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緑内障レーザーの種類
l 閉塞隅角に対するレーザー

Ø レーザー虹彩切開術
Ø レーザー隅角形成術（レーザー周辺虹彩形成術）

l 開放隅角に対するレーザー
Ø （選択的）レーザー線維柱帯形成術

l その他のレーザー
Ø 毛様体光凝固術（連続発振、マイクロパルス）
Ø 内視鏡的毛様体光凝固術（ECP）
Ø レーザー切糸術

緑内障診療ガイドライン第５版を参考に作成
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レーザー虹彩切開術
Laser peripheral iridotomy (LPI)

目的：瞳孔ブロックを解除し、前後房の圧差を解消して隅角を開大する

適応
Ø 瞳孔ブロックによる原発閉塞隅角症

Ø 原発ならびに続発閉塞緑内障

Ø 相対的瞳孔ブロックの予防が必要な狭隅角眼

Ø プラトー虹彩が疑われる症例に対して瞳孔ブロックの要素を除去する目的で行っても良い

Ø 逆瞳孔ブロックによって生じる色素緑内障、色素散乱症候群

緑内障診療ガイドライン第5版
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原発閉塞隅角病
PACD(Primary Angle Closure Disease)

PACS (Primary Angle Closure Suspect): 原発閉塞隅角症疑い
Ø原発性の隅角閉塞があるが眼圧上昇や器質的な周辺虹彩前癒着（PAS）なし
Ø緑内障性視神経症はきたしていない

PAC (Primary Angle Closure): 原発閉塞隅角症
Ø原発閉塞隅角があり眼圧上昇している、もしくはPASがある
Ø緑内障性視神経症はきたしていない

PACG (Primary Angle Closure Glaucoma): 原発閉塞隅角緑内障
Ø原発性の隅角閉塞が存在
Ø緑内障性視神経症をきたしている

緑内障診療ガイドライン第5版より一部改変
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PACSの予防的LPI
ZAP trial（中国）He M , e t a l.: Lancet 393 : 1609-1618 , 2019

対象：50-70歳のPACS、889例の片眼にLPI・片眼は経過観察、経過観察期間：72ヶ月

予防的LPIによってPACSからPACへの移行を予防するが、
PACSからPACを発症する確率が低いため、
PACSの全例に予防的LIをすることは推奨されない

ANA-LIS Angle-Closure Trial（シンガポール）
Baskaran  M , e t a l.: O phtha lm o logy 129 : 147-158 , 2022

対象：50歳以上のPACS、480例の片眼にLPI・片眼は経過観察、経過観察期間：60ヶ月

予防的LPIによってPACSからPACへの移行を予防するが、
PACやPACGの発生率は低かった（５年間で10％程度）

Articles
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were female and 152 (17%) were male. The laser pe-
ripheral iridotomy-treated eyes consisted of 445 (50%) 
right eyes and 444 (50%) left eyes. 703 (79%) of laser 
peripheral iridotomies were placed superiorly, and the 
rest were placed either nasally or temporally. Baseline 
demographic measures and other ocular parameters did 
not differ between the laser peripheral iridotomy-treated 
and control eyes (table 1).

Mean follow-up for this study was 61∙1 months 
(SD 20∙2), 61∙2 months (20∙3) for the treated group and 
61∙0 months (20∙1) for the control group. 665 (75%) of 
889 in the treated group and 664 (75%) of the 889 controls 
completed the study. 24 control eyes received laser 
peripheral iridotomy during the study.

During the 72-month follow-up, 19 laser peripheral 
iridotomy-treated eyes and 36 control eyes reached the 
primary study endpoint, with a corresponding cumulative 
incidence of 4∙19 per 1000 eye-years (95% CI 2∙67–6∙57) 
for treated eyes and 7∙97 per 1000 eye-years (95% CI 
5∙75–11∙0) for control eyes (table 2). To account for inter-
eye correlation, we analysed the primary outcome using 
McNemar’s test, and the prophylactic effect of laser 
peripheral iridotomy remained significant (p=0∙0041; 
figure 2) in the pair-wise comparison between treated and 
untreated eyes. A primary outcome event occurred in both 
eyes in ten participants (1%; table 2). We did sensitivity 
analysis by excluding those who did not complete the 
study, and the findings remained statistically significant 
(appendix).

We also analysed the primary outcome using Cox 
proportional hazard model to account for unequal 
follow up time between two eyes. The laser peripheral 
iridotomy-treated eyes had a reduction in the risk of 
reaching an endpoint (HR 0∙53, 95% CI 0∙30–0∙92; 
p=0∙024; figure 3). However, the proportional hazard 
assumption only held through 36 months of follow-up 
and laser peripheral iridotomy had no protective effect at 
that point (HR 0∙90, 95% CI 0∙44–1∙85, p=0∙777). The 
hazard ratio remained similar at 72 months after 
adjusting for age, sex, baseline intraocular pressure and 
angle width (HR 0∙52, 95% CI 0∙30–0∙91, p=0∙023; 
table 3). Eyes with narrower angle width at baseline were 
more likely to develop a study endpoint, but baseline 
intraocular pressure and dark room prone provocative 
testing were not associated with reaching an endpoint. 
The small number of observed events precluded building 
a predictive model to identify high risk populations; 
given the low event rate, the study was underpowered to 
investigate prophylactic effects within subgroups.

