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Cover Letter to AGLA 

 

Olten, 28. September 2023 

 

Dear All 

 

Attached I am sending you my draft for a possible position paper on "Atherosclerosis Imaging" of the 

AGLA. With the possible introduction of guidelines or recommendations concerning atherosclerosis 

imaging, numerous questions must be answered (in particular also ethical, statistical and legal 

aspects). I have therefore assembled a group of experts and have already received written 

declarations of intent from Prof. Di Tanna (statistics, health economics) and Dr. Schütz (legal aspects, 

former employee of Swissmedics, questions concerning contract law) (attached). These may also be 

useful for further processes within AGLA.  

I am very pleased to present my abstract on November 13 in Zurich and I am looking forward to 

further developments regarding atherosclerosis imaging within the AGLA.  

 

Kind regards 

 

Michel Romanens 

Copy:  

Isabella Sudano <isabella.sudano@usz.ch>; 

Heidi Fuchs <heidi.fuchs@medworld.ch> 

Juerg-Hans Beer <Juerg-Hans.Beer@ksb.ch> 

Augusto Gallino <augusto.gallino@me.com> 
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List of Abbreviations 
 
ARCO Atherosclerosis Risk on cardiovascular Outcomes Cohort study 
ARR Absolute risk reduction 
AGLA Working group on lipids and atherosclerosis of the Swiss Society of Cardiology 
ASCVD atherosclerotic cardiovascular disease 
CABG coronary artery bypass grafting 
CAC coronary artery calcifications, quantified by Agatston Scores (does not require 

constrast media injection) 
CCTA coronary computed tomography angiography (requires constrast media injection) 
CEA cost effectivness analysis 
CT computed tomography 
cTPA  total plaque area of the carotids is a quantification of the total atherosclerosis burden 

in the carotid artery and a validated measure of risk for heart and stroke, especially in 
women. 

CV cardiovascular  
CVD cardiovascular disease 
DM diabetes mellitus 
ESC European Society of Cardiology 
NNH Numbers needed to harm.  
NNT  Numbers needed to treat. Calculation: 100 divided by absolute risk reduction. NNT 

dicreases linearly over time, when the relative risk reduction remains constant over 
time.  

PCI  percutaneous coronary intervention 
ROI  return on investment (costeffectiveness analysis) 
PROCAM Prospective Cardiovascular Munster Study 
PTP posttest probability 
PV prevalence 
RRR relative risk reduction 
SE sensitivity 
SMW Swiss Medical Weakly, Journal 
SP specificity 
SCORE2/-OP  SCORE2: SCORE2 risk prediction algorithms: new models to estimate 10-year risk of 

cardiovascular disease in Europe. SCORE2 working group and ESC cardiovascular risk 
collaboration. European Heart Journal, 
ehab309, https://doi.org/10.1093/eurheartj/ehab309  
SCORE2-OP: SCORE2-OP risk prediction algorithms: estimating incident cardiovascular 
event risk in older persons in four geographical risk regions. SCORE2-OP working 
group and ESC cardiovascular risk collaboration. European Heart Journal, 
ehab312, https://doi.org/10.1093/eurheartj/ehab312  

VSL  Value of a statistical life 
VLSY  Value of a statistical life per year (according to WHO and referenced by [1], VLSY is 

calculated by multiplying the individuals gross domestic product (BIP) by 3. Example 
for Switzerland: 88 209 CHF in 2022 x 3 = 264 627 CHF.  
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Rationale for a position paper of AGLA regarding 
Atherosclerosis Imaging: an introductionary note 
 
The presence of major and independent cardiovascular risk factors increase the risk of cardiovascular 

disease (ASCVD) and these risk factors have been aggregated into cardiovascular risk charts in order 

to obtain a more comprehensive risk assessment. In Switzerland, the European SCORE2/-OP risk 

calculators have been adopted and categorize patients as having either low to intermediate, high, or 

very high cardiovascular risk[2]–[4]. However, Mortensen found statin eligibility using SCORE2/-OP 

risk assessment and guidelines to dramatically reduce eligibility for primary prevention statins [5]. 

According to our observation from the ARCO Cohort, 82% of evens occurred in the 3rd tertile of the 

total carotid plaque area (cTPA) [6], and cTPA maintained prognostic information over and above 

SCORE2/-OP in middle aged subjects (in press: Swiss Medical Weekly). From this and many other 

observations, additional emerging cardiovascular risk factors may be needed in order to improve 

ASCVD risk prediction. However, the integration of Atherosclerosis Imaging into clinical decision 

making is hampered by a lack of guidelines on how this integration should be performed. Since a 

higher amount of atherosclerotic plaque burden is associated with higher ASCVD risk [6], methods 

should be discussed on how to integrate atherosclerotic plaque burden into ASCVD risk [7]. 

Key Messages 
 
1. Imaging of atherosclerosis, especially cTPA and coronary calcifications, is reliable in risk 

prediction, reproducible, and cTPA has numerous advantages over coronary calcifications (no cost 

or radiation exposure, monitoring of atherosclerosis over time possible). 

2. The mathematical integration of atherosclerotic plaque quantities into risk prediction is validated 

(Bayes theorem).  

3. The test possibility must be made known to the patients (legal aspect)  

4. Atherosclerosis imaging is often decisive in discussions regarding the indication for statins and 

lifestyle changes.  

