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Abstract
Purpose To evaluate the outcomes of micropulse transscleral laser therapy (MP-TLT) in patients with uncontrolled glaucoma 
and prior glaucoma aqueous tube shunt.
Methods In this single-center, retrospective, interventional case series, eyes that underwent MP-TLT and had prior glaucoma 
aqueous tube shunt surgeries were included. The Cyclo Glaucoma Laser System (IRIDEX Corporation, Mountain View, CA, 
USA) with the MicroPulse P3 probe (version 1) was used. Post-operative data were collected at day 1, week 1, and months 
1, 3, 6, 12, 18, 24, 30 and 36.
Results A total of 84 eyes (84 patients) with mean age of 65.8 ± 15.2 years and with advanced glaucoma (baseline mean 
deviation -16.25 ± 6.80 dB and best-corrected visual acuity 0.82 ± 0.83 logMar) were included in the study. Baseline mean 
IOP was 19.95 ± 5.6 mm Hg with a mean number of medications 3.39 ± 1.02. There were statistically significant differences 
in IOP between baseline and all follow-up visits (p < 0.01 for all). The mean percentage of IOP reduction between baseline 
and different follow-up visits ranged from 23.4% to 35.5% (p < 0.01). There was a significant reduction of visual acuity 
(≥ 2-lines) at 1 year (30.3%) and 2 years (76.78%). There was a statistically significant reduction in the number of glaucoma 
medications between baseline and all follow-up visits after postoperative week 1 (p < 0.05 for all). No severe complications 
including persistent hypotony and related complications were observed. At the last follow-up visit, only 24 (28%) eyes out 
of 84 eyes remained in the study.
Conclusion MP-TLT is an effective treatment for reducing IOP and decreasing the number of medications in patients with 
advanced glaucoma and prior glaucoma aqueous tube shunt.

Keywords MicroPulse Transscleral Laser · Cyclophotocoagulation · Aqueous Tube Shunt · Glaucoma

The study data has not been presented in a meeting.

Brian Francis is a consultant for Iridex, Inc, the makers of the 
CycloGx Micropulse Laser Therapy system. All other authors have 
no financial or proprietary interest in a product, method, or material 
described herein.

 * Brian A. Francis 
 bfrancis@mednet.ucla.edu

1 Doheny Eye Institute and Stein Eye Institute, Department 
of Ophthalmology, David Geffen School of Medicine, 
University of California Los Angeles, 625 S Fair Oaks Ave 
Suite 285, Pasadena, CA 91105, USA

2 Kresge Eye Institute, Department of Ophthalmology, School 
of Medicine, Wayne State University, Detroit, MI, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s00417-023-06119-9&domain=pdf


2936 Graefe's Archive for Clinical and Experimental Ophthalmology (2023) 261:2935–2944

1 3

Introduction

The treatment of glaucoma aims to reduce the intraocular pres-
sure (IOP), by decreasing the production of aqueous humor, 
increasing the aqueous outflow or both [1]. Traditional trans-
scleral cyclophotocoagulation targets the melanin in the ciliary 
body, leads to photocoagulative thermal damage and thereby 
reduces aqueous humor production [2]. The infrared Micro-
Pulse® transscleral laser therapy (MP-TLT) (IRIDEX Corp., 
Mountain View, CA) uses repetitive pulses of active diode 
laser 810 nm of 0.5 ms (‘‘On’’ cycles), which is followed by 
rest intervals of 1.1 ms (‘‘Off’’ cycles). These ‘‘on’’ and ‘‘off’’ 
cycles allow energy to escalate in the target tissue during the  
‘‘on’’ cycle and permits the adjacent nonpigmented structures 
to dissipate it during the ‘‘off’’ cycles to reduce collateral dam-
age and adverse effects [3–6]. The mechanisms of action are 
proposed to be 1) reduction of aqueous humor production, 2) 
increase in uveoscleral outflow, and 3) increase in trabecular 
outflow. The decreased photothermal side effects have allowed 
MP-TLT to be used not only in cases of refractory glaucoma 
but also for the treatment of eyes with mild or moderate glau-
coma and good visual potential [6–13].

