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Abstract

Background
Current guidelines in cardiovascular disease prevention advocate the use of 
carotid ultrasound measurements for risk stratification. Carotid abnormalities 
(plaques or increased intima-media thickness (IMT)) are associated with high 
risk of coronary and peripheral artery disease. An office-based measurement 
by clinicians would considerably broaden the clinical applicability of carotid 
ultrasound. In the present study we have assessed the accuracy of ultrasound 
detection of carotid plaques and intima-media thickness by trained internists in 
a routine outpatient setting.

Methods & Results
Carotid ultrasound was performed in 112 vascular outpatients by internists, after 
a six week training period. The internists’ results were independently compared 
to the reference standard, consisting of carotid ultrasound performed in a 
specialized vascular laboratory. Sensitivity and specificity were calculated for 
plaque detection and IMT determination. The mean time required to perform the 
scans on the outpatient department was 7.3 minutes (range 4.5 to 16.7 minutes). A 
high level of accuracy for detecting plaques (sensitivity 78.5%; specificity 93.6%) 
was achieved. Identifying abnormal IMT had lower sensitivity but adequate 
specificity of 46.7% and 87.6%, respectively. 

Conclusions
In conclusion, our findings demonstrate that clinicians can be trained well enough 
in six weeks to accurately and efficiently detect carotid plaques in an outpatient 
setting. As IMT abnormalities were less accurately detected, this may require a 
follow-up IMT, for instance in a specialized vascular laboratory. Incorporating 
vascular imaging results in treatment decisions may improve clinicians’ ability 
to provide individualized patient care. 
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Introduction

Cardiovascular disease (CVD) is a major cause of morbidity and mortality. 
Identifying patients at high risk for future cardiovascular events and peripheral 
artery disease is an important challenge for clinicians, as the presence of 
traditional risk factors predicts only 60-65% of incident events [1]. It has 
repeatedly been established in longitudinal studies that increased intima-media 
thickness (IMT), as well as the presence of atherosclerotic plaques in the carotid 
artery, is associated with increased risk of future myocardial infarction and 
stroke [2-6]. Reported increases in relative risk for cardiovascular events vary 
between 1.2 and 3.6, in subjects with abnormal compared with normal IMT [3,6,7]. 
Furthermore it has been shown that IMT is independently associated with a host 
of cardiovascular risk factors [8,9], and with atherosclerotic changes in other 
vascular beds, including the coronary and femoral arteries [10-14]. The presence 
of plaque in the carotid artery increases cardiovascular risk by approximately 
three- to six-fold compared to plaque-free controls, depending on plaque 
severity [2,6,8,13]. Therefore carotid IMT measurement and plaque detection 
has been proposed as a means to improve risk stratification by identifying 
patients that may require more aggressive preventive interventions [2,7,15,16]. 
The European Society of Cardiology advises the use of carotid plaque detection 
and IMT measurement in risk assessment in hypertensive patients [17] and the 
American Society of Echocardiography as well as the American Heart Association 
concluded that carefully performed IMT measurement and plaque detection may 
add incremental information over traditional risk factors in selected patients 
[18,19]. However the ultrasound protocols of a vascular laboratory are time 
consuming, generally taking around 40-45 minutes. Furthermore, most general 
hospitals lack the specialized equipment needed for quantitative analysis of the 
scans. Recently, it has been demonstrated that IMT measured in normal clinical 
practice by trained sonographers was sufficiently reproducible with intra- and 
interobserver variability of 4.2% and 7.3% respectively [20]. Importantly, in this 
study the measurements were not compared with a reference standard which is 
a critical step in the evaluation of a diagnostic test [21]. 

Whether carotid ultrasound can be adequately performed by internists and 
incorporated in a normal clinical setting has not been studied extensively. 
Office-based measurement by internists would considerably broaden the clinical 
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applicability of carotid IMT and plaque detection. Results of a multicenter study 
showed that non-sonographer clinicians (doctors, nurses, etc) can accurately 
measure carotid IMT and plaques using a handheld ultrasound device [22]. 
Moreover, ultrasound screening for carotid plaque in an office setting has been 
shown to potentially alter treatment plans [23,24]. Therefore, the aim of the 
current study was to assess the level of accuracy that can be achieved by trained 
internists in identifying atherosclerotic plaque and increased IMT in a routine 
vascular outpatient setting. 

