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Abstract
Purpose  To assess the safety and effectiveness of augmented MicroPulse (MP-TSCPC) with limited Continuous Wave 
Transscleral Cyclophotocoagulation (CW-TSCPC) in patients with refractory glaucoma.
Methods  Thirty-eight eyes of 38 patients underwent combined MP-TSCPC and CW-TSCPC at Massachusetts Eye and Ear. 
Kaplan–Meier survival curves and Wilcoxon paired sign rank tests were performed to evaluate intraocular pressure (IOP), 
glaucoma medication burden, best corrected visual acuity (BCVA), and adverse events.
Results  With success defined as IOP reduction ≥ 30% and IOP between 5 and 18 mmHg, the cumulative probability of success 
at 1 year and 1.5 years were 0.81 (95% confidence interval (CI), 0.68–0.96) and 0.65 (95% CI, 0.50–0.86), respectively. With 
success defined as IOP reduction ≥ 50% and IOP between 5 and 18 mmHg, the success probability at 1 year and 1.5 years 
were 0.72 (95% CI, 0.57–0.89) and 0.56 (95% CI, 0.40–0.78), respectively. IOP and medication burden reductions were sig-
nificant at all follow-up visits compared to baseline. Average IOP decreased from 27.9 mmHg at baseline to 11.4 mmHg at 
1 year (p < 0.001) and 10.0 mmHg at 1.5 years (p < 0.001). Average medication burden decreased from 3.8 to 1.7 at 1.5 years 
(p = 0.001). No significant differences in visual acuity were observed at any time point. No long-term sight-threatening com-
plications due to the combined procedure were observed, and most of the complications observed were mild and transient.
Conclusion  In patients with refractory glaucoma, the combination of augmented MP-TSCPC with limited CW-TSCPC provides 
a significant IOP-lowering effect and decrease in medication burden without increased risk of postoperative complications.
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Introduction

Transscleral cyclophotocoagulation (TSCPC) is used to 
lower intraocular pressure (IOP) in patients with advanced 
glaucoma, often as an alternative therapy to more inva-
sive surgical procedures such as trabeculectomies and 
glaucoma drainage devices. Currently, two main methods 
of TSCPC are commonly used: Continuous Wave Trans-
scleral Cyclophotocoagulation (CW-TSCPC) and Micro-
Pulse Transscleral Cyclophotocoagulation (MP-TSCPC). 
In CW-TSCPC, destructive laser energy is delivered 
continuously to the ciliary body in an attempt to reduce 
aqueous humor production, while MP-TSCPC utilizes 
repetitive pulses of energy separated by periods of rest 
to achieve more targeted treatment of pigmented tissue 
in the ciliary processes and minimize collateral damage 
to neighboring tissues [1]. While both of these cyclopho-
tocoagulation procedures represent a relatively targeted 
approach for reducing IOP, dissipated laser energy during 
administration may cause damage to surrounding tissues 
[1]. The extent of this dissipation may potentially underlie 
differences in postoperative complications that have been 
observed between these two procedures [1].

CW-TSCPC is known for its efficacy in reducing IOP 
and medication burden, which may depend on the mag-
nitude of the preoperative IOP [2–7]. However, a signifi-
cant risk of postoperative complications such as prolonged 
inflammation, vision loss, and phthisis bulbi has been 
reported along with a frequent need for retreatment [3, 
8]. For instance, Egbert et al. noted vision loss in 23% 
(18/70) of patients who received CW-TSCPC [3]. Stud-
ies of MP-TSCPC have demonstrated fewer postoperative 
complications than CW-TSCPC and a need for multiple 
treatments over time [8, 9]. Given that MP-TSCPC was 
introduced more recently, the optimal MP-TSCPC settings 

Key Messages:

We are the first to describe a glaucoma procedure that combines augmented MicroPulse 

transscleral cyclophotocoagulation with a limited application of continuous-wave transscleral

photocoagulation in patients with refractory glaucoma.

This combined procedure likely results in sustained and significant reductions in IOP and 

medication burden. 

A favorable efficacy profile was achieved without compromising safety. Patients who 

underwent the combined procedure demonstrated preserved visual acuity without any 

long-term sight-threatening complications.

to maximize outcomes have yet to be determined. Prior 
studies have suggested a possible dose-dependent rela-
tionship between power, number of treatments, and the 
IOP-reducing effect, which may be leveraged to optimize 
an IOP-reducing efficacy similar to CW-TSCPC [10, 11].