In patients that have undergone prior glaucoma aque-
ous tube shunt surgery and still have uncontrolled IOP with 
medical therapy, it seems logical to add a procedure that 
can decrease aqueous production and/or enhance outflow 
via other pathways. In this capacity, many clinicians have 
adopted cyclophotocoagulation procedures in patients with 
prior aqueous tube shunt [14, 15]. In this retrospective inter-
ventional case series, our aim is to report outcomes of MP-
TLT in IOP control in patients with advanced glaucoma with 
a history of prior glaucoma aqueous tube shunt surgeries.

Methods

This was a single-center, retrospective, interventional 
case series of patients who were treated at UCLA 
Doheny Eye Institute, Los Angeles, CA, USA. The 

Key messages

What is known:
MP-TLT is effective in the treatment of a variety of glaucoma types and severities.

What is new:

MP-TLT caused IOP reduction between 23.4% and 35.5% with fewer number of medications over a period of
3 years in eyes with advanced glaucoma and prior glaucoma aqueous tube shunt surgeries.

Significant reduction of visual acuity (≥ 2-lines) was observed in 30.3 % and 76.78% patients at 1 and 2 years,
respectively.

institutional review board at UCLA approved the study 
protocol for retrospective data collection. All adult 
patients (age 18 years or older) who underwent MP-
TLT at UCLA Doheny Eye Institute between January 
2016 and December 2019 were included. All subjects 
had prior glaucoma aqueous tube shunt surgeries, and 
only one eye of each person was included in the study. 
In cases where both eyes were eligible, the eye that 
was treated first was included. Eyes with post-opera-
tive follow-up of less than three months and those with 
prior cyclodestructive procedures were excluded from 
the study. Eyes with no light perception visual acuity 
were not included in the study. The following pre-and 
post-operative data were collected from the patients’ 
electronic medical records: age, ethnicity, gender, type 
of glaucoma, IOP (mm Hg), best-corrected visual acu-
ity (BCVA, LogMAR), number and type of glaucoma 
medications, and previous glaucoma tube and filtering 
surgeries (i.e., trabeculectomy, ExPRESS shunt, Xen 
implant, Baerveldt Glaucoma Implant, Ahmed Glau-
coma Valve, or a combination of those). All patients 
were followed up for 36 months unless they were lost 
to follow-up or underwent another surgical glaucoma 
procedure. Post-operative data were collected at day 1, 
week 1, and months 1, 3, 6, 12, 18, 24, 30 and 36.

The indications for MP-TLT were inadequate IOP con-
trol on maximal tolerated medical therapy. Treatments 
were performed by an attending glaucoma surgeon at 
UCLA Doheny Eye Institute in the operating room. To 
carry out the procedure, the Cyclo Glaucoma Laser System 
(IRIDEX Corporation, Mountain View, CA, USA) with 
the MicroPulse P3 probe (version 1) was used. It emits a 
diode laser at a wavelength of 810 nm. The device was set 
to micropulse mode. The laser settings were programmed 
as follows: laser power 2000 to 2500 mW, delivered with 
a duty cycle of 31.3%, equivalent to 0.5 ms of “on time” 
and 1.1 ms of “off time”, for a total duration of 160–200 s 
(80–100 s per hemisphere) and with a sweep speed of 15 s 
per sweep. The laser was performed 360 degrees avoiding 
3 and 9 o’clock to avoid damage to the ciliary arteries and 
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nerves; cystic blebs and areas of thin sclera or conjunctiva 
were avoided. Before the procedure, all patients underwent 
local monitored anesthesia care. During the treatment, the 
probe was applied perpendicularly to the scleral plane, 
and the fiberoptic tip of the probe was positioned 3 mm 
posterior to the limbal margin. The probe was held with 
a firm and steady pressure over the conjunctiva in a con-
tinuous, with slow back-and-forth sliding for 4.5 passes 
(each sweep in one direction took approximately 15–20 s) 
over the superior hemisphere, and was then repeated in 
the inferior hemisphere. Following the treatment, all 
eyes received topical prednisolone acetate 1% two times 
daily and Ketorolac Tromethamine 0.5% two times daily 
for a minimum of 1 week, which then could be tapered 
depending on the grade of inflammation. All preoperative 
IOP-lowering medications were continued initially and 
then adjusted at each follow-up visit according to the IOP 
level and target IOP defined by each surgeon. Decisions 
on retreatment or additional incisional surgery were made 
according to the details of each case and at the clinical 
discretion of the surgeon.

