermore, mTSCPC
was significantly safer than CW-TSCPC, with only one patient
developing a decrease in his visual acuity, one patient prolonged
inflammation, and one patient scleral thinning.!

Similar results were observed in the pediatric population with
refractory glaucoma. There was a tendency toward lower IOP
at 2 weeks and 3 months and a higher success rate, defined as
an IOP of 5-21 mm Hg, at 6 months, without reaching statistical
significance (71% in the mTSCPC group vs 46% in the CW-TSCPC;
p = 0.1). No children developed vision-threatening complications
in the mTSCPC group compared with 3 children in the CW-TSCPC
group (one eye developed phthisis bulbi and two eyes severe pain
and inflammation).?®

Indications

The first studies reporting on the outcomes of mTSCPC in
glaucoma included only cases with advanced uncontrolled
glaucoma.'®26-28 More recent ones included a wide variety of
glaucoma stages, ranging from mild cases with a good central
vision to more advanced cases.???°32 Micropulse transscleral
cyclophotocoagulation has been proposed for both pediatric
and adult populations, and all glaucoma types as well as for
patients with penetrating keratoplasty.®142530.33.34 primary
open-angle glaucoma was the most frequently included
etiology.>133%

Other glaucoma etiologies in the adult population were:
angle-closure, pigmentary, silicone-oil-induced, malignant,
pseudoexfoliation, neovascular, post-traumatic, and post-corneal
transplant.>142>30.33

Glaucoma etiologies in the pediatric population included:
congenital, aniridia, Peter’s anomaly, microspherophakia,
Sturge-Weber, aphakia, and persistent hyperplastic primary
vitreous.'#?°

Parameters of the Laser

Several parameters have been tried to find the most adequate
treatment duration to achieve the most effective results with the
least complication rates. Up to this date, the ideal parameters have
not been established yet. Four variables affect the energy delivered
to the tissues:

- Treatment duration, which is the main parameter that varies
from one physician to another. It represents the total duration
of treatment application and ranges between 100 and 360
seconds.

+ Sweeping speed (dwell time), which can be fast around 10
seconds per excursion or slow up to 60 seconds per excursion.
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« Power, which is usually set to 2,000 mW, but a few studies have
used a power ranging between 2,000 and 2,500 mW/cm?2,2%3536
+  Duty cycle preset to 25-31.3%. Keilani et al. compared 25% duty
cycle to 31.3% and found that the latter was more effective but

induced more inflammation.?’

To facilitate comparison between studies using different
parameters, Johnstone et al. proposed a formula to calculate the
delivered energy in Joules (J). Joules (J) = power in Watts (W) x total
treatment duration in seconds (s) x ON cycle (31.3% for example).2*
Furthermore, the IOP-lowering effect is positively correlated with
the duration of treatment application, and therefore the total
energy. However, care must be taken when using the upper levels of
total energy, as it seems to be associated with higher complication
rates.

Total energy applied in studies ranged between 62 J (total
application time of 100 seconds) and 225 J (total application time
of 360 seconds). The energy levels applied can be categorized into
low, intermediate, and high:

- Low energy levels (62-100J; 100-160 seconds of treatment at
2000 mw).10,11,35,36,38—40

Low energy levels had the lowest complication rates but
also a more limited efficacy. Sanchez et al. applied energy
levels ranging between 62 mW and 112 mW and found an
overall success rate of 27.3%: 75% in the 112 J group, 21.4% in
the 100J group, while all patients in the 62 J group failed.*°
Souissi et al. reported a similarly low success rate of 35% with
an energy level of 100 J.25 However, Aquino et al. reported a
success rate of 75% at 12 months and 52% at 18 months using
100 J energy with almost half of the patients requiring at least
two treatment sessions.'” Sarrafpour et al. proposed a different
treatment approach by using fixed treatment duration and
adapting the power of the laser to the visual acuity of patients
(light perception or worse: 2,500 mW, hand motion or count
fingers: 2,400 mW, 20/400-20/80: 2,250 mW, and 20/70-20/20:
2,000 mW) and reported that IOP control depended on the
power used.>”

- Intermediate energy levels (112-200J; 180 to 240 seconds of
treatment at 2,000 mw)>2228:29.33,34
Studies using intermediate energy between 112 and 150 J
had the best safety/efficacy profile. Zaarour et al. reported on
the outcomes in 75 eyes of 69 patients with advanced refractory
glaucoma using the fixed parameters of 180 seconds with 2000
mW of power and a duty cycle of 31.3%. The success rate at one
year was 73.3% with a 35.4% decrease of IOP from baseline. No
serious complications were reported.” Yelenskiy, et al. reported
similar results using the following laser parameters: 2,000 mW,
180-240 seconds, and 31.3% duty cycle. Only four cases (2%) of
transient cystoid macular edema were reported.>