Three control eyes and one laser peripheral iridotomy-
treated eye developed an acute attack after pupil dilation 
(one case was bilateral). When these participants were 
excluded, the HR remained similar between the two groups 
(HR 0∙54, 95% CI 0∙31–0∙97, p=0∙038). Subgroup ana-
lysis on each component endpoint demonstrated similar 
results, with three (0∙66 per 1000 eye-years) laser peripheral 
iridotomy-treated eyes and five (1∙11 per 1000 eye-years) 
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Univariate model

Randomly assigned to laser peripheral 
iridotomy

34·5% 50·5% 0·53 (0·30-0·92) 0·024

Multivariate models

Age, years (per 1 year older) 60·91 (5·76) 59·25 (4·97) 1·07 (1·01-1·13) 0·015

Female (vs male) 81·8% 82·9% 1·11 (0·55-2·24) 0·765

Randomly assigned to laser peripheral 
iridotomy (vs control)

34·5% 50·5% 0·52 (0·30-0·91) 0·023

Baseline intraocular pressure, mm Hg 
(per 1 mm Hg increase)

15·76 (3·02) 15·06 (2·83) 1·09 (0·99-1·19) 0·075

Total angle width*, score (per 1 score 
higher)

4·80 (2·37) 5·36 (2·38) 0·91 (0·82-1·02) 0·098

Limbal anterior chamber depth†, % 
(per 10% higher)

18·64 (8·41) 22·28 (7·57) 0·49 (0·34-0·71) <0·001

Central anterior chamber depth‡, mm 
(per 1 mm deeper)

2·47 (0·24) 2·55 (0·22) 0·21 (0·06-0·72) 0·013

Lens thickness‡, mm (per 1 mm thicker) 4·95 (0·37) 4·87 (0·32) 1·57 (0·65-3·79) 0·318

Dark room prone provocative test, 
mm Hg (per 1 mm Hg increase)

3·76 (3·39) 4·27 (2·97) 0·94 (0·86-1·03) 0·199

All values are mean (SD) unless stated otherwise. Multivariable Cox proportional hazards models include laser 
peripheral iridotomy, age, gender, baseline intraocular pressure, and variables of interest. *Total angle width was 
calculated by the sum of Shafer grading of all four quadrants (range from 0 to 16, larger number indicates wider angle). 
†Limbal anterior chamber depth was evaluated by modified van Herick grading. ‡Central anterior chamber depth and 
lens thickness were measured by ultrasound A-scan.

Table 3: Baseline ocular biometrics and gonioscopic factors associated with endpoint at 72 months

Figure 3: Kaplan-Meier plot of the study endpoint

Figure 2: Pair-wise analyses of primary endpoint (intention-to-treat 
analysis) at 72 months
p=0·0041 with McNemar’s test.
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follow-up visits from week 1 to year 5. Findings on limbal ACD
grade were similar to those of angle width.

Safety

Nine deaths were reported in the study, of which 4 were the result
of cancer, 2 were the result of heart disease, 1 was the result of
suicide, and 2 were the result of unknown cause. Twenty-seven
serious AEs were reported, of which 8 were eye specific (5 in
LPI-treated eyes and 3 in control eyes) consisting of 3 documented
AACs (1 in an LPI-treated eye and 2 in control eyes), 1 branch
retinal artery occlusion, 1 rhegmatogenous retinal detachment, 1
posterior chorioretinitis, 1 acute anterior uveitis, and 1 macular
branch retinal vein occlusion. Two participants who had AAC (1 in
an LPI-treated eye and the other in a control eye) had 6/6 best-
corrected visual acuity before the AAC episode and required
standard management of AAC followed by LPI to recover vision
completely. One participant who had AAC in the control eye (at
2.5 years after enrollment) underwent cataract surgery and later
required penetrating keratoplasty, but final vision was poor
(counting fingers). All serious AEs and deaths were considered not
related to LPI except AAC. None of the participants in the LPI
group showed an IOP of 30 mmHg or more immediately after LPI.
Specular microscopy at 60 months showed no difference in hex-
agonality of cells or cell density in either group (Table 6). Eye-
specific AEs such as eye pain, dry eyes, redness of eyes, and
ocular discomfort were rare in both LPI-treated eyes and control
eyes, each occurring in less than 5% of eyes (Table 7). Overall,
these were more common in LPI-treated eyes (22%) than in con-
trol eyes (14.5%; P < 0.001). Most eye-specific AEs were of mild
(68.6%) or moderate (26.7%) severity; treatment was provided to
64.3% of the eyes with AEs mostly with tear supplements.

Discussion

The incidence of reaching an end point in untreated PACS
eyes was approximately twice that of eyes undergoing
prophylactic LPI; most of this difference was attributable
to a nearly 3-fold higher rate of PAS developing. The
overall incidence of any end point after 5 years was low,
even in the control group. This 45% reduction in risk,
mostly from preventing the development of PAS, mirrors
the findings from the only other randomized controlled
trial of the treatment of PACS, the ZAP Trial. With the
exception of 2 eyes in the control arm in which AAC
developed (and 1 eye in the treated arm), all other end
points did not have an immediate threat to vision. Only 10
eyes demonstrated PACG, with no significant difference
between the 2 treatment arms. Older age and higher
baseline IOP after dilatation increased the risk of an end
point being reached.

Previous research on PACS largely has comprised
retrospective chart analyses, but some studies have assessed
participants prospectively.20,21 One such study conducted at
many locations in the United States3 followed up a mostly
European-derived cohort with PACS and reported that
nearly 1 in 5 untreated patients demonstrated PAC over 5
years, nearly twice the rate of the untreated eyes in the
present study. One practice in South India reviewed charts
prospectively and reported that 22% of patients with un-
treated PACS progressed to PAC22 and 28.5% of eyes with
untreated PAC progressed to PACG over 5 years.23

Figure 2. Graph showing cumulative incidence for the primary outcome over 5 years (horizontal axis). The continuous blue line represents the laser group
and the dotted red line represents the control group (with confidence intervals illustrated by the blue and pink area). The overall unadjusted hazard ratio
(HR) was 0.52 (95% CI, 0.35e0.78; P ¼ 0.002) for development of the primary outcome over 5 years in LPI-treated eyes compared with control eyes.

Ophthalmology Volume 129, Number 2, February 2022
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PACやPACGに対する LPI vs 水晶体再建術

EAGLE trial
対象：50歳以上、白内障なし

眼圧30mmHg以上のPAC
眼圧21mmHg以上のPACG

眼圧の高いPACやPACGに対して、水晶体再建術のほうが
LPIより効果が高く、費用対効果も高い

Azuara-Blanco A, et al.: Lancet 388: 1389-1397, 2016
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Eff ectiveness of early lens extraction for the treatment of 
primary angle-closure glaucoma (EAGLE): a randomised 
controlled trial
Augusto Azuara-Blanco, Jennifer Burr, Craig Ramsay, David Cooper, Paul J Foster, David S Friedman, Graham Scotland, Mehdi Javanbakht, 
Claire Cochrane, John Norrie, for the EAGLE study group

Summary
Background Primary angle-closure glaucoma is a leading cause of irreversible blindness worldwide. In early-stage 
disease, intraocular pressure is raised without visual loss. Because the crystalline lens has a major mechanistic role, 
lens extraction might be a useful initial treatment.

