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Precis: Micropulse transscleral cyclophotocoagulation (MPTCP) is
only moderately effective in lowering intraocular pressure (IOP) and is
useful as an adjunct procedure to other glaucoma surgeries. There was
a small risk of loss of vision, prolonged hypotony, and phthisis bulbi.

Aim: The aim of this study was to determine the efficacy and safety of
a single MPTCP treatment for an Asian population with advanced
glaucoma.

Methods: This is a retrospective single-center study of 207 eyes (207
patients) with advanced glaucoma which underwent first-time
MPTCP between January 1, 2008, and March 31, 2018. Success was
defined as IOP of 6 to 21mmHg or ≥ 20% reduction in IOP
without an increase in glaucoma medication from baseline, and
without glaucoma reoperation. The IOP, best-corrected visual
acuity, and number of glaucoma medications were also analyzed.

Results: The mean (SD) age was 64.9±16.9 years. The mean follow-up
duration was 18.7±16.2 months. The rate of success at postoperative
years 1 and 2 follow-up was 44.1% and 32.6%, respectively. The median
survival time of MPTCP was 9.0 months and 85 (40.9%) eyes received
reoperation. The mean IOP decreased from 31.5±12.0mmHg pre-
operatively to 22.1±10.3 and 23.8±11.8mmHg at postoperative years 1
and 2, respectively (P<0.0001). The mean number of glaucoma medi-
cations was reduced from 3.3±1.0 preoperatively to 2.6±1.1 and
2.4±1.1 at postoperative years 1 and 2, respectively (P<0.0001). Sig-
nificant complications included prolonged hypotony [1 eye (0.5%)],
phthisis bulbi [7 eyes (3.4%)], and best-corrected visual acuity reduction
[29 eyes (13.9%)].

Conclusion: Single first-time MPTCP for advanced glaucoma eyes
was moderately effective in lowering IOP but > 50% failed by
1 year.

Key Words: glaucoma, intraocular pressure, transscleral cyclo-
photocoagulation, micropulse laser

(J Glaucoma 2021;30:257–265)

G laucoma is an irreversible optic neuropathy and a
leading cause of blindness in the world,1 affecting up to

60.5 million people in 2010 and is estimated to increase to 80
million people by 2020.1,2 Glaucoma may have an insidious
onset and up to 50% of affected patients are not aware of
their underlying diagnosis.2–5 Intraocular pressure (IOP) is a
well-recognized risk factor of glaucoma, and lowering IOP
is the main target of management.6–11

IOP lowering can be achieved by pharmacological
means, laser, or surgery. The common treatment modalities
include IOP-lowering eye drops,8 laser trabeculoplasty,12

trabeculectomy,13 and glaucoma tube shunt.14 However, these
methods have their limitations and complications. IOP-low-
ering medications may be hindered by poor eye drop instilla-
tion techniques,15,16 irregular instillation,17 nonadherence to
instillation schedule, especially in the elderly population,18 and
ocular surface disease.19 Laser trabeculoplasty, although a safe
procedure in general, is limited by short-term effectiveness in
IOP reduction.20 Trabeculectomies and glaucoma tube shunts
are effective in reducing IOP but are associated with significant
risk of sight-threatening complications such as bleb leak,
hypotony, and endophthalmitis.13,21,22 A group of inter-
ventions, known as minimally invasive glaucoma surgeries,
have also emerged as a form of low-risk treatment compared
with aforementioned surgeries.23

Micropulse transscleral cyclophotocoagulation
(MPTCP) is effective in reducing IOP and maintaining a
good safety profile with low complication rates.24–27 How-
ever, current studies were limited by the relatively short
duration of follow-up and small sample sizes. There has
been little data on the long-term effectiveness and safety
profile of a single treatment of MPTCP for IOP reduction.
The aim of the current study is to determine the long-term
efficacy and safety of MPTCP for patients with advanced
glaucoma in a tertiary eye institute in Singapore.

METHODS
This was a retrospective study of 207 eyes from 207

patients who were followed up for at least 4 weeks afterDOI: 10.1097/IJG.0000000000001729
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MPTCP. Approval was obtained from the Institutional
Review Board of the National University Hospital of Singapore
and the study was conducted according to the tenets of the
Declaration of Helsinki.

