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ABSTRACT
Objective: This study aimed to evaluate the degree of agreement between cardiologists and radiologists for interpreting and 
reporting carotid duplex ultrasound images.
Methods: This prospective observational study was conducted in a cardiology outpatient clinic. For the sample size calculation, 
according to the kappa (2 raters) hypothesis testing method, assuming minimum acceptable kappa of 0.6, expected kappa of 
0.8, a significance level of 0.05, power of 90%, and considering the expected dropout rate of 10% in the study, 116 patients were 
enrolled in the study. Demographic findings, personal histories, and laboratory test results were recorded. Carotid artery duplex 
ultrasonography was performed simultaneously and recorded by cardiologists and radiologists.
Results: This study included 116 patients who were treated in cardiology outpatient clinics for ischemic stroke, trans-ischemic 
attack, amaurosis fugax, dizziness, and severe headache complaints. While 50.9% of them are female, 49.1% were male. The 
age range of patients included in the study was a minimum of 32 years and a maximum of 71 years. Their mean age and devia-
tion were 58.6 ± 10.1. Examination of their distribution according to chronic disease states revealed that 44.8% had hyperten-
sion, 58.6% were smokers, 36.2% had diabetes mellitus, 22.4% had dyslipidemia, 13.8% had ischemic heart disease, 29.3% had 
chronic obstructive pulmonary disease, and 16.4% had congestive heart failure. According to the criteria for carotid stenosis 
measurement of ≤50% and >50%, a significant and almost perfect agreement was found between the measurements by cardi-
ologists and radiologists (Cohen’s kappa coefficient κ = 0.811; P  < .0001).
Conclusion: Diagnostic compatibility with radiologists was found to be near-perfect for carotid ultrasound evaluation.
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INTRODUCTION
Carotid artery disease is observed in less than 3% of the general 
population.1 It has a wide range of clinical presentations. It is 
considered one of the causes of the transient ischemic attack, 
ischemic stroke, sudden vision loss, dizziness, and severe head-
aches. It is common in patients with coronary and peripheral 
artery diseases.2

Cerebrovascular events due to carotid artery diseases are com-
mon in developed countries.3 In clinical practice, imaging 
obtained using carotid duplex ultrasound (USG) is important in 
both the management of patients with acute stroke and the risk 
assessment of coronary artery disease or stroke.4

Treatment approaches are generally determined by cardiolo-
gists based on carotid ultrasonography results. The increase in 
the number of patients, together with the increasing elderly 
population, has further increased the workload of radiologists 
and sonographers.

The carotid arteries can be evaluated if the vascular imaging 
application is selected in echocardiography devices and a linear 
probe is used. If short-term training is provided to cardiologists 
who know the features of ultrasound devices, carotid ultrasound 
can be performed simultaneously by cardiologists along with 
echocardiography. Thus, patients are evaluated in a short time.

Our study aimed to determine whether the reports of carotid 
duplex USG performed and interpreted by cardiologists who 
have attended an accredited USG course are compatible with 
reports interpreted by radiologists.

METHODS
Study Design and Settings
This prospective observational study was conducted in 2022. 
The Ethics Commission of Gazi Yaşargil Training and Research 
Hospital authorized the study and waived the need for informed 
consent (Date: March 11, 2022, Decision no: 2022-45). This study 
was conducted as per the Declaration of Helsinki (2013).
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Selection of Participants
Patients over the age of 18 who provided written informed 
consent and were admitted to the cardiology outpatient clin-
ics with ischemic stroke, trans-ischemic attack, amaurosis fugax, 
dizziness, and severe headache were included in the study. First, 
unstable patients were excluded. Patients with neck tumors, 
masses, diffuse goiters, recent neck trauma, or neck surgery were 
excluded from the study.

Study Protocol
This study included only patients who met the inclusion crite-
ria. Demographic findings, history, and laboratory test results 
were recorded. Carotid duplex USG imaging was interpreted 
by cardiologists with at least 5 years of experience, attended an 
accredited ultrasound course, and achieved success. Before the 
study, the cardiologists received 2 hours of didactic and 2 hours 
of practical training. In a preliminary study, accurate measure-
ments were obtained at least 30 times. Ultrasound images were 
transferred to a computer and interpreted by an experienced 
and independent radiologist. Figure 1 shows the flow diagram of 
the patients enrolled in the study. Images with poor quality were 
excluded from further analyses.