Methods From Jan 8, 2009, to Dec 28, 2011, we enrolled patients from 30 hospital eye services in fi ve countries. 
Randomisation was done by a web-based application. Patients were assigned to undergo clear-lens extraction or 
receive standard care with laser peripheral iridotomy and topical medical treatment. Eligible patients were aged 
50 years or older, did not have cataracts, and had newly diagnosed primary angle closure with intraocular pressure 
30 mm Hg or greater or primary angle-closure glaucoma. The co-primary endpoints were patient-reported health 
status, intraocular pressure, and incremental cost-eff ectiveness ratio per quality-adjusted life-year gained 36 months 
after treatment. Analysis was by intention to treat. This study is registered, number ISRCTN44464607.

Findings Of 419 participants enrolled, 155 had primary angle closure and 263 primary angle-closure glaucoma. 
208 were assigned to clear-lens extraction and 211 to standard care, of whom 351 (84%) had complete data on health 
status and 366 (87%) on intraocular pressure. The mean health status score (0·87 [SD 0·12]), assessed with the 
European Quality of Life-5 Dimensions questionnaire, was 0·052 higher (95% CI 0·015–0·088, p=0·005) and mean 
intraocular pressure (16·6 [SD 3·5] mm Hg) 1·18 mm Hg lower (95% CI –1·99 to –0·38, p=0⋅004) after clear-lens 
extraction than after standard care. The incremental cost-eff ectiveness ratio was £14 284 for initial lens extraction 
versus standard care. Irreversible loss of vision occurred in one participant who underwent clear-lens extraction and 
three who received standard care. No patients had serious adverse events.

Interpretation Clear-lens extraction showed greater effi  cacy and was more cost-eff ective than laser peripheral 
iridotomy, and should be considered as an option for fi rst-line treatment.

Funding Medical Research Council.

Copyright © The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY license.

Introduction
WHO ranks glaucoma as the leading cause of irreversible 
blindness,1 and prevalence is expected to increase 
substantially: compared with 20 million people who have 
primary angle-closure glaucoma now, by 2040, 34 million 
people will be aff ected, of whom 5⋅3 million will be blind.2 
The prevalence of primary angle-closure glaucoma is 
highest in people of east Asian origin.2,3 Blindness is costly 
to individuals and society.4 Although most people with 
glaucoma do not become blind, many have substantially 
impaired quality of life due to restricted peripheral vision 
and the need for long-term treatment.5 Glaucoma has two 
subtypes, open angle and angle closure, in which the 
drainage pathway (trabecular meshwork at the anterior 
chamber angle) is blocked or not, respectively.6 Although 
primary open-angle glaucoma is more common, primary 
angle-closure glaucoma is more severe and more likely to 
result in irreversible blindness if not properly treated. 
Early and eff ective interventions are important.

In the early stage of the disease, primary angle closure 
is accompanied by high intraocular pressure but no 
visual loss. The standard of care for primary angle closure 
and primary angle-closure glaucoma is laser peripheral 
iridotomy to open the drainage pathways and medical 
management with eye drops to reduce intraocular 
pressure.7 If the disease remains uncontrolled, surgery, 
often trabeculectomy, is indicated, which is associated 
with potentially serious complications.7

Surgical lens extraction, as used in managing 
age-related cataract, is an alternative approach for the 
management of primary angle-closure glaucoma.6,8 
Age-related growth of the lens plays a major part in the 
mechanisms leading to primary angle-closure glaucoma, 
and lens extraction is used routinely in patients with 
coexisting cataract. However, the effi  cacy and safety of 
this treatment in people with primary angle-closure 
glaucoma without cataract has not been fully assessed.9 If 
lens extraction could control the condition, the need for 
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See Comment page 1352
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急性緑内障発作後のLPI vs 水晶体再建術
急性緑内障発作の薬物治療後の眼
前向き無作為化比較試験

水晶体再建術(31眼）またはLPI（31眼）

眼圧21mmHg以下を生存

18ヶ月で96.7% vs 53.3%

3年で89.5% vs 50.0%
Lam DS, et al. Ophthalmology. 2008;115(7):1134-40.

maximum IOP, mean Shaffer gonioscopy grading, VCDR, ocular
biometry, VA, and refractive status between the 2 groups at
presentation. Mean LOCS III scores were 2.90!1.55 (nuclear
opalescence), 2.95!1.31 (nuclear color), 1.76!1.53 (cortical), and
0.74!0.84 (posterior) for the phacoemulsification group and
2.74!1.19 (nuclear opalescence), 2.74!1.10 (nuclear color),
1.76!1.49 (cortical), and 0.84!0.93 (posterior) for the LPI group.
The P values were not significant for these scores (Ps " 0.718,
0.595, 0.999, and 0.717 for nuclear opalescence, nuclear color,
cortical, and posterior, respectively).

All patients (except the 2 deceased) had a minimum of 18
months of postintervention follow-up. Prevalences of IOP eleva-
tion at 18 months were 3.3% (1/30 eyes) and 46.7% (14/30 eyes)
in the phacoemulsification and LPI groups, respectively
(P#0.0001). A Kaplan–Meier survival analysis is shown in Figure
1. A test of equality of survival distributions showed a significant
difference between the 2 groups (Mantel–Cox log-rank,
P#0.0001). Baseline demographics, presenting clinical features,
and treatment groups were tested for potential association with
IOP rise. Results are summarized in Table 2. Treatment group and
maximum IOP at presentation were statistically associated with
IOP rise.

