
Prognostic comparison of cTPA with 
coronary calcium for 
cardiovascular risk stratification

Authors: Michel Romanens*1, Ansgar Adams2, Thomas D. Szucs3, Nisha Arenja4, 
Michel Wenger5, Isabella Sudano6

Affiliations: 
1  Vascular Risk Foundation, Varifo, Olten, Switzerland,

2  BAD-Gesundheitsvorsorge und Sicherheitstechnik GmbH, Bonn, Germany,
3  European Centre of Pharmaceutical Medicine (ECPM), Basel, Switzerland,

4  Private practice, Grenchen, Switzerland,
5  Private practice, Binningen, Switzerland,

6  University Heart Centre, Cardiology, University Hospital, Zürich, Switzerland

Presented by 
Michel Romanens, MD, Cardiology and Internal Medicine FMH 

Varifo and Kardiolab Olten 



Prognostic comparison of cTPA with coronary calcium for 
cardiovascular risk stratification

Background:

• Single Center / Single observer
• Data collection: 2002-2024
• Institutions: 

• Kardiolab Olten 
• Rodiag Radiology Institute Olten

• Ethics: data collection approved by local ethical committee in 2002
• Simultaneous Plaque comparison carotid 

• with Ultrasound (cTPA method)
• coronary calcifications with Computed Tomography (coronary calcium Score CCS)  

Figure 1: 

cTPA
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Background:

• Ultrasound detection of carotid plaque is widely available 
• Imaging helps managing cardiovascular risk and risk factors. 
• Total amount of carotid plaques are easily quantified by total plaque area (cTPA)
• No software required / reproducible and validated method
• cTPA stratifies ASCVD risk beyond SCORE2 https://smw.ch/index.php/smw/article/view/3735
• More long term comparative studies with coronary calcium scoring (CCS) are needed
Hypothesis:
• Similar prognostic information from cTPA and CCS

Figure 2: 

https://smw.ch/index.php/smw/article/view/3735


Methods (1a):

• Patient assessment: 
• Review of 21,224 patient records
• 9,747 individuals, of which had cTPA and CCS obtained within 6 months (N=907).

• Ultrasound protocol: 
• cTPA:  longitudinal planes of carotid plaque
• cTPA: sum of all plaque from both sides of the carotid artery in mm2.  

• CCS protocol: 
• Agatston method to quantify coronary calcifications 
• calcified plaque definition: >130 Hounsfield units
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Methods (1b):

• Ultrasound:
• Linear transducer 11 MHz

• Statistical analysis: 
• Comparison between groups: Mann-Whitney test or Chi2 test.
• Outcome: Receiver operating curves (AUC), Cox proportional hazard models, net 

reclassification improvement 
• Posttest risk Bayes Theorem with SCORE2/-OP as the prior probability

• Test positive (cTPA > 20 mm2): [(PV × SE)/[PV × SE + (1–PV) × (1–SP)]*
• Test negative (cTPA < 21 mm2): [PV × (1–SE)]/[PV × (1–SE) + SP × (1–PV)]

• Level of significance was set at < 0.05.

* 
PV=prevalence, 
SE=Sensitivity, 
SP=Specificity
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Figure 3: cTPA (example of plaque tracing  



Results (1a): 

• 907 patients identified with cTPA and CCS 
• Age at baseline 60 ± 9 years
• 84% primary prevention, 35% women, 12% DM, 28% smokers

• 473 patients with follow-up
• Age at baseline 60 ± 9 years
• Average observation time 10 ± 7 years (interquartile range 3 – 17 years)
• 63 events (13%): 11 AMI, 5 STROKE, 4 CABG, 15 PTCA, 28 Deaths from any cause
• Risk factors not significantly different between group with events and group without events
• Event versus no event: 

• SCORE2/-OP  risk (%): 8.3 ± 4.9 versus 6.2 ± 3.8 p= 0.0002
• SCORE2/-OP + TPA risk (%)*: 15.8 ± 11.6 versus 10.8 ± 9.8 p= 0.0007
• SCORE2/-OP + CCS risk (%)*: 15.8 ± 10.0 versus 9.7 ± 9.2 p< 0.0001

