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Chapterr  1 

Introductio n n 

Thee systematic review described in this chapter was performed by 
Markk JW Koelemay, Dennis den Hartog, Martin H Prins, 
Jann G Kromhout, Dink A Legemate and Michael JHM Jacobs. 



ChapterChapter 1 

Introductio n n 
ChronicChronic peripheral arterial occlusive disease 

Peripherall  arterial occlusive disease (PAOD) is a manifestation of atherosclerosis, a 
generalizedd chronic disease of the arteries. Patients with PAOD may be asymptomatic 
orr present with intermittent claudication, ischemic rest pain or ischemic tissue necrosis 
orr ulcers. In general, PAOD is a disease of advanced age aggravated by established risk 
factors.. Smoking, diabetes, hypertension, hyperlipidemia and end stage renal disease are 
knownn to increase the risk of PAOD with a factor 1.5 to 3.1 

Epidemiology Epidemiology 

Inn 1997 the Dutch Central Statistics Bureau recorded 19782 hospital admissions related 
too PAOD.2 Although this is an overestimation because this figure includes admissions 
forr aortic aneurysms and peripheral arterial thrombosis, it indicates that PAOD demands 
aa substantial part of available resources for healthcare in the Netherlands. With an 
agingg population these demands will be even higher in the near future. Corrected for 
demographicc changes, a 36% increase in admissions was found in 1995 compared to 
1980.33 The rise in admissions could be explained by increasing incidence of PAOD, 
improvedd survival of patients and changing indications for treatment. The most recent 
availablee data on interventions are from 1999: a total of 3769 percutaneous transluminal 
angioplastyy (PTA) procedures, 1125 endarterectomies and 3332 peripheral bypass 
operationss were performed in that year (source: Prismant, Utrecht). 

Inn 1997 PAOD was the cause of death for 2128 males and females in the Netherlands. 
Patientss diagnosed with and treated for intermittent claudication are known to have a 
poorr prognosis. Their risk of death is threefold compared to the general population, 4 

mainlyy due to concomitant coronary artery disease.5 Prognosis is even worse in patients 
withh ischemic rest pain or tissue necrosis with a 26% one-year mortality rate, increasing 
too 56% after 5 years.6 

Thee prevalence of PAOD in the Netherlands is not exactly known and is a matter of 
definition.. In the Limburg PAOD study an Ankle-Brachial Index (ABI, i.e. the ratio of 
highestt systolic ankle and brachial blood pressure) < 0.95 recorded on two separate 
occasionss was defined as indicative of PAOD.1 In a general population of 3654 subjects 
withh a mean age of 58.6 years the prevalence of PAOD was 6.9%. The prevalence 
increasedd with advanced age to 16.4%) among males and 11.2% among females bet-
weenn 65 and 74 years old. Some 6.6% of all participants had complaints of intermittent 
claudication,, but only 22% of the subjects with PAOD according to ABI measurement 
weree symptomatic. 

Similarr findings were reported in the Rotterdam (ERGO) study.7 In this study PAOD 
wass defined as an ABI < 0.90 in at least one leg. Claudication, determined with the 
Rosee questionnaire,8 was present in 1.6% of 7715 participants with a mean age of 70.6 
years.. The ABI was recorded in 6450 subjects and determined a prevalence of PAOD 
off  19.1%. Combination of ABI recordings and questionnaires in 6324 subjects revealed 
thatt only 6.3% of subjects with PAOD were symptomatic, whereas the ABI was > 0.90 
inn 33.1% of the subjects with intermittent claudication. 

8 8 



Introduction Introduction 

DiagnosticDiagnostic tests for PAOD 
Patientss referred to a vascular surgery practice for evaluation of PAOD are always 
symptomatic.. Diagnostic tests in these patients have a different performance than in a 
generall  population. Traditionally, the work-up of patients with symptoms of PAOD 
consistss of two steps. First, the presence of atherosclerotic lesions is to be confirmed 
orr refuted. Then localization and characterization of these lesions is performed with 
arteriographyy or intraarterial pressure (IAP) measurement in patients who need an 
intervention.. Arteriography is the traditional reference standard to establish a definitive 
diagnosiss and to determine the eventual treatment modality. Arteriography is invasive, 
hass its complications and is expensive because many patients are admitted, if only for a 
shortt time.9 In 1999, some 3628 patients with PAOD were treated after diagnostic 
arteriographyy (source: Prismant, Utrecht). 

Overr the past 20 years a large number of non-invasive diagnostic tests for assessment 
off  PAOD has been developed. Only few however, are currently used on a routine basis. 
Thiss raises the question whether many tests are actually superfluous or that the clinical 
relevancee of some tests is not recognized. In addition, before a test can be used for 
rationall  clinical decision making, it is required that its performance has been evaluated 
inn methodologically sound studies in populations that reflect those seen in a vascular 
surgeryy practice. In order to find scientific evidence for the use of non-invasive diagnostic 
testss for assessment of PAOD we performed a systematic review of the available literature 
andd applied generally accepted methodological criteria for evaluation of diagnostic tests 
inn our analysis. 

StudyStudy selection 
Att the start of our study in 1994, a MEDLIN E search was performed to retrieve all 
publicationss in English, German and Dutch on diagnostic tests for PAOD from 1976 
throughh June 1993. The keywords used were arterial occlusive diseases, arteriosclerosis, claudica* 
andd vascular diseases under the conditions of human and lower extremity. Exclusion criteria 
weree child and adolescence, anesthesia, neoplasms, wounds and injuries and varicose veins. From 
titletitle and abstract articles on diagnostic tests were selected by one observer (DH). Accuracy 
off  selection was controlled in a random sample of 100 publications yielding interobserver 
K-valuess (DH, MK , MP) of 0.81, 0.85 and 0.91. Bibliographies from retrieved articles 
weree used for search completion. Publications reporting repeatedly on the same study 
populationn were included only once. 

QualitativeQualitative analysis 
Al ll  articles were read by 3 independent observers (DH, MK , MP) and divided into 3 
categories:: pilot studies (e.g. case reports, comparison of test outcomes in healthy controls 
andd patients), "gold standard" studies (comparing the test with angiography or IAP) 
andd review articles. Since arteriography was used as reference standard in most studies, 
itt was used as such in our analysis, without restrictions to technique (e.g. mono/biplane 
recordings,, subtraction techniques) and criteria for disease. IAP is less frequently used 
too establish a definitive diagnosis, but is preferred by some as it provides physiological 

9 9 



ChapterChapter 1 

information,, in contrast to the morphological information given by arteriography. 
Methodologicall  quality of gold standard studies was graded independently by all 

observerss according to predefined criteria. Two elements were considered essential: a 
clearr definition of the study population and a clear description of the evaluated test. 
Secondaryy criteria to improve study quality were a series of consecutive patients, a 
prospectivee study, predefined test outcomes or cut-off values and independent assessment 
off  the evaluated test and gold standard.10 Studies satisfying all criteria were graded level 
1,, articles satisfying at least the two essential criteria level 2 and the remaining studies 
weree graded level 3. Discrepancies in judgement were discussed in order to arrive at a 
unanimouss decision. 

QuantitativeQuantitative analysis 
Studiess rated level 1 or 2 proceeded to quantitative analysis. Our analysis was restricted 
too tests that were evaluated in more than one study, were applicable in an outpatient 
settingg and not on assessment of the microcirculation. Data were extracted by two of 
uss (DH, MK) and when possible pooled in a meta-analysis. Details and examples of the 
methodologyy for meta-analysis of diagnostic tests are provided in chapters 2 and 8. A 
distinctionn was made between diagnostic tests used for screening for PAOD, for 
localizationn and characterization of atherosclerotic lesions and studies evaluating 
arteriographyy and IAP. 

SearchSearch results and qualitative analysis 
Fromm a total of 6556 publications, 624 were on diagnostic tests for assessment of 
PAOD,, evaluating a total of 697 tests. We identified 89 different tests that were grouped 
inn 24 categories. A total of 167 (24%) studies were gold standard studies (table 1). 
Irrelevantt articles (12%) were not on diagnosis after all or evaluated tests that could not 
bee performed in an outpatient setting. Although our search was limited to the MEDLIN E 
database,, it was completed with bibliographies of the selected articles, giving us good 
reasonn to assume that no key articles were missed. From a total of 167 gold standard 
studies,, only 21 (13%) met all our methodological quality criteria. These criteria were 
strictt but justifiable and generally accepted, which makes 21 a disappointing result. This 
mayy in part be explained by changing methodological standards over time. In addition, 
dataa extraction from the 106 articles that proceeded to quantitative analysis was often 
obstructedd by unclear description of study population, methods and results. Finally, 
samplee sizes were often too small to provide reliable estimates of diagnostic accuracy. 

Testss to demonstrate the presence of peripheral arterial occlusive 
disease e 
PhysicalPhysical examination 
Palpationn and auscultation of the femoral artery were fairly accurate to detect signifi-
cantt lesions in the aortoiliac tract (table 2). We found no data on palpation of the 
arteriess at the level of the ankle. The combination of patient's history, pulse palpation 
andd auscultation, in case of doubt supplemented by an exercise test to reveal üeofemoral 
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Tablee 1 Results of literature search and methodological judgement. 

Diagnosticc test Pi lot /Revieww Level 1 Level 2 Level 3 Irrelevant Total 

DemonstrationDemonstration of presence of arterial disease 
Physicall  examination 4 
Anklee pressure measurement 40 
Toee pressure measurement 4 
Exercise/Treadmilll  test 22 

localisationlocalisation and characterisation of atherosclerotic lesions 
Dopplerr waveform analysis 
Segmentall  pressure measurement 
Highh thigh pressure measurement 
Pulsarilityy index 
Nuclearr imaging 
(Color)) Duplex scanning 
MRA/MR I I 

GoldGold standard evaluation 
Peripherall  resistance measurement 
Pulsee Generated Runoff 
Intraarteriall  pressure measurement 
Arteriography y 

Other,Other, not analysed 
Reactivee hyperemia 
Plethysmography y 
Oxygenn measurement ^Tcp02) 
Laser-doppler r 
Oscillography y 
Pulsee Volume Recording 
Dopplerr pedal arch 
Dopplerr velocity 
Otherr tests 
Nott on diagnosis 

22 2 
6 6 
3 3 
2 2 

40 0 
28 8 
11 1 

0 0 
0 0 
7 7 

72 2 

8 8 
33 3 
27 7 
25 5 

3 3 
5 5 
0 0 

10 0 
76 6 
0 0 

2 2 
1 1 
0 0 
2 2 

4 4 
3 3 
0 0 
0 0 
0 0 
6 6 
0 0 

1 1 
0 0 
0 0 
2 2 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

3 3 
6 6 
0 0 
2 2 

9 9 
4 4 
4 4 
1 1 
9 9 

12 2 
2 2 

1 1 
3 3 
6 6 
8 8 

0 0 
4 4 
7 7 
2 2 
0 0 
1 1 
1 1 
0 0 
0 0 
0 0 

2 2 
1 1 
0 0 
0 0 

3 3 
6 6 
1 1 
8 8 
1 1 

12 2 
2 2 

0 0 
0 0 
2 2 

16 6 

1 1 
1 1 
0 0 
0 0 
1 1 
3 3 
0 0 
1 1 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
5 5 
0 0 
0 0 

0 0 
0 0 
0 0 

11 1 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

67 7 

11 1 
48 8 
4 4 

26 6 

38 8 
18 8 
8 8 

11 1 
55 5 
58 8 
15 5 

2 2 
3 3 

15 5 
109 9 

9 9 
38 8 
34 4 
27 7 
4 4 
9 9 
1 1 

11 1 
76 6 
67 7 

Total l 447 7 21 1 85 5 61 1 83 3 697 7 

bruits,, had a sensitivity for exact localization of lesions of 96% and 62% for surgeons 
andd residents, respectively. Buerger's test, which denotes the presence of a major artery 
occlusionn when the foot sole shows pallor on elevation, followed by a reactive hyperemic 
flushflush on lowering the leg, is not sensitive to detect occlusions in the aortoiliac and 
femoropopliteall  tract, but can exclude their presence.14 

AnkleAnkle pressure measurements 
Twoo studies reported a decrease in ABI in relation to Fontaine (F) stage in patients with 
angiographicallyy proven disease. Vogelberg et al15 found respective indices; Fl , 
F22 , F3 , F4 3 and Anderström et al  ,6 Fl 0.95, F2 0.57, 
F33 0.32 and F4 0.28, respectively. Kiekara et al17, also reported a negative correlation 
(rr = -0.73) between ABI and luminal narrowing on arteriography. Many studies did not 
definee criteria for (ab)normal ankle pressures or ABI , which obstructed the determination 
off  its accuracy in terms of sensitivity and specificity. 15~20 

11 1 
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Introduction Introduction 

ABII  measurement is reliable to detect PAOD, although evidence of high methodolo-
gicall  quality was scarce. With a cut-off point <1.0 for disease sensitivity is high, with 
varyingg specificity (table 2). In practice, the cut-off point can be chosen depending on 
whetherr ABI is used to confirm or rule out significant disease. We found no evidence 
thatt supports the often held position that ABI measurement is not reliable in diabetics. 
I tt is frequently stated that incompressible arterial walls, as a result of media sclerosis, 
wil ll  produce falsely elevated ABI in diabetics. Indeed, in correlation studies the ABI 
wass consistently higher in diabetics than non-diabetics, but such studies do not determine 
diagnosticc accuracy. Unfortunately, we found no studies that reported separate results 
forr diabetics and non-diabetics comparing ABI to arteriography or IAP as gold standard. 
Toee pressure measurement, which is often suggested as an alternative to ABI in diabetics, 
ass the digital arteries are assumed not to be affected by media sclerosis, was not evaluated 
inn studies that met our methodological criteria. 

ExceraseExcerase testing 
I tt is not clear whether post-exercise ABI measurement has additional value to ABI 
measurementt at rest, as evidence on its diagnostic accuracy was scarce. In a small study 
byy Sehested et al25 a drop > 30% of pre-exercise ankle pressure measured in the first 
minutee post-exercise, after a 1 minute treadmill walk (4 km/h, 10° incline) was highly 
accuratee to detect lesions in the entire lower extremity (table 2). 

Nicholsonn et al12 found a sensitivity of 92% and specificity of 75% for detection of 
aa stenosis 25-99% on arteriography in the femoropopliteal tract when the systolic ankle 
pressuree dropped > 20 mmHg after 3 minutes walking on the flat or until maximum 
walkingg distance. Exercise testing may be useful to verify pain free and maximum walking 
distance,, although the reproducibility of exercise testing is questionable.66 

DopplerDoppler waveforms 
Bagii  et al  M compared pulse rise time (PRT, i.e. time between lowest point of the 
Dopplerr waveform to its peak), systolic width of the Doppler signal and Pulsatility 
Indexx (PI, i.e. the ratio of the (maximum - minimum) and mean amplitude) of the 
Dopplerr signal, recorded at the dorsalis pedis and posterior tibial arteries. The sensitivities 
weree 86%, 85% and 71% respectively, and specificities were 78%, 87% and 78% 
respectivelyy for detection of significant lesions in the entire lower extremity (table 2). 

Testss for  localization and grading the hemodynamic significance of 
atheroscleroticc lesions 
DopplerDoppler Waveforms 
Forr assessment of the aortoiliac tract PRT is an accurate non-invasive test, but it can 
nott distinguish between severe stenoses and occlusions. This is a serious drawback 
becausee these conditions may require different treatment modalities. Green et a lu found 
aa sensitivity 94% and a specificity 93% for detection of a 50-99% stenosis in the aortoiliac 
tractt by a PRT > 200 ms in the femoral artery (table 3). A PRT > 120 ms in combination 
withh subjective waveform characteristics had a sensitivity and specificity for detection 

13 3 
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Introduction Introduction 

off  a 50-99% stenosis in the aortoiliac tract of 95% and 97% respectively, and for the 
femoropopliteall  tract 79% and 93% respectively in the study by Bagi et alM (table 3). 