Eligibility Criteria
The patients included in this study attended the out-

patient ophthalmology clinic, National University Hospital,
Singapore. We included consecutive eyes between January
1, 2008, and March 31, 2008 that had MPTCP due to
uncontrolled IOP despite maximal tolerated medical ther-
apy and eyes that were followed up for at least 4 weeks after
MPTCP. If both eyes met the inclusion criteria, only the first
eye that underwent MPTCP was included for analysis. All
MPTCP procedures were performed by 5 trained glaucoma
specialists (D.K.A.L., C.S., S.C.L., P.T.K.C., V.T.C.K.),
who adopted similar surgical techniques. We excluded any
eye that did not meet the minimum follow-up requirement
of 4 weeks due to loss of follow-up; planned as an interim
procedure for another glaucoma surgery such as glaucoma
tube shunt; or did not have the sufficient clinical informa-
tion from the electronic patient database.

MPTCP
Adequate periocular anesthesia [peribulbar, retro-

bulbar, or sub-Tenon administration of 3 to 4 mL of 2%
lignocaine hydrochloride 100mg/5mL (AstraZeneca, Singapore
Pte Ltd)] was administered before the procedure. Subsequently,
a fiber-optic tip contact probe with diode-emitting laser was
applied perpendicular to the limbus. The edge of the probe
was positioned between 1 and 2mm from the limbus for
the entire duration. The probe is designed to enable accurate
positioning of the fiber-optic tip at 3mm posterior to the
limbus.28 The laser settings were set at 2W of 810 nm infra-
red radiation from a diode source set on micropulse mode
(Iris Medical Instruments, Mountain View, CA), delivered
over a total duration of 50 to 200 seconds over 360 degrees.
During the procedure, the laser was set at micropulse mode:
“on” for 0.5 ms and “off” for 1.1ms (31.3% duty cycle). This
translated to a total energy of 31.3 to 125.2 J. The probe
was applied with firm pressure and moved in a continuous
sliding arc motion. A coupling agent such as viscoelastic
was utilized during the procedure. The 3 and 9 o’clock
meridians of the eye, as well as existing glaucoma drainage
devices and trabeculectomy blebs, if any, were avoided.
Procedures, such as intravitreal injection, retinal cryotherapy,
anterior chamber (AC) washout, examination under anes-
thesia, removal of glaucoma tube shunts, or band keratopathy
removal were performed if deemed necessary and included for
analysis.

After MPTCP, the patients used topical anti-inflam-
matory eye drops daily for 10 to 14 days. The IOP-lowering
medications were continued postoperatively until they were
reviewed and adjusted based on the attending ophthalmol-
ogist’s assessment.

Study Measurements and Follow-up
The baseline data of subjects were collected including

age, sex, race, glaucoma diagnosis, previous surgery and
laser therapy, date of operation, and highest IOP recorded.
The following preoperative variables were recorded: medi-
cated IOP, best-corrected Snellen visual acuity (BCVA)
which was converted to logMAR, clinical vertical cup-disk
ratio (CDR), mean deviation (MD), and number of glau-
coma medication types. The IOP was measured with either

Goldmann applanation tonometry and/or a Tonopen
(Mentor O&O, Norwell, MA). iCare tonometry was used
for the IOP measurement in the pediatric population if both
Goldmann applanation tonometry and Tonopen measure-
ments were unavailable. If BCVA on Snellen Chart was
unobtainable due to poor visual acuity (VA), subjects’
BCVA were reported as counting fingers (CF), hand
movement (HM), perception of light (PL), and no percep-
tion of light (NPL) instead. The severity of glaucoma was
determined using the Hodapp-Anderson-Parrish Scale of
visual field severity.29

After MPTCP, data were collected at follow-up visits
at 6 weeks, 3 months, 6 months, 1, 2, and 3 years. During
each visit, the IOP of the operated eye, BCVA, and number
of glaucoma medication types were recorded. Complications
caused by the MPTCP were classified as minor or major, if
present:
� Minor—Subconjunctival hemorrhage, AC inflammation

(chronic if ≥ 3mo), and scleral thinning.
� Major—Corneal decompensation, phthisis bulbi

(shrunken eye, NPL and IOP≤ 5mmHg), cystoid
macular edema (CME), reduction in ≥ 2 lines of BCVA
(includes VA deterioration from 6/60 or 6/120 to CF and
from 6/120, or worse, to NPL),30 sympathetic ophthal-
mia, and hypotony (IOP≤ 5 mmHg with VA deterio-
ration; chronic if ≥ 6 mo). CME was diagnosed with
optical coherence tomography if there was BCVA
deterioration after MPTCP.