Although MP-TSCPC and CW-TSCPC have been 
investigated independently, there is currently no liter-
ature on the outcomes of these procedures performed 
in combination. If used in combination, the safety 
profile of MP-TSCPC could potentially be combined 
with the IOP-lowering efficacy of CW-TSCPC to pro-
vide better outcomes for glaucoma patients. Namely, 
a higher power used in MP-TSCPC combined with a 
limited application of CW-TSCPC may maximize IOP 
reduction without increasing the risk for adverse out-
comes. In this retrospective case series, we describe 
our experiences with the safety and effectiveness 
of a combined approach using MP-TSCPC together 
with limited CW-TSCPC in patients with advanced 
glaucoma.

Methods

Study design

Following approval by the Massachusetts General Brigham 
Institutional Review Board, a retrospective review of medi-
cal records was conducted to identify patients who under-
went simultaneous MP-TSCPC and CW-TSCPC at the Mas-
sachusetts Eye and Ear. These procedures were performed by 
a single provider between April 2018 and November 2019 
after patients were appropriately consented for the inter-
vention. Data collection methods abided by the Declaration 
of Helsinki and the Health Portability and Accountability 
Act. As this was a retrospective study of medical records, 
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informed consent was not required. Medical records of 
patients under a single provider were identified using finan-
cial claims data (Current Procedural Terminology codes 
66,710, 66,711), and all identified records were reviewed. 
Inclusion criteria for glaucoma patients in this chart review 
were as follows: (1) concurrent MP-TSCPC and CW-TSCPC 
were performed on the same eye in the same day; (2) preop-
erative IOP > 20 mmHg OR ≥ 3 glaucoma medications were 
needed preoperatively; and (3) failed prior IOP-lowering 
glaucoma procedure OR documented medication side effect 
OR suboptimal visual acuity unlikely to improve. Patients 
were excluded if the affected eye had mild glaucoma or if 
best-corrected visual acuity (BCVA) was better than 20/30. 
No exclusions were made based on the type of glaucoma.

Preoperative data collected included patient age, gender, 
glaucoma diagnosis and stage, previous ocular surgeries, 
IOP, number of glaucoma medications, and visual acuity 
(VA). Glaucoma stages were defined using optical coher-
ence tomography (OCT) and Humphrey visual field (HVF) 
findings as previously described by Fellman et al. [12]. A 
diagnosis of moderate glaucoma was conferred in eyes with 
(1) optic nerve abnormalities consistent with glaucoma (e.g., 
circumpapillary retinal nerve fiber layer thinning on OCT) 
and (2) glaucomatous visual field abnormalities in a single 
hemifield and not within 5 degrees of fixation [12]. Severe 
glaucoma was defined by (1) optic nerve abnormalities 
consistent with glaucoma and (2) glaucomatous visual field 
abnormalities in both hemifields and within 5 degrees of 
fixation in at least one hemifield [12]. Patients were staged as 
indeterminate if their visual field data was unreliable or una-
vailable (e.g., no light perception, count fingers vision) [12].

IOP was measured by the same glaucoma specialist every 
time using Goldmann applanation tonometry. Preoperative 
IOP and number of medications were calculated as an aver-
age of the values from the two consecutive visits prior to 
the procedure. Intraoperative data collected included laser 
settings such as power, duration, and sites treated, as well 
as any intraoperative complications. Data was collected 
from follow-up visits at 1 day (POD1), 2 weeks (POW2), 
6 weeks (POW6), 3 months (POM3), 6 months (POM6), 
1 year (POY1), and 1.5 years (POY1.5) using standard 
follow-up time windows outlined in the World Glaucoma 
Association consensus document for reporting glaucoma 
surgical trials [13]. Postoperative data included IOP, num-
ber of glaucoma medications, VA, duration of follow-up, 
subsequent IOP-lowering procedures, and the presence of 
postoperative complications such as inflammation or fibrin 
in the anterior chamber (AC), hypotony, or cystoid macular 
edema (CME). Data collection was stopped on the date of 
the second glaucoma procedure for patients who received 
a second glaucoma procedure, thus limiting the follow-up 
length of these patients to the date of the second procedure.

Surgical procedure

MP-TSCPC was performed with IRIDEX’s Generation 1 
MicroPulse P3 glaucoma device (MP3) and CW-TSCPC 
with IRIDEX’s G-Probe device (IRIDEX Corp., Moun-
tain View, CA). The IRIDEX G6 810-nm laser (IRIDEX, 
CYCLO G6; Glaucoma Laser System, Mountain View, CA) 
was used with both devices. All procedures were performed 
by the same glaucoma specialist. Informed consent was 
obtained from all patients for the combined MP-TSCPC and 
CW-TSCPC procedure.

