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Risk stratification of acute chest 
pain using clinical parameters

RISK STRATIFICATION
Stable Typical Atypical non-Anginal

JACC 2006 Very low Low Intermediate High

AJM 1997 Low Intermediate High

Unstable
AHA Likeli Low Intermediate High

AHA Risk Low Intermediate High

TIMI

GRACE Total Risk
score

Mortality
Risk

PURSUIT Mortality
only score

30-day

Mortality or
infarction

30-day

Tatum Very Low Low Intermediate High Very high





Recommended triage flow using 
clinical parameters

Emerg Med J 2001;18;6-10



Circulation. 2011;124:2423-
2432.

Real world vs. guideline



 Missed diagnoses and inappropriate 
discharge still ranged up to 8%.

 Time-consuming and expensive.

Limitations of clinical triage

Circ J 2011;75:246-252



 CTA can rapidly and definitely exclude CAD as the 
cause of acute chest pain. 

 Immediate CTA reduces length of stay and cost of 
care without increasing risk.

 MDCT as a first diagnostic approach to acute chest 
pain:
- can reduce the unnecessary admission 
- possibly reduces the length of hospital stay in 

patients with clinically low and intermediate risk of 
CAD.

CT in acute chest pain

JACC 2007:49:863-871

Am Heart J 2008;156:375-83         



Correlation with clinical triage
RISK
STRATIFICATION

CLASSIFICATION
CT FINDINGS : Significant lesion

유 무

AHA LIKE
HIGH 7 26.9% 19 73.1%
INTEMEDIATE 8 17.8% 37 82.2%
LOW 0 0.0% 2 100.0%

AHA RISK

0 0 0.0% 2 100.0%
HIGH 8 27.6% 21 72.4%
INTEMEDIATE 5 15.6% 27 84.4%
LOW 2 20.0% 8 80.0%

TATUM

HIGH 1 100.0% 0 0.0%
INTERMEDIATE 7 25.9% 20 74.1%
LOW 6 14.3% 36 85.7%
VERY LOW 1 33.3% 2 66.7%

TIMI

4 0 0.0% 1 100.0%
3 4 66.7% 2 33.3%
2 4 28.6% 10 71.4%
1 6 19.4% 25 80.6%
0 1 4.8% 20 95.2%

GRACE
1% 11 19.0% 47 81.0%

10% 0 0.0% 1 100.0%
5% 15 20.8% 57 79.2%

PURSUIT
MORTALITY

5% 0 0.0% 1 100.0%
3% 4 28.6% 10 71.4%

PURSUIT 
HARD CHD
MORTALITY

25% 0 0.0% 1 100.0%
20% 1 100.0% 0 0.0%
17% 0 0.0% 2 100.0%
13% 1 25.0% 3 75.0%
10% 1 33.3% 2 66.7%
9% 5 22.7% 17 77.3%
8% 1 8.3% 11 91.7%
6% 6 35.3% 11 64.7%
5% 0 0.0% 11 100.0%

AMC data (Unpublished)

(N=73)



Accuracy of CT as a 
diagnostic triage tool with chest pain to ER

J Nucl Cardiol 2012 Feb 10. [Epub ahead of 
print]

95% (95% CI 88-
100)

87% (95% CI 83-92)





J Nucl Cardiol  2012 Feb 10. [Epub ahead of 
print]

Negative likelihood ratio 
0.06 (95% CI 0-0.14)

Positive likelihood ratio 
7.4 (95% CI 4.8-10)



Cost-effectiveness of CT
CT-STAT trial: 699 pts with low-risk acute chest pain randomized to 

coronary CTA or nuclear stress imaging as initial screen. 

J Am Coll Cardiol 2011;58:1414–22 



 266 patients in ED

Am Heart J 2008;156:375-83   

Significant decrease in unnecessary admission, total adm. hours



Significant decrease in 
Stay and Charges in acute 
CP with low-risk patients

AJR 2009;193:150-154



New Engl J Med 2012 March 26, 
DOI 10.1056/NEJMoa1201163   



 CCTA group 
• Higher rate of discharge from the emergency 

department (49.6% vs. 22.7%; difference, 26.8 
percent-age points; 95% CI, 21.4 to 32.2)

• Shorter length of stay (median, 18.0 hours vs. 24.8 
hours; P<0.001)

• Higher rate of detection of coronary disease (9.0% vs. 
3.5%; difference, 5.6 percentage points; 95% CI, 0 to 
11.2).