Thielee et al31 evaluated the PI to detect a 50-99% stenosis in the aortoiliac tract 
determinedd by IAP. A stenosis was considered significant when a gradient > 10 mmHg 
att rest was recorded between aorta and superficial femoral artery (SFA), or > 20 mmHg 
afterr intraarterial administration of 30 mg of papaverine. PI had a 94% sensitivity and 
82%% specificity in 64 patients with isolated aortoiliac disease (table 3). In the presence 
off  concomitant femoral lesions sensitivity remained high (99%) but specificity decreased 
significandyy to 45%. Similar results were found with arteriography as gold standard 
(tablee 3). 

SegmentalSegmental pressure measurements 
Segmentall  pressure measurements are moderately accurate for locali2ation and grading 
lesions.. Table 3 shows the results for comparisons with arteriography and IAP. Flannigan 
ett al  M defined a femoro-brachial index > 0.9 as normal for both IAP and high thigh 
pressure.. Beijneveld et al35 also compared narrow cuff high thigh pressure measurements 
withh IAP. A stenosis in the aortoiliac tract was considered significant when the femoral/ 
brachiall  index was < 0.7 or decreased during 5 minute inflation of the thigh cuff. In 
bothh studies results were influenced by concomitant SFA disease. 

Goldd standard evaluation 
AngiographicAngiographic techniques 
Thee use of arteriography as reference standard in the work-up of patients before PTA 
orr surgical revascularization has gained world wide acceptance. Although there is no 
evidencee that this is not good clinical practice, arteriography is not always an as ideal 
"goldd standard" as we think. Littl e is known about the interobserver variation of 
judgementt of arteriographies. Assessment of a majority of the arteries of the leg by 
translumbarr aortography proved to be unreliable.36 Good agreement was found to 
identifyy occlusions, whereas agreement on the degree of stenosis was poor. Jager et al37 

foundd good interobserver agreement of angiographic readings with unspecifiedd technique 
off  the aorto-popliteal tract (K-value 0.63). Key et al38 found a coefficient of variation 
off  15% for intraarterial Digital Subtraction Angiography (iaDSA) readings, which 
demonstratess the inaccuracy of grading arteries with iaDSA. 

Conventionall  arteriography (CA) was the most frequendy used gold standard in the 
analyzedd studies. The clinical utility of CA is limited by unsatisfactory visualization of 
calff  and pedal arteries. Different methods have been proposed to improve CA imaging, 
suchh as reactive hyperemia (RH)39 or chemical vasodilation. In a randomized trial Cohen 
ett al ^ compared the dilatory effect of RH and different vasoactive agents administered 
duringg CA. They found equi-effectivity for RH and administration of nitroglycerin 
(tablee 4). 

Thee use of iaDSA techniques for visualization of the distal peripheral arteries proved 
too be superior to CA (table 4). It must be noted that nearly all studies on this topic 
sufferedd from selection bias, as only patients with inadequate visualization of the distal 
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arteriess on CA were studied by complementary iaDSA. Five studies, with various 
objectivess and populations found agreement between CA and intravenous (iv) DSA in 
aboutt 90% of cases (table 4). H' 46~49 Andresen et al ^ compared ia- and ivDSA in a 
randomizedd trial. In 4 patients allocated to ivDSA, iaDSA was necessary because of 
inadequatee image quality. IvDSA requires a larger amount of contrast agents for ade-
quatee visualization. 

Pragerr et al51 studied the ability of a 57 cm intensifier to reduce contrast load. In 85% 
off  196 patients examined for diagnosis or follow-up of PAOD, ivDSA compared to 
CAA yielded sufficient diagnostic information. Reduced resolution limited the assessment 
off  the infrapopliteal arteries. Frank et al52 and Fritschy et al53 used the step displacement 
techniquee to overcome this problem. In 67 patients, the latter established a 30% reduction 
inn use of contrast agents at the cost of unsatisfactory imaging quality in 27 (40%) 
patients. . 

Intra-arterialpressureIntra-arterialpressure measurement vs arteriography 
IA PP can be used for invasive assessment of the hemodynamic significance of lesions in 
thee aortoiliac tract on an outpatient basis. However, no unequivocal criteria for 
determinationn of arterial disease emerge from the literature. Green et al  n reported a 
sensitivityy of 93% and specificity of 94% for detection of a > 50% stenosis in the 
aortoiliacc tract, when the femoral/brachial pressure index was < 0.92 (table 3). These 
resultss were comparable to non-invasive assessment by pulse rise time of the Doppler 
signall  in patients evaluated in the same study. Barber et a lM recorded IA P in the femoral 
arteryy before and after intraarterial administration of 20 mg papaverine. A pressure 
dropp > 18% was inaccurate for detection of angiographic stenoses >50% or occlusions 
inn the aortoiliac tract (table 3). An absolute peak systolic aortofemoral pressure gradient 
>> 20 mmHg or a > 15% decrease of the femoral/aortic pressure index after intra-
arteriall  administration of 50 mg of papaverine indicated a stenosis 50-99% in the 
aortoiliacc tract in a study by Legemate et al.55 Sensitivity was 87% with a 77% specificity 
(tablee 3). 

Thee remaining studies did not allow determination of diagnostic accuracy because of 
angiographicc criteria 56, S7, very small sample size 58 and because only correlations bet-
weenn IA P and luminal narrowing were reported.5960 

Inn a few studies invasive pressure measurement in the infrapopliteal arteries has been 
investigated.. Agerskov et al 61 studied 96 patients with predominandy rest pain or 
gangrenee to assess the crural arteries. Popliteal artery pressure was measured invasively, 
anklee pressure noninvasively. With a gradient > 10 mmHg between popliteal and ankle 
pressuree to indicate a > 50% stenosis on arteriography sensitivity was 74% with a 97% 
specificity.. Menzoian et al ö found weak correlations between peripheral vascular 
resistancee and the number of patent crural vessels on CA, due to high interobserver 
variationn in arteriogram assessment. 
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Conclusions Conclusions 
Ourr systematic review learned us that a definitive diagnosis in patients presenting with 
symptomss of chronic peripheral arterial disease to a vascular surgery practice can be 
establishedd with ABI measurement as initial assessment, and iaDSA or intraarterial 
pressuree measurements to grade and localize the extent of lesions, and that other (non-
invasive)) tests are not of additional value. This also includes exercise testing which may 
howeverr be used to verify the patient's pain free walking distance. 

AimAim of this thesis 
Ourr systematic review included studies that were published until June 1993. Around 
thatt time two non-invasive imaging modalities with great diagnostic performance were 
emerging;; (color) duplex scanning (DS) and Magnetic Resonance Angiography (MRA). 
Thesee modalities could carry the potential of a completely non-invasive work-up of 
patientss with lower extremity ischemia. In addition, pulse generated runoff (PGR) was 
suggestedd by some authors as an alternative to conventional arteriography for detection 
off  runoff vessels in the calf and foot in patients with critical ischemia.63"65 

Inn the studies described in this thesis we try to answer the following questions: 

II  Can the combination of DS and PGR provide adequate anatomical and functional 
informationn on the infrapopliteal arteries in patients with severe lower extremity 
arteriall  disease? 

I II  Do DS and PGR have additional value to arteriography in these patients? 

II II  Can arteriography be replaced by non-invasive diagnostic modalities for manage-
mentt of severe lower extremity arterial disease? 

OutlineOutline of this thesis 
Inn chapter 2 the results of a meta-analysis of studies comparing duplex scanning (DS) 
andd arteriography for assessment of the aortoiliac, femoropopliteal and infrapopliteal 
arteriess are presented. Chapter 3 describes our initial experience with DS and PGR for 
evaluationn of the popliteal and infrapopliteal arteries in patients with severe lower leg 
ischemia.. After this pilot study we prospectively compared the diagnostic accuracy of 
DSS and PGR to arteriography for assessment of the popliteal and infrapopliteal arteries 
andd explored the reliability of DS and PGR for clinical decision making without 
arteriography.. The results of this study are presented in chapter4. The reproducibility of 
arteriographyy as reference standard for assessment of the infrapopliteal arteries has not 
yett been thoroughly evaluated. Chapter 5 presents the results of an interobserver study 
off  arteriography and clinical decision making based on arteriography. If DS is used for 
patientt management it has to be reproducible. Chapter 6 describes the results of a study 
onn interobserver variation of popliteal and infrapopliteal DS. We could formulate 
indicationss for management of patients with severe lower leg ischemia based on DS 
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andd PGR with selective use of arteriography. Chapter 7 evaluates the safety of such a 
predominantlyy non-invasive work-up strategy. Chapter 8 presents the results of a meta-
analysiss of studies comparing arteriography and Magnetic Resonance Angiography 
(MRA)) for assessment of lower extremity arterial occlusive disease. Chapter 9'is a summary 
off  this thesis and general discussion. 
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Summary y 

Thee development of duplex scanning carries the prospect of an entire 
non-invasivee work-up of patients with peripheral arterial occlusive 
diseasee (PAOD). To obtain the best available estimates of its diagnostic 
accuracy,, a meta-analysis of 71 studies evaluating duplex scanning 
wass performed. Independent methodological judgement left 16 stu-
diess for data extraction. Pooled estimates (95% confidence interval) 
off  sensitivity and specificity for detection of a stenosis greater than or 
equall  to 50% or occlusion in the aortoiliac tract were 86% (80-91%) 
andd 97% (95-99%), respectively. The results for the femoropopliteal 
tractt compared well with this with a sensitivity of 80% (74-85%) and 
aa specificity of 96% (94-98%). The accuracy for detection of a steno-
siss greater than or equal to 50% or an occlusion in the infragenicular 
arteriess was lower with a sensitivity and specificity of 83% (59-96%) 
andd 84% (69-93%), respectively. 
Duplexx scanning is an accurate tool for assessment of atherosclerotic 
lesionss in the aortoiliac and femoropopliteal tract and can replace rou-
tinee pre-interventional arteriography in a substantial number of 
patients. . 



DuplexDuplex meta-analysis 

Introductio n n 
Duplexx scanning (DS) is a relatively new diagnostic modality in vascular disease that 
facilitatess non-invasive acquisition of anatomical and physiological information. Chan-
gess in a cross-sectional area of the vascular lumen can be determined by means of peak 
systolicc velocity (PSV) at the site of a stenosis, the ratio of PSV at the site of the 
stenosiss and its immediate normal vicinity, end diastolic velocity, and more subjective 
criteriaa as the number of phases in the Doppler waveform and degree of spectral 
broadening.. This development carries the prospect of an entire non-invasive work-up 
off  patients with peripheral arterial occlusive disease (PAOD). 

Beforee a new test can be introduced in routine clinical practice and used as a base for 
clinicall  decisions, it should be evaluated in methodologically sound studies. In order to 
obtainn the best available estimates of the accuracy of this non-invasive tool, a systematic 
literaturee review was performed, and applied methodological criteria were used in the 
presentt analysis. 

Methods s 
StudyStudy selection 
AA MEDLIN E search was performed between 1976 and June 1994 to retrieve all 
publicationss in English, German and Dutch on diagnostic tests in PAOD. The key 
wordss used were arterial occlusive diseases, arteriosclerosis, claudica* and vascular diseases under 
thee conditions of human and lower extremity. Exclusion criteria were child and adolescence, 
anesthesia,anesthesia, neoplasms, wounds and injuries and varicose veins. Based on title and abstract all 
publicationss on diagnostic tests were selected by one observer (DH). Accuracy of 
selectionn was controlled in a random sample of 100 publications yielding interobserver 
kappass (DH, MK, MP) of 0.81,0.85 and 0.91. Bibiliographies from the selected articles 
weree used to complete the search. Publications reporting repeatedly on the same study 
populationn were included only once. 

QualitativeQualitative analysis 
Al ll  articles on DS were read by three independent observers (DH, MK, MP) and divided 
intoo three categories: pilot studies (e.g. case reports, reproducibility studies), formal 
analysiss studies (comparing duplex with arteriography as gold standard) and review 
articles.. As, in most studies, arteriography was the gold standard it was used as such in 
thee present meta-analysis, without restrictions to angiographic technique or criteria for 
disease. . 

Thee same observers independendy graded methodological quality of the gold standard 
studiess according to predefined criteria. Two elements were essential: a clear definition 
off  the study population and a clear description of the DS technique. Secondary criteria 
too improve study quality were a series of consecutive patients, a prospective study, 
predefinedd test criteria and independent assessment of DS and arteriography. Studies 
satisfyingg all criteria were graded level 1, studies satisfying at least the two essential 
criteriaa level 2 and the remaining studies level 3. Discrepancies in judgement were 
discussedd in order to arrive at a unanimous decision. 
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QuantitativeQuantitative analysis 
Goldd standard studies reporting both sensitivity and specificity proceeded to quantitative 
analysis.. Raw data were extracted by two observers (DH, MK) to summarize diagnostic 
accuracyy according to a modification of the method proposed by Midgette et al.1 A test 
off  homogeneity (Fisher's exact or X2 t es t) w a s initially applied to determine whether 
differencess in sensitivity and specificity among studies of comparable methodological 
level,, were potentially a result of" chance alone. When homogeneity could not be rejected, 
pooledd estimates of sensitivity and specificity and 95% confidence intervals (CI) were 
calculatedd according to the DerSimonian and Laird random effects model, 2 to give 
maximumm weight to potential sources of variation. In case of heterogeneity the Spearman 
correlationn between the separate sensitivities and (100-specificities) was determined. 
Midgettee et al.1 proposed fitting of a Summary Receiver Operating Characteristic curve 
too determine optimal test criteria in case of a positive correlation, a procedure described 
inn detail by Littenberg and Moses.3 

Threee different vascular segments were analyzed: the aortoiliac tract extending from 
thee infrarenal abdominal aorta to the common femoral artery; the femoropopliteal tract 
fromm the common femoral artery to the trifurcation; and the infragerucular arteries 
fromm the trifurcation to the pedal arteries. Some authors subdivided these segments into 
smallerr parts but their reported diagnostic accuracy would be too optimistic because a 
falsee negative or false positive result was compensated for by the large number of 
accuratee results. Moreover, when data of such studies are pooled, confidence intervals 
off  the estimated sensitivity and specificity wil l be artificially narrow. In these studies, 
therefore,, the results were transformed by dividing the raw data for the respective vascular 
segmentss by the number of subdivisions made, to approximate the actual number of 
segmentss examined. If possible, accuracy for detection of a stenosis greater than or 
equall  to 50%, an occlusion, or both separately was determined, because the findings 
wil ll  lead to different treatment strategies. 

Results s 
StudyStudy selection and qualitative analysis 
Fromm a total of 6993 studies, 636 reported on the evaluation of diagnostic tests in 
PAOD,, including 15 pilot studies, 16 review articles and 40 gold standard studies4"43 on 
duplexx ultrasonography. None of the review articles provided original data and reviews 
weree only used to complete the search. Six gold standard studies were excluded because 
theyy were double reports.4"9 The remaining 34 studies are listed in table 1. Six studies 
satisfiedd all our methodological criteria,10"15 15 met at least the two essential criteria,1630 

andd 13 publications were of lower methodological quality.31"43 

QuantitativeQuantitative analysis 
Sevenn level 2 studies were excluded from quantitative analysis because data were presented 
ass aggregate results for the aorto-popliteal tract,17, because DS was used to select patients 
forr percutaneous transluminal angioplasty (PTA) and did not present data on sensitivity 
andd specificity,1928 because of unspecified cut-off criteria,25 study population,26 unspecified 
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Tablee 1 Results of 

Reference e 

LevelLevel 1 
Koenneckee et al.10 

Polakk et al. n 

Whelann et al. 12 

Monetaa et al. 13 

Hatsukamii  et al. 14 

Baxterr et al. ,s 

hevelhevel 2 
Jagerr et al. ,6 

Kohierr et al. 17 

Langsfeldd et al. '8 

Collierr et al. l9 

Legematee et al. x 

Legematee et al. 21 

Whymann et al. ^ 
Daviess et al. a 

Vashistt et al.24 

Sackss et al. ^ 
Fowkess et al.26 

Ebnerr et al. 27 

Karaschh et al. 28 

Langholzz et al. s 

Allardd et al. *> 

Leve/Leve/ 3 
Mergelsbergg et al. 31 

Metzz et al. 32 

Hübschh et al.33 

Hendrickxx et al. M 

Seifertt et al. 35 

Cossmann et al. x 

Jagerr et al. 37 

Landwehrr et al. M 

Mulligann et al. 39 

Edwardss et al. *° 

qualitativee analysis. 