- High energy levels (around 200 to 225J; 320 to 360 seconds of
treatment at 2,000 mW)'>1416:3031

Emanuel et al. used a mean treatment duration of 319
seconds (range: 180-360 seconds) and found a success rate
of 75% at 1 year, with an average of 41.2% of IOP decrease.
However, complications were reported in around 45% of cases,
with persistent inflammation and loss of visual acuity being the
most common.'? Similarly, Williams et al. reported a success rate
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of 67% and an average of 51% decrease in IOP, but with 26% of
patients developing prolonged inflammation and 17% a loss of
visual acuity at 3 months.'® However, double-session mTSCPC
that delivers laser treatment for 320 seconds but alternating
80-second sessions between the upper and lower quadrants
was found to have similar success rates with lower complication
rates. The difference could be due to better dissipation of heat
between sessions or to different glaucoma types between
studies.3%3’

Due to the large disparities in treatment parameters, there is
no consensus as to the optimal treatment duration and power.
In an attempt to tackle this question, Sanchez et al. suggested,
based on the experimental study of Johnstone et al. and published
literature, that the delivered energy with the best safety/
efficacy profile was between 112 and 150 J. In fact, at 150 J the
contraction of the ciliary muscle becomes permanent with no
more relaxation or recoil of the muscle. Contraction of the ciliary
body (as mentioned above in the mechanism of action section)
helps change the configuration of the trabecular meshwork, thus
increasing the aqueous outflow.?>2*

mTSCPC in the Pediatric Age-groups'#%*

Few studies have reported on the safety of mTSCPCin the pediatric
population but with varying results as far as success.

Abdelrahman and El Sayed compared the outcomes of mTSCPC
to those of CW-TSCPC in refractory pediatric glaucoma and found
a success rate of 71% at the last follow-up in the mTSCPC group (17
eyes), with a mean |OP reduction of 63%.%°

Lee et al.,, on the other hand, reported a short-lived efficacy
of mTSCPC in children, with a success rate of 22% and a mean
decrease of IOP of 21%, compared with 72 and 33%, respectively,
in the adult population.™

The discrepancy in the results could be due to the variability
of ciliary body position, the wide variety of glaucoma etiologies
in the pediatric population, the duration of follow-up, the extent
of treatment (2 vs 4 quadrants) and the possibility of retreatment.

Complications

Micropulse transscleral cyclophotocoagulation seems to have a
better safety profile than CW-TSCPC, with less sight-threatening
complications. Complication rates have varied greatly between
studies and depended mostly on the energy levels used, being
relatively minimal with low levels and reaching 45% with the high
levels.>32 The most frequent complications were persistent anterior
chamber inflammation (>3 months), loss of best-corrected visual
acuity, hypotony (early, late and persistent), and cystoid macular
edema. In phakic patients, especially those with good central
vision, cataract progression was the most frequent complication
and resulted in a decrease in visual acuity. It was found in 40% of
phakic patients in the study of Varikuti et al.3? However, it is still
unclear if cataract formation was the result of natural progression
or accelerated by the inflammation after mTSCPC.

Less frequent complications included: corneal edema, IOP
spikes, severe inflammation with fibrin, transient hyphema,
mydriasis, scleral thinning, and serous choroidal detachment
that spontaneously resolved.>1216293241 Degpite being a safe
procedure, vision-threatening complications. Williams et al.
reported two cases of phthisis bulbi after using high energy
in patients with advanced glaucoma.'® Perez et al. reported

neurotrophic keratitis in two diabetic patients who were
predisposed to corneal sensation, following 160 seconds of laser
treatment.*? Similarly, Kim et al. reported a case of neurotrophic
keratitis after 180 seconds of treatment in an 81-year-old patient
with no history of diabetes; but this resolved after 3 months of
treatment, leaving a central corneal scar.*® Prager and Anchala
reported a case of suprachoroidal hemorrhage in the setting
of postprocedural (180 seconds) hypotony, in a patient with
multiple medical comorbidities including coronary artery disease
on anticoagulation, hypertension, and diabetes.** Kiyama et al.
reported a case of conjunctival laceration that needed suturing,
following mTSCPC treatment in a patient that developed
subconjunctival hemorrhage after subTenon injection.* Chan
et al. reported a case of acute subepithelial hydrops that
resulted in an epithelial defect, but resolved without corneal
scarring, in a patient who received mTSCPC eight days after
phacoemulsification.*¢

CONCLUSION

Micropulse transscleral cyclophotocoagulation is a safe and
effective modality of treatment for glaucoma. It can be used in
mild to advanced glaucoma in both children and adults. Several
treatment parameters and protocols have been proposed, but still
no consensus has been reached yet. Moderate power seems to
have the best safety and efficacy profile. Despite its safety profile,
mTSCPC has been associated with vision-threatening complications,
hence care must be taken when selecting the patients and choosing
the treatment parameters.
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