
Coronary CT in Chest Pain 

A Paradigm Shift Z Luebbering DO



Disclosures

• None of the speakers for this educational 
activity have relevant financial 
relationship(s) to disclose with ineligible 
companies whose primary business is 
producing, marketing, selling, reselling, or 
distributing healthcare products used by or 
on patients.



Objectives

Briefly assess how Cardiac CT and calcium scoring 
are acquired and technological improvements in 
CCTA technology to make this possible

Explain differences of calcium scoring from CCTA 
and its clinical utility in cardiovascular risk 
stratification

Discuss landmark trials and evidence for clinical 
use of CCTA for assessment of cardiovascular risk, 
along with diagnosis of coronary artery disease

Review guidelines from the ACC for chest pain and 
the incorporation of CCTA

Discuss future directions and uses of Cardiac CT







Catching Up

European countries have led in 
CORONARY CT (CCTA) use.

• Guidelines from the United Kingdom in 2016 

• European Society of Cardiology in 2019.

First-line modality in evaluation of 
chest pain 



CP guidelines (AHA, ACC, ASE, CHEST, SAEM, 
SCCT, SCMR, Nov 2021)



• Coronary arteries are mobile so 
gating is required to overcome 
motion

•  imaging during the phases 
where they are least mobile is 
paramount to image quality

• Protocols modulating X-ray 
tube during specific phases 
greatly reduce radiation

• Heart rate control with beta 
blockers is essential

Tech that makes 
Cardiac CT possible



Technological 
Advancements

• Increased gantry spin 
times

• Increased number of 
detector rows (256 
and 320 slice)

• Dual source scanning

https://www.siemens-healthineers.com/





Differences between Coronary CT and 
Coronary Calcium Scores

https://www.ucsfhealth.org/medical-tests/heart-ct-scan



Calcium Scoring

• Initially developed in 1990 to 

quantify the degree of calcium within 

the coronary 

• Agatston score relies on calcium 

density and total area of calcification

• Gated, non contrast scan

• Relatively low radiation (1mSv 

NIH.gov)

www.ncbi.nlm.nih.gov/pmc/articles/PMC7066830/



Calcium Score Acquisition









Interpretation  of 
Coronary CT Angiograms

https://www.ucsfhealth.org/medical-tests/heart-ct-scan

Multiple reconstructions are created each with 

benefits and shortfalls but combined gives this 

imaging modality its power.



MPR (Multi-planar 
reformations )

Displays the dataset 
in any imaging plane 
of the 3D space





MIP ( Maximal 
Intensity Projection)

• Displays the voxels of 
highest attenuation within a 
volume in the direction of 
view 

• provides an angiography-like 
image 



3-Dimensional Volumetric 
Reconstruction

• Provides a 3D 
overview of the 
anatomy

• Assess for coronary 
anomalies, 
dominance

• Bypass grafts can be 
nicely illustrated.

•



Curved Planar 
Reformation (CPR)

• MPR 
reconstructed 
along a vessel 
centerline, 

• Long and tortuous 
coronary 
visualization is 
possible on a 
single image



Utility of CT

According to several clinical trials, 
CCTA may predict obstructive CAD 
better than traditional functional 
testing.



PROMISE 
trial

10,003 patients with CP 
randomized to CTA vs 
functional testing 



End Points According to 
Study Group



Negative Predictive Value



The PROMISE 
Trial: The CTA 

Perspective

If CTA performed is “negative”, no 
further testing is necessary 

CTA was equivalent to stress testing, no 
difference in event rates at 2-year 
follow-up

Prevalence of nonobstructive CAD on cath
was significantly higher with stress 
testing 52% vs 27% demonstrating the high 
negative predictive value



SCOT-HEART

Patients with chest pain randomized 
to standard of care plus CTA vs 
standard care alone 

Primary end point: death from 
coronary heart disease or nonfatal MI



SCOT-HEART

Incidence of Death from 
Coronary Heart Disease or 
Nonfatal MI



SCOT Heart

Patient Who Underwent Cath and 
Revascularization

? Initiation of medical therapy



SCOT HEART

Primary and 
Secondary End 
Points after a 
Median Follow-up 
of 4.8 Years



SCOT 
HEART

Subgroup Analyses for the Primary End Point (Death from Coronary Heart Disease 
or Nonfatal Myocardial Infarction at 5 Years)



SCOT HEART 
(5-year 

outcomes)

CTA was associated with a significant 
reduction in cardiac death or MI at 5 
years. 

CTA was associated with an increase in 
revascularization in the short-term but no 
difference at 5 years. 

We were able to identify high risk pts 
earlier.

Low-attenuation plaque burden was the 
strongest predictor for MI compared with 
risk scores, calcium score, and stenosis.



Chest Pain 
Guidelines



1A Recommendation Clinical trials report a higher diagnostic 
sensitivity for CCTA compared with stress 
testing for detecting obstructive CAD 



Exquisite Sensitivity

360 symptomatic patients (acute and 

stable angina)



Acute Chest Pain

2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guideline for the Evaluation and Diagnosis of Chest Pain



• Randomized controlled 
study comparing CCTA 
with standard of care

• 2012



• Increased discharge 
rate from the ED

• Decreased length of 
stay

• Increase rate in 
diagnosis of CAD

Outcomes during 
Index Visit



Repeat visits for similar symptoms

2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guideline for the Evaluation and Diagnosis of Chest Pain



Chest Pain with Bypass Grafts

CCTA has a great degree of accuracy with a sensitivity and 
specificity of detecting graft occlusions, 99% and 99%, respectively

Large size of these vessels, decreased calcification, and decreased 
motion of grafts when compared with native arteries

2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guideline for the Evaluation and Diagnosis of Chest Pain





Economic 
Considerations

• Total ED costs of care were 
reduced by 38.2%

 

• CCTA  $2,137

• Nuclear Pefusion $3,458

• Cardiac Cath $2,838



• Spatial and temporal 
resolution. (very small 
structures, high/variable heart 
rates)

• Other tests are preferable for 
patients with multiple stents, 
extensive calcifications, or 
lesions of uncertain 
hemodynamic significance

Limitations



Contraindications

• Allergy to iodinated contrast

• Inability to cooperate with scan acquisition and/or breath-hold 
instructions

• Clinical instability (eg, acute respiratory distress, severe 
hypotension, unstable arrhythmia)

• Renal impairment as defined by local protocols

• Contraindication to beta blockade in the presence of an elevated 
heart rate

• Heart rate variability and arrhythmia (relative)

2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guideline for the Evaluation and Diagnosis of Chest Pain



The Future 
of CCTA



Plaque assessment on CTA helps 
predict the risk of adverse cardiac 
events. 

Motoyama et al. Plaque Characterization by CCTA and the 

Likelihood of Acute Coronary Events in Mid-Term Follow Up 

JACC 2015



Motoyama et al. Plaque Characterization by CCTA and the Likelihood of Acute Coronary Events in Mid-Term Follow Up JACC 2015



CT FFR





Other Future Advances

• Techniques to reduce radiation exposure

• Dramatic improvements in stenosis 
visualization and characterization with 
software applications/AI

• Imaging biomarkers such as perivascular 
fat attenuation index, which identifies and 
quantifies inflammation

• On site CT FFR



Choosing the right test

2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guideline for the Evaluation and Diagnosis of Chest Pain



?
END
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