Year r 

1989 9 
1990 0 
1992 2 
1992 2 
1992 2 
1993 3 

1985 5 
1987 7 
1988 8 
1990 0 
1991 1 
1991 1 
1992 2 
1992 2 
1992 2 
1992 2 
1992 2 
1992 2 
1992 2 
1993 3 
1994 4 

1986 6 
1988 8 
1988 8 
1989 9 
1989 9 
1989 9 
1989 9 
1990 0 
1991 1 
1991 1 

Baumgartnerr et al.41 1991 
Rankee et al.+2 

vv d Heijden et al. 43 
1992 2 
1993 3 

Criteri a a 
satisfied d 

all l 
all l 
all l 
all l 
all l 
all l 

1,3,4,5,6 6 
1,3,4,5,6 6 
1,4,5 5 
1,2,4,5 5 
1,3,4,5,6 6 
1,3,4,5,6 6 
1,3,4,5,6 6 
1,3,4,5 5 
1,3,4,5,6 6 
1,3,4 4 
1,2,4,5,6 6 
1,4,5 5 
1,3,4,5,6 6 
1,4,5,6 6 
1,3,4,5,6 6 

none e 
6 6 
4 4 
6 6 
4,5,6 6 
4,5,6 6 
none e 
3,4,5 5 
3,4,5,6 6 
1,5 5 
1,3 3 
4,6 6 
1,5 5 

Population n 

chronicc PAOD 
claudication,, critical ischemia 
investigationn of PAOD 
claudication,, critical ischemia 
severee claudication, critical ischemia 
claudication,, critical ischemia, cellulitis 

claudication,, rest pain, gangrene 
symptomaticc PAOD 
claudication,, critical ischemia 

Technique e 

Colourr coded 
Colourr coded 
Colourr coded 
Colourr coded 
Colourr Doppler 
Colourr Doppler 

B/WW coded 
B/WW coded 
B/WW coded 

normall  femoral, weak/absent distal pulses Colour Doppler 
claudication,, critical ischemia 
claudication,, critical ischemia 
calff  claudication, referred for PTA 
claudication,, referred for PTA 
claudication n 
claudication,, critical ischemia 

B /WW coded 
B/WW coded 
Colourr Doppler 
Colourr coded 
Colourr coded 
B /WW coded 

duplexx for screening in general population B /W coded 
claudication n 
claudication,, clinically suspected AOD 
fontainee I-I V 
claudication,, rest pain, gangrene, other 

suspicionn of PAOD 
noo clinical description of pts 
ptss referred for duplex examination 
noo description 
noo description 

Colourr coded 
Colourr coded 
Colourr coded 
B/WW coded 

B/WW coded 
B/W,, Colour 
Colourr coded 
Colourr coded 
B/WW coded 

ptss referred for Excimer Laser AngioplastyColour coded 
noo description 
ptss referred for PTA 
symptomaticc PAOD 
ischemicc PAD 
ptss referred for PTA 
symptomaticc PAOD 
ptss referred for PTA 

B/WW coded? 
Colourr coded 
Colourr coded 
B/WW coded 
B /WW coded? 
B/WW coded 
Colourr coded 

Criteriaa for methodological quality: 
11 clear definition of study population, 2 consecutive patients, 3 prospective study, 4 clear description of 
duplexx technique used, 5 predefined cut-off values, 6 independent assessment of duplex and arteriography. 
B/W=blackk and white, PTA ^percutaneous transluminal angioplasty, PAOD=peripheral arterial occlusive 
disease,, pts=patients 

investigatedd segment,27 or unclear angiographic criteria.29 All level 3 studies were excluded 
becausee owing to methodological shortcomings, no inference could be drawn from their 
results.. DS results, extracted from the 16 remaining level 1 and 2 studies are listed in table 2. 
Resultss for the different vascular segments are presented separately. 
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AortoiliacAortoiliac segment 

Fivee studies1012,15-18-20 provided raw data on detection of a stenosis greater than or equal 
too 50%. Three studies10-12,15 were excluded because waveform and PSV ratios in the 
commonn femoral artery were interpreted to infer disease, without complete visualization 
off  the iliac artery and were therefore considered not to represent the entire aortoiliac 
tract.. Of the two remaining studies18,20 heterogeneity of sensitivity and specificity could 
nott be detected (p=1.0 and 1.0 respectively), resulting in a pooled (95% CI) sensitivity 
off  80% (61-93%) and specificity of 95% (91-98%) (Table 2). The same studies18-20 

providedd data on detection of an occlusion (Table 2). As there were no false positive 
andd negative results we assumed homogeneity of sensitivity and specificity giving a 
pooledd (95% CI) sensitivity of 94% (65-100%) and specificity of 99% (98-100%). Six 
studies13,1618,21-24'300 reported on detection of a diameter reduction greater than or equal 
too 50%, occlusions included (Table 2). Data from level 1 and 2 studies were pooled, 
becausee sensitivities and specificities were not heterogenous among studies (p=0.78 
andd 0.13 respectively) and did not seem to be influenced by methodological level. This 
ledd to estimates (95% CI) of 86% (80-91%) for sensitivity and 97% (95-99%) for 
specificity. . 

FemoropoplitealFemoropopliteal segment 

Forr assessment of the femoropopliteal segment all authors applied the same criteria as 
forr the aortoiliac tract. Four level l1012-15 and 2 level 222-23 studies provided raw data on 
detectionn of a stenosis greater than or equal to 50% (Table 2). At level 1 homogeneity 
amongg studies for sensitivity (p=0.52) and specificity (p=1.0) could not be rejected, 
leadingg to a pooled (95% CI) sensitivity of 82% (67-92%) and specificity of 96% (93-
98%).. At level 2 sensitivity (p=0.47) and specificity (p=0.50) were also homogeneous; 
pooledd (95% CI) estimates were 95% (85-99%) and 96% (90-99%) for sensitivity and 
specificityy respectively. 

Fromm the same studies accuracy for detection of an occlusion was estimated (table 2). 
Heterogeneityy of sensitivity and specificity among level 1 studies could not be 
demonstratedd (p=0.69 and 0.37 respectively), yielding pooled (95% CI) estimates of 
90%% (80-96%) for sensitivity and 97% (94-99%) for specificity. Raw data of level 2 
studiess were pooled (p= 1.0 for both sensitivity and specificity), giving a sensitivity 95% 
(84-100%)) and 96% (89-99%) for specificity. Five more studies13-16-21,24,30 provided raw 
dataa on detection of a diameter reduction greater than or equal to 50%, occlusions 
includedd (Table 2). Sensitivity and specificity were homogeneous among level 1 studies 
(p=0.277 and 0.23 respectively). Pooled (95% CI) estimates were 80% (70-87%) and 
98%% (95-99%) for sensitivity and specificity respectively. Among level 2 studies sensitivity 
wass heterogeneous (p=0.005). Spearman correlation of the sensitivity and (100-
specificity)) was -0.67, indicating concordance in duplex criteria. Four studies16-21,24,30 

couldd be pooled as among these sensitivity and specificity were homogeneous (p=0.36 
andd 0.23 respectively), resulting in a sensitivity of 80% (71-86%) and 95% (90-98%) 
forr specificity. Pooling data of level I10'11-13-14 and 216,21,24-30 studies resulted in a 80% (74-
85%)) sensitivity and 96% (94-98%) specificity. 
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Tablee 2 Results of quantitative analysis for detection of a stenosis greater than or equal to 50%, an 
occlusionn and a stenosis greater than or equal to 50% or occlusion. 

Reference e 

Aottoiliac Aottoiliac 
levellevel 1 
Moneta13 3 

levellevel 2 
Jager16 6 

Langsfeld18 8 

Legemate20 0 

Legemate21 1 

Vashist24 4 

Allard30 0 

pooled d 
(95%%  CI ) 

Duplexx criteria * 

PSVV ratio > 2.0a 

PSVV ratio > 2.0 
PSVV ratio > 2.0b 

PSVV ratio > 2.5 
PSVV ratio > 2.5 
PSVV ratio > 2.0 
PSVV ratio > 2.0 

Fetnoropopliteal Fetnoropopliteal 
levellevel 1 
Koennecke1 1 

Polak11 1 

Whelan12 2 

Moneta13 3 

Hatsukami14 4 

Baxter'5 5 

pooled d 
(95%%  CI ) 
levellevel 2 
Jager16 6 

Legemate21 1 

Whyman22 2 

Davies23 3 

Vashist24 4 

Allard30 0 

pooled d 
(95%%  CI ) 

55 PSV ratio > 2.0 
PSVV ratio > 2.0* 
PSVV ratio > 2.011 

PSVV ratio > 2.0» 
Waveformd d 

PSVV ratio > t.8 

PSVV ratio > 2.0 
PSVV ratio > 2.5 
PSVV ratio > 2.0 
PSVV ratio > 2.0 
PSVV ratio > 2.0 
PSVV ratio > 2.0 

Infragenicular Infragenicular 
levellevel 1 
Koennecke1' ' 
levellevel 2 
Moneta13 3 

Hatsukami14 4 

pooled d 
(95%%  CI ) 

>> PSV ratio > 2.0f 

Noo flow 
Waveformd d 

n n 

286 6 

54 4 
46 6 
90 0 

122c c 

18 8 
99 9 

Sens s 
(%) ) 

Spec c 
(%) ) 

Stenosiss > 50% 

--

--
80 0 
81 1 

--
--
--

80 0 
(61-93) ) 

82 2 
34 4 

100 0 
286 6 
58e e 

40 0 

71 1 
76 6 
88 8 
--
--

82 2 
82 2 

(67-92) ) 

54 4 
122' ' 

36 6 
65 5 
20 0 
99 9 

--
--

93 3 
97 7 

--
--

95 5 
(85-99) ) 

49 9 

286 6 
58e e 

--

--
--

--

--
95 5 
96 6 
--
--
--

95 5 
(91-98) ) 

96 6 
96 6 
96 6 

--
--

96 6 
96 6 

(93-98) ) 

--
--

96 6 
97 7 

--
--

96 6 
(90-99) ) 

--

--
--

Sens s 
(%) ) 

Spec c 
(%) ) 

Occlusion n 

--

--
100 0 
88 8 

--
--
--

94 4 
(65-100) ) 

87 7 
100 0 
95 5 

--
90 0 

--
90 0 

(86-96) ) 

--
--

100 0 
94 4 

--
--

95 5 
(84-100) ) 

73 3 

73 3 
87 7 
74 4 

(66-81) ) 

--

--
100 0 
100 0 

--
--
--

99 9 
(98-100) ) 

96 6 
96 6 
99 9 

--
97 7 

--
97 7 

(94-99) ) 

--
--

94 4 
98 8 

--
--

96 6 
(89-99) ) 

95 5 

91 1 
100 0 
93 3 

(87-97) ) 

Sens s 
(%) ) 

Spec c 
) ) 

Stenosis/occlusion n 

89 9 

82 2 
86 6 

--
89 9 
88 8 
83 3 
86 6 

(80-91) ) 

95 5 
88 8 

--
79 9 
70 0 

--
80 0 

(70-87) ) 

75 5 
76 6 
98 8 
96 6 

100 0 
87 7 
80 0 

(74-85) ) 

94 4 

--
78 8 
83 3 

(59-96) ) 

99 9 

100 0 
94 4 
--

98 8 
100 0 
96 6 
97 7 

(95-99) ) 

100 0 
96 6 
--

98 8 
96 6 
--

98 8 
(95-99) ) 

96 6 
97 7 

100 0 
100 0 
92 2 
93 3 
96 6 

(94-98) ) 

91 1 

. . 
79 9 
84 4 

(69-93) ) 

*Orr no signal in case of occlusion n=number of limbs Sens=sensitivity Spec=specificity CI=confidence 
interval,bb or spectral broadening or monophasic waveform in case of >50% stenosis.c 61 patients, 921/ 
9600 (96%) of segments adequately visualized. d Occlusion: no flow, present collaterals, >50% stenosis: 
noo triphasic signal, poststenotic turbulence or bruit.e 29 patients, 928 segments, 292 excluded for various 
reasons.ff No specification of grade of stenosis.8 or narrowing of transverse lumen widi colour Doppler 
orr a combination. h and waveform change from triphasic to monophasic, or PSV > 200 cm/s. 

29 9 



ChapterChapter 2 

InfragenkularInfragenkular arteries 
Feww studies evaluated DS of the infragenicular arteries, all were rated level 1. Three 
studies10,13,144 provided raw data on detection of an occlusion (Table 2) with homogeneous 
estimatess of sensitivity (p=0.73) and specificity (p=0.14). The resulting pooled (95% 
CI)) sensitivity was 74% (66-81%) with a specificity of 93% (87-97%). Two studies10-14 

providedd data on detection of a stenosis greater than or equal to 50% or an occlusion 
(Tablee 2). Despite different test criteria heterogeneity of sensitivity and specificity could 
nott be demonstrated (p=0.34 and 0.28 respectively). Pooled (95% CI) estimates were 
83%% (59-96%) for sensitivity and 84% (69-93%) for specificity (Table 2). 

Discussion n 
Thee purpose of this study was to evaluate the diagnostic accuracy of DS for assessment 
off  arterial occlusive disease in the lower extremity, in methodologically sound studies. 
Inn studies considered suitable for quantitative analysis, accuracy of DS for the respective 
vascularr segments was in the same range, despite the use of different criteria for detection 
off  a stenosis greater than or equal to 50%. The homogeneity of sensitivity and specificity 
amongg studies indicates that DS is reproducible in different study centers in patients 
withh claudication and critical ischemia. The heterogeneity of sensitivity for detection of 
aa stenosis greater than or equal to 50% or occlusion in the femoropopliteal tract among 
levell  2 studies could not be explained by differences in diagnostic criteria or duplex 
technique,, but was probably due to the different aims of the studies and, as a consequence, 
thee composition of patient collectives. Whereas 4 studies16,21'24'30 determined accuracy 
off  DS for localization and characterization of atherosclerotic lesions, Whyman et al.22 

andd Davies et al.23 used DS explicitiy to identify lesions in the superficial femoral artery 
suitablee for PTA on clinical examination. 

Thee meta-analysis shows that DS is an accurate non-invasive test for assessment of 
arteriall  occlusive disease in the aortoiliac and femoropopliteal tract in patients with 
claudicationn or critical ischemia. There was no difference in the accuracy of DS to 
detectt a significant stenosis or occlusion. This implies that DS has the potential to 
replacee arteriography for determination of treatment strategy, especially in patients with 
localizedd lesions as these can be treated by PTA.22-24>40'43>44 Although diagnostic 
arteriographyy can be combined with PTA in the same session, duplicate arteriography is 
nott uncommon. This increases the complication rate and is inconvenient for the patient. 
Ass DS has a high negative predictive value, significant lesions in the aortoiliac and 
femoropopliteall  tract can be reliably excluded. This may help reduce the number of 
diagnosticc arteriographies in patients with symptoms not justifying a surgical or 
endovascularr procedure. 

Forr planning operative treatment most surgeons will feel that diagnostic arteriography 
iss still mandatory, especially when the patient needs a femorodistal reconstruction. In 
thesee patients assessment of the outflow tract quality (i.e. the cruropedal arteries) is of 
paramountt importance to choose the distal anastomosis site and to predict operation 
success.. Because of the small number of patients studied and the resulting wide 
confidencee intervals of the pooled sensitivity (95% CI) of 83% (59-96%) and specificity 
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off  84% (69-93%) for detection of hemodynamicaUy significant lesions in the below-
kneee arteries, reliable clinical decisions regarding surgical treatment can not be based on 
DSS alone and arteriography remains a prerequisite. Further research is warranted to 
determinee the significance of DS in the evaluation of the distal outflow tract. Alternatives 
forr non-invasive detection of runoff vessels like Pulse Generated Runoff  45,46 and 
Magneticc Resonance Imaging 36-47-48 have been suggested, but have as yet not found 
widespreadd application. 