Statistical analyses were performed using SPSS 
version 25 (SPSS Inc., Chicago, IL, USA). A P value 
of < 0.05 was considered statistically significant. The 
Kolmogorov-Smirnov test was used to verify the normal 

distribution of the study outcomes. Appropriate paramet-
ric and nonparametric statistics were used to analyze the 
data. Kaplan–Meier survival plots were based on the time 
from the MP-TLT procedure to the first point at which a 
patient failed to meet the criteria of success. Two differ-
ent criteria were used to define treatment success: (1) IOP 
between 6 and 18 mmHg and a reduction of IOP ≥ 20% 
from baseline; (2) IOP between 6 and 15 mmHg and a 
reduction of IOP ≥ 20% from baseline. An IOP of less 
than 6  mm Hg was considered to be hypotony and  a 
treatment failure. A decrease in visual acuity of 3 or 
more lines by Snellen assessment was also considered a 
treatment failure. The Kaplan–Meier curve was used to 
perform a survival analysis of the success, and the Cox 
proportional-hazard regression analysis was conducted 
to estimate hazard ratios for failure to achieve treatment 
success.

Results

A total of 84 eyes of 84 patients with mean age of 
65.8 ± 15.2 (SD) years were included in the study. Clini-
cal characteristics of the study subjects are demonstrated 
in Table 1. The majority of patients had POAG and had 

Table 1  Demographics and 
clinical characteristics of study 
subjects following MP-TLT 
after failed aqueous tube shunt 
in glaucoma

MP-TLT: Micropulse Transcleral Laser Therapy
uveitic (n = 3), neovascular (n = 2), pigmentary (n = 1), pseudoexfoliation (n = 2), combined (n = 2), Iridoc-
orneal Endothelial Syndrome, ICE (n = 2), Traumatic (n = 1), congenital (3) glaucoma

Variables Values

Number of eyes, n 84
Number of patients, n 84
Age (years), mean ± SD 65.83 ± 15.21
Male:Female, n (%) 49 (58.33): 35 (41.67)
Right eye: Left eye, n (%) 39 (46.43): 45 (53.57)
Lens status, n (%)

  Pseudophakic 67 (79.76)
  Phakic 15 (17.86)
  Aphakia 2 (2.38)

Type of glaucoma, n (%)
  Primary-open angle glaucoma 56 (66.67)
  Chronic-angle closure glaucoma 5 (5.95)
  Low-tension glaucoma 4 (4.76)
  Juvenile open angle glaucoma 3 (3.57)
  Others 16 (19.05)

Procedures before mTS-CPC, n (%)
  One Baerveldt Glaucoma Implant 56 (66.67)
  One Ahmed Glaucoma Valve 9 (10.71)

  ≥ 2 tubes (Baerveldt and/or Ahmed) 7 (8.33)
  ≥ 2 Tube/filtering surgeries 12 (14.29)

Baseline mean deviation (dB), mean ± SD (range) -16.25 ± 6.80 (-29.60, -1.67)
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undergone Baerveldt glaucoma implant prior to MP-TLT. 
Study outcomes at baseline and different follow-up visits 
are reported in Table 2. There was a statistically significant 
difference in BCVA (logMAR) between baseline and all 
follow-up visits after postoperative month 3 (except the last 

follow-up visit) (p < 0.05 for all) (Table 2; Fig. 1). Baseline 
mean IOP was 19.95 ± 5.62 (SD) mm Hg with a mean num-
ber of medications 3.39 ± 1.02 (Table 2). There were statisti-
cally significant differences in IOP between baseline and all 
follow-up visits (p < 0.01 for all) (Table 2; Fig. 2). The mean 

