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Abstract

Purpose This study aimed to assess the diagnostic accuracy of duplex sonography (DUS) compared with that of computed
tomography angiography (CTA) in detecting occlusion and stenosis in peripheral arterial disease (PAD) in candidate patients
for endovascular revascularization with intraprocedural digital subtraction angiography (DSA).

Methods The study involved 94 patients suffering from PAD who were candidates for endovascular procedures requiring
DSA. They were all submitted preoperatively to DUS and CTA. Based on image analysis, five segments of the arterial tree
were assessed: iliac, common femoral, superficial femoral, popliteal, and infrageniculate.

According to the stenosis or occlusion degree, the arteries were rated as nonstenotic, stenotic, and occluded.

Results The agreement between DUS and CTA findings using DSA as a reference modality was expressed as a Cohen’s
kappa (k) statistic agreement.

Our results show that DUS has been less accurate than CTA in evaluating iliac arterial diseases (Cohen’s k agreement of
0.91 and 1.0, respectively) when measured against DSA.

We found good diagnostic concordance between DUS and DSA in detecting hemodynamic stenosis and occlusion of the
femoro-popliteal axis (Cohen’s k agreement between 0.96 and 0.93).

Below the knee, CTA showed even less concordance with DSA (Cohen’s x 0.75).

Conclusions Because of its accuracy, high-quality DUS performed by well-trained operators may therefore represent a
good alternative to CTA in patients undergoing endovascular revascularization to minimize the use of contrast-enhanced
radiological imaging.

Nevertheless, preoperative CTA imaging is required in cases of nondiagnostic DUS or when a more complete overview of
the vascular tree is needed for complex invasive interventions.

Keywords Peripheral arterial disease (PAD) - Duplex sonography (DUS) - Computed tomography angiography (CTA) -
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Introduction

Peripheral arterial disease (PAD) is a chronic vascular dis-
ease characterized by an impaired circulation in the lower
extremities with a broad spectrum of symptoms.
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PAD is diagnosed based on the patient’s history and
physical examination. Although the selection of treatment
strategies is based on severity of the disease, imaging plays
a crucial role in planning interventions [1].

In clinical practice, hemodynamic stenosis and occlusion
of the arterial tree can be detected and quantified using dif-
ferent imaging modalities, including digital subtraction angi-
ography (DSA) contrast-enhanced CT angiography (CTA),
contrast-enhanced magnetic resonance angiography (MRA),
and duplex sonography (DUS).

DSA is still considered the gold standard for PAD diag-
nosis and grading as it displays the highest sensitivity and
specificity. However, DSA is invasive and may be associated
with well-documented limitations that make it unsuitable as
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a routine diagnostic technique. The main limitations of DSA
include the need for catheterization, contrast allergic reac-
tions, arterial injury, hemorrhage, atheroembolism, potential
pseudoaneurysm formation at the puncture site and, most
importantly, contrast-induced nephropathy despite the use
of nonionic contrast media. Consequently, this investigation
is currently conducted in the context of endovascular revas-
cularization procedures [2].

Reduced equipment availability, contraindications as
metal implants, claustrophobia, pacemakers, and overesti-
mation of vascular narrowing accounts for the less frequent
use of MRA in PAD diagnosis. Thus, CTA is currently used
in evaluating atherosclerotic peripheral arterial occlusive
disease and/or intervention planning. However, this imag-
ing modality shares some important limitations with DSA
since it always requires radiation and the use of intravenous
iodine contrast to adequately assess the arterial lumen [3].

DUS is an extremely reliable noninvasive imaging modal-
ity for evaluating the lower-extremity arterial system [4]. It
might be considered as a preinterventional diagnostic modal-
ity of PAD without resorting to more invasive and expensive
methods such as CTA [5].

This study aimed to assess the diagnostic accuracy of
DUS compared with CTA in detecting occlusion and quan-
tification of flow patterns in stenotic areas of the arterial tree
in PAD in candidate patients for endovascular revasculariza-
tion with intraprocedural DSA serving as the gold standard.

Materials and methods

The study group included patients with chronic lower-limb
ischemic disease who have come to our department.
The inclusion criteria were as follows:

— Any age and both genders

— Patients with intermittent claudication after less than
200 m or critical peripheral ischemia who were candi-
dates for endovascular procedures requiring DSA despite
risk factors including body habitus, IDM, comorbidities,
dyslipidemia, diabetes, and smoking.