Inn the University of Amsterdam the integrated use of DS has significandy reduced 
thee need for diagnostic arteriography. The majority of patients with localized lesions 
aree directly scheduled for PTA based on the information from the non-invasive work-
upp and in selected cases (such as isolated external and/or common iliac artery occlusions) 
reconstructionss are performed without complementary arteriography. Elsman et al. u 

evaluatedd a similar strategy in a prospective study of 112 consecutive patients. In the 
majorityy of patients treatment strategy could be determined based on the non-invasive 
work-up,, reducing the need for diagnostic arteriographies by 50%. 

Duplexx scanning is an excellent tool in the non-invasive work-up of patients with 
arteriall  occlusive disease in the aortoiliac and femoropopliteal tract and because of its 
highh diagnostic accuracy can replace routine diagnostic arteriography for planning surgical 
interventionn or PTA in a substantial number of patients. For assessment of the crural 
arteriess arteriography remains a prerequisite. 
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Raww data in tables could not be included in the publication in the British Journal of 
Surgeryy and are presented here. 

Tablee a Accuracy of duplex scanning for detection of stenosis > 50% (occlusions not included). 

Study y 

Aortoiliac Aortoiliac 
levellevel 2 
Langsfeld18 8 

Legemate20 0 

pooled d 
(95%%  CI ) 

Femoropopliteal Femoropopliteal 
kvelkvel 1 
Koennecke10 0 

Polak" " 
Whelan12 2 

Baxter15 5 

pooled d 
(95%%  CI ) 
levellevel 2 
Whyman23 3 

Davies23 3 

pooled d 
(95%%  CI ) 

Duplexx criteri a 

PSVV ratio > 2.0 
PSVV ratio > 2.5 

PSVV ratio > 2.0 
PSVV ratio > 2.0» 
PSVV ratio > 2.0b 

PSVV ratio > 1.8 

PSVV ratio > 2.0 
PSVV ratio > 2.0 

n n 

46 6 
90 0 

82 2 
34 4 

100 0 
40 0 

36 6 
65 5 

TP P 

4 4 
13 3 

5 5 
3 3 

22 2 
9 9 

14 4 
27 7 

FP P 

2 2 
3 3 

3 3 
1 1 
3 3 
1 1 

1 1 
1 1 

F N N 

1 1 
3 3 

2 2 
1 1 
3 3 
2 2 

1 1 
1 1 

T N N 

38 8 
71 1 

70 0 
25 5 
78 8 
28 8 

27 7 
36 6 

Senss (%) 

80 0 
81 1 
80 0 

(61-93) ) 

71 1 
76 6 
88 8 
82 2 
82 2 

(67-92) ) 

93 3 
97 7 
95 5 

(85-99) ) 

Specc (%) 

95 5 
96 6 
95 5 

(91-98) ) 

96 6 
96 6 
96 6 
96 6 
96 6 

(93-98) ) 

96 6 
97 7 
96 6 

(90-99) ) 

n=numberr of limbs, TN=true positive, FP=false positive, FN=false negative, TN=true negative 
Sens=sensitivity,, Spec=specificity, CI=confidence interval. a or narrowing of transverse lumen with 
colorr Doppler or a combination. b and waveform change from triphasic to monophasic, or PSV > 200 
cm/s. . 
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Tablee b Accuracy of duplex scanning for detection of occlusion. 

Study y Duplexx criteri a n T P FP FN T N Sens (%) Spec (%) 

Aoftoiliac Aoftoiliac 
levellevel 2 
Langsfeld18 8 

Legemate20 0 

pooled d 
(95%%  CI ) 

Femoropopliteal Femoropopliteal 
levellevel 1 
Koennecke10 0 

Polak" " 
Whelan12 2 

Hatsukami14 4 

pooled d 
(95%%  CI ) 
levellevel 2 
Whyman22 2 

Davies23 3 

pooled d 
(95%%  CI ) 

Infragenicular Infragenicular 
levellevel 1 
Koennecke10 0 

Moneta13 3 

Hatsukami14 4 

pooled d 
(95%%  CI ) 

Noo signal 
Noo signal 

Noo flow 
Noo flow 
Noo flow 
Noo flow 

Noo flow 
Noo flow 

Noo flow 
Noo flow 
Noo flow 

46 6 
90 0 

82 2 
34 4 

100 0 
58' ' 

36 6 
65 5 

49 9 
286 6 
58' ' 

4 4 
2 2 

20 0 
4 4 

18 8 
9 9 

26 6 
16 6 

8 8 
72 2 
13 3 

0 0 
0 0 

2 2 
1 1 
1 1 
1 1 

1 1 
1 1 

2 2 
16 6 
0 0 

0 0 
0 0 

3 3 
0 0 
1 1 
1 1 

0 0 
1 1 

3 3 
26 6 
2 2 

40 0 
88 8 

55 5 
25 5 

105 5 
31 1 

16 6 
47 7 

36 6 
176 6 
24 4 

100 0 
100 0 
94 4 

(65-100 ) ) 

87 7 
100 0 
95 5 
90 0 
90 0 

(86-96 ) ) 

100 0 
94 4 
95 5 

(84-100 ) ) 

73 3 
73 3 
87 7 
74 4 

(66-81 ) ) 

100 0 
100 0 
99 9 

(98-100 ) ) 

96 6 
96 6 
99 9 
97 7 
97 7 

(94-99 ) ) 

94 4 
98 8 
96 6 

(89-99 ) ) 

95 5 
91 1 

100 0 
93 3 

(87-97 ) ) 

n=numberr of limbs, TN=true positive, FP—false positive, FN=false negative, TN—true negative 
Sens=sensitivity,, Spec=specificity, CI=confidence interval. 
11 29 patients, 928 segments, 292 excluded for various reasons. 
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Tablee c Accuracy 

Study y 

Aortoiliac Aortoiliac 
levellevel 1 
Moneta13 3 

levellevel 2 
Jager16 6 

Langsfeld18 8 

Legemate21 1 

Alkrd 29 9 

pooled d 
(95%%  CI ) 

Femoropopliteal Femoropopliteal 
lepellepel 1 
Koennecke10 0 

Polak11 1 

Moneta13 3 

Hatsukami14 4 

pooled d 
(95%%  CI ) 
levellevel 2 
Jager16 6 

Legemate21 1 

Whyman22 2 

Davies23 3 

Allard29 9 

pooled d 
(95%%  CI ) 

Infragenicular Infragenicular 
levellevel 1 
Koennecke10 0 

Hatsukami14 4 

pooled d 
(95%%  CI ) 

off  duplex scanning 

Duplexx criteri a 

PSVV ratio > 

PSVV ratio > 
PSVV ratio > 
PSVV ratio > 
PSVV ratio > 

2.0a a 

2.0 0 
2.0b b 

2.5 5 
2.0 0 

PSVV ratio > 2.0 
PSVV ratio > 2.0 0 
PSVV ratio > 2.0a 

Waveformd d 

PSVV ratio > 
PSVV ratio > 
PSVV ratio > 
PSVV ratio > 
PSVV ratio > 

PSVV ratio > 
Waveformd d 

2.0 0 
2.5 5 
2.0 0 
2.0 0 
2.0 0 

2.0f f 

forr detection of 

n n 

286 6 

54 4 
46 6 

122c c 

99 9 

82 2 
34 4 

286 6 
58e e 

54 4 
122c c 

36 6 
65 5 
99 9 

49 9 
58e e 

TP P 

51 1 

28 8 
6 6 

34 4 
24 4 

18 8 
7 7 

55 5 
7 7 

27 7 
40 0 
41 1 
43 3 
46 6 

16 6 
14 4 

stenosiss > 50°/c 

FP P 

2 2 

0 0 
2 2 
2 2 
3 3 

0 0 
1 1 
4 4 
1 1 

1 1 
2 2 
0 0 
0 0 
3 3 

3 3 
6 6 

FN N 

6 6 

6 6 
1 1 
4 4 
5 5 

1 1 
1 1 

15 5 
3 3 

9 9 
12 2 

1 1 
2 2 
7 7 

1 1 
4 4 

orr occlusion. 

T N N 

208 8 

20 0 
30 0 
84 4 
67 7 

66 6 
25 5 

212 2 
22 2 

17 7 
68 8 

1 1 
20 0 
43 3 

29 9 
22 2 

Senss (%) 

89 9 

82 2 
86 6 
89 9 
83 3 
85 5 

(77-91) ) 

95 5 
88 8 
79 9 
70 0 
80 0 

(70-87) ) 

75 5 
76 6 
98 8 
96 6 
87 7 
80 0 

(71-86) ) 

94 4 
78 8 
83 3 

(59-96) ) 

Spec(%) ) 

99 9 

100 0 
94 4 
98 8 
96 6 
96 6 

(93-98) ) 

100 0 
96 6 
98 8 
96 6 
98 8 

(95-99) ) 

96 6 
97 7 

100 0 
100 0 
93 3 
95 5 

(90-98) ) 

91 1 
79 9 
84 4 

(69-93) ) 

*Orr no signal in case of occlusion n=number of limbs, TN=true positive, FP=false positive, FN—false 
negative,, TN=true negative, CI=confidence interval, sens=sensitivity, spec=specificity, CI—confidence 
interval.. a or PSV > 200 cm/s. b or spectral broadening or monophasic waveform in case of >50% 
stenosis.. c 61 patients, 921/960 (96%) of segments adequately visualised. A Occlusion: no flow, present 
collaterals,, >50% stenosis: no triphasic signal, poststenotic turbulence or bruit.c 29 patients, 928 segments, 
2922 excluded for various reasons. f No specification of grade of stenosis. 
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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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Introductio n 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. 

Arteria ll  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 Definitiv e 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 
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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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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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Introductio n 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 
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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. 

Arteria ll  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%) 

Definitiv ee 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 full y patent segment. 

Arteria ll  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. 

LINK S 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) 
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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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Abstract t 

Objective::  Arteriography is the reference standard for assessment of 
thee lower leg arteries in patients with severe lower limb ischemia. 
Interobserverr variation in arteriography interpretation may cause 
disparitiess with non-invasive imaging modalities. We determined 
interobserverr variation in lower leg artery assessment with intraarterial 
Digitall  Subtraction Angiography (iaDSA) and subsequent patient 
management. . 
Materials::  IaDSA studies of patients evaluated for severe claudication 
(n=5)) or critical ischemia (n=43). 
Methods::  Arteriograms were independendy judged by four observers. 
Thee popliteal and tibial arteries were graded as fully patent, severely 
diseased,, occluded or non-diagnostic. The dorsalis pedis, common 
andd deep plantar artery were graded as directly, indirectly or not fillin g 
thee pedal arch or non-diagnostic. Agreement on grading arteries was 
expressedd as K-values. Treatment plans (conservative, PTA, surgery, 
amputation,, non-diagnostic) proposed by each observer based on 
clinicall  information and iaDSA were compared. 
Results::  The rate of non-diagnostic judgements ranged from 1% in 
thee popliteal to 22% in the pedal arteries. Overall agreement was 
goodd for grading the popliteal arteries (K = 0.64), moderate for the 
tibiall  (K = 0.47-0.54) and fair for the pedal arteries (K = 0.39). 
Agreementt was good to excellent for grading occluded or fully patent 
popliteall  and tibial artery segments, and fair to moderate for grading 
severee disease. In 57% of cases at least 3 observers proposed identical 
treatment,, which indicates fair overall agreement (K = 0.33). 
Conclusion::  Interobserver agreement on iaDSA is good to determine 
occludedd or fully patent popliteal or tibial arteries, but not for severe 
disease.. This should be taken into account when other diagnostic 
modalitiess are compared with iaDSA. Evaluation of diagnostic 
modalit iess as concordance in treatment plans is flawed by 
interindividuall  variation. 
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Introductio n n 
AA successful endovascular or surgical revascularization at or below the level of the 
popliteall  artery in patients with severe lower leg ischemia requires adequate information 
onn the very distal arteries. Arteriography is the accepted modality for evaluation of the 
lowerr leg outflow tract. The technical success of arteriography may be limited by several 
factorss such as poor cardiac function or renal insufficiency. Reactive hyperaemia1'2 , 
pharmacologicall  vasodilation 2 and anterograde selective catheterization 3 improve the 
depictionn of runoff vessels. Intraarterial digital subtraction techniques (iaDSA) can 
prolongg acquisition time, which is helpful in case of slow or retrograde flow. It can help 
visualizee more patent distal vessels than conventional angiography at a lower contrast 
load.44 A technically adequate iaDSA can be as accurate as intra-operative angiography 
inn detecting patent named vessels 5 and is suitable to guide distal reconstruction.6 

Sincee arteriography is an invasive procedure, a lot of effort has been put into the 
developmentt of non-invasive modalities such as duplex scanning (DS) and Magnetic 
Resonancee Angiography (MRA). The determination of interobserver variation is an 
essentiall  step in the development of new diagnostic tests. Next, their diagnostic accuracy 
iss compared to arteriography as the reference standard. Several comparative studies on 
assessmentt of the lower leg arteries reported disparity between arteriography, MRA  8 

andd DS.9"13 These discrepancies may be explained in part by interobserver variation in 
thee interpretation of arteriography. Information on interobserver variation with respect 
too the interpretation of the reference test is equally important. If the reference standard 
testt is subject to high interobserver variation, and therefore unreliable, tests compared 
too this reference standard are likely to have a poor performance. Despite the fact that it 
hass gained world wide acceptance as reference standard, only limited data are available 
onn interobserver variation in assessment of the infrapopliteal arteries with arteriography. 

Thee aim of this study was to determine interobserver variation on assessment with 
iaDSAA of the popliteal, tibial and pedal arteries in patients with severe lower limb 
ischemiaa and to determine variation in patient management based on clinical 
characteristicss and iaDSA. 

Patientss and Methods 
Patients Patients 

AA random sample of 48 patients was drawn from a total of 120 included in a study 
comparingg DS, Pulse Generated Runoff and iaDSA for assessment of the lower leg 
arteries.144 (SAS for Windows 6.12, random number generator, SAS Institute Inc, Cary, 
NC,, USA). These patients had severe claudication (n=5), ischemic rest pain (n=16) and 
tissuee loss (n=27) (Table 1). 

Arteriography Arteriography 

Biplanee selective iaDSA was performed in all patients using an anterograde femoral 
puncture.. Non-ionic contrast (Iohexol 350 mg J /ml, Nycomed, Oslo, Norway) was 
administeredd by constant mechanical injection (10 cc in 2 s), with the catheter tip as 
distallyy as possible in the superficial femoral artery. Contrast volumes were increased 
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Characteristi cc n (%) 

mediann age 74 years (range 32-94) 
malee sex 27 (56%) 
diabetess 20 (42%) 
smokingg (current or prior) 17 (35%) 
hypertensionn (on medication) 15 (31%) 
hyperlipidaemiaa (on medication) 0 ( 0%) 
coronaryy artery disease (angina, AMI , PTCA, CABG) 16 (33%) 
cerebrovascularr disease (TIA , stroke) 13 (27%) 
priorr intervention (PTA, bypass, endarterectomy) 23 (48%) 

AM II  = acute myocardial infarction, PTCA=Percutaneous Transluminal Coronary Angioplasty, 
CC ABG=Coronary Artery Bypass Graft, Tl A=Transient Ischemic Attack, PTA=Percutaneous Transluminal 
Angioplasty. . 

forr fillin g of the foot arteries. Chemical vasodilation or reactive hyperemia were not 
used.. Antero-posterior and lateral views were obtained at each level. A ruler was placed 
alongg the lower leg to be able to measure the distance from the upper rim of the patella 
too any lesions in the lower leg and to define the proximal, middle and distal thirds of the 
tibiall  arteries. The arteriograms were printed on film and after initial assessment by a 
radiologistt (JR.) presented blind to 3 vascular surgeons (DAL, RB, NK). Guidelines 
weree provided for assessment of the arteriograms to all observers, who, blinded to the 
otherr reader's interpretations, graded the supra- and infrageniculate popliteal artery, 
tibioperoneall  trunk, proximal, middle and distal thirds of the tibial arteries as: 2 for no 
orr minor vessel wall irregularities and fully patent lumen; 1 for severe irregularities, 
diffusee luminal narrowing or isolated subtotal stenosis (corresponding with a stenosis 
>> 50%); 0 for occlusion; and 9 for non-diagnostic. 