Table 2  Study outcomes at 
baseline and different follow-up 
visits following MP-TLT after 
failed aqueous tube shunt in 
glaucoma

BCVA: best-corrected visual acuity; *p value between baseline and each follow-up visit < 0.01; †p value 
between baseline and each follow-up visit < 0.05
MP-TLT: Micropulse Transcleral Laser Therapy

Variables BCVA (logMAR) IOP (mmHg) No. of Medications

Baseline, mean ± SD (n = 84) 0.82 ± 0.83 19.95 ± 5.62 3.39 ± 1.02
Day 1, mean ± SD (n = 58) 0.77 ± 0.83 14.40 ± 5.74* 3.19 ± 0.98

  % reduction from baseline 25.53 ± 25.72*
Week 1, mean ± SD (n = 71) 0.81 ± 0.80 12.20 ± 5.23* 3.15 ± 1.14†

  % reduction from baseline 35.50 ± 27.49*
Month 1, mean ± SD (n = 77) 0.88 ± 0.82 13.69 ± 5.24* 3.01 ± 1.26†

  % reduction from baseline 28.66 ± 26.49*
Month 3, mean ± SD (n = 81) 0.93 ± 0.93† 14.09 ± 4.39* 3.00 ± 1.23†

  % reduction from baseline 26.95 ± 23.07*
Month 6, mean ± SD (n = 77) 1.00 ± 0.96† 15.00 ± 5.07* 3.12 ± 1.13†

  % reduction from baseline 23.37 ± 23.22*
Month 12, mean ± SD (n = 66) 1.02 ± 1.03† 14.00 ± 4.31* 3.00 ± 1.20†

  % reduction from baseline 25.61 ± 26.18*
Month 18, mean ± SD (n = 60) 1.16 ± 1.08† 13.57 ± 4.34* 3.15 ± 1.25

  % reduction from baseline 27.73 ± 24.31*
Month 24, mean ± SD (n = 56) 1.10 ± 1.07† 13.30 ± 4.88* 3.04 ± 1.19†

  % reduction from baseline 29.96 ± 25.62*
Month 30, mean ± SD (n = 42) 1.09 ± 1.06† 12.07 ± 4.70* 2.79 ± 1.28†

  % reduction from baseline 34.37 ± 28.90*
Month 36, mean ± SD (n = 24) 0.81 ± 0.83 11.75 ± 4.17* 2.63 ± 1.50†

  % reduction from baseline 33.27 ± 26.44*

Fig. 1  Distribution of best-corrected visual acuity (BCVA) at base-
line and different follow-up visits (.+p < 0.05). Error Bars: ± 1 Stand-
ard Error(s)

Fig. 2  Distribution of intraocular pressure (IOP) and number of 
glaucoma medications at baseline and different follow-up visits 
(*p < 0.01). Error Bars: ± 1 Standard Error(s)
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percentage of IOP reduction between baseline and differ-
ent follow-up visits ranged from 23.4% to 35.5% (p < 0.01) 
(Table 2; Fig. 3). There was a statistically significant differ-
ence in number of glaucoma medications between baseline 
and all follow-up visits after postoperative week 1 (p < 0.05 
for all) (Table 2; Fig. 2). In our series, no patient was on oral 
IOP-lowering medications pre- and post-operatively at any 
follow-up visits. The Kaplan–Meier plots in Figs. 4 and 5 
represents the cumulative probability of treatment success 
after MP-TLT based on criteria 1 and 2, respectively. Table 3 
demonstrates cumulative probability of success at different 
time intervals based on criteria 1 and criteria 2. In the Cox 

Fig. 3  Distribution of percentage of intraocular pressure (IOP) reduc-
tion at baseline and different follow-up visits (.*p < 0.01). Error 
Bars: ± 1 Standard Error(s)

Fig. 4  The Kaplan–Meier plots demonstrates the cumulative prob-
ability of treatment success after MicroPulse® transscleral cyclo-
photocoagulation based on criteria 1 (defined as IOP between 6 and 
18 mmHg and a reduction of IOP ≥ 20% from baseline)

