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Abstract
Purpose The ratio of the internal carotid artery (ICA) to the common carotid artery (CCA), especially the “AcT ratio,” which 
is a modified measurement method of acceleration time, is useful for diagnosing ICA-origin stenosis. However, previous 
studies were single-center studies. Therefore, this multicenter, retrospective, cross-sectional study aimed to determine whether 
a method using the AcT ratio is useful for estimating stenosis rates.
Methods This study included 461 vessels subjected to carotid artery ultrasonography and evaluation for ICA-origin stenosis 
via NASCET at four hospitals. The duration from the steep rise point to the inflection point or the first peak was defined as 
AcT on pulsed wave Doppler. The AcT ratio was calculated as AcT of ICA/AcT of ipsilateral CCA. The AcT ratio and rate 
of ICA-origin stenosis were analyzed using Pearson's correlation coefficient, simple regression analysis, and ROC curve.
Results A significant positive correlation was observed between the AcT ratio and NASCET stenosis. NASCET stenosis 
of ≥ 50% had a sensitivity, specificity, and negative predictive value (NPV) of 70.2%, 71.6%, and 91.5%, respectively, when 
the cut-off value of the AcT ratio was 1.17. NASCET stenosis of ≥ 70% had a sensitivity, specificity, and NPV of 70.5%, 
72.1%, and 95.9%, respectively, when the cut-off value of the AcT ratio was 1.22.
Conclusions The findings of this multicenter, retrospective, cross-sectional study suggest that the AcT ratio is useful for 
diagnosing ICA-origin stenosis, especially for diagnosis by exclusion. NASCET stenosis of ≥ 50% was considered unlikely 
if the Act ratio was ≤ 1.17, whereas NASCET stenosis of ≥ 70% was considered unlikely if it was ≤ 1.22.
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Introduction

Carotid endarterectomy and carotid artery stenting, in addi-
tion to strict medical treatment, have been recommended 
for the prevention of ischemic stroke and recurrence in 
patients with stenotic lesions near the origin of the internal 
carotid artery (ICA) [1, 2]. The North American Sympto-
matic Carotid Endarterectomy Trial (NASCET) method 
performed using digital subtraction angiography (DSA) has 
been recommended for patients with ≥ 70% stenosis [3]. 
Thus, it is important to evaluate the ICA stenosis rate using 
the NASCET method. For evaluations of NASCET stenosis, 
magnetic resonance imaging (MRI), computed tomography 
(CT), and carotid artery ultrasonography have been used in 
many hospital and clinics.

Carotid artery ultrasonography is a noninvasive and 
easy-to-perform examination that plays an important role 
in screening [4]. Carotid artery ultrasonography performed 
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using pulsed wave Doppler (PWD) is useful, and the peak 
systolic velocity (PSV) is commonly used for estimation of 
the NASCET stenosis rate. However, measurement of PSV 
at the narrowest point is difficult in patients with a calcified 
lesion on the blood vessel wall. The presence of turbulence 
and prolongation of the acceleration time (AT) on the distal 
side of the calcified lesion indicate the presence of a stenotic 
lesion in such cases [4–6].

Takekawa et al. focused on the prolongation of AT and 
investigated whether estimation of the stenosis rate with a 
“modified AT” (AcT) is possible [5, 7–9]. AcT was found 
to be more useful than AT in estimating the stenosis rate 
in these studies. In particular, the “AcT ratio,” which is the 
AcT of the ICA divided by the AcT of the ipsilateral com-
mon carotid artery (CCA), was found to be the most use-
ful [9]. However, these studies were conducted at a single 
institution. Therefore, this multicenter, retrospective, cross-
sectional study aimed to determine whether a method using 
the AcT ratio is useful for estimating stenosis rates.