Table 3 shows the serial secondary outcomes for the phacoemul-
sification and LPI groups. The angle was significantly more open after
phacoemulsification compared with LPI (P#0.0001) across all
postintervention time points. Mean Shaffer gonioscopy gradings were
2.10!0.76 for the phacoemulsification group and 0.73!0.64 for the
LPI group at 18 months. The extent of PAS (in degrees) at 18 months
was significantly greater in the LPI group than in the phacoemulsifi-
cation group (228.6!89.2 vs, 101.3!74.6, P#0.0001). There were
no statistically significant differences in logMAR VA, VCDR, MD,
and PSD on VFs between the 2 groups at 18 months. There was a
significant difference in the mean number of glaucoma medications
required to maintain IOP # 21 mmHg between the phacoemulsifica-
tion group (0.03!0.18) and LPI group (0.90!1.14) (P#0.0001) at 18
months.

Multivariate Risk Factor Analysis
In a Cox proportional hazard model for IOP rise, choosing treat-
ment by LPI instead of phacoemulsification (hazard ratio [HR],

Figure 1. Kaplan–Meier survival curve for intraocular pressure (IOP rise) in the phacoemulsification (phaco) and laser peripheral iridotomy (LPI) groups.
A test of equality of survival distributions with Mantel–Cox log rank (P#0.0001), Breslow (P#0.0001), and Tarone–Ware (P#0.0001) statistics showed
a significant difference in survival between the two groups.

Table 2. Univariate Analysis between Baseline Demographics,
Presenting Clinical Features, Treatment Group, and Intraocular

Pressure (IOP) Rise

Dependent
Variable Independent Variables P Value

Baseline demographics
Age 0.947*
Gender 0.074†

IOP rise Presenting clinical features
Time from self-reported onset to

consultation
0.432*

Time needed to abort the attack 0.358*
Time between abortion of attack

and phacoemulsification or LPI
0.025*

Maximum IOP at presentation 0.005*
logMAR visual acuity 0.863*
Mean preoperative Shaffer

gonioscopy grading
0.191*

Vertical cup-to-disc ratio 0.052*
Presence of atonic pupil 0.185†

Axial length 0.419*
Anterior chamber depth 0.074*
Lens thickness 0.951*

Treatment group (phacoemulsification
vs. LPI)

#0.0001*

logMAR " logarithm of the minimum angle of resolution; LPI " laser
peripheral iridotomy.
*Mann–Whitney U test.
†Chi-square test.

Lam et al ! Early Phacoemulsification to Prevent IOP Rise after APAC
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選択的レーザー線維柱帯形成術
Selective laser trabeculoplasty (SLT)

目的：レーザーを線維柱帯に照射し房水流出率を改善する。

適応
Ø 原発開放隅角緑内障（広義）
Ø 落屑緑内障

Ø 色素緑内障
Ø 高眼圧症
Ø レーザー虹彩切開術後の原発閉塞隅角緑内障

Ø 混合型緑内障 緑内障診療ガイドライン第5版
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• 対象：未治療の開放隅角緑内障、高眼圧症
• ランダム化比較試験
• SLT群：356例、点眼群：362例
• 36ヶ月でSLT群の74.2%が、点眼不要で目標眼圧を達成した
• 目標眼圧を達成した割合：SLT群93%、点眼群91.3%

SLTの方が点眼治療より費用対効果が大きい
Gazzard G, et al. Lancet. 2019;393(10180):1505-16.
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Selective laser trabeculoplasty versus eye drops for first-line 
treatment of ocular hypertension and glaucoma (LiGHT): 
a multicentre randomised controlled trial
Gus Gazzard, Evgenia Konstantakopoulou, David Garway-Heath, Anurag Garg, Victoria Vickerstaff, Rachael Hunter, Gareth Ambler, Catey Bunce, 
Richard Wormald, Neil Nathwani, Keith Barton, Gary Rubin, Marta Buszewicz, on behalf of the LiGHT Trial Study Group*

Summary
Background Primary open angle glaucoma and ocular hypertension are habitually treated with eye drops that lower 
intraocular pressure. Selective laser trabeculoplasty is a safe alternative but is rarely used as first-line treatment. We 
compared the two.

Methods In this observer-masked, randomised controlled trial treatment-naive patients with open angle glaucoma 
or ocular hypertension and no ocular comorbidities were recruited between 2012 and 2014 at six UK hospitals. 
They were randomly allocated (web-based randomisation) to initial selective laser trabeculoplasty or to eye drops. 
An objective target intraocular pressure was set according to glaucoma severity. The primary outcome was health-
related quality of life (HRQoL) at 3 years (assessed by EQ-5D). Secondary outcomes were cost and cost-effectiveness, 
disease-specific HRQoL, clinical effectiveness, and safety. Analysis was by intention to treat. This study is registered 
at controlled-trials.com (ISRCTN32038223).

Findings Of 718 patients enrolled, 356 were randomised to the selective laser trabeculoplasty and 362 to the eye drops 
group. 652 (91%) returned the primary outcome questionnaire at 36 months. Average EQ-5D score was 0·89 (SD 0·18) 
in the selective laser trabeculoplasty group versus 0·90 (SD 0·16) in the eye drops group, with no significant difference 
(difference 0·01, 95% CI –0·01 to 0·03; p=0·23). At 36 months, 74·2% (95% CI 69∙3–78∙6) of patients in the selective 
laser trabeculoplasty group required no drops to maintain intraocular pressure at target. Eyes of patients in the 
selective laser trabeculoplasty group were within target intracoluar pressure at more visits (93·0%) than in the eye 
drops group (91·3%), with glaucoma surgery to lower intraocular pressure required in none versus 11 patients. Over 
36 months, from an ophthalmology cost perspective, there was a 97% probability of selective laser trabeculoplasty as 
first treatment being more cost-effective than eye drops first at a willingness to pay of £20 000 per quality-adjusted 
life-year gained.

Interpretation Selective laser trabeculoplasty should be offered as a first-line treatment for open angle glaucoma and 
ocular hypertension, supporting a change in clinical practice.

Funding National Institute for Health Research, Health and Technology Assessment Programme.