Imaging
The carotid artery imaging procedure was performed accord-
ing to the recommendations of the American Society of 
Echocardiography and the European Society of Radiology.5 The 
carotid arteries were evaluated in the transverse and sagittal 
planes (Figure 2). Intima-media thickness and arterial flow veloc-
ity were measured from the transverse plane following the rec-
ommendations of the American Society of Echocardiography.6 
The examinations were performed with a linear probe (L 12-3) 
using a Philips brand ultrasonography device (Model HD7 XE).

Pre-Study Power Analysis
For the sample size calculation, according to kappa (2 raters) 
hypothesis testing method, assuming minimum acceptable 
kappa of 0.6, expected kappa of 0.8, a significance level of 0.05, 
power of 90%, and considering the expected dropout rate of 
10% in the study, 116 patients were enrolled in the study.

Statistical Analysis
The Statistical Package for the Social Sciences program was used 
to conduct all analyses (version 24.0, Chicago, Ill, USA). The mean 
and standard deviation and the minimum and maximum val-
ues of the features were used to establish categorical variables, 
such as frequency and percentage values. The compatibility of 

different doctors’ nominal-level measurement results was evalu-
ated using Cohen’s kappa. The statistical significance level was 
set at P  < .05.

RESULTS
The socio-demographic and clinical history of the patients are 
shown in Table 1. While 50.8% of them were female, 49.2% were 
male. The age range of the patients included in the study was 
a minimum of 32 years and a maximum of 71. Their mean age 
and deviation were 58.6 ± 10.1. When their distribution accord-
ing to chronic disease states was examined, 44.8% had hyper-
tension (HT), 58.6% were smokers, 36.2% had diabetes mellitus 
(DM), 22.4% had dyslipidemia, 13.8% had ischemic heart disease 
(IHD), 29.3% had chronic obstructive pulmonary disease (COPD), 
and 16.4% had congestive heart failure (CHF) (Table 1). The mean 
and min-max measurements of vital signs and laboratory param-
eters of the patients are shown in Table 2. Table 3 shows physi-
cian compliance statistics between radiologists and cardiologists 
according to carotid artery stenosis measurements. As seen in 
Table 3, according to the criteria for carotid stenosis measure-
ment of ≤50% and >50%, a significant and almost perfect agree-
ment was found between the measurements of cardiologists 
and radiologists (Cohen’s kappa coefficient (κ) = 0.811; P  < .0001) 
(Table 3).

DISCUSSION
This study suggests that cardiologists who attended accredited 
carotid USG training can successfully interpret and report carotid 
artery USG images with short-term training (κ = 0.811; P  < .001).

Main Points

•	 Cardiologists can perform carotid duplex ultrasounds as 
part of the exam and speculate about the severity of coro-
nary artery disease.

•	 Cardiologists can easily detect non-stroke subclinical 
carotid artery stenosis using carotid duplex ultrasound.

•	 Interventional cardiologists who perform carotid artery 
stenting can follow up the patients before and after the 
procedure with carotid ultrasound.

Figure 1.  Study flow diagram.
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Carotid atherosclerosis is observed in 25% of men and women 
worldwide. While it is 1% between the ages of 50 and 60, this 
rate can reach 80% between the ages of 70 and 90. A recent 
study observed a higher rate of carotid atherosclerosis in 
women in Chinese society.7,8 Smoking, high LDL levels, obesity, 
hypertension, diabetes, COPD, advanced age, and family his-
tory were identified as risk factors.9-11 In our study, the average 
age of the patients was 58.6 ± 10.1 years, and the incidence in 
females was 50.8%. Smoking was observed in 58.6%, dyslipid-
emia in 22.4%, overweight in 19%, hypertension in 44.8%, dia-
betes in 36.2%, COPD in 29.3%, CHF in 16.4%, and CVD in 20.7% 
rates. Mean SBP was measured at 137.0 ± 6.75 mmHg, DBP was 
87.9 ± 2.91 mmHG, heart rate was 91.3 ± 20.82 beats/min, and 
glucose was 158.2 ± 74.37 mg/dL. Other laboratory findings 
were normal.