5. In patients with high-risk atherosclerotic plaque, preventive cardiovascular therapy is mandatory  

6. There is no need for randomized controlled studies to initiate a preventive medical therapy in 

patients with athrosclerotic plaques evidenced by imaging. 

7. cTPA is the best suited test to monitor atherosclerosis over time 
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Methods and Rationale for Atherosclerosis Imaging and 

Atherosclerosis Monitoring with Imaging 

Atherosclerosis is a frequent cause of ASCVD world-wide [8] and can be diagnosed and quantified 

with Atherosclerosis Imaging [9], [10]. Higher amounts of atherosclerosis are related to higher ASCVD 

event rates [6], [11]–[15].  

Atherosclerosis Imaging methods are increasingly available and different anatomical and functional 

imaging techniques are available such as computed tomography, magnetic resonance, ultrasound, 

positron emission tomography, near-infrared fluorescence, nano-particle imaging, molecular imaging, 

optical coherence tomography and functional imaging [16]. Despite the plethora of Atherosclerosis 

Imaging methods, a complete assessment of plaque vulnerability could not be achieved [17]. This is in 

line with the concept of global atherosclerotic disease burden for cardiovascular risk assessment that 

goes away from individual vulnerable plaque lesions [18]. For the clinician in daily primary-care 

practice, fancy and experimental radiology is usually non available for personalized cardiovascular risk 

assessment and the reliance on readily available imaging methods are favored, e.g. ultrasound of 

carotid and femoral arteries or a plain coronary CT scan without contrast media for the assessment of 

coronary calcifications and their quantification (Agatston Score, calcified coronary plaque volume). 

Atherosclerosis Imaging of carotid plaque using the total plaque area (cTPA) is cost-effective [19] and 

coronary calcium (CAC) as well as carotid plaque quantification using cTPA can be imaged with high 

reliability and reproducibility [20], [21]. Furthermore, Atherosclerosis Imaging is well suited to 

observe changes in atherosclerotic burden over time [22]–[31] and patients with carotid plaque 

regression or stabilisation encur about 50% less ASCVD events [32], while CAC is not suited to 

observe plaque regression over time, because statins increase – due  to the healing process of 

inflammed atherosclerotic leasons - the amount of CAC [33], [34]. Imaging may also be used to 

observe effects of medical intervention over time as a surrogate marker for cardiovascular events 

[35]. Others have found a linkage between changes in plaque amount over time and ASCVD events  

[22], [32], [36]–[38]. As stated by [37]: “Plaque progression precedes cardiovascular events [37]; If 

outcome data linking plaque regression to reduce CV events emerge, monitoring the response to 

coronary plaque treatment may ultimately supersede surrogatemarkers like risk scores and 

lipoprotein levels”. Therefore, the new paradigm of treating arteries instead of risk factors [39] 

receives more scientific evidence and serial imaging of the global plaque burden, e.g. in the carotid 

arteries appears most suitable for atheroscerosis management using cTPA [40]–[42]. 
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Is Atherosclerosis Imaging performed in Switzerland? 
 

To the best of our knowledge there are no survey data about the use of Atherosclerosis Imaging in 

Switzerland. However, doctors use Atherosclerosis Imaging with ultrasound insonating predominantly 

carotid and abdominal arteries as known from personal communications. Furthermore, coronary 

imaging using contrast enhanced computed tomography angiograhy (CCTA) is also commonly 

available in radiology institutes. Usually, physicians have no tools at hand that enable them to 

integrate findings from Atherosclerosis Imaging into a more personalized global risk quantification 

and categorization. That is why we have developed and validated posttest risk calculators that 

integrate the prior probability for ASCVD, e.g. with SCORE2/-OP (also termed prevalence in the Bayes 

theorem), into the possttest or posterior probability, available at https://varifo.ch/score2-rechner/.   

Should Atherosclerosis Imaging guide clinical decision making? 
 

Since most cardiovascular events occur in patients at low cardiovascular risk [6], risk modification 

using emerging cardiovascular risk factors such as Atherosclerosis Imaging are recommended by the 

ESC and by AGLA [43]: “Assessment of arterial (carotid and/or femoral) plaque burden on arterial 

ultrasonography should be considered as a risk modifier in individualsat low or moderate risk”. The 

ESC key message regarding risk modifying cardiovascular risk factors was: “Certain individuals declare 

themselves to be at high or very high CVD risk without needing risk scoring, and all risk factors 

require immediate attention. This is true for patients with documented CVD, older individuals with 

long-standing DM, familial hypercholesterolaemia, chronic kidney disease, carotidor femoral plaques, 

coronary artery calcium score >100, or extreme Lp(a)elevation”. ESC defined the following findings as 

categorizing patients to very high risk as follows: “Documented ASCVD, either clinical or 

unequivocalon imaging. Documented ASCVD includes previousACS (MI or unstable angina), stable 

angina, coronary revascularization (PCI, CABG, and other arterialrevascularization procedures), stroke 

and TIA, and peripheral arterial disease. Unequivocally documented ASCVD on imaging includes 

those findings that are known to be predictive of clinical events, such as significant plaque on 

coronary angiographyor CT scan (multivessel coronary disease with two major epicardial arteries 

having >50% stenosis), or on carotid ultrasound.” Regarding predictive values of imaging, the ESC 

stated: “Assessment of carotid or femoral plaque burden with ultrasound has also been 

demonstrated to be predictive of CV events, comparable to CAC [11], [44], while the measurement of 

the carotid intimamedia thickness is inferior to CAC score and carotid plaque detection [45]–[47]. 

