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Abstract t 

Purpose:: Up to April 1997 we routinely performed diagnostic 
arteriographyy (iaDSA) in all patients with severe lower leg ischemia 
requiringg intervention. After a comparative study of duplex scanning 
(DS),, Pulse Generated Runoff (PGR) and iaDSA of the lower leg 
arteriess we postulated that management could be based on DS/PGR 
inn 59% of patients. We prospectively evaluated the safety of such a 
non-invasivee work-up strategy. 
Methods:: All consecutive patients referred with severe lower leg 
ischemiaa between April 1997 and September 1998 were eligible. Ma-
nagementt was based on DS and PGR with iaDSA being performed 
onlyy on indication. Complications within 30 days and 12 and 24 
monthh patency, survival and limb salvage rates were recorded and 
comparedd with historic controls. 
Results:: A total of 125 limbs in 114 patients were evaluated (74% 
restt pain or tissue loss). In 97 (78%) of 125 limbs management was 
basedd on DS. It comprised conservative treatment (n=33, 0% after 
iaDSA),, PTA (n=25, 16% iaDSA), femoropopliteal bypass graft 
(n=29,17%% iaDSA), femorotibial bypass graft (n=29,62% iaDSA), 
andd other surgical procedures (n=8, 4% iaDSA). PGR was of no 
additionall  value. Overall, the mortality within 30 days was 5/114 (4%) 
andd 2-year survival was 83%. Two-year primary and secondary patency 
andd limb salvage rates were 75%, 93% and 93% after a femoropopliteal 
bypasss operation, respectively. One year primary and secondary 
patencyy and limb salvage rates were 35%, 73% and 74%, respectively, 
afterr a femorocrural bypass operation. There were no differences in 
patientt characteristics, indication for specific treatment and immediate 
andd intermediate term outcome between the study and reference 
population. . 
Conclusion:: In a vascular unit with wide expertise in DS of the lower 
legg arteries, management of patients with severe lower leg ischemia 
cann be based on DS in a majority of patients, without negative effects 
onn clinical outcome within 30 days and at two years follow-up. 
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Introduction n 
Duplexx scanning (DS) is accurate for assessment of the aortoiliac and femoropopliteal 
arteries.1,22 Several studies have confirmed its reliability to guide percutaneous transluminal 
angioplastyy (PTA) of the iliac and femoral arteries or aortofemoral bypass surgery in 
patientss with claudication.3 8 Although in some studies the diagnostic accuracy of DS 
forr assessment of the infrapopliteal arteries was low compared with arteriography, 9,1° 
otherss found DS to be accurate 1113 or even to be able of detecting more patent crural 
arteries.14 4 

Pulsee Generated Runoff is a non-invasive technique that provides functional infor-
mationn on each of the crural arteries. It has been found to detect more patent runoff 
vesselss than conventional arteriography15 and to correlate well with femorocrural bypass 
graftt patency.16 Thus, PGR might help identify the optimal recipient artery for such 
reconstructions. . 

Afterr a comparative study of DS and Pulse Generated Runoff (PGR) with intraarterial 
Digitall  Subtraction Angiography (iaDSA) for assessment of the popliteal and cruropedal 
arteriess in 120 patients with severe lower leg ischemia, we concluded that 59% of such 
patientss could be managed solely on the information of DS and PGR.17 This included 
conservativee treatment, PTA and a femoropopliteal bypass operation, whereas in 
approximatelyy half of the patients scheduled for a tibial or pedal bypass operation 
arteriographyy was still considered mandatory. Similar recommendations were made by 
otherr authors. 18-19 

Inn April 1997 we implemented a management strategy a priori on the basis of DS and 
PGRR and performed iaDSA only in cases where DS was inconclusive or the surgeon 
feltt uncomfortable to make a decision without arteriography. The aim of this study was 
too evaluate the safety of this strategy and to compare the immediate and two-year 
clinicall  outcome with our previous results. 

