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Minimally Invasive

Coronary Artery Assessment







Calcium scan: – noncontrast,

ECG-triggered CT 

Calcium scan: – noncontrast,

ECG-triggered CT 

■ HU: unit of CT signal intensity

■ Calcium has high HU; threshold for 
calcium scoring = 130

■ Agatston score: weighted sum 

■ CAC indicates plaque burden 

– Calcification is one aspect of 
atherosclerosis

■ CAC does not indicate % stenosis
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Coronary Artery Calcification
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All Cause Mortality 
n = 10,377
asymptomatic men and women
f/u = 5.0+3.5 yrs.

Shaw, Raggi et al Radiology 2003

CT found to be independent
and incremental to risk factors



Rates for any coronary event

Detrano, et al. N Engl J Med. 2008;358:13.

MESA

Unadjusted Kaplan–Meier Cumulative-Event Curves for 

Any Incident CHD by CAC Score
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MESA Study

- Ca >100 10x more likely to have an event 

over 7 years



www.mesa-nhlbi.orgwww.mesa-nhlbi.org

Individualized CAC scoreIndividualized CAC score

McClelland RL et al. Circ 2006. 



CAC and prognosisCAC and prognosis

Budoff MJ et al JACC 2007



New GuidelinesNew Guidelines



ACC Guidelines



Coronary calcium

- Worried well

- Asymptomatic with a 
strong family history

- Atypical chest pain



Modifier of RiskModifier of Risk

Goff Circ 2013Goff Circ 2013



48 yo

55 yo

49 yo

Calcium score >400Calcium score >100

Calcium score ZERO



Minimally

Invasive

Angiography



Radiation in the newsRadiation in the news

Science Daily 2010



LVHN

LVHN avg CT coronary radiation = 3.8 mSv



CT AngiographyCT Angiography

CTA ungated

CTA ECG gated



Synchronization with cardiac 
motion

Synchronization with cardiac 
motion

■ Retrospective Gating

■ Prospective Gating

■ Retrospective Gating

■ Prospective Gating

Which is better?  

Depends on the patient
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motion
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(+) Allows recon at multiple phases in R-R interval

(+) Allows ECG editing (to recover from ectopic beats)

(+) Cardiac motion





Synchronization with cardiac 
motion

Synchronization with cardiac 
motion

■ Retrospective Gating■ Retrospective Gating

(+) Allows recon at multiple phases in R-R interval

(+) Allows ECG editing (to recover from ectopic beats)

(-) Higher radiation dose!



Synchronization with cardiac cycleSynchronization with cardiac cycle

■ Prospective ECG Triggering■ Prospective ECG Triggering

(-) One image (recon phase) per 

anatomic level for each R-R interval

(+) Low radiation dose!



MDCT in Clinical 

Practice

MDCT in Clinical 

Practice
� ‘Reference’ Standard

� Anomalous coronary vessels

� Coronary fistula, aneurysms
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� Anomalous coronary vessels
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Coronary anatomyCoronary anatomy

RCA

LAD

Coronary Anomalies



CT ScenariosCT Scenarios



Identification of L main ostia and 

peripheral vessel assessment.  

Identification of L main ostia and 

peripheral vessel assessment.  
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Sun, Z - 2007 Eur Jour of Radiology

Excluding CAD

High sensitivity 

High NPV

Excluding CAD
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■ 64 MDCT vs. ICA

■Sensitivity 97%, NPV 98%

■ 64 MDCT vs. ICA

■Sensitivity 97%, NPV 98%

Sun, Z - 2007 Eur Jour of Radiology



PromisePromise

N Engl J Med 2015; 372:1291-1300



1:1 Randomization — 10,000 patients
Stratified by site and intended functional test

Symptoms suspicious for significant CAD 
Requiring non-emergent noninvasive testing

64+ slice 
CTA

Functional strategy

Exercise ECG or 
exercise imaging

Pharmacologic
stress imaging

Tests read locally; Results immediately available
Subsequent testing/management by site care team, per guidelines

PROMISE Trial DesignPROMISE Trial Design

Minimum  follow-up  12  months

Anatomic strategy



Primary Endpoint: 
MI, Unstable Angina, Major Complications



Secondary Endpoint: 
Death or Non-fatal MI

HR 0.66; p=0.049



58 y/o woman
Substernal chest discomfort 2 mos
Emotion and sometimes exertion

Today 15 min chest and back 
pain at rest ���� ED

Postmenopausal
Prior smoker >15 yrs ago

No FH
No meds
Mild HTN

Case – Chest pain in the hospitalCase – Chest pain in the hospital



Exam: no murmur

BP 142/88

Troponin: <.01

Creat: 0.8



What to Do?What to Do?
Exercise MPI

Stress Echo

Coronary CTA



Goldstein  JACC 2007

197 Low risk patients
CTA vs Standard of Care

CTA – 67% normal and discharged
8% severe CAD � cath

Length of stay: lowered by 43%
12.5 hrs vs 22.1 hrs

Cost of care: lowered by 15%
$1586 vs $1872



Hoffman U JACC 2009 

Goldstein JACC 2011 

Litt NEJM 2012

Hoffman NEJM 2012 

Correct diagnosis 
Safe, earlier discharge from ED 

Similar or lower cost of care



Take Home pointsTake Home points
■ CAC: Appropriate

–Intermediate risk or Low risk but with 
family history of premature CAD 

–Absence of calcium does not equal 
absence of CHD risk 

■ CTA:

– Excellent for exclusion of CAD.

