SuLTAN QABOOS UNIVERSITY MEDICAL JOURNAL
MARCH 2008, VOLUME 8, ISSUE 1, P. 53-58
SULTAN QABOOS UNIVERSITYO

SUBMITTED - 18™ OCTOBER 2007

ACCEPTED - 26™ JANUARY 2008

CLINICAL AND BASIC RESEARCH

Efficacy and Safety of Selective Laser Trabeculoplasty
as a Primary Procedure for Controlling Intraocular
Pressure in Primary Open Angle Glaucoma and Ocular
Hypertensive Patients

Mohamed A-M S Mahdy"?

R

e sl LS GILATIYI il plasiianly Guuiill Ol yloly dullesd
bl 2850 dsglidl Zeiaw G5 2 (el s 6 @ Suild Ly
et ok £ L)l s 0

$ag0 il il st 00

o0y (ladnll 2isya) dglill porio gl G55l o g3 AR bl plasii sl Gl STy dadlsg dullab @rrds 2dagl tpaslll
2005 jubiy o 8yatl s (Liasyo 25) Live 35 Lo Al sl bl X ddeball Lhyall 0ds b dooddl syl Faadal el s clas)|
0 dudly wlogle s sllach aey iyl o byuii wlf Aadlolf wiist . (juao) yalalls peall 350 S8 )5l cililac JS coyal. 2006 19581 )
oo 7 g o wesll N Caadf sl ol Luglill gotio Gyl oo peiles (Lie 25) Liayro 18 ool Jo &+ guuysll O, o6 el ddybn
duglild dullyalf dadally cigds Elas¥ ALATES yyalll plasiianls 509 Sl uinyald Guipdll Sy glya @ oeall Tadin £Las)f 0 pgiles (pgec 10)
ool dlerdf olbMisX| dbeag, dulosll sey pell bhsun yolasl guudil b 12 sa0 Sle ooy ll doilio wé g dsys 180 a0 Ll
ity olo 1.89419.34 I dlasll Jud iy elo 3.13526.78 o (g)lenll blpoi¥l £ Iaswgall) peell ndn palisn] Jasg] guiliot
datl)5,28) A elo 744 g ydie il Al df aey el b s ala i) hwgia 9lSy .(P<0.001) frg—i e il dilaelf sy
30% < o peall s s @ gud i (Live 22) ¥4 50 62.9% (19— 12) dayil 8,58 dulgs 5 - (o @—Lo 8.41 - 6.45 5y 95%
Gl oy AaadM3 L dloell i ateyd go 25%S G peell i @@ sl (Live 27) ¥ 40 77.1% g ,dilosell Jiba tady o
EL5)| g duglill 2ot gl o E3e b ol £ly>LS aolasi wl Sy unll badin ndd dlled ddnde ALY 30 plasis il
09 dial Adspls Guspall oy b ALETE 3l Jlaet wl of g oo T clasg L3l LA desldl ool e ¥ sgun g enll las s

c ol s s plis)| uinyeg duglill gotie @)Hl oyl peell bhdin pnad Josy gl g3leS allontl