Thee dorsalis pedis, deep and common plantar artery scored 2 for direct fillin g of the 
pedall  arch; 1 for indirect filling  of the pedal arch; 0 for no fillin g of the pedal arch; and 
99 for non-diagnostic. 

Ann arterial segment with both stenosis and occlusion was considered to be occluded. 
I ff  a segment could not be assessed because of movement or bone artifacts or poor 
fillin gg of an artery, iaDSA was non-diagnostic. 

Afterr scoring of the angiogram, all observers received information on sex, age, 
symptoms,, risk factors, coronary artery and cerebrovascular disease, prior peripheral 
vascularr interventions, physical examination, and if available, ankle-brachial index and 
toee pressure. It was assumed that all patients had suitable veins and did not have wounds 
thatt would obstruct a necessary incision. Based on clinical information and the iaDSA 
eachh observer proposed a treatment plan. This could be conservative treatment, PTA, 
bypasss surgery, primary amputation or iaDSA was considered non-diagnostic. 

Analysis Analysis 
Interobserverr variation on iaDSA interpretation was expressed as kappa (K) values and 
calculatedd according to the method proposed by Fleiss for agreement between multiple 
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observerss for multiple test results.15 This method provides a measure of overall agreement 
andd allows the determination of agreement on the different elements that compose 
overalll  agreement. Interobserver variation on treatment plans was expressed as a simple 
K-value.. Kappa expresses the probability of agreement beyond chance. Strength of 
agreementt 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) or excellent (K = 0.81-1.0).16 

Results s 
Tablee 2 lists the frequencies of grading disease within the popliteal, tibial and pedal 
arteriess by the radiologist and vascular surgeons on a segment to segment basis. The 
proportionn of non-diagnostic judgements ranged between 0% and 8% in the popliteal 
andd tibial arteries and ranged between 15% and 32% within the pedal arteries. 

Tablee 2 Frequency of judgements. 

Arter y y 

AKK popliteal 
BKK popliteal 
TPP trunk 
ATT proximal 
ATT middle 
ATT distal 
PTT proximal 
PTT middle 
PTT distal 
Perr proximal 
Perr middle 
Perr distal 
Dorsaliss Pedis 
Deepp plantar 
Commonn plantar 

occlusion n 

677 (35%) 
566 (29%) 
599 (31%) 

1088 (56%) 
1122 (58%) 
1011 (53%) 
1233 (64%) 
1299 (67%) 
1222 (64%) 

744 (39%) 
833 (43%) 
900 (47%) 
811 (42%) 
799 (41%) 
744 (39%) 

severee disease 

644 (33%) 
477 (25%) 
755 (39%) 
311 (16%) 
211 (11%) 
366 (19%) 
366 (19%) 
199 (10%) 
244 (13%) 
655 (34%) 
444 (23%) 
322 (17%) 
355 (18%) 
211 (11%) 
522 (27%) 

full yy patent 

566 (29%) 
899 (46%) 
522 (27%) 
488 (25%) 
455 (23%) 
400 (21%) 
266 (14%) 
311 (16%) 
355 (18%) 
488 (25%) 
511 (27%) 
566 (29%) 
422 (22%) 
300 (16%) 
377 (19%) 

non-diagnostic c 

55 ( 3%) 
00 ( 0%) 
6(( 3%) 
55 ( 3%) 

144 ( 7%) 
155 ( 8%) 

77 ( 4%) 
133 ( 7%) 
111 ( 6%) 

55 ( 3%) 
144 ( 7%) 
144 ( 7%) 
344 (18%) 
622 (32%) 
299 (15%) 

AK-Abov ee Knee, BK=Below Knee, TP=tibio-peroneal, AT=anterior tibial, PT=posterior tibial, 
Per== Peroneal. 

Tablee 3 lists the interobserver agreement on grading the respective vascular segments. 
Overalll  agreement was good for the below knee popliteal artery, moderate for the above 
kneee popliteal artery, the tibioperoneal trunk and the three tibial arteries, the dorsalis 
pediss artery and fair within the other pedal arteries. Agreement on occlusions was excel-
lentt within the popliteal arteries, good within the three tibial arteries and moderate 
withinn the tibioperoneal trunk and the pedal arteries. Agreement on severe disease was 
worse,, and ranged from moderate within the popliteal arteries to fair for the tibial and 
dorsaliss pedis arteries and poor within the plantar arteries. Fully patent segments were 
identifiedd with good agreement within the anterior and posterior tibial arteries and 
moderatee agreement within the other arteries. Agreement on non-diagnostic iaDSA was 
poor,, except for the popliteal and pedal arteries. Separate analysis of image interpretation 
byy the three vascular surgeons with exclusion of the radiologist did not reveal differences 
inn agreement (data not shown here). Thirty patients had an occluded superficial femoral 
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arteryy (SFA), nine patients had a > 50% stenosis and in nine the SFA showed no signi-
ficantficant abnormalities. In patients with a normal SFA the pedal arteries were graded non-
diagnosticc less frequently than in the presence of a stenosis > 50% or occlusion (3-8%) 
vs.. 15-25%). However, the presence or absence of SFA occlusion did not influence 
interobserverr agreement on assessment of the lower leg arteries, (data not shown here). 

Tablee 3 Interobserver agreement for iaDSA readings expressed as K-values (with 95% CI). 

Arter y y overall l occlusionn severe disease full y patent non-diagnostic 

AKK popliteal 
BKK popliteal 
TPP trunk 
ATT proximal 
ATT middle 
ATT distal 
PTT proximal 
PTT middle 
PTT distal 
Perr proximal 
Perr middle 
Perr distal 
Dorsaliss Pedis 
Deepp plantar 

0.599 (0.51-0.67) 
0.677 (0.59-0.75) 
0.477 (0.40-0.55) 
0.600 (0.52-0.68) 
0.577 (0.50-0.65) 
0.466 (0.39-0.54) 
0.455 (0.37-0.53) 
0.555 (0.47-0.63) 
0.566 (0.48-0.64) 
0.433 (0.35-0.51) 
0.511 (0.43-0.58) 
0.444 (0.36-0.51) 
0.522 (0.45-0.58) 
0.277 (0.20-0.34) 

Commm plantar 0.35 (0.28-0.42) 

0.799 (0.68-0.91 
0.855 (0.73-0.96; 
0.588 (0.47-0.70; 
0.733 (0.62-0.85; 
0.700 (0.58-0.82; 
0.533 (0.42-0.65 
0.544 (0.42-0.66; 
0.711 (0.59-0.82 
0.633 (0.51-0.74 
0.599 (0.47-0.71 
0.688 (0.57-0.80; 
0.544 (0.42-0.66; 
0.588 (0.46-0.70; 
0.255 (0.13-0.36; 
0.477 (0.36-0.59; 

0.522 (0.40-0.63) 
0.522 (0.41-0.64) 
0.399 (0.28-0.51) 
0.400 (0.28-0.51) 
0.411 (0.30-0.53) 
0.366 (0.25-0.48) 
0.344 (0.22-0.45) 
0.244 (0.13-0.36) 
0.433 (0.31-0.54) 
0.299 (0.16-0.39) 
0.399 (0.28-0.51) 
0.300 (0.18-0.42) 
0.488 (0.36-0.59) 

0.500 (0.38-0.61) 
0.633 (0.51-0.75) 
0.533 (0.41-0.64) 
0.655 (0.53-0.76) 
0.688 (0.57-0.80) 
0.566 (0.44-0.67) 
0.566 (0.44-0.67) 
0.711 (0.59-0.82) 
0.622 (0.50-0.73) 
0.466 (0.34-0.57) 
0.533 (0.41-0.64) 
0.466 (0.35-0.58) 
0.599 (0.48-0.71) 

-0.011 (-0.13-0.1) 0.42 (0.31-0.54) 
0.144 (0.02-0.25) 0.34 (0.23-0.46) 

0.255 (0.13-0.36) 
NA A 
0.000 (0.00-0.08) 
-0.033 (-0.01-0.09) 
0.088 (-0.04-0.19) 
0.200 (0.09-0.32) 
0.066 (-0.05-0.18) 
0.099 -0.02-0.21) 
0.399 (0.27-0.50) 
0.111 (0.00-0.23) 
0.133 (0.01-0.24) 
0.288 (0.17-0.40) 
0.366 (0.24-0.47) 
0.333 (0.22-0.45) 
0.477 (0.36-0.59) 

CI=confidencee interval, AK=Above Knee, BK-Below Knee, TP=tibio-peroneal, AT=anterior tibial, 
PT=posteriorr tibial, Per=Peroneal, NA=not applicable 

Tablee 4 presents the treatment plans proposed by four observers based on clinical infor-
mationn and iaDSA and the actual treatment of the included patients. Absolute agreement 
betweenn all four observers was found in only 23% of the cases and in 57% at least 3 
observerss agreed on the treatment plan. The corresponding K-value of 0.33 (95%) CI 
0.26-0.39)) indicates only fair overall agreement on proposed treatment plans. Treatment 
planss defined by an interventional radiologist may differ from the approach by surgeons. 
Separatee analysis of agreement on treatment plans formulated by the three vascular 
surgeonss revealed a slighdy better but still moderate agreement, with a weighted K-
valuee of 0.40 (0.30-0.49). 

Discussion n 
Thee overall interobserver agreement for grading disease with iaDSA was good within 
thee popliteal arteries, and moderate within all other arteries. Agreement on grading 
segmentss as occluded or fully patent was good in the popliteal and tibial arteries. This is 
inn contrast with the fair agreement on identification of severe disease in all arteries, 
exceptt the popliteal arteries. An obvious explanation could be that our classification 
systemm is equivocal for grading severe disease. The severity of stenoses was not measured 
withh calipers, which as a consequence introduces a more subjective judgement. On the 
otherr hand, our scoring system may well reflect daily practice in which calipers will not 
bee used on a routine basis. Moreover, it is has been shown that measuring luminal 
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Tablee 4 Proposed and actual treatment based on patient profile and angiography. 

Treatmentt  proposed by 1 obs 2 obs 3 obs 4 obs total Actual 

Conservative e 
PTA A 
Bypass s 

fem-pop p 
TPP trunk 
anteriorr tibial 
posteriorr tibial 
peroneal l 
pedal l 

Amputation n 

Non-diagnostic c 

4 4 
10 0 

5 5 
1 1 
6 6 
2 2 
4 4 
4 4 
4 4 

8 8 

2 2 
3 3 

2 2 

2 2 
1 1 
2 2 

4 4 

1 1 

2 2 
5 5 

5 5 

1 1 
1 1 
4 4 

1 1 

3 3 

144 (7%) 
355 (18%) 

488 (25%) 
11 (0.5%) 

177 (9%) 
77 (4%) 

322 (17%) 
44 (2%) 

155 (8%) 

199 (10%) 

55 (10%) 
122 (25%) 

100 (21%) 

--
22 ( 4%) 
66 (12%) 
77 (15%) 
22 (4%) 
44 (8%) 

--
Totall  48 (25%) 34 (18%) 66 (34%) 44 (23%) 192 

Overalll  K = 0.33 (95% CI, 0.26-0.39) obs=observer(s) PTA=percutaneous transluminal angioplasty 
fem-pop=femoropopliteall  TP trunk=tibioperoneal trunk 

narrowingg of very small caliber vessels has a high coefficient of variation.17 In addition, 
fromm other studies it cannot be concluded that quantifying the degree of stenosis with 
caliperss reduces interobserver variation because such data have not been analyzed in a 
wayy similar to the method used in our study. Although all observers received guidelines 
onn how to grade the severity of disease, differences in experience may also be responsible 
forr the observed results. The effect of training cannot be determined from our study. 
Threee observers had over five years' experience with lower leg iaDSA, whereas one 
vascularr surgeon had only two years' experience. The interobserver agreement between 
vascularr surgeons was not different from the results for all four observers. 

Tablee 5 shows the results of all available interobserver studies on arteriography of 
thee lower leg arteries, except for those presenting aggregate data for the entire lower 
limb.18"200 The often quoted study by Bruins Slot et al.21 reported only fair interobserver 
agreementt within the (infra)popliteal arteries. If the observers had not agreed so often 
onn poor visualization of the distal arteries, overall agreement would have been even 
lower.. It must be noted that they used translumbar aortography, which nowadays has 
beenn replaced by anterograde puncture and DSA techniques. Despite different grading 
criteria,, three studies reported good or even excellent agreement for the anterior and 
posteriorr tibial artery.12,13,24 They also revealed that interobserver agreement is lower for 
assessmentt of the peroneal artery and the tibioperoneal trunk than the other tibial 
arteries.. Although the reliability of arteriography as gold standard seems to be established 
byy these studies, it must be regarded with caution due to the relatively large proportion 
off  patients with claudication included in these studies. 

Dataa from the literature on interobserver variation of pedal artery assessment are 
scarce.. Quinn et al.24 found good agreement between four radiologists for assessment 
off  the dorsalis pedis artery. In the current study agreement was moderate for the dorsalis 
pediss artery and only fair for the common and deep plantar arteries. Again, this could 
bee caused by flaws in our grading system. Alternatively, it could be that our efforts to 
obtainn a technically adequate arteriogram were insufficient, because we did not augment 
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flowflow by use of chemical vasodilators or reactive hyperemia. This may be the reason for 
thee high number of non-diagnostic judgements within the common and deep plantar 
arteries.. In addition, the fair agreement on grading these arteries was predominandy the 
resultt of agreement on non-diagnostic assessments. On the other hand, it is not known 
whetherr improved depiction of distal vessels improves interobserver agreement. The 
studiess listed in Table 5 cannot support this assumption as only one study stated that it 
usedd flow augmentation.22 

Tablee 5 Interobserver variation on lower leg artery assessment, results from the literature. 

Reference e 

Bruinss Slot21 

Larch12 2 

Sensier13 3 

Koelemay1' ' 
Quinn24 4 

Techniquee n 

TLA A 
iaDSA A 
iaDSA A 
iaDSA A 

21 1 
50 0 
51 1 
23 3 

CA,, iaDSA 57 

indicationn # 
CI/CLI/0("/n ) ) 

100/0 /00 11 
54 /46 /00 2 
49 /51 /00 2 
9 /91 /00 3 
33 /67 /00 4 

Categories s 

<50/50-99/100 0 
A / B / C / D D 
<50/50-99/100 0 
E / F /G G 
<50 /<99 /occ /* * 

Pop p 

0.18 8 
--
--
0.46 6 
0.78 8 

T P P 

0.28 8 
--
0.55 5 
--
0.72 2 

A TT PT 

K-value e 

0.255 0.28 
0.799 0.87 
0.755 0.73 
0.599 0.67 
0.744 0.80 

Per r 

0.30 0 
0.52 2 
0.67 7 
0.42 2 
0.59 9 

Ped d 

--
--
0.33 3 
0.62 2 

Leyendecker222 iaDSA 
Therasse233 iaDSA 
Therasse233 CA 

311 0/100/0 3 patent/occ 
511 45/32/23 3 <20/<49/<74/<99/occ 
511 45/32/23 3 <20 /<49 /<74 /<99 /occ 

infrapopliteall  0.69 
infrapopliteall  0.71 
infrapopliteall  0.72 

n=numberr of arteriograms, #=number of observers, Pop=popliteal artery, TP=tibioperoneal trunk, 
AT=anter iorr tibial artery, PT—posterior tibial artery, Per-peroneal artery, ped=pedal arteries, 
CI=intermittentt claudication, CLI—critical limb ischemia, O-other, TLA=translumbar aortography, 
iaDSA=intraarteriall  Digital Subtraction Angiography, CA=conventional angiography, occ=occlusion, 
*=diffusee disease, ped in the study by Quinn =dorsalis pedis artery. 
Abnormall  or plaques B=single or multiple stenoses C=long distance narrowing D—occlusion; 
E=minorr or no vessel wall irregularity F=severe irregularity, diffuse luminal narrowing, isolated subtotal 
stenosiss G=occlusion 

Althoughh the overall interobserver agreement was good for detection of occluded or 
fullyy patent popliteal and tibial arteries, the proposed treatment plans varied considerably. 
Thiss cannot be attributed solely to differences in interpretation of the arteriograms, as 
byy giving clinical information to the observers confounding variables were introduced 
thatt were not controlled for. Moreover, differences in background may overemphasize 
interobserverr variation. Although an interventional radiologist has a different approach 
too clinical problems, separate analysis for the vascular surgeons showed only slighdy 
improvedd interobserver agreement. The design of our study does not allow us to explain 
thee observed differences in management. The decision for a specific reconstruction is 
merelyy based on the angiogram as a whole and not so much determined by differences 
inn opinion of a specific segment. What we noted was a tendency to operate if the SFA 
wass occluded. The decision to operate seemed not to be influenced by the status of the 
pedall  arch as in about 30% of the proposed reconstructions the pedal arch was occluded 
andd in another 30% severely diseased. 

