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Abstract: Selective laser trabeculoplasty is a laser treatment to treat glaucoma. It was initially
indicated for open-angle glaucoma but has been proven to be efficacious for various types of
glaucoma. This review article summarizes the few rare complications that can be seen with
selective laser trabeculoplasty. It also makes recommendations on how to avoid these problems
and how to treat patients when these rare complications arise.
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Introduction

Glaucoma is an optic neuropathy in which intraocular pressures (IOPs) that are too
high for the eye can result in optic nerve damage, subsequently leading to peripheral or
central visual field loss. Modes of treatment include medications, laser, or intraocular
surgery.

Argon laser trabeculoplasty (ALT) was developed by Wise and Witter! in the
1970s. It was an adjunct as well as a supplement to topical and oral medications.
Although successful, ALT had several side effects, most notably elevated IOP and
inflammation. It also coagulated the trabecular meshwork (TM) tissue, resulting in
peripheral anterior synechiae.

Selective laser trabeculoplasty (SLT) was developed in 1999 by Latina and Park?
as an alternative to ALT. SLT is a laser treatment that can reduce IOP in patients with
open-angle glaucoma (OAQG). SLT has a very short pulse duration (3 ns), which is
shorter than the thermal relaxation time of melanin, allowing for selective phototherm-
olysis. Because SLT selectively targets the pigmented TM cells and has an energy
level 1% of ALT, it is a gentler laser than ALT with no histologic scarring or coagula-
tive damage to the TM,** thus reducing collateral damage to surrounding tissues and
making repeat treatments possible. The incidence of iritis and elevated IOP is much
lower compared to ALT.

Indications

SLT has a variable success rate (40%—70%) in adults.*® SLT has been shown to be
safe in adults,” and the complication rate is extremely low. SLT is also safe as initial
therapy in OAG and in patients with ocular hypertension.!® SLT was also found to
be comparable to'' and in some reports more efficacious'? than ALT. Although SLT
was initially indicated for OAG, pseudoexfoliation, and pigmentary glaucomas, SLT
has been utilized for a wide variety of glaucomas. It is indicated for low-tension
glaucoma, reducing not only IOP but diurnal fluctuation of IOP."*'* SLT has also
been proven to be helpful in treating steroid-induced glaucoma or as prophylaxis for
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anticipated steroid-induced glaucoma.' It has been found to
be effective in juvenile OAG patients as well.'* SLT has also
been reported to be utilized after unsuccessful reduction of
IOP after iridotomy,'” deep sclerectomy,'® trabectome,'” and
after retinal detachment repair with silicone 0il.?° It has also
been reported to dissolve an iris pigment epithelial cyst.?!

Mechanism of action
The mechanism of action of SLT is not fully understood,
although it is believed that it is more cellular and less
mechanical or thermal,?? with macrophages from the spleen
recruited into the TM via cytokines to remove debris from
the TM.% Histological studies have demonstrated minimal
coagulative or mechanical damage.*?>** The TM following
SLT was intact except for cracks in the corneoscleral sheets
and a few endothelial cells with disrupted intracytoplasmic
pigment granules and vacuoles.>?* There is also evidence of
TM cell division following both ALT and SLT.?>2¢

There is controversy whether SLT efficacy decreases with
the use of concomitant prostaglandins. One study®’ reported
a 7% drop in IOP vs 20% drop in IOP when not taking pros-
taglandins. Another study®® found that the success rate of
SLT was 78.6% at 1 year in patients who were on combined
dorzolamide—timolol and only 50% in patients who were on
prostaglandins (P=0.041). Schlemm canal cells exposed to
media conditioned by L cells that had been exposed to SLT
or prostaglandin analogs demonstrated similar cell junction
disassembly, whereas the cells exposed to nonprostaglandin
analogs (brimonidine, timolol, and dorzolamide) did not
show cell junction disassembly.? This implies a similar
mechanism of action between prostaglandins and SLT. The
poorer success of SLT in patients on prostaglandins may sug-
gest similar mechanisms of action of SLT and prostaglandins
and that these two treatment methods may compete with one
another. ALT use declined with the advent of prostaglandins
for glaucoma therapy. Perhaps the decline in ALT efficacy
in the 1990s was due to the minimal efficacy as a result of
competition between prostaglandins and ALT (since they
both share the same mechanism of action). The same process
could be occurring today between prostaglandins and SLT.
However, another study*° demonstrated no difference in IOP
reduction between eyes that had received prostaglandins and
eyes that did not receive prostaglandins.

