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Does the accuracy of duplex scanning in diabetic patients with 
critical limb ischemia agree more frequently with arteriography 
when performed at vascular “dedicated” or “nondedicated” 
facilities?
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Aim: To verify the agreement between arteriography and duplex scanning performed in vascular laboratories 
with or without expertise of their operators in duplex scanning study in diabetic patients with critical limb 
ischemia (CLI).

Methods: All diabetic patients referred to our Diabetic Foot Centre because of  CLI  according to TASC II 
parameters were evaluated with duplex scanning. If the duplex scanning was already available the results 
were recorded. If the duplex scanning had not previously been performed, it was carried out by experienced 
vascular surgeons of our Institute. In all patients a digital subtraction arteriography was carried out and 
diagnostic accuracy between duplex scan and arteriography was evaluated.

Results: During 2010, 344 diabetic patients were admitted because of CLI in 360 limbs, 268 (74.4%: group 
A) with and 92 (25.6%: group B) without duplex. No significant difference was found between the two groups 
regarding distribution of stenoses and occlusions in the arterial segments. No significant difference (chi-square 
= 3.50, p = 0.062) was found regarding the examination of  the femoral/popliteal axis. The diagnostic accuracy 
pertaining to the examination of the infrapopliteal arteries was significantly higher in group B (chi-square = 
21.2, p <0.001). 

Conclusions: In order to obtain a good consistency with arteriographic images of infrapopliteal arteries, 
the duplex scanning in diabetic patients with CLI should be performed by operators with expertise in diabetic 
occlusive arterial disease. 
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Protocol: All diabetic patients referred to our 
Diabetic Foot Centre for foot lesions or for rest 
pain were assessed for the presence of CLI 
with the TransAtlantic Inter-Society Consensus 
(TASC II) criteria11.  CLI was detected if transcu-
taneous oxygen tension (TcPO2 - TCMTM3, Ra-
diometer GMBH,  Cophenagen, Denmark) at the 
dorsum of the foot was < 30 mmHg and ankle 
pressure was < 70 mmHg when measurable (no 
patent  or non-compressible foot arteries at the 
ankle level  because of medial calcifications) 
with a continuous wave (CW) Doppler instrument 
(DIADOP 50, Mediland s.r.l. Varedo, Milan, Italy). 

In all patients with CLI  duplex scanning was 
performed  and an arteriography and revascu-
larization (when possible) were carried out.  In 
case a duplex scanning had not been previ-
ously performed by the referring institution, the 
procedure was then carried out by vascular 
surgeons of our Institute (group B). The duplex 
study was performed in the noninvasive vascular 
laboratory of the Vascular Surgery Unit of our 

Institute, using an Acuson Sequoia 512 ultra-
sound machine (Acuson Corporation, 1220 
Charleston Road, Mountain View CA). The lower 
limb arterial axis was examined along its length,  
Duplex signals were traced distally to under 
the malleolus, when possible.  In all patients 
with CLI a digital subtraction arteriography was 
carried out. Digital subtraction arteriograms were 
performed by means of a biplanar method using 
an antegrade or contralateral trans-femoral or 
brachial approach. 

For both, duplex and arteriography results 
the information was derived by printed results of 
the case history, using the definition of “stenosis” 
and “occlusion”. 

Of the duplex scanning and the angiographic 
study, we considered for the statistical analysis 
in the ischemic limb the common plus superficial 
femoral arterial segments, the popliteal artery, 
the anterior tibial artery, the posterior tibial artery,
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Patients and Methods 

The duplex scan has been proven to be 
a reliable non-invasive diagnostic tool1 and its  
accuracy was confirmed by many studies in the 
general population with digital subtraction an-
giography2.

In diabetic patients, occlusive peripheral 
arterial disease presents some morphologic pe-
culiarities: obstructions are usually distal, calcific, 
and more prevalent than stenoses3,4. Such a 
morphological picture is particularly evident in 
diabetic patients with critical limb ischemia (CLI) 
5. 

In our diagnostic protocol, the duplex 
scanning is carried out by vascular surgeons 
of our hospital in order to assess noninvasively 
the morphological alterations of the occlusive 

disease and also to provide our endovascular 
radiologist with useful indications of whether to 
perform an antegrade ipsilateral, contralateral 
or brachial approach6.  In our experience we 
found a great difference on results from duplex 
scanning compared to those from arteriography, 
especially when the duplex examination was 
not performed in our hospital by skilled vascular 
surgeons.

Therefore, we designed this study in order 
to compare the diagnostic agreement between 
arteriography and duplex ultrasound scanning 
performed either in non specialized centres 
(Group A) or carried out by vascular surgeons 
of our hospital (Group B), who have expertise in 
diabetic patients with critical limb ischemia.