el Oy L peall lndan glasy) el Al andl lasss, duglidl roiie 8l Alel SN plias

ABSTRACT Objective: Assessment of the potential efficacy and safety of selective laser trabeculoplasty (SLT) as a primary thera-
peutic modality for lowering the intraocular pressure (IOP) in high tension open angle glaucoma (OAG) and ocular hypertensive
patients (OHT). Methods: Twenty five patients (35 eyes) were enrolled in this prospective interventional longitudinal clinical study,
undertaken during the period January 2005 to October 2006. All the laser procedures were done in the Oyoon Eye Center in Cairo,
Egypt. Informed consent was taken from the patients after explanation of the procedure. Eighteen patients (25 eyes) had mild to
moderate high tension open angle glaucoma, and there were 7 ocular hypertensive patients (10 eyes). Participants underwent selec-
tive laser trabeculoplasty (SLT) 180 degrees and followed up over a period of 12 months to assess the intraocular pressure lowering
effect after SLT. Possible complications of the procedure were reported. Results: The intraocular pressure (mean + standard deviation
[StDev]) decreased from baseline pre-operative value of 26.78+3.13 mm Hg to 19.34+1.89 mm Hg 12 months after SLT (p<o0.001). The
average reduction in intraocular pressure (IOP) was 7.44 mm Hg (95% confidence interval 6.45 - 8.41 mm Hg). By the end of the follow
up period (12 months), 62.9% of cases (22 eyes) showed IOP decrease by > 30% from the baseline value, and 77.1% of cases (27 eyes)
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showed IOP decrease by > 25% of baseline IOP. Conclusion: Selective laser trabeculoplasty is an effective IOP lowering modality. It

can be used as a primary treatment for open angle glaucoma and ocular hypertensive patients. If the minimal side effects reported are

considered, it can be concluded that SLT has a potential safety to be used as primary alternative treatment for open angle glaucoma

and ocular hypertensive patients.

Keywords: Glaucoma, Open-Angle; Intraocular Pressure; Laser Surgery; Ocular Hypertension; Trabeculoplasty.

Advances in Knowledge

« Selective laser trabeculoplasty is a new modality of laser treatment for lowering intraocular pressure both in high tension

glaucoma and ocular hypertension.

o+ Selective laser trabeculoplasty has lesser side effects as compared to the other laser therapeutic modalities.

o A target intraocular pressure lowering effect of 25-30 % can be reached and maintained over a period of one year

in a good percentage of cases (62.9% to 77.1% of cases).

Applications to Patient Care

o Selective laser trabeculoplasty is a safe and easy primary therapeutic modality for treatment of open angle

glaucoma and ocular hypertensive patients.

+ Selective laser trabeculoplasty can be used as a safe alternative to argon laser trabeculoplasty and medical

treatment of open angle glaucoma and ocular hypertensive patients.

o Ifwe consider the relative easiness of Selective laser trabeculoplasty procedure and its safety, the costs of glau-

coma patients’ care (antiglaucoma medications) can be minimized and complications of surgical treatment can

be avoided or at least delayed.

NTRAOCULAR PRESSURE (IOP) IS ONE OF THE
most challenging issues in ophthalmology. For
a long time, primary control of IOP in primary
open angle glaucoma (POAG) was medical. Laser
treatment was indicated in case of a noncompliant
patient, or with the aim of cutting down the cost of
medications, or to convert the noncompliant patient
with multiple topical medications to a compliant one
with one topical medication. For these cases, argon la-
ser trabeculoplasty (ALT) was introduced by Wise and
Witter as early as 1979.! Eyes that were treated with
ALT tended to have better results, in terms of lower
IOP and better functional and morphometric status,
than medically treated eyes;* however, late failure was
common. Clinical as well as histological studies of ALT
demonstrated that late failure of ALT was due to de-
struction of the uveoscleral meshwork with surround-
ing thermal damage which, in addition to membrane
formation over the meshwork by migrating endothelial
cells, leads to long term loss of effect.>* Other types of
laser treatment modalities, including diode laser, were
tried, but with limited success.?
In 1998, a new laser trabeculoplasty treating modal-
ity was introduced by Marc Latina and his colleagues.*
In this modality of selective laser trabeculoplasty
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(SLT), a 532 nm, Q switched, frequency doubled, neo-
dymium:yittrium-aluminium-garnet (Nd:YAG) laser
is used. SLT selectively targets pigmented TM cells
(sparing the non-pigmented cell) producing selective
photolysis without causing structural or coagulative
damage. Absorption of radiant energy by melano-
somes of the pigmented TM cells leads to rupture of
these melanosomes and celluar destruction (photoly-
sis). The ruptured melanosomes liberate metallopro-
teasis and other proteolytic enzymes. These liberated
enzymes, as well as other factors, trigger an inflam-
matory response mediated by macrophages and other
phagocytic cells. The phagocytic action in and around
the trabecular meshwork is responsible for increased
aquous outflow with reduction of IOP* Encouraging
results, with moderate IOP reduction and minimal
side effects had been shown.” ® Since there is practi-
cally no thermal coagulative damage to the trabecular
meshwork, it might be possible to repeat SLT in eyes
previously treated with ALT or SLT.

