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A New Doppler-Derived Parameter to
Quantify Internal Carotid Artery Stenosis:
Maximal Systolic Acceleration

Jeroen J.W.M. Brouwers,'? Janey FY. Jiang,” Robert T. Feld,' Louk P. van Doorn,' Rob C. van
Wissen,' Marianne A.A. van Walderveen,® Jaap F. Hamming,' and Abbey Schepers,' The
Netherlands

Objective: Doppler ultrasonography (DUS) is used as initial measurement to diagnose and
classify carotid artery stenosis. Local distorting factors such as vascular calcification can influence
the ability to obtain DUS measurements. The DUS derived maximal systolic acceleration
(ACCmax) provides a different way to determine the degree of stenosis. While conventional DUS
parameters are measured at the stenosis itself, ACCmax is measured distal to the internal carotid
artery (ICA) stenosis. The value of ACCmax in ICA stenosis was investigated in this study.
Material and Methods: All carotid artery DUS studies of a tertiary academic center were
reviewed from October 2007 until December 2017. Every ICA was included once. The ACCmax
was compared to conventional DUS parameters: ICA peak systolic velocity (PSV), and PSV ratio
(ICA PSV/ CCA PSV). ROC-curve analysis was used to evaluate accuracy of ACCmax, ICA PSV
and PSV ratio as compared to CT-angiography (CTA) derived stenosis measurement as reference
test.

Results: The study population consisted of 947 carotid arteries and was divided into 3 groups:
<50% (710/947), 50-69% (109/947), and >70% (128/947). Between these groups ACCmax was
significantly different. Strong correlations between ACCmax and ICA PSV (R? 0.88) and PSV ratio
(R? 0.87) were found. In ROC subanalysis, the ACCmax had a sensitivity of 90% and a specificity
of 89% to diagnose a >70% ICA stenosis, and a sensitivity of 82% and a specificity of 88% to
diagnose a >50% ICA stenosis. For diagnosing a >50% ICA stenosis the area under the curve
(AUC) of ACCmax (0.88) was significantly lower than the AUC of PSV ratio (0.94) and ICA PSV
(0.94). To diagnose a >70% ICA stenosis there were no significant differences in AUC between
ACCmax (0.89), PSV ratio (0.93) and ICA PSV (0.94).

Conclusions: ACCmax is an interesting additional DUS measurement in determining the
degree of ICA stenosis. ACCmax is measured distal to the stenosis and is not hampered by local
distorting factors at the site of the stenosis. ACCmax can accurately diagnose an ICA stenosis,
but was somewhat inferior compared to ICA PSV and PSV ratio to diagnose a >50% ICA stenosis.
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INTRODUCTION

Carotid artery stenosis has long been recognized
as an important etiological factor for ischemic
stroke and large trials have determined the benefit
of carotid endarterectomy (CEA) in symptomatic
patients as prophylactic countermeasure against
stroke.' Doppler ultrasonography (DUS) is the
primary evaluation of carotid artery stenosis and
management determination.®”-® Although in many
centers additional imaging (computed tomographic
angiography (CTA) or MR angiography (MRA))
is obtained when intervention is considered, in
some regions a majority of surgical interventions
of the carotid artery is based on DUS-imaging
alone.” Furthermore, the European and American
guidelines mention the option of DUS alone to make
a decision regarding intervention.®” Therefore, the
accuracy of this imaging technique is of the utmost
importance.

According to the Society of Radiologists in
Ultrasound Consensus Conference the evaluation
of carotid artery stenosis with DUS-imaging relies
on four parameters: peak systolic velocity (PSV) in
the internal carotid artery (ICA), optical estimation
of the stenosis, PSV ratio (PSV ICA/PSV common
carotid artery (CCA)), and the end diastolic velocity
(EDV) in the ICA.® While these parameters together
provide an informative basis to determine and
grade a stenosis, all four parameters are measured
at the level of the stenosis and can therefore be
influenced by local distorting factors. Presence of
calcified atherosclerotic plaques and near occlusions
can hamper these measurements and potentially
lead to inaccurate estimation of degree of ICA
stenosis.® 19-17