Ourr findings confirm previous observations that clinical decision making is subject 
too interindividual variation. Kohier et al.25 found substantial intra-observer agreement 
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onn treatment plans for the same patients based on DS and iaDSA, but considerable 
inter-observerr variation. Similar results were reported for treatment plans based on 
MRAA and iaDSA by four radiologists 24 or preferred treatment for critical ischemia 
amongg British surgeons.26 Such studies can not determine whether variation in patient 
managementt would yield different outcomes, nor if a "correct" treatment actually exists, 
butt indicate that evaluating the performance of two diagnostic modalities as concordance 
inn treatment plans is not a valid method. 

Inn summary, the interpretation of iaDSA studies of patients with severe lower leg 
arteriall  disease varies among observers, especially for the detection of severe lesions. 
Thiss imperfect agreement should be taken into account when other diagnostic modalities 
aree compared with iaDSA as reference standard. Evaluation of diagnostic modalities as 
concordancee in treatment plans is flawed by interindividual variation. 
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Abstract t 

Objective::  To determine interobserver variation in measurement of 
Peakk Systolic Velocity (PSV) and grading of disease of the lower leg 
arteriess with Duplex scanning (DS). 
Design::  Prospective validation study. 
Materials::  Twenty-four consecutive patients with severe claudication 
(n=6),, ischemic rest pain (n= l l ) and tissue loss (n=7). 
Methods::  Two vascular technologists independently examined the 
popliteal,, tibial and pedal arteries. The PSV was recorded in 15 arterial 
segmentss that were graded with B-mode and Doppler parameters as 
fullyy patent, severely diseased or occluded. Concordance in PSV 
recordingss was expressed as intraclass correlation coefficients (ICC). 
Agreementt in artery assessment was expressed as weighted K-values. 
Results::  The ICC for PSV measurements was 0.90 (95% CI, 0.86 to 
0.93)) within the popliteal and tibial arteries and 0.64 (95% CI, 0.37 
too 0.81) within the pedal arteries. Agreement for grading disease was 
goodd within the popliteal and tibial arteries (K 0.66,95% CI, 0.58 to 
0.74).. and moderate within the pedal arteries (K 0.54, 95% CI 0.33 
too 0.74). The presence of diabetes or stage of disease did not influence 
interobserverr agreement. 
Conclusion::  Reproducibility of DS is good within the popliteal and 
tibiall  arteries and moderate within the pedal arteries. 
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Introductio n n 
Duplexx scanning (DS) is a rapidly evolving technique for non-invasive imaging of the 
lowerr leg arteries. The severity of disease of the popliteal, tibial and pedal arteries can 
bee graded by means of Peak Systolic Velocity (PSV) ratios, color Doppler and B-Mode 
parameters.. Several studies have shown that the diagnostic accuracy of DS compared to 
arteriographyy for detection of significant lesions within the lower leg arteries is high, 
butt not perfect.1"5 However, in experienced hands, DS can safely supplant arteriography, 
evenn before distal bypass surgery.69 

Ann essential part of the evaluation of new diagnostic tests is the study of its 
interobserverr variation.10 Among other factors, imperfect diagnostic accuracy may be 
attributablee to a lack of interobserver agreement. The accuracy of a test can never be 
perfectt if assessment by different observers shows significant variation. In addition, 
poorr interobserver agreement is likely to cause variation in clinical decision making. 
Thiss is certainly applicable to DS of the lower leg arteries which requires special skills 
andd expertise. DS is often criticized for being operator dependent but, in case of the 
(infra)popliteall  arteries this can be denied nor confirmed, because there are no data 
availablee from the literature. 

Wee conducted this study to determine interobserver variation of PSV recordings and 
gradingg of disease within the popliteal, tibial and pedal arteries with DS. It was explicitly 
nott our aim to compare the diagnostic accuracy of DS with arteriography, which we did 
inn a previous study of 120 patients with severe lower leg ischemia.6 

Methods s 
Thee study protocol was approved by the Medical Ethics committee. AU consecutive 
patientss referred to our outpatient clinic for evaluation of chronic severe claudication, 
ischemicc rest pain or tissue loss, over a 4 month period, were eligible. Patients who gave 
informedd consent were included. Patients with aortic or iliac aneurysmal disease, an 
aortoiliacc stenosis detected with DS if the PSV ratio between the level of stenosis and 
thee nearest normal segment exceeded 2.5, or occlusion, were excluded. Further exclusion 
criteriaa were acute ischemia and mild claudication caused by diffuse superficial femoral 
arteryy (SFA) disease or a simple lesion in the SFA. As the latter patients are generally 
treatedd conservatively or by percutaneous transluminal angioplasty we do not require a 
completee evaluation of the infrapoplkeal vessels. 

Twoo vascular technologists QvG, HdV) with over 4 years of experience of lower leg 
arteryy DS performed the examinations immediately after another and unaware of each 
other'ss results. The popliteal, tibial and common plantar arteries were examined with a 
4.55 MHz imaging linear array transducer and the dorsalis pedis and deep plantar arteries 
withh a 7.5 MHz transducer using a Hewlett Packard Sonos 2000 scanner (Hewlett 
Packard,, Andover, Mass., USA). Peak Systolic Velocities were recorded at a 60° angle 
withh 3.7 and 5.5 MHz Doppler probes. The anterior tibial (AT), dorsalis pedis and deep 
plantarr arteries were scanned with the patient supine. The popliteal artery, tibioperoneal 
trunk,, peroneal, posterior tibial (PT) and common plantar arteries as well as the origin 
off  the AT were examined with the patient in the lateral decubitus position. Al l arteries 
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weree identified by detection of a color signal or the presence of the vessel wall when it 
wass occluded. For the purposes of the study the popliteal/tibial/pedal outflow tract 
wass divided into 15 segments; supra- and infrageniculate popliteal artery, tibioperoneal 
trunk,, proximal, mid and distal AT, PT and peroneal artery, and dorsalis pedis, deep 
plantarr and common plantar artery. In each of these segments the PSV was recorded. 
Segmentss were graded as: 
22 for no or minor vessel wall irregularities as seen on B-Mode imaging and fully 

patentt lumen determined by the presence of a color Doppler signal; 
11 for severe vessel wall irregularities (B-Mode), diffuse narrowing (color Doppler or 

PSVV ratio between the level of the stenosis and the nearest normal arterial lumen 
>> 2.5) or an isolated subtotal stenosis; 

00 for occlusion indicated by a present vessel wall (B-Mode) and an absent color and 
pulsedd Doppler signal. 

Thee localization of lesions was recorded in centimeters below the cranial edge of the 
patellaa which served as reference point in all patients. A segment with both stenosis and 
occlusionn was considered to be occluded. If evaluation of a segment was inadequate, 
e.g.. due to severe calcifications, DS was considered non-diagnostic. 

Analysis Analysis 
Thee concordance between PSV recorded by the two technologists was expressed as 
intraclasss correlation coefficients (ICC), after the PSV's were logarithmically transformed 
becausee they were not normally distributed. The ICC is a measure of concordance for 
continuouss variables that corrects for systematic bias. The ICC ranges between -1 and 
11 with higher values in case of better correlation. An ICC > 0.75 can be interpreted as 
goodd agreement.1112 Agreement on artery grading between the two technologists was 
expressedd as simple and weighted kappa (K) values. Kappa is a measure of the probability 
off  agreement beyond 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).133 Calculations were performed with SPSS 8.0 for Windows (SPSS, Chicago, 
IL ,, USA) and SAS 6.12 for Windows (SAS Institute Ine, Cary, NC, USA) statistical 
packages. . 

Results s 
Patients Patients 
Fromm a total of 28 eligible patients, 24 were included (Table 1). Two patients were 
excludedd due to logistic constraints, 1 patient gave no informed consent and 1 patient 
couldd not endure to lie still for a repeat examination. 

PSVPSV recordings 
Technologistt I could not adequately assess 6/360 (1.7%) segments, and technologist II 
13/3600 (3.6%) segments. The rate of such non-diagnostic examinations was 8/288 
(2.7%)) within the popliteal and tibial arteries and 11 /72 (15.2%) within the pedal arteries, 
leavingg a total of 346 segments for comparison. PSV recordings were available for 287 
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Tablee 1 Demographics of the 24 patients. 

Characteristicc n (%) 

mediann age 67 years (range 50-83) 
claudicationn 6 (25%) 
restt pain 11 (46%) 
tissuee loss 7 (29%) 
malee sex 17 (70%) 
diabetess 9 (38%) 
smokingg (current or prior) 9 (38%) 
hypertensionn (on medication) 11 (46%) 
hyperlipidemiaa (on medication) 6 (25%) 
endd stage renal disease 2 ( 8%) 
coronaryy artery disease (angina, AMI , PTCA, CABG) 9 (38%) 
cerebrovascularr disease {TIA , stroke) 7 (29%) 
priorr intervention (PTA, bypass, patch angioplasty) 10 (42%) 

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

off  346 (83%) segments. The median PSV measured by technologist I was 10 cm/sec 
(rangee 0-120) and 12 cm/sec (range 0-125) by technologist II . The ICC was 0.88 (95% 
confidencee interval (CI), 0.84-0.91) for the entire lower leg, which indicates good 
agreement.. Within 230 popliteal and tibial artery segments the median PSV measured 
byy technologist I was 13 cm/sec (range 0-120) and 14 cm /sec (range 0-125) by 
technologistt II . The ICC was 0.90 (95% CI, 0.86-0.93) which indicates good agreement. 
Thee median PSV in 57 pedal artery segments was 8 cm/sec (range 0-55) for technologist 
II  and 10 cm/sec (range 0-60) for technologist II . The ICC was 0.64 (95% CI, 0.37-
0.81)) indicating moderate agreement. 

GradingGrading of disease 
Tablee 2 presents the results for grading arteries as occluded, severely diseased or nor-
mal.. Overall interobserver agreement was good with a weighted K of 0.64 (95% CI, 
0.56-0.71).. For the popliteal and tibial arteries agreement was good with a weighted K 
off  0.66 (95% CI, 0.58-0.74). Agreement was moderate within the pedal arteries, with a 
weightedd K of 0.54 (95% CI, 0.33-0.74). Table 3 lists detailed results for agreement 
withinn the respective vascular segments. One technologist did not grade any proximal 
posteriorr tibial artery segment as severely diseased. As the calculation of K requires an 
equall  number of categories for both observers, K could not be calculated for this seg-
ment.. For the popliteal and tibial arteries agreement was good with weighted K values 
rangingg between 0.60 and 0.80. Agreement was good within the proximal and middle 
partss of all tibial arteries and moderate within the distal parts. The latter was due to 
disagreementss in grading the distal part of the peroneal artery. Agreement within the 
respectivee pedal arteries was moderate. 

Inn all 360 popliteal, tibial and pedal artery segments technologist I found 20 segments 
too be severely diseased or normal, judged as occluded by technologist II , whereas the 
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Tablee 2 Interobserver agreementt for popliteal and tibial arteryy assessment with duplex scanning. . 

Technologistt  I 

Technologistt  I I 

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

Occluded d 

64 4 
6 6 
6 6 
0 0 

76 6 

Severe e 

7 7 
12 2 
19 9 
0 0 

38 8 

Normal l 

13 3 
16 6 

140 0 
0 0 

169 9 

Non-diagn n 

1 1 
1 1 
0 0 
3 3 
5 5 

Total l 

85 5 
35 5 

165 5 
3 3 

288 8 

weightedd K — 0.66 (95% CI, 0.58 to 0.74) Normal—no or minor vessel wall irregularities, Severe=severe 
vessell  wall irregularities, diffuse luminal narrowing, isolated subtotal stenosis, Non-diagn=non-diagnostic 

Interobserverr agreement for pedal artery assessment with duplex scanning. 

Technologistt  I 

Technologist t 

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

I I I Occluded d 

14 4 
2 2 
6 6 
1 1 

23 3 

Severe e 

1 1 
1 1 
2 2 
0 0 
4 4 

Normal l 

5 5 
0 0 

32 2 
0 0 

37 7 

Non-diagn n 

5 5 
0 0 
1 1 
2 2 
8 8 

Total l 

25 5 
3 3 

41 1 
3 3 

72 2 

weightedd K — 0,54 (95% CI, 0.33 to 0.74) Normal=no or minor vessel wall irregularities, Severe=severe 
vessell  wall irregularities, diffuse luminal narrowing, isolated subtotal stenosis, Non-diagn=non-diagnostic 

Tablee 3 Interobserver agreement on assessment with duplex scanning of the respective arterial segments 
byy two vascular technologists. 

Arteriall  segment KK (95% CI) 

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 
Overall Overall 
PedalPedal arteries 
Dorsaliss pedis 
Deepp plantar 
Commonn plantar 
Overall Overall 

24 4 
24 4 
24 4 
23 3 
23 3 
23 3 
22 2 
24 4 
24 4 
24 4 
24 4 
24 4 
283 283 

22 2 
19 9 
22 2 
63 63 

0.677 (0 
0.833 (0. 
0.655 (0 
0.611 (0. 
0.600 (0. 
0.611 (0. 
NA A 
0.744 (0, 
0.699 (0, 
0.788 (0. 
0.744 (0. 
0.433 (0. 
0.660.66 (0. 

38-0.95) ) 
.66-1.00) ) 
33-0.96) ) 
.34-0.91) ) 
.31-0.91) ) 
35-0.86) ) 

49-0.99) ) 
47-0.92) ) 
58-0.99) ) 
52-0.96) ) 
14-0.72) ) 
58-0.74) 58-0.74) 

0.566 (0.26-0.87) 
0.555 (0.19-0.93) 
0.499 (0.14-0.84) 
0.540.54 (0.33-0 .74) 

n—numberr of segments, 95% CI=95% confidence interval, NA=not applicable (see text). 
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reversee occurred in 26 segments. When a distinction was made between occluded vs 
patentt (severe disease or normal) segments, agreement was good with a simple K of 
0.666 (95% CI 0.58-0.74). Four of 72 (6%) popliteal and tibioperoneal trunk segments 
weree judged occluded by one technologist and deemed patent by the other. This happened 
inn 8% of posterior tibial artery segments and more often in the anterior tibial (14%), 
peroneall  (15%) and pedal arteries (18%). Separate analysis for assessment of the popliteal 
andd tibial arteries showed good agreement, simple K of 0.72 (95% CI 0.64-0.80), and 
moderatee agreement for the pedal arteries, simple K of 0.45 (95%) CI 0.27-0.63). 

Agreementt for occluded vs patent popliteal, tibial and pedal arteries was good for 
diabetics,, simple K 0.79 (95% CI, 0.69-0.91) and non-diabetics, simple K 0.62 (95% CI, 
0.51-0.73).. Subgroup analysis for stage of disease yielded simple K values of 0.75 
(95%,, CI 0.60-0.90), 0.66 (95% CI, 0.53-0.79) and 0.65 (95% CI, 0.48-0.81) for 
claudication,, ischemic rest pain and tissue loss, respectively. 