Patientss and Methods 
Patients Patients 
Thee study protocol was approved by the Medical Ethics Committee of our hospital. All 
consecutivee patients with severe claudication, ischemic rest pain or tissue loss between 
Aprill  1997 and September 1998, were eligible. Patients with acute ischemia, those with 
extensivee tissue necrosis implying obligatory major amputation, or who were referred 
forr a bypass operation after diagnostic arteriography had been performed elsewhere 
weree excluded. Patients were also excluded if DS identified significant aortoiliac lesions 
amenablee for PTA or surgjcal reconstruction. 

DuplexDuplex scanning 
Twoo vascular technologists with over 3 years experience with infrapopliteal DS performed 
thee examinations, using a Hewlett Packard Sonos 2000 scanner (Hewlett Packard, 
Andover,, Mass). The bilateral aortoiliac and ipsilateral femoropopliteal tracts were 
examinedd with 3.5- and 5.5-MHz imaging transducers and 3.5-MHz Doppler probes, 
respectively.. The crural and pedal arteries were examined with 4.5- and 7.5-MHz imaging 
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linearr array transducers and 3.7- and 5.5-MHz Doppler probes, respectively. The 
aortoiliacc and femoropopliteal tract, anterior tibial (AT), dorsalis pedis and deep plantar 
arteriess were scanned with the patient supine. The popliteal, peroneal, posterior tibial, 
andd common plantar arteries; the tibioperoneal trunk; and the origin of the AT were 
examinedd with the patient in the lateral decubitus position. 

Thee hemodynamic significance of lesions in the aortoiliac and femoropopliteal tract 
wass graded by peak systolic velocity (PSV) ratios, calculated as the PSV in the stenosis 
dividedd by the PSV in the prestenotic or poststenotic region. Significant lesions were 
identifiedd by a PSV ratio of 2.5 or more, for a stenosis greater than 50%, or the absence 
off  Doppler signals in case of an occlusion. The supragenicular and infragenicular 
popliteall  arteries, tibioperoneal trunk, the crural and pedal arteries were graded as: 2 for 
noo or minor vessel wall irregularities seen on B-Mode imaging and a fully patent lumen 
determinedd by the presence of a color Doppler signal; 1 for severe vessel wall irregularities 
(B-Mode),, diffuse narrowing (color Doppler or PSV changes detected by pulsed Doppler 
scan)) or an isolated stenosis (PSV ratio > 2.5); 0 for occlusion indicated by a present 
vessell  wall (B-Mode) but absent color and pulsed Doppler signal. A segment with both 
stenosiss and occlusion was graded as occluded. If a segment was unable to be adequately 
evaluated,, because of calcifications, for example, DS was considered nondiagnostic. 
Thee location of any abnormality or restoration of full patency of the vessel below the 
upperr rim of the patella was recorded in centimeters. 

Bothh technologists scored the findings without supervision of a vascular surgeon. All 
examinationss were performed according to the same tight protocol evaluated in our 
indexx study, obviating the need for an adjudicating referee to review each study for 
uniformityy and consistency.15 To ensure high quality examinations they received 
continuouss feedback on discrepancies between DS and arteriography or findings during 
operation. . 

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. The pulsatile flow thus 
generatedd was recorded by the 5.5 MHZ Doppler probe of the DS within the dorsalis 
pedis,, common plantar and distal peroneal arteries after identification with the B-Mode. 
Eachh vessel scored 2 for a biphasic Doppler signal indicating good runoff, 1 for a 
monophasicc signal for poor runoff or 0 for an absent signal for no runoff. 

