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Review

Carotid ultrasonography is useful for the assessments of the risk stratification for stroke or coronary artery 
disease, because it is a simple, repeatable, and noninvasive procedure. The carotid intima-media thickness (IMT), 
which is assessed using carotid ultrasonography, is a widely used surrogate marker for the severity of atheroscle-
rosis. Several large clinical studies showed that increased carotid IMT is associated with the future stroke or car-
diovascular events. In addition, in many clinical trials, it has been adopted for surrogate markers of clinical end-
points of medical intervention. Moreover, carotid ultrasonography allows the measurement of the presence and 
characteristics of plaques and the severity of carotid artery stenosis. The unstable morphology of plaque, such as 
hypoechoic, ulcer, and mobility, is associated with future ischemic stroke events. The screening tool of asymp-
tomatic carotid artery stenosis is also important, although whether routine carotid ultrasonography assessment is 
recommended in the general population remains controversial. The screening of carotid artery stenosis using 
ultrasonography is essential for not only daily clinical settings but also management of patients with acute isch-
emic stroke. The patients with atherothrombotic stroke with severe internal carotid artery stenosis should be 
considered to surgical intervention, and duplex ultrasound approach is important to estimate for the severity of 
carotid stenosis. Physicians should keep in mind the usefulness of carotid ultrasonography for risk stratification 
of cerebral and cardiovascular disease based on various aspects. In addition, visual assessment or dynamic changes 
using carotid ultrasonography could provide the various and valuable insights in clinical settings.

events, the addition of the carotid IMT to traditional 
vascular risk prediction models did not significantly 
increase the performance of the models10, 11). Clini-
cians should consider the region used for the measure-
ment of the different carotid segments (common 
carotid artery [CCA] or internal carotid artery [ICA]) 
and the use of the mean or maximum IMT.

As well as carotid IMT, assessments of carotid 
plaque are essential to predict the ischemic stroke 
events. Whether the plaque is included in the carotid 
IMT and how the plaque is defined is not unified 
worldwide. Plaque morphology with ultrasonography 
is also important. The severity of carotid stenosis also 
should be evaluated, because surgical intervention 
such as carotid endarterectomy (CEA) or carotid 

1. Introduction

Carotid ultrasonography became widespread 
worldwide because it can be simply, reproducibly, and 
noninvasively used. Because the severity of atheroscle-
rosis can be evaluated, the main reason of measure-
ments is risk stratification of future cerebral and car-
diovascular events. Carotid intima-media thickness 
(IMT), which can be used by carotid ultrasonography, 
was adopted as a surrogate marker for the presence 
and progression of atherosclerosis1-4). Many studies 
reported that carotid IMT measurements are useful 
for evaluating the risk and incidence of cerebral and 
cardiovascular disease5-9). Even though increased 
carotid IMT was associated with future cardiovascular 
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cular events compared to mean CCA-IMT26, 27). Those 
findings might indicate that ICA, especially maximum 
IMT, is a suitable screening point for the risk stratifi-
cation of cerebral or cardiovascular disease. Con-
versely, Toyota et al. reported that carotid bifurcation 
in Japanese subjects were higher by almost one cervi-
cal vertebra compared with Western subjects28). There-
fore, routine assessments of ICA-IMT might be rela-
tively difficult for screening of atherosclerosis in Japa-
nese population. Kokubo et al. found that maximum 
CCA-IMT can be easily measured and adopted as a 
promising risk factor for future cardiovascular disease 
in the Japanese large cohort study (Suita Study)29). In 
this study, a maximum CCA-IMT ＞1.1 mm was 
revealed to be associated with increased risks of cere-
bral and cardiovascular disease by the C statistic 
improvement of the current risk prediction model 
(Suita Risk Score)29, 30). In addition, several studies 
also showed that carotid plaque was a more suitable 
indicator to predict the future cardiovascular disease 
compared to the mean CCA-IMT31-33). At least, phy-
sicians should not only focus on the mean CCA-IMT 
for management of risk stratification. Considering the 
maximum carotid IMT or carotid plaque is essential 
for the prediction of cerebral and cardiovascular dis-
ease.