Coronary heart disease, ischemic stroke, and peripheral vascular 
disease are caused by atherosclerosis. Cardiovascular diseases 
are closely related to each other.12 Echocardiography is usually 

performed in patients who visit a cardiology outpatient clinic. 
A certain majority of the patients had HT, diabetes, and ischemic 
stroke. Carotid duplex ultrasound is sometimes required for opti-
mal treatment of these patients. Atherosclerotic plaques in the 
carotid artery cause a significant part of ischemic strokes and are 
easily assessed using duplex ultrasonography.13 Assessment of 
arterial stiffness and atherosclerotic load in the carotid arteries 
can provide crucial prognostic information regarding the risk of 
future cardiovascular events.14 Carotis intima-media thickness 
(CIMT) is a biomarker used in the diagnosis of atherosclerosis.15 
It is an independent risk factor for stroke and myocardial infarc-
tion.16,17 Therefore, it has been the focus of attention of both car-
diologists and neurologists. Cardiologists with the skill of using 
an ultrasound device can determine the severity of cardiovascu-
lar disease by calculating the CIMT or by directly assessing the 
volume and morphology of the plaque.

Continuous advances in ultrasound technology have led to 
an era of widespread access to these devices. Point-of-care 

Figure 2.   (A) Transverse Doppler image of common carotid artery (CCA) and internal jugular vein (İJV); (B) sagittal B-mode view of 
CCA, BULB, internal carotid artery (ICA), and external carotid artery (ECA); (C) normal carotid artery duplex; (D) image of carotid 
intima-media thickness (CIMT).
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ultrasound and handheld ultrasound devices with dual probes, 
which are considered stethoscopes of the 21st century, have 
been adopted by many experts for diagnosis and treatment. 
It has been applied in areas such as the gastrointestinal, mus-
culoskeletal, obstetric, respiratory, vascular, and cardiovascular 
systems.18 Its use in intensive care units and emergency depart-
ments is becoming increasingly common.19,20 Oluku et  al.21 
achieved excellent results in bone fracture diagnostics. In com-
parison with radiologists, diagnostic compatibility with high 
sensitivity and specificity was observed. Ultrasound training 
has been integrated into the education of emergency physi-
cians. Thus, the need for radiologists has gradually decreased.22 
Simultaneously, the workload of the radiologists was alleviated 
by decreasing the ultrasound orders.23

The performance of carotid ultrasonography and interpretation 
of the exam are delayed because of the heavy workload of the 
sonographers and radiologists. Cardiologists can evaluate the 
carotid arteries simultaneously with echocardiography instead 
of waiting for USG reports from radiologists to organize optimal 

treatment. Thus, they can notice subclinical carotid artery steno-
sis without developing a stroke or having an idea of the sever-
ity of the concomitant coronary artery disease.24,25 In addition, 
interventional cardiologists who perform carotid artery stent-
ing will more easily perform pre- and post-procedure follow-
ups of patients with carotid artery USG without the need for 
radiologists.26,27

Performing carotid ultrasonography and echocardiography will 
increase time and labor intensity. The lack of reimbursement for 
carotid ultrasonography may not convince cardiologists. Carotid 
artery duplex USG by cardiologists will bring a big change in 
favor of patients if suitable conditions are provided.28 Stroke and 
coronary artery events can be reduced through early diagnosis 
and treatment.