The exclusion criteria were contraindication for nonionic
contrast media, asymptomatic patients, patients with inter-
mittent claudication after more than 200 m of walking that
does not interfere with lifestyle, previous vascular interven-
tions, vascular malformations, or anatomical anomalies.

Based on image analysis, five segments of the lower-
limb arterial tree were assessed: iliac, common femoral,
superficial femoral, popliteal, and infrageniculate.

According to the degree of stenosis or occlusion, the
arteries were classified as nonstenotic, stenotic, and
occluded.
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The arterial diseases were also classified as isolated and
multisegmental.

DUS was performed using a Toshiba Aplio duplex
ultrasound machine, frequency transducers with a range of
5-13 MHz for the lower-limb artery, and a 3.5 MHz probe
for the infrarenal aorta and iliac vessels. The lesions were
located using two-dimensional (2-D) ultrasonography and
color and power Doppler mapping. Doppler US was used
to measure blood flow velocity.

Duplex ultrasound criteria for evaluating vessel patency
were based on normal triphasic waveform pattern and
color saturation, recorded throughout the lumen of the
artery. A small incident angle (6) of 60° or less (i.e., cos
6>0.5) is essential to minimize measurement error.

Degree of stenosis was evaluated by Doppler waveform,
peak systolic velocity (PSV), and velocity ratio analysis. The
criteria for identifying arterial hemodynamically significant ste-
nosis>70% were PSV >200 cm/s, PSV ratio>2.0, and aliasing
and spectral broadening seen with color Doppler and/or mono-
phasic poststenosis flow. PSV ratio was calculated by divid-
ing the PSV at or immediately downstream from the stenosis
by the PSV upstream from the stenosis. An increase in either
PSV or PSV ratio indicates stenosis. Cutoff thresholds were
nonhemodynamic stenosis for < 70% stenosis; PSV <200 cm/s;
PSV ratio <2.0, with PSV the better parameter; hemodynamic
stenosis for 70-99% stenosis; PSV >205 cm/s; PSV ratio > 2.0,
with ratio superior, and occlusion when no flow is detected in
the vessel.

To minimize interobserver variation, all Doppler studies
were done by the same operator; three measurements for
each segment were made to improve diagnostic accuracy.

Computed tomography angiography (CTA) was performed
with a multidetector row. The interpretation of CTA was based
on the axial images and processed images used including mul-
tiplanar reformation (MPR) images, volume rendering (VR)
images, maximum intensity projection (MIP) images, curved
planar reformation (CPR) images, and volume-rendered 3-D
reconstruction. CTA imaging included the entire arterial tree
from the abdominal aorta to the foot. The image acquisition
was triggered with a delay between 6 and 10 s to ensure that the
distal arteries will be properly opacified. Centerlines in the ves-
sel of interest were used to obtain both longitudinal and cross-
sectional views of the vessel for quantitative measurements.

The images were analyzed based on transverse, MIP, and
VR images.

All intraprocedural angiographic examinations (DSA)
were performed using digital subtraction technique and an
apparatus with digital imaging facilities. Water-soluble iodi-
nated ionic or nonionic contrast media (Omnipaque) was
used, and its doses and rate of injection varied according to
the situation results. Multiple views were obtained at differ-
ent angles for the arterial stenosis evaluation.
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The Bollinger scoring system was used to assess both ~ Table 1 History data of the studied patients
CTA 1mag§ns and the ang19graph1es. . . Patients o4 Percent
According to the severity of the disease, stenosis was
graded according to the following criteria: Diabetes 25 26.6
Dyslipidemia 58 61.7
— Nonhemodynamic stenosis: < 50% arterial narrowing Cardiac ischemia 21 22.3
— Hemodynamic stenosis: > 50% arterial narrowing Hypertension 47 50.0
— Occlusion: complete absence of flow in the vessel Chronic kidney disease 9 9.6
Smoking 69 73.4

Statistical analysis

The sample size consisted of several patients studied and treated
in a defined time interval. Given our sample of fewer than 100
units, Cohen’s k coefficient is generally thought to be a robust
measure. The agreement between DUS and CTA findings using
DSA as a reference modality was expressed as a Cohen’s k
statistic agreement using SAS Technical Support (MAGREE.
SAS).