Arterial (carotid and/or femoral) plaque burden on arterial ultrasonography should be considered as a 

risk modifier in individuals at low or moderate risk: Class IIa recommendation, level of evidence B. 

CAC score assessment with CT should beconsidered as a risk modifier in the CV riskassessment of 

https://varifo.ch/score2-rechner/
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asymptomatic individuals at low or moderate risk: Class IIa recommendation, level of evidence B”. 

Radiation Burden 

One advantage of measuring cTPA instead of coronary calcifications lies in the fact, that computed 

tomography has an inherent radiation associated cancer risk [48]. Especially serial testing with 

accumulated lifetime doses is associated with 42 cancer cases per 100 000 men exposed to a 

cumulative dose of 2.4 mSv and is 62 cancer cases per 100 000 in women.  

Guidelines for Plaque Quantification and Clinical Integration 

Atherosclerosis is a major cause of mortality, morbidity, disability, and direct and indirect societal 

costs in Switzerland. Currently, SCORE2 and SCORE2/-OP should be used as a baseline test (which 

determines a prior probability of ASCVD in 10 years). Because of problems with the sensitivity and 

specificity of SCORE2 and SCORE2/-OP, additional information from atherosclerosis imaging is needed 

to further stratify and personalize ASCVD risk. Technically, carotid plaque imaging results (total plaque 

area) and coronary calcification (Agatston score) are used to calculate posttest risk using the Bayes 

theorem. 

The proposal for sequential testing with carotid atherosclerosis imaging is based on the observation 

that most ASCVD events occur in healthy individuals who are classified as low to intermediate risk 

[49], [50]. Therefore, additional information may be needed to identify individuals at higher than 

expected risk. Atherosclerosis imaging is proposed as a solution, first determining total carotid plaque 

(cTPA) and then, in individual cases, coronary artery calcium levels as sequential tests in addition to 

SCORE2/-OP results [10]. 

In Switzerland, there are no published guidelines for the quantification of atherosclerosis and the 

way, how such plaques should be intergrated into cardiovascular risk management. In constrast to 

established cardiovascular risk factors, AGLA has established clinical pathways to treat cardiovascular 

risk based on SCORE2/-OP. At least for quantified carotid and coronary plaques, clinical pathways 

should be available to clinicians in order to guide the intensity for preventive therapies.  

Using plain CT, coronary calcifications can be quantified with calcified plaque volume and Agatston 

scores based upon a slice thickness of 2.5 mm and a predefined field of view [51]. Vendors of CT 

Systems usually furnish a software to calculate global calcified coronary plaque burden by giving the 

result as Agatston scores, percentiles of calcification, and calcified coronary plaque volumes. Contrast 

enhanced coronary angiography with CT (CCTA) allows to image additionally non-calcified coronary 

plaques that can be automatically detected and quantified regarding fibrous and lipid-rich plaques on 

coronary vessel base.  

Carotid plaque can be best and reliably quantified using carotid total plaque area (cTPA) [3], Table 4. 
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Based upon cardiovascular outcome studies, amounts of Agatson Scores and cTPA have known 

sensitivities and specificities, from which posttest risk calculations using the Bayes Theorem [7] can 

be used to modify SCORE2/-OP cardiovascular risk and associated predictive ratios can be validated 

using outcome data [52].  

cTPA should be measured as follows (https://varifo.ch/tpascore2/):   

Head position angled 45°, subject may be sitting, standing, or lying down. 

Visualization of arteries from different angles (anterior to posterior) and transversely as well as 

longitudinally along the entire length of the carotid artery (clavicle to mandibular angle) and femoral 

arteries (all, as far as visible) [10]. 

Definition of plaques: > 1 mm thickness = plaque 

Plaque tertiles: 1-21 (low risk), 22-62 (intermediate risk), > 62 mm2 (high risk) 

Very high ASCVD risk of 20% or more in 3 years: TPA >140 mm2  [6]. 

Pitfalls: lipid-containing plaques may be missed, possibly work with color Doppler. 

Due to calcifications in large plaques, large plaques cannot always be measured exactly, but this has 

no relevant influence on risk stratification, as these are usually high-risk plaques. 

However, for follow-up purposes, it is useful to determine TPA as accurately as possible. 

In individuals with intermediate or high risk according to SCORE2 and carotid atheromas < 22 mm2, 

the total plaque area (TPA) should also be determined from longitudinal atheroma sections of the 

femoral artery. This additional information is rarely required and eliminates an underestimation of 

the risk due to small carotid atheromas.  

