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Abstract Several studies demonstrated feasibility of

visual assessment of the common femoral artery

Doppler waveform, in an indirect evaluation of

aorto-iliac segment stenosis. Patients with cardiac

diseases referred for echocardiography often have

coexistent arterial pathology. Since many of them are

potential candidates for endovascular procedures, we

decided to study, whether echocardiography can be

useful for detection of aorto-iliac occlusive disease.

We evaluated 92 patients with abdominal aortic

aneurysm or peripheral artery occlusive disease,

referred from the vascular surgery department for

cardiac evaluation before surgery. At the end of an

echocardiographic examination, evaluation of flow in

the distal external iliac arteries with an echocardio-

graphic probe was performed. The Doppler waveform

was classified into normal—with early diastolic flow

reversal or abnormal—without early diastolic flow

reversal. Echocardiographic results were compared in

a blinded fashion with reports from computed tomog-

raphy angiography. Overall there were 58 iliac

segments with significant (C70%) area stenosis or

occlusion and 126 iliac segments without significant

disease on computed tomography angiography.

Abnormal Doppler waveform was found in 56 out of

58 abnormal iliac segments—sensitivity 97%, and

normal waveform was found in 106 out of 126 normal

iliac segments—specificity 84%. Positive predictive

value of abnormal Doppler waveform for significant

iliac disease was 74%, and negative predicting value

was 98%. Detection of significant stenoses in aorto-

iliac segments is feasible with echocardiography.

Further studies are necessary to evaluate its potential

utility in a population of patients with cardiac disease

referred for echocardiographic study.
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Introduction

Adult patients with cardiac diseases, referred for

echocardiographic studies, often have coexistent arte-

rial pathology. It has been demonstrated that coronary

artery disease (CAD) and degenerative aortic stenosis,

are associated with increased prevalence of peripheral

artery occlusive disease (PAOD) [1–7]. Significant
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aorto-iliac occlusive disease is estimated to be present

in about half of the PAOD population [8]. If feasible,

evaluation of this arterial segment, as an extension of a

routine echocardiographic study, could provide impor-

tant additional diagnostic and prognostic information.

Several studies showed the possibility of indirect

evaluation of aorto-iliac stenoses by visual assessment

of Doppler waveform in common femoral arteries,

registered with a vascular high frequency probe.

However, diagnostic accuracy of this method differed

significantly between studies. When arteriography was

used as a reference method, visual assessment of

Doppler waveform in the common femoral arteries had

high sensitivity, specificity, positive and negative

predictive value for significant aorto-iliac stenoses or

occlusions [9, 10]. However, in studies that used MR

angiography as a reference method, the results were

reported to be significantly worse [11, 12].

As the distal part of the external iliac artery has

superficial course and is easily visualized in the

inguinal area using an echo probe, we decided to check

the value of the visual assessment of Doppler wave-

form in predicting significant aorto-iliac occlusive

disease.

Methods

Patients

We studied 92 patients referred from the vascular

surgery department for a cardiac evaluation before

surgery. Forty two patients had abdominal aortic

aneurysm (AAA) and 50 patients had peripheral artery

occlusive disease (PAOD) as the main reason for

hospitalization. Twelve patients with AAA had con-

comitant PAOD. Most of the patients had typical risk

factors for atherosclerosis and were treated with

various drugs including antihypertensives, aspirin

and statins. Characteristics of the patients is presented

in Table 1. The study was accepted by the local Ethics

Committee and the patients gave informed consent for

echocardiographic and vascular examinations.

Echocardiographic evaluation

At the end of an echocardiographic examination

(GE/Vingmed System Five scanner), evaluation of

the flow in the distal external iliac arteries with an

echocardiographic probe was performed. The patients

were placed in the supine position and the external

iliac arteries (EIA) were localized in the inguinal area,

first with two-dimensional, and than with color

Doppler imaging (Fig. 1). Usually both external iliac

vein and artery are seen close together and the artery is

easily differentiated by the pulsatile character of the

flow. The course of the distal EIA is almost parallel

to the Doppler line. The pulse wave Doppler flow

recordings were made with the same sample size used

in echocardiographic study and stored on a video tape

or on a digital system (Echopac, GE). The EIA

Doppler waveform was classified into normal—with

early diastolic flow reversal (Fig. 2) or abnormal—

without early diastolic flow reversal (Fig. 3). EIA

Doppler waveform recordings were performed by an

experienced echocardiographer aware of surgical

diagnosis but blinded to the level of arterial disease.

Analysis of the waveforms was performed off-line by

another experienced echocardiographer blinded to the

patients’ diagnosis and level of arterial disease.

