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Abstract t 

Purpose:: To compare the diagnostic accuracy of duplex scanning (DS) 
andd pulse generated runoff (PGR) with intraarterial Digital 
Subtractionn Angiography (iaDSA) for the assessment of cruropedal 
outfloww and explore the reliability of clinical decision making based 
onn a work-up with DS/PGR in candidates for peripheral bypass 
surgery. . 
Methods:: Popliteal, crural and pedal arteries were evaluated 
independentlyy with DS and iaDSA in 126 limbs of 120 consecutive 
patientss for claudication (16%) or critical ischemia (84%). Arterial 
segmentss were graded with DS and iaDSA as normal, stenosed or 
occludedd and compared using weighted kappa (K) analysis. PGR was 
usedd to select the best crural artery for bypass. Proposed manage-
mentt based on DS/PGR and, if applicable, anastomosis site were 
comparedd to definitive treatment based on iaDSA. 
Results:: Overall agreement between DS and iaDSA for popliteal and 
crurall  arteries was moderate (KO.51, 95% confidence interval (CI) 
0.48-0.55),, with good agreement within the popliteal (K 0.67) and 
anteriorr tibial arteries (K 0.61). Agreement was moderate within the 
pedall  arteries (K 0.32, 95% CI 0.24-0.40). In 74/126 (59%) limbs 
proposedd management with DS/PGR was identical to iaDSA. In 23/ 
299 (79%) femoropopliteal and 15/37 (41%) femorocrural bypasses 
DS/PGRR agreed perfectly with iaDSA with regard to acceptor artery 
andd anastomosis site. 
Conclusion:: DS can accurately assess the popliteal and anterior tibial 
arteries.. In a substantial number of patients with severe lower limb 
ischemiaa decisions for conservative management, PTA, and 
femoropopliteall  bypass can be based on a DS/PGR work-up. 
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Introduction n 
Duplexx scanning (DS) has the potential to acquire a central place in the investigation of 
patientss with lower extremity arterial occlusive disease. A recent meta-analysis 
demonstratedd that DS is an accurate diagnostic tool for assessment of the aortoiliac 
andd femoropopliteal arteries.x Evidence from the literature suggests that it can safely 
replacee angiography to guide endovascular and surgical interventions in patients with 
symptomaticc lesions within these segments.2 6 The application of DS for evaluation of 
thee infrageniculate arteries has been studied less extensively. In several studies the 
feasibilityy of crural and even pedal artery duplex scanning was demonstrated,7n but 
duee to small sample size and lack of unequivocal diagnostic criteria, clinical decision 
makingg based on an entirely non-invasive work-up in candidates for femorodistal 
reconstructionn is still unreliable. Therefore, intraarterial Digital Subtraction Angiography 
(iaDSA)) is still the 'gold standard' for assessment of outflow tract quality and 
determinationn of distal anastomosis site before bypass surgery in many centers. 

Pulsee generated runoff (PGR) is a non-invasive technique that provides 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.12>13 Additionally, PGR has been shown to detect 
moree patent runoff vessels than conventional angiography. 1113 

Wee prospectively compared the diagnostic accuracy of DS and PGR with iaDSA for 
assessmentt of runoff arteries in possible candidates for femorodistal bypass grafting 
andd explored the potential for a completely non-invasive work-up with the combination 
off  DS/PGR. 

Patientss and Methods 
Thee study protocol received approval of the Medical Ethics Committee of the Academic 
Medicall  Center. Between February 1995 and March 1997, all consecutive patients with 
incapacitatingg claudication, rest pain or tissue loss awaiting diagnostic angiography for 
possiblee bypass surgery underwent color duplex imaging of the entire lower limb and 
PGR.. Patients referred to our hospital for peripheral bypass surgery after angiography 
hadd been performed elsewhere were excluded. 