Carotid IMT was also considered as a surrogate 
clinical endpoint for several clinical trials using lipid-
lowering, antihypertensive, and/or antidiabetic 
drugs34-43). A systematic review and meta-analysis 
showed that low density lipoprotein cholesterol reduc-
tion by a statin treatment and carotid IMT change 
reduction strongly correlated44). Most previous studies 
referred in this meta-analysis were reported from 
Western countries, and a higher statin dose exists in 
Western countries than those in Japan. In addition, 
limited evidence exists for the association between 
statin treatment and carotid IMT reduction among 
Asian population. We recently found several novel 
findings for the association between carotid IMT and 
statin treatment using pravastatin (10 mg daily, usual 
dose in Japan) from Japan Statin Treatment Against 
Recurrent Stroke (J-STARS) study. The J-STARS 
study was conducted to examine whether pravastatin 
reduces stroke recurrence in patients with noncardio-
embolic ischemic stroke, and the J-STARS Echo Study 
was planned to determine the preventive effect of 
pravastatin on progression of carotid IMT42, 45-47). In 
brief, pravastatin treatment could significantly reduce 
the progression of mean CCA-IMT after long-term 
treatment (5 years)48). In addition, pravastatin treat-
ment may prevent the occurrence of atherothrombotic 
brain infarction in patients with noncardioembolic 
infarction with the baseline highest-tertile mean CCA-

artery stenting (CAS) might be considered for the 
patients with high-risk of stroke. Although it remains 
controversial whether routine carotid IMT measure-
ment or screening for asymptomatic carotid artery ste-
nosis are recommended in general population12, 13), 
comprehensive interpretation of ultrasonography is 
very essential for daily clinical settings. In this review, 
we discuss the clinical utility and perspective of carotid 
ultrasonography for the risk stratification tool of the 
cerebral and cardiovascular disease.

2. Carotid IMT

The carotid IMT is measured between the inti-
mal-luminal and the medial-adventitial interfaces of 
the carotid artery. Although carotid IMT generally 
means CCA-IMT, which is located in the 1-cm 
straight segment of the extracranial carotid artery 
proximal to the bifurcation14, 15), the definitions of the 
measurements of CCA-IMT segments were not uni-
fied between various studies. Several observational 
studies measured the CCA-IMT according to the 
Mannheim consensus using the same ultrasound pro-
tocol16).

Many studies showed that the carotid IMT is 
associated with aging, vascular risk factors, and the 
prevalence of cardiovascular disease2, 17-20). In addition, 
many large cohort studies found that increased carotid 
IMT is associated with the future cerebral and cardio-
vascular events6, 17, 21). However, the USE-IMT collab-
oration, a global meta-analysis project using individual 
participant data from prospective cohort studies, 
found that the addition of the mean CCA-IMT to 
traditional vascular risk prediction models did not sig-
nificantly increase the performance of the models11). 
Therefore, whether the mean CCA-IMT is useful in 
cardiovascular risk stratification in the general popula-
tion remains controversial12). We presented the sum-
mary of those studies and issues of interpretation for 
carotid IMT in previous review22). One of issues was 
that the regions of the carotid segments used for the 
measurements (CCA or ICA) varied among the stud-
ies. Researchers should keep in mind the difference for 
measurement segments, definition of IMT such as 
mean or maximum, and the carotid plaque. Different 
etiology of the atherosclerotic process between mean 
IMT, maximum IMT, and carotid plaque were 
reported23, 24). The CCA-IMT is mainly affected by 
age and blood pressure25), whereas the ICA-IMT 
probably reflects the presence of focal plaques and 
may be more representative of exposure to cardiovas-
cular risk factors. The Framingham Offspring cohort 
found that maximum ICA-IMT is associated with the 
prevalent cardiovascular disease and future cardiovas-
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remains unclear. To discuss the issue, considering the 
different definitions of carotid plaque, as mentioned 
above, is important.