Methods

Among the patients who underwent carotid artery ultra-
sonography at Dokkyo Medical University Hospital, Nara 
Medical University Hospital, Akiru Municipal Medical 
Center, and Kita-Harima Medical Center between January 
1, 2017 and December 31, 2019, those who underwent either 
MR angiography, CT angiography, or DSA within 1 month 
before or after carotid artery ultrasonography for ICA evalu-
ation were included in this study. Patients who underwent 
ICA stenosis rate evaluations with unknown modalities; 
patients with insufficient data, such as missing AcT evalu-
ation; patients with a diameter stenosis rate of ≥ 50% in the 
CCA; patients with multiple stenotic lesions in the ICA that 
could be observed via carotid artery ultrasonography; and 
patients with occluded ICA origins were excluded from this 
study.

The ICA-origin stenosis rate was determined via NAS-
CET using MR angiography, CT angiography, or DSA. All 
patients underwent carotid artery ultrasonography in the 
supine position. CCA evaluation was performed using a 
linear array probe, whereas ICA evaluation was performed 
using a convex array probe. In accordance with the standard 
examination method proposed by the Japan Society of Ultra-
sonics in Medicine and the Japan Academy of Neurosonol-
ogy [10], the center frequency of the linear array probe was 
set as ≥ 7 MHz, and the frequency of the convex array probe 
was set as 1.5–10.0 MHz. PWD of the CCA was performed 
approximately 2 cm toward the trunk from the carotid bulb, 
and that of the ICA was performed approximately 1.5–4 cm 
cranially from the origin. The sample volume was set as half 
to one-third of the vessel diameter such that the stenosis area 
was included. In addition, the Doppler incident angle was 
set within 60 degrees in the blood flow direction, and the 
sweep speed was evaluated between 6.58 and 60.0 mm/sec.

Figure 1 depicts the evaluation of AcT. The measure-
ment start point was a steeply rising point (Fig. 1a), and the 
endpoint was a point reported by Takekawa et al. [5, 7–9]. 
In other words, the time to PSV was taken if the curve was 
unimodal with no obvious bending point or if the inflection 
point was unclear (Fig. 1b). In contrast, the time to the first 
peak was taken if the peak was bimodal (Fig. 1c). The inflec-
tion point was defined as the point if there was a clear inflec-
tion point before the first peak of a monomodal or bimodal 
peak pattern (Fig. 1d). The AcT ratio was calculated using 
the following formula:

AcT is prolonged when there is stenosis [8, 9]. Therefore, 
if the AcT ratio is less than 1, it is inferred that there is no 
stenosis in the ICA. Thus, the AcT ratio was set as “AcT 
ratio = 1” when it was < 1. The presence or absence and 
severity of aortic stenosis [11] were examined in patients 
who underwent transthoracic echocardiography (TTE).

AcT ratio = AcT of ICA∕AcT of ipsilateral CCA

Fig. 1  Measurement of AcT. 
The AcT measurement start-
ing point is the point (a) that 
rises sharply. The time to PSV 
is measured in cases with no 
obvious inflection point (b). 
The time to PSV is measured up 
to the first peak in cases with a 
bimodal peak pattern (c), and up 
to the inflection point in cases 
with a clear inflection point (d) 
(dotted arrow). AcT, modified 
acceleration time; PSV, peak 
systolic velocity
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Statistical analysis

The correlation between NASCET stenosis and AcT ratio 
was evaluated using Pearson's correlation coefficient. Simple 
regression analysis was used to examine whether NASCET 
stenosis could be predicted from the AcT ratio. The cut-
off value was set using the receiver operating characteristic 
(ROC) curve, and the sensitivity, specificity, positive predic-
tive value (PPV), negative predictive value (NPV), and accu-
racy of diagnosis of NASCET stenosis of ≥ 50% and ≥ 70% 
were calculated using the AcT ratio.

Statistical processing and plotting were performed using 
IBM SPSS Statics (ver. 28.0, Tokyo, Japan), and p-values 
of < 0.05 were considered statistically significant.

This study was planned by HT, KS, HH, RO, and DT, and 
supervised by HT and HH. DT, KS, AT, SK, RO, HI, and 
HH collected the data, and DT, HT, and KS were in charge 
of the analysis.