Results

The study involved 94 patients suffering from PAD, 54 men
(64.2%) and 40 women (55.8%), with a mean age of 68.2 years
and a standard deviation of + 14.3. Eighteen patients com-
plained of disabling intermittent claudication (stage 2B of
Fontaine’s classification), 46 patients had rest pain (stage 3
of Fontaine’s classification), and 30 patients had tissue loss
or gangrene (stage 4 of Fontaine’s classification).

The comorbidities and risk factors of the studied patients
are reported in Table 1.

CTA imaging of the iliac axis showed total occlusion in 7
patients, stenosis in 35, and no stenosis in the remaining 52.
In DUS, total occlusion was detected in 6 patients, stenosis
in 36, and no stenosis in 52. DSA showed total occlusion
in 7 patients, stenosis in 35, and no stenosis in 52. DUS
misinterpreted one occlusion, which was a subocclusive ste-
nosis on the DSA in an obese patient (Cohen’s k agreement
for CTA: 1.0—perfect agreement; Cohen’s k agreement for
DUS: 0.91—almost perfect agreement).

For the common femoral artery (CFA), CTA diagnosed
occlusion in 4 patients, stenosis in 18, and no stenosis in 72
while DUS diagnosed total occlusion in 4 patients, stenosis
in 20, and no stenosis in the remaining 70. DSA demon-
strated total occlusion in 4 patients, stenosis in 21, and no
stenosis in 69. An understaging of arterial stenosis occurred
in 3 cases for CTA (3 false negatives) and 1 case for DUS (1
false negative) (Cohen’s k agreement for CTA: 0.90—almost
perfect agreement; Cohen’s k agreement for DUS: 0.96—
almost perfect agreement).

In CTA imaging, the superficial femoral artery (SFA) was
occluded in 19 patients, hemodynamic stenosis was detected

in 58, and no stenosis in 17; DUS assessment showed total
occlusion in 19 patients, stenosis in 60, and no stenosis in
16. DSA imaging confirmed total occlusion in 19 patients,
stenosis in 61 cases, and no stenosis in 14 patients. When
compared with DSA, CTA improperly indicated 3 nonsten-
otic SFA lesions which were hemodynamic eccentric sten-
oses with surrounding mural calcification (3 false negatives).
In one case, DUS underestimated a hemodynamic stenosis
because of a calcified plaque that was in proximity to the
Hunter channel and combined with a proximal occlusion of
the ipsilateral external iliac artery (Cohen’s k agreement for
CTA: 0.87—almost perfect agreement; Cohen’s k agreement
for DUS: 0.95—almost perfect agreement).

At the popliteal level, CTA diagnosed occlusion in 11
patients, stenosis in 27, and no popliteal artery stenosis in 56
while DUS diagnosed total occlusion in 12 patients, stenosis in
29, and patent or nonstenotic popliteal artery in 53. DSA docu-
mented occlusion in 11 patients, stenosis in 28, and no stenosis
in 55.

CTA underestimated the narrowing of the popliteal artery
in one case while DUS misinterpreted an occlusion that was
a subocclusive disease with surrounding mural calcification
at the origin of this vessel (false positive) and understaged
narrowing in one case (Cohen’s k agreement for CTA 0.97—
almost perfect agreement; Cohen’s k agreement for DUS:
0.95—almost perfect agreement).

Regarding the infrageniculate arteries, CTA demonstrated
occlusion in 29 patients, stenosis in 46, and no stenotic ves-
sels in 19; DUS detected total occlusion in 24 patients, ste-
nosis in 51, and no stenosis in 19; and DSA imaging showed
occlusion in 24 patients, stenosis in 52, and no stenosis in
the remaining 18.

CTA overstaging occurred in five cases of multisegmen-
tal disease, and understaging by DUS occurred in one case
(Cohen’s k agreement for CTA 0.75—substantial agree-
ment; Cohen’s k agreement for DUS: 0.96—almost perfect
agreement).