– Faster and cheaper than traditional 
evaluations in the ED.
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Cardiac MRICardiac MRI
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White blood = SSFP = 2D echoWhite blood = SSFP = 2D echo



3D Short-Axis Scans 

are Integrated 2D Multiple Slices
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Acute MIAcute MI

Day 3 



Acute MIAcute MI

Day 3 

Follow-up
Day 43
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MR AngiographyMR Angiography



Late Gadolinium Enhancement-Late Gadolinium Enhancement-
■ Images obtained 10-15 minutes 

post-contrast (Gd)

■ Normal myocardium – Black  *

■ Necrosis/scarring/inflammation 
– Hyperenhanced

■ Images obtained 10-15 minutes 
post-contrast (Gd)

■ Normal myocardium – Black  *

■ Necrosis/scarring/inflammation 
– Hyperenhanced

Martinez MW – Nature of Clinical Practice 2009



Late Gadolinium enhancement PatternsLate Gadolinium enhancement Patterns

Subendocardial infarctSubendocardial infarct

Transmural infarctTransmural infarct

IschemicIschemic

Mid-wall HEMid-wall HE

NonischemicNonischemic

• Idiopathic dilated 
cardiomyopathy

• Myocarditis

• Idiopathic dilated 
cardiomyopathy

• Myocarditis

• Hypertrophic
cardiomyopathy

• Right ventricular
pressure overload

• Hypertrophic
cardiomyopathy

• Right ventricular
pressure overload

• Sarcoidosis

• Myocarditis

• Anderson–Fabry 
disease

• Sarcoidosis

• Myocarditis

• Anderson–Fabry 
disease

Shah DJ et al:  Magnetic resonance of myocardial viabilityShah DJ et al:  Magnetic resonance of myocardial viability

Epicardial HEEpicardial HE



Case 1

57-year-old woman
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■ Radiating to back
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Cardiac Risk 
Factors

■ Lifelong Smoker

■ Hyperlipidemia 

(Diet controlled)

■ Sedentery Lifestyle

Cardiac Risk 
Factors

■ Lifelong Smoker

■ Hyperlipidemia 

(Diet controlled)

■ Sedentery Lifestyle

Troponin T – 0.56, 0.5 (3h), 0.36 

(6h)



EchocardiogramEchocardiogram



Cardiac CatheterizationCardiac Catheterization



Cardiac CatheterizationCardiac Catheterization





Cardiac MRICardiac MRI



Late Gad Enhancement (LGE)Late Gad Enhancement (LGE)

Acute Myocardial Infarction



CaseCase
■ 46 year old man presents to ED, 6:30 

AM with 10/10 chest pain

•Began 4:30 AM - Radiated to left arm

•No SOB, no n/v

•Feeling ill with episodic CP over past 2 
weeks
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Initial ECGInitial ECG



Angiography ResultsAngiography Results

Troponin T Elevation:
Baseline 0.44       3 hr 0.48      6 hr 0.49



Cardiac MRICardiac MRI



Late Gad EnhancementLate Gad Enhancement

Myocarditis



Cardiac Troponin EtiologiesCardiac Troponin Etiologies

Plaque rupture 
mediated necrosis

– STEMI

– nSTEMI

Alterations in coronary 
vasomotor tone

– Coronary spasm

– Subarachnoid 
hemorrhage

– Intracranial hemorrhage

– Apical Ballooning 
Syndrome

– Transplant vasculopathy
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– Tachycardia-mediated –

CHF, Pressure overload 
– Volume-Pressure overload 

• (renal failure, CHF, fluid 
resuscitation)

– Anemia
– Hypotension
– Aortic Stenosis and / or 

Regurgitation
– Hypertrophic 

Cardiomyopathy
– Amyloid heart disease
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Problem Solving ToolProblem Solving Tool



Take Home pointsTake Home points
■CMR and CTA offer alternative 

options for cardiovascular 
evaluation.

■CTA:

– Excellent sensitivity/NPV for 
exclusion of CAD.

– Faster and cheaper than traditional 
evaluations in the ED.
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■Cardiac MRI

– LV/RV function without contrast

– Cardiac Mass

– Infarct and imaging in ACS

• Elevated troponin without culprit

–Non-ischemic cardiomyopathies   
Etiologies
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THANK YOU!THANK YOU!