A relatively mnew velocimetric doppler-
derived parameter, maximal systolic acceleration
(ACCmax), has been evaluated in atherosclerotic
diseases.!*?? Recently we established in an in
vitro study that a decreased ACCmax correlated
very well with an increasing severity of stenosis,
and a good correlation was found between the
ACCmax and the intra-arterial pressure gradient
(coefficient of determination (R?) of 0.937).'4
A high ACCmax value endorses that there is
no hemodynamic inflow problem and excludes
the presence of peripheral artery disease.'® At the
moment, ACCmax has not been evaluated in carotid
artery atherosclerotic disease. A potentially benefit
of ACCmax to evaluate the degree of carotid artery
stenosis is the ability to perform the measurement
distal from the stenosis, herewith avoiding the
influence of local distorting factors, such as acoustic
shadowing as a result of vascular calcification.
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Therefore, ACCmax could be an interesting
additional feature in determining the degree of
carotid artery stenosis. In this retrospective study
we focused on the diagnostic value of ACCmax
in a large group of ICA stenosis, as compared to
conventional DUS parameters. To investigate which
parameter is the most accurate one, various DUS
parameters were compared to CTA as reference
test.

MATERIAL AND METHODS

The institutional Medical Ethical Board approved
this retrospective study. Patient data were reviewed
using a local database of a tertiary academic
center to identify all individuals who underwent
carotid artery DUS-imaging, during the period from
October 2007 until December 2017.

Measurements were excluded when DUS-
imaging was performed for another reason than
determining atherosclerotic ICA stenosis, including
carotid body tumor, aneurysm or dissection. ICA’s
showing an occlusion were excluded. Carotid
vessels with a stent and after CEA were excluded,
since both these interventions may change the
ipsilateral velocimetric properties of blood flow.?!~2?
Carotid arteries showing near occlusion were
excluded since ipsilateral velocities may be high,
low, or undetectable.® An occlusion or >70%
stenosis of the ICA is known to increase velocimetric
values in the carotid artery on the contralateral side;
so, their contralateral ICAs were also excluded.?*2°
After intervention the contralateral ICA was not
excluded. Some patients had more than one DUS
measurement during the study period. The repeated
DUS measurements were excluded, so every ICA
was included only once. Furthermore, patients
with a proximal stenosis of the supra-aortic arteries
(brachiocephalic and common carotid artery) were
excluded. Lastly, DUS-imaging reports missing one
or more critical velocimetric parameter values (CCA
PSV, ICA PSV, and ACCmax in the distal ICA), were
excluded.

Doppler Ultrasonography

All Doppler ultrasound procedures were performed
by the same vascular ultrasound specialist, using an
Acuson S2000 System (Siemens Medical Solutions,
Ultrasound Division, Issaquah, Wash) equipped
with a 9L4 9-4 MHz linear and convex transducer.
PSV ratio was measured by the PSV in the ICA at
the level of the stenosis divided by PSV in the CCA.
The study population was divided into the following
categories: <50% stenosis, 50-69% stenosis, and
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<+ Acceleration=1077.4 cm,
V1=-56.6 cm/s
V2=-23.2 cm/s
T=-0.031 sec

Annals of Vascular Surgery

4 Acceleration=252.3 cm/s2
V1=27.0 cm/s
V2=10.6 cm/s
T=-0.065 sec

Fig. 1. Doppler waveforms from the distal extracranial ICA. (A) a normal waveform is shown without a stenosis
(ACCmax 10.8 m/s?); (B) a post stenotic signal at 70-99% ICA stenosis is obtained with a decreased ACCmax (2.5
m/s?). In both figures, the ACCmax is measured at the maximal slope in the systolic phase.

>70% stenosis (occlusions and near occlusions were
excluded), as determined on several parameters
as described by Grant et al.® The ACCmax was
calculated by computer at a single representative
curve, as described in Brouwers et al. and is
expressed in m/sec?.'* The ACCmax occurs at the
maximal slope in the systolic phase (see figure 1)
and is measured distal to the stenosis. For an
ICA stenosis the ACCmax is measured as distal as
possible (extracranial), at least 2 cm distal of the ICA
bulb. No additional software is necessary to obtain
the ACCmax. As shown in figure 1, by clicking on
two points in the screen there will be one tangent
line. This tangent line must be placed manually at
the maximal slope in the systolic phase at a single
representative curve. The computer automatically
calculates the acceleration of the tangent line at
the steepest point in m/sec? (= maximal systolic
acceleration). ACCmax should not be confused
with either acceleration time (AT) or mean systolic
acceleration (ACCsys), which is the slope between
beginning of systolic upstroke and peak of systole
and is calculated using the following equation:
ACCsys = AVsys/AT.