The comparison of CTA and DUS results with intrapro-
cedural DSA findings is reported in Tables 2 and 3. PAD
involved one segment in 41% of the patients, two segments
in 47%, and three or more segments in 35%.
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Table 2 Reliability and agreement between CTA and DSA in detec-
tion of vascular occlusion

Vessels CTAN=94 DSA N=94 Cohen’s
kappa agree-
ment

Iliac axis

Patent 52 52
Stenosis 35 35 1.0
Occlusion 7 7
Common femoral artery
Patent 72 69
Stenosis 18 21 0.90
Occlusion 4 4
Superficial femoral artery
Patent 17 14
Stenosis 58 61 0.87
Occlusion 19 19
Popliteal artery
Patent 56 55
Stenosis 27 28 0.97
Occlusion 11 11
Infra-geniculate arteries
Patent 19 18
Stenosis 46 52 0.75
Occlusion 29 24

Table 3 Reliability and agreement between DUS and DSA in detec-
tion of vascular occlusion

Vessels DUSN=94 DSA N=94 Cohen’s
kappa agree-
ment

Iliac axis

Patent 52 52
Stenosis 36 35 0.91
Occlusion 6 7
Common femoral artery
Patent 70 69
Stenosis 20 21 0.96
Occlusion 4 4
Superficial femoral artery
Patent 16 14
Stenosis 60 61 0.95
Occlusion 19 19
Popliteal artery
Patent 53 55
Stenosis 29 28 0.95
Occlusion 12 11
Infra-geniculate arteries
Patent 19 18
Stenosis 51 52 0.96
Occlusion 24 24
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Discussion

Management strategies for PAD depend on its severity. Any
hemodynamic vascular testing should provide information
about the anatomic distribution, degree and length of the
lesion, and the configuration of the inflow and runoff vessels.
In this context, DUS, CTA, or MRA imaging methods have
good sensitivity and specificity compared with invasive angi-
ography in delineating anatomy and planning revasculariza-
tion [3, 6] including assistance in selecting vascular access
sites, identification of significant lesions, and determination
of the feasibility of and modality for invasive treatment. All
contribute to minimize the risks and the discomfort for the
patient. The diagnostic accuracy of DUS in several vascular
pathologies has been widely recognized [7, 8].

According to the latest ESVS and ESC guidelines, all
these diagnostic modalities are recommended to develop
an individualized management of PAD patients (evidence
class I, level A), without designating superiority to any of
them [9].

Notwithstanding, DUS is usually considered for treatment
planning solely in patients with noncritical ischemia of the
lower limb; it is not yet accepted as the sole preinterven-
tional imaging tool to plan the most appropriate therapeutic
strategy in clinical practice. Thus, patients predicted by DUS
to require peripheral arterial are still submitted to CTA or
MRA to confirm ultrasound results [10].

In contrast to this trend, in the last decades, several pub-
lished validation studies have raised the possibility of using
DUS as the sole investigation method to assess the most
suitable treatment plan for PAD [11-14].

In this comparison analysis between CTA and DUS, DSA
has been considered the standard of reference for quantify-
ing arterial stenosis to be treated endovascularly because it
yields findings that are easy to interpret and can depict the
whole target artery with high spatial resolution and accurate
lumen evaluation in calcified vessels.

This study suggests that when used appropriately, DUS
provides most of the essential anatomical information and
hemodynamic data for extensive peripheral arterial map-
ping. Using DSA as a reference point, our data demonstrated
the high diagnostic accuracy of DUS for both occlusions
and stenoses at any level of the entire peripheral arterial
tree. It has been proven to distinguish between tight stenosis
and occlusion and determine the severity of arterial steno-
sis. This is consistent with the data of previous studies that
showed DUS reliability in detecting and rating lower extrem-
ity arterial diseases both in the aorto-iliac and femoro-distal
tract when compared with DSA [15, 16].

In a study by Adiseshiah et al., duplex imaging was com-
pared with angiography and has been shown to detect arte-
rial disease with an overall sensitivity of 92%, a specificity
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of 99%, a positive predictive value of 91%, and a negative
predictive value of 100% [17].