Results

A total of 520 blood vessels (260 cases) were included in 
this study. After excluding cases wherein the modality of 
ICA stenosis evaluation was unknown, vessels had AcT eval-
uation defects, and the ICA origin was occluded, 461 vessels 
(mean age of 71.0 ± 12.2 years, 170 males) were analyzed. 
CCA with a diameter stenosis rate of ≥ 50% or multiple sten-
otic vessels in the ICA that could be observed via carotid 
artery ultrasonography were not present in any cases.

MR angiography, CT angiography, and DSA were used 
to evaluate the presence of stenosis near the ICA origin for 
175, seven, and 279 vessels, respectively. NASCET stenosis 
of ≥ 50% and ≥ 70% near the ICA origin was observed in 84 
and 44 vessels, respectively.

Total vascular results

A significant positive correlation was observed between 
the AcT ratio and NASCET stenosis (r = 0.432, p < 0.001) 
(Fig. 2).

Figure 3 presents the results of the ROC curve. The areas 
under the curve (AUCs) for NASCET stenosis of ≥ 50% 
and ≥ 70% were 0.757 and 0.738, respectively (Fig. 3a and 
b). The diagnostic rate of NASCET stenosis of ≥ 50% had a 
sensitivity, specificity, and accuracy of 71.4%, 70.3%, and 
70.5%, respectively, when the cut-off value of the AcT ratio 
was 1.16. The diagnostic rate had a sensitivity, specificity, 
and accuracy of 70.2%, 71.6%, and 71.4, respectively, when 
the cut-off value was 1.17. The NPV was ≥ 91.0% for both 
cut-off values; however, the PPV was low at around 35% 
(Table 1). 

The sensitivity, specificity, and accuracy were 70.5%, 
72.1%, and 72.5%, respectively, when the AcT ratio cut-off 
value for diagnosing a NASCET stenosis of ≥ 70% was 1.22. 
The sensitivity, specificity, and accuracy were 65.9%, 73.1%, 
and 72.5%, respectively, when the cut-off value was 1.23. 
Similar to the cut-off value for diagnosing 50% stenosis, 
the NPV was high at ≥ 95%; however, the PPV was low at 
around 21% (Table 1).

Evaluation results by modality

Among the 286 vessels whose NASCET stenosis was deter-
mined using CT angiography or DSA, 66 and 36 vessels had 
stenosis of ≥ 50% and ≥ 70%, respectively. Moreover, a weak 
but significant positive correlation was observed between CT 
angiography and AcT ratio (r = 0.364, p < 0.001) (Fig. 4a).

Among the 175 vessels whose NASCET stenosis was 
determined using MR angiography, 18 and eight vessels 
had stenosis of ≥ 50% and ≥ 70%, respectively. A significant 

Fig. 2  “AcT ratio” and NAS-
CET stenosis. A significant 
positive correlation is observed 
between the “AcT ratio” and 
NASCET stenosis (r = 0.432, 
p < 0.001, y = 26.1 * × − 16.0) 
in all 461 vessels. AcT, 
modified acceleration time; 
NASCET, North American 
Symptomatic Carotid Endarter-
ectomy Trial
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positive correlation was also observed between MR angiog-
raphy and AcT ratio (r = 0.557, p < 0.001) (Fig. 4b).

Aortic stenosis and AcT ratio

Among the 461 vessels analyzed, 332 vessels were analyzed 
using TTE. Among these 332 vessels, AS was observed in 
31 vessels (mild, moderate, and severe AS observed in 19, 
four, and eight vessels, respectively). All vessels were evalu-
ated with DSA.

Among the 12 vessels with moderate or severe AS, five 
vessels had NASCET stenosis of ≥ 50%, and four vessels had 
NASCET stenosis of ≥ 70%. A significant positive correla-
tion was observed between NASCET stenosis and AcT ratio 
in cases with moderate and severe AS (r = 0.611, p = 0.034) 
(Fig. 4c).

