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シンポジウム②
無症候性冠動脈疾患の重症化予防（急性冠症候群の発症予防）と不安定プラーク

冠動脈CT検査の進歩と不安定プラーク
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不安定プラークの検出

不安定プラークの治療
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心臓カテーテル検査を用いた
冠動脈造影 （CAG）

冠動脈のCTA画像



detector

造影剤が必要*
（50-100ccくらい）

心電図同期
（頻脈・不整脈に限界）

X線 （被ばく）*

息止め・安静

低侵襲
検査が簡便

検査時間が短い
読影が容易



CAG vs. CCTA
CAG CCTA

invasiveness invasive Less invasive
Contrast media Intra coronary injection Intra venous injection
Radiation dose 3-15 mSv 3-8 mSv
Spatial resolution 0.22mm/pixel 0.3～0.5mm/pixel
Temporal resolution 3 〜 4 msec 35〜150 msec
Arrythmia / tachycardia - limitation
Plaque assessment No

Culprit lesion:
IVUS: 100-250µm

OCT: 10-20µm

Yes
Culprit and non-culprit 

lesions (whole heart):
300-500µm

CAG Grayscale IVUS VH-IVUS IB-IVUS OCT CT



LAD

有意狭窄なし

#7 90%

冠動脈造影（CAG） CT angiography（CTA）

石灰化



RCA

normal

59y, F. 狭心症疑い。
MSCT撮像時、心拍数の変動が著しく（65～78/分）motion artifactにより、疑陽性となった。
アーチファクトの部分が止まっている時相で画像を作り直すことで解決する可能性あり。

Aquilion 16



Diagnostic performance of 64-slice CT to detect obstructive stenosis
- meta-analysis of comparison with ICA -

Vessel based analysis
Peach, et al. Hamon, et al.

No. of included studies 17 13

Sensitivity % 94.9 88

Specificity % 89.5 96

PPV 75 79

NPV 99 98

Diagnostic accuracy 91.5

Hamon, et al. Radiology 2007; 245: 720-731Peach, et al. BMC Cardiovasc Disord. 2011;11:32. 



*Circulation 2003;108:1664, ** Ehara et al. Circulation. 2004;110:3424-3429 , ***Wilson et al. Circulation 2002;105:415-41

Figure 2. Different types of vulnerable plaque as underlying cause of acute coronary events (ACS) and sudden cardiac 
death (SCD). A, Rupture-prone plaque with large lipid core and thin fibrous cap infiltrated by macrophages. B, 
Ruptured plaque with subocclusive thrombus and early organization. C, Erosion-prone plaque with proteoglycan
matrix in a smooth muscle cell-rich plaque. D, Eroded plaque with subocclusive thrombus. E, Intraplaque hemorrhage 
secondary to leaking vasa vasorum. F, Calcific nodule protruding into the vessel lumen. G, Chronically stenotic plaque 
with severe calcification, old thrombus, and eccentric lumen. Circulation. 2003;108:1664

60-75%
薄い線維性被膜を持つプラーク
(TCFA)
大きな脂質コア（lipid core）
ポジティブリモデリング
マクロファージの浸潤

20-40%
内皮細胞の欠落により、
内膜に血栓が形成される。
(びらん)

2-7%
calcified platesがある。
線維性皮膜は途絶し、
そこに血栓を有する。

*

Ruptured plaque Erosion Calcified nodule

Vulnerable plaqueの病理

内腔



Rupture Plaque and TCFA

Virmani, JACC 2006;47:C13-18

より大きな脂質コア
より薄い線維性被膜

Plaque type Rupture
(n=25)

TCFA
(n=15)

p value

Necrotic Core
%

34±17 23±17 26±20

Fibrous Cap
Thickness μm

23±19 <65 -

Macrophages 
%

26±20 14±10 0.05



Falk E, et al. Eur Heart J 2013;34:719–28. 
Ambrose JA, et al. J Am Coll Cardiol 1988;12:56–62. 
Little WC et al. Circulation 1988;78:1157–1166. 
Giroud D, et al. Am J Cardiol 1992;69:729 –732.