Outcome Measures
The primary outcome was surgical success defined as

an IOP of 6 to 21 mmHg or ≥ 20% reduction in IOP
without an increase in glaucoma medication from baseline,
and without any further glaucoma surgeries. Failure was
defined as IOP <6 or > 21 mmHg; and <20% reduction in
IOP or increase in glaucoma medication; or received any
further glaucoma surgeries. Further glaucoma surgeries
included repeat MPTCP, continuous-wave (CW) diode
transscleral cyclophotocoagulation, or glaucoma tube shunt
implantation. The other outcomes of the laser treatment
were evaluated based on IOP, number of glaucoma medi-
cations, BCVA, and surgical complications.

Statistical Analysis
All statistical analyses were performed using SPSS

software, version 19.0 (IBM Analytics, Chicago, IL) with
statistical significance set at P-value <0.05. Continuous
variables were presented as mean values with SD, while
categorical variables were described using frequency dis-
tribution and percentage. Continuous variables were com-
pared with paired t tests. The comparison of logMAR VA at
various time points was performed using paired t test only
for eyes with a vision of 6/120, or better. Kaplan-Meier
survival analysis was used to determine the cumulative
failure during the first 3 postoperative years for all 207 eyes.
Risk factors for failure were tested through binary logistic
regression. The variables included in the binary logistic
regression were age, sex, preoperative medicated IOP,
preoperative highest IOP, number of preoperative IOP-
lowering medications, MD, CDR, primary versus secondary
glaucoma type, neovascular versus non-neovascular glau-
coma (NVG) type, presence of additional manipulation
during MPTCP, energy delivered during MPTCP, and
presence of previous glaucoma surgery. These variables
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were first screened with univariate analysis. Only significant
factors (P< 0.10) were accepted into the final binomial
logistic regression model to determine if there were any
statistically significant risk factors (P< 0.05) for failure.

RESULTS
There were 284 eyes which had MPTCP between Jan-

uary 1, 2008, and March 31, 2018. Figure 1 showed the
reasons for exclusion and there was a total of 207 eyes (207
patients) included for analysis in this study. There were 17
(8.2%) eyes included that received concomitant manipu-
lation, which did not significantly affect IOP during
MPTCP such as intravitreal injection, retinal cryotherapy,
AC washout, examination under anesthesia, removal of
glaucoma tube shunts, or band keratopathy. The mean age
of the patients was 64.9± 16.9 years and 132 (63.8%) were
male. The demographics of all subjects and distribution of
glaucoma diagnoses are summarized in Table 1. The base-
line mean clinical CDR was 0.80± 0.17 and MD was
−17.1± 9.4 dB, indicating that the majority of the patients
had severe glaucoma. On the basis of the Hodapp-
Anderson-Parrish Scale, there were 9 (4.3%) eyes with mild
visual field defect, 13 (6.3%) eyes with moderate visual field
defect, and 42 (20.3%) eyes with severe visual field defect.
There were 7 (3.4%) eyes that did not have their visual fields
tested as they were either pediatric patients or elderly
patients who could not cooperate with any form of visual
field testing. The remaining 136 (65.8%) eyes attempted
visual field testing but were unable to get accurate readings
mostly due to poor preoperative vision from advanced
glaucomatous optic neuropathy. In total, there were 178
eyes (86.0%) with advanced glaucoma. There were 17 (8.2%)
eyes with previous trabeculectomy, 22 (10.6%) eyes with
previous glaucoma drainage implant surgery, and 10 (4.8%)
eyes that had both trabeculectomy and glaucoma drainage
implant surgeries. There were 199 (96.1%) eyes in the post-
operative follow-up week 6, 195 (94.2%) eyes in postoperative
follow-up month 3, 190 (91.8%) eyes in the postoperative
follow-up month 6, 176 (85.0%) eyes in the postoperative year 1,
139 (67.1%) eyes in the postoperative year 2, and 111 (53.6%)

eyes in the postoperative year 3. The mean follow-up duration
for the latest follow-up of all 207 subjects is 18.7±16.2 months.
The MD of laser delivered for 207 eyes was 100.3±19.5 (range:
50 to 200) seconds, corresponding to 62.8±12.2 J.