Copyright © 2019 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Glaucoma is a progressive multifactorial disease 
characterised by damage to the optic nerve and 
progressive visual loss that, if left untreated, can lead to 
blindness. It is a significant cause of visual morbidity, 
accounting for falls,1 road traffic accidents, loss of 
independence,2 and 12% of blind registrations.3 Open 
angle glaucoma (OAG) is the most common form, with 
a prevalence of about 2% among adults older than 
40 years;4 it is strongly associated with elevated intra-
ocular pressure. Lowering intraocular pressure can 
slow progression of the disease and is the only treat-
ment available.5 Raised intraocular pressure without 
optic nerve damage is termed ocular hypertension, 
which, in some patients, progresses to open angle 
glaucoma; lowering intraocular pressure reduces 
this risk.6

The standard first-line treatment for OAG and ocular 
hypertension is eye drops that lower intraocular 
pressure, requiring multiple hospital visits for moni-
toring and treatment adjustment. Long-term and mul-
tiple topical medications are associated with multiple 
ocular and systemic side-effects, poor patient adherence, 
and are a risk factor for later surgical failure.7,8 Selective 
laser trabeculo plasty reduces intra ocular pressure by 
inc reasing aqueous outflow through the trabecular 
meshwork with a single, painless out patient laser 
procedure, minimal recovery time, and good safety 
profile. It was introduced in 1995 and received US FDA 
approval in 2001, yet is not routinely offered as first-line 
treatment. Selective laser trabeculoplasty superseded 
argon laser trabeculoplasty, with fewer ad verse events, 
greater ease of use, and improved repeat ability.9 The 
intraocular pressure-lowering effect is compar able to 
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高眼圧症及び緑内障の
第一選択治療に対する

SLT と 点眼薬の比較（LiGHT)
多施設ランダム化試験
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ABSTRACT
Background/aims This study aimed to investigate and 
compare the efficacy and safety of first- line and second- 
line selective laser trabeculoplasty (SLT) in Japanese 
patients with normal- tension glaucoma (NTG).
Methods 100 patients with NTG were enrolled in this 
study. Patients were treated with SLT as a first- line or 
second- line treatment for NTG. Main outcome measures 
were intraocular pressure (IOP) reduction rate, outflow 
pressure improvement rate (ΔOP), success rate at 1 year 
and complications. Success was defined as ΔOP≥20% 
(criterion A) or an IOP reduction ≥20% (criterion B) without 
additional IOP- lowering eye- drops, repeat SLT or additional 
glaucoma surgeries. The incidence of transient IOP spike 
(>5 mm Hg from the pretreatment IOP), conjunctival 
hyperaemia, inflammation in the anterior chamber and 
visual impairment due to SLT were assessed.
Results A total of 99 patients (99 eyes) were initially 
enrolled in this study, including 74 eyes assigned to the 
first- line SLT group and 25 eyes to the second- line SLT 
group. The mean IOP of 16.3±2.1 mm Hg before SLT 
decreased by 17.1%±9.5% to 13.4±1.9 mm Hg at 12 
months after SLT in the first- line group (p<0.001), and 
the mean IOP of 15.4±1.5 mm Hg before SLT decreased 
by 12.7%±9.7% to 13.2±2.0 mm Hg at 12 months after 
SLT (p=0.005) in the second- line group. Both groups 
showed significant reductions in IOP. Higher pre- SLT IOP 
and thinner central corneal thickness were associated 
with greater IOP reduction. The success rate at 1 year 
was higher in the first- line compared with the second- line 
group, with lower pretreatment IOP and the use of IOP- 
lowering medication before SLT being associated with 
treatment failure. Most post- treatment complications were 
minor and transient.
Conclusions SLT may be an effective and safe 
treatment option for NTG, as either a first- line or second- 
line treatment.
Trial registration number The study was registered in 
the UMIN- CTR (UMIN Test ID: UMIN R000044059).

INTRODUCTION
Selective laser trabeculoplasty (SLT) is a 
well- established treatment with a good safety 
profile and good repeatability. The Laser in 

Glaucoma and Ocular Hypertension (LiGHT) 
trial1–5 recently demonstrated that SLT was 
effective and safe as a primary treatment for 
primary open- angle glaucoma (POAG) and 
ocular hypertension (OHT), and achieved 
drop- free disease control in approximately 
75% of eyes at 3 years, with lower overall 
costs and a reduced risk of surgical inter-
vention. Furthermore, SLT is associated with 
fewer adverse events, such as blepharitis and 
conjunctival hyperaemia, than intraocular 
pressure (IOP)- lowering eye- drops therapy,6 
and is considered an intervention that does 
not affect adherence and can maintain the 
patients’ quality of life (QOL).1–5 In Western 
countries, glaucoma treatment guidelines 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Selective laser trabeculoplasty (SLT) was effec-
tive and safe as a primary treatment for primary 
open- angle glaucoma and ocular hypertension, and 
achieved drop- free disease control in approximately 
75% of eyes at 3 years, with lower overall costs and 
a reduced risk of surgical intervention. Furthermore, 
SLT is associated with fewer adverse events, such 
as blepharitis and conjunctival hyperaemia, than 
intraocular pressure (IOP)- lowering eye- drops ther-
apy, and is considered an intervention that does not 
affect adherence and can maintain the patient’s 
quality of life.

WHAT THIS STUDY ADDS
 ⇒ Both first- line and second- line SLT may be effective 
and safe treatments for patients with normal- tension 
glaucoma (NTG), leading to a substantial decrease in 
IOP over a period of 1 year, with no serious adverse 
events.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ This study will help to elucidate the efficacy of SLT 
in eyes with NTG.
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＊第二選択治療患者：FP作動薬またはβ遮断薬の１成分使用