The characteristics of carotid plaque is also essen-
tial. The description for assessment of plaque is not 
unified, but it is generally is carried out based on the 
following points: (i) echogenicity; (ii) heterogeneity; 
and (iii) structure (surface morphology). The echo-
genicity is classified as following as hypoechoic (low 
echoic or echo lucent), isoechoic (echogenic), and 
hyperechoic (high echoic or echodense). In general, 
hyperechoic plaque means fibrous tissue or calcifica-
tion changes and sometimes exhibits an acoustic 
shadow60). The heterogeneity is divided into “homo-
geneous” and “heterogeneous.” The heterogeneous 
plaque is sometimes represented as “mixed” plaque61). 
The surface morphology is classified as smooth, irreg-
ular, and ulceration62). The definition of carotid 
plaque ulceration varies depending on the different 
modality and different studies. De Bray et al. proposed 
that a plaque ulceration should measure as according 
to the following points: (1) at least 2 mm in depth 
and 2 mm in length; (2) with a well-defined back wall 
at its base shown by B-mode; and (3) with an internal 
flow reversal on color Doppler imaging63). Although 
the size of cavities was adopted as 1 mm in some stud-
ies64, 65), the size as 2 mm seem to be the most widely 
used66-69). A thin fibrous cap, hypoechoic plaque, or 
ulcerated plaque suggests vulnerable plaque, which 
leads to the possibility of plaque rupture and ischemic 
stroke events64, 65, 70). The mobile component of 
carotid plaque can be detected by using carotid ultra-
sonography, and it is also considered as a vulnerable 
plaque71). Although the vulnerable plaque is some-
times represented as “unstable” plaque, the definition 
of both terms is also not clear. Several characteristics 
of carotid plaque are presented in Fig.1. More detail 
or quantitative assessments of vulnerable plaque are 
gray-scale median (GSM) approach, integrated back-
scatter (IBS) approach, and contrast-enhanced ultra-
sound (CEUS) approach. The GSM approach indi-
cates that the frequency of gray values of the pixels 
within the plaque is used to quantify their echo-
genicity72). The IBS approach is based on an analysis 
of unprocessed radiofrequency signals to derive quan-
titative ultrasonic indexes73). Accumulating evidences 
that those approaches are useful for predictions of 
cerebral or cardiovascular events have existed70, 74). 
CEUS can be used to improve visualization of carotid 
plaque surface delineation and highlighting features of 
vulnerability of plaque including ulceration and intra-
plaque neovascularization75, 76). This approach can 
provide the useful information for selection of patients 
with surgical intervention. However, performing as 

IMT49). Those findings might support that carotid 
IMT is considered as a surrogate marker of medical 
intervention and useful for risk stratification of future 
cerebral and cardiovascular events. The PROG-IMT 
collaborative project found that mean CCA-IMT pro-
gression was not associated with cerebral and cardio-
vascular events, although baseline CCA-IMT was 
strongly associated with those50, 51). However, a more 
recent meta-analysis of 119 clinical trials showed that 
the extent of medical intervention effects on CCA-
IMT progression was associated with the reduction of 
cardiovascular events52). In this meta-analysis, mean 
CCA-IMT was available in 74,891 patients and maxi-
mum CCA-IMT in 41,841 patients. No significant 
difference was found in the predictive power for risk 
reduction between the change of mean CCA-IMT 
and the change of maximum CCA-IMT. To guide 
future development for cardiovascular drugs, both 
CCA-IMT parameters (mean or maximum) might be 
useful as surrogate markers.