The rate of success and failure at postoperative durations
are described in Table 2. The success rates at 1, 2, and 3 years
after MPTCP were 44.1%, 32.6%, and 18.5%, respectively.

TABLE 1. Demographics and Baseline Characteristics of Subjects

Characteristics
All (N= 207)

[Mean±SD or n (%)]

Age (y) 64.9± 16.9
Sex
Male 132 (63.8)
Female 75 (36.2)

Race
Chinese 141 (68.1)
Indian 18 (8.7)
Malay 31 (15.0)
Others 17 (8.2)

Glaucoma diagnosis
Primary open-angle glaucoma 58 (28.0)
Primary angle-closure glaucoma 23 (11.1)
Neovascular glaucoma 70 (33.8)
Uveitic glaucoma 13 (6.3)
Silicone oil glaucoma 10 (4.8)
Postvitrectomy glaucoma 2 (1.0)
Postkeratoplasty glaucoma 3 (1.4)
Iridocorneal endothelial syndrome 1 (0.5)
Aphakic glaucoma 1 (0.5)
Traumatic glaucoma 4 (1.9)
Steroid-induced glaucoma 5 (2.4)
Pediatric glaucoma/juvenile

glaucoma
8 (3.9)

Others (phacomorphic, ghost cell
glaucoma, unspecified)

9 (4.3)

Clinical preoperative cup-disk ratio
(n= 139)

0.80±0.17

Clinical preoperative mean deviation
(n= 64) (dB)

−17.1± 9.4

FIGURE 1. Flowchart of subject recruitment process. There was a total of 284 eyes identified in this study but after exclusion of 15, 43,
and 19 eyes because they received other concurrent IOP-lowering procedures together with MPTCP under the same setting that may
affect intraocular pressure, did not have the required ocular data from the electronic patient database, and did not meet the minimum
4-week follow-up period, respectively; there was a total of 207 eyes from 207 patients included in this study. IOP indicates intraocular
pressure; MPTCP, micropulse transscleral cyclophotocoagulation.
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The success rates after excluding NVG eyes at 1, 2, and
3 years were 45.9%, 32.3%, and 17.1%, respectively.

The cumulative probability of failure after 12, 24, and
36 months of follow-up was 53.9%, 66.7%, and 71.7%, respec-
tively (Fig. 2). The Kaplan-Meier survival analysis showed that
the median survival time of MPTCP was 9.0 months (Fig. 2). Of
the 131 eyes that experienced failure, 26 (19.8%) eyes failed due
to repeat glaucoma surgery including repeat MPTCP [n=11
(8.4%)] or glaucoma tube implantation [n=15 (11.5%)]. The
mean time to repeat glaucoma surgery was 10.7±9.8 (range: 1.0
to 48.0) months. There were 105 (80.2%) eyes that fulfilled failure
criteria due to high IOP (>21mmHg) and <20% reduction in
IOP or increase in glaucoma medication. Of these 105 eyes, 59
(56.2%) eyes received repeat glaucoma surgery including repeat
MPTCP [n=39 (37.1%)], glaucoma tube implantation [n=19
(18.1%)], or continuous-wave transscleral cyclophotocoagulation
(CWTCP) [n=1 (1.0%)].

The mean preoperative medicated IOP and highest IOP
was 31.5±12.0 and 41.2±13.1mmHg, respectively. The mean
IOP was 22.9±10.7mmHg at postoperative week 6,
23.9±11.7mmHg at postoperative month 3, 22.1±9.7mmHg
at postoperative month 6, 22.1±10.3mmHg at postoperative
year 1, 23.8±11.8mmHg at postoperative year 2, and
23.3±13.0mmHg at postoperative year 3 (Fig. 3). There were

statistically significant IOP reductions at all postoperative follow-
up time points (P<0.0001). The percentage reduction of IOP at
postoperative years 1, 2, and 3 was 30.2%, 26.0%, and 32.7%,
respectively. The proportion of subjects achieving specific IOP
reduction percentages at each follow-up time point are sum-
marized in Figure 4. After 3 years, there were 72.0%, 58.6%,
45.1%, and 31.8% of eyes that experienced ≥10%, ≥20%,
≥30%, and ≥40% reduction in IOP, respectively.