Management Management 
Thee DS results were recorded on an anatomical diagram together with the quality of 
thee PGR signal in each pedal artery, which served as the basis for a treatment plan. 
Managementt decisions were taken jointly by the vascular surgeons and interventional 
radiologistt and comprised conservative treatment, PTA and surgical revascularization. 
Minorr amputations (toe, transmetatarsal) or drainage of abscesses were considered to 
bee conservative treatment. The indication for PTA was a PSV ratio of 2.5 or more or a 
100 cm or less occlusion in the superficial femoral artery (SFA). Selected patients with 
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SFAA occlusions more than 10 cm were treated by subintimal angioplasty.20'21 Indications 
forr surgery were a diffusely stenotic or totally occluded SFA, multiple stenoses in the 
SFA,, or restenosis of the SFA after PTA. The indication for a femoropopliteal bypass 
operationn was a patent supragenicular or infragenicular popliteal artery with minor or 
noo vessel wall irregularities and at least one fully patent artery to the foot. In such cases 
arteriographyy was not performed. The indication for a crural or pedal bypass operation 
wass an occluded SFA and diffuse luminal narrowing, an isolated stenosis or occlusion 
off  the infragenicular popliteal artery. An iaDSA was not indicated if DS detected a 
single,, fully patent crural or pedal artery to the foot. If DS detected multiple (partially) 
patentt crural arteries, the artery with no or minor vessel wall irregularities was chosen 
ass recipient artery. Arteries with a biphasic Doppler signal during PGR were preferred 
ass recipient artery. Patients were liberally referred for iaDSA if DS and PGR were 
inconclusive.. Autologous venous material, even if harvested arm veins were required, 
wass always preferred as graft material. The distal anastomosis site was always chosen as 
distallyy as possible to a segment with uninterrupted good quality runoff, especially in 
patientss with gangrene of the foot. Completion angiography was performed to assess 
thee quality of the outflow below the reconstruction. Intra-operative DS was not used 
forr quality control. 

Arteriography Arteriography 
Selectivee iaDSA was performed using an anterograde puncture technique of the common 
femorall  artery after DS excluded significant aortoiliac lesions. Non-ionic contrast (Iohexol 
3500 mg Iodium /mL, Nycomed, Oslo, Norway) was administered by continuous 
mechanicall  injection at the volume of 10 mL in 2 seconds, with the catheter tip positioned 
ass distally as possible in the SFA. Biplane views were obtained in all patients. 

Follow-up Follow-up 
Patientss treated with a bypass operation were entered into a DS surveillance protocol. 
Duplexx scans were made 4 to 6 weeks postoperatively and after 1 year if the PSV ratio 
att the proximal and distal anastomoses were 2.5 or less. In case DS detected changes 
suggestivee of graft stenosis (PSV ratio between 2.5 and 4.0) scans were repeated after 3 
months.. When symptoms recurred or the PSV ratio progressed to 4.0 or more patients 
weree referred for arteriography and PTA of the bypass or surgical revision. 

Follow-upp data were collected from case files, the general practitioner or death 
certificatess when patients had died after discharge from our outpatient clinic and are 
completee until June 2000. 

"Reference"Reference population 
Thee clinical outcome of the current series was compared with a reference population 
thatt comprised 113 consecutive patients with severe lower leg ischemia who participated 
betweenn February 1995 and March 1997 in the comparative study of DS, PGR and 
iaDSAA for assessment of the popliteal and cruropedal outflow tract.17 Inclusion and 
exclusionn criteria for the reference study and the current study were identical. From this 
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cohort,, seven patients treated with primary amputation were excluded. Six patients 
underwentt bilateral examinations. All patients underwent iaDSA which served as the 
basiss for treatment plans, formulated by the same vascular surgeons and interventional 
radiologist.. These patients were also entered into the same surveillance protocol and 
hadd follow-up data collected until the beginning of 1999. 

OutcomeOutcome measures 
Thee complication and mortality rates within 30 days after intervention, as well as re-
intervention,, patency, limb salvage and survival rates at 12 and 24 months follow-up 
weree recorded and calculated according to the revised standards proposed by the Joint 
Councill  of the Society for Vascular Surgery22 A graft was considered patent if DS 
detectedd no stenosis or occlusion. Primary patency was defined as an uninterrupted 
patentt graft without additional interventions. Assisted primary patency was defined as 
graftt patency maintained by prophylactic intervention. Secondary patency was defined 
ass an occluded graft with patency restored by thrombolysis, thrombectomy or PTA or 
surgicall  revision of one of the graft's anastomoses. Limb salvage was defined as the 
timee from intervention until a below-knee or above-knee amputation. 

