
Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited
233

Original Article Cardiol Res. 2020;11(4):233-238

The Determination of the Plaque Burden on the Carotid 
Artery With Ultrasound Significantly Improves the Risk 

Prediction in Middle-Aged Subjects Compared to  
PROCAM: An Outcome Study
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Abstract

Background: There are only few data about the predictive value of 
atherosclerosis imaging beyond traditional risk calculators in younger 
subjects.

Methods: We assessed cardiovascular risk prediction with the PRO-
CAM (the Prospective Cardiovascular Munster Study) risk equation 
and with carotid plaque imaging (determination of total plaque area 
(TPA) and the maximum plaque thickness with ultrasound) in sub-
jects without known cardiovascular diseases. The follow-up was gen-
erated during follow-up examinations as part of preventive medical 
examinations or by telephone calls.

Results: In 2,508 subjects aged 35 - 64 years (50 ± 8 years, 34% wom-
en), 132 (5.3%) cardiovascular events occurred (42 myocardial infarc-
tion, 17 bypass surgery, 31 stent implantation, 42 coronary artery dis-
ease defined by invasive angiography) during a mean follow-up period 
of 5.4 (1 - 12) years. TPA in combination with the maximum plaque 
thickness (type III - IV b plaques ) tended to be superior compared to 
TPA, and both plaque imaging methods were superior to PROCAM: 
area under the curve (AUC) 0.9 (95% confidence interval (CI): 0.91 
- 0.89) vs. 0.89 (95% CI: 0.90 - 0.88), P = 0.2 vs. 0.82 (95% CI: 0.84 
- 0.81), P = 0.001; positive predictive value (PPV) 27% (95% CI: 0.31 
- 0.22) vs. 19% (95% CI: 0.22 - 0.16) vs.19% (95% CI: 0.27 - 0.13).

Conclusions: Amount of carotid plaque assessed by carotid plaque 
imaging significantly improves cardiovascular risk prediction beyond 
the PROCAM risk equation.

Keywords: Total plaque area; Carotid ultrasound; Cardiovascular 
risk; Coronary disease

Introduction

It was examined how well coronary artery disease (CAD) can 
be predicted by an ultrasound examination of the carotid artery. 
For this purpose, the sum of all plaque areas (total plaque area 
(TPA) and the maximum plaque thickness were determined. 
The prediction quality was compared to that of the PROCAM 
(the Prospective Cardiovascular Munster Study) score.

Previous studies have shown that advanced atherosclero-
sis of the carotid artery is associated with an increased risk of 
cardiovascular diseases [1-16]. An outcome study that works 
with age-dependent cut-off values for the plaque area com-
bined with the maximum plaque thickness is new.

Materials and Methods

In 2,386 healthy men and 1,423 healthy women aged 35 - 64 
years, the sum of all plaque areas (TPA), the maximum plaque 
thickness and the PROCAM risk were determined. A portable 
ultrasound device from Kontron Medical, Type Imagic Agile, 
with a 10 MHz linear transducer was used. The measurement 
method was carried out as previously published study [17, 18]: 
a low risk corresponds to a type I and type IIa finding on ultra-
sound, an intermediate risk to a type IIb and IVa finding, and 
a high risk to a type III and IVb finding. The PROCAM risk 
was calculated using the published calculator of the Assmann 
Foundation [19].

All studies were evaluated with the approval of the re-
sponsible ethics committee.

Results

A follow-up is available for 2,508 (65.8%) subjects. In these 
subjects (50 ± 8 years, 34% women) 132 (5.3%) cardiovas-
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cular events occurred (42 myocardial infarctions, 17 bypass 
surgery, 31 stent implantations, 42 coronary artery diseases de-
fined by invasive angiography) during a mean follow-up time 
of 5.4 (1 - 12) years.

Analysis for the follow-up of 2,508 healthy men and women

In the receiver operating characteristic (ROC) analysis to pre-
dict cardiovascular events, the area under the curve (AUC) for 
type III and IVb was 0.9 (95% confidence interval (CI): 0.91 
- 0.89) vs. 0.89 (95% CI: 0.90 - 0.88; P = 0.20) for the TPA 
without considering the plaque thickness vs. 0.82 (95% CI: 
0.84 - 0.81; P = 0.001) for PROCAM (Fig. 1).