METHODS

The objective of the study was to assess the potential
efficacy of selective laser trabeculoplasty (SLT) as a
primary therapeutic modality for lowering the in-
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Table 1: Preoperative demographic characteris-
tics and data

Total number: Patient (Eyes) 25 (35)
Primary open angle glaucoma 13 (15)
Pseudoexpholiation 3(6)
Pigmentary Glaucoma 2 (4)
Ocular hypertensive 7 (10)
Age: Mean (StDev) 57.44 (8.99)

Sex: Number (Percentage)

Male 14 (56%)
Female 11 (44%)

Vertical Cp/Disc Ratio, Mean (Range)

Primary open angle glaucoma 0.64 (0.4 - 0.8)
Ocular hypertensive 0.42 (0.2 - 0.6)

Pre-Operative Intraocular pressure,

Mean (SD) 26.8 (3.25)

Pre-Operative Best corrected visual

actuity, Mean (SD) 0.84(0.18)

VF characteristics for the open angle

glaucoma group, Mean (SD)

Mean Defect (MD) -5.19 (2.69)
Pattern Standard Deviation (PSD) 6.66 (3.65)

traocular pressure (IOP) in high tension open angle
glaucoma (OAG) and ocular hypertensive patients
(OHT). Also complications of this procedure are re-
ported. The main outcome measure was the intraocu-
lar pressure before and after SLT.

In this prospective clinical study, twenty five pa-
tients (35 eyes) were enrolled: 18 patients (25 eyes)
with mild to moderate high tension open angle glau-
coma, and 7 ocular hypertensive patients (10 eyes). All
these patients were treated at the Oyoon Eye Center in
Cairo, Egypt, during the period January 2005 to Octo-
ber 2006. Informed consent was taken from each pa-
tient after explanation of the procedure

High tension glaucoma patients were defined as
those with the following characteristics: 1) intraocular
pressure (IOP) > 22 mmHg on at least two measure-
ments, measured on at least two separate occasions;
2) visual field changes (in standard achromatic auto-
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Figure 1: Mean + StDev of pre-operative Intraoc-
ular pressure and 12 months post-operative after
SLT in mmHg

mated perimetry) that fulfilled the minimal criteria for
glaucomatous visual field (VF) damage according to
Hodapp, Parrish and Anderson;® 3) optic nerve head
and/or retinal nerve fiber layer changes characteristic
for glaucoma, based on clinical stereobiomicroscopic
slit lamp examination: excavation; notching; focal or
diffuse atrophy of neuro-retinal rim area; vertical cup/
disc ratio more than 0.6; cup/disc asymmetry between
fellow eyes greater than 0.2 and/or localized slit; or
wedge defect; or generalized atrophy of the retinal
nerve fiber layer as seen with slit lamp biomicroscopy.
All patients had open anterior chamber angle.

Ocular hypertensives were defined as those sub-
jects with elevated IOP > 22 mmHg, on at least two
measurements, measured on at least two separate
occasions. In addition, patients should have no visu-
al field (VF) changes as mentioned in the glaucoma
group, and no optic nerve head or retinal nerve fiber
layer changes suggestive of glaucoma.

All patients enrolled in the study were subjected
to full ophthalmic assessment including visual acuity,
IOP measurements, slit lamp biomicrospcopic optic
nerve head assessment, and gonioscopy to assure that
the anterior chamber was opened, in addition to visual
field examination (standard achromatic perimetry).