Angiographic evaluation

Evaluation of the presence and level of arterial disease

was based on the reports from computed tomography

Table 1 Characteristics of patients

Variable PAOD present PAOD absent

N = 62 N = 30

Age 64 ± 11 69 ± 8

Sex (F/M) 15/47 2/30

BMI 25 ± 4 27 ± 3

ABI 0.57 ± 0.15 1.03 ± 0.07

Fontaine functional class

I (n) 0 30

IIa (n) 9 0

IIb (n) 21 0

III (n) 17 0

IV (n) 15 0

Aorto-iliac PAOD (n) 40 0

Infrainguinal PAOD (n) 22 0

Smoking (%) 66 53

Arterial hypertension (%) 80 70

Hypercholesterolemia (%) 29 33

Diabetes (%) 42 17

PAOD peripheral artery occlusive disease, BMI body mass

index, ABI ankle-brachial index
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Fig. 1 External iliac artery seen on 2D image (a—arrow) and with color Doppler (b—arrow)

Fig. 2 a Normal triphasic flow in the distal external iliac artery

with early diastolic flow reversal (thick arrow) and diastolic

forward flow (thin arrow). b Normal biphasic flow in the

external iliac artery registered with echocardiographic probe

with early flow reversal (thick arrow)

Fig. 3 a Abnormal Doppler waveform in the distal external

iliac artery characterized by sharp and tall systolic phase and

lack of diastolic flow reversal. b Abnormal Doppler waveform

in the distal external iliac artery characterized by sharp and tall

systolic phase, lack of diastolic flow reversal and presence of

diastolic forward flow. c Abnormal Doppler waveform in the

distal external iliac artery characterized by blunted systolic

phase, lack of diastolic flow reversal and presence of diastolic

forward flow—typical for proximal occlusion
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angiography (LightSpeed 16, GE). Significant aorto-

iliac disease was defined as presence of C70% area

stenosis or occlusion in the aortoiliac segment.

Statistical analysis

Sensitivity was calculated according to the formula:

number of true positive cases (i.e. cases with abnormal

waveform in patients with aortoiliac disease)/number of

true positive ? false negative cases (i.e. cases with

normal waveform in patients with aortoiliac disease).

Specificity was calculated as a number of true negative

cases (i.e. cases with normal waveform in patients

without aortoiliac disease)/number of true nega-

tive ? false positive cases (i.e. cases with abnormal

waveform in patients without aortoiliac disease).

Positive predictive value (PPV) was calculated as a

number of true positive cases/number of true positi-

ve ? false positive cases. Negative predictive value

(NPV) was calculated as a number of true negative

cases/number of true negative ? false negative cases.

Interobserver agreement on the presence of notch was

evaluated with kappa statistics [Kappa = (Observed

agreement-Chance agreement)/(1-Chance agree-

ment)], based on the assessment of the first 50 consec-

utive patients by 2 echocardiographers. Continuous

variables are presented as mean ± standard deviation.

Results

Out of 92 patients 40 had significant stenosis or

occlusion in the aorto-iliac segment. Among them, 18

had aortic or bilateral iliac disease, and 22 unilateral

iliac disease. Fifty two patients had no significant

aorto-iliac disease, and in this group, 22 patients had

distal (infrainguinal) PAOD, and 30 patients had no

PAOD. Overall there were 58 iliac segments with

significant stenosis or occlusion and 126 iliac seg-

ments without significant disease. Technically ade-

quate registration of distal EIA Doppler waveform was

possible in all patients. Abnormal Doppler waveforms

were found in 56 out of 58 abnormal iliac segments—

sensitivity 97%, and normal waveforms were found in

106 out of 126 normal iliac segments—specificity

84%. The positive predictive value (PPV) of abnormal

Doppler waveform for significant iliac disease was

74%, and the negative predicting value (NPV) 98%.

However, among 20 false positive waveforms

regarding iliac segments, there were 17 segments with

superficial femoral artery occlusion. Thus, inclusion of

these arterial segments would reduce false positive

abnormal waveforms to 3 and increase PPV to 96%.

Interobserver agreement in the classification of EIA

waveforms into normal or abnormal was very good,

with kappa value = 0.847. Mean prolongation of

echocardiographic study, based on the analysis of the

first 30 measurements, was only 3.1 ± 0.9 min.

Discussion

Results of our study show, that detection of the

significant stenoses in aorto-iliac segments by the

distal EIA Doppler waveform evaluation is feasible

with echocardiography. The distal EIA, that continues

into common femoral artery, is a large vessel that lies

superficially in the inguinal area and can be easily

identified with 2D and color Doppler imaging. The

spectral Doppler signal is usually of very good quality.