A retrobulbar block was administered by anesthesia with 
5 mL of 1% preservative-free lidocaine and 0.375% pre-
servative-free bupivacaine, along with monitored anesthe-
sia care. The MP3 probe was applied perpendicularly 2 mm 
from the limbus on the adjacent sclera. Treatment settings 
for MP-TSCPC were 2000–2400 mW at 31.3% duty power 
applied to the superior and inferior hemispheres for 180 s 
each. Ninety seconds of a sweeping technique were followed 
by 90 s of a stop-and-continue technique. The sweeping 
technique consisted of a slow, continuous sliding motion in 
an arc along the limbus, avoiding the 3 and 9 o’clock posi-
tions. The exact number of sweeps was not recorded. The 
stop-and-continue technique was performed by dividing each 
hemisphere along the limbus into 9 equal sections and apply-
ing a 10 s burn to each section. Augmented MP-TSCPC was 
performed as previously described by Nirappel et al. [11].

Following augmented MP-TSCPC, a limited procedure 
with CW-TSCPC was performed with the G-probe. The 
G-probe was placed perpendicular to the curve of the limbus 
on the adjacent sclera. Treatment settings were 950–2300 
mW of power for 3–4 s per burn for approximately 3–5 burns 
per hemisphere depending on the amount of IOP reduction 
needed and the area of viable conjunctiva. The power was 
started at 950 mW and up-titrated in 200 mW increments to 
a maximum of 2300 mW or until one or two “pops” were 
audible. If “pops” were heard, the power was titrated down. 
The 3 and 9 o’clock positions were again avoided to mini-
mize risk of damage to the long posterior vessels and nerves. 
Copious balanced saline solution was used as the coupling 
agent for both procedures.

Immediately after the procedure, all patients received a 
subconjunctival injection of 1–2 mL of 0.5 mg dexametha-
sone with antibiotics. Maxitrol ointment was placed on the 
eye before it was patched and shielded. Uveitic patients 
received 1 g intravenous methylprednisolone immediately 
postoperatively. Otherwise, on POD1, patients were started 
on topical prednisolone acetate 1% and/or ketorolac 0.5%. 
Difluprednate 0.05% or fluorometholone 0.1%/loteprednol 
0.5% was substituted as necessary depending on the amount 
of inflammation present. Drops were typically used 4 times 
daily for the first week and tapered by 1 drop daily for each 
subsequent week. Individual tapering plans were modified 
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at the surgeon’s discretion based on the patient’s degree of 
inflammation at the follow-up visits.

Outcome measures

Primary outcome measures were the average reduction in 
IOP, number of glaucoma medications, and Kaplan–Meier 
(KM) success probabilities at each postoperative follow-up 
visit. For survival analysis, success was defined as an IOP 
between 5 and 18 mmHg with either a ≥ 30% or ≥ 50% IOP 
reduction from baseline regardless of glaucoma medication 
use. Treatment failure was defined as an inability to meet 
the specified success criteria on two consecutive follow-up 
visits, with the latter of the two dates as the failure date. This 
was done to avoid confounding from temporary intraocular 
pressure fluctuations. Patients were included in our survival 
analyses if they had a minimum of 3 months of follow-up 
without failing to achieve our success criteria in order to 
avoid failures resulting from short-term postoperative IOP 
fluctuations. Patients who required an additional glaucoma 
procedure after the initial procedure or developed no light 
perception vision were considered failures for survival anal-
ysis, and their data was censored for additional analyses. 
Secondary outcome measures included visual acuity and 
complication rates.

Statistical analysis

Statistical analysis was performed using R (version 3.6.2) 
and GraphPad Prism (version 8.3.1, San Diego, CA). 
Kaplan–Meier survival curves were generated to represent 
survival rates based on predefined criteria for success. A 
multivariate, fully adjusted Cox PH regression model was 
fit to adjust for and obtain hazard ratios for baseline charac-
teristics. For preoperative and postoperative comparisons, 
the Wilcoxon paired signed rank test was used for data 
following a non-normal distribution (IOP, number of medi-
cations, VA) and paired t-tests for data following a normal 
distribution at postoperative day 1 (POD1), postoperative 
week 2 (POW2), postoperative week 6 (POW6), postop-
erative month 3 (POM3), postoperative month 6 (POM6), 
postoperative year 1 (POY1), and postoperative year 1.5 
(POY1.5). For VA analysis, Snellen visual acuities meas-
ured in clinic were converted to logarithm of minimum 
angle of resolution (LogMAR) equivalents. Count fingers 
(CF) vision was represented by 2 on the logMAR scale 
(20/2000), and hand motion (HM) vision was represented 
by 3 (20/20000). Patients with light perception and no light 
perception vision were not converted to logMAR equiva-
lents and excluded from mean calculations and paired 
t-testing. Statistical significance was defined as p < 0.05. 
Overall, statistical analysis was conducted as previously 
described by Chang et al. [14].