DuplexDuplex scanning 

DSS was performed by two experienced vascular technologists with a Hewlett Packard 
Sonoss 2000 scanner (Hewlett Packard, Andover, Massachusetts, USA) with 4.5 and 7.5 
MHzz imaging transducers and 3.7 and 5.5 MHz Doppler probes, respectively. The 
popliteall  artery, tibioperoneal trunk, peroneal, posterior tibial artery (PT) and the origin 
off  the anterior tibial artery (AT) were examined with the patient in the lateral position. 
Thee crural arteries were identified by detection of a color signal or the presence of the 
vessell  wall in case of an occlusion. To avoid mistaking the PT for the peroneal artery, 
imagingg started in the PT which was followed from the ankle to its origin at the 
tibioperonealtibioperoneal trunk. When identification was difficult the accompanying veins were 

49 9 



ChapterChapter 4 

usedd as a road map. Distally, the PT was followed down into the common plantar artery. 
Thee lateral and medial plantar arteries were not examined. The AT was examined with 
thee patient supine. The distal AT was followed via the dorsal pedal artery into the deep 
plantarr artery and proximally back across the anterolateral part of the lower leg to its 
originn from the popliteal artery. 

Patencyy of the supra- and infrageniculate popliteal artery, tibioperoneal trunk, proximal, 
middlee and distal third of the three crural arteries, and at the level of the foot the 
dorsaliss pedis, common plantar, and deep plantar arteries (a total of 15 segments) was 
gradedd as follows: 2 for no or minor vessel wall irregularities as seen on B-Mode imaging 
andd fully patent lumen determined by the presence of a color signal; 1 for severe vessel 
walll  irregularities (B-Mode), diffuse luminal narrowing (color Doppler) or an isolated 
subtotall  stenosis; and 0 for occlusion as determined by the absence of color flow and 
Dopplerr signal. A segment demonstrating both stenosis and occlusion was considered 
too be occluded. If a segment could not be adequately evaluated, e.g. as a result of severe 
calcifications,, DS was considered non-diagnostic. 

PulsePulse Generated Runoff 

PGRR was performed with the patient supine. A cuff was placed around the upper calf 
andd inflated 50 times per minute to a pressure of 300 mmHg. Thus, a pulsatile flow was 
generatedd and recorded, with the 5.5 MHz Doppler probe of the duplex scanner, within 
thee dorsalis pedis, common plantar and distal peroneal artery after identification with 
thee B-Mode. Each vessel scored 2 for biphasic signal, 1 for a monophasic signal or 0 for 
ann absent signal. PGR signals were interpreted as good runoff (biphasic signal), poor 
runofff  (monophasic signal) or no runoff (no signal). 

Arteriography Arteriography 
Biplanee selective iaDSA was performed in all patients within 14 days after non-invasive 
evaluationn using an antegrade puncture technique in the common femoral artery. Non-
ionicc contrast (Iohexol 350 mg Iodium /ml, Nycomed, Oslo, Norway) was administered 
byy constant mechanical injection with a volume of 10 cc in 2 s, with the catheter tip as 
distallyy as possible in the superficial femoral artery (SFA). Antero-posterior and lateral 
viewss were obtained in all patients and evaluated by a radiologist (JR), blinded to the 
non-invasivee results. Popliteal, crural and dorsal pedal artery patency were graded as 2 
forr no, or minor vessel wall irregularities, 1 for severe irregularity, diffuse luminal 
narrowingg or isolated subtotal stenosis and 0 for occlusion. The common and deep 
plantarr artery scored 2 for direct fillin g of the pedal arch, 1 for indirect fillin g of the 
pedall  arch and 0 for no fillin g of the pedal arch. IaDSA was considered non-diagnostic 
iff  a segment could not be adequately assessed, for instance because of movement 
artifacts,, severe calcifications or low contrast load. 

Basedd on the non-invasive information and unaware of the angiographic findings, a 
vascularr surgeon (DL) determined therapeutic management, i.e. conservative (no need 
orr no intervention possible), PTA, surgical revascularization, or considered non-invasive 
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evaluationn non-diagnostic and iaDSA required. Definitive treatment was instigated by 
thee staff vascular surgeons based on the angiographic information and blinded to the 
resultss of DS/PGR. 

Analysis Analysis 
Agreementt between DS and iaDSA on patency of the respective vascular segments was 
comparedd in weighted kappa (K) analysis.15 Kappa expresses the probability of agreement 
beyondd chance. Strength of agreement can be interpreted as poor (K < 0.20), fair (K 
0.21-0.40),, moderate (K 0.41-0.60), good (K 0.61-0.80) and excellent (K 0.81-1.00). 
Sensitivityy and specificity of DS compared to iaDSA as 'gold standard' were calculated 
forr detection of an occlusion or a fully patent segment in the respective vascular segments. 
Thee proposed therapeutic management and distal anastomosis site based on non-
invasivelyy acquired information were compared to definitive therapy. 