Niccoli G, et al. JACC Cardiovasc Imaging. 2013；10)1108-1114. 
Ojio S, et al. Circulation 2000;102:2063–9. Hackett D, et al.  Am 
J Cardiol 1989;63:1517–1518.

冠動脈造影での冠動脈狭窄度

心筋梗塞前の冠動脈造影で
は、責任病変の2/3が<50％狭
窄

冠動脈造影から心筋梗塞までの期間：
心筋梗塞発症直前の冠動脈造影では
冠動脈の高度狭窄を認めた

68%
18%

14%

<50% stenosis

50-70% 
stenosis

>70% stenosis



J Am Coll Cardiol 2013;61:1041–51

Fibroatheroma
(n=105)

Thin-cap fibroatheroma
(n=88)

Plaque rupture
(n=102)

プラーク性状と血管内腔狭窄度

Vulnerable plaqueは
Plaque ruptureの直前には、内腔が狭くなる

Stable plaqueとの区別は、狭窄度だけでは困難
狭窄度だけでは、プラーク性状はわからない



Schoenhagen P, et al. Circulation. 2000;101:598–603.

IVUSでのACS責任病変の特徴

Spotty calcification 

Calcium arc ≤90° Calcium length

Ehara et al. Circulation. 2004;110:3424-3429 



CT plaque characteristics compared with histology or IVUS
slice rotation CT attenuation (mean+SD [HU])

Study thickness speed(ms) slice reference soft fibrous calcification
--------------------------------------------------------------------------------------------------------------------------------------------------------------
Becker et al 0.6mm 500 4 histology 47±9 104±28
Schroeder et al. 1.0mm 500 4 histology 42±22 70±21 715±328
Schroeder et al. 1.0mm 500 4 IVUS 14±26 91±21 419±194
Leber et al. 0.75mm 420 12 IVUS 49±22 91±22 391±156
Pohle et al 0.75mm 375/420 16 IVUS 58±43 121±39
Motoyama et al. 0.5mm 400 16 IVUS 11±12 78±21 516±198
Hur et al. 1.0mm 330 64 IVUS 54±13 82±17 392 ±155
--------------------------------------------------------------------------------------------------------------------------------------------------------------
CT= computed tomography, IVUS= intravascular ultrasound, SD=standard deviation, HU=Hounsfield unit

IVUS

CT

短軸断

ソフトプラーク 線維性プラーク 石灰化

5HU

356
HU

384
HU321

HU

106
HU

485
HU

Motoyama et al. Circ J 2007;71:363-366 

CTAでの冠動脈プラーク評価

LAP
≤30HU



VR/3D

Curved MPR (CPR)

Stretched MPR

Cross sectional 
image

Positive remodeling
（ ≥1.1）

LAP

Positive remodeling
（ ≥1.1） LAP



*Circulation 2003;108:1664, ** Ehara et al. Circulation. 2004;110:3424-3429 , ***Wilson et al. Circulation 2002;105:415-41

Spotty calcification 
on IVUS**

Vasa Vasorum***
Figure 2. Different types of vulnerable plaque as underlying cause of acute coronary events (ACS) and sudden cardiac 
death (SCD). A, Rupture-prone plaque with large lipid core and thin fibrous cap infiltrated by macrophages. B, 
Ruptured plaque with subocclusive thrombus and early organization. C, Erosion-prone plaque with proteoglycan
matrix in a smooth muscle cell-rich plaque. D, Eroded plaque with subocclusive thrombus. E, Intraplaque hemorrhage 
secondary to leaking vasa vasorum. F, Calcific nodule protruding into the vessel lumen. G, Chronically stenotic plaque 
with severe calcification, old thrombus, and eccentric lumen. Circulation. 2003;108:1664

60-75%
薄い線維性被膜を持つプラーク
(TCFA)
大きな脂質コア（lipid core）
ポジティブリモデリング
マクロファージの浸潤

20-40%
内皮細胞の欠落により、
内膜に血栓が形成される。
(びらん)