The prominent limitation of this study was its single-center pro-
spective nature with a small patient cohort. During the proce-
dure, calcification obscuring a large-vessel segment in some 
patients requires another imaging modality. Carotid USG could 

Table 1.  Socio-Demographical and Disease History 
Distribution

N = 116 x̄ ± SD Min-Max

Age 58.6 ± 10.1 32-71

N = 116 n %

Gender Female 59 50.9

Male 57 49.1

Smoker No 48 41.4

Yes 68 58.6

HT No 64 55.2

Yes 52 44.8

DM No 74 63.8

Yes 42 36.2

IHD No 100 86.2

Yes 16 13.8

CVD No 92 79.3

Yes 24 20.7

COPD No 82 70.7

Yes 34 29.3

CHF No 97 83.6

Yes 19 16.4

DL No 90 77.6

Yes 26 22.4

BMI Underweight 7 6
Normal weight 87 75
Overweight 22 19

Values are reported as n (%) for categorical variables. HT, hypertension; 
DM, diabetes mellitus; CVD, cerebrovascular disease; CHD, coronary heart 
disease; COPD, chronic obstructive pulmonary disease; CHF, congestive 
heart failure; BMI, body mass index; SD, standard deviation.

Table 2.  Distribution of Vital Findings and Laboratory 
Measurements

N = 116 x̄ ± SD Min-Max

Systolic blood pressure (mmHg) 137.0 ± 6.75 130-159

Diastolic blood pressure 
(mmHg)

87.9 ± 2.91 85-98

Pulse (beat/min) 91.3 ± 20.82 60-170

Glucose (mg/dL) 158.2 ± 74.37 72-421

Creatinine (mg/dL) 1.04 ± 0.54 0.41-3.75

Na (mmol/L) 139.3 ± 3.32 128-147

K (mmol/L) 4.0 ± 0.46 3.0-5.19

HBG (g/dL) 13.4 ± 1.86 9.0-17.1

HCT (%) 40.5 ± 4.93 27.1- 50.2

AST (U/L) 28.2 ± 17.51 10-99

ALT (U/L) 18.6 ± 10.42 4-56

WBC (103/mm3) 11.5 ± 3.15 6.09-18.34

PLT (103/mm3) 268.8 ± 70.45 67-633

Values are reported as mean ± SD for continuous variables. Na, sodium; 
K, potassium; HBG, hemoglobin; HTC, hematocrit; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; WBC, white blood cells; 
PLT, platelets; INR, international normalized ratio; SD, standard deviation.

Table 3.  Evaluation of Inter-Physician Compliance

N = 116 Cardiology Cohen’s 
Kappa P

Carotis Artery Stenosis ≤50%  >50%

Radiology ≤50%  78 6 0.811* <.001**

>50% 3 29

Total 81 35

*Cohen’s kappa coefficient is accepted at the κ > 0.6.
**P  <  .05.
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not be performed in patients suspected or diagnosed with 
COVID-19 during the COVID-19 pandemic.

CONCLUSION
We found almost perfect compatibility between cardiologists 
and radiologists in interpreting and reporting of carotid duplex 
USG findings. We believe that this will be beneficial in decision-
making for patients who present to the cardiology outpatient 
clinic with complaints of sudden numbness or weakness of 
the unilateral arm and leg, sudden loss of vision, dizziness, and 
severe headache. Cardiologists should have vascular ultrasound 
training as part of their education.

Ethics Committee Approval: Ethical committee approval was received 
from the Ethics Committee of Gazi Yaşargil Training and Research 
Hospital (Date: March 11, 2022, Decision no: 2022-45).

Informed Consent: Written informed consent was obtained from all par-
ticipants who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – S.G., A.A.; Design – S.G., A.A.; 
Supervision –S.G., A.A.; Funding – S.G., A.A.; Materials – S.G., A.A.; Data 
Collection and/or Processing – S.G., A.A.; Analysis and/or Interpretation 
– S.G., A.A.; Literature Review – S.G., A.A.; Writing – S.G., A.A.; Critical 
Review – S.G., A.A.

Declaration of Interests: The authors declared no conflicts of interest.

Funding: The authors declared that this study has received no financial 
support.