Analysis Analysis 

Wheree appropriate, the %2 test or Fisher's exact test was used for comparison of 
differencess between groups for categorical data, and the Student's /-test or one-way 
analysiss of variance for continuous data. Cumulative survival, patency and limb salvage 
ratess were estimated with the Kaplan-Meier life table method, with SEs calculated with 
Greenwood'ss formula. Differences between groups were tested with the Mantel-Haenszel 
log-rankk test. A two tailed p-value less than .05 indicated statistical significance. Al l 
calculationss were performed with SPSS 8.0 for Windows (Chicago, 111). Risk ratios were 
calculatedd using Epi Info 6.04b (Center for Disease Control and Prevention, Atlanta, 
Ga). . 

Results s 
Patients Patients 
Fromm a total of 141 eligible patients, 27 were excluded. Nine were referred for a bypass 
operationn after arteriography performed elsewhere, 6 patients had an acute arterial 
occlusion,, 3 patients had extensive tissue necrosis that necessitated primary below-knee 
amputation,, 8 patients were operated after arteriography without DS due to logistical 
constraints,, and 1 patient was included in a concurrent clinical trial. This left 114 patients 
forr evaluation. Eleven patients underwent bilateral examinations, yielding a total of 125 
examinedd limbs. Table I lists the clinical characteristics. In the 113 patients from our 
referencee population, 119 limbs were evaluated. 

SuccessSuccess ofDS and subsequent management 
DSS was diagnostic in all aortoiliac and femoropopliteal tracts. In four patients DS could 
nott visualize all popliteal or crural arteries, which made iaDSA necessary a priori. Table 
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Tablee I Characteristics of 114 patients included in die 
population. . 

Characteristic c 

mediann age (range) years 
claudication n 
restt pain 
tissuetissue loss 
malee sex 
diabetes s 
smokingg (current or prior) 
hypertensionn (on medication) 
hyperlipidaemiaa (on medication) 
coronaryy artery disease (angina, AMI , PTCA, CABG) 
cerebrovascularr disease (TLA, stroke) 
priorr intervention (PTA, bypass, endarterectomy) 
priorr ipsilateral infrainguinal PTA 
priorr ipsilateral infrainguinal bypass 

currentt study and 113 

Current t 
n=114 4 

722 (33-96) 
322 (26%) 
422 (34%) 
511 (40%) 
711 (62%) 
399 (34%) 
422 (37%) 
333 (29%) 
100 ( 9%) 
322 (28%) 
200 (18%) 
588 (50%) 
222 (18%) 
233 (19%) 

patientss from the reference 

Reference e 
n=113 3 

722 (27-95) 
211 (17%) 
411 (34%) 
577 (48%) 
699 (61%) 
477 (42%) 
499 (43%) 
433 (38%) 
111 (10%) 
400 (35%) 
222 (19%) 
599 (52%) 
233 (19%) 
244 (20%) 

p-value e 

.56 6 

.29* * 

.96 6 

.31 1 

.39 9 

.18 8 

.98 8 

.56 6 

.84 4 

.42 2 

.72 2 

.89 9 

*p-valuee for differences in proportion claudication, rest pain and tissue loss between study populations. 
AMI=acutee myocardial infarction, PTCA=Percutaneous Transluminal Coronary Angioplasty, 
CABG=Coronaryy Artery Bypass Graft, TIA=Transient Ischemic Attack, PTA=Percutaneous 
Transluminall  Angioplasty. 

I II  lists the definitive treatment in both populations and the proportion of iaDSA. 
Thirty-threee patients were treated conservatively. Fourteen had claudication with mul-

tilevell  lesions. Surgical treatment would imply femorocrural bypass graft, for which we 
considerr claudication an inappropriate indication. Four patients with rest pain and 15 
withh tissue necrosis had no options for revascularkation. This was mainly because DS 
detectedd severe stenoses or occlusions within the very distal tibial or pedal arteries, 
whereass the aortoiliac and femoropopliteal arteries showed no abnormalities. Thirteen 
suchh patients had a fully patent popliteal artery with 1 (n=5), 2 (n=5), or 3 (n=3) fully 
patentt crural arteries to the level of the ankle. Three patients had all crural arteries 
occludedd at the ankle and foot. Six patients underwent a minor amputation. 