Results

Demographics and preoperative data

Data were obtained from 38 eyes of 38 patients who received 
both MP-TSCPC and CW-TSCPC in a single session. Sam-
ple sizes for follow-ups were smaller than the original cohort 
due to loss-to-follow-up or rescheduling of visits to future 
dates that did not fit our timeline. The average follow-up 
period was 16.3 ± 9.6 months with a range of 3–34.3 months. 
Demographic and baseline characteristics are summarized 
in Table 1.

Surgical data

A summary of TSCPC laser settings is listed in Table 2. 
For MP-TSCPC, the average power was 2189.5 ± 100.8 
mW for 180 s per hemisphere. For CW-TSCPC, an average 
of 8.1 ± 3.6 spots were applied to the limbus at power set-
tings of 1807.9 ± 311.8 mW for 3–4 s per spot. Two patients 
were treated in a single hemisphere with only 3 spots for 
CW-TSCPC. For these two patients, one patient had a mela-
noma in the untreated hemisphere, and the other had thin 
conjunctiva secondary to prior trabeculectomy and Ahmed 
glaucoma implant surgery.

Three patients underwent additional glaucoma surgery, 
and two patients received additional cyclophotocoagula-
tion after the combined procedure. These patients were all 
censored from analyses after those events. Two patients 
achieved successful IOP reduction after the combined pro-
cedure but underwent glaucoma valve revision at POM5 and 
POM13 due to tube migration.

Effectiveness

Kaplan–Meier survival curves based on our criteria for suc-
cess are depicted in Fig. 1 and Fig. 2. Survival probabilities 
at follow-up time points of interest are listed in Table 3. 
With success defined as IOP between 5 and 18 mmHg 
and ≥ 30% IOP reduction, cumulative probability of success 
was 0.81 (95% CI, 0.68–0.96) at 1 year and 0.65 (95% CI, 
0.50–0.86) at 1.5 years postoperatively; when success was 
defined as an IOP reduction ≥ 50% with IOP between 5 and 
18 mmHg, cumulative probability of success was 0.72 (95% 
CI, 0.57–0.89) at 1 year and 0.56 (95% CI, 0.40–0.78) at 
1.5 years postoperatively.

With success defined as ≥ 50% IOP reduction, the haz-
ard ratio derived from multivariate Cox proportional hazard 
regression analyses for preoperative IOP was statistically 
significant at 0.85 (95% CI 0.77–0.95, p = 0.003), represent-
ing a 15% decrease in the hazard of failure. With success 
defined as ≥ 30% IOP reduction, the hazard ratio derived 
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from Cox proportional hazard regression analyses for pre-
operative IOP was also statistically significant at 0.86 (95% 
CI 0.76–0.97, p = 0.01), representing a 14% decrease in the 
hazard of failure. Hazard ratios for age, race, sex, family his-
tory, glaucoma stage, preoperative medication burden, and 
postoperative steroid or NSAID use for both success criteria 
were not statistically significant.

Postoperative IOP was significantly lower than pre-
operative IOP at all follow-up time points (Table  4). 
The average baseline IOP was 27.9 ± 8.2 mmHg with 
an average of 3.8 ± 1.2 medications. At postoperative 
month 3, IOP was reduced from baseline by an aver-
age of 14.8 ± 10.0 mmHg. Moreover, this IOP reduction 

persisted over time, with study participants demonstrat-
ing an average IOP reduction of 15.1 ± 8.9 mmHg and 
17.2 ± 8.6 mmHg at POY1 and POY1.5 from baseline, 
respectively (p < 0.001).

Postoperative glaucoma medication burden was also sig-
nificantly lower than preoperative medication burden at all 
follow-up time points (Table 4). At POY1.5, the mean num-
ber of IOP lowering medications was 1.7 ± 1.4 (compared 
to 3.8 ± 1.2 preoperatively; p = 0.001). Figure 3 illustrates 
the mean number of IOP lowering medications used by the 
study cohort at each follow-up visit.