3. Carotid Plaque

The definition of carotid plaque varies by coun-
try. The Mannheim consensus advocates that carotid 
plaques are focal structures that either encroach the 
arterial lumen by at least 0.5 mm or 50% of the sur-
rounding IMT value or exhibit a thickness from the 
intimal-luminal to the medial-adventitial interface 
greater than 1.5 mm53). American Society of Echocar-
diography defined carotid plaques as a focal region 
with a carotid IMT greater than 1.5 mm that pro-
trudes into the lumen15). Although the size of carotid 
plaque (＞1.5 mm) is the same, whether the plaque is 
included in the carotid IMT between those groups is 
different. Japanese guidelines showed that carotid 
plaques are included in carotid IMT, but the defini-
tion of plaque size (＞1.0 mm or ≥ 1.1 mm) is less 
than those according to European or American guide-
lines54, 55). Maximum CCA-IMT (＞1.1 mm), which 
was adopted as carotid plaque according to Japanese 
guidelines, adding to the traditional risk prediction 
models, is useful to predict the future cerebral and car-
diovascular events in Japanese general population29). 
In addition, the plaque score by adding the maximum 
thickness of plaques (＞1.0 mm) on the near and far 
walls at each of four divisions of both sides of the 
carotid artery, which was developed in Japan, is also 
useful. This semi-quantified scoring system was associ-
ated with cardiovascular risk factors, cerebral white 
matter lesions, and future cardiovascular events18, 56-59). 
However, whether increased the numbers of carotid 
plaque is useful for prediction of future cerebral and 
cardiovascular disease compared to carotid IMT 
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Carotid Surgery Trial (ECST), which were published 
in 1991, showed the benefits of surgical intervention 
in certain subgroups of patients with symptomatic 
ICA stenosis79, 80). In general, the degree of carotid ste-
nosis is described as NASECT criteria or ECST crite-
ria, and both are based on digital subtraction angiog-
raphy. Clinicians should keep in mind the differences 
according to those criteria, e.g., NASCET criteria of 
50% stenosis is roughly equal to 75% stenosis by 
ECST criteria (Fig.2)81). The patients with symptom-
atic ICA stenosis, especially severe stenosis such as 
greater than NASCET 70%, should be considered for 
treatment of surgical intervention (CEA or CAS)82). 
Duplex ultrasound (DUS) approach is very important 
to estimate the severity of carotid stenosis. The assess-
ments of DUS should be performed by the recom-
mended angulation (insonation angle less than or 
equal to 60 degrees). In 2001, Koga et al. showed that 
peak systolic velocity (PSV) of ICA greater than 200 
cm/s was a reliable predictor of ICA stenosis greater 
than NASCET 70%83).

routine assessments by using those approaches may be 
difficult. Those are regarded as advanced technic for 
risk stratification of future ischemic stroke events. 
Next, assessing the vulnerable plaque not only by 
using carotid echography but also other modalities, 
such as multi-detector computed tomography angiog-
raphy and magnetic resonance imaging (fast spin 
echo, black-blood technique, time of flight MR 
images, and so on), is also important77, 78). Although 
the strong points of carotid ultrasonography compared 
with those modality might be simple or noninvasive, 
physicians should pay attention for some pitfalls of 
artifacts when evaluating the plaque ulceration in 
carotid ultrasonography, and sometimes they need to 
add the comprehensive approach using those different 
modalities.

4. Carotid Stenosis

The North American Symptomatic Carotid End-
arterectomy Trial (NASCET) and the European 

Fig.1. The characteristics of carotid plaque are carried out based on following points; (i) echogenicity; 
(ii) heterogeneity; and (iii) structure (surface morphology)

A; normal intima-media thickness (two-way arrow) B; the characteristics of carotid plaque show that iso echoic, 
homogeneous, and surface smooth. C; the characteristics of carotid plaque show that high echoic with acoustic 
shadow, heterogeneous. D; the characteristics of carotid plaque show that iso or low echoic and heterogeneous. 
E; the surface of carotid plaque shows ulceration. F; the surface of carotid plaque shows low echoic and with 
mobile components (arrow).
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be difficult because of technical issues or taking a lot 
of time. Additionally, physicians should keep in mind 
that usual criteria for the threshold of PSV for carotid 
stenosis are not applied for restenosis assessments 
among patients who treated with CEA or CAS85-87).