REFERENCES
1.	 Dossabhoy S, Arya S. Epidemiology of atherosclerotic carotid artery 

disease. Semin Vasc Surg. 2021;34(1):3-9. [CrossRef]
2.	 Shenouda  R, Vancheri  S, Maria Bassi  E, et al. The relationship 

between carotid and coronary calcification in patients with coro-
nary artery disease. Clin Physiol Funct Imaging. 2021;41(3):271-280. 
[CrossRef]

3.	 Kavukçu  E, Burgazlı  KM. Karotis stenozunda güncel tedavi 
yaklaşımları. J Turkish Fam Phys. 2021;2(4):13-20.

4.	 Bytyçi  I, Shenouda R, Wester P, Henein MY. Carotid atherosclerosis 
in predicting coronary artery disease: a systematic review and 
meta-analysis. Arterioscler Thromb Vasc Biol. 2021;41(4):e224-e237. 
[CrossRef]

5.	 Stein  JH, Korcarz  CE, Hurst  RT, et al. Use of carotid ultrasound to 
identify subclinical vascular disease and evaluate cardiovascular 
disease risk: a consensus statement from the American Society of 
Echocardiography Carotid Intima-Media Thickness Task Force. 
Endorsed by the Society for Vascular Medicine. J Am Soc Echocardi-
ogr. 2008;21(2):93-111. [CrossRef]

6.	 Johri AM, Nambi V, Naqvi TZ, et al. Recommendations for the assess-
ment of carotid arterial plaque by ultrasound for the characteriza-
tion of atherosclerosis and evaluation of cardiovascular risk: from 
the American Society of Echocardiography. J Am Soc Echocardiogr. 
2020;33(8):917-933. [CrossRef]

7.	 Xue W, Tian Y, Jing L, et al. Sex difference in the correlation between 
carotid artery diameter and prevalence of stroke: insights from a 
Chinese population. Int J Cardiol. 2022;353:103-108. [CrossRef]

8.	 Prati P, Vanuzzo D, Casaroli M, et al. Prevalence and determinants of 
carotid atherosclerosis in a general population. Stroke. 1992;23(12): 
1705-1711. [CrossRef]

9.	 TianY, Zhang  S, Li  R, et al. Prevalence of subclinical carotid 
atherosclerosis and associated risk factors in individuals with-
out cardiovascular risk factors: Insights from general population. 
Research Square. 2022. [CrossRef]

10.	 Santos-Neto  PJ, Sena-Santos  EH, Meireles  DP, et al. Association of 
carotid plaques and common carotid intima-media thickness with 
modifiable cardiovascular risk factors. J Stroke Cerebrovasc Dis. 
2021;30(5):105671. [CrossRef]

11.	 Ma X, Chen L, Hu W, He L. Association between a body shape index 
and subclinical carotid atherosclerosis in population free of cardio-
vascular and cerebrovascular diseases. J Atheroscler Thromb. 
2022;29(8):1140-1152. [CrossRef]

12.	 HuX, Zhang  X, Gou  Q, et al. Association of elevated Non-HDL-C 
and  LDL-C with carotid atherosclerosis among Tibetans living at 
high altitudes: A cross-sectional study. Research Square. 2022.  
[CrossRef]

13.	 Al-Aarag  AH, Essawy  TS, Mohamed  EA, Mustafa  IM, Ayoub  SS. 
Assessment of subclinical carotid atherosclerosis in patients with 
chronic obstructive pulmonary disease. Benha J Appl Sci. 
2021;6(3):31-37. [CrossRef]

14.	 Kaur H, Tiwari P, Sharma S, Verma M. An analytical cross-sectional 
study to assess the effects of smoking on common carotid intima-
media thickness and resistivity index among current smokers. 
J Diagn Med Sonogr. 2022;38(1):26-34. [CrossRef]

15.	 Avilova KX, Muslimakhon A. Risk factors for cardiovascular diseases. 
Барқарорлик ва Етакчи Тадқиқотлар онлайн илмий журнали. 
2022;2(1):268-273.

