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reduction and anterior chamber aqueous
flare after micropulse transscleral
cyclophotocoagulation
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Abstract

Background: Micropulse transscleral cyclophotocoagulation (MP-CPC) is a technique that has been approved in
recent years to treat glaucoma. MP-CPC causes anterior chamber inflammation; a relationship with reduced
intraocular pressure (IOP) has not been reported. Therefore, we analyzed the correlation between IOP and anterior
chamber aqueous flare after MP-CPC.

Methods: This retrospective study included 37 eyes of 37 patients who underwent MP-CPC between November
2018 and October 2020. IOP and flare values were measured at 1, 4, and 12 weeks after MP-CPC. Correlations were
assessed between the percentage IOP reduction and flare elevation by calculating Spearman’s rank correlation
coefficient.

Results: The percentage IOP reduction at 1 week after surgery was correlated with the flare elevation at 1 week
after surgery (ρ = 0.47, P = 0.006). The percentage IOP reduction at 12 weeks after surgery was correlated with the
flare elevation at 4 weeks after surgery (ρ = 0.53, P = 0.006).

Conclusions: A short-term correlation was implied between reduced IOP and flare elevation after MP-CPC.
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Background
Glaucoma is the leading cause of blindness worldwide.
The damage to the optic nerve and visual field caused by
glaucoma is progressive and irreversible [1]. The only re-
liable evidence-based treatment for glaucoma is the low-
ering of intraocular pressure (IOP). Treatment options
include medical, laser, and surgical therapies [2, 3].
Traditionally used continuous-wave transscleral cyclo-
photocoagulation (CW-CPC) is an effective method to
lower IOP, but patients can develop serious complica-
tions, such as phthisis bulbi [4, 5]. Micropulse

transscleral cyclophotocoagulation (MP-CPC) was ap-
proved by the US Food and Drug Administration in
2015 as a glaucoma treatment technique. MP-CPC is
presumed to be a safe procedure as a result of minimiz-
ing thermal coagulation of adjacent tissues and repeating
the on/off laser irradiation cycle in microseconds. How-
ever, the mechanism of lowering IOP has not been fully
explained [4, 5]. MP-CPC causes anterior chamber in-
flammation; however, a relationship with reduced IOP
has not been reported [4–6].
The numbers of cells and the intensity of the flare,

reflecting protein concentrations, increase when inflam-
mation occurs in the anterior chamber [7, 8]. A laser
flare meter has been developed in Japan to quantitate

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: kimu.four@gmail.com
Department of Ophthalmology, Faculty of Life Sciences, Kumamoto
University, 1-1-1, Honjo, Chuo-ku, Kumamoto, Japan

Kimura et al. BMC Ophthalmology          (2021) 21:266 
https://doi.org/10.1186/s12886-021-02012-3

http://crossmark.crossref.org/dialog/?doi=10.1186/s12886-021-02012-3&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:kimu.four@gmail.com


aqueous flare and cells in the anterior chamber, and the
measured values are highly correlated with the numbers
of anterior chamber cells and the aqueous flare observed
by slit-lamp [7, 8]. Aqueous flare indicates an increase in
aqueous humor protein concentrations. When the
blood-ocular barriers are disrupted due to inflammation,
serum protein leaks into the aqueous humor, and aque-
ous flare increases [8]. A laser flare meter projects a laser
beam into the anterior chamber, and aqueous flare is
measured using a photomultiplier to detect scattering of
the laser beam by protein in the aqueous humor [7, 8].
These findings motivated us to analyze the correlation
between reduced IOP and elevated aqueous flare mea-
sured by a laser flare meter after MP-CPC. To the best
of our knowledge, this is the first report investigating the
relationship between IOP and aqueous flare after MP-
CPC. If there were a correlation between inflammation
and IOP reduction, it would help elucidate the mechan-
ism of lowering IOP by MP-CPC for the prediction of
postoperative IOP.