The patients with symptomatic ICA stenosis 
(especially more than NASCET 70%) should be con-
sidered for the surgical intervention as mentioned 
above79). Conversely, whether the patients with asymp-
tomatic carotid artery stenosis could have a benefit of 
surgical intervention still remains controversial88). At 
present, a lot of risk stratification models are proposed 
and used in clinical settings89). An update of the 2007 
U.S. Preventive Services Task Force (USPSTF) found 
no evidence that screening for carotid artery stenosis 
leads to additional treatment and benefit beyond stan-
dard preventive treatments based on traditional car-
diovascular risk factors13). Therefore, the USPSTF rec-
ommends against screening for asymptomatic carotid 
artery stenosis in the general adult population13). Sim-
ilar recommendations were proposed in other research 
groups or guidelines90, 91). Although physicians should 
not examine the screening of carotid artery using 
echography vaguely, those guidelines are not denied 
the usefulness of carotid ultrasonography for the med-
ical or surgical managements among patients with vas-
cular risk factors. Promising risk stratification models 
considering both the traditional vascular risk factors 
and the suitable carotid ultrasonography parameters 
would be expected.

In 2012, the neurosonology research group of 
the world federation of neurology proposed the meth-
ods of grading carotid stenosis using carotid ultraso-
nography84). This paper reported that PSV was a suit-
able parameter to estimate for the degrees of ICA ste-
nosis but also indicated that it alone was also insuffi-
cient. They reported that the threshold of PSV for the 
moderate stenosis as greater than NASCET 50% indi-
cated more than 120 cm/s. The threshold of PSV for 
the severe stenosis as greater than NASCET 70% was 
adopted as more than 230 cm/s. Conversely, they 
referred that the increased velocities in stenosis fall in 
situations of near occlusion, moreover the presence/
absence of collateral flows may affect the PSV values. 
Poststenotic PSV on ICA ≥ 50 cm/s indicated that the 
less than NASCET 70% stenosis and poststenotic 
PSV on ICA were considered as ＜30 cm/s in cases 
where diameter reduction was almost NASCET 90% 
(the residual lumen is ＜1 mm, irrespective of the PSV 
in the stenosis). Also, the ICA/CCA velocity ratio was 
considered as a criterion to estimate for the degree of 
ICA stenosis. The ICA/CCA velocity ratio ≥ 2 indi-
cated the more than NASCET 50% stenosis, and ＞4 
indicated the more than NASCET 70% stenosis. This 
consensus also recommended that a search for collat-
eral flow was made in the ophthalmic artery branches 
(continuous wave Doppler) or the anterior cerebral 
artery (transcranial Doppler or color-coded duplex 
sonography). However, using those approaches to 
assess the collateral flow in daily clinical settings may 

Fig.2. The association between the North American Symptomatic Carotid Endarterectomy Trial 
(NASCET) and the European Carotid Surgery Trial (ECST) measurements

Approximate equivalent degrees of internal carotid artery stenosis assessed in NASCET criteria and ECST crite-
ria according to resent direct comparisons81).
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medications such as antihypertensive agents 43). 
Although it also may be considered as a surrogate clin-
ical endpoint using several medical intervention, few 
investigations to assess those associations exist. Future 
observational or clinical studies are needed to clarify 
the usefulness of carotid IAD.

5.3. The Assessments of Collagen Disease
A diffuse circumferential mild hypoechoic thick-

ening of the intima-media complex resulting from 
granulomatous inflammatory changes, termed the 
“macaroni sign,” was detected by carotid ultrasonogra-
phy in patients with Takayasu disease106). This “maca-
roni sign” has been used not only for the diagnosis for 
Takayasu disease but also in the evaluation of inflam-
matory activity. Serial changes of “macaroni sign” 
might be detected as the disease activity or treatment 
response107). Ultrasound of temporal arteries, not 
carotid artery, is a useful for diagnosis of giant cell 
arteries. It can detect vessel wall edema, termed as the 
“halo sign,” throughout the length of the vessel108). 
Although the diagnostic properties of temporal artery 
ultrasound may be more useful compared to temporal 
artery biopsy, for the diagnosis of giant cell arteries, 
physicians should be keep in mind to the potential 
pitfalls (transducer pressure, gray-scale settings, color 
Doppler settings, and so on)109, 110).