The four-field table showed a sensitivity of 85% (95% CI: 
0.90 - 0.78) and a specificity of 87% (95% CI: 0.88 - 0.86), a 
positive predictive value (PPV) of 27% (95% CI: 0.31 - 0.22) 
and a negative predictive value (NPV) of 99% (95% CI: 0.99 - 
0.99) with a prevalence of 5%.

For the TPA with a cut-off from 80 mm2 (TPA 80), the 
sensitivity was 84% (95% CI: 0.90 - 0.77), the specificity 80% 
(95% CI: 0.82 - 0.78), the PPV 19% (95% CI: 0.22 - 0.16) and 
the NPV 99% (95% CI: 0.99 - 0.98) and for the PROCAM 
score a sensitivity of 21% (95% CI: 0.29 - 0.15), a specificity 
of 95% (95% CI: 0.96 - 0.94), a PPV of 19% (95% CI: 0.27 - 
0.13) and a NPV of 96% (95% CI: 0.96 - 0.95) (Table 1).

In patients with a cardiovascular event, 11 (8.3%) of 132 
patients had a low risk on ultrasound, nine (6.8%) had an inter-
mediate risk, and 112 (84.9%) a high risk (definition of ultra-
sound risk see Fig. 2).

According to PROCAM, 57 (43.2%) of the 132 patients 
had a low < 10% risk, 47 (35.6%) an intermediate 10-19% risk 
and 28 (21.2%) a high ≥ 20% risk (Fig. 2).

In addition to the outcome data, coronary angiography re-
sults were available in 297 subjects.

For these, the four-field table for the prediction of CAD 
showed a sensitivity of 85% (95% CI: 0.90 - 0.78) in ultra-
sound vs. 84% (95% CI: 0.90 - 0.77) in TPA 80 vs. 21% (95% 
CI: 0.29 - 0.15) in PROCAM; a specificity of 62% (95% CI: 
0.70 - 0.55) vs. 48% (95% CI: 0.56 - 0.41) vs. 84% (95% CI: 
0.89 - 0.77); a PPV of 64% (95% CI: 0.71 - 0.57) vs. 57% 
(95% CI: 0.64 - 0.49) vs. 51% (95% CI: 0.65 - 0.37); and a 
NPV of 84% (95% CI: 0.90 - 0.76) vs. 79% (95% CI: 0.87 - 
0.70) vs. 57% (95% CI: 0.63 - 0.51).

With a cut-off for a coronary stenosis ≥ 30%, the sensitiv-
ity for the ultrasound resulted in 86% (95% CI: 0.91 - 0.80), a 
specificity of 71% (95% CI: 0.78 - 0.63), a PPV of 76% (95% 
CI: 0.82 - 0.69), and a NPV of 83% (95% CI: 0.89 - 0.75).

With type III or IVb findings on ultrasound (high risk), 
only 12% had smooth vessels, 23.6% had sclerosis to 40% ste-
nosis and 64.4% had CAD (Fig. 3).

Discussion

Atherosclerosis is an inflammatory disease of the arteries and 
continues to be a major cause for morbidity and mortality in 
the industrialized nations. Fatty streaks can be found in arteries 

already at the age of 20 years, and progression of atherosclero-
sis often remains undetected until clinical events such as acute 
coronary syndrome (ACS), chronic coronary syndrome (CCS), 

Figure 1. Receiver operating characteristic (ROC) comparison of types 
I - IVb vs. TPA vs. PROCAM. TPA: total plaque area (carotid plaque); 
PROCAM: the Prospective Cardiovascular Munster Study.
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apoplexy, and peripheral artery disease (PAD) occur.
In order to assess the quality of a diagnosis, the sensi-

tivity and specificity or the results of the ROC analysis are 
usually given in studies. These values are not dependent on 
the prevalence of the disease, and can therefore show good re-
sults, although the PPV is low [20]. The lower the prevalence 
of the disease is, the higher the false positive rate with a low 
PPV. The opposite applies to the NPV. Screening inevitably 
produces a more or less high rate of false positive results and 
can therefore lead to overdiagnosis and therapy [21, 22]. Dur-
ing screening, the PPV and NPV are of particular importance 
for the subject to interpret the results. Measurement of TPA 
shows good data in the ROC analysis and for sensitivity and 
specificity with a cut-off of 80 mm2, but at the expense of a 
significantly increased rate of false positive results with low 
PPV. A TPA of 80 mm2 is alarmingly high for 35 - 49 year old, 