 CCTA-based strategy for low-to-intermediate-risk 
• Safe, expedited discharge from the emergency 

department of many patients who would otherwise be 
admitted.

New Engl J Med 2012 March 26, DOI 
10.1056/NEJMoa1201163         



 Limitation in intermediate stenosis on CT
• Longer stay in ER compared with others

However… 

Am Heart J 2008;156:375-83         



Limitations

Circ Cardiovasc Imaging 2009;2;264-275         



DSCT for “Triple Rule Out”

MDCT: Shows coronary, pulmonary arteries and aorta in 
one scan (10-15sec scan with one breath hold)

Gated Low Dose Thorax Scan

Gated Cardiac Scan with higher Dose



Coronary CT angiography in emergency department patients with acute 
chest pain: triple rule-out protocol versus dedicated coronary CT 

angiography

Int J Cardiovasc Imaging (2009) 25:319–
326



Significant stenosis at m-dRCA Intramural hematoma and no CAD 
nor dissection



Low, moderate 
likelihood

67

NonCAD

Thromboembolism
1

Aortic dissection
0

CAD

Significant stenosis
16

Nonsignificant
stenosis

10

Others
3

normal

Acute chest pain with non-
coronary origin

AMC data (Unpublished).



Am J Med 2009;122:543-549



Radiation dose
 Chest radiograph: 0.03-0.05 mSv
 Coronary Calcium Score Scan

Male: 1.5-5.2 mSv
Female: 1.8-6.2 mSv

 Coronary CT angiography (4-slice MDCT)
Male: 6.7-10.9 mSv
Female: 8.1-13.0 mSv

 Invasive Coronary angiography
Male: 2.1 mSv
Female: 2.5 mSv

 Radiation worker dose limits: 20 mSv/year
 Natural background: 2.5-3.0 mSv/year

 64-slice MDCT coronary angiography : 15.4 mSv
 MIBI scan 11 mSv, Thallium scan 29 mSv

Radiology 2003;226:145-52



 ECG-pulsing (retrospective) or prospective 
gating

 Lowering tube voltage
 AMC coronary CT angiography : 4.7 
± 1.6 mSv
 Wide detector or fast table speed CT

• <1.0 mSv possible
• Scan time less than 1 sec possible

Radiation dose reduction



320 detector CT 
- 2-slap
- 2.0 – 3.3 mSv
- Diagnostic quality in 
96%

Eur Radiol 2011;21:1416–1423



CT raw data Master
WFBP

+

-

Prior CT 
image

Correction 
image

Updated
CT image

±

Reduced image noise without loss of detail resolution
Reduced radiation exposure

Iterative reconstruction in image space 
(IRIS) 

Slow raw data space Fast image data space
Regularization



IRIS reconstruction FBP reconstruction

SNR: 26.36, Noise: 22.83, CNR: 21.16 SNR: 17.8, Noise: 49.27, CNR: 9.92 





Detection of CAD in Symptomatic Patients Without Known 
Heart Disease Symptomatic Acute Presentation Using CT



Triage guidelines

Circ J 2011;75:246-252

 Very high:
Typical chest pain with ECG
changes consistent with AMI
 High:
Typical chest pain with ECG
change of ST depression or T-
wave inversion or with known
CAD
 Intermediate:
Typical chest pain without
diagnostic ECG changes and no
known CAD
 Low:
Short duration of typical
symptoms or prolonged atypical
symptoms in patients without
history of CAD and no diagnostic
ECG changes
 Very low:
Atypical chest pain with an
identifiable non-cardiac origin.
*Excluded very high or very low
pretest probability of ACS



- Acute chest pain of uncertain cause 
⇒ prefer cardiac CT

(D/Dx pulmonary embolism, aortic dissection, and ACS 
[“triple rule out”])

- Typical angina & male ≥40 / female ≥60 ⇒ prefer CAG

- Cardaic CT was felt to be appropriate primarily for 
situations involving a low or intermediate pretest 
probability of obstructive CAD 

Conclusions