* = posttest risk using Bayes formula and SCORE2/-OP as the prior probability 
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Results (1b): Prevalence by age classes at baseline 

• 907 patients identified  
• Age at baseline 60 ± 9 years
• 84% primary prevention, 35% women, 12% DM, 28% smokers

• Age Class 30-45 46-50 51-55 56-60 61-65 66-70 75-99
• Number of patients per age group 39 90 124 186 181 130 157
• Prevalence cTPA ≥ 21 mm2 (%) 41 66 60 60 76 81 89
• Prevalence CAC ≥ 10 (%) 18 40 43 47 64 69 79
• Prevalence difference (%) 23 26 18 13 13 12 10
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Results (1c): Prevalence by Sex at baseline

• 907 patients identified  
• Age at baseline 60 ± 9 years
• 84% primary prevention, 35% women, 12% DM, 28% smokers

Prevalence of cTPA and CCS by Sex
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Results (2): direct prognostic comparison of cTPA and CCS

• Area under the curve (AUC) NRI
• SCORE2/-OP 0.64 0.04 0.598 to 0.686 cTPA  3% p NS
• SCORE2/-OP TPA 0.63 0.04 0.587 to 0.676 CCS   29% p = 0.01
• SCORE2/-OP CCS 0.69 0.03 0.647 to 0.733

• Kaplan-Meier Survival Analysis for SCORE2/-OP TPA coded 
• Chi-squared 12.56 Hazard ratio 95%CI 
• DF 2 Code=2* 0.64 0.32 to 1.27
• Significance P = 0.0019 Code=3** 2.09 1.19 to 3.67

• Kaplan-Meier Survival Analysis for SCORE2/-OP CCS code
• Chi-squared 26.85 Hazard ratio 95%CI
• DF 2 Code=2* 2.26 1.19 to 4.30
• Significance P<0.0001 Code=3** 5.06 2.88 to 8.91

* = intermediate risk ** high or very high risk
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Results (2): Kaplan Meier survival analysis (SCORE2-/OP posttest risk code)  
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Discussion  

• Carotid Atherosclerosis is more prevalent than coronary calcifications at age < 60.
• Women exhibit frequently relevant amounts of carotid atherosclerosis without coronary 

calcifications
• The risk of missing relevant coronary calcifications, if no carotid plaque is present is 0.6% in 

women and 1% in men
• SCORE2/-OP, cTPA and CAC give similar prognostic long-term outcome information, but the 

addition of imaging to SCORE2/-OP improves cardiovascular risk prediction in cardiology patients 
despite preventive treatments (43% of patients). 

• Reliance on a CCS=0 may delay necessary preventive treatments in 23% of women and 17% of 
men with carotid plaque and in 7% and 6% respectively with higher amounts of carotid plaques. 
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Conclusions

• The advantage of cTPA over CCS are clinically relevant
• Earlier detection of patients with atherosclerosis, especially in women
• No Radiation
• No Costs
• No environment damage
• Can be repeated to observe plaque regression

✓ cTPA should be the firstline test in atherosclerosis imaging
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Supporting Evidence

1. PESA study on prevalence differences of carotid plaques and coronary calcifications
• 4,066 patients were examined for the presence of carotid plaque and coronary calcium, stratified by sex
• mean age of 45.8±4.3 years
• presence of carotid plaque was found in 36% of men (24% of women), but CAC was found in only 25% 

of men and 5% of women. 
2. Refine Study on similar outcome prediction with cTPA and CCS

• “Carotid plaque is strongly associated with coronary artery calcium and predicts incident coronary heart 
disease in a population-based cohort. cTPA improved prediction of incident CHD and did so over risk 
scores and established risk factors.”

• Combined carotid plaque- and CCS-presence was highly prevalent, 69.5% for males and 41.7% for 
females (54.5% overall). 

• cTPA outperformed base models in CHD prediction, resulting in statistically significant area under the 
receiver operator characteristic curve (AUC) increase ranging from 0.02 to 0.05. 

• Most CHD-events in females occurred in individuals classified as low-risk with respect to traditional risk 
factors but with a gradient

• in observed risk across carotid plaque categories.
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