In our study, visualization of the distal EIA with color

Doppler and interpretation of the spectral Doppler

signal was possible in all subjects. Visual interpreta-

tion of the EIA Doppler waveforms regarding the

presence or absence of the early diastolic flow reversal

was also easy, resulting in a high interobserver

agreement between 2 echocardiographers—one of

them unexperienced in peripheral vascular ultrasound.

Thus we believe that distal EIA Doppler waveform

acquisition and analysis should not be problematic for

practising echocardiographers.

An absence of diastolic flow reversal in the Doppler

waveform is a well-established indicator of significant

lower extremity arterial stenosis [13–16]. In our study,

this simple measure had good diagnostic performance

in the evaluation of aorto-iliac occlusive disease. The

presence of diastolic reversal (normal waveform) in

the distal EIA almost always excluded significant

aorto-iliac stenosis. However, absence of the diastolic

reversal (abnormal waveform) was present in both

aorto-iliac and superficial femoral artery (SFA) ste-

noses, resulting in lower positive predictive value

regarding aorto-iliac segment. We believe that this is

due to the phenomenon of Doppler waveform distor-

tion not only distally, but also proximally to a

significant stenosis [17]. In one study, a specific

abnormal Doppler waveform, that was registered in

the common femoral artery, was predictive of SFA

1354 Int J Cardiovasc Imaging (2012) 28:1351–1356

123



stenosis [11]. We speculate that in a significant

proximal SFA occlusive disease, an abnormal Doppler

waveform, registered in the distal EIA, may be due to

the proximity of both vessels.

We previously reported another echocardiographic

Doppler finding, that can be helpful in the diagnosis of

aorto-iliac occlusive disease [18, 19]. In these patients,

characteristic mid-systolic deceleration ‘‘notch’’ in

the Doppler waveform, registered in the proximal

descending or abdominal aorta is often present

(Fig. 4). Although diagnostic performance of this

simple evaluation is reliable, with sensitivity and

specificity over 80%, we believe that it is still inferior

to the distal EIA assessment for several reasons. It

cannot localize side of a stenosis. In some patients,

adequate Doppler evaluation of the abdominal or

proximal descending aorta is impossible due to poor

acoustic window. Additionally, the interobserver

agreement on the midsystolic notch diagnosis may be

worse than that for the EIA waveform interpretation.

Moreover, the presence of notch (which results from

high amplitude backward pressure wave reflection

from occlusions or significant stenoses in aorto-iliac

segment) may be influenced by many factors that also

influence aortic pulse wave velocity i.e. age, arterial

wall stiffness, blood pressure, heart rate, arterial

diameter and blood density.

Evaluation of aorto-iliac occlusive disease is poten-

tially attractive in the echocardiographic laboratory, as

significant number of patients with atherosclerotic

cardiac disease, referred for echocardiography have

coexistent peripheral artery occlusive disease [1–7]. In

this population information about aorto-iliac segment

may have important diagnostic and prognostic signif-

icance. For example, many patients with coronary

artery disease, and aortic stenosis, are potential candi-

dates for endovascular intervention, and echocardio-

graphic assessment of aorto-iliac segment may be

helpful for the choice of the vascular access. However,

potential value of this method should be tested on broad

‘‘echocardiographic’’ population, that differs from our

selected group of the vascular surgery patients.

Limitations

Although digital subtraction angiography is regarded

as a gold standard for arterial evaluation, CT angiog-

raphy is considered as an acceptable alternative for

vascular study. In our group of patients CT studies

were interpreted by experienced radiologists, how-

ever, no comparisons for interobserver agreement

were available.

In our study, patients with PAOD presented with

severe symptoms and most of them had occlusions or

high-grade arterial stenosis. It is unclear whether

diagnostic performance of the EIA Doppler waveform

analysis would be similar in patients with less

advanced disease.

We did not compare the diagnostic value of EIA

Doppler analysis over femoral pulse palpation. Based

on the data from literature, we assumed that physical

examination is not sufficiently reliable for evaluation

of aorto-iliac stenoses [20, 21].

Conclusion

Evaluation of aorto-iliac occlusive disease is feasible

with echocardiography. Further studies are necessary

to confirm its potential utility in populations of

Fig. 4 a Mid-systolic deceleration ‘‘notch’’ in abdominal aortic Doppler waveform—arrow. b Mid-systolic deceleration ‘‘notch’’ in

descending aortic Doppler waveform—arrow
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patients with different cardiac diseases referred for

echocardiographic study.
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