Methods
All investigations adhered to the tenets of the Declar-
ation of Helsinki. This study was approved by the Ethics
Committee of Kumamoto University. Research informa-
tion was disclosed to the patients on our website, and
the freedom to refuse research use was guaranteed. This
retrospective study included consecutive patients with
refractory glaucoma who underwent MP-CPC between
November 2018 and October 2020 at Kumamoto Uni-
versity Hospital. We excluded the cases in which aque-
ous flare could not be measured due to poor corneal
transparency or poor fixation. We also excluded the case
in which additional surgery was performed within 4
weeks. The aqueous flare values of all eyes were mea-
sured before and after surgery. MP-CPC was performed
using a CYCLO G6™ micropulse P3 probe (IRIDEX,
Mountain View, CA, USA) according to the manufac-
turer’s instructions. Briefly, the machine was preset to a
power of 2,000 mW and a duty cycle of 31.3 %. After
sub-Tenon’s anesthesia, the MP-CPC probe was applied
by continuous sliding for 10–20 s per one-way, 80 s in
total per hemisphere, avoiding the filtering bleb and the
glaucoma drainage device (all cases were Baerveldt glau-
coma implant). After the surgery, 1.5 % levofloxacin eye
drops and 0.1 % fluorometholone eye drops were used
for 1 week. However, in patients with excess postopera-
tive inflammation, the fluorometholone eye drops were
continued for more than 1 week or switched to beta-
methasone until the inflammation subsided. Patients
who underwent additional surgery for reasons such as
poor IOP reduction were excluded from the analysis
after that time point. The IOP and aqueous flare values
were measured preoperatively and at 1, 4, and 12 weeks

after surgery. Most IOP readings were measured via
Goldman applanation tonometry (GAT). The IOP in two eyes
were measured using iCare rebound tonometry (Icare Finland
Oy, Helsinki, Finland), because the IOP in these eyes could
not be measured by GAT. The aqueous flare values were
measured using an FM-700 laser flare meter (KOWA Co.,
Nagoya, Japan). Visual acuity was measured in the form of
decimal visual acuity with the Landolt chart and converted
into the logarithm of the minimum angle of resolution (Log-
MAR) scale, where counting fingers (CF), hand motion (HM),
light perception (LP), and no light perception (NLP) were
assigned values of 2.1, 2.4, 2.7, and 3.0, respectively [9]. The
visual field of patients with good fixation were examined using
a Humphrey Field Analyzer (Carl Zeiss Meditec, Dublin, CA,
USA). The anterior segment was evaluated using slit-lamp
biomicroscopy, and the posterior segment was evaluated using
indirect ophthalmoscopy and spectral-domain optical coher-
ence tomography (SD-OCT). History of smoking was queried
on the questionnaire. Surgical success was defined as an
attained IOP reading between 5 and 21 mmHg and > 20%
IOP reduction at 12 weeks after MP-CPC, compared with the
baseline without the addition of other IOP reduction therap-
ies. Correlations between the percentage IOP reduction [(pre-
operative IOP− postoperative IOP) / preoperative IOP] and
elevated aqueous flare (postoperative flare− preoperative flare)
were estimated by calculating Spearman’s rank correlation co-
efficient. A P-value < 0.05 was considered significant.

Results
Thirty-seven eyes of 37 patients were enrolled in this
study. The mean age ± standard deviation (SD) was
70.6 ± 14.4 years, and 20 patients (54.1 %) were male.
Sixteen eyes (43.2 %) had exfoliation glaucoma (EXG),
nine eyes (24.3 %) had primary open-angle glaucoma
(POAG), eight eyes (21.6 %) had uveitic glaucoma (UG),
and four eyes (10.8 %) had neovascular glaucoma (NVG)
(Table 1). In all, 28 eyes (75.7 %) had a history of cata-
ract surgery, 13 (35.1 %) received trabeculectomy, (5
[13.5 %] of which also underwent Baerveldt tube shunt
surgery), 7 (18.9 %) received vitrectomy, 12 (32.4 %) re-
ceived trabeculotomy, 1 (2.7 %) had CW-CPC, and 8
(21.6 %) had MP-CPC.