With respect to LogMAR visual acuity, there were no 
statistically significant differences from baseline VA at any 

Table 1   Demographic and 
ocular data

N number of eyes, IOP intraocular pressure, SLT selective laser trabeculoplasty, LPI laser peripheral iri-
dotomy, MPCPC micropulse cyclophotocoagulation, CPC cyclophotocoagulation, PEcK phacoemulsifica-
tion and endoscopic cyclophotocoagulation with Kahook Dual Blade, PPV pars plana vitrectomy, DSEK 
Descemet stripping endothelial keratoplasty, HVF Humphrey Visual Field
a Mixed mechanism glaucoma includes a combination of primary open angle, chronic angle closure, steroid 
response, pseudoexfoliative, traumatic, uveitic, and neovascular glaucoma as well as glaucoma secondary 
to an iris melanoma or corneal transplantation
b iStent Trabecular Micro-Bypass Stent (Models GTS100R and GTS100L, Glaukos Corporation, San Clem-
ente, California) and iStent inject® Trabecular Micro-Bypass System (Model G2-M-IS, Glaukos Corpora-
tion, San Clemente, California)
* Unreliable visual fields and patients unable to complete visual field testing due to poor vision (light per-
ception, hand motion) are not represented

Parameters Parameters

Demographics Preoperative baseline
  Eyes, N 38 IOP (mm Hg)
  Female sex, N (%) 15 (39.5)    Mean ± SD 27.9 ± 8.2
  Age (Year) Range  11–47
    Mean ± SD 69.2 ± 17.3 Visual acuity
    Range 30–97    Range LP – 20/30

# of glaucoma medications
Glaucoma stage, N (%) Mean ± SD  3.8 ± 1.2

  Moderate 5 (13.2) Mean HVF deviation
  Severe 31 (81.6)    Mean ± SD*  − 20.5 ± 8.5
  Indeterminate 2 (5.3)    Range*  − 30.9–0.12

Prior glaucoma laser, N (%)
Glaucoma type, N (%) None  12 (31.6)

  Mixed mechanisma 19 (50.0)    SLT 7 (18.4)
  Primary open angle 9 (23.7)    LPI 4 (10.5)
  Neovascular 4 (10.5)    MPCPC/CPC 14 (36.8)
  Pseudoexfoliation 2 (5.3) Prior glaucoma surgery, N (%)
  Juvenile open angle 2 (5.3)    None 1 (2.6)
  Uveitic 1 (2.6)    Trabeculectomy 4 (10.5)
  Chronic angle closure 1 (2.6)    Tube shunt 14 (36.8)

   PEcK, iStentb 3 (7.9)
   Other (PPV, DSEK, Phaco) 16 (42.1)

Lens status, N (%)
   Phakic 5 (13.2)
   Pseudophakic 30 (78.9)
   Aphakic 3 (7.9)
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of the postoperative time points (Table 4), demonstrating 
preservation of visual acuity across study participants for 
the duration of follow-up.

Safety

Postoperative complication rates are listed in Table  5. 
Hyphema and evidence of fibrin noted shortly after the proce-
dure resolved in all patients by POW2. Seven patients (20%) 
developed hypotony by POW2 that subsequently resolved by 
POW6 in 6 patients and at POM6 in 1 patient. Two patients 
experienced transient hypotony at POM6 that resolved by the 
next follow-up and one patient developed hypotony at POM16 
(this patient developed NLP vision due to a choroidal mela-
noma). Importantly, there was no evidence of choroidal effu-
sion, hypotony maculopathy, or phthisis bulbi in any of these 
patients throughout the postoperative period. One patient with 
a malignant iris melanoma developed a small hyphema at 
POW9 that persisted until POM9. By POM3, anterior chamber 

Table 2   TSCPC laser settings

MP-TSCPC MicroPulse Transscleral Cyclophotocoagulation, CW-
TSCPC continuous wave transscleral cyclophotocoagulation, SD 
standard deviation, mW milliwatts, s seconds

Parameters

MP-TSCPC
  Power (mW, mean (SD)) 2189.5 (100.8)
  Duration of treatment per hemisphere (s, mean 

(SD))
180 (0)

CW-TSCPC
  Power (mW, mean (SD)) 1807.9 (311.8)
  Median number of treatment spots 7.5
  Mean number of treatment spots (SD) 8.1 (3.6)
  Range of number of treatment spots 3–12
  Range of spot duration per hemisphere (s) 3–4

Fig. 1   Kaplan–Meier survival 
curve of combined MicroPulse 
Transscleral Photocoagulation 
(MP-TSCPC) and Continuous 
Wave Transscleral Cyclopho-
tocoagulation (CW-TSCPC), 
where failure was defined 
by an intraocular pressure 
(IOP) < 6 mmHg or > 18 mmHg 
or a < 30% decrease from base-
line on at least two consecutive 
follow-up visits after 3 months 
or need for additional surgery to 
control IOP

Fig. 2   Kaplan–Meier survival 
curve of combined MicroPulse 
Transscleral Photocoagulation 
(MP-TSCPC) and Continuous 
Wave Transscleral Cyclopho-
tocoagulation (CW-TSCPC), 
where failure was defined 
by an intraocular pressure 
(IOP) < 6 mmHg or > 18 mmHg 
or a < 50% decrease from base-
line on at least two consecutive 
follow-up visits after 3 months 
or need for additional surgery to 
control IOP
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inflammation was present in only one patient (4.0%), which 
subsequently resolved by POY1. Two patients developed new 
anterior chamber inflammation several months after the com-
bined procedure at POM9 and POY1 in the setting of repeat 
procedures. One patient was followed by our retina service for 
CME prior to the procedure, and the CME persisted through-
out POY1.5. Another patient developed CME at 3 months, 
which persisted and was observed at POY1 but did not affect 
baseline visual acuity. The same patient required tube revision 
at 13 months due to tube-corneal touch.