Computed Tomography Angiography (CTA)

DUS parameters (ACCmax, ICA PSV or PSV ratio)
were compared to ICA stenosis measurement on
CTA as reference test in a subgroup of patient,
to investigated which DUS parameter is the most
accurate for detecting carotid artery stenosis. CTAs
which were performed in a period of six months
before or after DUS examination of the study
population, were included in the present study.
CTA of carotid arteries was performed in patients
with a >50% stenosis on DUS or debatable
cases, therefore the number of CTA-imaging was
less compared to DUS-studies. All included CTAs
were re-examined by one radiologist (4 years of

experience) blinded to the DUS results and the
radiological reports of the initial examination, in
order to determine the degree of stenosis. CTAs with
poor image quality due to movement or insufficient
contrast were excluded. All CTA examinations
were performed using a 64-row or 320-row
multidetector CT (Acquilion 64 and Acquilion-
One Canon Medical Systems, Otawara, Japan).
CTA acquisition was performed after intravenous
injection of 70-75 ml of nonionic contrast medium
(Ultravist 370; Bayer HealthCare) at 4.0-4.5 mL/s
followed by a saline bolus of 40 mL at the
same flow rate. A standard protocol was used,
with 120kVp and 350 mA. Diameter reduction
NASCET-style ratios were calculated for each carotid
artery stenosis.! Semi-automated measurements
were performed on a dedicated workstation (Vitrea,
version 6.8; Vital Images). The vessel of interest was
manually selected and subsequently the software
automatically determined the center lumen line.
After visual inspection the radiologist selected the
segment of the ICA with the narrowest diameter
and a distal normal post-stenotic segment as the
reference site. The parameters that were then
automatically assessed where the minimal and
maximal vessel lumen diameters of the selected
segment. All the results were verified at the
perpendicular views and manually corrected if
the minimal or maximal diameter was under-
or overestimated. Marquering et al. showed an
excellent reproducibility for this semi-automated
method.?®

Statistical Analysis

The correlation between conventional velocimetric
values (ICA PSV and PSV ratio) and the
ACCmax was analyzed using the Pearson linear
correlation test. The relation between ACCmax and
conventional duplex parameters was fitted with
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nonlinear regression using the model: ACCmax ~
a/x + b/x?, with x being ICA PSV or PSV ratio,
the transformations 1/x and 1/x? being motivated
by visual inspection of the scatter plots. Note that
no intercept was used since ACCmax tends to
zero when increasing the degree of stenosis (i.e.,
corresponding to increasing values of ICA PSV or
PSV ratio). For all analyses, the assumption was
made that the velocimetric values in every vessel
were independent. To investigate differences in
ACCmax between categorical groups the Mann-
Whitney U test was used (Fig. 4). In order to
estimate the area under the curve (AUC) for the
different parameters, ROC-curve analyses were
used. Bootstrap-analysis was used to evaluate
confidence intervals for AUC ROC-curves of
different parameters and Youden’s index was
used to determine the optimal cut-off value of
a parameter. Differences with P < 0.05 were
considered statistically significant. For all statistical
analysis and graphics R (R Foundation for Statistical
Computing, Vienna, Austria) was used.

RESULTS

In total 676 patients underwent DUS of the carotid
artery, which adds up to 2353 carotid artery
measurements, as for some patients multiple DUS
were performed during the study period. 1406
carotid arteries were excluded for several reasons
mentioned in Figure 2, resulting in 947 carotid
arteries available for analysis. From the group “post-
surgical intervention (CEA)” in Figure 2, only three
patients were excluded (485 carotid arteries) since
the native contralateral side was not excluded after
CEA. Repeated ICA measurements in the same
patient were excluded in the last phase of the
exclusion process, so every ICA was included only
once.

The mean age of the study population was
67 years and 36% (198/545) of the patients
were women. The majority of carotid arteries
contained a <50% stenosis (75%, 710/947),
followed by a >70%stenosis (14%, 128/947), and
50-69% stenosis (12%, 109/947), based on DUS as
determined by Grant et al.®

A Pearson correlation coefficient (r) of —0.69
was found between ACCmax and ICA PSV. The
regression analysis using a nonlinear model shows
a coefficient of determination (R?) of 0.88 between
ACCmax and ICA PSV. By comparing ACCmax to
PSV ratio a similar Pearson correlation coefficient (r
—0.63) and coefficient of determination (R? 0.87)
were established. Figure 3 shows the measured
data, as well as the fitted regression line of the
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Database population