Complications of SLT

As stated earlier, the complication rate of SLT is very low.
This review will cover these complications, examples of
which have been published in case reports. This review will

advise on how to prevent or manage these complications.
The initial SLT study?®' by the US Food and Drug Adminis-
tration involved 120 patients. The adverse events reported
were anterior chamber inflammation in 107/120 (89%), pain/
discomfort in 6/120 (5%), redness in 6/120 (5%), and IOP
elevation in 7/120 (6%) patients. In 2004, there were 13 stud-
ies that reported on SLT, its efficacy, and the side effects. Most
subjects were patients with OAG or ocular hypertension.

In 2014, there were 204 studies on the topic of SLT,
with increasing coverage internationally (Egypt, People’s
Republic of China, St Lucia, Israel, Japan, Korea). Although
SLT is reportedly a relatively safe procedure, there are an
increasing number of reported side effects, including elevated
IOP, iritis, choroidal effusion, hyphema, macular edema,
foveal burns, corneal edema, diffuse lamellar keratitis, and
refractive shifts (hyperopic and myopic). In 2004, only the
single SLT unit was available. Currently, there exist combina-
tion laser units, dual combination SLT and yttrium aluminum
garnet (YAG) and the triple combination SLT, YAG, and
Argon units. Inadvertent complications have occurred with
the dual-model SLT unit, in which the SLT mode was utilized
during a routine YAG capsulotomy.*?

Elevated IOP

There is a low incidence of elevated IOP after SLT, which
is defined as an IOP =6 mmHg at 1 hour post-SLT.*?
A study'? reported elevated IOP after ALT of 3.4% and SLT
of 4.5%; both were transient. In patients with pseudoexfo-
liation glaucoma, there was not an increased risk of IOP
elevation after SLT.333 However, patients with pigmentary
glaucoma may be at risk for high postlaser IOPs; in a case
report,’” four patients undergoing SLT had elevated IOPs
of 30—46 mmHg following the treatment. All four patients
were young and had heavy pigment in their TM; two had
prior ALT, and one had previous trauma. The duration of
IOP elevation lasted between 4 days and 3 months. Three
of the four patients required trabeculectomy to control
their IOPs.

Iritis

Postoperative inflammation following SLT usually occurs
2-3 days following the procedure. It has been seen in 83% of
eyes undergoing SLT. The inflammation is usually transient
and resolves in 5 days. Risk factors include heavily pig-
mented TM or a history of prior ALT. In a 6-month study,'?
the number of anterior chamber cells 1 hour following SLT
was significantly higher than ALT (P=0.009), although the
amount of flare was not (P=0.39).
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Bilateral anterior uveitis has been reported*® in a patient
undergoing unilateral SLT oculus sinister (OS) (50 spots,
0.6 mJ, 180° treatment inferiorly). There were no prob-
lems postoperative week 1, but on postoperative week 3,
the patient reported cloudy vision oculus uterque (OU) to
6/12 and 6/15 vision, with bilateral uveitis, 3+ cell and flare
bilateral posterior synechiae, corneal haze, and multiple dark
spots on the endothelium.

Following treatment with prednisolone, cyclopentolate,
and tropicamide OU, the bilateral anterior uveitis resolved
completely in 2 weeks. A work-up for autoimmune condi-
tions was negative. The fact that unilateral SLT resulted in
bilateral iritis supports the theory that SLT may be a systemic
response.” SLT has been reported to lower IOP in the con-
tralateral eye.>**

In another report,*! a patient with iritis also developed a
choroidal effusion. This resolved with medical therapy.

Hyphema

Two cases of hyphema were reported. A 77-year-old female
with OAG developed a hyphema 3 days following SLT,* and
this resolved completely. She had been taking intermittent
oral nonsteroidal anti-inflammatory medications as well as
chronic topical nonsteroidal drops, which may have been
contributing factors.

Shihadeh et al** reported hyphema that occurred dur-
ing the SLT treatment in a patient with OAG. The patient
underwent SLT OU but only developed the hyphema OS.
This spontaneously resolved without sequelae, and the patient
had good IOP control. No reports of hyphema following ALT
have been found.

Macular edema

There have been reports of retinal side effects, including
cystoid macular edema (CME) following SLT in a patient
with preexisting pseudophakic macular edema,* steroid-
induced glaucoma in a patient with diabetes,* worsening
diabetic retinopathy,*® and foveal burns.?