Discussion

In this study, we examined the clinical outcomes of a proce-
dure that augments MP-TSCPC with limited CW-TSCPC in 
patients with refractory glaucoma. Results from this study 
suggest that the combined procedure is effective in lowering 
IOP and medication burden without compromising safety. 
Our data demonstrated a significant IOP reduction from 
baseline sustained through POY1.5 in a majority of cases, 
along with a significant reduction in medication burden over 
this period. Visual acuity was unchanged from baseline at 
all postoperative visits, suggestive of no long-term visual 
deficits from this procedure.

Despite the elevated risk of postoperative complications 
widely reported in CW-TSCPC compared to MP-TSCPC, 
complication rates in our study were lower than or compa-
rable to previously reported complication rates following 
CW-TSCPC. In a review of 7 studies of CW-TSCPC, Souissi 
et al. reports chronic uveitis in 10.9% of patients [15]. In our 
study, AC inflammation following the combined procedure 
resolved in almost all cases during the early postoperative 
period, and transient AC inflammation in 3 other patients 
was either attributable to the additional glaucoma proce-
dures they received or resolved spontaneously. Our rate of 

Table 3   Life table

IOP intraocular pressure, SE standard error, N number of eyes

IOP reduction ≥ 30% and 
5 < IOP ≤ 18 mm Hg

IOP reduction ≥ 50% and 
5 < IOP ≤ 18 mm Hg

Cumulative success 
(%) ± SE (95% confidence 
interval)

Cumulative success 
(%) ± SE (95% confidence 
interval)

3 months 100.0 ± 100.0 (100.0, 100.0) 100.0 ± 100.0 (100.0, 100.0)
  N 34 34

6 months 91.1 ± 4.9 (81.9, 100.0) 88.1 ± 5.6 (77.9, 99.8)
  N 32 32

1 year 80.8 ± 7.1 (68.0, 96.0) 71.6 ± 8.1 (57.3, 89.4)
  N 24 23

1.5 years 65.2 ± 9.1 (49.7, 85.6) 55.7 ± 9.4 (39.9, 77.6)
  N 18 15

Table 4   Postoperative outcomes data

a Patients with LP or NLP at these time points were excluded in mean 
and p value calculations due to a lack of a validated LogMAR equiva-
lent
*Indicates significant p value < 0.05

IOP (mm Hg) Medications Visual acuity 
(LogMAR)a

Preoperative (n = 38)
  Mean (SD) 27.9 (8.2) 3.8 (1.2) 1.65 (1.08)
  Median 25.5 4.0 1.30

1 day (n = 37)
  Mean (SD) 15.7 (5.3) 0.5 (1.3) 1.65 (1.01)
  Decrease from 

baseline
12.0 (8.1) 3.4 (1.6)  − 0.10 (0.54)

  Median 16.0 0 1.30
  p value  < 0.001*  < 0.001* 0.360

2 weeks (n = 35)
  Mean (SD) 9.0 (4.4) 2.3 (1.6) 1.58 (0.91)
  Decrease from 

baseline
18.3 (8.7) 1.6 (1.5) 0.01 (0.67)

  Median 8.0 2.0 1.30
  p value  < 0.001*  < 0.001* 0.976

6 weeks (n = 30)
  Mean (SD) 10.3 (4.3) 2.2 (1.7) 1.56 (0.96)
  Decrease from 

baseline
17.6 (10.1) 1.9 (1.6) 0.12 (0.49)

  Median 10.5 2.3 1.29
  p value  < 0.001*  < 0.001* 0.184

3 months (n = 26)
  Mean (SD) 12.6 (7.2) 1.9 (1.5) 1.69 (0.98)
  Decrease from 

baseline
14.8 (10.0) 2.1 (1.6)  − 0.12 (0.46)

  Median 10.5 2.0 1.48
  p value  < 0.001*  < 0.001* 0.209

6 months (n = 30)
  Mean (SD) 11.3 (4.1) 1.9 (1.5) 1.44 (0.97)
  Decrease from 

baseline
16.5 (9.9) 2.0 (1.6) 0.10 (0.45)