The preoperative mean number of IOP-lowering med-
ication types for all subjects was 3.3± 1.0. This was reduced
to 3.0 ± 1.1 at postoperative week 6, 2.8 ± 1.1 at post-
operative month 3, 2.6 ± 1.2 at postoperative month 6,
2.6 ± 1.1 at postoperative year 1, 2.4 ± 1.1 at postoperative
year 2, and 2.1± 1.3 at postoperative year 3. Reductions in
IOP-lowering medication types were statistically significant
(P< 0.0001), at all postoperative follow-up time points
except postoperative year 3 (P= 0.003).

Before MPTCP, the mean logMAR BCVA (n= 89)
was 0.51 ± 0.58 (range: 0 to 2) for subjects with 6/120 vision
or better. For the remaining 118 eyes, there were 12 (5.8%)
eyes with CF vision, 35 (16.9%) eyes with HM vision, 15
(7.2%) eyes with PL vision, 49 (23.7%) eyes with NPL
vision, and 7 (3.4%) uncooperative subjects, who did not
have their baseline VA recorded. The mean logMAR BCVA
was 0.45 ± 0.51 (P= 0.22) at postoperative week 6 (n= 64),
0.57 ± 0.66 (P= 0.05) at postoperative month 3 (n= 34),
0.40 ± 0.53 (P= 0.21) at postoperative month 6 (n= 40),
0.33 ± 0.31 (P= 0.92) at postoperative year 1 (n= 31),
0.25 ± 0.27 (P= 0.88) at postoperative year 2 (n= 20), and
0.46 ± 0.50 (P= 0.67) at postoperative year 3 (n= 4).

The significant risk factor for failure was previous
glaucoma surgery (Table 3). An eye with previous glaucoma
surgery is 2.33 times more likely to fail MPTCP compared
with one that did not receive any previous glaucoma surgery
(odds ratio= 2.33, 95% confidence interval= 1.11-4.89,
P= 0.02). There were otherwise no statistically significant

TABLE 2. Rate of Success and Failures at Postoperative Follow-up
Visits

Postoperative Time Points Success [n (%)] Failure [n (%)]

6 wk (n= 149) 104 (69.8) 45 (30.2)
3 mo (n= 137) 83 (60.6) 54 (39.4)
6 mo (n= 140) 77 (55.0) 63 (45.0)
1 y (n= 143) 63 (44.1) 80 (55.9)
2 y (n= 138) 45 (32.6) 93 (67.4)
3 y (n= 108) 20 (18.5) 88 (81.5)

FIGURE 2. Kaplan-Meier survival function of micropulse transscleral cyclophotocoagulation (MPTCP) subjects over the first 3 post-
operative years. The median survival of all 207 eyes was 9.0 months. The cumulative probability of failure after 12, 24, and 36 months of
follow-up was 53.9%, 66.7%, and 71.7%, respectively. Figure 2 can be viewed in color online at www.glaucomajournal.com.
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associations between energy delivered and IOP reduction,
and between energy delivered and success or survival rates
throughout the 3 postoperative years.

There were minor complications including 69 (33.3%)
eyes with mild AC inflammation that was self-limiting, 4
(1.9%) eyes with chronic AC inflammation, 7 (3.4%) eyes had
subconjunctival hemorrhage, 3 (1.4%) eyes had hyphema, 16
(7.7%) eyes had corneal edema, 5 (2.4%) eyes with epithelial
defects, and 2 (1.0%) eyes with transient hypotony. Our study
also experienced major complications including 1 (0.5%) eye
with prolonged hypotony; 3 (1.4%) eyes had CME which
resolved within 3 months of onset; 7 (3.4%) eyes with phthisis
bulbi; and 29 (14.0%) eyes with a reduction in BCVA of ≥ 2
lines. Out of the 7 eyes that became phthisical; 5 (71.4%) eyes
had NVG; 1 (14.3%) eye had postkeratoplasty glaucoma; and
1 (14.3%) eye had secondary angle-closure glaucoma. All