Introduction   
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the anterior tibial artery, the posterior tibial artery, 
and the peroneal artery The iliac arteries were 
characterized in a very few  duplex studies in 
group A: therefore a comparison between these 
arterial segments was not carried out. Peak 
systolic velocity  was reported in only 11 cases 
of group A and, therefore, this parameter was not 
compared between the two groups.

Statistical analysis:  We reported the 
descriptive statistics as average values and 
standard deviation of continuous variables, 
and as percentages of the discrete variables. 
The difference between detected variables was 
evaluated by Student’s t-test for continuous 
variables, or chi square test for discrete 
variables. The 95% level has been adopted 

to ascertain the confidence intervals and 5% 
level has been considered to test the null 
hypothesis. We have compared the diagnostic 
accuracy level of Doppler examination with that 
of the angiographic study: we assessed the 
consistency between the two procedures when 
duplex examination was carried out either in 
“dedicated diabetic foot centers” or in centers 
without specific expertise. Then, we carried out 
an indirect comparison resorting to chi square 
test in the two groups of patients.

The Stata 10.0 software package (Statistics/
Data Analysis, Stata Corporation, 4905 Lakeway 
Drive, College Station, Texas 77845 USA, 
800-STATA-PC) was used. 

	 During 2010, 344 diabetic patients were 
admitted to our foot centre because of CLI in 
360 limbs  according to the TASC 2007 pa-
rameters11.   In 268 (74.4%) patients (group 
A) a Duplex scanning  had previously been 
performed in other centres; in the remaining 92 
(25.6%) patients (group B) who had not previ-
ously undergone a duplex study, the procedure 
was carried out in our Institute by experienced 
vascular surgeons. No significant difference was 
found between the two groups regarding  the 
recorded demographics 
and clinical characteristics 
of the two patient groups.

Some results from 
duplex examination in 
group A were missing: 
the iliac trunk was not 
evaluated in 3 patients, the 
popliteal artery in 1 patient, 
the anterior tibial artery in 
7, the posterior tibial artery 
in 9, and the peroneal 
artery was not evaluated 
in 119 patients. In group B 

patients the peroneal artery was not evaluated 
in 3 patients. In group A the iliac arteries were 
characterized in a very few  tests and a compar-
ison between these arterial segments was not 
carried out. Similarly, the determination of  peak 
systolic velocity was not routinely performed 
and therefore no such comparisons between 
groups could be made.

All patients underwent arteriography in our 
center.  Obstructions > 50% of vessel diameter

Results   
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Figure 1: Obstructions localization at arteriography  in 
proximal only, distal only or both (n = 360)



were located exclusively in the proximal (femoral/
popliteal) axis in 10 limbs (2.8%), exclusively 
in the distal (infrapopliteal) axis in 103 (28.6%) 
limbs, and in both proximal and distal axis in 247 
limbs (68.6%). Figure 1 shows the localization of 
the obstruction in the ischemic limb.

In Group A the accuracy of the duplex scan 
performed in proximal arteries (femoral and 
popliteal) was not significantly different from that 
carried out in patients of group B: χ2 = 3.50, p = 
0.062. 

However, the difference between the 
accuracy of infrapopliteal artery (anterior tibial, 
posterior tibial, and peroneal) duplex scanning 
performed in Group A and that one performed 
in group B was highly significant: χ2 = 21.2, p 
<0.001. 

Table 1 reports the percentage of stenoses and 
occlusions of ischemic limb in group A and B. 

Table 2 reports the matched results in each 
evaluated artery of the ischemic limb in group A 
and B. 

arteries stenoses occlusions stenoses occlusions

femoral 87 (32.5%) 80 (30.0%) 30 (32.6%) 28 (30.4%) 1.00

popliteal 73 (27.2%) 52 (19.4 (%) 25 (27.2%) 18 (19.6%) 1.00

anterior tibial 62 (23.1%) 176 (65.7%) 23 (25.0%) 58 (63.0%) 0.666

posterior tibial 30 (11.2%) 203 (75.7(%) 11 (12.0%) 70 (76.1%) 0.850

peroneal 59 (22.0%) 105 (39.2%) 22 (23.9%) 35 (38.0%) 0.751

arteries group A group B p

femoral 230 (85.8%) 88 (95.6%) 0.075

popliteal 152 (77.9%) 52 (85.3%) 0.252

anterior tibial 105 (53.8%) 49 (80.3%) < 0.001

posterior tibial 97 (49.7%) 46 (75.4%) < 0.001

peroneal 44 (22.6%) 35 (57.4%) < 0.001

Discussion
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Table 1: Stenoses and occlusions acquired from arteriography 
analysis in the ischemic limb in group A (N = 268) and group B 
(N = 92) 

Table 2: Correspondence  in detecting 
arteries between duplex scanning and 
arteriography reports in group A (N = 268) 
and group B (N = 92) 

group A group B

This is a retrospective study: the 
analysis of the concordance between duplex and 
arteriography was performed during the evalu-
ation of the data of a prospective study of fea-
sibility of PTA in diabetic patients with CLI. The 
data were collected using  the printed reports 
enclosed in the case history of the patients. This 
prevented us from doing a methodologically 
robust comparison (ie:  arteriography results 
compared by blinded observers, etc). On the 
other hand, duplex accuracy was evaluated  in a 
real (Italian) world. 