but average for 55 - 64 year old [23]. Like many other risk 
scores, the PROCAM score is based only on the consideration 
of traditional risk factors such as age, gender, blood pressure, 
lipid values, smoking status etc., without taking into account 
the extent of atherosclerosis, which means that only 21% of 
those with a high risk were classified. Just like for the TPA 
method not taking into account the age-related plaque area 
and the maximum plaque thickness, the PPV with 19% is very 
low. The use of the PROCAM score means that the majority 
of those affected would not be treated with a statin. With a 
TPA 80 method, a large part of the sufferers are treated, but 
also many test subjects do not need statin. The best results 
(sensitivity 85%, PPV 27%) for the prediction of CAD are 
achieved if the extent of atherosclerosis in relation to age and 
the maximum plaque thickness are determined for risk strati-
fication.

Table 1.  Four-Field Table for the Prediction of a Coronary Stenosis for TPA/Maximum Plaque Thickness vs. TPA 80 vs. PROCAM

Test
CHD

Total
D- D+

TPA/maximum plaque thickness
  T- 2,066 20 2,086
  T+ 310 112 422
  Total 2,376 132 2,508
  SE 85% (95% CI: 78% - 90%)
  SP 87% (95% CI: 86% - 88%)
  PPV 27% (95% CI: 22% - 31%)
  NPV 99% (95% CI: 99% - 99%)
  Prev 5% (95% CI: 4% - 6%)
TPA 80
  T- 1,904 21 1,925
  T+ 472 111 583
  Total 2,376 132 2,508
  SE 84% (95% CI: 77% - 90%)
  SP 80% (95% CI: 78% - 82%)
  PPV 19% (95% CI: 16% - 22%)
  NPV 99% (95% CI: 98% - 99%)
  Prev 5% (95% CI: 4% - 6%)
PROCAM
  T- 2,260 104 2,364
  T+ 116 28 144
  Total 2,376 132 2,508
  SE 21% (95% CI: 15% - 29%)
  SP 95% (95% CI: 94% - 96%)
  PPV 19% (95% CI: 13% - 27%)
  NPV 96% (95% CI: 95% - 96%)
  Prev 5% (95% CI: 4% - 6%)

TPA: total plaque area (carotid plaque); CHD: coronary heart disease; PROCAM: the Prospective Cardiovascular Munster Study; CI: confidence 
interval; SE: sensitivity; SP: specificity; PPV: positive predictive value; NPV: negative predictive value; Prev: prevalence.
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Confirmed coronary angiography findings were available 
in 297 subjects. In patients with a type III/IVb finding on ultra-
sound, the PPV for a coronary stenosis was 64%, in one cut-off 
≥ 30% stenosis a PPV of 76% and for a cut-off of sclerosis 88%. 

Several studies have shown that non-significant coronary artery 
stenosis is associated with an increased risk of heart attack [24-
27]. It therefore appears important to diagnose and treat athero-
sclerosis at an earlier, clinical asymptomatic stage in order to 

Figure 2. Distribution of patients with a cardiovascular event (n = 132) among risk categories defined by ultrasound and by PRO-
CAM. PROCAM: the Prospective Cardiovascular Munster Study.

Figure 3. Coronary findings in the presence of a type III - IVb finding on ultrasound.
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avoid or postpone cardiovascular events.
Our follow-up examinations showed that progression of 

atherosclerosis rarely occurs with statin treatment; regression 
can often be measured. A statistical analysis of this has not 
yet been carried out so far in our institution. The follow-up 
examination of the sick patients showed that the vast major-
ity (85.4%) was not treated and was not detected with the 
PROCAM score. According to Assmann et al, 45% of infarct 
patients had a low PROCAM risk [19]. In cardiovascular 
prevention, it therefore seems sensible not only to determine 
the risk factors, but to measure the extent of the disease, the 
atherosclerosis. In the European Society of Cardiology (ESC) 
guidelines subjects with carotid plaques are classified to have 
a very high risk, but without giving a quantification [28, 29]. 
This study with age-related cut-off values for the TPA, taking 
into account the maximum plaque thickness, could help to re-
duce over therapy.

Conclusions

The determination of the plaque burden on the carotid artery 
using the described method is inexpensive, in principle avail-
able everywhere, easy to carry out, without side effects and 
improves the prediction or the exclusion of a CAD compared 
to the plaque area measurement alone or the risk stratification 
with the PROCAM score. If there is no type III or IVb finding 
on ultrasound, the probability of CAD with an NPV of 99% 
is very unlikely. Advanced atherosclerosis should be treated 
with statins.
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