Mathematically, Bayes theorem calculates posttest risk using the pretest probability (SCORE2 = 

prevalence) if the imaging test is positive (PTP pos: e.g., Agatston score >0, total carotid plaque area 

>21 mm2), otherwise the formula PTP neg is used [7]:  

PTP pos: (PV x SE)/[PV x SE + (1 - PV) x (1 - SP)] 

PTP neg: [PV x (1 - SE)]/[PV x (1 - SE) + SP x (1 - PV)] 

From the four-field table, the sensitivity and specificity of a test can be derived: 

https://www.kardiolab.ch/BayesCalcTab.html  

The result to SE= sensitivity, SP = specificity: the following numbers are used:  

cTPA Tertiles   SENS   SPEC 

cTPA 0   98.7  27.01 

cTPA <22 mm2   98.70   27.01 

cTPA 22-61 mm2  95.45   52.42 

cTPA >61 mm2   81.82   78.39 

CAC tertiles   SENS   SPEC 

CAC 0    93.0   34.0 

https://varifo.ch/tpascore2/
https://www.kardiolab.ch/BayesCalcTab.html
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CAC 1-100   93.0   34.0 

CAC 101-300   72.0   75.0 

CAC >301   54.0   86.0 

  

cTPA SENS SPEC is derived from the ARCO study [6], CAC SENS SPEC is derived from the 

Gudmundsson study [51]. SCORE2/SCORE2-OP with Bayes theorem results for TPA and CAC is 

available as an Excel calculator (https://varifo.ch/wp-content/uploads/2023/02/TPASCORE2A.xlsx).  

Traditionally, patients are categorized as low, intermediate, high, or very high risk for a particular 

disease, such as myocardial infarction or stroke, or a combination of both (ASCVD). In SCORE2/-OP, 

the risk categories are low to moderate, high, very high, and patients are categorized based on age 

and absolute risk (e.g., a person aged <50 years is at high risk if the absolute risk is equal to or greater 

than 2.5%). According to the 2021 ESC treatment recommendations, lipid interventions are defined 

based on the SCORE2/-OP.  

Sex aspects of Atherosclerosis Imaging  

An important aspect of Atherosclerosis Imaging has to be considered regarding occurrence and 

quantity of atherosclerosis in different vascular beds, particularly regarding sex-associated effects on 

atherosclerosis imaging in women. There is increasing evidence that carotid plaques may have 

advantages in women: 1) Early evidence for better risk prediction in women than coronary calcium 

scores [51]; 2) Better risk prediction for myocardial infarction in the Tromso study in women than in 

men compared with traditional risk tables [53], [54]. In the Nixdorf Recall Study with up to 20 years of 

follow-up, 28% of events occurred in women with an ASCVD 10-year risk <7.5% and a CAC <100, 

whereas only 9% of events occurred in men in this risk category [55]. In the Gudmundsson 2022 

study, carotid plaques were directly compared with coronary artery calcifications in men and women 

separately (refer to Table 2 in  the paper). In women without CAC, 41% had minimal or significant 

atherosclerosis in the carotid arteries (in men, 21%). Among women with CAC, only 5.6% had no 

carotid plaques (in men: 4.6%). CAC>300 without carotid plaque was found in 0.6% of women (in 

1.1% of men) [51]. This is also true in our Swiss population, in which we compared men and women 

with CAC and TPA, as shown in our submitted abstracts: TPA is highly prevalent in female (men: 73%) 

cardiology patients (67%) and of these, 36% were significantly more likely to have no CAC than men 

(22%) [date on file Varifo Foundation].   

 

 

https://varifo.ch/wp-content/uploads/2023/02/TPASCORE2A.xlsx
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Legal and societal aspects of Atherosclerosis Imaging  

The epidemic of atherosclerosis, although treatable to a large extent, is still far too often causing 

morbidity and and cardiovascular death in Switzerland. Prevention of the consequences of 

atherosclerosis may well be subject to change in society: do we need good prevention at all, when 

more and more old people are causing high societal costs?   

The narrative of (too) high costs in health care has been successfully established by the health 

insurance lobby and its associated health economics [56]. This is because the latter focuses on the 

costs of prevention without estimating the medical and social costs of preventively avoided diseases. 

Ageism is only one observable consequence of this.  

Unfortunately, other factors such as the cholesterol and statin lies are also trying to destroy 

preventive efforts at the micro level of the doctor-patient relationship. Another development 

concerns the individualization of the medical "offer" through education and exploration of patient 

preferences. Paradoxically, in times of rationing of medical services, movements such as "smarter 

medicine" open up a broad paternalistic field of physician recommendations with withholding 

effective options by generating feelings of futility ("futility in medicine") coupled with a partly 

irrational fear of violating the "natural" human body in the evolving concepts of "medical 

humanities."   

As a consequence, societal environment is increasingly unfriendly to healthcare. This, of course, has 

implications for the safety of care and patient safety. The mission of the AGLA is to develop 

recommendations for the prevention of preventable cardiovascular events and thus establish a 

medical service that serves the preferences of patients. Therefore, at the time of consultation, the 

physician must always be sure that he or she has correctly identified the patient order.  

Example of a patient order: "I want to stay healthy until 90. What should I do?" 

In Switzerland, the doctor is subject to the code of obligations 

(https://www.fedlex.admin.ch/de/cc/internal-law/22), which means that a doctor needs the patient's 

explicit consent to perform or refrain from performing a medical treatment. The doctor is obliged to 

refuse treatment if he is unable to fulfill the patient's order for any reason. For example, if the 

physician does not have the necessary knowledge, skills, or resources to provide the required 

treatment, or is unable to provide the treatment due to ethical concerns or legal requirements, he 

must refuse the patient. In this case, the physician must communicate to the patient his or her 

reasons for refusing treatment and, if appropriate, offer an alternative solution. 