Fig. 5  The Kaplan–Meier plots demonstrates the cumulative prob-
ability of treatment success after MicroPulse® transscleral cyclo-
photocoagulation based on criteria 2 (defined as IOP between 6 and 
15 mmHg and a reduction of IOP ≥ 20% from baseline

Table 3  The cumulative  probability* of treatment success after MP-
TLT at different follow-up intervals based on criteria 1 and 2

MP-TLT: Micropulse Transcleral Laser Therapy
Criteria 1: IOP between 6 and 18  mmHg and a reduction of 
IOP ≥ 20% from baseline
Criteria 2: IOP between 6 and 15  mmHg and a reduction of 
IOP ≥ 20% from baseline; * based on Kaplan–Meier

Success rates (%)

Follow-up intervals Criteria 1 Criteria 2

12 months 81 80
24 months 66 64
36 months 44 39

Fig. 6  Correlation between baseline and 1-year visual acuity (r2 0.76; 
p < 0.01)
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proportional-hazard analysis, there was no significant asso-
ciation between failure to achieve treatment success and 
different factors including age, gender, type of glaucoma, 
surgeon, lens status, preoperative visual acuity, baseline IOP, 
baseline number of medications, baseline mean deviation 
and prior surgeries (p > 0.05 for all) (Table 5).

There were no cases with persistent hypotony and related 
complications (flat anterior chamber, corneal decompensa-
tion, choroidal effusion or hemorrhage), prolonged ante-
rior chamber inflammation (defined as 1 + cell or flare 
for ≥ 3 months), persistent macular edema, mydriasis or loss 
of accommodation, phthisis bulbi and sympathetic ophthal-
mia. There were 20 (30.3%) and 43 (76.8%) patients who 
had equal to or more than a two-line reduction of visual 
acuity at 1 and 2 years, respectively. There was a relatively 
strong correlation between visual acuity at 1  (r2 = 0.75; 
p < 0.01) and 2 years  (r2 = 0.66; p < 0.01), and baseline visual 
acuity (Figs. 6 and 7). Although statistically not significant, 
eyes with ≥ 2-line reduction of visual acuity had worse base-
line visual acuity (~ 1 line) and worse baseline MD in the 
bivariate analysis (p > 0.05 for all) (Table 4). There was no 

Fig. 7  Correlation between baseline and 2-year visual acuity (r2 0.66; 
p < 0.01)

Table 4  Bivariate analysis of 
factors that are associated with 
visual acuity reduction of ≥ 2 
lines at one year following 
MP-TLT after aqueous tube 
shunt

IOP: intraocular pressure; SD: standard deviation; BCVA: best-corrected visual acuity
MP-TLT: Micropulse Transcleral Laser Therapy

Variables BCVA reduction ≥ 2 line BCVA reduction < 2 line P value

Baseline BCVA (LogMAR), mean ± SD 0.91 ± 0.66 0.79 ± 0.88 0.58
Lens status, n (%) 0.15

  Pseudophakic 19 48
  Phakic 1 14
  Aphakic 0 2

Baseline IOP (mm Hg), mean ± SD 20.25 ± 6.18 19.86 ± 5.48 0.79
Baseline mean deviation (dB), mean ± SD -18.98 ± 5.93 -15.44 ± 6.89 0.09

Fig. 8  Correlation between baseline IOP and percentage of IOP 
reduction after 1 year (r2 0.28; p < 0.05)

Fig. 9  Correlation between baseline IOP and percentage of IOP 
reduction after 2 years (r2 0.26; p < 0.05)
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statistically significant difference in lens status and baseline 
IOP between eyes with ≥ 2 and those with < 2 line-reduc-
tion in visual acuity (p > 0.05 for all) (Table 4). There was 
a weak correlation between baseline IOP and percentage of 
IOP reduction after 1 (r2 = 0.28; p < 0.05) and 2 (r2 = 0.26; 
p < 0.05) years (Figs. 8 and 9).