2-7%
calcified platesがある。
線維性皮膜は途絶し、
そこに血栓を有する。

*

Ruptured plaque Erosion Calcified nodule

不安定プラークの特徴

Thin-cap fibroatheroma (TCFA) x
large lipid core: ○ : LAP with <30HU
positive remodeling: ○ : >110% in diameter
macrophage infiltration: x
spotty calcification: ○ : one-sided / the length of <3mm
vasa varorum: x



Culprit lesions of ACS
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High risk plaque ACS in 20 months

Motoyama et al. J Am Coll Cardiol 2009

in 1059 Pts

2-FPP

1-FPP

2-FPP and no plaque

HRP

27±10 months

ACSの発症率が高いHRP

• Non-culprit lesions with PR or LAP had higher risk of 
ACS with follow-up of 27 months in 1059 pts.

• Sp-Ca was not significantly different (27 vs. 13%, 
p=0.31) between ACS(+) and ACS(-).



Napkin-ring sign (Ring-like sign )

Delineation of NRS in CCTA is independently linked to
the size of the necrotic/lipid core, 
the size of the non-core plaque and to the vessel area

a hyperdense ring-like structure surrounding a hypodense center JACC Cardiovasc Imaging 
2010;3:440-4, 
JACC Cardiovasc Imaging 
2012;5:1243–52
Atherosclerosis 2012;224:90-
96
JACC Cardiovasc Imaging 
2009;2:1412-9
JACC Cardiovasc Imaging 
2013;6:448-57



Napkin-ring sign (Ring-like sign )

Delineation of NRS in CCTA is independently linked to
the size of the necrotic/lipid core, 
the size of the non-core plaque and to the vessel area

a hyperdense ring-like structure surrounding a hypodense center JACC Cardiovasc Imaging 
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Motoyama, et al. J Am Coll Cardiol 2015;66:337-46

Log-rank: p<0.0001

HRP(-): 40/2865 (1.4%)

HRP(+): 48/293 (16%)
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Serial CTA analysis (f/u 4.1 years: CTA1-2 1 year)

Motoyama, et al. J Am Coll Cardiol 2015;66:337-46
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Comparison of CT characteristics of HRP
which subsequently developed or did not develop ACS 

Motoyama Narula, et al. J Am Coll Cardiol 2009

ANCOVA adjusted for age, hypertension, hyperlipidemia, prior 
myocardial infarction. NCP=non-calcified plaque 

*TICFA: plaque at the other site of culprit lesion which 
resemble the rupture plaque but luck a luminal thrombus.

Virmani, JACC 2006;47:C13-18

Comparison of pathology between 
ruptured plaque and un-ruptured TCFA

ACS
n=11

No ACS 
n=63

p

Mean+SE (95%CI)

Remodeling 
index (%)

126.7±3.9
(118.9–
134.5)

113.4±1.6
(110.2–
116.6)

0.003

total plaque 
volume (mm3)

134.9±14.1
(106.8–
162.9)

57. 8±5.7
(46.3–69.2)

<0.00
1

LAP volume 
(mm3)

20.4±3.4
(13.58–
27.21)

1.1±1.4
(-1.7–3.9)

<0.00
1

Plaque type Rupture
(n=25)

TCFA
(n=15)

p value

Necrotic Core
%

34±17 23±17 26±20

Fibrous Cap
Thickness μm

23±19 <65 -

Macrophages 
%

26±20 14±10 0.05

＜病理＞ ＜CT＞



RCA
Serial change of HRP

ACS at 3 years after 1st CTA

ACS

Plaque RuptureHRPNon-HRP



• 不安定プラークの検出
ハイリスクプラーク：PR、LAP
プラーク進展（plaque progression）

• 不安定プラークの治療



• 不安定プラークの検出
ハイリスクプラーク：PR、LAP
プラーク進展（plaque progression）

• 不安定プラークの治療



Simvastatin(リポバス)

Pravastatin（メバロチン）

Pravastatin（メバロチン）

Simvastatin(リポバス)