Discussion n 
Duplexx scanning is increasingly used for clinical decision making in patients with severe 
lowerr leg ischemia. PSV ratios have become the cornerstone for grading the severity of 
lesionss in the aortoiliac and femoropopliteal arteries. Previous studies demonstrated 
thatt the PSV is a highly reproducible parameter within the femoropopliteal tract.14,15 We 
foundd good agreement between 2 technologists for PSV recordings within the popliteal 
andd tibial arteries, which would justify the use of PSV or PSV ratios for grading disease 
inn these arteries. However, the diagnostic usefulness of PSV ratios to grade stenoses 
withinn the tibial arteries has not yet been established. Karacagil et al.1 investigated too 
feww patients with stenoses to actually appreciate its accuracy, and Sensier et al.5 applied 
PSVV ratios > 2.0 with a sensitivity of only 20%. It may be that the clinical significance 
off  a quantitative assessment of vessels with a diameter of 2 to 3 mm is debatable, and 
thatt grading based on semi-quantitative parameters can also be appropriate. In a previous 
studyy we have demonstrated that the combined use of the B-Mode and color Doppler 
imagingg to identify vessel wall irregularities and pulsed Doppler to identify high PSVs 
iss accurate for determining artery patency and allows clinical decision making without 
pre-operativee arteriography in the majority of patients with severe ischemia.6 

Thee results of the current study indicate that assessment of the popliteal and tibial 
arteriess with such parameters is possible with good interobserver agreement. Yet the 
distinctionn between patent and occluded arteries is of paramount importance before 
bypasss surgery and in this regard we found discrepancies within the anterior tibial and 
peroneall  arteries. It is known that assessment of the peroneal artery is technically 
demandingg due to the deeper plane of the peroneal artery and the preserves of fascial 
borderss between the transducer and the artery. An obvious explanation for the 
discrepanciess with regard to the anterior tibial artery cannot be given. The presence of 
diabetess and severity of ischemia did not influence interobserver agreement. 

Thee results for the pedal arteries were less favorable. For reasons unknown, there 
weree more non-diagnostic examinations in the current study (15.2%) than in our previous 
seriess (6%).6 Moreover, agreement between both technologists on PSV recordings and 

79 9 



ChapterChapter 6 

gradingg of disease was moderate. As previously stated, the clinical significance of 
detectingg a > 50% stenosis within very small arteries such as the pedal arteries is limited; 
however,, distinguishing occluded from fully patent pedal arteries is important. In this 
respectt we found 11 out of 63 (17%) major discrepancies. This may be explained, at 
leastt in part by the fact that DS is able to detect flow velocities as low as 5 cm/second 
inn the superficially located pedal arteries. Applying too much pressure with the probe 
onn the artery may mimic an occlusion in a patent vessel. Alternative explanations include 
thee detection of flow in collateral arteries that are mistaken for the native vessel, and 
occlusionn of the dorsalis pedis artery when the foot is held in plantar flexion. These 
pitfallss should be considered when the pedal arteries are examined. 

I tt would have been interesting to investigate intra-observer variation. Logistic 
constraintss prevented us from doing so and this is a limitation of this study. Given the 
factt there will be some intra-observer variation, one may only speculate that the agreement 
shownn between both technologists may be all the more robust because of this. 

Bothh technologists have ample experience in duplex scanning of the lower extremity 
arteries.. Their skills have been improved by continuous feedback from radiologists and 
surgeonss of findings during diagnostic arteriography or operation. In this way we have 
shownn that it is possible to achieve good interobserver agreement on assessment of 
popliteall  and tibial arteries. 
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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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Introductio n 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 

85 5 



ChapterChapter 7 

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 

Curren t 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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Tabl ee I I  Definitive management in limbs of the current and reference study populations. 

Definitiv ee management Curren tt  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 II I  Clinical characteristics specified for definitive management in limbs of both study populations. 

Definitiv ee 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 

Curren tt  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 

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

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

Amputatio nn 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 rati o 

.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 

Curren t 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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Abstract t 

Contextt  Magnetic Resonance Angiography (MRA) is a rapidly 
evolvingg technique that has been reported to be accurate forr assessment 
off  lower extremity arterial disease. 
Objectivee To obtain the best estimates of the diagnostic performance 
off  MRA in patients with lower extremity arterial disease. 
Dataa Sources Studies published from January 1985 through May 2000 
inn English, German or French, identified from the MEDLINE, 
EMBASEE and Current Contents databases. 
Studyy selection Studies were included that allowed construction of 2 
xx 2 contingency tables for detection of stenosis greater than 50% or 
occlusionn with MRA on arteriography in patients with claudication 
orr critical ischemia. 
Dataa Extraction Two observers graded the following elements of study 
quality:: consecutively enrolled patients, prospective study design, clear 
cut-offf  levels, blinded assessment and clear description of MRA 
technique.. Summary Receiver Operating Characteristic analysis was 
performedd to examine the influence of year of publication, all 
methodologicall  criteria, arterial tract, number of subdivisions within 
arteriall  tracts and MRA technique on diagnostic performance. 
Dataa Synthesis Of 3583 studies initially identified, 34 studies were 
includedd that evaluated MRA in 1090 patients (72% men; median 
agee 65 years). MRA was highly accurate for assessment of all lower 
extremityy arteries. Three-dimensional Gadolinium-enhanced (3-D Gd) 
MRAA improved diagnostic performance compared with 2-D MRA 
(relativee diagnostic odds ratio 2.8 (95% confidence interval, 1.2-6.4), 
adjustedd for number of subdivisions within arterial tracts. The 
estimatedd points of equal sensitivity and specificity were 94% and 
90%% for 3-D Gd MRA and 2-D MRA, respectively. 
Conclusionss Magnetic Resonance Angiography is highly accurate for 
assessmentt of the entire lower extremity for arterial disease. Three-
dimensionall  Gd-enhanced MRA improves diagnostic performance 
comparedd with 2-D MRA. 



MRAMRA meta-analysis 

Introductio n n 
Overr the past decade the importance of arteriography for assessment of lower extremity 
arteriall  disease has been decreased by the introduction of noninvasive techniques such 
ass color Duplex ultrasonography1-2 and Magnetic Resonance Angiography (MRA). Time-
of-flightt MRA is based on contrast formation by the inflow of unsaturated spins (blood) 
intoo surrounding saturated spins (perivascular tissue). Acquisition of images is possible 
inn 2-dimensional (2D) or 3-dimensional (3D) mode. Two-dimensional MRA can cover 
largee areas within reasonable time, but is sensitive to changes in flow direction. This 
mayy be overcome by 3D MRA which is, however, limited by rapid saturation of flowing 
spins,, and requires contrast agents such as gadolinium (gd) to improve visuali2ation. 

Magneticc Resonance Angiography is not a standardized technique. Various MRA 
protocolss proved to be accurate for assessment of the lower extremity arteriess compared 
withh conventional arteriography (CA) or intraarterial Digital Subtraction Angiography 
(iaDSA).. Although arteriography is the generally accepted reference standard, its accuracy 
forr depiction of the infrapopliteal arteries is limited. Accurate assessment of these 
vesselss could give MRA the potential to supplant arteriography before distal bypass 
surgery. . 

Beforee a technique such as MRA can be used for clinical decision making it should be 
evaluatedd in well-designed studies. The methodological quality of early studies evaluating 
MRAA was mediocre, but it has improved in more recent studies.3 Our objective was to 
obtainn the best estimates of the diagnostic accuracy of MRA for evaluation of lower 
extremityy arterial disease by performing a systematic literature review and meta-analysis 
iff  possible. 

Methods s 
DataData sources and study selection 

MEDLIN EE (from 1985), EMBASE (from 1988), and the Current Contents database, 
weree searched for publications through May 2000 in English, German and French with 
'Magnetic'Magnetic Resonance Angiography' as the sole keyword. Based on located titles and abstracts 
studiess that evaluated MRA for assessment of the lower extremity arteries were selected. 
Cross-referencess were used for search completion. 

Studiess were included that compared MRA with CA or iaDSA as the reference standard 
inn patients with claudication or critical limb ischemia for detection of greater than 50% 
stenosiss or occlusion, and that presented 2 x2 contingency tables or data allowing their 
construction,, were included. If such data were available for only a subset of patients, 
thesee data were included. Studies on MRA for follow-up after percutaneous transluminal 
angioplastyy (PTA) or surgery, and duplicate publications were excluded. 

MethodologicalMethodological assessment and data extraction 

Methodologicall  quality was graded independently by two observers (MK, JS) to categorize 
studies.. The following elements for good study quality were scored: consecutively enrolled 
patients,, prospective study design, clear description of MRA technique (providing 
sufficientt detail to permit replication), clear definition of cut-off levels (i.e. quantifying 
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targett lesions as < 50%, >50% stenosis or occlusion) and independent, blind assessment 
off  MRA and arteriography results.4 Discrepancies in judgement were resolved by con-
sensus.. Kappa (K) values were calculated to express interobserver agreement on each 
element.. In some studies procedures in addition to the reference standard were performed 
inn part of the patients when inadequate images were obtained, such as CA supplemented 
byy DSA techniques. Using multiple reference standards might influence diagnostic 
accuracy.. For instance, if iaDSA depicts the infrapopliteal arteries better than CA does, 
ann artery may appear patent on iaDSA and occluded on CA. If multiple reference 
standardss were used and it was not stated that all patients underwent additional proce-
dures,, reference test enhancement bias was assumed to be present. 

Thee lower extremity arteries were divided into three defined arterial tracts: the aortoiliac 
tractt from the infrarenal aorta to the common femoral artery (CFA), the femoropopliteal 
tractt from CFA to the trifurcation, and the infrapopliteal arteries from trifurcation to 
thee pedal arteries. Data were abstracted to construct 2 x2 tables for each tract. Results 
forr a specific tract by multiple observers were averaged. If it was impossible to derive 
resultss for a defined tract, 2 x 2 tables were constructed for aggregate results. Studies 
comparingg different MRA modalities within the same population were included as such. 

Somee authors made subdivisions within a defined arterial tract, which could 
overestimatee diagnostic accuracy because false-positive or false-negative results wil l be 
overwhelmedd by the artificially high number of correct results. Especially, the negative 
predictivee value will be overestimated. We tried to adjust for this by estimating the 
numberr of subdivisions made in such studies. To do so, we divided the total number of 
observationss from the 2 x2 table by the number of patients studied. 

Analysis Analysis 
Thee raw data were summarized according to a method described previously.5"7 For each 
study,, sensitivity, specificity and diagnostic odds ratios (DORs) were calculated from 
thee 2 x 2 tables. The DOR is a simple statistic to express the discriminative power of a 
test.. It is defined as the ratio of sensitivity / (1-sensitivity) over (1-specificity) / specificity. 
Inn simpler terms, the DOR is the odds of a positive test result if the arterial segment 
genuinelyy is diseased, divided by the odds of a positive test result if the segment is not 
diseased.. A DOR > 1 indicates that a test has discriminative power, which increases 
withh the magnitude of the DOR. To prevent division by zero when calculating the 
DOR,, conventional correction was applied by adding 0.5 to each cell in the 2 x 2 ta-
bles.88 Homogeneity of the studies was tested with the Breslow-Day test for homogeneity 
off  odds ratios.9 In case of homogeneity the data were pooled to calculate summary 
pointt estimates of sensitivity and specificity. In case of heterogeneity Summary Receiver 
Operatingg Characteristic (SROC) curves were constructed, which correct for variation 
duee to differences in test thresholds in the original studies. SROC curves can be defined 
byy a regression model DOR=(X + pS in which the intercept represents the corresponding 
D ORR and S the variation due to differences in test threshold. Once the slope and 
interceptt are estimated by the regression analysis, data can be transformed into a SROC 
curvee with conventional axes of sensitivity (TPR) versus 1-specificity (FPR) with the 
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equationn TPR= 1/<{1 + exp[-a/(l-|J)]}  x [ ( l - FPRVCFPR]^ ' ^ .̂ Regression analysis 
allowss exploration of the influence of covariates on diagnostic performance, which can 
bee expressed as relative DORs. A stepwise weighted linear multivariable regression 
modell  with backward elimination was used, where weights proportional to the reciprocal 
off  the variance of the log DOR represented the within study variation, while random 
effectss between studies were estimated using restricted maximum likelihood estimation. 
AA p-value > .10 was used to remove variables from the model. Calculations were 
performedd with S-plus statistical software (S-plus 2000, Mathsoft Inc, Cambridge, Mass, 
USA)) and SAS for Windows 6.12 (SAS Institute Inc, Cary, NC, USA). 

Results s 
SearchSearch results and methodological assessment 

Wee identified 3583 studies on MRA in general and 157 studies on MRA for assessment 
off  lower extremity arterial disease. Among these were 46 studies that compared MRA 
withh arteriography. Twelve studies were excluded because they did not state if patients 
hadd claudication or critical limb ischemia10"17 or used unclear cut-off levels.18-21 Table 1 
listss the 34 studies that were included and their patient characteristics. Three studies 
weree published in German and one was in French. Fourteen studies satisfied all 
methodologicall  criteria.22"35 The K-values for agreement on study quality elements ranged 
betweenn 0.48 and 0.55, except for agreement on independent assessment of MRA and 
arteriographyy (0.35). 

Meta-analysis Meta-analysis 

Thee median sample size of the 34 studies was 25 patients (range, 13-115). The studies 
summarizee the diagnostic performance of MRA in 1090 patients (72% men; median of 
thee mean age, 65 years). Most of the patients (median, 83%) had claudication. 

Tablee 2 lists the results from the individual studies. The low specificity in one study 
wass attributed by the authors to tortuosity of the iliac arteries, clip artifacts and stents in 
patientss with prior interventions.39 Thirteen studies reported diagnostic accuracy as 
aggregatee results (table 3). From a study that simultaneously evaluated four different 
MRAA protocols, the one with the highest accuracy was included.28 Homogeneity among 
studiess of the DOR was rejected by the Breslow-Day test (X2^ =313,129; p < .001). 
Fourr studies with outlying results were detected by inspection of all data points in ROC 
space.35'38'39,522 When these studies were excluded, homogeneity was also rejected. 

Multivariablee analysis was then performed to identify independent factors that 
influencedd diagnostic performance and to construct SROC curves. The variables ave-
ragee age and proportion of men were not included in this analysis because 9 studies had 
missingg data. Variables entered were year of publication, all methodological criteria, 
referencee standard enhancement bias, arterial tract, number of subdivisions within arterial 
tracts,, prevalence of target lesions, and MRA technique (2D vs 3DGd enhanced). 
Continuouss variables were grouped according to tertiles. Irrespective of arterial tract, 
3DGdd MRA had a better discriminative power than 2D MRA (table 4). A high number 
off  subdivisions also improved diagnostic performance. We constructed SROC curves 
forr each MRA technique, adjusted for the number of subdivisions (figure). Although this 
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Tablee 1 Characteristics of included studies and their patient populations (n=1090). 

Methodologicall  Characteristics Demographicc Characteristics 

Study y 

Baumgartnerr et al 
Yucell  et al23 

Glickermann et al24 

Snidoww et al25 

Steffenss et al26 

Hanyy et al2? 