The time course of IOP and the aqueous flare value in
all cases are shown in Fig. 1. The mean IOPs ± SD were
14.5 ± 10.5, 19.0 ± 7.5, and 19.0 ± 8.4 mmHg at 1, 4, and
12 weeks after surgery, respectively. The corresponding
aqueous flare values were 218.4 ± 165.4, 134.9 ± 103.6,
and 97.0 ± 102.2 photon counts/ms, respectively. The
mean success rate was 43.2 % at 12 weeks after surgery.
By glaucoma type, the mean success rates of EXG,
POAG, UG, and NVG group were 43.8 %, 33.3 %, 62.5 %,
and 25.0 %, respectively. Complications were observed in
11patients: 5 (13.5 %) had prolonged anterior chamber
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inflammation that persisted for more than 4 weeks, 1 of
whom also had macular edema (2.7 %); 5 (13.5 %) devel-
oped hypotony (IOP < 4 mmHg); and 1 (2.7 %) had hy-
potony maculopathy. Additional treatments were
performed in 11 patients, 7 underwent MP-CPC, 1

received Baerveldt tube shunt surgery, 1 had selective
laser trabeculoplasty (SLT), 1 had sub-Tenon injection
of triamcinolone acetonide for macular edema, and 1
underwent cataract surgery. Details for each glaucoma
type are shown in Table 2.

Table 1 Patient characteristics at baseline

Number of eyes 37

Sex [n (%)]

Male 20 (54.1)

Female 17 (45.9)

Age (mean ± SD) (years) 70.6 ± 14.4

Glaucoma type, n (%)

Exfoliation glaucoma 16 (43.2)

Primary open-angle glaucoma 9 (24.3)

Uveitic glaucoma 8 (21.6)

Neovascular glaucoma 4 (10.8)

Preoperative IOP (mean ± SD) (mmHg) 31.8 ± 10.1

Exfoliation glaucoma 31.9 ± 9.0

Primary open-angle glaucoma 25.1 ± 7.0

Uveitic glaucoma 37.5 ± 11.3

Neovascular glaucoma 34.6 ± 12.2

Preoperative aqueous flare value (mean ± SD) (photon counts/ms) 45.0 ± 56.1

Exfoliation glaucoma 26.0 ± 16.1

Primary open-angle glaucoma 38.7 ± 54.8

Uveitic glaucoma 81.6 ± 95.6

Neovascular glaucoma 61.8 ± 33.8

Preoperative LogMAR visual acuity 1.49 ± 0.9

Preoperative HFA mean deviation (mean ± SD) (dB) *n = 4 -27.03 ± 5.4

Smoking, n (%)

Present 3(8.1)

Past 9(24.3)

Never 25(67.6)

SD standard deviation; IOP intraocular pressure; LogMAR logarithm of minimum angle of resolution; HFA Humphrey field analyzer

Fig. 1 (A) Time course of intraocular pressure (IOP) and (B) time course of aqueous flare values in all cases
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Flare elevation at 1 week after surgery was posi-
tively correlated with the percentage IOP reduction
at 1 week after surgery (ρ = 0.47, P = 0.006; Fig. 2 A).
In addition, flare elevation at 4 weeks after surgery
was positively correlated with the percentage IOP
reduction at 12 weeks after surgery (ρ = 0.53, P =
0.006; Fig. 2B). We also analyzed each type of
glaucoma. Percentage IOP reduction tended to
correlate with flare elevation in UG and NVG;
however, the sample size was too small to reach
any conclusions (Table 3).

Discussion
The mean surgical success rate was 43.2 % at 12 weeks
after surgery, lower than in previous studies [6, 10]. This
may be due to the large number of refractory glaucoma
patients with a history of glaucoma surgery in this study
and different MP-CPC irradiation methods. A correl-
ation was detected between flare elevation and the per-
centage IOP reduction at 1 week after surgery. However,
no correlation was observed between flare elevation and the
IOP reduction at 4 or 12 weeks. These results indicate that
the degree of acute intraocular inflammation reflected the IOP

Table 2 Success rate, postoperative complications, and additional treatments by glaucoma type

EXG
(n = 16)

POAG
(n = 9)

UG
(n = 8)

NVG
(n = 4)

Total
(n = 37)

Success rate (%) 43.8 33.3 62.5 25.0 43.2

Complications

Prolonged
inflammation

3(18.8 %) 0(0 %) 2(25.0 %) 0(0 %) 5(13.5 %)

Macular edema 1(6.3 %) 0(0 %) 0(0 %) 0(0 %) 1(2.7 %)

Hypotony 4(25.0 %) 0(0 %) 1(12.5 %) 0(0 %) 5(13.5 %)

Hypotony maculopathy 0(0 %) 0(0 %) 1(12.5 %) 0(0 %) 1(2.7 %)

Additional treatments

MP-CPC 2(12.5 %) 1(11.1 %) 3(37.5 %) 1(25.0 %) 7(18.9 %)