Discussion

MicroPulse transscleral laser therapy is a simple proce-
dure that is becoming more widely used to treat a variety 
of glaucoma types and severities. While continuous-wave 
transscleral cyclophotocoagulation has often been reserved 
for eyes with refractory advanced glaucoma and limited 
visual potential, in view of the satisfactory outcomes and 
low complication rates, MP-TLT has been shown to be a 
safe and effective procedure earlier in the treatment of glau-
coma or even as a primary surgical procedure for uncon-
trolled glaucoma in patients with good visual potential. This 
retrospective interventional case series reports the outcome 

of MP-TLT in IOP control in eyes with more advanced glau-
coma and a history of prior tube shunt surgeries.

In our study, there was a significant IOP reduction in all 
follow-up visits with the average percentage of IOP reduc-
tion ranging between 23.4% to 35.5% with a weak correla-
tion between baseline IOP and percentage of IOP reduc-
tion (Figs. 8 and 9). Although some studies found a similar 
percentage of IOP reduction [16], other studies achieved 
higher percentage of IOP reduction (range: 35–50%) 
[12, 13, 17–20]. The average baseline IOP in our study 
(19.95 ± 5.6 mm Hg) was considerably lower compared 
to other studies (~ 30 mm Hg) [17–20]. These differences 
between studies could reflect the significant differences in 
patients’ characteristics. Our study included patients with 
advanced glaucoma who had undergone prior and, in many 
cases, multiple incisional filtration surgeries. There was a 
significant reduction in the requirements for topical IOP-
lowering medications after postoperative week 1 until the 
end of the study. This is similar to the majority of previous 
studies with varying follow-up durations [12, 13, 16–20]. 
In our series, no patient was on oral IOP-lowering medica-
tions. On Kaplan–Meier analysis, the cumulative probability 
of success was 81% and 80% at month 12 based on criteria 
1 and 2, respectively (Table 3; Figs. 4 and 5). The success 
rates decreased to 66% and 64% at month 24 based on cri-
teria 1 and 2 (Table 3; Figs. 4 and 5). On Cox proportional-
hazard analysis, there was not any significant association 
between failure to achieve treatment success based on cri-
teria 1 and several factors including age, gender, type of 
glaucoma, lens status, preoperative visual acuity, baseline 
IOP, baseline MD, prior surgeries and surgeons (Table 5).

The retrospective nature of the study limited our abil-
ity to report about complications. However, there were no 
patients with persistent hypotony and related complica-
tions, prolonged anterior chamber inflammation (defined as 
1 + cell or flare for ≥ 3 months), persistent macular edema, 
mydriasis or loss of accommodation, phthisis bulbi and sym-
pathetic ophthalmia. The major complication in our study 
was a statistically significant decrease in visual acuity after 
month 3 of follow-up (Table 2 and Fig. 1). This may be due 
to the MP-TLT procedure, but there were no cases of chronic 
inflammation or prolonged hypotony and associated choroi-
dal effusions or maculopathy. Certainly, it is also possible 
that the procedure itself can cause a decrease in visual acuity 
via mechanisms currently not recognized.

There were 20 (30.30%) and 43 (76.78%) patients who 
had ≥ 2-line reduction of visual acuity at 1 and 2 years, 
respectively. The observed slight improvement in visual 
acuity from month 30 to 36 could be because eyes with bet-
ter outcomes remained in the study. Only 24 eyes remained 
in the study at the last follow-up visit. This is in contrast 
to the results of most studies in which there has not been 
any statistically significant change in postoperative visual 

Table 5  A Cox proportional-hazards regression analysis of failure 
to achieve treatment success with MP-TLT after aqueous tube shunt 
(based on criteria 1) and different factors

POAG: primary open-angle glaucoma; BCVA: best-corrected visual 
acuity; IOP: intraocular pressure; MP-TLT: Micropulse Transcleral 
Laser Therapy

Variables Hazard 
ratio

95% CI P value

Age 0.99 0.96—1.03 0.60
Gender (Reference: male)

  Female 2.34 0.88—6.22 0.09
Type of glaucoma (Reference POAG)