正常眼圧緑内障に対するSLTの
第一選択と第二選択の有効性と安全性：

多施設コホート研究

群 術前眼圧 術後12ヶ月眼圧 p値 眼圧下降率

第一選択群：74眼 16.3±2.1 mmHg 13.4±1.9 mmHg p<0.001 17.1±9.5 %

第二選択群＊：25眼 15.4±1.5 mmHg 13.2±2.0 mmHg p=0.005 12.7±9.7 %

SLTは、NTGの第一選択及び第二選択治療として、
有効かつ安全な治療選択肢となりえる

10

毛様体光凝固術
目的

Ø 経強膜的ダイオードレーザー毛様体凝固（毛様体破壊術）
レーザーを連続発振して毛様突起を破壊し、房水産生を抑制

Ø 経強膜的マイクロパルス波毛様体凝固（MP-CPC)
毛様体扁平部の細胞を刺激して、ぶどう膜強膜流出路を増加

適応
Ø 毛様体破壊術
他の緑内障手術が無効あるいは適応がない症例
重篤な合併症を来しうる
経強膜、経瞳孔、経硝子体などのアプローチで施行

Ø MP-CPC
点眼治療への追加など早期の症例に適応
まだその役割は十分に検討されていない

緑内障診療ガイドライン第5版を一部改変

11
Ling Q, Cai Z, Zhang X, Duan X: BMC Ophthalmol 23: 263, 2023

6研究（うち2研究がRCT）を解析

眼圧下降率
6ヶ月： 23.9‒63%
12ヶ月： 23‒31%

生存率
6ヶ月： 60‒70%
12ヶ月： 33-87.5%

MP-CPCのメタ解析 術前術後

12
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レーザー虹彩切開術（LPI)

神戸市立神戸アイセンター病院

藤原 雅史

2025年 第48回日本眼科手術学会総会
教育セミナー 「緑内障レーザー治療の基本手技」

レーザー虹彩切開術(LPI)の術前術後の検査と点眼等

術前検査

細隙灯顕微鏡検査（隅角、角膜、前房、虹彩）

眼圧検査

前眼部画像検査（前眼部OCT,UBM)

角膜内皮細胞検査

術前点眼

アプラクロニジン点眼（１時間前）

１～２％ピロカルピン点眼（30～60分前、2,3回）

縮瞳による虹彩の伸展、菲薄化

点眼麻酔 オキシブプロカイン塩酸塩点眼（直前）

術後処置

アプラクロニジン点眼（直後）

一過性眼圧上昇の確認（術後１～２時間後）

→高眼圧ならCAI(炭酸脱水酵素阻害剤)内服など

ステロイド点眼（0.1%フルオロメトロン ４回/日 ７日間）

レーザー虹彩切開術(LPI)の方法

虹彩切開用レンズ

• Abrahamレンズが代表的

• 集光により虹彩面でのレーザーエネルギー密度を高める

照射部位

• 鼻上側または耳上側の周辺部虹彩

• １２時方向は避ける（発生する気泡がたまり照射を妨げる）

• 角膜が透明で虹彩の視認性の高い箇所

• 穿孔部の大きさは200μm程度（再閉塞しない大きさ）

どちらか

第１段階

虹彩照射部を収縮
菲薄化、前房を深くする

目的

アルゴン(グリーン）種類

200～500μmサイズ

200mWパワー

0.2秒時間

2～6発照射数

レーザー虹彩切開術(LPI)の設定条件、術中術後合併症、適応

アルゴンレーザー・ＹＡＧレーザー併用

第２段階

虹彩実質を削り取る
切開孔を拡大する

アルゴン(グリーン）

50μm

1000mW

0.02(～0.05)秒

10～50発

第３段階

完全に穿孔させる

ＹＡＧ

1.0～2.0mJ

1～5発

前房出血（ＹＡＧレーザー単独の場合高頻度）

→レンズで圧迫止血

角膜混濁、水晶体前嚢破壊、網膜誤照射

角膜内皮障害、水疱性角膜症

穿孔部再閉塞

虹彩炎、瞳孔偏位、限局性白内障

瞳孔ブロックにより眼圧が既に上昇 or 上昇するリスクが高い症例

 原発閉塞隅角病 PACD(PACG,PAC,PACS)  急性(APAC)、慢性(CPAC)

 続発閉塞隅角緑内障：膨隆虹彩（全周の虹彩後癒着）、シリコンオイル注入眼

 色素緑内障（逆瞳孔ブロック）

適応

術中合併症

術後合併症

Lancet 2019 

・両眼PACS （50～70歳） 889例

PACSに対するLPIの効果

レーザー虹彩切開術(LPI) 無治療

randomised

P値無治療LPI

0.4805眼3眼眼圧>24mmHg

0.02430眼15眼PAS

0.1005眼1眼Acute attack

結論 PACSに対するＬPＩの進行予防効果は限定的である
ため推奨されない

片眼 他眼

72ヵ月後まで

LPIによる水疱性角膜症

日本の水疱性角膜症の主要な原因はLPI
Ang LP, et al. Br J Ophthalmol . 2007

Shimazaki, et al. Cornea. 2007

角膜内皮細胞数 右眼2551個/mm2 左眼568個/mm2

角膜内皮細胞減少→水疱性角膜症のリスク大

左眼LPI（8年前)右眼LPI未施行７３歳 女性 両PAC

左眼中心前房深度 1.26mm
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PACDに対するLPIの治療成績

Alsagoff, et al. Ophthalmology  2000

緑内障点眼薬開始
or レーザー治療追加
or 手術追加
をもって死亡と定義

０ １０ ２０ ３０ ４０ ５０ ６０ ７０

0.2

0.4

0.6

0.8

1.0

累
積
無
治
療
群

術後経過期間（months）

LPI (CACG)

LPI (AACG)

CACG：慢性閉塞隅角緑内障
AACG：急性閉塞隅角緑内障

LPIの長期予後は不良

手術治療追加の必要となる症例も多い

暗室うつむき試験(DRPPT)の陽性率（LPI既往別）

陽性

17%

疑陽性

19%陰性

64%

TOTAL
n=718

未治療群(1症例1眼）

PACS n=398
PAC n=232
PACG n=88

LPI群：LPIのみ既往有り(1症例1眼）

陽性

17%

疑陽性

21%陰性

62%

TOTAL
n=126

PACS n=52
PAC n=58

PACG n=16

DRPPT陽性の中で眼圧上昇16mmHg以上→強陽性とすると

陽性
n=123

強陽性
15%

非強陽性

85%

未治療群 強陽性
0%

非強陽性

100%

陽性
n=22

LPI群

DRPPTの陽性率はLPI
の有無で不変

→機能的隅角閉塞に
よる眼圧上昇は残存

LPIによって大幅な
眼圧上昇は抑制

広瀬「All About 原発閉塞隅角緑内障」 2014年 より引用、改変

8mmHg以上上昇 陽性
6 or 7mmHgの上昇 疑陽性

Effectiveness of early lens extraction for the treatment of primary angle-closure 
glaucoma (EAGLE): a randomized controlled trial