Twenty-fivee patients were treated with PTA. Four SFA occlusions were treated with 
sub-intimall  angioplasty. Twenty-one patients were referred for PTA on the basis of DS. 
Thee preinterventional angiogram showed no other lesions than those identified by DS 
andd did not alter the planned intervention. The indication for iaDSA in the other four 
patientss undergoing PTA was nondiagnostic DS due to calcifications in two patients, 
poorr wound healing in a patient with an unrecognized tibioperoneal trunk stenosis, and 
unclearr in one. 

Onee patient scheduled for femoropopliteal bypass graft died of acute myocardial 
infarctionn while waiting to undergo an operation. Femoropopliteal bypass operation 
wass based on DS in 24 (83%) of 29 patients without unexpected findings at operation. 
Sixx patients had undergone a prior ipsilateral infrainguinal bypass operation. Vein grafts 
weree used in three and PTFE in nine patients with the distal anastomosis at the above-
kneee popliteal artery. Vein grafts were used in 16 patients with the distal anastomosis at 
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Tablee II Definitive management in limbs of the current and reference study populations. 

Definitivee management Currentt n (%) iaDSAA n (%) Referencee n (%) 

Conservative e 

PTA A 
SFA A 
popliteal/crural l 

Surgery y 
Femoropopliteall  bypass 

Abovee knee 
Beloww knee 

Femorocrurall  bypass 
Tibio-peroneall  trunk 
Anteriorr tibial 
Posteriorr tibial 
Peroneal l 
Pedal l 

Endarterectomyy SFA 
Explorationn only 
(Revision)) fem-fem 
Diedd before surgery 

33/1255 (26%) 

25/1255 (20%) 
18 8 

7 7 

67/1255 (54%) 
29 9 
12 2 
17 7 
29 9 
4 4 
6 6 
9 9 
7 7 
3 3 
4 4 
2 2 
2 2 
1 1 

00 /33 ( 0%) 

44 /25 (16%) 

27/677 (40%) 
5/29 9 

18/29 9 

2 /4 4 
1/2 2 
1/2 2 
0/1 1 

21/1199 (18%) 

31/1199 (26%) 
18 8 
13 3 

67/1199 (56%) 
29 9 
8 8 
21 1 
37 7 

--
5 5 
16 6 
10 0 
6 6 
1 1 

--
--
--

IaDSAA n refers to the proportion of patients treated after diagnostic arteriography. SFA-superficial 
femorall  artery, fem-fem=femoro-femoral crossover bypass 

thee below-knee popliteal artery and PTFE was used in one. The indication for iaDSA 
wass nondiagnostic DS due to a calcified popliteal artery in 1 patient, unclear in 2 patients 
andd a recent PTA of the iliac or femoral arteries in 2 patients. Twenty-nine patients 
underwentt a femorocrural bypass operation. Ten patients had undergone a prior ipsilateral 
infrainguinall  bypass operation. In 11 patients with popliteal artery occlusion, DS detected 
aa fully patent single crural artery. These patients underwent an uncomplicated 
femorocrurall  bypass operation without arteriography and without unexpected findings 
att completion angiography. The remaining 18 patients were operated on after iaDSA 
becausee DS detected multiple patent or partially patent crural arteries. In none of these 
casess could PGR help identify the best recipient artery, because it detected a biphasic 
signall  in all potential graft termini. DS suggested a treatment identical to the definitive 
treatmentt in 14 (78%) of 18 of these patients. In 15 patients in situ greater saphenous 
veinn (GSV) was used as conduit. In three patients the in situ GSV was extended by the 
contralaterall  GSV. In six patients the reversed contralateral GSV was used and one 
patientt had a graft composed of arm veins. Four patients had a PTFE bypass graft. In 
twoo patients, the graft was anastomosed joindy on the peroneal artery and vein, and in 
thee other two, the graft was extended with the greater or lesser saphenous vein. 