  Others 2.25 0.82—6.22 0.12
Lens status (Reference: pseudophakia)

  Other 1.38 0.37—5.21 0.63
Preoperative BCVA 2.04 0.80—3.80 0.07
Preoperative IOP 0.97 0.90—1.04 0.40
Preoperative number of medica-

tions
1.02 0.62—1.70 0.93

Preoperative mean deviation 0.96 0.90—1.03 0.30
Procedures before MicroPulse® (Reference: one Bearveldt Glau-

coma Implant
  One Ahmed Glaucoma 

Valve
0.57 0.03—3.69 0.52

  ≥ 2 tubes (Bearveldt and/or 
Ahmed)

0.35 0.25—2.50 0.38

  ≥ 2 Tube/filtering surgeries 0.80 0.20—1.45 0.69
Surgeon (Reference: FB)

  Others 0.54 0.96—1.03 0.22
  AH 5.20 0.88—6.22 0.43
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acuity at different follow-up points [16, 17]. Williams et al. 
reported that 13 out of 82 patients (15.85%) had ≥ 2-line 
reduction in visual acuity during mean follow-up time of 
7.8 ± 4.5 months. They used IRIDEX Cyclo G6 laser with 
settings of 2000 mW of 810 nm infrared diode laser with a 
duty cycle of 31.3% [13]. The laser was delivered in a “stop-
and-go” pattern (i.e., it was held in place for 10 s before 
being moved to the adjacent section of perilimbal conjunc-
tiva) for 120 to 360 s [13]. Lim et al. reported 14 out of 43 
eyes (32.56%) had visual acuity loss more than 2 lines dur-
ing 3 years of follow-up in a series of eyes with advanced 
glaucoma (average mean deviation: − 24.69 ± 5.13 dB; laser 
setting: 2000 mW of 810 nm infrared radiation over 50 to 
180 s) [16].

There was a relatively strong correlation between vis-
ual acuity at 1  (r2 = 0. 75; p < 0.01) and 2 years  (r2 = 0.66; 
p < 0.01), and baseline visual acuity (Figs. 6 and 7). In 
bivariate analysis, there was no statistically significant dif-
ference in baseline visual acuity, lens status, baseline IOP 
and baseline MD between eyes with ≥ 2 and those with < 2 
line-reduction in visual acuity (Table 4). While the duration 
of laser in our series (160–200 s) was similar to other stud-
ies, slightly higher laser energy (up to 2500 mW) compared 
to other studies (~ 2000 mW) was applied [12, 13, 16–21]. 
Our series included only patients with advanced glaucoma 
with prior history of failed incisional/filtering surgeries and 
advanced visual field loss with an average mean deviation 
of worse than -16 dB. While the average baseline IOP in our 
series (19.95 ± 5.6 mm Hg) was considerably lower than other 
studies (~ 30 mm Hg), our patients needed additional inter-
ventions because of uncontrolled IOP or progression. There-
fore, our series likely included more eyes with more advanced 
glaucoma. Thus, the decrease in visual acuity in our study 
could be secondary to the course of the disease rather than 
being induced by the procedure. Alternatively, the observed 
decrease in visual acuity could be due to IOP-unrelated dis-
ease progression, or factors not related to glaucoma such as 
corneal edema or media opacity, ocular surface disease or 
concomitant retinal disease. These conditions are more com-
monly seen in individuals with advanced glaucoma.

To our knowledge, there is still no universal agreement on 
laser settings especially for different stages of glaucoma and 
visual potential. There are some reports that even lower laser 
settings could achieve similar IOP reduction and success 
rates. Vig et al. [12] found relatively similar IOP reduction 
and success rate with lower laser settings (power 2000 mW 
and duration 90 s) compared to studies with higher laser set-
tings (power 2000 mW and duration 100–360) [8, 10, 11]. 
It is important to note that our study was performed with 
the version 1 probe, and the laser setting may differ from 
standard practices for the version 2 probe [22].