A physician who conceals preventively effective medical measures, e.g. statins, from the patient and 

instead imposes his own conviction about the impact of statins on morbidity (the so-called 

cholesterol lie) violates the code of obligation in Switzerland. The physician has – defined by Swiss law 

https://www.fedlex.admin.ch/de/cc/internal-law/22
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– the duty to provide treatment carefully and conscientiously, which means that he must provide the 

patient with all the relevant information so that the patient can make an informed decision about 

indicated treatments. If the doctor withholds information that could be relevant to the patient's 

decision, he violates his duties as a contractor. It is also important to note that the code of obligation 

in Switzerland is based on the voluntary expression of the patient. The physician is obligated to obtain 

the patient's consent before providing or withholding treatment. If the physician withholds 

information from the patient and thus prevents the patient from making an informed decision, the 

patient's consent is given on an uncertain basis, which constitutes a violation of the code of 

obligations. Part of the information regards the possibility of imaging atherosclerosis and physicians 

should inform patients about these diagnostic options, e.g. when patients are sceptical about statins 

but would consent to be treated with statins if atherosclerotic plaques are present. The medical law 

in Switzerland is concretized in the Code of Obligations (e.g. Art. 396 OR).  

Should atherosclerotic plaque prompt and guide preventive 
medicine? Ethical aspects. 
 
Numerous studies have documented that treating cardiovascular risk factors lowers both 

cardiovascular risk and reduces non-calcified atherosclerotic plaque burden even in advanced stages 

of atherosclerosis [57]–[59]. From animal studies it is known that aggressive LDL cholesterol lowering 

to 0.3-0.9 mmol/l reduced plaque leason area significantly also in advanced atherosclerotic plaques 

[60]. The reversibility of atherosclerosis with preventive intervention is a clinically relevant aspect, as 

extensively shown for lipid lowering drugs [22], [24], [27], [29] and the improved prognosis with 

regression of coronary [25] and carotid [32], [61] atherosclerosis. Tracking carotid atherosclerosis 

over time using a test that incorporates carotid total plaque area (cTPA) has been shown to reduce 

cTPA in more than 10’000 intensively statin treated patients by Spence in Canada [61], by Herder in 

Norway [62] and by Sturlaugsdottir in Iceland [42]. Since statins reduce cardiovascular risk and since 

cTPA regresses or progresses slower with statins or more intensive statin use, current evidence gives 

support for the idea that carotid plaque regression or stabilization is most likely to improve 

cardiovascular outcome. This is further supported by Spence et al, where no progression or a 

reduction of carotid plaques over time was a statistically significant predictor for fever cardiovascular 

events during follow up [32].  

As to the best of our knowledge, there is no formal proof for the concept available from controlled 

randomized and placebo-controlled interventional  studies that in humans treated cardiovascular risk 

factors simultaneously reduce cardiovascular events and atherosclerotic plaque burden. Only 

evidence from observational studies show fewer cardiovascular events in patients with stabilized or 

regressed plaque amounts [32], [61].  
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Is it ethical to wait for such randomized clinical trials?  

The question of whether it is ethical to wait for randomized clinical trials to treat cardiovascular risk 

factors is a complex one. Randomized clinical trials are considered the gold standard for evaluating 

the efficacy of treatments. Current evidence creates a situation where waiting for such trials may not 

be ethical. For example, there is already strong evidence that treating cardiovascular risk factors 

reduces cardiovascular risk and reduces non-calcified atherosclerotic plaque. There is overwhelming 

evidence in favor of this association and no evidence for the contrary effects, e.g. an excess of non-

calcified atherosclerotic plaque growth in those treated for cardiovascular risk factors when 

compared to patients not treated for these cardiovascular risk factors (PubMed search 25.07.2023). 

Evidence shows that non-calcified atherosclerotic plaque growth is associated with an increased risk 

of cardiovascular events. This association has been found in a variety of populations, including those 

with and without traditional risk factors for cardiovascular disease. In contrast, there is no evidence 

that treatment for cardiovascular risk factors, such as statins, leads to non-calcified atherosclerotic 

plaque growth.  

Important amounts of atherosclerotic plaque evidenced by cardiovascular imaging automatically 

transfer primary care patients into the very high risk category, as defined by the European Society of 

Cardiology [43]. From what is recommended in these guidelines, patients with relevant amounts of 

atherosclerosis evidenced by imaging must be treated with known cardiovascular preventive 

therapies in order to achieve the predefined treatment goals of very high-risk patients. In our 

observational study, there were significant protective effects observed in those with advanced carotid 

atherosclerosis and statin treatment [63]. 

Withhelding cardiovascular preventive therapies is neither recommended nor ethical in those with 

documented relevant amounts of atherosclerotic plaques detected by imaging, which is also true 

regarding elderly men and women [64]. It is unethical to perform a controlled randomized and 

placebo-controlled interventional  study in humans with atherosclerotic plaque. Such a study may 

only be confined when early stages of atherosclerosis are present and where cardiovascular risk of 

cardiovascular events in the placebo treated arm are very likely to remain low. Such a trial was 

proposed by Jennifer Robinson in 2018 in the “Proposed CURE ATHERO Trial” [65]. 