Wechsler and Wechsler* reported a case in which CME
developed after complicated cataract surgery. The patient
was treated with steroids but then developed steroid-induced
IOP elevation 2 years later. The patient was then treated with
180° SLT and developed recurrent CME. This was treated
medically with resolution of the CME.

Ha et al* reported a 47-year-old patient with a history
of moderate nonproliferative diabetic retinopathy who
presented with clinically significant macular edema ocu-
lus dexter (OD). Fluorescein angiography demonstrated

leaking microaneurysms that were treated with a focal laser
photocoagulation. The patient also received a posterior
subtenon’s triamcinolone injection OD (40 mg/mL) with
almost complete resolution of his macular thickening. Seven
months later, his vision was 6/6, but optical coherence tomo-
graphy (OCT) demonstrated mild recurrent CME OD. The
IOP OD was 37 mmHg despite the two glaucoma medica-
tions, so SLT OD was performed (0.9 mJ, 100 spots, 360°).
One week later, the IOP dropped to 16 mmHg, but the patient
stated that his vision worsened, and OCT demonstrated
marked macular edema. He was prescribed topical ketorolac
qid (four times a day) for 8 weeks and topical dexamethasone
qid for 2 weeks.

Although his steroid-induced IOP was controlled with
SLT, his macular edema was exacerbated by the SLT.

Other cases demonstrated worsening CME following
SLT in a patient with diabetes and in another patient with a
branch retinal vein occlusion. A 68-year-old white female
with diabetes and OAG (on maximal medications) underwent
uncomplicated cataract extraction OU in 2009.% She had mild
diabetic retinopathy OU with scattered microaneurysms but
no foveal pathology. She underwent bilateral SLT 1 week
apart (OS first, followed by OD). She then developed bilat-
eral CME. After treatment with topical prednisolone and
ketorolac, the CME OD resolved in 12 weeks; CME OS
resolved in 4 months.

The other patient was a 79-year-old white female with a
branch retinal vein occlusion OS without macular edema.*
She underwent uncomplicated cataract extraction OS in 2009.
She was treated with SLT OU 360°, 1 week apart. One month
later, she developed CME OS. Her anterior chamber was
quiet. Dilated examination revealed a few microaneurysms
and telangectiasias near the fovea, which were unchanged.
OCT OS demonstrated CME (421 um). This was treated with
topical ketorolac twice daily. Her visual acuity returned to
baseline in 1 month.

Foveal burn

SLT performed correctly has not been reported to cause
foveal burns. However, there is one case® in which SLT
was accidentally utilized during a routine scheduled YAG
posterior capsulotomy. A YAG capsulotomy with 58 mlJ
on a single pulse setting was performed. The next day,
the patient’s vision was count fingers OS. The presumed
diagnosis was CME, so ketorolac OS qid was prescribed.
The patient developed a foveal scar with reduced vision to
count fingers OS. The dual YAG-SLT unit (Duet) had been
utilized. Upon investigation 3 days later, it was discovered
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that the SLT mode was on during the YAG capsulotomy.
The operator had discovered the error and changed the laser
back to the correct (YAG) mode. The settings of the SLT
were unknown. At the 1-year follow-up, the patient had
not recovered any vision. Risk management was involved,
and steps were taken for extensive laser training and safety
measures. It was recommended that all users of the dual-laser
systems reset the function at each procedure, regardless of
previous settings.

Corneal haze

It is not surprising that corneal changes have been reported
following SLT. Studies have demonstrated corneal endothe-
lial changes within 1-2 hours of SLT.*” One hour following
SLT, nearly all of the 10 patients who underwent 180° SLT
had corneal changes on slit-lamp examination. These
changes were clinically insignificant and reversible. There
was no change in endothelial cell count or visual acuity.
SLT induces changes in the corneal endothelium ZO-1 tight
junctions in cadaveric human corneas, much as it induces
changes in the TM cells.*®

The incidence of corneal edema after SLT is 0.8%.%
In prospective study®® of eleven eyes of 66 patients who
underwent 360°, there was a transient decrease in endothelial
cell count (P=0.0004) and central corneal thickness (CCT)
(P=0.2). These returned to baseline at 1 month. Corneal
stromal haze is a rare but serious side effect. To date, there are
eight reported cases of SLT-induced keratitis with a hyperopic
shift.>!5¢ In these cases, most patients were high myopes.
There was no preexisting history of herpes labialis or iritis.