Several mechanisms have been proposed through which 
MP-TLT can reduce IOP: 1) Decreased Aqueous Humor 

Production: The 810 nm-wavelength diode laser is absorbed 
by the pigmented epithelium of the ciliary body. While the 
“on” cycle helps to achieve the coagulation threshold of 
the pigmented ciliary epithelium the “off” cycle reduces 
the accumulation of heat and allows thermal dissipation 
in the nearby cells, which results in less disruption of the 
non-pigmented epithelium and the ciliary stroma [23]. This 
limited temperature rise secondary to laser application dena-
tures proteins faster than the natural biological cell repair 
mechanism, which leads to reduction of aqueous humor 
production without any macroscopic tissue change. There 
has been no major alteration in the ciliary body or anterior 
segment anatomy on anterior segment OCT and ultrasound 
biomicroscopy [24, 25]. No significant damage to the ciliary 
body (epithelium destruction, separation of the pigmented 
ciliary epithelium from the stroma and stromal coagula-
tion) has been noticed with MP-TLT, which suggests that 
the IOP-lowering mechanism may be due to factors other 
than that of decreased aqueous production [25]. 2) Increased 
Uveoscleral Outflow: There is shortage of evidence on the 
direct effect of MP-TLT on uveoscleral outflow. However, 
this effect was directly observed with continuous-wave trans-
scleral cyclophotocoagulation, both with the assistance of 
tracer-particle perfusion and histologically [26, 27]. In addi-
tion, an increase in uveoscleral outflow has been suggested 
indirectly through the observation of an increase in choroi-
dal thickness observed in patients treated successfully with 
MP-TLT. 3) [28] Increased Trabecular Meshwork Outflow: 
This may occur through the action of the laser on the lon-
gitudinal fibers of the ciliary body and, to a lesser extent, 
scleral fibers. This results in contraction and displacement 
of the scleral spur, which leads to a change in the configura-
tion of the trabecular meshwork and increasing the outflow 
through this pathway. This mechanism is similar to the effect 
of pilocarpine in decreasing IOP and is energy-dependent. 
This means that there is less recovery of the contracted cili-
ary muscle when higher energy is applied, which results in 
a more sustained pilocarpine-like effect [3, 29].

One histologic study in equine eyes has shown that MP-
TLT does not cause immediate post-procedure adverse clini-
cal effects or pronounced morphological changes to the cili-
ary body, except with the highest laser settings evaluated 
(power 3000 mW, duration 270 s, duty cycle 50%) [30]. In 
this setting, ocular tissues had less “cooling off” time as 
the duty cycle was set to 50% (instead of 31.3%), mean-
ing the “on” and “off” time were equal. In their series, all 
treatment eyes showed certain histologic changes that were 
not noted in the negative controls, indicating a degree of 
microscopic tissue alterations and an effect on the ciliary 
body tissue [31]. However, these effects were inconsistent 
within and between eyes and not noted in all sections despite 
the constant sweeping technique of the Mi laser probe. This 
variation may be due to individual anatomical differences 
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or “user error,” that is, inappropriate probe placement or 
inconsistent pressure against the sclera. They found that in 
order to cause consistent and pronounced tissue destruction 
the laser settings need to be maximized to 3000 mW, 270 s, 
duty cycle 50%. It is unknown; however, if significant tissue 
damage is required for the IOP-lowering effects of MP-TLT, 
versus subtle microscopic and ultrastructural changes [30].

The limitations of this study included its retrospective design 
and unavailable data for some eyes during some follow-up vis-
its. In conclusion, MP-TLT resulted in significant IOP reduction 
and a decrease in the number of IOP-lowering medications in 
patients with advanced glaucoma and prior glaucoma aqueous 
tube shunt. It appears to be a viable treatment alternative to 
repeat higher risk filtration surgery in this group of patients. 
The most important complication in our series was a moderate 
decrease of visual acuity. This needs to be further investigated 
in comparative studies with control groups that include other 
treatment modalities. At this time, there is no universal or stand-
ardized protocol for this procedure, although recommendations 
have been published from an expert consensus panel, and the 
settings and technique may vary based on surgeon preference 
and experience [31]. The settings may need to be modified for 
different stages of glaucoma and visual potential.
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