  Median 11.8 2.0 1.25
  p value  < 0.001*  < 0.001* 0.962

1 year (n = 23)
  Mean (SD) 11.4 (5.0) 2.1 (1.6) 1.48 (1.97)
  Decrease from 

baseline
15.1 (8.9) 1.9 (1.8)  − 0.10 (0.54)

  Median 11.0 2.0 1.18
  p value  < 0.001*  < 0.001* 0.313

1.5 years (n = 19)
  Mean (SD) 10.0 (3.5) 1.7 (1.4) 1.45 (1.01)
  Decrease from 

baseline
17.2 (8.6) 2.3 (2.0) 0.11 (0.58)

  Median 10.0 2.0 1.18
  p value  < 0.001* 0.001* 0.721
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hypotony was lower than that reported in many studies of 
CW-TSPC, with rates ranging from 1.1 to as high as 39% in 
treated eyes [8, 16–19].

Singh et al., Chen et al., and Yildirim et al. report rates 
of hyphema in 1.1%, 12.0%, and 15.0% of patients follow-
ing CW-TSCPC [20–22]. In our study, 7.9% of patients 
developed hyphema in the early postoperative follow-up 
period that spontaneously resolved in all but one patient 
with a concurrent diagnosis of malignant iris melanoma. It 
is difficult to conclude whether the onset of hyphema in this 
patient was related to the procedure itself or worsening ocu-
lar malignancy, though its incidence at POM3 is potentially 
suggestive of the latter. Additionally, CME rates of 2–12% 
for CW-TSCPC have been reported previously in the litera-
ture [7, 15, 23]. Given that 1 patient had CME prior to our 
operation, our incidence of CME in a single patient is on the 
lower end of these rates.

Considering that traditional CW-TSCPC is performed 
with a much higher number of burns than in our proce-
dure (i.e., 20–28 burns vs. 5–12 burns), the lower risk of 
adverse outcomes in our study may be attributed to the 
lower total continuous laser energy delivered and burn area 
[8]. Furthermore, a review of MP-TSCPC studies reveals 
that augmenting MP-TSCPC with limited application of 
CW-TSCPC leads to a similar safety profile as perform-
ing MP-TSCPC alone. Emanuel et al., Nirappel et al., and 

Kuchar et al. report rates of hypotony following MP-TSCPC 
in 7.1%, 11.8%, and 26.3% of eyes [11, 24, 25]. Studies of 
MP-TSCPC have noted anterior chamber inflammation in 
up to 48.8% of eyes [24]. As mentioned earlier, we did note 
the incidence of CME in one patient which was not reported 
in the above studies of MP-TSCPC. However, this did not 
compromise vision. Thus, our results suggest that augment-
ing MP-TSCPC with limited CW-TSCPC is possibly safer 
than CW-TSCPC alone and may more closely approximate 
the safety profile of MP-TSCPC.

Additionally, our Kaplan–Meier analysis demonstrated a 
high cumulative success rate of 80.8% at POY1 given our 
success criteria of IOP reduction ≥ 30%, which was more 
strict than the 20% IOP reduction criteria used by many 
other papers [26]. When an even stricter criteria of 50% IOP 
reduction was applied to our data, the cumulative success 
rate was 71.6% at POY1, higher than the 59.6% success rate 
at POY1 achieved by Garcia et al. using only MP-TSCPC 
and a less restrictive IOP reduction criteria of 20% [26]. It 
has been well-documented that the IOP-lowering effect of 
MP-TSCPC appears to wane over time [1]. For example, 
while Zarrour et al. reported that 86.7% of patients undergo-
ing MP-TSCPC achieved surgical success at 1 month post-
treatment (defined as IOP reduction ≥ 20% from baseline), 
success rates decreased progressively to 67.1% at 6 months 
and 56.7% in 1 year [27]. A similar decline in success over 

Fig. 3   Line graph of average values of postoperative a intraocular pressure, b number of medications, and c visual acuity over time, with error 
bars denoting standard error of the mean

Table 5   Complication rates

N number of eyes in group, n total number of eyes, AC anterior chamber
a Complications present up to 3 months postoperatively, not including preoperative findings
b Complications present after 3 months postoperatively

N (%)

AC inflammation Hyphema Fibrin Hypotony Cystoid 
macular 
edema

Total (n = 38) 23 (60.5) 3 (7.9) 4 (10.5) 10 (26.3) 2 (5.3)
Earlya (n = 38) 22 (57.9) 3 (7.9) 4 (10.5) 7 (18.4) 2 (5.3)
Lateb (n = 32) 3 (9.4) 1 (3.1) 0 (0.0) 4 (12.5) 2 (6.3)
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time was noted in our results, decreasing from 80.8 at POY1 
to 65% POY1.5 using a more stringent success criteria of 
IOP reduction ≥ 30%. Interestingly, it appears that patients 
treated with combined MP-CPC and CW-TSCPC did not 
experience a decline in success that was as drastic as those 
seen in other studies. These results again suggest a signifi-
cant and more sustained benefit in IOP reduction from our 
combined procedure involving MP-TSCPC and CW-TSCPC 
compared to MP-TSCPC alone.

