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Abstract t 

Background:: This prospective pilot study compared the diagnostic 
accuracyy of duplex scanning and Pulse Generated Runoff (PGR) with 
intraarteriall  Digital Subtraction Angiography (iaDSA) for assessment 
off  popliteal, crural and pedal arteries and explored the reliability of 
investigationn with the combination of duplex scanning and PGR in 
patientss who needed femorodistal reconstruction. 
Methods:: In 23 limbs, 345 arterial segments were graded 
independendyy with duplex scanning and iaDSA as normal, stenosed 
orr occluded and compared using weighted K analysis. PGR was rated 
ass good, poor or no runoff and compared with pedal arch patency on 
iaDSA.. Based on information derived from duplex scanning and PGR 
aa vascular surgeon proposed treatment and the distal anastomosis 
sitee for bypass, which was compared with definitive treatment as 
determinedd by iaDSA. 
Results:: Overall agreement between duplex scanning and iaDSA for 
popliteall  and crural arteries was moderate (K 0.47, 95% Confidence 
Intervall  (CI) 0.39-0.55) with best agreement within the popliteal 
andd proximal tibial arteries. Agreement within pedal arteries was fair 
(KK 0.35,95% CI 0.17-0.53). PGR detected good runoff in five of 21 
(24%)) pedal arteries shown to be occluded on iaDSA. In 16 of 23 
(70%)) patients treatment based on Duplex scanning and PGR was 
identicall  to that based on iaDSA. Eight of eleven femoropopliteal 
bypassess were predicted accurately. 
Conclusion:: Operative strategy could have been based on investigation 
withh duplex scanning and PGR in a substantial number of patients 
scheduledd for femoropopliteal bypass surgery. Agreement between 
duplexx scanning and iaDSA within very distal arterial segments was 
fair. . 
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Introduction n 
Duplexx scanning (DS) has the potential to acquire a central place in the investigation of 
patientss with arterial occlusive disease of the leg. A recent meta-analysis demonstrated 
thatt DS is an accurate diagnostic tool and may guide endovascular and surgical 
interventionss in patients with symptomatic atherosclerotic lesions in the aortoiliac and 
femoropopliteall  arteries.1 Few studies have evaluated DS for assessment of the 
infrageniculatee arteries. 2A Because no unequivocal criteria for detection of haemo-
dynamicallyy significant lesions are available and the number of patients studied remains 
limited,, diagnostic accuracy of DS is too low for clinical decision making in patients 
whoo need a femorodistal reconstruction. Therefore, arteriography is still a prerequisite 
forr assessment of outflow vessel quality and determination of distal anastomosis site. 
Thee distal runoff can be visualized adequately by intraarterial Digital Subtraction 
Angiographyy (iaDSA), but this is sometimes difficult because of low flow or movement 
artefacts. . 

Pulsee Generated Runoff (PGR) is a non-invasive technique that gives a semi-
quantitativee analysis of each of the crural arteries and their relative contribution to the 
pedall  arch. PGR correlates well with peripheral vascular resistance and may be a more 
physiologicall  measure of distal runoff. 5> 6 Additionally, PGR has been shown to detect 
moree patent vessels than arteriography. 5-7 

Inn this prospective study the diagnostic accuracy of DS and PGR was compared with 
iaDSAA for assessment of the runoff arteries in patients awaiting femorodistal bypass 
grafting.. The potential for a completely non-invasive work-up with the combination of 
DS/PGRR was explored. 

Patientss and methods 
Patients Patients 
Betweenn August 1994 and February 1995, we studied 23 non-consecutive patients 
admittedd for incapacitating claudication (n=2), ischemic rest pain (n=12) or tissue loss 
(n=9).. Twenty-three legs were examined with DS, PGR and biplanar iaDSA. Median 
agee of the patients was 71 (range 29-85) years, nine patients were men, seven were 
diabeticc and 13 were smokers. Prior DS of the aortoiliac and femoropopliteal arteries 
revealedd no lesions suitable for percutaneous transluminal angioplasty (PTA). 