Discussion

We conducted a multicenter, retrospective, cross-sectional 
study to investigate whether AcT ratio, which is the AcT 
of the ICA divided by the AcT of the ipsilateral CCA, is 
useful for diagnosing stenosis near the origin of the ICA. 
The results revealed that the AcT ratio may be useful for 

estimating NASCET stenosis of ≥ 50%, especially for diag-
nosis by exclusion, without being influenced by the factors 
of moderate or severe AS. In other words, an AcT ratio 
of > 1.17 indicates ≥ 50% stenosis, whereas a cut-off value 
of > 1.22 indicates ≥ 70% stenosis. Thus, the possibility 
of the presence of a stenotic lesion is low if the value is 
smaller than these cut-off values.

The stenosis rate near the ICA origin determined with 
carotid artery ultrasonography includes the area and 
diameter stenosis rates determined using B-mode and 
color or power Doppler imaging. The stenosis rate can be 
determined using PSV of the stenosis via PWD, and this 
examination method is widely used [12–14]. A PSV of 
125–130 cm/s at the narrowest part of the ICA or a ratio 
of the narrowest part of the ICA/PSV of the CCA (PSV 
ratio) ≥ 2 indicates NASCET stenosis of ≥ 50%. A PSV 
of 200–230 cm/s at the most stenotic part or a PSV ratio 
of ≥ 4 indicates NASCET stenosis of ≥ 70% [10]. However, 
since PSV is affected by the Doppler angle of incidence, 
the stenosis rate may be over- or underestimated depending 
on the angle of incidence [15].

Moreover it is difficult to measure the PSV at the narrow-
est part if there is plaque with acoustic shadow, especially 
circumferential calcified plaque. The presence of turbulence 
in the blood flow waveform and AT extension evaluated via 

Fig. 3  ROC curve for the 
diagnosis of NASCET stenosis 
according to the “AcT ratio”. 
The area under the ROC curve 
for diagnosing NASCET 
stenosis of ≥ 50% is 0.757 (a), 
and that for stenosis of ≥ 70% is 
0.738 (b). ROC, receiver oper-
ating characteristic; NASCET, 
North American Symptomatic 
Carotid Endarterectomy Trial; 
AcT, modified acceleration time

Table 1  Cut-off value of 
diagnosing NASCET stenosis

NASCET, North American Symptomatic Carotid Endarterectomy Trial; PPV, positive predictive value; 
NPV, negative predictive value

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

Cut-off value for NASCET stenosis ≥ 50%
 < 1.16 71.4 70.3 34.9 91.7 70.5
 < 1.17 70.2 71.6 35.5 91.5 71.4

Cut-off value for NASCET stenosis ≥ 70%
 < 1.22 70.5 72.1 21.3 95.9 72.5
 < 1.23 65.9 73.1 20.6 95.3 72.5
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PWD indicate the presence of a stenotic lesion in such cases 
[4–6].

Instead of conventional AT that measures from end-dias-
tolic velocity (EDV) to PSV, the measurement start point 
was set to a point where there is a steep rise in the present 
study. In addition, the investigation was performed using 
AcT, a modified AT that measures the time to the inflection 
point or the first peak. Iizuka et al. [9] compared AT and 
AcT for 98 blood vessels and reported a significant posi-
tive correlation between NASCET stenosis and AcT using 
DSA; however, no correlation was observed between AT 
and stenosis rate. The AcT ratio also had a significant posi-
tive correlation with the stenosis rate, and the correlation 
coefficient was superior to AcT. Although AT and AcT are 
known to be prolonged by AS [16], Okamura et al. reported 
that the AcT ratio was not affected by the presence of AS 
after studying 94 blood vessels [17]. Only 12 vessels with 
moderate or severe AS were included in the present study; 
however, similar to the study by Okamura et al., the AcT 
ratio was not affected by AS in the present study, suggesting 
that it is useful for diagnosing the stenosis rate.