LDL-C値と心血管イベント



Inoue, Motoyama, et al. J Am Coll Cardiol Img 2010;3;691-698
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ACS
n=11 (15%)

No  ACS
n=61 (85%)

p value

Age 66.3±8.2 65.8±9.5 0.84

Male Gender 11 (100%) 51 (83.6%) 0.34

Hypertension 8 (62.5%) 31 (50.8%) 0.21

Hyperlipidemia 9 (75.0%) 36 (59.0%) 0.19

Diabetes Mellitus 2 (25.0%) 18 (29.5%) 0.72

Smoking* 4 (25.0%) 19 (31.1%) 0.74

Obesity (>25) 1 (12.5%) 8 (13.1%) 0.99

Previous MI 8 (72.7%) 32 (52.5%) 0.33

Previous PCI 8 (72.7%) 32 (52.5%) 0.33

Statin Use After CTA 6 (62.5%) 41 (67.2%) 0.50

Clinical profile of subjects with 2 or 1 feature-positive plaques
who developed and did not develop ACS

Motoyama, et al. J Am Coll Cardiol 2009;54:49-57



Lancet 2007; 369: 1090–98



BACKGROUND
Patients with elevated triglyceride levels are at increased risk for ischemic events. Icosapent
ethyl, a highly purified eicosapentaenoic acid ethyl ester, lowers triglyceride levels, but data
are needed to determine its effects on ischemic events.
METHODS
We performed a multicenter, randomized, double-blind, placebo-controlled trial involving
patients with established cardiovascular disease or with diabetes and other risk factors, who
had been receiving statin therapy and who had a fasting triglyceride level of 135 to 499 mg
per deciliter (1.52 to 5.63 mmol per liter) and a low-density lipoprotein cholesterol level of
41 to 100 mg per deciliter (1.06 to 2.59 mmol per liter). The patients were randomly assigned
to receive 2 g of icosapent ethyl twice daily (total daily dose, 4 g) or placebo. The primary
end point was a composite of cardiovascular death, nonfatal myocardial infarction, nonfatal
stroke, coronary revascularization, or unstable angina. The key secondary end point was a
composite of cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke.
RESULTS
A total of 8179 patients were enrolled (70.7% for secondary prevention of cardiovascular
events) and were followed for a median of 4.9 years. A primary end-point event occurred in
17.2% of the patients in the icosapent ethyl group, as compared with 22.0% of the patients
in the placebo group (hazard ratio, 0.75; 95% confidence interval [CI], 0.68 to 0.83; P<0.001);
the corresponding rates of the key secondary end point were 11.2% and 14.8% (hazard ratio,
0.74; 95% CI, 0.65 to 0.83; P<0.001). The rates of additional ischemic end points, as assessed
according to a prespecified hierarchical schema, were significantly lower in the icosapent
ethyl group than in the placebo group, including the rate of cardiovascular death (4.3% vs.
5.2%; hazard ratio, 0.80; 95% CI, 0.66 to 0.98; P = 0.03). A larger percentage of patients in
the icosapent ethyl group than in the placebo group were hospitalized for atrial fibrillation
or flutter (3.1% vs. 2.1%, P = 0.004). Serious bleeding events occurred in 2.7% of the patients
in the icosapent ethyl group and in 2.1% in the placebo group (P = 0.06).
CONCLUSIONS
Among patients with elevated triglyceride levels despite the use of statins, the risk of ischemic
events, including cardiovascular death, was significantly lower among those who received
2 g of icosapent ethyl twice daily than among those who received placebo. (Funded
by Amarin Pharma; REDUCE-IT ClinicalTrials.gov number, NCT01492361.)

N Engl J Med 2019;380:11-22.