DuplexDuplex scanning 
Colorr duplex imaging was performed by a vascular technician (JvG) with a Hewlett 
Packardd Sonos 1000 scanner (Hewlett Packard, Andover, Mass., USA) with a 4.5 and 
7.55 MHz imaging transducer and 3.7 and 5.5 MHz Doppler probes respectively. For 
practicall  reasons, examination started at the ankle with the patient the supine. The 
anteriorr (ATA) and posterior tibial arteries (ATP) were identified by detection of a 
colorr signal or the presence of the arterial wall in case of occlusion. To avoid mistaking 
thee ATP for the peroneal artery, imaging started in the ATP which was followed from 
thee ankle to its origin at the tibioperoneal trunk. When identification was difficult, 
compressionn of the accompanying veins was used as a road map. Dis tally, the ATP was 
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followedfollowed to the common plantar artery into the pedal arch. The lateral and medial 
plantarr arteries were not examined. Distally, the ATA was followed via the dorsal pedal 
arteryy into the deep plantar artery and proximally back to its origin from the popliteal 
artery.. Then the patient turned prone for examination of the popliteal artery, tibioperoneal 
trunk,, peroneal artery and the origins of the ATA and ATP. 

Patencyy of the suprageniculate and infrageniculate popliteal arteries, tibioperoneal 
trunk,, proximal, middle and distal third of the three crural arteries, and at the level of 
thee foot the dorsalis pedis, common plantar and deep plantar arteries (a total of 15 
segments)) was graded as follows: 2 for no or minor vessel wall irregularities as seen on 
B-Modee imaging and patent lumen assessed by presence of a color signal; 1 for severe 
vessell  wall irregularities (B-Mode), diffuse luminal narrowing (color Doppler) or an 
isolatedd subtotal stenosis; 0 for occlusion as determined by the absence of color flow 
andd Doppler signal. 

PulsePulse Generated Runoff 
PGRR was performed by an independent investigator (A.E.P.) with the patient supine. A 
cufff  was placed around the upper calf and inflated 50 times per min to a pressure of 
3000 mmHg. Thus, a pulsatile flow was generated and recorded with an 8 MHz continuous 
wavee pencil Doppler probe at the dorsalis pedis, common plantar and peroneal arteries. 
Eachh vessel scored 2 for a biphasic signal, 1 for a monophasic signal andd 0 for an absent 
signal.. PGR signals were interpreted as good runoff (biphasic signal), poor runoff 
(monophasicc signal) or no runoff (no signal). 

Angiography Angiography 
Biplanarr selective iaDSA was performed in all patients the day after non-invasive 
evaluationn using an antegrade puncture technique. Non-ionic contrast (Iohexol, Nycomed, 
Oslo,, Norway, 350 mg iodium /ml) was administered by constant mechanical injection 
withh a volume of 10 ml in 2 s, with the catheter tip in the proximal or distal superficial 
femorall  artery (SFA). Anteroposterior and lateral views were obtained in all patients 
andd evaluated by a radiologist (J.A.R.), blinded to the non-invasive results. Popliteal, 
crurall  and dorsal pedal artery patency was graded as 2 for minor or no vessel wall 
irregularity;; 1 for severe irregularity, diffuse luminal narrowing or isolated subtotal steno-
sis;; and 0 for occlusion. The common and deep plantar artery scored 2 for direct filling 
off  the pedal arch; 1 for indirect fillin g of the pedal arch; and 0 for no fillin g of the pedal 
arch. . 

AA vascular surgeon (D.A.L.) who was unaware of the angiographic findings, determined 
therapeuticc management based on the non-invasive information (i.e. PTA, surgical 
revascularizationn or no options for reconstruction) or considered non-invasive evaluation 
too be non-diagnostic and iaDSA required. Definitive treatment was instigated by the 
stafff  vascular surgeons who were blinded to the results of DS and PGR, based on the 
angiographicc information. 
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Analysis Analysis 
Interobserverr variation of iaDSA readings was calculated according to the method of 
Fleisss for agreement for multiple observers and multiple test results.8 Agreement bet-
weenn DS and iaDSA (scored by the radiologist) on patency of the respective vascular 
segmentss was compared in weighted kappa (K) analysis.9 Kappa expresses the probability 
off  agreement beyond chance. Strength of agreement can be interpreted as poor (K less 
thann 0.20), fair (K 0.21-0.40), moderate (K 0.41-0.60), good (K 0.61-0.80) or excellent (K 
0.81-1.0).. Sensitivity and specificity of DS compared with iaDSA as 'gold standard' 
weree calculated for detection of an occlusion in the respective vascular segments. The 
proposedd therapeutic management and distal anastomosis site based on information 
acquiredd non-invasively were compared with definitive therapy. 