Results s 
Patients Patients 
Off  141 eligible patients 21 were excluded from the study because of too long delay 
betweenn DS and iaDSA due to logistic constraints (n=l 6), unsatisfactory DS and iaDSA 
studiess due to agitation of the patient (n=2), because iaDSA was performed before DS 
(n^l) ,, after dissection of the SFA during iaDSA (n=l), and because the wrong (but 
alsoo symptomatic) leg was examined with DS (n=l). Thus, the study population consisted 
off  120 patients, admitted for incapacitating claudication (n=19), rest pain (n=41) or 
tissuee loss (n=60). A total of 126 legs were examined with DS, PGR and iaDSA within 
aa median of 1 day (range 0-13) of the non-invasive examination. Baseline characteristics 
aree listed in Table 1. 

Tablee 1 Baseline characteristics of study population. 

Baselinee characteristic n (%) 

mediann age 72 years (range 27-95) 

restt pain 41 (34%) 
tissuetissue loss 60 (50%) 
malee sex 73 (61%) 
diabetess 51 (43%) 
smokingg (current or prior) 50 (42%) 
hypertensionn (on medication) 45 (38%) 
hyperlipidaemiaa (on medication) 12 (10%) 
coronaryy artery disease (angina, AMI , PTCA, CABG) 40 (33%) 
cerebrovascularr disease (TLA, stroke) 22 (18%) 
priorr intervention (PTA, bypass, patch angioplasty) 63 (53%) 

AMI=acutee myocardial infarction, PTCA=Percutaneous Transluminal Coronary Angioplasty, 
CABG=Coronaryy Artery Bypass Graft, TIA=Transient Ischemic Attack, PTA=Percutaneous 
Transluminall  Angioplasty. 

Fivee patients were studied to determine interobserver agreement between the two vascular 
technologistss for assessment of the crural and pedal arteries. In 60 crural segments 
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agreementt was good (K=0.66, 95% CI 0.51-0.81) and in 15 pedal artery segments ex-
cellentt (K=0.91, 95% CI 0.72-1.0). 

DuplexDuplex scanning in popliteal and crural arteries 
AA complete investigation of one limb required median 45 (range 20-90) min. Of 1512 
popliteall  and crural artery segments 31 (2%) could not be adequately be visualized with 
DS,, whereas in 49 (3%) of segments iaDSA was non-diagnostic. This left 1432 segments 
forr comparison with overall moderate agreement (K 0.51, 95% CI 0.48-0.55). Raw data 
inn Table 2 show that, in general, DS gave a more optimistic assessment of patency than 
iaDSA.. In 125 of 719 (17%) occluded segments on iaDSA DS detected a fully patent 
lumen,, whereas the reverse occurred in only 37 of 451 (8%). 

Tablee 2 Crural vessel patency assessed with duplex scanning and iaDSA as 'gold standard' in 1512 
segmentss (pedal segments not included). 

DS S 

Normal l 
Severe e 
Occluded d 
Non-diagn n 
Total l 

Normal l 

344 4 
63 3 
37 7 

8 8 
451 1 

Severe e 

132 2 
117 7 

40 0 
4 4 

293 3 

iaDSA A 

Occluded d 

125 5 
199 9 
457 7 

18 8 
719 9 

Non-diagn n 

6 6 
11 1 
31 1 

1 1 
49 9 

Total l 

607 7 
309 9 
565 5 
31 1 

1512 2 

K=K= 0.51 (95% CI 0.48-0.55) 
Normal=noo or minor vessel wall irregularities, Severe-severe vessel wall irregularities, diffuse luminal 
narrowing,, isolated subtotal stenosis, Non-diagn-non-diagnostic, DS=duplex scanning 

Theree was good agreement on patency of the popliteal and anterior tibial arteries and 
moderatee agreement within the tibioperoneal trunk and posterior and peroneal arteries 
(Tablee 3). 