The overwhelming evidence shows that plaque regression is an important clinical and therapeutic 

goal. In subjects with plaque progression, intensified preventive therapy is mandatory. cTPA appears 

to be a test especially attractive for serial testing over time in order to observe the effects of 

prevention on subclinical atherosclerosis (Table 4) and helps patients to improve their cardiovascular 

risk. 
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Cost-effectiveness of Atherosclerosis Imaging  

What is the associated cost-effectiveness of Atherosclerosis imaging in terms of medical and social or 

indirect costs due to preventable cardiovascular events? Factors that influence cost-effectiveness are 

the duration of treatment, e.g., with statins, the price of the intervention and effects regarding 

absolute risk reduction of morbidity and mortality. Atherosclerosis imaging modifies absolute risk and 

thus has a direct impact on cost-effectiveness and NNT. Unfortunately, too often NNT is not 

communicated in relation to the treatment time. Cholesterol opponents use an NNT per one year of 

treatment, leading to very high NNT of > 100, as debated in the Schweizerische Aerztezeitung [66]. 

The criterion for treatment decisions based on NNT after one year is non-existent in the literature 

because atherosclerosis is a chronic disease that progresses over decades and the effectiveness of 

statins increases with treatment duration over these decades. The NNT must always be linked to the 

duration of treatment. One of our studies shows that carotid ultrasound significantly improves 

cardiovascular risk stratification and is cost-effective [67]. The Swiss Medical Board QALY model has 

several drawbacks, highlighted in our sensitivity analysis, in which results vary substantially and are 

not useful for clinical decision making [68]–[70]. A "treat them all" strategy with statins in the Swiss 

population aged 30-65 years may be cost-effective when the indirect costs of preventable 

cardiovascular events are included, even with an unacceptably low value of a statistical life year.   

Models of cost-effectiveness should not necesseraly include quality-adjusted-life-years (QALY) of 

patients and relatives, but should use the value of a statistical life year (VSLY), in order to include 

costs to societies for lost life years, and should include indirect costs of survived cardiovascular 

events.  

Disease Compression and cardiovascular prevention  

Therapeutic advances in modern medicine prevent mortality caused by previously lethal diseases, 

with the result of increasing the number of non-communicable chronic diseases in the elderly [71].  

Therefore, a greater proportion of the gross domestic product is required to cover increasing costs of 

partially more expensive cures made available to a greater proportion of the population [72]. Higher 

costs lead to the proposition of rationing therapeutic interventions, as these would appear financially 

unsustainable, for example due to “toxic pricing” in the pharmaceutical industry [73]. As a result, the 

industrialized nations are now in the remarkable position of being --to a certain degree--victims of 

their medical success. 

Despite the positive effects of medical progress, Ernest M. Gruenberg offered a more negative 

perspective in a report issued by Milbank quarterly in 19701. Gruenberg argued that the ability of 

modern medicine to prevent death could have negative effects, due to an expansion of disease, 
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which he termed “failures of success”: An increasing number of survivors could be affected by an 

increasing number of diseases (expansion of morbidity). Further negative aspects of modern 

medicine have been posited in the form of iatrogenic and pathogenic effects  [74] as well as the 

expansion of medical indications in curative and palliative therapies, and the financial consequences 

thereof [75]. 

Medicine has the potential to be highly effective in prevention of morbidity and mortality, but there 

remain challenges in the realization of this potential. A common negative attitude towards “medical 

interference” leads to a purposeful exaggeration of side effects and a downplaying of beneficial 

effects [76]. Consequences are not only a resistance towards vaccinations [77], but also possibly 

substituting palliative medicine with assisted suicide using Pentobarbital (as supported by the 

organization EXIT in Switzerland). Such movements are reconcilable with the utilitarian viewpoint of 

minimizing “waste” of limited resources [78]. At the same time, an economic view of society comes 

to bear when an economic value of the productivity of a human being is implemented in a decision to 

withhold expensive therapies on the base of quality adjusted life years (QALY) [79]. “Why I hope to 

die at 75”, published by the bioethicist Ezechiel Emanuel underlines the prioritization of economic 

values with respect to the use of medical services, which are perceived to be too costly [80]. 

The positive view of the situation is completely different, as diseases may be prevented until natural 

death occurs. This hypothesis was considered in 1980 by James Fries [81], and has been verified on 

the base of a cohort study over 40 years: Individuals with a favorable risk profile for cardiovascular 

diseases had an absolute compression of all-cause morbidity and associated costs at the end of 

observation after 40 years [82]. 

There is a simple mathematical relationship between risk of morbidity and a high expectancy for 

healthy life years (for example at the 90% level). We calculate a ‘risk compression paradox’ as 

follows:  

Years in full health with a probability of 90 % = (100 % / % risk in 10 years) 

As can be seen in the figure below, a high probability (90%) to experience healthy years increases 

exponentially, when the risk of morbidity lies below 15% in 10 years. The expansion of healthy years 

due to compression of morbidity is unexpectedly high, when we lower the risk even further (for 

example from 7% to 2%, with a hypothetical gain of 36 healthy life years). However, individuals with 

a higher risk of morbidity will not benefit from a similar gain, when their risk is reduced equally (by 

5%) because of disease substitution effects, e.g., in smokers treated with statins, while cessation of 

smoking produces compression of morbidity because of the many diseases associated with smoking 

[83]–[88]. This highlights the importance of treating all treatable risk factors as well as possible in 

order to achieve disease compression. 