Results s 
InterobserverInterobserver variation of iaDSA readings 
Al ll  angiograms were scored by 3 observers (D.A.L., J.A.R., M.J.H.M.J) with good over-
alll  agreement on patency: D.A.L. versus M.J.H.M.J. K 0.76 (95% Confidence Interval 
(CI),, 0.69-0.84), D.A.L versus J.A.R. K 0.73 (95% CI, 0.65-0.82) and J.A.R. versus 
MJ.H.MJ.. K 0.64 (95% CI, 0.54-0.73). Interobserver agreement was moderate within 
thee popliteal (K 0.46, 95% CI 0.33-0.60), and anterior tibial (K 0.59, 95% CI 0.48-0.71) 
arteries,, good within the posterior tibial arteries (K 0.67,95% CI 0.56-0.79), but decreased 
significandyy within the peroneal artery (K 0.42,95% CI 0.30-0.53) and the pedal arteries 
(KK 0.33, 95% CI 0.21-0.46). 

DuplexDuplex imaging of popliteal and crural arteries 
Off  276 popliteal and crural artery segments 2 (0.7%) could not adequately be visualized 
withh duplex imaging, whereas in 17 (6.2%) iaDSA was non-diagnostic. This left 259 
segmentss for comparison with moderate agreement (overall K 0.47, 95% CI 0.39-0.55). 
Raww data in table 1 show that, in general, duplex imaging gave a more optimistic 
assessmentt of patency than iaDSA. 

Tablee 1 Crural vessel patency assessed with duplex scanning and iaDSA as gold standard in 276 segments. 

iaDSA A 

Normal l 
48 8 
18 8 
5 5 
0 0 

71 1 

Severe e 
38 8 
17 7 
16 6 
0 0 

71 1 

Occluded d 
14 4 
19 9 
84 4 
0 0 

117 7 

Non-diagn n 
1 1 
5 5 
9 9 
2 2 

17 7 

Total l 
101 1 
59 9 

114 4 
2 2 

276 6 

kappaa 0.47 (95% CI 0.39-0.55) 
Normal=noo or minor wall irregularities, Severe—severe wall irregularities, diffuse luminal narrowing, 
isolatedd subtotal stenosis, Non-diagn=non-diagnostic, DS=Duplex Scanning 

Theree was moderate agreement on patency of the popliteal, anterior and posterior tibial 
arteriess and poor agreement within the peroneal artery and tibioperoneal trunk (Table 

DS S 
normal l 
severe e 
occluded d 
non-diagn n 
total l 
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2).. Sensitivity for detection of an occlusion was moderate for the popliteal arteries and 
tibioperoneall  trunk with a high specificity. In the proximal and middle segment of the 
anteriorr and posterior tibial arteries diagnostic accuracy was high, but this declined in 
thee distal segments. Accuracy for assessment of the peroneal artery was poor. 

DuplexDuplex imaging of pedal arteries 
DSS and iaDSA were both non-diagnostic in eight of 69 pedal artery segments. The 
deepp plantar artery in particular was difficult to visualize, both with DS (n=5) and 
iaDSAA (n=3). This left 54 segments for comparison with fair overall agreement (K 0.35, 
95%% CI 0.17-0.53). Best agreement was found within the common plantar artery, whereas 
agreementt was poor within the dorsalis pedis artery (Table 2). This is also reflected in 
thee respective sensitivities and specificities of DS for detection of an occluded pedal 
artery. . 

Tablee 2 Agreement between duplex scanning and iaDSA on vascular patency and diagnostic accuracy of 
duplexx scanning for detection of an occlusion. 

Arteriall segment n K (95% CI) Sensitivity Specificity 

PoplitealPopliteal and crural arteries 
Suprageniculatee popliteal 
Infrageniculatee popliteal 
Tibioperoneall  trunk 
Proximall  anterior tibial 
Middlee anterior tibial 
Distall  anterior tibial 
Proximall  posterior tibial 
Middlee posterior tibial 
Distall  posterior tibial 
Proximall  peroneal 
Middlee peroneal 
Distall  peroneal 
PedalPedal arteries 
Dorsaliss pedis 
Deepp plantar 
Commonn plantar 