Azuara-Blanco et al. Lancet. 2016 

・(1) PACG or (2) PAC with IOP > 30 mmHg
・急性PACの既往無し
・白内障手術、レーザー虹彩切開術の既往無し
・症候性白内障無し

慢性PACに対する水晶体再建術とLPIの比較

水晶体再建術 204眼 レーザー虹彩切開術(LPI) 205眼

randomised

ＬＰＩ水晶体再建術

17.9 mmHg
(n = 184)

16.6 mmHg
(n = 182)

眼圧（36ヵ月後）

1.3
(n = 181)

0.4
(n = 178)

点眼数（36ヵ月後）

結論 「(透明)水晶体摘出術はＬＰＩよりも治療効果とコスト
面で優れており、治療の第一選択として考えるべきである」

隅角閉塞の発症機序と治療の有効性

瞳孔ブロック

水晶体因子

プラトー虹彩

水晶体後方因子

 （毛様体因子）

LPI 有効
水晶体再建術

PACDに対する水晶体再建術は最も汎用性が高く強力な
機能的隅角閉塞の治療手段

白内障自体に手術適応があるPACDの治療には
LPIより水晶体再建術が優先

PACD治療で水晶体再建術よりもＬＰＩを選択する場合

非観血的に短時間で施行できる（外来診療の範囲内で）

症例の状態や医療現場の状況によってLPIは今後も必要な手技

 水晶体再建術自体がハイリスクな症例

 手術時の安静が困難な症例（意思疎通不可、認知症、振戦、仰臥位不可など）

 身体的、社会的背景により水晶体再建術の術後管理が不可

 水晶体再建術の手術設備や術者、体制が整っていない施設

 水晶体再建術では時間的に猶予がない、同意が得られない

ＬＰＩを検討（瞳孔ブロック機序優位な症例）

まとめ

LPIは瞳孔ブロック機序のみに有効な治療であり、症例毎に閉塞隅角の

発症機序を把握し、LPIの対象となる症例を適切に選択する必要がある

全身状態を含めた患者背景などにより水晶体再建術の実施が困難な

PACDの症例に遭遇することもあるため、PACD治療の選択肢として、

また、逆瞳孔ブロックや、完全瞳孔ブロックの治療としても、

LPIは習得しておくべき手技である
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グレース眼科クリニック

内藤 知子

第48回 日本眼科手術学会学術総会 
教育セミナー

SLT（選択的レーザー線維柱帯形成術）

緑内障レーザー治療の基本手技

0000年0月0日
グレース眼科クリニック

2

SLTの流れ

Latina SLT Gonio Laser Lens (Ocular)

１）スポットサイズは固定

２）隅角鏡は拡大率の高いものを使用

３）アプラクロニジン点眼（術前1hrおよび術直後）

４）気泡が発生する最少エネルギー（0.3～0.9mJ）

５）SLT後にステロイドやNSAID点眼は使用せず

６）使用中の緑内障点眼薬はそのまま継続

0000年0月0日
グレース眼科クリニック

3

SLT照射部位

角膜内皮損傷！重ねずに

毛様体損傷！

強膜岬をガイドに重ねないように照射する

➢ 照射瘢痕が残らないので注意

0000年0月0日
グレース眼科クリニック

4

360°

180°

180°: 35眼 vs  360°: 34眼（日本人における比較）

眼圧下降率≧20％

Shibata N, et al. Journal of Glaucoma. 2012

180° 360°

VS

最近では

360°全周照射が主流

照射範囲

0000年0月0日
グレース眼科クリニック

5

⚫ ステロイド緑内障 29.9±7.5mmHg → 17.9±2.2mmHg (下降率 35.9％）

⚫ POAG 20.0±3.0mmHg → 17.3±3.1mmHg  (下降率 13.2％）

⚫ 落屑緑内障 21.1±4.0mmHg → 18.1±4.1mmHg  (下降率 10.7％）

⚫ 混合緑内障 21.3±1.9mmHg → 19.9±3.4mmHg  (下降率 6.9％）

SLT前 SLT後12か月

日眼会誌 116 : 751-757, 2012 

ステロイド緑内障には特に効果的

効きやすい病型 SLT点眼
⚫ 目標眼圧達成率（累積）

⚫ 経過中の病状進行

⚫ 経過中に行った手術

＞

Lancet. 2019 Mar 8.

高眼圧症と緑内障に対する

第一選択治療としての

SLTと点眼薬の比較 多施設RCT

LiGHT trial

1 2

3 4

5 6
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SLT点眼

⚫ SLTの施行回数

⚫ 36ヶ月時点での点眼剤数

Ophthalmology. 2023

⚫ 経過中に行う緑内障手術

SLT

点眼

⚫ 経過中の病状進行

点眼

SLT

⚫ SLT群では69.8％が薬物治療や手術なく

目標眼圧以下に維持された

⚫ 病状進行（点眼:26.8% vs SLT:19.6% p=0.006）

⚫ レクトミー施行（点眼:32眼 vs SLT:13眼 p＜0.001）

⚫ 白内障手術施行（点眼:95眼 vs SLT:57眼 p=0.03）

LiGHT trial 6年成績

0000年0月0日
グレース眼科クリニック

Low-power SLT vs conventional SLT
Tang M, et al. Ophthalmic Surg Lasers Imaging. 2011;42: 59–63.