Considering that baseline IOP has been shown to corre-
late with the magnitude of IOP reduction, it is also important 
to note our significant IOP reduction of 15.1 mmHg at POY1 
in relation to our average preoperative IOP of 27.9 mmHg 
[24]. In comparison, Vernon et al. demonstrated an average 
IOP reduction of 10.67 mmHg in their cohort with preop-
erative IOP ≤ 30 mmHg [6]. This correlation between base-
line IOP and magnitude of IOP reduction was present in our 
Cox proportional hazard regression analysis, where every 
one-unit increase in preoperative IOP reduced the hazard of 
clinical failure by 14–15% (depending on whether the IOP 
reduction ≥ 30% or IOP reduction ≥ 50% success criteria was 
utilized). This suggests that a higher preoperative IOP is 
associated with a larger IOP reduction postoperatively and 
higher likelihood of clinical success.

Altogether, the safety and efficacy findings from the com-
bined procedure suggest that blending the safety profile of 
MP-TSCPC with the IOP-lowering efficacy of CW-TSCPC 
may lead to effective IOP reduction without sight-threaten-
ing complications. It makes sense that complementing MP-
TSCPC with a second, mechanistically different cyclopho-
togoaluative modality to target the ciliary body would lead 
to more definitive inhibition of aqueous humor production 
than MP-TSCPC alone. Furthermore, a limited application 
of CW-TSCPC in the combined procedure may likely lead 
to less dissipation of laser energy to surrounding tissues and 
therefore fewer side effects than those seen in full applica-
tion of CW-TSCPC [1]. The methodology of this combined 
procedure, particularly the specific number of CW-TSCPC 
spots that should be applied based on preoperative IOP, can 
likely be further optimized through additional studies to 
minimize off-target effects and enhance the safety profile 
even further.

The limitations of this study include small sample size, 
a retrospective design, complex patient population, lack of 
a control group for direct comparison, and short follow-up 
time period for some patients. The wide range in follow-up 
lengths was likely attributable to the fact that some patients 
required a second glaucoma procedure soon after the first 
combined procedure, and these patients are censored from 
all analyses following the second procedure, thus limiting 
the follow-up length to that time point. Additionally, we 
were unable to find a similar control group for comparison 
for two reasons: (1) the population of patients who have 

undergone MP-TSCPC with these settings at our institution 
was limited; and (2) most of the patients in this study have a 
complex glaucoma history involving multiple mechanisms 
as well as failed medications and procedures. Together, these 
limitations may affect generalizability of the results. This 
risk for selection bias was mitigated in the study design by 
recruiting all patients who underwent combined treatment 
with MP-TSCPC and CW-TSCPC over a 17-month window 
instead of randomly sampling patients during this period.

The patient population in our study had refractory glau-
coma, as evidenced by the large proportion of patients with 
severe (81.6%) and mixed-mechanism glaucoma (50.0%), 
elevated IOP (up to 47 mmHg), high preoperative medica-
tion burden (mean of 3.8 ± 1.2 medications), and a history 
of failed IOP-lowering procedures. Furthermore, given that 
our institution is a tertiary referral center, the patients in this 
study likely had more complex glaucoma than patients in a 
non-tertiary setting. Nevertheless, our combined procedure 
achieved significant reductions in IOP and medication bur-
den while preserving long-term VA in our patients.

In summary, our results confirm that this combined treat-
ment with MP-TSCPC and CW-TSCPC is a relatively safe 
and effective procedure that should be considered in patients 
with refractory glaucoma. Our findings are promising and 
point to a significant IOP-lowering effect and decrease in 
medication burden without greater risk of postoperative 
complications. Moreover, our combined procedure did not 
have any sight-threatening complications, given no signifi-
cant decreases in VA at any follow-up time point. Further 
studies exploring a larger cohort of patients across multiple 
providers over a longer period of time would allow us to 
better characterize the longer-term effects of this combined 
procedure and determine the optimal number of CW-TSCPC 
spots for a given IOP. Likewise, a prospective study compar-
ing CW-TSCPC, MP-TSCPC, and the combination of the 
two procedures would be very helpful to directly compare 
the outcomes of these procedures.
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