N=676
C=2353
Dissection/(pseudo)aneurysm Excluded
n=7
- =53
A4
n=669
¢=2300
Carotid body tumor Excluded
- n=21
c=64
y
n=648
c=2236
Post-endovascular intervention Excluded
(stent) n=2
- c=11
\
n=646
c=2225
Post-surgical intervention Excluded
(CEA) N h=3
v c=485
n=643
c=1740
Occlusion and near occlusion Excluded
ipsi- or contralateral side n=73
v c=220
n=570
c=1520
Proximal stenosis Excluded
2 n=12
c=60
Y
n=558
c=1460
Other Excluded
n=6
¥ c=20
n=552
c=1440
Incomplete report EXC'“ZEd
. n=
v c=15
n=548
c=1425
Contralateral side of
Excluded
>70% ICA stenosis n:S
v c=143
n=545
c=1282
Repeating ICA
measurements in the Excluded
same patient e n=0
v c=335

Study population
N=545
C=947

Fig. 2. Flowchart of the selection of patients.
CEA = carotid endarterectomy; n = number of patients;
¢ = number of carotid arteries; ICA = internal carotid
artery. “Other” includes for example carotid-subclavian
bypass. Repeating measurements in the same patient
were excluded, so every ICA was included once.
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ACCmax (m/sec?)
ACCmax (m/sec?)

460
ICA PSV (cm/sec)
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Fig. 3. Correlation between ACCmax vs. ICA PSV (A), and ACCmax versus PSV ratio (B). The scatterplot of 947 carotid
arteries suggests a nonlinear relationship for both comparisons. For A, the line shows the data fitted by the nonlinear
model: ACCmax ~ a/ICA PSV + b/ICA PSV?. The fitted coefficients are a = 10.48 and b = -2.19. The coefficient of
determination of this model is R? = .88. For B, the following nonlinear model was used: ACCmax ~ a/PSV ratio + b/PSV

ratio?. The fitted coefficients are a = 12.93 and b = -3.26. The coefficient of determination of this model is R? = .87.
ACCmax: maximal systolic acceleration, ICA PSV: internal carotid artery peak systolic velocity, PSV ratio: peak systolic

velocity ratio.

nonlinear model between ACCmax versus ICA PSV
and ACCmax versus PSV ratio.

Figure 4 depicts the plotted ACCmax divided in
groups based on degree of stenosis as measured
using DUS. There are significant differences in
ACCmax between the following groups: <50%
versus 50-69% stenosis (P < 0.001) and 50-69%
versus >70% stenosis (P < 0.001).

In order to investigate which DUS parameter
(ACCmax, ICA PSV or PSV ratio) is the most
accurate one, all parameters were compared to CTA.
In this analysis, a total of 132 CTA-images were
reviewed, which contained 182 carotid arteries.
Sixteen CTA-images were excluded due to poor
image quality, e.g., artefacts caused by movement
or insufficient contrast, which included 25 carotid
arteries (for some patients the contralateral side
to a >70% ICA stenosis was already excluded by
forming the study population, see Fig. 2). So, for
this analysis 157 carotid arteries (116 patients)
were enrolled. In this group 83 (53%) <50% ICA
stenosis, 32 (20%) 50-69% ICA stenosis, and 42
(27%) =70% ICA stenosis was present.

Using ROC analysis, the area under the curves
(AUC) for the different velocimetric parameters
were calculated for detecting >70% and >50%
stenosis, see Figures 5 and 6 respectively.
Table T shows an overview of the performance
characteristics of the cut-off values of ACCmax,

¢ P <.001

P <.001

20-

ACCmax (m/sec?)

——

=70%

<50% 50-69%

Degree of stenosis

Fig. 4. ACCmax for different groups based on
conventional DUS parameters. The study population
(947 carotid arteries) were divided in different groups
based on the criteria of Grant el al.”: <50%, 50-69%,
and >70% stenosis but less than near occlusion. For
each group the related ACCmax were given in boxplots
(median, 25% quantile and 75% quantile are given). The
significant differences in ACCmax between these groups
are given in the figure and were determined with the
Mann-Whitney U test.
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Fig. 5. ROC-curves for ACCmax, PSV ratio and ICA PSV for diagnosing >70% ICA stenosis. Data of 157 carotid arteries
were used for determining the ROC-curves for ACCmax (A), PSV ratio (B) and ICA PSV (C) to diagnose >70% carotid
stenosis (based on CTA-imaging). The area under the curve (AUC) is given in the figure. ACCmax: maximal systolic
acceleration, PSV ratio: peak systolic velocity ratio, ICA PSV: internal carotid artery peak systolic velocity.