Thee sensitivity of DS for the detection of an occlusion was 80% for the popliteal 
arteriess with 93-96% specificity. The diagnostic accuracy of DS for the detection of 
occlusionss in the tibial and peroneal arteries was moderate. The positive predictive 
valuee (PPV) for detection of occlusions in the entire anterior tibial, posterior tibial and 
peroneall  artery by DS was 89%, 90% and 75% respectively. The negative predictive 
valuess (NPV) were 67%, 55% and 76%, respectively. 

DuplexDuplex scanning in pedal arteries 
DSS was non-diagnostic in 21 of 378 (6%) pedal artery segments and iaDSA in 33 of 
3788 (9%). Thus, 329 segments could be compared with fair overall agreement (K 0.32, 
95%% CI 0.24-0.40). Best agreement was found within the dorsalis pedis artery, whereas 
agreementt was fair within the deep plantar artery (Table 3). 

PulsePulse Generated Runoff 
Inn 116 patients the dorsalis pedis artery could be adequately assessed with iaDSA and 
inn one of these PGR was non-diagnostic, leaving 115 patients for comparison. In 18 of 
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Tablee 3 Agreement between duplex x scanningg and iaDSA on vascular patency and 
off  duplex scanning for detection of an occlusion. 

Arteriall segment 

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 

n n 

123 3 
123 3 
119 9 
121 1 
121 1 
121 1 
120 0 
119 9 
117 7 
117 7 
117 7 
116 6 

111 1 
108 8 
110 0 

KK (95% CI) 

0.611 (0.50-0.72) 
0.677 (0.57-0.77) 
0.433 (0.30-0.55) 
0.611 (0.49-0.72) 
0.544 (0.42-0.67) 
0.544 (0.42-0.67) 
0.422 (0.28-0.56) 
0.511 (0.39-0.63) 
0.400 (0.27-0.52) 
0.455 (0.31-0.59) 
0.444 (0.30-0.57) 
0.399 (0.26-0.53) 

0.399 (0.24-0.54) 
0.244 (0.11-0.36) 
0.355 (0.24-0.46) 

Sensitivity y 

35/433 (81%) 
26/333 (79%) 
26/433 (60%) 
43/600 (72%) 
50/711 (70%) 
46/744 (62%) 
51/788 (65%) 
46/766 (61%) 
40/766 (53%) 
30/455 (67%) 
29/511 (57%) 
35/511 (69%) 

40/677 (67%) 
44/811 (54%) 
39/666 (59%) 

diagnosticc accuracy 

Specificity y 

74/800 (93%) 
86/900 (96%) 
71/766 (93%) 
53/611 (87%) 
44/500 (88%) 
43/466 (93%) 
34/422 (81%) 
41/433 (95%) 
38/411 (93%) 
59/722 (82%) 
60/666 (91%) 
52/655 (80%) 

39/511 (76%) 
21/277 (78%) 
41/444 (93%) 

n=numberr of segments, 95% CI=95% confidence interval of K value. 

644 (28%) patients with an occluded dorsalis pedis artery on iaDSA a biphasic signal was 
obtainedd with PGR. In 6 of 42 (14%) patients with a patent dorsalis pedis artery on 
iaDSAA no PGR signal could be recorded. IaDSA was non-diagnostic in 11 of 126 (9%) 
commonn plantar arteries and PGR in two patients. Thus, 113 common plantar arteries 
couldd be compared. In 21 of 68 (31%) angiographically occluded common plantar 
arteriess a biphasic signal was recorded indicating good runoff, whereas in two of 33 
(6%)) patent common plantar arteries no signal was recorded. 

Management Management 
Twenty-onee patients were treated conservatively and seven by primary below-knee 
amputationn (Table 4). Thirty-one patients were treated with PTA of the SFA (n=18) or 
ann infrageniculate artery (n=13). Sixty-seven patients underwent bypass surgery. In 23 
off  29 (79%) popliteal artery bypasses and 15 of 37 (41%) crural artery bypasses there 
wass perfect agreement between the non-invasive work-up and iaDSA, with regard to 
acceptorr artery and anastomosis site. In 12 (10%) patients non-invasive evaluation yielded 
insufficientt information to plan definitive treatment and iaDSA was considered necessary. 
Sixx of these patients required bypass to the infrageniculate popliteal (n=l), a crural 
(n=4)) or pedal artery (n=l), respectively; five patients were treated with PTA (one SFA, 
fourr infrageniculate) and in one patient a below-knee amputation was performed. In 
summary,, in 74/126 (59%) patients agreement between DS/PGR and iaDSA was per-
fectt with regard to definitive treatment, including distal anastomosis site. 