16.	 Özel T. İskemik inmede etiyoloji, patofizyoloji ve klinik değerlendirme. 
Trd Sem. 2021;9:189-203. [CrossRef]

17.	 Kadoglou NPE, Moulakakis KG, Mantas G, et al. The association of 
arterial stiffness with significant carotid atherosclerosis and carotid 
plaque vulnerability. Angiology. 2022;73(7):668-674. [CrossRef]

18.	 Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE. Common 
carotid intima-media thickness and risk of stroke and myocardial 
infarction: the Rotterdam study. Circulation. 1997;96(5):1432-1437. 
[CrossRef]

19.	 Smith SC Jr, Greenland P, Grundy SM. Beyond secondary prevention: 
identifying the high-risk patient for primary prevention: executive 
summary. AHA Conference Proceedings. Circulation. 2000;101(1):111-
116. [CrossRef]

20.	 Hashim A, Tahir MJ, Ullah I, Asghar MS, Siddiqi H, Yousaf Z. The utility 
of point of care ultrasonography (POCUS). Ann Med Surg (Lond). 
2021;71:102982. [CrossRef]

21.	 Oluku J, Stagl A, Cheema KS, El-Raheb K, Beese R. The role of point 
of care ultrasound (PoCUS) in orthopaedic emergency diagnostics. 
Cureus. 2021;13(1):e13046. [CrossRef]

22.	 Yamada  H, Ito  H, Fujiwara  M. Cardiac and vascular point-of-care 
ultrasound: current situation, problems, and future prospects. J Med 
Ultrason (2001). 2022;2022:1-8. [CrossRef]

23.	 Dan Lantsman  C, Barash  Y, Klang  E, Guranda  L, Konen  E, Tau  N. 
Trend in radiologist workload compared to number of admissions 
in the emergency department. Eur J Radiol. 2022;149:110195. 
[CrossRef]

24.	 Klimontov VV, Koroleva EA, Khapaev RS, Korbut AI, Lykov AP. Carotid 
artery disease in subjects with Type 2 diabetes: risk factors and bio-
markers. J Clin Med. 2021;11(1):72. [CrossRef]

25.	 Karapınar  S, Uruc  V, Özden  R, et al. Clinical and radiological out-
comes of rotator cuff repair by single-row suture-anchor technique 
with mini-open approach. Dicle Med J. 2014;40:347-351.

https://doi.org/10.1053/j.semvascsurg.2021.02.013
https://doi.org/10.1111/cpf.12694
https://doi.org/10.1161/ATVBAHA.120.315747
https://doi.org/10.1016/j.echo.2007.11.011
https://doi.org/10.1016/j.echo.2020.04.021
https://doi.org/10.1016/j.ijcard.2022.01.023
https://doi.org/10.1161/01.str.23.12.1705
https://doi.org/10.21203/rs.3.rs-137958/v1
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105671
https://doi.org/10.5551/jat.62988
https://doi.org/10.21203/rs.3.rs-1228533/v1
https://doi.org/10.21608/bjas.2021.169713
https://doi.org/10.1177/87564793211044118
https://doi:10.5152/trs.2021.2021-20-25
https://doi.org/10.1177/00033197211068936
https://doi.org/10.1161/01.cir.96.5.1432
https://doi.org/10.1161/01.cir.101.1.111
https://doi.org/10.1016/j.amsu.2021.102982
https://doi.org/10.7759/cureus.13046
https://doi.org/10.1007/s10396-021-01166-3
https://doi.org/10.1016/j.ejrad.2022.110195
https://doi.org/10.3390/jcm11010072


189

Eur J Ther 2022;28(3):184-189� Günlü and Aktan. Assesment of Carotid Duplex Ultrasound by Cardiologist

26.	 Uğurlar M, Sönmez MM, Yapıcı Uğurlar Ö, et al. Arthr​oscop​ic-as​siste​
d repair in full-thickness rotator cuff ruptures: functional and radio-
logic results of five-year follow-up. Dicle Med J. 2016;43:290-293.

27.	 Erdoğan H. Manyetik Rezonans OUİ görüntülemenin yerini alabilir 
mi?. Dicle Tıp Derg. 2020;47(4):929-939.

28.	 Adams A, Bojara W, Schunk K. Early diagnosis and treatment of coro-
nary heart disease in asymptomatic subjects with advanced vascu-
lar atherosclerosis of the carotid artery (Type III and IV b findings 
using ultrasound) and risk factors. Cardiol Res. 2018;9(1):22-27. 
[CrossRef]

https://doi.org/10.14740/cr667w