Materials & Methods

Patients
Patients were recruited from the vascular outpatient department (OPD) at the 
Leiden University Medical Center. Oral and written informed consent was obtained 
from all patients; the study protocol was approved by the Institutional Review 
Board. To ensure the inclusion of a broad clinical spectrum, both patients with a 
history of CVD (prior myocardial infarction or stroke, coronary revascularization 
or known peripheral vascular disease) as well as subjects free of clinically 
manifest CVD were recruited. There were no predefined exclusion criteria. 
The presence of hypertension was defined as an average of 3 measurements 
over 140/90 mmHg or the use of anti-hypertensive medication. Subjects were 
designated as having a positive family history if at least one first degree relative 
had a cardiovascular event or revascularization intervention before the age of 
60 years. Smoking habits were recorded, and patients who had not smoked in 
the last 12 months were designated as ex-smokers.

Study design
Two trained internists performed the carotid ultrasound scans on the OPD (see 
below for ultrasound protocol). After the scans on the OPD, carotid ultrasound 
examination was performed in a specialized vascular laboratory within 
two weeks, by a single blinded sonographer. The ultrasound on the vascular 
OPD always preceded the scans in the vascular laboratory. Relevant medical 
history was recorded and physical examination and blood sampling were 
performed only after the IMT scans to minimize pre-scan bias on the part of the 
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sonographers. Quantitative analysis of IMT was performed on the scans made 
in the vascular laboratory as described below. As per design, the OPD scans 
were not quantitatively analyzed but rather evaluated in real-time as described 
below. However in a look-back at the false positive and false negative OPD scans 
these were analyzed in a quantitative manner. This allowed for a secondary 
analysis of the reasons for false adjudication on the OPD.

Ultrasound training
Two internists specialized in vascular medicine were trained over a 6 week period 
of by a certified sonographer with specific experience in vascular ultrasonography. 
On average, approximately 4 hours per week were spent learning and practicing 
the ultrasound protocol, leading to a total of 24 hours of training time in patients. 
In addition the internists were given a set of 25 frozen images of previously 
performed scans to become visually skilled in distinguishing normal IMT thickness 
from increased thickness, as well as plaque recognition. Initially the scans were 
performed on young healthy volunteers to get accustomed to adhering to the 
protocol. When the instructor was satisfied about the ability of the physicians to 
adequately visualize and recognize the vascular wall and anatomical structures 
such as the carotid bifurcation, older patients were included in the practice 
sample. Vascular abnormalities such as plaques and increased IMT were more 
prevalent in the older patients. The internists performed all the practice scans 
under supervision of the instructor. The ultrasound protocol was practiced 10 
times in healthy volunteers and 20 times on older patients.

Ultrasound protocol on the outpatient department
On the OPD all scans were performed using an Aloka SSD-1400 high-resolution 
ultrasound device with a 7.5MHz linear transducer. Subjects were examined in 
prone position with the head tilted to the side counter lateral to the site of 
examination. The left and right carotids were both scanned. First, a transverse 
scan was performed for orientation, starting at the clavicle and moving cranially 
up to the mandible, hereby locating the height of the carotid bifurcation. 
Subsequently, longitudinal images were obtained. This technique allows 
visualization of two echogenic lines, separated by an anechoic space. It has 
previously been established that these lines indicate the blood-intima and the 
media-adventitia interfaces, and that the distance between the lines represents 
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a histologically reliable measure for the thickness of the lamina intima and 
media [25]. The caudal tip of the flow divider (i.e. the wall structures between 
the internal and external carotid arteries) was used as the anatomical landmark 
to localize the most distal 1cm of the common carotid artery. The artery was 
visualized at four angles (anterior, two antero-lateral projections and lateral). 
The internists estimated the IMT of the common carotid artery in real time by 
placing electronic callipers around the intima-media complex. Subsequently, 
the presence of plaques was assessed both in the common carotid artery 
and the bifurcation, defined as focal thickening of >1.5mm or >1.5 times the 
surrounding IMT. The presence, at any angle, of either a maximum IMT of >1mm 
or atherosclerotic plaque resulted in a categorization of the scan as abnormal. 
If no plaques were detected and the maximum IMT was <1mm at all angles, the 
scan was considered normal. Designating a scan ‘normal’ or ‘abnormal’ was 
done by the internists in writing, immediately after performing the scan. On the 
scan result-forms the internists could illustrate their findings on a schematic 
diagram of the carotid artery (pre-printed on the form) and add comments. It 
has been recently shown that a similar ultrasound protocol, limited to plaque 
detection and IMT measurement in the common carotid artery, produces the 
same results as more comprehensive protocols that include quantification of 
IMT in the carotid bifurcation and internal carotid artery [26]. All scans were 
recorded on sVHS videotapes for independent analysis of the outpatient scans 
at a later point in time. In addition, in order to identify the factors leading to 
discrepancies between OPD and vascular laboratory findings, all false positive 
and false negative scans were retrospectively reviewed by a blinded observer, 
who was not involved with the scanning of the patients. Practical feasibility was 
determined subjectively by evaluating the ability of the internists to incorporate 
the measurement in their outpatient work and quantifying the time spent 
performing the scans.