Mismatchess in management were due to non-diagnostic DS/PGR (n=12), eventual 
preferencee for PTA instead of conservative management (n=2) or surgery (n=9) and 
discrepanciess in distal anastomosis site (n=22). In seven patients there were major 
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discrepancies.. In three patients iaDSA revealed no options for reconstruction where 
DS/PGRR identified a patent posterior tibial artery. At exploration these arteries were 
foundd occluded and below-knee amputation was performed. In three patients deemed 
unsuitablee for reconstruction following DS/PGR, iaDSA showed a patent popliteal 
(n=l),, and dorsal pedal (n=2) artery with subsequent bypass surgery. Finally, in one 
patientt a significant lesion detected in the SFA with DS could not be confirmed when 
thiss patient was referred for iaDSA and PTA. 

Tablee 4 Proposed treatment based on the combination of DS/PGR and definitive treatment based on 
iaDSA. . 

Noo intervention 
PTA A 
Bypasss surgery 
Amputation n 
Non-diagnostic c 

Proposedd treatment 
(DS/PGR) ) 

222 (18%) 
199 (15%) 
733 (58%) 

00 (0%) 
122 (10%) 

Definitivee treatment 
(iaDSA) ) 

211 (17%) 
311 (25%) 
677 (53%) 
77 ( 6%) 
00 ( 0%) 

Discussion n 
Thee results of the present study are in line with what we found in a smaller series.11 

Theree was good agreement between DS and iaDSA for assessment of popliteal and 
anteriorr tibial artery patency. Occlusions of the popliteal artery can be reliably detected 
andd suitability for anastomosis can be determined. The positive predictive value (PPV) 
forr detection of occlusions in the anterior an posterior tibial artery was 89% and 90%, 
respectively.. Thus, as in other smaller series which reported sensitivities of about 80% 
att 80-100% specificity, 71° DS is well suited for the detection of occlusions but not for 
excludingg occlusions. Similar to other studies, 8,1° the PPV for detection of occlusions 
inn the peroneal artery was lower (75%), probably because the deeper plane off  the peroneal 
arteryy and the fascial borders between transducer and the artery obstructs adequate 
visualization.. The lower accuracy may also be explained by the high interobserver 
variabilityy of peroneal artery iaDSA readings compared with the other tibial arteries.11 

Wee found moderate to good agreement for our semi-quantitative patency scoring 
system.. One would preferably apply more objective criteria but the classic PSV ratio 
criterionn for grading stenoses may not hold within the crural arteries. Although diame-
terr reduction determined by PSV ratios is independent of the absolute PSV, the low 
PSVV in the crural arteries may cause inaccurate recordings and subsequently unreliable 
PSVV ratios. From other studies it is not possible to derive unequivocal criteria due to 
thee degree of stenosis being unspecified7 and the small percentage of stenosed segments 
(4%).100 Hatsukami et al. used an algorithm based on waveform analysis with similar 
diagnosticc accuracy.9 

Twoo previous studies compared assessment of the pedal arteries with DS and iaDSA. 
Karacagill  et al.10 found a sensitivity of 81% at 84% specificity for the detection of 
occludedd pedal artery segments whereas we previously found 46% sensitivity and 89% 
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specificity,, respectively.11 In the present study the sensitivity improved to 60% with a 
specificityy of 83%. Qualitative assessment of the pedal arteries showed fair agreement 
betweenn DS and iaDSA, especially within the deep plantar artery. 