Nishihira et al. [8] investigated the cut-off value of the 
AcT ratio, which indicates NASCET stenosis of ≥ 50% 
and ≥ 70% detected using DSA, for 177 vessels in their 

single-center study. They reported that the AcT ratio 
was ≥ 1.31 for NASCET stenosis of ≥ 50% and ≥ 1.35 for 
NASCET stenosis of ≥ 70%. Since the present study evalu-
ated the stenosis rate using MR angiography, CT angiog-
raphy, and DSA, there may be differences from the report 
by Nishihira et al. Although the carotid artery stenosis rate 
differs according to the examination methods and post-pro-
cessing techniques [18], MR angiography, CT angiography, 
and DSA are all useful examination methods. In particu-
lar, the stenosis rate obtained using contrast-enhanced MR 
angiography has a high concordance rate with DSA [19]. 
A significant correlation was observed between AcT ratio 
and NSACET stenosis detected using MR angiography and 
CT angiography/DSA in the present study. However, only 
cases with the stenosis rate evaluated within 1 month before 
and after carotid artery ultrasonography were included in 
the present study. Carotid artery plaque may change within 
a month, depending on its nature and the drugs prescribed 
[20]. Data regarding the period between carotid artery ultra-
sonography and stenosis rate was not collected in the present 
study. The study by Nishihira et al. focused on patients with 
a history of stroke, and the period between carotid ultra-
sonography and DSA may be shorter than that in the present 
study. Furthermore, it was not possible to collect data on 

Fig. 4  “AcT ratio” and NASCET stenosis based on the stenosis diag-
nostic methods and aortic stenosis. Both CT angiography and DSA 
(a) (r = 0.364, p < 0.001, y = 22.3 * × − 8.77) and MR angiography 
(b) (r = 0.557, p < 0.001, y = 32.5 * + −  27.2) have a positive cor-
relation with the AcT ratio and NASCET stenosis. A positive cor-

relation is also observed with AS (c) (r = 0.611, p = 0.034, y = 35.4 
* × + −  29.8). AcT, modified acceleration time; NASCET, North 
American Symptomatic Carotid Endarterectomy Trial; CT, computed 
tomography; MR, magnetic resonance
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therapeutic drugs. Thus, it is possible that the cut-off value 
of the AcT ratio for suspecting stenosis was different than 
that in the study by Nishihira et al.

This study had some limitations. Since this was a ret-
rospective study, the Doppler incident angle during PWD 
measurement and the AcT evaluation site for CCA and ICA 
could not be standardized. Similarly, whether AcT was 
measured using one heartbeat or the average of multiple 
heartbeats could not be standardized. Furthermore, the cur-
vature of the ICA and the length of the stenotic lesion could 
not be evaluated, which may have affected AcT. Although 
the extent to which these factors affect AcT is unclear as 
no similar studies have been conducted, this is a factor that 
should be investigated in the future. Furthermore, in addition 
to the lack of uniformity in image evaluation for diagnosing 
stenosis rate, other limitations, such as the inability to inves-
tigate the effects of valvular heart disease and heart disease 
other than AS (as TTE was not performed in all patients), 
were also present. In addition, we regarded the AcT ratio 
as 1 when it was less than 1, which was different from the 
actual value. A prospective study that considers these factors 
and sets a shorter period for carotid artery ultrasonography 
and stenosis rate evaluation is necessary.

However, no multicenter study has reported on the use-
fulness of the AcT ratio. The present study demonstrates 
the usefulness of this examination method in estimating the 
presence or absence of stenotic lesions in cases where PSV 
at the stenotic site cannot be measured directly.

Conclusion

AcT ratio, which is defined as the AcT of the ICA divided 
by the AcT of the ipsilateral CCA, was shown to be useful 
for diagnosing stenosis near the origin of the ICA. NASCET 
stenosis of ≥ 50% was considered unlikely if the AcT ratio 
was ≤ 1.17, whereas NASCET stenosis of ≥ 70% was consid-
ered unlikely if it was ≤ 1.22.An AcT ratio cut-off value of 
1.17 indicates NASCET stenosis of ≥ 50%, whereas a cut-off 
value of 1.22 indicates NASCET stenosis of ≥ 70%.
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