Ultrasound protocol in the vascular laboratory
In the vascular laboratory the identical ultrasound protocol was performed 
using an Acuson Sequoia 512 (Siemens Medical AG, Munich, Germany) high-
resolution ultrasound machine with an 8LS (8MHz) linear transducer. This 
transducer frequency was 0.5MHz higher than the one used on the OPD but 
this minor difference resulted in similar screen resolution and image quality. 
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One sonographer (4 years of experience) who has been certified to implement 
this ultrasound protocol for clinical trials performed and analysed the scans. 
The within-subject reproducibility achieved by the sonographer, performing 
the same scanning protocol in a previous trial was >95% [27]. At the time of 
scan and analysis the observer was blinded for both the clinical data of the 
patient and the result of the OPD scan. The scans from the vascular laboratory 
were quantitatively analysed off-line with computer-aided automatic boundary 
detection where possible and manual adjustment where necessary, using the 
ASM II software package version 1.1364 (Gustavson, Chalmers, Sweden). The use 
of automatic boundary detection has been shown to be accurate and is advised 
in the recent Mannheim consensus on IMT measurement [28]. The overall gain 
settings during scanning were kept at 0dB when possible. The sonographer was 
free to adjust the gain levels if necessary, but within the limits of -7dB to 7 dB to 
avoid possible influences of extreme gain settings on IMT quantification. Mean 
IMT was defined as the average of the mean values of the far and near walls of 
the common carotid artery at all four angles. Mean maximum IMT was calculated 
from the mean of the maximum values at these sites. All quantifications were 
performed in cardiac diastole. 

The definition of plaque was identical to the one used on the OPD (focal 
thickening of >1.5mm thickness or >1.5 times the surrounding IMT). In the vascular 
laboratory plaques were further classified as described earlier [6,28]. They were 
classified to be mild if only the aforementioned criteria were met. Moderate 
plaques were defined as lesions encroaching into the lumen. If the lesion caused 
stenosis the plaque was classified as severe. 

Statistical analysis
All data were analyzed using the SPSS 12.0 software package. Data are expressed 
in means [95% confidence intervals] unless indicated otherwise. Differences 
between groups were analyzed with a student T-test, categorical data were 
compared using a Chi-squared test. P-values of <0.05 were considered statistically 
significant. Calculation of sensitivity, specificity, positive and negative predictive 
values as well as likelihood ratios for the internists to identify plaque and 
abnormal IMT was done as described earlier [21,29]. The retrospective analyses of 
the false negative and false positive OPD scans were compared to the reference 
standard by a Bland-Altman plot [30].
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Results

A total of 112 patients were included in the study. The clinical and demographic 
characteristics of the study population are summarized in table 1. Mean age 
was 53.8 yrs [51.6-56.6], 11.6% of patients had type 2 diabetes mellitus and 
21.4% had a history of CVD. There was a high prevalence of hypertension and 
hypercholesterolemia of 49.0% and 67.6% respectively. Of our patients 52.5% was 
either a current smoker or had smoked in the past, and 30.4% had a family 
history of CVD. Mean IMT in our sample was 0.743 [0.719-0.768] and the mean of 
the maximum IMT was 0.847 [0.817-0.877], quantified in the vascular laboratory. 
Of the 112 patients 65 (58.0%) had atherosclerotic plaque in the carotid artery. 
Of these plaques 50% were classified in the vascular laboratory as severe, 26% 
as moderate and 24% as mild.

Feasibility
On average the scans on the outpatient department took 7.3 minutes to 
perform (range 4.5 to 16.7 minutes). This was the effective scanning time and 
did not include the preparation time etc. Typically, if a patient was already in 
supine position for blood pressure measurement or physical examination the 
ultrasound could be easily incorporated. In cases where the patients had to lie 
down specifically for the ultrasound the internists subjectively found including 
the scan more intrusive in their normal routine. In a half-day session on the OPD, 
during which time a total of approximately 15 patients were seen, the clinicians 
were able to include an average of 2-3 patients.