治療方法 眼数 SLT前 IOP 6M後 IOP エネルギー
6M   
成功率

low-power 

SLT
39 25.1±2.2mmHg

20.2±1.9mmHg

19.5% 眼圧下降
0.3-0.5mJ 53.9%

conventional 

SLT
35 24.5±1.9mmHg

20.1±2.1mmHg

18.0% 眼圧下降
通常の方法 51.4%

p 0.232 0.835

low power SLTは眼圧下降作用は同等か

9
福井済生会病院 新田耕治先生の御厚意による

0000年0月0日
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日本人での効果は？

正常眼圧緑内障に対する第一選択および第二選択治療としての

選択的レーザー線維柱帯形成術の有効性および安全性に関する

前向き介入研究

日本緑内障学会支援事業

BMJ Open Ophth 2024;9:e001563

0000年0月0日
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結果：眼圧推移

全体99眼 first-line SLT 74眼(年齢58.6歳) second-line SLT 25眼(年齢67.4歳) 

First-line

全体

Sedond-line

SLT 前 SLT 1M後 SLT 12M後

16.1±2.0mmHg 12.9±2.1mmHg (19.8%) 13.3±1.9mmHg (16.0%)

SLT 前 SLT 1M後 SLT 12M後

16.3±2.1mmHg 13.0±2.2mmHg (20.2%) 13.4±1.9mmHg (17.1%)

SLT 前 SLT 1M後 SLT 12M後

15.4±1.5mmHg 13.0±1.8mmHg (18.8%) 13.2±2.0mmHg (12.7%)

0000年0月0日
グレース眼科クリニック
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結果：安全性・副作用

SLT施行後

SLT施行時 眼 ％

結膜充血 19 19.2

前房内細胞 65 65.7

眼 ％

結膜充血 7 7.1

前房内炎症 9 9.1

霧視・視力低下 11 11.1

羞明 5 5.1

頭重感などの違和感 12 12.1

黄斑浮腫 1 (SLT後にBRVO併発) 1.0

BRVO：網膜分枝静脈閉塞症

過去に報告されている 5mmHg 以上の眼圧上昇はなし

7 8

9 10

11 12
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毛様体光凝固術の基本手技

第48回 日本眼科手術学会学術総会
教育セミナー「緑内障レーザー治療の基本手技」

亀田総合病院
杉本宏一郎

毛様体光凝固術

• 1933年 Diathermy(電気凝固)
• 1936年 Penetrating diathermy(経強膜電気凝固)
• 1950年 Cyclocryotherapy(経強膜冷凍凝固)
• 1970年代 Trans-scleral cyclophotocoagulation(TSCPC:経強膜毛様体光凝固)
⇒Continuous-Wave Transscleral cyclophotocoagulation (CW-TSCPC:経強膜連続波毛様体光凝固術) 
• 1976年 Transpupillary cyclophotocoagulation(TPCPC:減瞳孔毛様体光凝固)
• 1992年 Endoscopic cyclophotocoagulation(ECPC:内視鏡的毛様体光凝固)
• 2010年 Micropulose cyclophotocoagulation(MP-CPC:マイクロパルス毛様体光凝固術)
⇒Micropulse transscleral laser treatment(MP-TLT:経強膜マイクロパルスレーザー治療) 

毛様体の機能を低下させ、
房水産生を抑制する

Santen Medical Channel. https://www.santen.co.jp/medical-channel/tools/illust/menokouzou/DO030_menokouzou.html

MP-TLTCW-CPC
MPプローブGプローブプローブ

眼球の垂線方向
・

毛様体扁平部

眼球の視軸と平行
・

毛様体鄒壁部

プローブの向き
・

当てる場所

2500mW 80sec 
0.5msの持続時間と
1.1ms間隔で施行

2000mW 2sec
(ポップ音出る程度 )

パワー
・

照射範囲

ぶどう膜強膜流出路による
房水流出を促進房水の産生を減少作用機序

少ない多い合併症

緑内障手術数

MPTLTの増加の関与が示唆

• 810nmの赤外線光を照射するレーザー装置
• 専用のMPプローブを接続し、経強膜的に毛様体へのレーザー照射を行う
• 眼圧下降機序は、照射により毛様体扁平部の細胞を刺激してぶどう膜強膜

流出路の排出の促進1)

Micropulse transscleral laser treatment
(MPTLT:経強膜マイクロパルスレーザー治療) 

1) Aquino MCD et al Clinical&Experimental ophthalmology 2014

MPTLTの手技

• 球後orテノン嚢下麻酔

• 設定:2500mW,80sec,D/C 31.3%

• スコピゾルをプローブ、結膜に滴下

• レーザー照射
3時、9時を除いた上方と下方に80secずつ
（上4往復と下4往復をそれぞれ80sec)
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MPTLT照射後の処置

• 処置当日眼帯

• 処置後点眼:ステロイド、抗生剤点眼薬、緑内障点眼継続
1日4回 1週間程度

• 処置後内服:鎮痛薬 (屯用)

• １週間後再診し緑内障点眼薬は、術後の眼圧を確認後に調整

Continuous-Wave Transscleral 
cyclophotocoagulation 
(CWTSCPC:経強膜連続波毛様体光凝固術) 

• 眼球癆:0-9.9%
• 2段階以上の視力低下:0-55%

Ishida K Curr Opin Ophthalmol. 2013

MPTLTとCWTSCPCの比較
難治緑内障に対する成績

• 成功:最終眼圧6-21mmHgで30%以上の眼圧下降
• 18か月後 MPCPC:52%、CWCPC:30%(P=0.70)

Maria Cecilia D Aquino etal Clin Exp Ophthalmol.2015

TSCPCMPCPC

35.0mmHg36.5mmHg術前眼圧

19.0mmHg20.0mmHg18カ月後眼圧

45%45%眼圧下降率

合併症
• 虹彩炎
• 視力低下
• 低眼圧
• 結膜裂傷
• 強膜菲薄
• 前房出血
• 白内障
• 一過性散瞳
• 黄斑浮腫
• 脈絡膜出血、硝子体出血
• 眼球ろう

MPTLTのまとめ
• 20-40%の眼圧下降(目標眼圧が立て辛い)

• 外来治療が可能

• NTGに対してはまだ報告が少ない

• 合併症には注意が必要

•Endoscopic cyclophotocoagulation
(ECPC:内視鏡的毛様体光凝固)

Masaki Tanito et al Eye. 2020

• 内視鏡を用いて毛様体を直接光凝固する