In addition to hyperopic shifts as in the cases above,
one case of a myopic shift after SLT in a patient has been
reported.’’ A 48-year-old white female had a history of
juvenile OAG at age 20 years. She had previously undergone
ALT in both eyes with minimal success. She underwent
trabeculectomy with mitomycin-C in the OS in 1994, at
age 27 years and had done well. Her OD was prescribed
four topical glaucoma medications: dorzolamide—timolol,
brimonidine, and latanoprost.

Preoperatively, the patient’s visual acuity with correction
was 20/30 pinhole, no improvement OD, and 20/20 OS.
Her preoperative refraction was —7.25-0.75x124 OD
and —5.75-2.25x44 OS. Her preoperative IOPs were
23 mmHg OD on four topical medications and 13 mmHg OS
without medications. Dilated examination revealed enlarged
optic nerve cupping of 0.9 in both eyes, with normal vessels,
maculae, and periphery. Her preoperative central corneal
thicknesses (CCTs) are 508 and 505 wm, respectively.

A repeat visual field test revealed worsening visual field
defects OD. She elected to undergo SLT OD, with settings
of 0.8 mJ, 360°, and 102 spots. Postoperatively, her IOP
was 14 mmHg.

One week later, the patient reported foggy vision and
photosensitivity. Her refraction OD demonstrated a 4-diopter
myopic shift of —11.00—0.75x135 (visual acuity had dimin-
ished from 20/20 to 20/30-2). Her IOP was 15 mmHg. There
was rare cell and flare in the anterior chamber. Fundus
examination revealed no vitreous cell or macular edema.
CCTs were unchanged. Three weeks after SLT, her refraction
was unchanged. A-scan ultrasound revealed axial lengths of
26.4 mm OD and 26.0 mm OS. Her anterior chamber depths
were 3.24 mm OD (0.15 mm shallower compared to OS) and
3.39 mm OS. Her lens thicknesses were symmetrical at 4.20
and 4.23 mm, respectively.

Five weeks following SLT OD, her refraction normalized
back to baseline. Her IOPs were 17 mmHg OD and 13 mmHg
OS. Her anterior chamber depth deepened 0.22 mm back
to baseline at 3.46 mm; her axial lengths and lens thick-
ness remained unchanged. Like the patients with lamellar
keratitis and hyperopic shift, this patient had high myopia.
A-scan ultrasonography revealed shallowing of the anterior
chamber and increased thickness of the anteroposterior
dimension of the cataract with myopic shift. These findings
resolved in 3 weeks.

Discussion

To understand the complications, one must have an under-
standing of how SLT works. SLT theoretically involves
cytokine production from the TM. These cytokines include
interleukin-alpha (IL-1at), interleukin-1 beta (IL-1f), and
tumor necrosis factor-alpha (TNF-o).%%% The result is
recruitment of macrophages from the spleen that phagocytose
debris in the TM extracellular matrix. There is an increase
in lipid peroxidase and a decrease in free radical scavenging
superoxide dismutase and glutathione S-transferase in aque-
ous fluid, suggesting free oxygen radical formation that may
account for the postoperative inflammation.** Wood et al®
demonstrated that SLT causes TM cell death. Other laser
treatments, including diode laser cyclophotocoagulation,
have been found to increase central corneal thickness,®!
which may represent corneal endothelial decompensation.
A comparison of SLT and ALT found that inflammation
was greater in SLT patients (possibly due to the greater spot
size), which could affect a larger surface area of tissue (the
ciliary body and the iris root), thus possibly accounting for
the spread of inflammation to the cornea.
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In a study by Song et al,”®> OCT demonstrated diffuse
corneal edema with mild aqueous cell and flare. Over the
first 7 days, the corneal haze became more defined centrally.
The first OCT analysis at 3 weeks following SLT showed
marked corneal thinning with stromal haze sparing the
posterior corneal stroma. Flattening of the anterior corneal
curvature was grossly evident on OCT and coincided with a
large hyperopic shift in refraction. Sequential OCT analysis
over the next several months showed a gradual increase in
corneal thickness along with a qualitative reduction in corneal
stromal haze. The thickness of the corneal epithelial layer
remained unchanged during this period, and the corneal
thickness changes appeared to be only in the stroma.