Education, encouragement of compliance and financial support can increase the effectiveness of 
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preventive medicine, resulting in a shift from disease expansion to disease compression. Improving 

prevention is an inevitable requirement in the solution of the problem of disease expansion. The 

optimization of evidence-based prevention must be the focus of public health, also in the creation of 

a climate of trust in the benefits of preventive medicine, while weakening scientifically unsustainable 

arguments against prevention by educating the public. 

In counselling the healthy and patients in primary care, further research is required to develop 

adequate risk models that accurately measure risk for all-cause morbidity. Whether all-cause 

morbidity can be calculated by using the Framingham risk equation for cardiovascular disease or 

SCORE2/-OP and a simple multiplication factor or if additional modifiable risk markers should be 

incorporated in such risk models should be a matter of investigation.  

 

Figure: The graph displays the “risk compression paradox”, with the hypothetically expected number 

of healthy years on the vertical axis and disease risk in percent on the horizontal axis. Suggested 

reading: Risk of morbidity is calculated for 10 years, and the curve displays the expected years in 

health with a certainty of 90% for each risk level. Example: a) the risk of morbidity in 10 years is 50%, 

thus a risk of 10% is reached in 2 years; b) the risk of morbidity in 10 years is 2%, so that a risk of 10% 

is reached after 50 years.  

Following assumptions are made: Risk increases linearly, and remains at the same risk level 

over time. The formula to calculate expected years in full health with a probability of 90 % = (100 % / 

% risk in 10 years) 
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SWOT Analysis 

Strengths:  

Risk modification: Ultrasound based atherosclerosis Imaging to obtain carotid total plaque area 

(cTPA) is a strong and clinically important risk modifier regarding cardiovascular risk assessed by 

SCORE2/-OP (in press SMW, [89]) or PROCAM/SCORE [6] . Based upon published sensitivites and 

specificities and the Bayes theorem[7], posterior likelihood ratios become available and modify initial 

risk assessments with high accuracy [52].  

Feasability, reliability, cost-effectiveness: Carotid TPA is cost-effective in primary care [67] and has 

very good reliability [20]. The cTPA test can be easily learned and used by general practionars (how-

to-do informations are also available at https://varifo.ch/tpascore2/).  

Comparison with calcium scoring: Recently, direct comparison of cTPA with coronary calcifications 

has become available in our practice based Swiss Cohort [90] and was also discussed by Spence [91], 

[92]. Carotid plaque are closely correlated with coronary calcium [51]. This is also supported by a 

metaanalysis (submitted) [93].  

Atherosclerosis management: Most importantly, cTPA can be repeated at low cost and with high 

reliability [20] in order to monitor treatment effects over time in primary and secondary care. The 

concecpt of arterial age derived from cTPA is clinically validated as an important step in patient 

management, according to the paradigm treat arteries, not risk factors [39]. 

Opportunities:  

Medical Networks such as Sanacare / Centramed have already expressed their vivid interest in risk 

modification using cTPA. Strong opinionleaders are required to further promote cTPA in preventive 

medicine. Ultrasound cTPA should be framed regarding accuracy, ethics, legal, and cost utility aspects 

(https://varifo.ch/nationale-arbeitsgruppe-atherosklerose/) on behalf of a working group that 

eventually creates a position paper. More clinically acting partners may receive alterts about cTPA, 

eventually a cTPA Network can be created. 

Further research:  

1. 20 year follow-up of cTPA in cardiology practice based patients in primary and secondary 

prevention settings in relation to major independent cardiovascular risk factors and outcome. 

2. Correlation of cTPA with coronary calcifications and non-calcified coronary atherosclerotic 

burden (see Appendix for an example): using validated coronary CT software (GE Healthcare) 

and a brand new coronary CT equipment, quantification of mixed, soft, and calcified plaque 

of the whole coronary tree is possible.   

3. Develop calculators that derive biological age from risk factors and arterial age. 

4. Long-term comparative outcome studies of cTPA and coronary calcifications, stratified by sex: 

https://varifo.ch/tpascore2/
https://varifo.ch/nationale-arbeitsgruppe-atherosklerose/
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there is emerging evidence, that cTPA is a stronger risk factor in women than in men [54] 

Weaknesses:  

Although the rate of missed cardiovascular events in patients with cTPA is low (about 15%, [6]), 

additional Atherosclerosis Imaging studies should be carried out in patients with unexpectedly low 

carotid atherosclerosis. Usually, femoral atherosclerosis assessment is the next step and if doubts 

about the validity of the results remain, a coronary computed tomography non-contrast enhanced 

calcium score may be obtained [90].  

Threats:   

The validity of cTPA may be questioned by opinion leaders in order to serve their own agenda, 

especially regarding the lack of randomized trials, where Atherosclerosis Imaging based risk 

modification has not yet been studied.  