Twoo patients scheduled for a bypass to the peroneal artery were explored only. In 
both,, the quality of the artery was considered too poor to insert a graft. Two patients 
withh a femorofemoral crossover bypass graft were treated by revision of this bypass 
graft.. Al l four patients were not excluded from this study as the definitive treatment 
plann could be made only after a complete evaluation with DS or iaDSA. 
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Inn the patients treated surgically the median ankle/brachial index rose from 0.38 (range 
0-1.10)) pre-operatively to 0.90 (range 0-1.21) after the operation (data available for 56 
patients).. Hemodynamic success, defined as a rise in ankle/brachial index more than 
0.11 was obtained in 46 (82%) of 56 reconstructions.22 

IndicationsIndications for treatment 
Tablee II I lists the respective treatments and symptoms, age and number of previous 
interventions.. Our new strategy did not induce differences in treatment and indication 
forr treatment compared with our reference population. The mean ages of patients treated 
withh PTA and operation were 74 and 69 years, respectively (p=.02). Patients treated 
surgicallyy had undergone more previous interventions (41/67 [61%]), than patients 
treatedd with PTA (9/25 [36%], p=.03). The same pattern was found in our reference 
population.. No statistical differences were found for severity of symptoms, age, and 
numberr of previous interventions between both populations, within each treatment 
modality. . 

Tablee III Clinical characteristics specified for definitive management in limbs of both study populations. 

Definitivee management 

Conservative e 

PTA A 

Surgery y 

Claudication n 
Restt pain 
Tissuee necrosis 
Meann age (range) 
Previouss intervendon 

Claudication n 
Restt pain 
Tissuee necrosis 
Meann age (range) 
Previouss intervention 

Claudication n 
Restt pain 
Tissuee necrosis 
Meann age (range) 
Previouss intervention 

Currentt n (%) 

33/1255 (26%) 
14 4 
4 4 

15 5 
700 (33-96) 
14 4 

25/1255 (20%) 
3 3 
9 9 

13 3 
744 (37-92) 

9 9 

67/1255 (54%) 
15 5 
29 9 
23 3 
699 (45-95) 
41 1 

Referencee n (%) 

21/1199 (18%) 
7 7 
6 6 
8 8 

644 (28-91) 
11 1 

31/1199 (27%) 
4 4 
5 5 

22 2 
755 (43-96) 
10 0 

67/1199 (56%) 
10 0 
30 0 
27 7 
688 (33-95) 
38 8 

p-value e 

.31* * 

.20 0 

.45 5 

.22* * 

.81 1 

.49 9 

.51* * 

.70 0 

.53 3 

**  p-value for differences in proportions severity of symptoms. 

ComplicationsComplications within 30 days after start of treatment 
Tablee IV lists the complications within 30 days after the start of treatment. The overall 
mortalityy rate was 4%.The four early graft occlusions after femoropopliteal bypass 
operationn occurred in patients operated based solely on DS. Graft patency was maintained 
byy revision of the proximal anastomosis in two patients and by thrombectomy in two 
patients,, 1 day postoperatively. After femorocrural bypass operation, despite a patent 
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bypasss graft, three patients underwent a major amputation due to extensive necrosis, 
andd two did because of early graft occlusion. Three of these patients were operated 
afterr iaDSA. Review of the completion angiographies could not help explain the graft 
failuress in the patients who had undergone an operation, according to DS. The incidence 
andd nature of early complications were comparable to the reference population. 

Tablee IV Complications within 30 days after start of treatment. 

Complicationn Current 

Mortalityy 5/114 ( 4%) 
Conservativee 1/33 (3%) 
PTAA 0/25 (0%) 
Surgeryy 3/66 ( 5%) 

Graftt occlusion after bypass surgery 
Femoropopliteall  4/29 (14%) 
Femorocrurall  2/29 ( 7%) 

Amputationn after bypass surgery 
Femoropopliteall  0/29 ( 0%) 
Femorocrurall  5/29 (17%) 

Reference e 

8/1133 ( 7%) 
1/211 ( 5%) 
4/311 (12%) 
3/677 ( 4%) 

2/299 ( 7%) 
4/377 (11%) 

1/299 ( 0%) 
4/377 (11%) 

Riskk ratio 

.622 (.21-1.84) 

2.00 (.40-10.0) 
.64.64 (.13-3.64) 

NA A 
1.599 (.47-5.41) 

p-value e 

..56 6 

.67 7 

.90 0 

1.0 0 
.49 9 

NA == not applicable, p-value for differences between groups. 