23 3 
23 3 
22 2 
22 2 
22 2 
21 1 
22 2 
21 1 
21 1 
22 2 
21 1 
19 9 

19 9 
16 6 
19 9 

0.56 6 
0.37 7 
0.25 5 
0.46 6 
0.75 5 
0.52 2 
0.48 8 
0.56 6 
0.38 8 
0.22 2 
0.43 3 
0.11 1 

0.21 1 
0.36 6 
0.42 2 

(O.30-O.83) ) 
(0.05-O.68) ) 
(-0.04-0.53) ) 
(( 0.24-0.69) 
(( 0.52-0.98) 
(( 0.26-0.79) 
(( 0.22-0.74) 
(( 0.30-0.83) 
(( 0.02-O.75) 
(-O.06-O.5O) ) 
(( 0.15-0.71) 
(-0.25-0.47) ) 

(-0.11-0.54) ) 
(( 0.04-0.67) 
(( 0.13-0.70) 

5/8 8 
2 /4 4 
3/6 6 

10/11 1 
12/14 4 
6/10 0 

12/15 5 
13/16 6 
11/15 5 

2 /4 4 
5/8 8 
3/6 6 

2 /6 6 
3/7 7 

7/13 3 

13/15 5 
18/19 9 
15/16 6 
9/11 1 

8/8 8 
10/11 1 

7/7 7 
5/5 5 
5/6 6 

11/18 8 
11/13 3 
9/13 3 

11/13 3 
8/9 9 
6/6 6 

n -numberr of segments, 95% CI=95% Confidence Interval 

PulsePulse Generated Runoff 
Inn 21 of 23 patients the dorsalis pedis artery could be assessed adequately with iaDSA 
andd in 2 of these PGR was non-diagnostic, leaving 19 patients for comparison. In 3 of 
88 patients with an occluded dorsalis pedis artery on iaDSA a biphasic signal was obtained 
withh PGR. In all 11 patients with a patent dorsalis pedis artery a monophasic or biphasic 
signall  was also recorded. In two of 13 angiographically occluded common plantar 
arteriess a biphasic signal was recorded, as well as in all six patent common plantar 
arteries.. Thus, no false negative results were obtained with PGR for the pedal arch 
arteries. . 
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Management Management 
Inn four patients both non-invasive evaluation and iaDSA revealed no options for vascular 
reconstructionn and these patients were treated conservatively (n=3) or by primary lower 
limbb amputation (n=l) (Table 3). 

Tablee 3 Proposed treatment based on the combination of DS/PGR and definitive treatment as instigated 
onn iaDSA. 

Proposedd treatment Definitive treatment 
(DS/PGR)) (iaDSA) 

Noo reconstruction 4 (17%) 4 (17%) 
PTAA Superficial Femoral Artery 1 (4%) 3 (13%) 
Bypasss surgery 14 (61%) 16 (70%) 
Non-diagnosticc 4 (17%) 0 ( 0%) 

Threee patients eventually had PTA of the SFA, one because of poor general condition, 
onee because a 99% stenosis in the adductor canal hiatus was mistaken for an occlusion 
byy DS, and in the third the presence of 2 significant stenoses in the SFA were not recog-
nizedd by DS. Sixteen patients underwent vascular reconstruction. Eight out of 11 infra-
geniculatee popliteal artery bypasses and three of five crural artery bypasses were predicted 
correcdyy based on the non-invasive investigation. In 4 patientss non-invasive evaluation 
yieldedd insufficient information to plan definitive treatment and iaDSA was considered 
necessary.. Three of these patients required a bypass to the infrageniculate popliteal, 
anteriorr and posterior tibial artery, respectively and 1 patient was treated with PTA of 
thee SFA. In summary, in 16 of 23 patients treatment, including distal anastomosis site, 
wass predicted accurately by the non-invasive investigation with duplex scanning and 
PGR. . 

Discussion n 
Inn the present study there was moderate agreement between DS and iaDSA for assessment 
off  suprageniculate popliteal, posterior and anterior tibial and common plantar artery 
patency.. Agreement was poor to fair for the other arterial segments. 

Thee results for the crural arteries are in accordance with previous work. Caster et al 
couldd visualize significantly fewer peroneal artery than anterior and posterior tibial 
arteryy segments, resulting in lower accuracy for detection of occlusions.3 This can be 
explainedd by limitations of anatomy and operator experience. The depth of the artery 
fromm the skin surface and the fascial borders between transducer and the artery can 
obstructt adequate visualization. Poor accuracy may also be explained by the difficult 
angiographicc assessment of the peroneal artery, which in this study showed significantly 
lowerr interobserver agreement than the tibial arteries. 