5.4. Carotid Web
Carotid webs are nonatherosclerotic fibrous 

bands (pathologically defined as an intimal variant of 
fibromuscular dysplasia) that are along the posterior 
margin of the carotid bulb or ICA111). Recently, accu-
mulating evidences that carotid webs are considered as 
one possible cause of cryptogenic stroke exist112-114). 
Hemodynamic changes such as blood flow stagnation 
or turbulence in the rostral aspect of the carotid web 
result in thrombus formation, which can be consid-
ered as an embolic source of ischemic stroke115). 
Although detection of carotid webs using carotid 
ultrasonography sometimes might be difficult116), 
serial examinations by ultrasonography can reveal the 
dynamic imaging features of carotid web and provide 
the insights of etiology for thrombosis117).

5.5. Flip-Flop Phenomenon
The hyoid bone was implicated in focal carotid 

vasculopathy, including carotid artery dissection and 
occlusion, due to mechanical pressure on the ICA118-120). 
Carotid ultrasonography could be detected the 
dynamic changes of association between the carotid 
artery and hyoid bone. Kinoshita et al. reported on a 
patient with stroke with repeated positional changes 
of the carotid arteries to and from a retropharyngeal 

5. Other Aspects of Assessments 
Using Carotid Ultrasonography

5.1. Vertebral Artery
The diameter or flow velocity of vertebral artery 

(VA) are measured using carotid ultrasonography. The 
several patterns of VA occlusion or VA hypoplasia are 
divided based on some indicators such as the diame-
ter-ratio (diameter of contralateral VA divided by that 
of target VA), mean flow velocity (MV)-ratio (MV of 
contralateral VA divided by that of target VA), and 
end-diastolic flow velocity92). Although the clinical 
significance of VA occlusion or hypoplasia for predic-
tor of future ischemic stroke events is under discus-
sion, the findings of VA obtained by carotid ultraso-
nography could provide several insights for mecha-
nisms of acute ischemic stroke or neurological symp-
toms including vertigo or dizziness. First, they have 
been used to diagnose or follow-up to change the VA 
dissection among patients with acute stroke93, 94). For 
those cases, the strong point of carotid ultrasonogra-
phy is that detection of blood flow velocity change can 
be easily performed in a short time and bedside. Sec-
ond, it can be applied to diagnose the Bow hunter’s 
syndrome. Bow hunter’s syndrome is known as verte-
brobasilar insufficiency resulting from mechanical 
occlusion or stenosis of the VA during head and neck 
rotation or extension95). The changes of VA blood 
flow using carotid ultrasonography on neck rotation 
can be detected easily and noninvasively96, 97). Third, 
the reversal blood flow on VA can play an important 
role in the diagnosis of subclavian steal phenome-
non98, 99. Next, the waveform patterns of the ipsilateral 
VA with the subclavian artery stenosis are classified 
into several types. The associations between the 
increasing waveform type and the increasing degree of 
subclavian stenosis have been reported99, 100).

5.2. Common Carotid Interadventitial Diameter
The common carotid interadventitial diameter 

(IAD) can be easily measured as well as carotid IMT 
by using carotid ultrasonography. It is associated with 
vascular risk factors, carotid IMT, plaque scores, left 
ventricular mass, and myocardial infarction26, 101-103). It 
was reported that the presence of both increased IAD, 
and increased IMT was the strongest predictor of 
stroke incidence in the general population104). Inter-
estingly, carotid IAD was a stronger predictor of isch-
emic stroke than carotid IMT from the results of the 
Multi-Ethnic Study of Atherosclerosis (MESA)105). 
However, few studies exist on whether carotid IAD is 
more suitable screening point than carotid IMT for 
risk stratification of future cerebral or cardiovascular 
events. Carotid IAD might be decreased by several 
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carotid artery intima-media thickness, plaques, and 
C-reactive protein with future cardiovascular disease and 
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Atherosclerosis Risk in Communities (ARIC) study. Am 
J Epidemiol, 2000; 151: 478-487
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ent sites: Relation to incident myocardial infarction; The 
Rotterdam study. Eur Heart J, 2002; 23: 934-940

