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What is the mechanism of ACS ?

Libby, Pasterkamp. Eur Heart J 2015;36



OCT images of underlying 

plaque morphology in STEMI

Libby, Pasterkamp. Eur Heart J 2015;36



Multi modality intra-coronary imaging of 

atherosclerotic plaques 

Eur Heart J 2016;37



Most disrupted plaques heal 

spontaneously

Eisen, Giugliano, Braunwald. JAMA Cardiol 2016;1



Algorithm for Evaluation and Management of Patients Suspected of Having ACS. To facilitate 

interpretation of this algorithm and a more detailed discussion in the text, each box is 

assigned a letter code that reflects its level in the algorithm and a number that is allocated 

from left to right across the diagram on a given level. 

Anderson J et al. Circulation 2011;123:e426-e579
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Institute of Clinical System Improvement (ICSI) 2012















Updated UK NICE Guidelines

2016
Coronary CTA as the first line test
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New Generation CT Scanners Show High Accuracy for 

Detection of Obstructive CAD in Symptomatic Patients

Reference

Specificity 

(per 

segment)

Sensitivity 

(per 

segment)

Specificity 

(per 

patient)

Sensitivity

(per 

patient)

Scanner

LaBounty, 

AJC 2010
94%72-80%85-93%100%GE HD750

Chao     

EHJ 2010

Rubinshtein 

AJC 2013

95-97%94-97%50-69%99-100%Philips 256

Salvaty 

JCCT 2012 

(24 studies)

97%94%89%99%
Siemens

DSCT

De Graaf 

EHJ 2010
96%88%81%100%

Toshiba 

320



AngiographyCT Angiography IVUS

200µm 100µm

OCT

10µmResolution : 230-600µm

CCTA has lower spatial resolution than intra coronary 

imaging 



➢65 year-old diabetic woman

➢New onset atypical angina

➢Positive exercise stress test

Case Presentation - 1 
Atypical Angina in a diabetic patient
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Diameter stenosis=50%

Ostial LAD Stenosis

Circumflex

Left main

Diameter stenosis=50%

Lesion length=11 mm

MLD=1.5 mm



Treatment options:

➢Revascularization (PCI or CABG) 

based on angiography

➢Further anatomic evaluation-IVUS

➢Physiological evaluation-FFR 
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IVUS: 

Eccentric plaque, MLA=4.1 mm2



Nishioka JACC 1999 33 1870

IVUS-derived MLA < 4 mm2 had 92% sensitivity 

and 90% specificity for identifying a functionally 

significant coronary lesion 



EHJ 2010;31:2501

“…FFR is indicated for the assessment of 

the functional consequences of moderate 

coronary stenoses when functional 

information is lacking…”



Importance of lesion length in 

determining the hemodynamic 

significance of a coronary stenosis

A Poiseuille-based Coronary Angiographic 

Index for Prediction of Fractional Flow Reserve 

Jaffe…Rubinshtein et al. Int J Cardiol 2013, 167
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LL

R=resistance
P=pressure
η=fluid viscocity

=stenosis length
r=lesion radius

LL

LL

Poiseuille equation



Poiseuille-based angiographic 

index:

LL/MLD4

MLD = minimal lumen diameter

LL = lesion length

LL





LL/MLD4=2.2



FFR=0.93



Decision based on FFR:

➢Defer revascularization

➢Administer optimal medical therapy 

including high-dose statin (and Aspirin)

➢1-year follow-up with 256-slice coronary 

CT angiography

Lady Davis Carmel Cardiovascular Center



CSA (lumen) = 4.1 mm2

Plaque volume 59 mm3

Baseline 

CTA



CSA (lumen) = 6.3 mm2

Plaque volume 32 mm3

Follow-up CTA 

(1 year)



Case 1 Based Conclusions

➢Physiological assessment of an 

intermediate coronary lesion enabled 

deferral of an unnecessary 

revascularization procedure

➢CT angiography might be useful for 

diagnosis and follow-up of coronary 

atheroma
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➢ 49 year old female

➢ Recurrent episodes of typical angina, 

referred for coronary CTA 

Case 2 Presentation
Recurrent episodes of typical angina







Invasive Endothelial Function Tests
Acetylcholine test

Baseline Acetylcholine
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Follow - Up

➢Minimal atherosclerosis p/cath

➢Negative Acetylcholine study p/cath

➢Normal CFR p/cath

➢Continue medical Tx





Case 2 Based Conclusions

➢Myocardial bridging is a common finding 

on coronary CTA (35% in our series)

➢Prognosis is usually excellent 

➢Physiologic findings do not always match 

morphological findings 
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Case 3:
New onset chest pain 

in a 59 y/o female

• PMH: hyperlipidemia, hypertension

• Spouse died 2 weeks earlier from CHD

• 2 hours of chest pain
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Admission ECG

Emergent cath = normal coronary arteries



Cardiac MRI

Diagnosis ? MI ?