7 phthisical eyes had poor vision before MPTCP—4 had NPL
vision, 1 had PL vision, 1 had HM vision, and 1 had 6/120
(Snellen) vision. Of the 7 phthisical eyes, there was only
1 (14.3%) eye that received previous tube shunt surgery
whereas the other 6 (85.7%) eyes had no glaucoma surgery
before MPTCP. The duration of MPTCP laser delivered to
eyes that became phthisical or experienced hypotony were all
100 seconds. Of the 3 eyes that experienced hypotony, 2 had
NVG and 1 had uveitic glaucoma, with a baseline BCVA of
PL for 2 eyes and HM for 1 eye. Of the 29 eyes that had
BCVA reduction, 18 (62.1%) eyes experienced the BCVA
reduction within the first 3 postoperative months. The details
of BCVA reduction of the 29 eyes are summarized in Sup-
plementary Table (Supplemental Digital Content 1, http://
links.lww.com/IJG/A493). There were no cases of scleral
perforation, endophthalmitis, or sympathetic ophthalmia.

FIGURE 3. Trend of mean intraocular pressure (IOP) across the first 3 postoperative years. The trend of IOP reduction after micropulse
transscleral cyclophotocoagulation was observed from postoperative week 6 onwards and remained stable thereafter all the way until
postoperative year 3. Figure 3 can be viewed in color online at www.glaucomajournal.com.

FIGURE 4. Proportion of subjects achieving specific intraocular pressure (IOP) reduction percentages over 3 years. There were, on
average, 72.0%, 58.6%, 45.1%, and 31.8% of eyes that experienced ≥10%, ≥20%, ≥30%, and ≥40% reduction in IOP across the 3
postoperative years, respectively. The percentage of eyes in respective groups was stable through the follow-up duration.
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DISCUSSION
To our knowledge, our study reported the largest

population and longest follow-up for eyes, which had only a
single MPTCP treatment for the purpose of lowering IOP.
In this elderly Asian population with advanced glaucoma,
there were success rates of up to 70% at postoperative week
6, which subsequently declined through the 3 years of

follow-up after MPTCP treatment to 18.5% at postoperative
year 3. A significant proportion (41.1%) of eyes required
additional treatment such as repeat MPTCP, CWTCP, or
glaucoma tube shunt surgery to achieve the target IOP.
MPTCP was observed to be frequently used as a tempo-
rizing procedure before definitive surgery. In this study, we
only analyzed the results of a single MPTCP episode for all
eyes. We recognize that clinicians may attempt multiple or
repeated MPTCP episodes in clinical practice which could
result in better success rates. However, the main aim of this
study is to evaluate the outcome and safety of a single
MPTCP laser treatment, which would provide useful
information for patient counseling and for obtaining
informed consent.

Our results were different, in terms of our observed
lower success rates and lower percentage of IOP reduction,
from those of other published studies (Table 4). This is
possibly due to variations in laser settings, technique of laser
application, definitions for success and failure,26,27,31,33–39

and due to our advanced glaucoma patient population.40,41

Recent studies that were published have had varying defi-
nitions in success, which makes consistent meaningful
comparisons difficult. Our results suggested that the
IOP-lowering effects of MPTCP is only intermediate lasting,
where the median time of survival was 9.0 months.

TABLE 3. Risk Factors for Failure and Predictors of Success

Risk Factors for Failure

Variables Screened
Odds Ratio

(95% Confidence Interval) P

Age 0.98 (0.96-1.00) 0.07
Preoperative highest IOP

recorded
1.01 (0.98-1.04) 0.50

Preoperative number of IOP-
lowering medications

1.29 (0.95-1.76) 0.11

Primary vs. secondary
glaucoma type

1.22 (0.65-2.32) 0.53

Previous surgical procedures 2.33 (1.11-4.89) 0.02

IOP indicates intraocular pressure.