Baerveldt surgery 0(0 %) 1(11.1 %) 0(0 %) 0(0 %) 1(2.7 %)

SLT 1(6.3 %) 0(0 %) 0(0 %) 0(0 %) 1(2.7 %)

sub-Tenon
injection of TA

1(6.3 %) 0(0 %) 0(0 %) 0(0 %) 1(2.7 %)

Cataract surgery 0(0 %) 1(11.1 %) 0(0 %) 0(0 %) 1(2.7 %)

EXG exfoliation glaucoma; POAG primary open-angle glaucoma; UG uveitic glaucoma; NVG neovascular glaucoma; MP-CPC micropulse transscleral
cyclophotocoagulation; SLT selective laser trabeculoplasty; TA triamcinolone acetonide

Fig. 2 Correlations between the percentage IOP reduction and elevation in the aqueous flare value estimated by Spearman’s rank correlation
coefficient. (A) Flare elevation at 1 week after surgery was positively correlated with the percentage IOP reduction at 1 week after surgery (ρ =
0.47, P = 0.006). (B) Flare elevation at 4 weeks after surgery was positively correlated with the percentage IOP reduction at 12 weeks after surgery
(ρ = 0.53, P = 0.006)
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reduction at the early stage after MP-CPC, but not at the later
stage. MP-CPC may cause intraocular inflammation by coagu-
lating the ciliary body at the early stage, thereby decreasing
production of the aqueous humor at that time [11]. However,
some studies have reported that MP-CPC does not cause sig-
nificant damage to the ciliary body because the 810-nm irradi-
ation is emitted in on/off cycling mode to avoid ciliary body
destruction. Therefore, there may be a mechanism of IOP re-
duction other than decreased aqueous humor production [12,
13]. An alternative explanation for the correlation would be
increased aqueous outflow by proinflammatory cytokines in-
duced by acute intraocular inflammation. For example,
interleukin-1α, interleukin-8, and monocyte chemoattractant
protein-1 (MCP-1) increase aqueous humor outflow [14–16].
In general, intraocular inflammation occurs time-dependently,
while the reduction in IOP was maintained after MP-CPC.
Thus, it would be reasonable to say that the degree of intraoc-
ular inflammation at that time did not reflect the reduction in
IOP at the later stage.
Flare elevation at 4 weeks after surgery was corre-

lated with the percentage IOP reduction at 12 weeks
after surgery, indicating that the degree of inflamma-
tion at 4 weeks after surgery may predict IOP control
in the future, to some extent. Additionally, the mech-
anism of IOP reduction by MP-CPC may differ be-
tween the acute and chronic stages. However, the
actual mechanism remains unclear, so further studies
are required. Analysis by glaucoma type showed that
a correlation between IOP reduction and flare eleva-
tion may be more likely to be observed in UG and
NVG. Given that UG and NVG usually have a strong
inflammatory response to invasive treatment, it is
speculated that a short-term increase in flare value
reflects the degree of ciliary body destruction. In
addition, UG and NVG tend to have higher levels of
proinflammatory cytokines such as MCP-1, which in-
crease aqueous humor outflow, and it is speculated
that this may be related to the IOP reduction in the
later stage [17, 18]. Further studies with a larger sam-
ple size are required.
The limitations of the present study are its retrospect-

ive design, small sample size, and short follow-up time
after MP-CPC.

Conclusions
We observed a positive correlation between postopera-
tive reduction in IOP and elevated aqueous flare after
MP-CPC. This correlation is more likely to be seen in
UG and NVG, which have higher levels of proinflamma-
tory cytokines. Thus, our results suggest that anterior
chamber inflammation is associated with IOP reduction
by MP-CPC. These findings provide insight into the
IOP-lowering mechanism of MP-CPC; however, further
studies are required.
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Table 3 Correlations between the percentage IOP reduction and flare elevation by glaucoma type
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%IOP reduction at 12 weeks versus
flare elevation at 4 weeks

ρ p n ρ p n
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POAG 0.71 0.047 8 -0.43 0.397 6

UG 0.83 0.021 7 0.82 0.023 7

NVG 1 < 0.001 4 1 < 0.001 3

IOP intraocular pressure; EXG exfoliation glaucoma; POAG primary open-angle glaucoma; UG uveitic glaucoma; NVG neovascular glaucoma
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