Accuracy of plaque detection
Data on plaque detection are summarized in table 2. Of the 65 plaques identified 
in the vascular laboratory, 51 were recognized by the internists on the outpatient 
and 14 were not seen, for a sensitivity of 78.5% [69.9%-86.1%]. In 3 patients the 
internists on the outpatient indicated the presence of a plaque where no plaques 
were seen in the vascular laboratory for a specificity of 93.6% [89.1%-98.1%]. 
The positive predictive value for plaque detection was 83.1% and the negative 
predictive value was 75.9%. The likelihood ratios of positive and negative tests 
on the OPD were 12.2 and 0.23, respectively for plaque detection.
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Table 1 | Patient characteristics. CVD: cardiovascular disease; BMI: body mass index; IMT: 
intima-media thickness.

Variable Total group
(n=112)

Age (yrs) 53.8 [51.6-56.6]

% Diabetes 11.6%

% CVD 21.4%

% Hypertension 49.0%

% Hypercholesterolemia 67.6%

% Family History of CVD 30.4%

Smoking 
% Current smokers
% Ex-smokers

21.8%
30.7%

BMI (kg/m2) 27.3 [26.4]

Systolic BP (mmHg) 133.1 [129.0-137.3]

Diastolic BP (mmHg) 81.9 [79.8-84.1]

Anti-platelet therapy 22.0%

Statin therapy 54.3%

Antihypertensive therapy 46.7%

Mean IMT (mm) 0.743 [0.719-0.768]

Mean max IMT (mm) 0.847 [0.817-0.877]

Plaques
Mild
Moderate

Severe

65 (58.0%)
23.7%
26.2%
50.1%

CVD: cardiovascular disease; BMI: body mass index; IMT: intima-media thickness

Table 2 | Comparison of plaque findings on the outpatient department and the vascular 
laboratory.

Vascular lab plaque + Vascular lab plaque - total

OPD plaque + 51 3 54

OPD plaque - 14 44 58

Total 65 47 112

OPD: outpatient department. Sensitivity: 78.5% [95% CI: 69.9%-86.1%]. Specificity: 93.6% [95% CI: 
89.1%-98.1%]. Plaque prevalence: of 58.0%. Positive predictive value: 94.4%. Negative predictive 
value: 75.9%. Likelihood ratio of a positive test: 12.2. Likelihood ratio of a negative test: 0.23
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Accuracy of IMT measurement
Data regarding the measurement of IMT are summarized in table 3. Sensitivity of 
the internists for recognizing IMT ≥ 1mm was 46.7% [37.5%-55.9%], with a specificity 
of 87.6% [81.5%-93.7%]. The positive and the negative predictive values were 
36.8% and 91.4% respectively. Likelihood ratios for positive and negative tests 
for the IMT estimation on the OPD were found to be 3.7 and 0.69, respectively. 

Table 3 | Comparison of IMT findings on the outpatient department and the vascular 
laboratory. 

Vascular lab IMT ≥ 1mm Vascular lab IMT < 1mm total

OPD IMT ≥ 1mm 7 12 19

OPD IMT < 1mm 8 85 93

Total 15 97 112

OPD: outpatient department. Sensitivity: 46.7% [95% CI: 37.5%-55.9%]; Specificity: 87.6% [95% CI: 
81.5%-93.7%]; Prevalence of increased IMT: 13.4%; Positive predictive value: 36.8%; Negative predictive 
value: 91.4%; Likelihood ratio of a positive test: 3.7; Likelihood ratio of a negative test: 0.69.

Look back at false negative and false positive findings
The distribution of false negative scans was constant over the study period and 
equal between the two internists. In the case of plaque detection there were 
two main factors that led to incorrect findings on the OPD as compared to the 
vascular laboratory. First, in several instances the carotid bifurcation was cranially 
located making it difficult for the clinicians to visualize it due to obstruction 
of the ultrasound transducer by the patient’s mandible. In these cases, the 
sonographer in the vascular laboratory was better able to detect plaques by 
helping patients to hyperextend their neck using foam rolls or pillows. Second, 
due to the curvilinear anatomy of the carotid bifurcation the clinicians were not 
always able to adequately visualize the intima-media complex. The sonographer, 
having no time restraints was able to meticulously examine the curved surface.

Regarding IMT, the 20 false negative and false positive cases had a mean 
maximum IMT of 0.970mm [range: 0.723mm-1.380mm]. Retrospective analysis 
revealed that, in all cases the internists adequately visualized the intima-
media complex and the image quality was sufficient to allow off-line analysis. 
Quantitative analysis of the OPD scans resulted in identical values as were found 
in the vascular laboratory (mean difference 0.001mm; p=0.939), illustrated in the 
Bland & Altman plot in figure 1. The main factor leading to incorrect designation 
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of IMT as being normal or abnormal by the internists was lack of precision of the 
manual calliper placement.