TABLE 4. Comparison of Studies on Efficacy of Micropulse Transscleral Cyclophotocoagulation

References
N

(Eyes)

Follow-up
Duration

(Mean±SD)
(mo)

Preoperative
IOP

(Mean±SD)
(mmHg)

Postoperative
Final Follow-up

IOP (Mean±SD)
(mmHg)

IOP
Reduction

Success Rate
(Time Point) Major Complications

Tan et al27 40 17.3± 2.0 40.1± 11.6 24.6± 9.6 38.7% 80.0% (last
follow-up)

NA

Aquino et al26 23 17.5± 1.6 41.2± 21.3* 19.8± 5.9* 51.9% 52.0% (18mo) 1 (4%) prolonged AC
inflammation, 1 (4%) scleral
thinning, 1 (4%) VA decline

Kuchar et al31 19 2.0 37.9 22.7 40.1% 73.7% (last
follow-up)

1 (5.3%) hypotony

Lee et al32 27 12.0 28.4± 8.3 19.0± 6.5 33.1% 72.2% (12mo) NA
Williams

et al33
79 7.8± 4.5 31.9± 10.2 15.6 51.0% 67.0% (last

follow-up)
7 (8.9%) hypotony, 2 (2.5%)

phthisis bulbi, 13 (16.5%) loss
of ≥ 2 lines of BCVA at 3 mo

Yelenskiy
et al25

197 10.6± 6.0* 21.5± 9.0 15.8± 6.0 26.5% 71.0% (last
follow-up)

NA

Zaarour
et al34

75 13.2± 3.0 26.0± 7.9 14.8± 5.5 43.1% 66.0% (15mo) NA

Jammal
et al35

21 12.0 33.4± 16.0 18.9 43.4% 66.7% (12mo) 1 (4.8%) hypotony

Varikuti
et al36

61 10.2± 3.1 25.7± 5.6 15.4± 3.8 40.2% 75.0% (12mo) 1 (1.6%) hypotony, 1 (1.6%)
hypotony maculopathy, 10
(20.8%) loss of ≥ 2 lines of
BCVA at 12mo

Al Habash
and
AlAhmadi37

71 12.0 36.5± 10.3* 16.6± 5.1* 54.5% 95.7% (6mo) NA

Preda et al38 100 18.0 39.1± 13.8 22.8± 8.1 41.7% 70.0%-90.9%
(18mo)

3 (3.0%) hypotony

Tekeli and
Kose39

96 14.2± 3.9 34.2± 10.5-
35.7± 10.8

19.7± 6.7-
21.9± 7.7

37.1%-
42.5%

A. 64.7%-68.8%
B. 50.0%-56.3%
C. 38.2%-43.8%
(12mo)

3 (3.1%) hypotony

*Converted median (interquartile range) to mean±SD values.40,41

AC indicates anterior chamber; BCVA, best-corrected visual acuity; IOP, intraocular pressure; NA, not available; VA, visual acuity.
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Furthermore, our study observed a higher rate of failure
(30% to 82%), which was not otherwise reported in previous
studies. This observation can be attributed to our study’s
longer follow-up duration, larger sample size of patients
with severe glaucoma, and subsequent repeat glaucoma
surgery. Of the eyes that required additional glaucoma
surgeries, more than half had repeat MPTCP. This supports
the aforementioned observation that physicians may per-
form repeated episodes of MPTCP for better success rates.

Our study also observed that the proportion of subjects
achieving target IOP at postoperative year 3 were the
highest (Fig. 4). This could be due to multiple reasons such
as a smaller remaining number of eyes by postoperative year
3, addition of IOP-lowering medication, initiation of anti-
vascular endothelial growth factor treatment for NVG; or
bias of follow-up, whereby patients who follow-up longer
may have better eye drop compliance.