Endpoint: 
cardiovascular death, nonfatal myocardial infarction, 
nonfatal stroke, coronary revascularization, or unstable 

Pt with CAD or DM 
On statin
TG 135 to 499 mg/dl
LDL-C  41 to 100 mg/dl
EPA 4g or placebo



CT	findings		
All	patients	
(n=211)

Control	group	
(n=69)

Low	dose	EPA	
group	(n=52)

high	dose	EPA	
group	(n=90) P

CCTA-1
Presence	of	HRP	
n(%) 75	(35.6) 24	(34.8) 21	(40.3) 30	(33.3) 0.69

0
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All patients
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Plaque progression
P=0.0001

P=0.17 P=0.0013

Plaque progression and EPA treatment in ACS pts

(%)

Cardiac event： 31/317 (10%) at 12 month (median)

Nagahara, Motoyama. Preparing
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DAPT
Carvedilol 2.5mg
Imidapril 5mg
Diltiazem 200mg
Rosuvastatin 5mg

LDL-C 130 → 70mg/dl
TG 63 → 78mg/dl
HDL-C 65 → 68mg/dl
HbA1c 5.4 → 5.5%
EPA/AA 0.30 → 0.28

LAD1) 5 months later

症例 3： 67 year-old female

CCTA-1

PR(+) LAP(+)

WW300/WL130

PCI to RCA#3

Inferior STEMI

Risk factor:
HT(+)
DLP(-)
DM(-)
Smoking(-)

PCI due to AP

LAD



Pitavastatin 2mg
EPA 1800mg

LDL-C 142 → 78mg/dl
TG 60 → 118mg/dl
HDL-C 44 → 46mg/dl
HbA1c 5.4 → 5.6%
EPA/AA 0.18 → 1.32

LCX

CCTA-2

79HU:LAP(-)
WW450/WL130

症例 4: 83 year-old male 

17HU:LAP(+)

CCTA-1Inferior STEMI
PCI to RCA#2

Risk factor:
HT(+)
DLP(-)
DM(-)
Smoking(-)



Nagahara, Motoyama, et al. Atherosclerosis 2016;250:30-37

CADの一次予防におけるHRP

Logrank p<0.0001

HRP(+)

HRP(-)

HRP(-) 156 99 66 23
HRP(+) 37 19 6 3

Patients at risk
0 1 2 3 (years)

*Baceline mode-1: Age, diabetes mellitus, and current smoking

Univariable Multivariable

OR 95% CI p
OR 95% CI p

Age 1.04 1.00-1.08 0.026
1.03 0.99-1.08 0.089

Male 1.92 0.92-4.23 0.082

BMI 0.99 0.89-1.06 0.66

Hypertension 1.46 0.70-3.15 0.31

Dyslipidemia 1.44 0.70-2.99 0.31

Uncontrolled Dyslipidemia
1.92 0.92-4.23 0.082

Diabetes mellitus 2.57 1.09-5.87 0.032 2.08 0.75-5.59 0.15

Current 
smoking

2.58 1.15-5.67 0.022 2.58 1.02-6.44 0.046

EPA 0.99 0.97-0.99 0.027

AA 1.00 0.99-1.01 0.47

DHA 0.99 0.98-1.00 0.28

EPA/AA ratio 0.79* 0.63-0.95* 0.012 0.65* 0.48-0.85* 0.0006
DHA/AA ratio 0.88* 0.75-1.02* 0.08

HbA1c 1.23 0.80-1.81 0.32

TC 1.00 0.98-1.00 0.35

TG 1.00 0.99-1.00 0.97

HDL-C 0.98 0.96-1.01 0.22

LDL-C 1.00 0.99-1.01 0.61

Hs-CRP 1.08 0.68-1.53 0.65

CACS 1.00 1.0000-1.0012 0.049
1.00 0.9881-1.0004 0.23

Number of 
vessel disease

2.26 1.54-3.37 <0.0001
1.87 1.06-3.31 0.031

Plaque burden 1.08 1.03-1.15 0.0018 1.08 0.99-1.17 0.087



• 不安定プラークの検出
ハイリスクプラーク：PR、LAP
プラーク進展（plaque progression）

• 不安定プラークの治療
治療の効果判定
一次予防：HRPに関係するマーカー

冠動脈CT検査の進歩と不安定プラーク