Inn a study utilizing iaDSA as the 'gold standard' DS will always perform second best. 
Yett we have doubts whether the fair agreement in certain segments is always due to 
shortcomingss of DS. Although iaDSA is used to determine runoff in many centers, it 
hass its limitations. Angiography readings are liable to substantial interobserver variability,11' 
I6~188 especially within the crural and pedal arteries.11 Despite the use of DSA techniques, 
angiographyy sometimes fails to visualize vessels which are patent on intra-operative 
angiography,199 dependent Doppler examination,21 or Magnetic Resonance Angiography.20' 
222 This could further explain the fair agreement of DS with iaDSA within the pedal 
arteriess where DS detects flow in arteries not visualized with iaDSA. A pitfall of DS 
however,, can be the detection of a signal in what appear to be collaterals on angiography, 
ass illustrated by the discrepancies between DS and the findings during operation. 

Inn the present study DS guided PGR in the pedal arteries detected more runoff than 
iaDSA.. Again, its diagnostic significance remains unclear, but it might be of prognostic 
significance,, as preoperative PGR determined pedal arch patency proved to be a predictor 
off  graft failure.23,24 This will become clear for our population when follow-up is available. 

Despitee the moderate agreement on crural and pedal artery patency, management 
couldd have been accurately predicted based on DS/PGR information in 59% of the 
patientss in this study. This is lower than we reported previously,11 but more reliable as it 
wass derived from a larger series. Yet, the potential of DS to guide decisions for femoro-
popliteall  bypass grafting was confirmed. This substantiates previous studies which re-
portt accurate selection of predominantly claudicants for PTA.2'3'6 In another study, 
Elsmann et al. showed iaDSA to have littl e additional value to DS even when patients 
weree referred for surgery. 4 Similar results were reported in a retrospective study by 
Pembertonn et al. who in only three percent of 467 examined limbs with DS required 
angiographyy for planning management.5 It must be noted that with 75% claudicants 
thiss population differed significantly from our study population with 84% critical 
ischemia.. However, in the 41 patients requiring surgery (22 femoropopliteal and 
femorocrurall  bypasses) there were no unexpected findings during operation. 

Decisionn making in vascular surgery is subject to variability.24,26 The assumption that 
aa single vascular surgeon represents the clinical approach of an entire group may not be 
strictlyy justified, but the present results suggest that safe clinical decisions can be made 
withh DS/PGR in a substantial number of patients with severe lower limb ischemia, 
evenn with respect to popliteal bypass surgery. The discrepancies in decisions for 
femorocrurall  bypass surgery based on DS/PGR and iaDSA indicate the need to perform 
thesee procedures after diagnostic angiography. Future studies should not only be directed 
too compare the diagnostic accuracy of duplex scanning with angiography, but also towards 
thee possibility of a safe and accurate non-invasive work-up of patients with severe 
lowerr limb ischemia. 
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Appendixx to chapter 4 
Diagnosticc accuracy of duplex scanning compared with iaDSA for detection of a fully patent segment. 

Arteriall segment 

PoplitealPopliteal and crural arteries 

Supragenicularr popliteal 
Infragenicularr 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 

n n 

123 3 
123 3 
119 9 
121 1 
121 1 
121 1 
120 0 
119 9 
117 7 
117 7 
117 7 
116 6 

111 1 
108 8 
110 0 

Sensitivity y 

30/388 (79%) 
46/511 (90%) 
28/344 (82%) 
30/344 (88%) 
29/388 (76%) 
31/344 (91%) 
17/255 (68%) 
26/299 (90%) 
25/322 (78%) 
24/400 (60%) 
32/444 (73%) 
26/444 (59%) 

22/333 (67%) 
15/166 (94%) 
18/199 (95%) 

Specificity y 

63/855 (74%) 
52/722 (72%) 
48/855 (56%) 
71/877 (82%) 
66/833 (80%) 
66/866 (77%) 
77/955 (81%) 
68/900 (76%) 
60/855 (71%) 
62/777 (81%) 
49/733 (67%) 
51/722 (71%) 

56/788 (72%) 
51/922 (55%) 
45/911 (49%) 

LR+ + 

3.03 3 
3.21 1 
1.86 6 
4.89 9 
3.80 0 
3.96 6 
3.58 8 
3.75 5 
2.69 9 
3.16 6 
2.21 1 
2.03 3 

2.39 9 
2.09 9 
1.86 6 

LR--

0.28 8 
0.14 4 
0.32 2 
0.15 5 
0.30 0 
0.12 2 
0.40 0 
0.13 3 
0.31 1 
0.49 9 
0.40 0 
0.58 8 

0.46 6 
0.11 1 
0.10 0 

n=numberr of segments 
LR++ = likelihood ratio of positive test result 
LR-- = likelihood ratio of negative test result 
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Typicall  arteriogram of a patient with severe lower leg ischemia. The superficial femoral artery is occluded 
att the adductor canal hiatus with filling  by collaterals of the peroneal artery. The plantar arch cannot be 
assessedd from this arteriogram. 