Our results have confirmed the diagnostic accuracy of
CTA when compared with intraprocedural DSA. This con-
cordance of findings has been almost perfect for detecting
iliac stenosis and occlusion with a Cohen’s k agreement of
1.0; meanwhile, an underestimation of the degree of stenosis
by CTA was observed at the femoro-popliteal level with a
Cohen’s x agreement between 0.97 and 0.87. This under-
staging may be due to eccentric plaques and/or circular cal-
cifications that may reduce the accuracy of stenosis degree
assessment due to beam-hardening artifacts. Although bones
and circular calcifications that can obscure the true lumen
of the arteries can be erased from the CT projections, this
process may result in a false diagnosis of high-grade stenosis
or occlusion.

The reported data are consistent with the results of Osama
et al., who found an agreement between DSA and multide-
tector-row CTA in 98,1% of cases [18].

Below the knee, CTA showed even less concordance with
DSA (Cohen’s k 0.75) since it misinterpreted as occlusion
five sub-occlusive stenoses, which were all associated with
proximal steno-obstructive lesions of the arterial tree. Pos-
sible reasons for this overstaging are motion artifacts, differ-
ent rates of calf filling, and insufficient arterial opacification
distal to occlusions [19, 20].

A calcified vessel can again be mistaken for an occluded
one because of the blooming effect of calcium [21].

In this study, DUS has been less accurate than CTA in
assessing iliac arterial diseases (Cohen’s k agreement of 0.91
and 1.0, respectively) when measured against DSA.

Bowel gas and the deep location of arteries are the main
reasons for the lower accuracy of DUS in the iliac region.
Despite its feasibility, direct aorto-iliac ultrasound evalua-
tion requires patient preparation and may yield false-nega-
tive results in 5-25% of cases [22].

US may not be the best choice of imaging in certain
patients. The majority mentioned that a small amount of
body fat (normal body mass index—BMI) was best in
obtaining good-quality abdominal DUS images whereas a
large amount of body fat (BMI> 30.0) produces the worst
image quality [23].

To minimize this limit, more innovative transducers
or software are currently available to obtain high-quality
abdominal US images in patients with varying amounts of
adipose tissue.

Additionally, ultrasound spectral waveform analysis of
ipsilateral common femoral arterial flow may be employed
as a complementary, quick and reliable indirect diagnostic
criterion to detect aorto-iliac occlusive disease.

According to Shaalan, a PSV detection of 45 cm/s or less
and a monophasic waveform at the CFA level helps discrimi-
nate hemodynamic stenosis of the proximal iliac axis with
an accuracy of 88% [24].

Bilateral diseased iliac arteries and/or distal superficial
femoral artery outflow disease do not adversely influence the
predictive value of both CFA waveform and PSV parameters
because of the runoff of the unaffected profunda femoris
artery, which is involved in PAD in less than 10% of cases
as reported by Haimovici et al. [25].

This means that normal DUS findings reliably exclude
significant iliac occlusive disease.

The use of a wide range of transducers (5—13 MHz) offers
simultaneous morphological and hemodynamic information
of the femoro-distal arteries as a unique feature.

In agreement with the results of Ubbink and colleagues,
we found good diagnostic concordance between DUS and
DSA in detecting hemodynamic stenosis and occlusion of
the femoro-popliteal axis (Cohen’s k agreement between
0.96 and 0.93) (Fig. 1); [26].

The higher DUS diagnostic accuracy than CTA can be
related to the quantitative measurement of the degree of ste-
nosis based on ultrasound parameters (Fig. 2).

Fig. 1 Ultrasound duplex scanning shows typical findings of a severe stenosis of a tibial anterior artery. As confirmed by an intraoperative angi-

ography
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Fig.2 A CT angiography that
shows an occlusion of popliteal
artery and a US scanning that
demonstrates the presence of

a monofasic flow in the same
vessel segment

The reported data have documented the ability of color
Doppler scanning to visualize patent infrageniculate arteries,
also allowing flow detection in suboccluded infrapopliteal
arteries not detected by CTA (Figs. 3 and 4). Although the
most proximal anterior tibial and the peroneal arteries are the
most difficult infrapopliteal segments to study by US, in our
experience, they can be adequately visualized using different
approaches (a medial approach for most proximal anterior
tibial and peroneal arteries; the posterior or medial approach
allows to detect the mid-peroneal artery, and the posterior