The surgical procedure was done in all cases with
a Coherent Selecta 7000 laser system (Lumenis, Co-
herent, Inc, CA, USA). This is a frequency doubled,
Q-switched Nd:YAG laser wavelength 532 nm, with a
fixed pulse duration of 3 ns, and spot size of 400 pm.
The laser system is coupled to a slit lamp delivery sys-
tem with a helium-neon laser (HeNe) aiming beam.
For preoperative preparation, the eye was anaesthe-
tised with topical anaesthesia (novesine hydrochlo-
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Figure 2: The mean intraocular pressure changes over time during the follow up period

ride). No alpha agonist was used as a routine preop-
erative preparation.

The procedure was as follows: with the patient
seated at the slit lamp, a three mirror gonio-lens was
placed on the eye, while methylcellulose was used
as a coupling medium between the lens and the eye.
Then, the laser was focused on the trabecular mesh-
work using the HeNe aiming beams. With the 400 um
spot size, the inferior half of the trabecular meshwork
was irradiated with laser pulses, starting at the three
o’clock position and proceeding till nine o'’clock. The
laser energy was initially set at 0.8 mJ. If a cavitation
bubble appeared (overexposure) the laser energy was
reduced by 0.1 m] steps until no bubble formation was
observed and treatment was continued at this energy
level. If no cavitation bubble was observed, the pulse
energy was increased by of 0.1 m] steps until bubble
formation was observed then decreased again by 0.1
mJ. During whole laser application, bubble formation
was monitored with each pulse for the appearance of a
bubble; if a bubble appeared, the pulse energy was de-
creased as described above. Non-overlapping 46-55
laser spots were applied over the entire inferior 180
degrees of the trabecular meshwork. At the end of the
laser procedure, a single drop of prednisolone acetate
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1% was instilled into the eye.

Postoperatively, the patients were prescribed dex-
amethasone 0.1% eye drops 4 times a day for 7 days.
Then the patients were examined at 1 hour, 1 day, 1
week and followed up at 1, 3, 6, and 12 months in-
tervals. At each visit, patients underwent a full oph-
thalmic examination, which included visual acuity
measurement, slit lamp biomicroscopy. Goldmann
applanation tonometry, gonioscopy, and funduscopy
were performed at 12 months. Any symptoms of ocu-
lar complications were reported.

In case of failure to reach an adequate IOP lower-
ing effect after 3 months, an additional session of SLT
was done or medical treatment was resorted to ac-
cording to the surgeon’s decision.

STATISTICAL ANALYSIS

SPSS 11.01 was used and a paired Student’s t-test was
used for comparison between pre- and postoperative
intraocular pressure values. A p value of <0.05 was
considered statistically significant.

RESULTS

In 35 eyes with high tension OAG and ocular hyper-
tensive patients (25 patients, 14 males and 11 females),
SLT was done and the patients followed up over a pe-
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riod of 12 months. The demographic characteristics
for these patients are shown in Table 1. After SLT, the
IOP (mean + StDev) decreased from baseline pre-
operative value of 26.78+3.13 mm Hg to 19.34+1.89
mm Hg 12 months after SLT (p<0.001) as shown in
Figure 1. The mean IOP lowering effect was 7.44 mm
Hg (95% confidence interval 6.45 - 8.41 mm Hg). By
the end of follow up period (12 months), 62.9% of cas-
es (22 eyes) showed IOP decrease by > 30% from the
baseline value, and 77.1% of cases (27 eyes) showed
IOP decrease by = 25% of baseline IOP. The mean IOP
changes during the follow up period are shown in Fig-
ure 2.

It has been reported that 5 cases (14.3%) exhibited
< 20% reduction of IOP; one of them did not show
any decrease in IOP from the baseline measurement.
In case of failure to reach 25% reduction of baseline
IOP after 3 months (6 eyes 17.1%), the SLT procedure
was repeated in the superior 180 degrees. Three cases
failed to complete the 12 months follow up period.