8) Rosvall M, Janzon L, Berglund G, Engström G, Hed-
blad B. Incidence of stroke is related to carotid IMT 
even in the absence of plaque. Atherosclerosis, 2005; 
179: 325-331

9) Lorenz MW, von Kegler S, Steinmetz H, Markus HS, 
Sitzer M. Carotid intima-media thickening indicates a 
higher vascular risk across a wide age range: Prospective 
data from the Carotid Atherosclerosis Progression Study 
(CAPS). Stroke, 2006; 37: 87-92

10) van den Oord SC, Sijbrands EJ, ten Kate GL, van Kla-
veren D, van Domburg RT, van der Steen AF, Schinkel 
AF. Carotid intima-media thickness for cardiovascular 
risk assessment: Systematic review and meta-analysis. 
Atherosclerosis, 2013; 228: 1-11

11) Den Ruijter HM, Peters SA, Anderson TJ, Britton AR, 
Dekker JM, Eijkemans MJ, Engström G, Evans GW, de 
Graaf J, Grobbee DE, Hedblad B, Hofman A, Holewijn 
S, Ikeda A, Kavousi M, Kitagawa K, Kitamura A, Koffij-
berg H, Lonn EM, Lorenz MW, Mathiesen EB, Nijpels 
G, Okazaki S, O’Leary DH, Polak JF, Price JF, Robert-
son C, Rembold CM, Rosvall M, Rundek T, Salonen JT, 
Sitzer M, Stehouwer CD, Witteman JC, Moons KG, 
Bots ML. Common carotid intima-media thickness 
measurements in cardiovascular risk prediction: A meta-
analysis. JAMA, 2012; 308: 796-803

12) Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, 
D’Agostino RB Sr, Gibbons R, Greenland P, Lackland 
DT, Levy D, O’Donnell CJ, Robinson JG, Schwartz JS, 
Shero ST, Smith SC Jr, Sorlie P, Stone NJ, Wilson PWF. 
2013 ACC/AHA guideline on the assessment of cardio-
vascular risk: A report of the American College of Cardi-
ology/American Heart Association Task Force on Prac-
tice Guidelines. J Am Coll Cardiol, 2014; 63: 2935-
2959

13) LeFevre ML; U.S. Preventive Services Task Force. 
Screening for asymptomatic carotid artery stenosis: U.S. 
Preventive Services Task Force recommendation state-
ment. Ann Intern Med, 2014; 161: 356-362

14) Onut R, Balanescu AP, Constantinescu D, Calmac L, 
Marinescu M, Dorobantu PM. Imaging Atherosclerosis 
by Carotid Intima-media Thickness in vivo: How to, 
Where and in Whom? Maedica (Buchar), 2012; 7: 153-
162

15) Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, 
Mohler ER, Najjar SS, Rembold CM, Post WS; Ameri-
can Society of Echocardiography Carotid Intima-Media 
Thickness Task Force. Use of carotid ultrasound to iden-

position with interference of the hyoid bone during 
swallowing, and they named it the “flip-flop phenom-
enon (FFP)”121). Patients with FFP exhibited a higher 
prevalence of internal carotid stenosis than those with-
out122). Although FFP might be a potential indicator 
of ischemic stroke, a lack of evidence on whether the 
presence of FFP is predictor of ischemic stroke exists.

6. Conclusion

Assessment of carotid ultrasonography is very 
useful for the risk stratification of future cerebral or 
cardiovascular events. Apart from that, a lot of risk 
stratification models are also proposed and used in 
clinical settings89). Additionally, we need to develop 
easy and useful risk stratification models considering 
both the traditional risk stratification models and the 
several carotid parameters. The visual assessment or 
dynamic changes for the severity of atherosclerosis, 
plaque characteristics, and several other aspects that 
are available from carotid ultrasonography can provide 
the valuable insights for managements for patients 
receiving carotid ultrasonography. Carotid ultrasonog-
raphy should be used as a tool for not only risk strati-
fication of vascular events but also comprehensive 
interpretation of atherosclerosis or etiology of stroke.
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