/0 Hz
'SV 60

2.0mm
alto
20.0kHz

or lateral approach may assist in the imaging of the distal
peroneal artery and its branches). The depth of the tibio-
peroneal trunk and the origin of its branches may require the
use of a lower-frequency probe that reduces image resolu-
tion. In those cases, examining the vessels in transverse sec-
tion, increasing the gain and changing the color box angle,
allows for a better visualization of the arterial lumen. The
collateral pathways can be mistaken for patent native vessels.
However, identification of the satellite veins can help find a
native artery instead of a large collateral vessel.

a tp sn

Fig.3 Comparison of CTA* (a) and DUS** (b) with angiography (c¢). CTA fails to demonstrate patent posterior tibial artery as demonstrated by
DU. This patient underwent bypass to the posterior tibial artery. *Computed tomography angiography. **Duplex ultrasound sonography
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Fig.4 Another example of tibial vessels which appeared occluded at CTA but which were found to be patent to US

Additionally, setting the pulse repetition at 150-300 Hz,
reducing the wall filter and increasing the persistence and
the sensitivity of color-flow imaging, can be useful in deter-
mining the patency of very-low-flow arteries (<20 cm/s)
and avoid misinterpretation because of the potential pressure
of the Doppler probe on the most distal superficial vessels
that may mimic stenotic lesions as stated by Koelemay and
colleagues [27].

In one case of this series, DUS understaged the stenosis
degree of an anterior tibial artery in mixed multisegmental
pathology (stenosis and occlusion); this stenosis was graded
only on the PSV value. The calculated PSV ratio instead of
PSV alone might have minimized the risk of error.

The quantitative assessment accuracy for the hemody-
namic relevance of stenosis has been significantly improved
by PSV ratio measurement especially in patients with multi-
level segmental occlusions or diffuse stenotic disease. When

ultrasound evaluation is equivocal for stenosis exceeding
70%, the PSV ratio value helps determine the actual signifi-
cance of the lesion. PSV ratio instead of PSV may partially
eliminate some pitfalls of blood flow velocity measurement,
such as the influence of cardiac function on arterial velocity
and false-negative findings at the distal stenosis because of
decreased proximal flow due to tandem stenoses or obstruc-
tions. Additionally, PSV ratio can minimize the interob-
server variance of ultrasound findings.

When the ultrasound assessment of the infrageniculate
arteries is difficult, additional techniques can be employed.
Power Doppler and echo enhancement techniques can help
evaluate preocclusive and calcified vessels.

Main limitations to DUS include the lack of a panoramic
view, operator-interpretation dependency, and high interob-
server variability at the different lower-limb levels [28, 29].
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It must also be noted that heavily calcified arteries, espe-
cially in diabetics and in patients with chronic renal insuf-
ficiency, cannot be visualized along their entire length by
DUS. Nevertheless, incomplete ultrasound hemodynamic
evaluation of these vessels can have less impact on therapeu-
tic decision-making. When a distal artery is too calcified or
narrow to be reliably detected on DUS, in most cases, it will
be unfit for effective revascularization despite being assessed
by intraoperative DSA. In a review of 71 studies comparing
DSA with DUS, Koelemay and colleagues demonstrated that
referral for endovascular treatment of PAD based on DUS
was appropriate in 84% of patients and that interventional
arteriography never changed the intended treatment [30]
More recently, Wong et al. confirmed that DUS is accurate
enough to guide the initial clinical management of patients
with PAD [31].

Conclusion

DUS has proven to have high diagnostic accuracy in evalu-
ating PAD. A crucial advantage of ultrasound investigation
techniques is that it produces images of arterial disease and
provides simultaneous Doppler measurements to estimate
the degree of stenosis and the quality of inflow and out-
flow. The latter parameters are fundamental for assessing
the technical feasibility and the potential outcomes of any
procedures.

DUS findings can even surpass those by CTA in use-
fulness when imaging infrageniculate arteries by CTA is
incomplete, as contrast agents within the most distal vessels
fall below the sensitivity threshold.

Because of its accuracy in stenosis localization and hemo-
dynamic evaluation, high-quality DUS performed by well-
trained vascular operators may therefore represent a good
alternative to CTA in patients undergoing endovascular revas-
cularization with intraprocedural DSA to reduce the use of
contrast-enhanced radiological imaging.

Nevertheless, preoperative CTA imaging is required in non-
diagnostic DUS cases or when a more complete overview of
the vascular tree is needed for complex invasive interventions.
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