Some complications occurred with this procedure.
IOP spikes of 4-7mm Hg at 1 hour post-op was detect-
ed in 5 cases (14.3%). Mild uveitis was reported with
mild AC Flare and cells in 25 cases (71.4%); this was
controlled with topical steroid within 24-96 Hours.
Ocular discomfort, pain and conjunctival redness
were detected in 23 cases (65.7%).

There were no differences in terms of mean Snellen
equivalent, best corrected visual acuities, measured
cup/disc ratios and average values of mean defects

(decibels).
DISCUSSION

In this prospective study, SLT demonstrated an effec-
tive IOP lowering effect. It lowers the IOP (mean +
StDev) from baseline pre-operative value of 26.78+3.13
mm Hg to 19.34+1.89 mm Hg 12 months after SLT
(p<0.001). The magnitude of IOP lowering effect was
7.44 mm Hg. This is in agreement of the results re-
ported by Melamed et al.® Their results demonstrated
an IOP lowering effect of 7.7 +3.5 mmHg in a simi-
lar mixed group of OAG and OHT patients. Another
study published by Nagar et al,” showed that the IOP
lowering effect in 180° SLT treated group was signifi-
cantly less than in their medically treated group, to
whom latanoprost was administered; however, the
difference between the 360° treated group and the
latanoprost group did not reach a statistical signifi-
cance level, both of the treatment modalities showing
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similar results. Also they showed an IOP reduction by
>30% from the baseline value in 59% of cases, which is
in agreement with our study results. These showed an
IOP decrease by > 30% from the baseline value in 62.9%
of cases, while 77.1% of cases showed an IOP decrease
by > 25% of baseline IOP. Mcllraith et al in 2006, re-
ported similar results of a 31% reduction of baseline
IOP as compared to 30% reduction with latanoprost.?
Contradictory results were reported in a retrospec-
tive study by Song et al.” They showed a high failure
rate in SLT treated patients, as 86% of cases showed
<20% IOP reduction. The explanation for this is that
the studied group of patients was not treated similar-
ly; some of them underwent 180° while other patients
were treated with 90°. Also, most of them had a lower
baseline IOP before treatment which was a predictor
for failure. Their observation that lower baseline IOP
is a predictor for failure is in agreement with our study
results, which showed that 5 cases (14.3%) exhibited <
20% reduction of IOP, while one of them did not show
any decrease in IOP from the baseline measurement.
These cases in our study were those who had lower
IOP values and some of them (2 eyes) were patients
with pseudoexfoliation glaucoma for whom SLT was
repeated. This is in agreement with the study of Grac-
ner, who demonstrated a poor response of patients
with capsular glaucoma to SLT.' In contrast to this,
patients with pigmentation of the drainage angle (pig-
mented races, capsular glaucoma and pigment disper-
sion syndrome) showed better responses to ALT as
compared to SLT."' This is logical with ALT where co-
agulative damage is known to occur. However, in SLT
the mechanism is suggested to be at a cellular level and
debris in the drainage angle in terms of iris pigment
and pseudoexfoliation material may prevent adequate
laser tissue interaction.

CONCLUSION

In view of the results of our study, which showed that
77.1% of cases showed IOP decrease by > 25% of base-
line IOP, we can conclude that SLT is an effective IOP
lowering modality. It can be used as a primary treat-
ment for open angle glaucoma and ocular hyperten-
sive patients. If we consider the minimal side effects
reported in our study and also in other studies pub-
lished before, minimal or no coagulative damage is
produced, so no subsequent trabecular meshwork fi-
brosis is produced. It can therefore be concluded that
SLT is a safe alternative to ALT and medical treatment
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of open angle glaucoma and ocular hypertensive pa-
tients.
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