 

Conclusions 

Thus, in summary, carotid TPA is a reliable and reproducible tool for the detection and treatment of 

atherosclerosis in men and probably even more so in women. It is a cost-effective, low-cost, radiation-

free, software-free, quick-to-learn, bedside imaging modality that is widely available using linear 

ultrasound probes, can be integrated into cardiovascular risk calculators using the BAYES theorem and 

does not incur additional costs. The test has been validated and should be included in the detection 

and treatment of ASCVD risk in Switzerland. In contrast to coronary artery calcification (CAC) 

measurement, whose cost-effectiveness is unknown, at least in Switzerland, is radiation and software 

dependent, and is not performed at the bedside, cTPA undoubtedly offers significant advantages over 

CAC, especially in women.  
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Table 1: Criteria for additional screening test quality (adopted 
from [7])   
1. Independent comparison with a gold standard  

2. Large spectrum of pretest probabilities  

3. Ability to change clinical decisions  

4. High reproducibility  

5. Validation in several populations  

6. High accuracy to discriminate individuals with and without disease discrimination   
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Table 2: Direct comparison of coronary calcium scores and 
carotid total plaque / carotid plaque volume:  
BioImage [11] N AGE (y) FRAM 10y  FU CVD* Modality CVD**  

  5808 68.9 9.20% 2.7 216 (4.2%) TRF 1.00  

            CCS 2.87 (1.73–4.74)  

            CPV 2.97 (1.92–4.60)  

MESA [94] N AGE (y) Risk 9.5 y FU CVD*** Modality CVD Stroke/TIA 

  6779 62.2 7.90% 9.5 7.90% TDF 1.00 1.00 

            CCS 3.12 (2.44-3.99) 1.54 (1.09-2.18) 

            CP**** 1.61 (1.17-2.21) 1.40 (1.35-1.45) 

            CIMT 75% 1.20 (0.94-1.52) 1.01 (0.70-1.47) 

      Modality AUC CVD AUC Stroke/TIA 

      TDF 0.756 0.782 

      CCS 0.776 (p 0.001) 0.785 (p NS) 

      CP**** 0.760 (p 0.03) 0.787 (p 0.045) 

      CIMT 75% 0.757 (p NS) 0.783 (p NS) 

Legend: 

* CVD: Death, AMI, STROKE, UAP, REVASC  

** 3rd versus 1st tertile adjusted for: diabetes mellitus; current smoking; body mass index; 

systolic blood pressure; antihypertensive agent use; low-density lipoprotein cholesterol; 

*** CVD fatal or non-fatal myocardial infarction, resuscitated cardiac arrest, definite angina,  

probable angina (followed by coronary revascularization), stroke (fatal or non-fatal), other 

atherosclerotic CVD death  

**** included 3310 participants with re-read carotid ultrasound only.  

TDF traditional risk factors  

CCS coronary calcium score  

CPV carotid plaque volume  

CP  carotid plaque    

CIMT75% CIMT above 75% percentile   
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Table 3: Frequently used parameters for the quantification of 
carotid plaques 

Plaque characteristic measurements First author and reference 

Thickening of IMT > 1.0 mm Spence 1997 [95]  

doubling of IMT thickness   Spence 1997 [95] 

doubling of IMT thickness   Mannheim Consensus [96] 

Thickening of IMT > 1.2 mm Handa [97] 

Subjective assessment   Polak [98] 

Encroaching into the lumen 0.5 mm Mannheim Consensus [96] 

Thickening of IMT ≥ 1.5 mm Mannheim Consensus [96], 

Spence [32] 

texture changes   Singh [99] 

Plaque yes or no   Nambi [100] 

Subjective assessment plaque burden none to severe Peters [101] 

Plaque presence number of plaques Plichart [102] 

Plaque thickness in mm Rundek [103] 

plaque area in mm2 Spence [32] 

plaque volume  in mm3  Baber [11] 

Echo lucency gray scale Stein [54] 

Contrast Agent plaque vascularity  Coli [104] 
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Table 4: Classification of various imaging parameters of the 
carotid arteries regarding in clinical practice (authors personal 
view) 

  Availa-

bility 

Repro-

ducibility/ 

Feasibility 

Radi-

ation 

Little 

training 

needed 

Low 

Cost 

Brief 

exami-

nation 

Tracking 

over time 

Vendor 

indepen-

dent 

Validated  

for 

outcome 

Sum 

Score 

carotid total 

plaque area 

3 3 3 3 3 3 3 3 3 27 

femoral 

plaque 

3 3 3 3 3 2a 2 b 3 3 25 

ankle-

brachial 

index 

3 3 3 3 3 2 3 2 3 25 

aortic plaque 3 2 3 3 3 3 1 c 3 3 24 

carotid 

plaque height 

3 2 3 3 3 3 2 3 2 24 

carotid 

plaque 

density 

3 2 3 2 3 2 1 3 2 21 

carotid 

plaque 

ulcerations 

3 2 3 2 3 2 1 3 2 21 

carotid total 

plaque 

volume 

(Philips) 

1 3 3 1 1 1 3 1 3 17 

CMR Plaque 

Imaging 

1 3 3 1 1 1 3 1 2 16 

carotid IMT 2 2 3 1 2 1 1 1 2 15 

contrast 

enhancement 

(CEUS) 

1 3 3 1 1 1 3 1 1 15 

coronary 

calcium score 

1 2 0 1 1 1 0 1 3 10 

a access limited with clothes. b not established. c difficult to quantify true size with ultrasound (suprasternal view). 

 

 

Source of tables 2-4: [10] 
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