Maybe Plaque Imaging is the 

way to go in the ED

• Invasive ? • Non – invasive ?



PPV & NPV of intra-coronary imaging 

variables to predict clinical outcome 

events 

Eur Heart J 2016;37



Plaque imaging is THE ultimate “crystal ball” and critical 

to predict cardiac events



CCTA stenosis has good diagnostic 

performance and excellent NPV in acute chest 

pain patients 

Maffei, Seitun, Guaricci, Cadematriti. Br J Radiol 2016;89



CCTA stenosis was the main variable evaluated in 

the RCTs that established CT usefulness in acute 

chest pain patients 

Maffei, Seitun, Guaricci, Cadematriti. Br J Radiol 2016;89





ACS – Can We Sometimes Identify the Culprit 

Lesion ?

•37 y/o male, 

atypical acute chest pain.

•Ruptured plaque ?



Motoyama S et al, J Am Coll Cardiol 2009;54:49–57

CTA Characteristics of Atherosclerotic Plaques Subsequently 

Resulting in Acute Coronary Syndrome

Low attenuation plaque volume

Sensitivity90%

Specificity66.7%

PPV 32.3%

NPV 97.7%

Remodeling 

index

AUC 

0.70
AUC 

0.73

Total plaque 

volume

Low 

attenuation 

plaque vol.

AUC 

0.84

AUC 

0.80

LAP area/ 

plaque 

area



Stenosis and high risk plaque features in relation to ACS 

diagnosis (from ROMICAT 2)

Puchner 

et al. 

JACC 

2014;64



ACS prevalence & MACE rate in CCTA ED studies is low (low risk patients)

Puchner et al. JACC 2014;64



Halon, 

Rubinshtein et al

Jacc Imag 2018



Advanced Plaque Characteristics

• Positive remodeling

• Spotty calcifications

• Low attenuation plaque (<30 HU)

• “Napkin ring” sign

• Plaque volume
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Incremental prognostic value of plaque components beyond CAC 

in patients with acute chest pain (Nance et al, Radiology 2012;264) 

(N=458, 2 years F/U)



Non obstructive CAD ≠ 12 months MACE in 1000 ED 

patients



Is CT based 

plaque 

analysis 

critical in 

acute chest 

pain?   



Arineta

“Stereo CT” technology

• Two overlapping cone beams facing a single detector array 

rotate around the patient

• Coverage (14 cm) sufficient for whole heart scanning                           

in a single beat (acquisition time of 120 ms)

• Fastest CT gantry rotation time currently available                             

(0.24 second) 

• Small size, compatible with small rooms 

• Designed for optimal spatial & temporal resolution at a lower 

cost
Compact, cardiac – oriented CT installed in the 

CCU procedures room



Case 1: Using the Latest Version of the 

Arineta Scanner (GE Cardiograph)

• 50 y/o female with new onset typical effort 

angina, negative stress test

• PMH: 

– Psoriatic Arthritis (Steroid and Biologic therapies)

– Smoker

– Obese (162 cm, 100 Kg)

– Normal ECG
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G.E Cardiograph, CCTA Scan 14/1/2018

85 cc Omnipaque, HR=72 bpm

120 kV, 550 mAs, ASIR-cv 70

DLP = 387 mGy*cm

LCX

LAD

RCA



Cath 
16/1/2018



PCI 

16/1/2018



Multimodality imaging of patients with chest 

pain of possible ischemic originacute 

➢ECG / Clinical syndrome / hs Troponin

➢Choose a modality that is likely to make a 

diagnosis (CT can be the “gate keeper”)

➢Remember the association (or lack of) 

between coronary anatomy and physiology  

Lady Davis Carmel Cardiovascular Center



Accelerated Diagnostic Protocols for Intermediate to Low Risk Pts. 

Normal ECG 

Physical competence

Yes

ETT

-

Age > 65

Renal Failure

Previous Complex CAD

No

Non-diagnostic

NoYes

MPI CCTA

-

+

-

+

Admission 

Discharge

Ambulatory 

Investigation

Very Low Risk



Summary of Non-Invasive Imaging in 

Chest Pain

➢ Acute chest pain: exercise ECG, coronary CTA, SPECT

➢ Stable CAD: exercise ECG, SPECT, stress Echo, 

coronary CTA

➢ Post revascularization: SPECT, early catheterization

➢ Unclear diagnosis: MRI 
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Thank-you