Too date, no published data have compared DS and iaDSA for assessment of the pedal 
arteries.. The relatively large number of non-visualized pedal artery segments, both with 
DSS and iaDSA, reflects the limitations of both techniques. Agreement between DS and 
iaDSAA was disappointing, with moderate agreement for the common plantar artery as 
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thee best result. So far, it is uncertain whether poor agreement is caused by shortcomings 
off  iaDSA or DS. 

Althoughh iaDSA is the best available accepted technology at this time, it has its 
limitations.. First, littl e is known about interobserver variability of interpretation of 
arteriograms,, especially of crural and pedal arteries. Bruins Slot et al. 10 found poor 
interobserverr agreement for translumbar aortography of the entire lower vascular tree 
(KK range 0.068 to 0.328) with exception of the SFA (K 0.513). Jager et al. M found good 
agreementt (K 0.63) between two radiologists for assessment of arteriograms from the 
aortaa to the popliteal artery. Leng et al. 12 found high intraclass correlation coefficients 
indicatingg good interobserver correlation of determination of SFA stenosis, but individual 
measurementss varied by as much as 30%. In the present study agreement was good for 
thee tibial arteries, moderate for the popliteal and peroneal arteries and poor for the 
pedall  arteries. Despite the use of digital subtraction techniques, arteriography sometimes 
failss to identify vessels that are patent on intra-operative angiography, 13, u dependent 
Dopplerr examination, I5 or Magnetic Resonance Angiography. 16 This could further 
explainn the poor agreement of DS with iaDSA within the pedal arteries, where the 
sensitivee DS detects flow in arteries not visualized with iaDSA. A pitfall of DS however, 
wass the detection of signals in what appeared to be collaterals on arteriography, especially 
inn the dorsalis pedis artery. 

Thee discrepancy between arteriography and PGR for runoff detection has been noted 
before.. 5-fl Despite a high correlation between iaDSA and peripheral resistance, iaDSA 
wass inferior to PGR in single calf vessels. In the present study PGR also detected more 
patentt pedal arteries than iaDSA. PGR may be of prognostic value after bypass surgery. 
Inn a series of 100 vein bypasses, Scott etal. found one year secondary patency rates for 
graftss to a complete, incomplete and occluded pedal arch determined by PGR of 88%, 
75%oo and 9% respectively.17 Graft failure within one month occurred significantly more 
oftenn in reconstructions to a single calf vessel than to the popliteal artery, when the 
pedall  arch was incomplete or occluded. Davies et al. reported 78%, 90%o and 38% one 
yearr patency rates, with respect to complete, incomplete and occluded pedal arch assessed 
withh PGR. 18 

Despitee the limited agreement on crural and pedal artery patency, therapeutic mana-
gementt was accurately predicted based on DS/PGR information in 16 of 23 patients in 
thiss study. Decisions for femoropopliteal bypass grafting could have been made reliably. 
However,, decision making in vascular surgery is subject to significant variability, caused 
byy diversity in surgeons' clinical approach to individual situations. 19 The assumption 
thatt a single vascular surgeon represents the clinical approach of an entire group may 
nott be right. The present results justify further investigation of the role of DS/PGR 
forr clinical decision making with respect to distal bypass surgery. Indeed 16 of 23 may 
bee an underestimation, given the limitations of iaDSA and the possibility of DS/PGR 
too detect more runoff vessels. 

DSS is a reliable investigation of the aortoiliac and femoropopliteal arteries and may 
guidee interventions within these segments. 1,2° The results of this study indicate that in 
patientss who require peripheral bypass surgery DS can assess crural artery patency 

44 4 



CruropedalCruropedal duplex pilot study 

accurately.. The discrepancy between DS and iaDSA within the pedal arteries was 
substantiall  and it remains unclear whether this is due to shortcomings of DS or iaDSA. 
Despitee the small number of patients and the retrospective determination of accuracy 
off  proposed treatment strategy, this study shows that a substantial reduction in diagnostic 
arteriographyy before femoropopliteal bypass may be possible. Further study is needed 
too define the role of DS and PGR for a complete non-invasive investigation in patients 
whoo need a femorodistal reconstruction. 
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