Examplee of a duplex image of the superficial femoral artery at the level of the adductor canal hiatus. 
Colorr codes have been converted into grey scales. The SFA is occluded at 14 cm above the upper rim of 
thee patella. A large collateral branch (coll) is identified that transports blood to the below knee level. 
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Examplee of a duplex image of the below knee popliteal artery. Color codes have been converted into grey 

scales.. The popliteal artery can easily be recognized, there are no vessel wall irregularities. 

• E ' S ..  5-L' E 
B22  JU N 9 3 
21:39:4 1 1 
PROCC 1'5'S'M' H 
HEWLETT-PACKARD D 

VT T 
ARTERIALL  VfiSC . 

';M!T: AA POST TI B A 

Examplee of a duplex image of the posterior tibial artery. Color codes have been converted into grev scales. 

Thee posterior tibial artery shows no vessel wall irregularities, there is complete filling  with the color 

Dopplerr signal. The accompanying posterior tibial veins may facilitate recognition of the artery. 
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Examplee of a duplex image of a normal posterior tibial artery. Color codes have been converted into grey 
scales.. There are no vessel wall irregularities, there is complete filling  of the lumen with color Doppler. 
Thee Doppler waveform is triphasic (bottom of image) and the blood flow velocity measures as much as 
622 cm/sec. 

LINKS S 

Arterie e 
A.. pop! inf 

Truncus s 

ATAA prox 

m i d d 

dist t 

ATPP prox 

mid d 

dist t 

A.. per prox 

m i d d 

dist t 

A D P P 

RPP P 

A P C C 

CM M 

2 4 4 

32 2 

16 6 

30 0 

42 2 

16 6 

24 4 

29 9 

PSV V 
4 4 4 

70 0 

* * 
15 5 

15 5 

30 0 

2 0 0 

25 5 

6 0 0 

75 5 

0 0 

10 0 

10 0 

15 5 

Ratio o EDV V Wand d 
2 2 

2 2 

Retro o 

2 2 

2 2 

2 2 

2 2 

1 1 

2 2 

1 1 

0 0 

2 2 

2 2 

2 2 

PGR R 
Voor r Na a 

Examplee of complete lower leg duplex examination of a patient who was treated with femoropopliteal 

bypasss without pre-operative arteriography. (See Chapter 7) 

60 0 



AppendixAppendix to Chapter 4 

L I N K S S 

Arterie e 
A.. pop! inf 

Truncus s 

ATAA prox 

m i d d 

dist t 

ATPP prox 

m i d d 

dist t 

A.. per prox 

m i d d 

dist t 

A D P P 

RPP P 

A P C C 

C M M 

- 6 6 

-25 5 

39 9 

PSV V 
37 7 

3 0 0 

0 0 

0 0 

30 0 

27 7 

29 9 

30 0 

27 7 

0 0 

0 0 

25 5 

Ratio o EDV V Wand d 

1 1 

1 1 

0 0 

0 0 

1 1 

2 2 

2 2 

1 1 

1 1 

1 1 

0 0 

0 0 

2 2 

PGR R 

Voor r 

0 0 

Na a 

0 0 

ii I « I 

11 j 2 | 

Anatomicall  chart constructed after duplex scanning. The above knee popliteal artery is occluded. The 
beloww knee popliteal artery has minor vessel wall irregularities. The anterior tibial, pedal, and deep plantar 
arteriess are occluded. The posterior tibial artery is patent to the level of the foot with severe vessel wall 
irregularitiess proximally. The peroneal artery is patent to the level of the ankle, but severely diseased. 

Nt t 

".. . 

Correspondingg arteriogram of the same patient. Note the discrepancy with the duplex image. On the 
arteriogram,, the proximal posterior tibial artery is occluded with fillin g by a collateral at the middle third 
off  the artery. 
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