Discussion

This study has assessed the accuracy of plaque detection and IMT measurement 
by internists in a routine outpatient setting. The most important finding is that 
internists can achieve acceptable sensitivity and high specificity for carotid 
plaque detection after a six-week training period, resulting in high positive 
and negative predictive values. We believe that the external validity of our 
data is strengthened by the fact that the 58% overall plaque prevalence in our 
patients was comparable to previous reports: Rosvall et al. [5] found 43% carotid 
plaques in 5163 subjects with and average age of 58 years and van der Meer et 
al. [31] reported 58% plaques in 6389 subjects of >55 years of age. Both these 
study samples were recruited from the general population and showed similar 
patterns of co-morbidity, although our patients were slightly younger. Our data 
show that 20% of plaques were not identified by the internists on the outpatient 
department. The look back at these false negatives revealed that it was due 

Figure 1 | Bland & Altman plot of retrospective quantitative IMT measurements of false 
negative and false positives. 
IMT: intima-media thickness; LAB: vascular laboratory; OPD: outpatient department.
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to high anatomical location and curvilinear anatomy of the carotid bifurcation, 
making it difficult to visualize. In a normal clinical situation these patients, in 
whom the carotid bifurcation was not optimally visualized, could still be referred 
to a specialized vascular laboratory or radiology department. The high specificity 
of outpatient plaque detection demonstrates that when carotid abnormalities 
are seen using this simple test it represents true presence of plaque. 

The clinical implications of our study are underlined by the results from other 
studies relating the presence of carotid plaque to future cardiovascular events 
[2,6,8]. In particular, Griffin et al. in 2002 [32] demonstrated that with ultrasound 
plaque detection and characterization high-risk patients could be identified, 
independent of other cardiovascular risk factors. Our data strongly suggest that 
carotid plaque detection during routine clinical practice may be a useful tool in 
identifying high risk patients for CVD and peripheral artery disease.

In our study it was more difficult for internists to accurately identify increased 
IMT. The internists could only achieve 47% sensitivity with respect to identifying 
abnormal IMT but a high specificity (88%) was achieved. In our look back at 
the reasons for incorrect estimation of IMT we found that it was mainly due 
to inaccurate placement of the electronic callipers. Retrospective quantitative 
analysis of the twenty discrepant OPD and vascular laboratory scans showed 
excellent agreement suggesting that inaccurate manual measurement, and not 
insufficient image quality, caused the false results. Based on our findings we 
argue that manual normal IMT measurement in clinical practice is not suitable 
to exclude additional cardiovascular risk and it should be followed by an IMT 
performed in a specialized vascular laboratory. Moreover, using a dichotomous 
cut-off value for IMT is a relatively crude method. Although IMT values > 1mm 
are associated with elevated risk it would be more accurate to statistically 
correct the continuous value for IMT in individual patients to age, gender and 
ethnicity. Such calculations and corrections however are time consuming and 
may not be feasible in an office-based approach. Whether the use of more 
advanced ultrasound equipment, including real-time IMT quantification and 
automatic correction for these factors may facilitate the use of IMT values for 
risk assessment in an outpatient setting remains to be prospectively studied.

Our study had limitations. It is possible that longer and more intense training 
would have improved the results achieved by the internists. We achieved a 
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high accuracy for plaque detection using training program that can be easily 
implemented. This is reflected by the constant distribution of false positive and 
false negative findings on the outpatient department during the inclusion period, 
indicating the absence of an additional learning curve during the study. Second, 
different ultrasound machines were used for the outpatient measurements 
and the scans in the vascular laboratory. The minor difference of 0.5 MHz in 
transducer frequency however did not lead to differences in image quality, which 
is supported by the high agreement in the retrospective quantitative analysis.

In conclusion, our findings demonstrate that internists can accurately 
detect carotid plaques using ultrasound, after a six-week training period. The 
limited amount of time required to perform the scans allowed the internists 
to incorporate the measurements in their normal clinical routine. Adequate 
recognition of increased IMT is more difficult and may require a specialized 
vascular laboratory or alternatively ultrasound equipment dedicated to IMT 
quantification. 

Learning Points

•	 Internists are able to identify carotid plaques by ultrasound 
in routine clinical practice with high precision after a six-week 
training period

•	 In-office plaque detection may aide internists to individualize 
preventive cardiovascular strategies per patient

•	 Measurement of carotid intima-media thickness by internists is 
not recommended because it lacks accuracy when compared to 
measurement in a specialized vascular laboratory

•	 Errors in measuring intima-media thickness in an out-patient 
setting are mainly due to insufficient precision of manual 
estimations of thickness
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