Follow-up Follow-up 
Tablee V lists the clinical outcome at follow-up. Follow-up, with a median duration of 
244 (range, 0-38) months was complete for 113 (99%) of 114 patients. One patient was 
lostt to follow-up after emigration. The proportion of additional interventions within 2 
years,, necessary to maintain limb salvage or graft patency is also listed in table V for 
eachh treatment modality. One patient treated conservatively needed a PTA and another 
onee a femoropopliteal bypass graft. The 2-year limb salvage rate after PTA was 94%. 
Fivee patients needed additional interventions to prevent amputation. Table V also lists 
thee estimated 1 - and 2-year patency and limb salvage rates after femoropopliteal bypass 
operation.. Data for femorocrural bypass operation are listed for only 6 and 12 months' 
follow-upp because the SE of survival exceeded 10% after this time. 

Follow-upp data were complete for 111 (98%) of 113 reference population patients. 
Follow-upp data were missing for one patient who moved abroad and for a second 
patientt who was jailed. The median follow-up was 24 months (range, 0-44 months). We 
didd not find any differences in mortality, limb salvage, re-intervention and patency rates 
betweenn the two populations at 12 and 24 months' follow-up. Although not statistically 
significant,, the primary patency rate after femorocrural bypass operation was lower in 
thee patients treated according to our new workup strategy. 

Discussion n 
Thee aim of this study was to evaluate the safety of management of patients with severe 
lowerr leg ischemia based on DS and PGR with selective use of iaDSA. A diagnostic DS 
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Tablee V Patency, survival and limb salvage 

WholeWhole population 
Survival l 
Re-interventionn rate 

Conservative e 
PTA A 
Surgery y 

Intervention Intervention 
PTA PTA 

Limbb salvage 

Current t 

*y *y 

89%% (3%) 

6% % 
24% % 
24% % 

95%% (4%) 

ratess at follow-up. 

2yrs 2yrs 

83%% (4%) 

6% % 
24% % 
25% % 

94%% (6%) 

Reference e 

iy* iy* 

81%% (4%) 

11% % 
16% % 
24% % 

86%% (7%) 

2yts 2yts 

74%% (5%) 

11% % 
16% % 
27% % 

86%% (8%) 

p-value* * 

.05 5 

.55 5 

.51 1 

.84 .84 

.12 2 

FemoropoplitealFemoropopliteal bypass 
Primaryy patency 
Assistedd primary patency 
Secondaryy patency 
Limbb salvage 

FemorocruralFemorocrural bypass 
Primaryy patency 
Assistedd primary patency 
Secondaryy patency 
Limbb salvage 

79%% (8%) 
86%% (6%) 
93%% (5%) 
93%% (5%) 

66 months 

55%% (11%) 
74%% ( 9%) 
83%% ( 8%) 
78%% ( 8%) 

75%% (12%) 
86%% (9%) 
93%% (7%) 
93%% (6%) 

lyr lyr 

35%% (11%) 
58%% (11%) 
73%% (10%) 
74%% (9%) 

66%% (10%) 
72%% (9%) 
85%% (7%) 
92%% (4%) 

66 months 

74%% (8%) 
74%% (8%) 
94%% (4%) 
89%% (6%) 

58%% (13%) 
64%% (13%) 
80%% (11%) 
92%% (6%) 

lyr lyr 

54%% (10%) 
58%% (10%) 
85%% (7%) 
82%% (7%) 

.14 .14 

.10 0 

.19 9 

.73 3 

.59 9 

.63 3 

.34 4 

.82 2 

Alll  values in parenthesis are standard errors of proportion event free survival. 
*p-valuess for log-rank test. 