ACCmax (m/sec?) PSV ratio
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Fig. 6. ROC-curves for ACCmax, PSV ratio and ICA PSV for diagnosing >50% ICA stenosis. Data of 157 carotid arteries
were used for determining the ROC-curves for ACCmax (A), PSV ratio (B) and ICA PSV (C) to diagnose >50% carotid
stenosis (based on CTA-imaging). The area under the curve (AUC) is given in the figure. ACCmax: maximal systolic
acceleration, PSV ratio: peak systolic velocity ratio, ICA PSV: internal carotid artery peak systolic velocity.

Table 1. Diagnostic performance characteristics of DUS parameters to identify ICA stenosis compared to

CTA as reference test

AUC (95% CI) Optimal cut-off value Sensitivity (%) Specificity (%) PLR  NLR
To diagnose > 50% ICA stenosis
ACCmax 0.88 (0.82-0.94) 7.15 82 88 6.83 0.20
ICA PSV 0.94 (0.91-0.97) 1.43 93 87 7.15 0.08
PSV ratio 0.94 (0.91-0.97) 1.77 88 89 8.00 0.13
To diagnose > 70% ICA stenosis
ACCmax 0.89 (0.82-0.95) 4.05 920 89 8.18 0.11
ICA PSV 0.94 (0.89-0.97) 2.12 86 90 8.60 0.16
PSV ratio 0.93 (0.89-0.97) 3.21 20 89 8.18 0.11

Optimal cut-off values were calculated using Youden'’s index

ACCmax, maximal systolic acceleration in m/sec?; AUC, area under the curve; ICA PSV, internal carotid artery peak systolic velocity
in cm/sec; NLR, negative likelihood ratio; PLR, Positive likelihood ratio’ PSV ratio, ICA PSV / CCA PSV

ICA PSV and PSV ratio to diagnose a >70% and
>50% ICA stenosis. For diagnosing a >70% ICA
stenosis there were no significant differences in
AUC between these parameters, calculated by
bootstrap-analysis: AUC ACCmax versus AUC ICA

PSV, P = 0.05; AUC ACCmax versus AUC PSV
ratio, P = 0.12; and AUC PSV ratio versus AUC
ICA PSV, P = 0.76. For diagnosing a >50% ICA
stenosis there was a significant difference in AUC
between ACCmax and PSV ratio (P = 0.02), and
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between ACCmax and ICA PSV (P = 0.015). The
AUC between PSV ratio and ICA PSV was not
significantly different (P = 0.94).

DISCUSSION

The velocimetric DUS parameter ACCmax has a
strong correlation with conventional velocimetric
DUS parameters that are currently used in clinical
practice — ICA PSV and PSV ratio — for quantification
the degree of ICA stenosis. The ACCmax decreased
as the severity of stenosis increased, and by
using the ACCmax a distinction can be made
concerning stenosis categories (<50%, 50-69%,
>70%). ACCmax can be used to diagnose a >50%
and >70% ICA stenosis based on the diagnostic
performance characteristics as given in Table I.
However, ACCmax was somewhat inferior to
diagnose a simple >50% ICA stenosis as compared
to conventional Duplex parameters ICA PSV and
PSV ratio.

The benefit of ACCmax is not in the accuracy
of detecting a simple mild ICA stenosis, but in
the ability to perform the measurement at an
additional measuring point to avoid the influence
of local distorting factors of a plaque. Note
that all four conventional DUS parameters (ICA
PSV, optical estimation of the stenosis, PSV ratio
(ICA/CCA), ICA EDV) according to the Society of
Radiologists in Ultrasound Consensus Conference,
relies on measurements at the level of the stenosis.®
From literature it is known that in 6.5% of
the ICA stenosis acoustic shadow obscures the
vessel lumen and thereby severely inhibiting the
ability to obtain conventional DUS measurements.'?
ACCmax is measured distally to the stenosis,
providing opportunities to avoid local acoustic
shadow of a calcified stenosis. Therefore, ACCmax
could be useful in patients with carotid artery
stenosis that hamper an accurate DUS measurement
in the stenosis.