Duplex scanning is a safe, inexpensive and 
accurate diagnostic tool to map the locations 
and to describe the severity of occlusive arterial 
disease in the lower limbs7. This is true for non 
diabetic patients,but is it also true for the diabetic 
patients ?  For diabetic patients the American 

Diabetes Association, in a Position Statement 
dated December 2003, indicated that duplex 
scanning was a potential diagnostic tool in 
patients eligible for revascularization, together 
with magnetic resonance arteriography8. 
However, in our opinion,  it is not clear whether 
this procedure might be useful also in diabetic 
patients with CLI:  only a few studies have 
evaluated the feasibility and accuracy of such 
an exam in these patients9,10. The January 2007 
edition of the Inter-Society Consensus  (TASC 
II) defined duplex scanning as a procedure with 
a “widespread availability, without relative risk 
and complications, without contraindications”. 
However, also some weaknesses are recog-
nized, as duplex scanning is a very “operator-
dependent technique”, and because “calcified 
segments are difficult to assess”11. We strongly  
agree with this statement. In fact, in our



clinical practice we noticed a consistent 
discrepancy between results from duplex 
analyses  performed elsewhere and 
arteriographic pictures. This was particularly 
evident in the case of infrapopliteal arterial 
examinations. Such a discrepancy was less 
evident when examinations were performed 
by vascular surgeons of our Institute, who are 
skilled in occlusive arterial disease in diabetic 
patients. It is important to clarify  how in the USA, 
the execution of a duplex scan  is conducted 
by a specialised non-physician operator, and 
a physician is required for the interpretation 
of the test. In Italy, both the execution and 
interpretation is carried out by a physician, 
usually a vascular surgeon.

This prompted us to perform this analysis 
with the aim of comparing the accuracy of exami-
nations performed in skilled facilities with those 
obtained in non-skilled ones, rather than simply 
comparing the accuracy of the procedure itself. 
The results of the study have fully confirmed 
our suspicions of the inaccuracy in the tests 
performed in general laboratories, without 
expertise in occlusive peripheral arterial disease 
of diabetic patients.

There is a great consensus in literature 
on the optimal accuracy of duplex scanning in 
proximal arteries13,14. In our study the inconsis-
tency between the accuracy of proximal arteries 
examination performed by skilled or non-skilled 
operators was not dramatic. However, if one 
considers that duplex scanning guide the inter-
ventionist’s choice of  site’s puncture (ipsilateral, 
contralateral or brachial puncture), an error 
of almost 14% may be deemed considerable. 
This is an important tool for the endovascular 
operators. For this reason, we believe that the 
results obtained from a duplex scan performed 
in general facilities cannot be considered as 
“optimal”. 

Instead, there is currently a lack of 
consensus on the accuracy of infrainguinal 
arterial examination even in the general popula-
tion. In some studies the accuracy appeared to 

be optimal also in the infrainguinal arteries, while 
in others it was not satisfactory and definitely 
lower than that obtained in the proximal arterial 
examination15-20. In our data the accuracy of 
infrapopliteal artery examination performed in 
a general laboratory significantly worsened. In 
particular, the evaluation of the peroneal artery 
was missing in most cases.  Nonetheless, when 
such evaluation was performed the accuracy 
was very poor. In our experience, we revascular-
ize by peripheral transluminal angioplasty (PTA) 
or bypass graft surgery (BPG) just in this artery 
for a reasonable percentage of our CLI diabetic 
patients where this is the only patent artery 
below the knee21. 

Our data clearly has shown that in diabetic 
patients the accuracy of infrapopliteal ex-
amination was dramatically lower when duplex 
scanning was performed by non experienced 
operators as compared to that obtained from 
studies performed by operators with expertise. 
Moreover, the accuracy was even lower in the 
case of peroneal artery examination22. 

Therefore, we fully agree with the conclu-
sions of the recent study of Moneta stating that 
“physicians interpreting vascular laboratory 
studies should be part of structures that can offer 
proper training and credentialing”. We believe 
this is particularly true when such tests are 
performed in diabetic patients.23

The use of duplex scanning as an alternative 
to arteriography in the decision making regarding 
revascularization has been matter of debate. 
24-28  Our data has shown that in diabetic patients 
candidates for revascularization in infrapopliteal 
arteries, especially in the peroneal artery, duplex 
scanning was not adequate to guide decision 
making pertaining to surgical revasculariza-
tion  29 . This also held true when the exam was 
performed  by skilled physicians with expertise in 
diabetic peripheral arterial disease. 
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