MPTCP has demonstrated superior efficacy in low-
ering IOP with lower complication and failure rates than
CWTCP.26,27 Traditionally, cyclodestructive procedures,
such as CWTCP, were indicated for eyes with poor visual
prognosis.27 CWTCP is characterized by the continuous
delivery of high-intensity laser to the pars plicata. Unlike
CWTCP, MPTCP delivers repetitive short pulses of 810 nm
infrared diode laser radiation,24,26,27,31,32 allowing sufficient
energy to reach the coagulative threshold in the targeted
pigmented tissues without significant increase in tissue
temperature,42,43 and with minimal disruption of the col-
lateral nonpigmented epithelium, ciliary body stroma, and
adjacent tissue.26,27 Hypotony is a major complication in
cyclodestructive procedures. In the prospective study con-
ducted by Aquino et al26 to compare MPTCP and CWTCP,
MPTCP was observed to be safer as evidenced by the
absence of hypotony in eyes that received MPTCP versus
the presence of hypotony in 5 (20.8%) eyes that received
CWTCP. Furthermore, there were significant differences
between both groups in terms of prolonged AC inflamma-
tion (4% MPTCP vs. 30% CWTCP), phthisis bulbi (0%
MPTCP vs. 4% CWTCP), scleral thinning (4% MPTCP vs.
17% CWTCP), and BCVA decline (4% MPTCP vs. 9%
CWTCP). Previous studies on CWTCP also reported
varying rates of hypotony (0% to 25%),44–46 phthisis bulbi
(0% to 10%),44,45,47 BCVA decline ≥ 2 lines (0% to
55%),44,48,49 IOP spike,50 atonic pupil,51 and case reports of
malignant glaucoma,52 necrotizing scleritis,53 and sym-
pathetic ophthalmia.54,55 In our study, there were relatively
small but considerable major complication rates of 1 eye
with prolonged hypotony, 3 eyes with CME, 7 eyes which
became phthisical, and 29 eyes which experienced visual
deterioration. CME was detected only on optical coherence
tomography in eyes with VA decline, whereas subclinical
CME was not detected, thus underestimating the true inci-
dence of CME. Phthisis bulbi, indicative of end-stage ocular
disease,56 and deterioration in VA both had significant rates
in our study and this could be attributed to the progression
of glaucoma especially in eyes with advanced (86.0%)
glaucoma and neovascular (33.8%) glaucoma.57 In NVG
which is associated with poor visual prognosis,58 there is
progressive breakdown of blood-aqueous barrier resulting in
membrane contracture from proliferation of myofibroblasts,
leading to phthisis in end-stage disease.59 However, the
extent to which MPTCP is truly responsible for phthisis and
BCVA decline in our study remains uncertain. Of the 29
eyes that experienced visual deterioration, there were 15
(51.7%) eyes with NVG, 4 (13.8%) eyes with primary open-

angle glaucoma, 4 (13.8%) eyes with uveitic glaucoma, 3
(10.3%) eyes with primary angle-closure glaucoma, 2 (6.9%)
eyes with silicone oil glaucoma, and 1 (3.4%) eye with
pediatric glaucoma. Although the rate of minor complica-
tions are similar to other published studies, in our long-term
study, we observe that MPTCP may also carry risks of the
aforementioned major complications.25–27,34–39 This might
be attributed to the longer follow-up duration of our study
and natural progression of the severe underlying conditions
but these adverse complications must be monitored for eyes
undergoing MPTCP.

The limitations of our study include the retrospective
design, Asian population only, loss of follow-up, or absence of
subjects at various follow-up time points and unavailability of
data from some subjects. Owing to its retrospective design,
there was a lack of well-defined criteria for reoperation which
was mainly based on clinicians’ judgment on a case-by-case
basis. Because of the fewer number of eyes as time progressed,
the achievement of specific IOP targets at postoperative year 3
(Fig. 4) may have been skewed more favorably. Furthermore,
MPTCP is commonly used as an interim or temporizing IOP-
lowering procedure before more definitive glaucoma tube
shunt surgeries and thus might contribute to an over-
estimation of surgical failure in this study.60 In addition, we
acknowledge that this study is generalizable to patients with
advanced glaucoma. Our subjects had severe optic disk cup-
ping with greatly reduced MD on perimetry and one quarter
had failed glaucoma surgeries. Last, the use of 3 different IOP
measurement devices may have resulted in different IOP
recordings. Further studies should study the long-term effects
of MPTCP on eyes with early glaucoma.

In conclusion, our long-term study on Asian patients
with advanced glaucoma showed that a single first-time
MPTCP treatment is only moderately effective with short
durability when performed as a standalone procedure in
reducing IOP. MPTCP would be useful as an adjunct pro-
cedure to other glaucoma surgeries or as interim procedure
for temporary IOP reduction. As such, it is expected that
physicians would have to reoperate on patients after the first
single-episode MPTCP. Although MPTCP is generally a
safe procedure, there was a small but significant risk of loss
of BCVA, prolonged hypotony, and phthisis bulbi.
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