The European and American guidelines mention
DUS measurements as initial screening for carotid
artery stenosis.®’ Considering the critical role of
DUS in the evaluation of carotid artery stenosis, it is
important that it is reliable and accurate. Since it is
not possible to accurately derive the absolute degree
of stenosis with DUS, multiple DUS parameters are
combined to divide carotid stenosis in categories
(<50%, 50-69%, and >70% stenosis but less than
near occlusion).® Several studies report about the
performance of DUS measurements. For detection
of >70% stenosis a sensitivity of 89% and specificity
of 84% was found for DUS in a meta-analysis (based
on DSA).?” However, to diagnose a 50-69 % stenosis
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results are different, there seems to be less research
available for this category. Wardlaw et al. shows
that DUS (sensitivity of 36 % and specificity of 91%)
is substantially less accurate to diagnose a 50-69%
stenosis and questioned the validity of them, since
available data for this category is sparse.’’ Also
Sabeti et al. shows only 45% agreement between
DUS and angiography in the differentiation of
stenosis of less than 70%.2% In these studies the gold
standard DSA was used as reference test. Since DSA
is not a common practice anymore for this patient
population, CTA was used as reference test in the
present study.

Bardelli et al.'® described the novel ACCmax
in 2006 for detection of renal artery stenosis.
Subsequently several clinical studies were published
about the ACCmax in renal artery stenosis!’!7-2°
and peripheral artery diseases of the lower
extremity>''°, however without investigating
the interobserver agreement clinically. A previous
in vitro study'? revealed a good interobserver
agreement for ACCmax (intraclass correlation
coefficient of 0.99) and a good correlation between
ACCmax and intra-arterial pressure gradient (R?
0.937) was found. In the present study the first
perceptions of the value of ACCmax in carotid
artery atherosclerotic disease are presented. Because
a new parameter is introduced, we focused on basic
principles in a large group of ICA stenosis. Apart
from complex clinical settings (such as proximal
stenosis of the supra aortic arteries, near occlusions
or tandem lesions), this study investigates the
value of ACCmax at solitary ICA stenosis, in
which the conventional DUS parameters has been
proven. From here, future ACCmax research can
be initiated. Future research should focus on: 1.
evaluating ACCmax results in a prospective design
to determine the performance of the cut-off values
and interobserver agreement, 2. potential benefits
of ACCmax in specific subgroups such as patients
with proximal stenosis (diagnosed by a decreased
ACCmax in CCA) and extensive calcific shadowing
of the ICA. Novel spectral imaging (dual-energy CT)
can be used to allow a more accurate assessment
of calcified ICA stenosis compared to conventional
CTA.*

Limitations

This retrospective study has several limitations that
warrant discussion. Most of the patients (75% of
the carotid arteries) had a <50% stenosis and a
substantial smaller number contained a 50-69%
(12%) or a =70% (14%) stenosis. ACCmax was
computer-based calculated and obtained at a single
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representative curve performed with DUS, as
other DUS parameters were determined (PSV and
EDV). Recently, Buschmann et al.'® introduced
a computer algorithm for ACCmax including
several waveforms making the measurement
more robust. Due to the retrospective design of
the present study no interobserver analysis of
ACCmax was possible to perform. However, a good
interobserver agreement for ACCmax (at a single
representative waveform) was revealed in a flow
model study (ICC 0.99).'* Bias could be introduced
during the DUS measurement process, since one
observer investigated several parameters. If one
or more of these parameters seems suspicious,
the observer is able to double check the other
parameters, making the measurements more
reliable clinically, but possibly interfering with
the scientific method. Since DSA is nowadays not
a common practice to determine the degree of a
carotid artery, DUS parameters (including ACCmax)
were compared to CTA-determined stenosis, instead
of the historical gold standard: DSA. Finally, the
number of extensive calcified plaques that hamper
the ability to obtain a reliable DUS measurement in
the ICA was unknown in this study population as a
result of the retrospective design.

CONCLUSION

The new velocimetric DUS parameter, maximal
systolic acceleration (ACCmax), is an interesting
diagnostic parameter in carotid artery stenosis. The
present study shows that ACCmax has a strong
correlation with currently used DUS parameters
in detecting an ICA stenosis and can divided ICA
stenosis into categories (<50%, 50-69%, >70%).
Therefore, ACCmax can be used as additional
measurement. It is easy to obtain and does not
have the disadvantages of the conventional DUS
parameters of local distorting factors since it is
measured distal to the stenosis. Although, in our
patient group ACCmax was less accurate to diagnose
a >50% ICA stenosis compared to ICA PSV and
PSV ratio, it is worthwhile to further investigate the
accuracy of ACCmax in a prospective design and in
specific subgroups such as patients with extensive
calcified plaques.
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