wass obtained in 97% of patients, and clinical decision making was allowed without 
iaDSAA in 78% of the patients' limbs. As expected, most of the femoropopliteal bypass 
operationss could be based on DS alone, if a fully patent infragenicular popliteal artery 
andd at least one patent crural artery to the foot were detected. If DS detected a single 
patentt crural vessel, a femorocrural bypass operation could safely be performed. An 
iaDSAA was necessary before a femorocrural bypass operation when DS detected multi-
plee (partially) patent crural arteries. In these patients PGR could not guide decision 
making,, because it was unable to identify the best recipient artery. Although iaDSA 
alteredd the treatment plan suggested by DS in only four of 18 patients, it is mandatory 
too perform arteriography in these cases. Our findings are in line with experience from 
Mazziaroll  et al.23 In their study, DS could supplant arteriography in 51 of 58 consecutive 
operations,, which included 21 femoropopliteal and 23 infrapopliteal bypass grafts.23 In 
aa subgroup analysis the same investigators reported successful infrapopliteal bypass 
operationss in 26 (93%) of 28 patients.24 Most of these patients (79%) had a single 
runofff  artery. 

Thee current study demonstrates that DS can also guide treatment modalities other 
thann surgery. Referral for PTA on the basis of DS was appropriate in 21 (84%) of 25 
patients.. We recognize that PTA is routinely preceded by preinterventional arteriography, 
butt this never changed the intended treatment. DS could also safely guide decisions for 
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conservativee treatment. It can be argued that patients treated conservatively do not 
needd a complete DS study, which is only necessary if an intervention is intended. 
However,, the decision for conservative management could only be made after DS 
detectedd multilevel disease in patients with claudication that would require a a femorocrural 
bypasss operation. We consider claudication an inappropriate indication for such 
reconstructions.. The choice for conservative treatment in 13 patients with rest pain or 
tissuee loss and a patent femoropopliteal tract and at least one fully patent crural artery 
mayy be debatable. However, the fact that only two (6%) patients treated conservatively 
neededd to undergo a PTA or bypass operation within 1 year justifies this decision. 

Thee implementation of our new workup did not influence clinical outcome. The 
numberr and nature of complications within 30 days were comparable to our previous 
results.. Moreover, we found no differences in limb salvage, reintervention and survival 
ratess between the two populations during follow-up. Although the success of 
femoropopliteall  bypass operation is in line with other studies, our results for femorocrural 
andd femoropedal bypass operations may seem disappointing.25 The early graft failure 
ratee after femorocrural bypass operation was 7% and 11 % in the current and reference 
study,, respectively. Also, the amputation rates were high, although in half of the patients 
thiss was obligatory by progressive tissue necrosis despite a patent bypass graft. We can 
onlyy speculate about the causes for these findings. It may be that our patient selection is 
nott strict enough and that we must decide earlier that a femorocrural reconstruction is 
deemedd to fail. One third of the procedures were redo operations which in combination 
withh the suboptimal conduit in some cases might have influenced the primary patency 
rates.. Primary patency is an important parameter in the qualitative assessment of the 
bypasss operation. However, from a clinical point of view, one cannot deny the importance 
off  secondary patency and limb salvage rates which in our population are comparable to 
otherr series. Finally, it should be realized that it is difficult to compare the results of 
differentt centers because factors such as patient selection, co-morbidity and graft sur-
veillancee may also influence outcome. 

Usingg historic controls rather than a randomized trial to compare outcome might 
obscuree alternative explanations for finding similar results. However, we have no reason 
too assume that our indications for treatment, and the nature of treatment have changed 
withinn the two time frames. This is supported by the comparable characteristics of the 
twoo populations within the respective treatment modalities. In addition, a large sample 
sizee would be required to demonstrate an equal effectiveness of both workup strategies 
inn a study that can only be conducted as a multicenter trial. 

Inn summary, in a vascular unit with wide expertise in DS of the lower leg arteries, the 
managementt of patients with severe lower leg ischemia based on DS can provide a 
substantiall  reduction in diagnostic arteriographies without negative effects on clinical 
outcome.. There is no role for PGR in these patients as it could not help select a recipient 
arteryy when femorocrural bypass surgery was indicated. 
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