The findings suggest changes in the corneal stroma with
no endothelial involvement. The mechanism appears to be
that of stromal collagen damage leading to an inflamma-
tory reaction and removal of damaged collagen. This phase
would correspond to corneal haze and stromal thinning.
The inflammatory phase is followed by the laying down of
additional collagen by keratocytes, leading to corneal thick-
ening. How SLT treatment causes corneal stromal collage
damage is unknown. Possibilities would include direct light
damage, indirect thermal damage, or chemical damage dur-
ing treatment or in the early postoperative period. Contrary
to the theory that SLT-induced corneal edema involves
mainly the stroma, Leahy et al*® has reported SLT-induced
changes in the corneal endothelium ZO-1 tight junctions in
cadaveric human corneas, much as it induces changes in
the TM cells.

Other reported side effects of SLT can help elucidate
its mechanism of action. Aykan et al® reported increased
ciliary body and iris thicknesses within the first month of
treatment. This is in line with the increased inflammation
seen with SLT compared to ALT. Following ALT, the
greatest inflammatory response was 48 hours posttreatment,
implying that the TM can synthesize prostaglandins that
act as mediators of inflammation. Interestingly, the thick-
est area of the ciliary body was in the superior quadrant,
away from the area treated (inferior angle), implying that
the SLT’s biologic response affected areas not directly
irradiated by SLT. This may explain why this patient’s
cornea was affected by SLT although the laser does not
directly target the corneal endothelium. Another theory is
that the inflammatory cascade induced by SLT could have
reactivated an occult herpes simplex infection, particularly
in those patients on concomitant topical prostaglandins.
In this case, the patient was taking latanoprost, but he denied
any history of herpes keratitis or infection.

Upregulation of metalloproteinases (MMP), particularly
MMP-9, has been associated with pseudophakic corneal
edema.® SLT has been known to increase the amount of
MMP in the aqueous humor. MMP-2 is the major metal-
loproteinase secreted after laser therapy and is inhibited by
tissue inhibitor of metalloprotineases (TIMP)-2. In pseudo-
exfoliative glaucoma, the enzyme balance between MMP-2
and TIMP-2, already impaired by the pseudoexfoliative
syndrome, is seriously altered even compared with OAG.
The ratio of MMP-2 to TIMP-2 after SLT is increased in
pseudoexfoliative glaucoma. Overexpression of matrix
MMP by resident corneal cells has been shown to impede
re-epithelialization after some types of corneal injury.® This
may partially account for our patient’s corneal pathology.

It is helpful to identify risk factors that predispose to
various side effects. Elevated postoperative IOP can occur
in eyes with heavy pigmentation, previous ALT, or multiple
medications. Previous corneal haze has been reported in
patients with possible predisposing conditions, such as
prior laser-assisted in situ keratomileusis (LASIK)*'=* or a
history of herpes labialis. Proposed mechanisms of corneal
stromal inflammation may involve migration of monocytes—
macrophages into the corneal stroma. A study by Hong et al®
demonstrated that cytokines IL-1 and TNF-o activated
monocytes chemotactic and activating factor and granulocyte
colony-stimulating factor. Patients taking bimatoprost have
significantly higher levels of IL-1p and TNF-c in their tears.®
Our patient was taking a topical prostaglandin at the time
of his SLT treatment, which may have contributed to more
inflammation. Furthermore, if prostaglandins and SLT have
a similar mechanism of action, perhaps the inflammatory
mediators were directed to the cornea rather than the TM,
accounting for his corneal side effects.

Ophthalmologists should be aware of these potential
complications after SLT. Patients should be warned of these
possible complications. The author recommends performing
unilateral SLT. However, if the patient has had successful
SLT in the past and needs a repeat SLT, bilateral SLT may
be performed if clinically indicated.

If patient does develop corneal stromal edema and haze,
immediate hourly topical steroids can be initiated if there is
no contraindication.

To avoid inadvertent SLT into the fovea, care should be
taken when using the dual combination units (YAG-SLT)
or triple combination units (YAG-SLT-Argon). Precautions
should be taken to ascertain that the correct laser setting is
utilized. Alternatively, individual laser units can be utilized
in lieu of combination units to avoid these errors. For patients
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who may be predisposed to complications, lower laser
settings can be used.

Conclusion

Although SLT is relatively safe and efficacious, complica-
tions do exist, and some can be serious. These include high
10P, iritis, hyphema, choroidal effusion, macular edema,
foveal burns with macular scars, corneal haze, and shifts in
refractive error (both myopic and hyperopic). Physicians
and patients should be aware of these potentially vision-
threatening side effects. More studies are needed to identify
risk factors for the development of complications. Those
patients with identifiable risk factors can be counseled about
the risk of side effects.

Disclosure
The author reports no conflicts of interest in this work.
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