Hoo et al28 

Quinnn et al29 

H o e t a l3 0 0 

H o e t a l3 1 1 

Yamashitaa et al32 

Steffenss et al33 

Meanyy et al34 

Lenhartt et al3s 

Cambriaa et al36 

Hertzz et al37 

Curriee et al38 

Snidoww et al39 

McDermottt et al4C 

Hochh et al41 

Cortelll  et al42 

Rofskyy et al43 

Poonn et al44 

Daviss et al45 

Laissyy et al46 

Reimerr et al47 

Perrierr et al48 

Eklöff  et al49 

Sueyoshii  et al50 

Wintererr et al51 

Hochh et al52 

Ruehmm et al53 

Lundinn et ala4 

Sueyoshii  et al  5D 

year r 

221993 3 
1993 3 
1996 6 
1996 6 
1997 7 
1997 7 
1997 7 
1997 7 
1998 8 
1998 8 
1998 8 
1999 9 
1999 9 
1999 9 
1993 3 
1993 3 
1995 5 
1995 5 
1995 5 
1996 6 
1996 6 
1997 7 
1997 7 
1997 7 
1998 8 
1998 8 
1998 8 
1998 8 
1999 9 
1999 9 
1999 9 
2000 0 
2000 0 
2000 0 

criteri a a 
met t 

all l 
all l 
all l 
all l 
all l 
all l 
all l 
all l 
all l 
all l 
all l 
all l 
all l 
all l 
2,4 4 
3,4,5 5 
1,3,4 4 
2,3,4,5 5 
3,4 4 
3,4,5 5 
3,4,5 5 
1,2,3,4 4 
2,3,4,5 5 
2,3,4,5 5 
2,3,4,5 5 
3,4,5 5 
3,4,5 5 
2,3,4,5 5 
2,3,4 4 
2,3,4,5 5 
2,3,4,5 5 
2,3,4,5 5 
2,3,4,5 5 
2,3,4,5 5 

ii  technique reference 

2D D 
2D D 
2D D 
3DGd d 
2DPC C 
3DGd d 
2D D 

standard d 

CA,, iaDSA 
CA,, iaDSA 
iaDSA A 
iaDSA A 
iaDSA A 
iaDSA A 
CA,, iaDSA 

2D/3DGdd CA, iaDSA 
3DGd d 
3DGd d 
3DGd d 
2D /PC C 
3DGd d 
3DGd d 
2D D 
2D D 
2D D 
2D D 
2D D 
2D D 
2D D 
3DGd d 

CA,, iaDSA 
CA,, iaDSA 
CA,, iaDSA 
iaDSA A 
iaDSA A 
iaDSA A 
CA,, iaDSA 
CA,, iaDSA 
iaDSA A 
iaDSA A 
CA A 
iaDSA A 
CA,, iaDSA 
iaDSA A 

2D /3DGdd CA, iaDSA 
2D D 
2DGd d 
2D /PC C 
3DGd d 
2D D 
3DGd d 
3DGd d 
2D D 
3DGd d 

iaDSA A 
CA A 
iaDSA A 
CA A 
iaDSA A 
CA,, iaDSA 
iaDSA A 
iaDSA A 
iaDSA A 

2D /3DGdd iaDSA 
3DGd d CA,, iaDSA 

bias s 

yes s 
yes s 
yes s 
no o 
no o 
yes s 
yes s 
yes s 
yes s 
yes s 
yes s 
no o 
no o 
no o 
no o 
yes s 
no o 
yes s 
yes s 
no o 
yes s 
no o 
yes s 
no o 
no o 
no o 
no o 
no o 
yes s 
no o 
no o 
no o 
no o 
yes s 

n n 

15 5 
25 5 
23 3 
30 0 

115 5 
37 7 
29 9 
30 0 
28 8 
28 8 
20 0 
50 0 
20 0 
17 7 
18 8 
19 9 
40 0 
42 2 
24 4 
50 0 
31 1 
15 5 
15 5 
14 4 
20 0 
36 6 
23 3 
24 4 
23 3 
76 6 
40 0 
61 1 
39 9 
13 3 

age e 
(yrs) ) 

62 2 
68 8 
67 7 
63 3 
62 2 
62 2 
64 4 
--
63 3 
62 2 
65 5 
--
65 5 
63 3 
--
66 6 
64 4 

--
--
65 5 
69 9 
66 6 
58 8 
74 4 
53 3 
60 0 
71 1 
72 2 
68 8 
66 6 
65 5 
64 4 
67 7 
72 2 

men n 

(%) ) 

72 2 
60 0 

100 0 
98 8 

--
72 2 
58 8 
64 4 
75 5 
82 2 
90 0 
50 0 
60 0 
50 0 

--
42 2 
74 4 

--
49 9 
76 6 
65 5 
60 0 
80 0 
57 7 
85 5 
78 8 
74 4 
50 0 
87 7 
57 7 

100 0 
65 5 
54 4 

100 0 

I C / C L I / O O 
(%) ) 

89/11/0 0 
84/16/0 0 
65/31/4 4 
36/40/24 4 
100/0/0 0 
Symptt AI dis 
100/0/0 0 
0/100/0 0 
100/0/0 0 
100/0/0 0 
OAD D 
82/18/0 0 
100/0/0 0 
50/50/0 0 
50/45/5 5 
32/68/0 0 
97 /3 /0 0 
73/27/0 0 
13/87/0 0 
20/80/0 0 
55/45/0 0 
0/100/0 0 
preoperative e 
71/29/0 0 
100/0/0 0 
sympt t 
52/48/0 0 
5/95/0 0 
83/17/0 0 
87/13/0 0 
64/36/0 0 
vasee disease 
87/13/0 0 
100/0/0 0 

11 consecutive enrollment, 2 prospective design, 3 clear description of technique, 4 clear definition of 
cut-offf  levels, 5 blind assessment of magnetic resonance angiography and arteriography 
bias=referencee standard enhancement bias, n=number of patients, age (yrs)=mean age, IC=intermittent 
claudication,, CLl=critical limb ischemia, O-other, D=Dimensional, Gd=Gadolinium enhanced, 
CA=Conventionall  Arteriography, iaDSA—intraarterial Digital Subtraction Angiography, PC=Phase 
contrast,, OAD-obstruct ive arterial disease, AI dis=symptomatic aortoiliac disease, sympt=symptomatic, 
vasc=vascular. . 

adjustmentt yields a conservative estimation, MRA is highly accurate for detection of a 
stenosiss greater than 50% or an occlusion in the entire lower extremity arterial tree. The 
estimatedd Q-points (where sensitivity and specificity are equal) were 94% for 3DGd 
andd 90Vo for 2D MRA, respectively. These results did not change substantially when 
studiess with oudying results were excluded.35'38'39'52 
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Tablee 2 Diagnostic accuracy of MRA for detection of a stenosis >50% or occlusion with arteriography 
ass reference standard. 

Study y 

Aortoilia cc tract 
Baumgartnerr 22 

Curriee M 

Glickermann 24 

Snidoww K 

Quinn29 9 

Quinn29 9 

H o3 1 1 

Snidoww 39 

Yucell  a 

Hany27 7 

Poon44 4 

Poonn ** 
Reimerr 47 

Sueyoshii  ^ 
Wintererr 51 

Lenhart35 5 

Lundinn M 

Lundinn M 

Sueyoshi55 5 

Tech h 

2D D 
2D D 
2D D 
3DGd d 
2D D 
3DGd d 
3DGd d 
2D D 
2D D 
3DGd d 
2D D 
3DGd d 
2DPC C 
3DGd d 
3DGd d 
3DGd d 
2D D 
3DGd d 
3DGd d 

Femoropopliteall  tract 
Baumgartnerr n 

Glickermann 24 

Ho3 1 1 

Snidow26 6 

Yucel23 3 

Laissyy ** 
Reimerr 47 

Sueyoshii  *° 
Wintererr 51 

Lenhartt 35 

2D D 
2D D 
3DGd d 
2D D 
2D D 
2DGd d 
2DPC C 
3DGd d 
3DGd d 
3DGd d 

Infrapoplitea ll  tract 
Glickermann 24 

Ho3 1 1 

Snidoww 39 

McDermottt *° 
Cortell42 2 

Daviss 45 

Laissyy ** 
Eklöff  49 

Sueyoshii  w 

Wintererr 51 

Lenhart35 5 

2D D 
3DGd d 
2D D 
2D D 
2D D 
2D D 
2DGd d 
2D D 
3DGd d 
3DGd d 
3DGd d 

n n 

18 8 
40 0 
23 3 
30 0 
30 0 
30 0 
28 8 
42 2 
25 5 
37 7 
15 5 
15 5 
36 6 
23 3 
76 6 
17 7 
39 9 
39 9 
13 3 

18 8 
23 3 
43 3 
42 2 
25 5 
20 0 
36 6 
23 3 
76 6 
17 7 

23 3 
35 5 
42 2 
24 4 
31 1 
14 4 
20 0 
24 4 
23 3 
76 6 
17 7 

Seg g 

15 5 
80 0 

161 1 
120 0 
118 8 
118 8 
68 8 
68 8 
93 3 

156 6 
90 0 
90 0 
47 7 
94 4 

249 9 
59 9 

260 0 
265 5 
107 7 

26 6 
324 4 
156 6 
170 0 
82 2 

240 0 
161 1 
93 3 

838 8 
87 7 

384 4 
104 4 
88 8 

216 6 
393 3 
154 4 
280 0 
106 6 
232 2 
701 1 
80 0 

Sub b 

1 1 
2 2 
7 7 
4 4 
4 4 
4 4 
2 2 
2 2 
4 4 
4 4 
6 6 
6 6 
1 1 
4 4 
3 3 
3 3 
7 7 
7 7 
8 8 

1 1 
14 4 
6 6 
4 4 
3 3 

12 2 
4 4 
4 4 

11 1 
5 5 

17 7 
4 4 
2 2 
9 9 

13 3 
11 1 
14 4 
4 4 

10 0 
9 9 
5 5 

T P P 

9 9 
48 8 
16 6 
24 4 
29 9 
31 1 
16 6 
20 0 
25 5 
36 6 
12 2 
12 2 
18 8 
23 3 
47 7 
12 2 
35 5 
35 5 
22 2 

15 5 
61 1 
40 0 
36 6 
40 0 
66 6 
39 9 
12 2 

140 0 
40 0 

132 2 
32 2 
22 2 

124 4 
172 2 
100 0 
47 7 
59 9 
30 0 

183 3 
49 9 

F N N 

2 2 
10 0 
2 2 
0 0 
2 2 
0 0 
2 2 
0 0 
2 2 
1 1 
0 0 
0 0 
1 1 
0 0 
0 0 
1 1 
8 8 
7 7 
0 0 

2 2 
8 8 
4 4 
3 3 
3 3 
0 0 
0 0 
0 0 
0 0 
1 1 

22 2 
3 3 
2 2 

15 5 
3 3 
6 6 
0 0 

14 4 
2 2 

14 4 
3 3 

FP P 

0 0 
7 7 
3 3 
6 6 
8 8 
2 2 
1 1 

37 7 
11 1 
5 5 

11 1 
0 0 
2 2 
2 2 
5 5 
3 3 

20 0 
18 8 
3 3 

0 0 
4 4 
2 2 

24 4 
3 3 
7 7 
4 4 
1 1 

16 6 
1 1 

21 1 
0 0 
6 6 
7 7 

10 0 
3 3 
7 7 
2 2 
0 0 

22 2 
10 0 

T N N 

4 4 
15 5 

140 0 
90 0 
79 9 
85 5 
49 9 
11 1 
55 5 

114 4 
67 7 
78 8 
26 6 
69 9 

197 7 
43 3 

197 7 
204 4 

82 2 

9 9 
251 1 
110 0 
107 7 

36 6 
167 7 
118 8 
80 0 

682 2 
45 5 

209 9 
69 9 
58 8 
70 0 

208 8 
45 5 

226 6 
31 1 

200 0 
482 2 

18 8 

Sens s 
(%) ) 

82 2 
83 3 
89 9 

100 0 
93 3 

100 0 
88 8 

100 0 
92 2 
97 7 

100 0 
100 0 
95 5 

100 0 
100 0 
92 2 
81 1 
83 3 

100 0 

88 8 
88 8 
91 1 
92 2 
93 3 

100 0 
100 0 
100 0 
100 0 
98 8 

86 6 
91 1 
92 2 
89 9 
98 8 
94 4 

100 0 
81 1 
94 4 
93 3 
94 4 

Spec c 

100 0 
68 8 
98 8 
94 4 
91 1 
98 8 
98 8 
23 3 
83 3 
96 6 
86 6 

100 0 
93 3 
97 7 
98 8 
85 5 
91 1 
92 2 
96 6 

100 0 
98 8 
98 8 
82 2 
92 2 
96 6 
97 7 
99 9 

D O R R 

34.2* * 
10.3 3 

373.3 3 
682.2* * 
143.2 2 

2154.6* * 
392.0 0 
12.6* * 
62.5 5 

820.8 8 
146.7* * 

3925.0* * 
234.0 0 

1306.6* * 
3411.4* * 

66.9 9 
43.1 1 
49.6 6 

1060.7* * 

117.8* * 
478.5 5 
550.0 0 
53.5 5 

160.0 0 
2970.3* * 
2080.0* * 
1341.7* * 

988 11623.2* 
98 8 

91 1 
100 0 
91 1 
91 1 
95 5 
94 4 
97 7 
94 4 

100 0 
96 6 
64 4 

1800.0 0 

59.7 7 
1290.7* * 

106.3 3 
82.7 7 

1192.5 5 
250.0 0 

2869.0 0 
65.3 3 

4892.2* * 
286.4 4 
29.4 4 

Prev v 

(%) ) 

73 3 
73 3 
11 1 
20 0 
26 6 
26 6 
26 6 
29 9 
29 9 
24 4 
13 3 
13 3 
40 0 
24 4 
19 9 
22 2 
17 7 
17 7 
23 3 

65 5 
21 1 
28 8 
23 3 
52 2 
28 8 
24 4 
13 3 
17 7 
47 7 

40 0 
34 4 
27 7 
64 4 
45 5 
69 9 
17 7 
69 9 
14 4 
28 8 
65 5 

Tech=technique,, n=number of patients, Seg=number of segments, Sub=number of subdivisions in 
definedd arterial tract, TP=true positive, F N= false negative, FP=false positive, TN=true negative, 
sens=sensitivity,, spec=specificity, DOR=diagnostic odds ratio, Prev-prevalence of target lesions, 2D=two 
dimensionall  time-of-flight, 3D=three dimensional time-of-flight, Gd=Gadolinium enhanced, PC=Phase 
Contrast,, * - 0.5 was added to each cell to approximate the DOR 
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Tablee 3 Diagnostic accuracy of MRA for detection of a stenosis >50% or occlusion with arteriography 
ass reference standard. Aggregate results. 

Study y 

Aorto-femora l l 
Hoo (TFE) 28 

H o 3 0 0 

Perrierr ^ 
Aorto-poplitea l l 
Yamashitaa 32 

Steffenss 33 

Tech h 

2D D 
3DGd d 
3DGd d 

3DGd d 
2DPC C 

n n 

29 9 
28 8 
23 3 

20 0 
50 0 

Aorta-tibioperoneall  trun k 
Steffenss 26 

Aorta-tibia l l 
Meanyy u 

Ruehmm 53 

Aorta-ankl e e 
Hertzz 37 

Rofsky43 3 

Aorta-pedal l 
Hochh 52 

Il iac-poplitea l l 
Cambriaa 36 

Femoral-ankle e 
Hochh 41 

2DPC C 

3DGd d 
3DGd d 

2D D 
3DGd d 

2D D 

2D D 

2D D 

115 5 

20 0 
61 1 

19 9 
15 5 

40 0 

18 8 

50 0 

Seg g 

170 0 
242 2 
553 3 

140 0 
650 0 

1495 5 

620 0 
1739 9 

44 4 
150 0 

544 4 

175 5 

362 2 

Sub b 

6 6 
9 9 

13 3 

7 7 
13 3 

13 3 

31 1 
22 2 

2 2 
10 0 

14 4 

10 0 

7 7 

TP P 

20 0 
34 4 

127 7 

48 8 
112 2 

240 0 

113 3 
287 7 

12 2 
37 7 

161 1 

65 5 

182 2 

FN N 

9 9 
3 3 
9 9 

2 2 
0 0 

13 3 

20 0 
25 5 

2 2 
1 1 

44 4 

0 0 

12 2 

FP P 

19 9 
14 4 
28 8 

15 5 
22 2 

112 2 

34 4 
28 8 

8 8 
4 4 

37 7 

3 3 

13 3 

T N N 

122 2 
191 1 
389 9 

75 5 
516 6 

1130 0 

453 3 
1399 9 

22 2 
108 8 

302 2 

107 7 

155 5 

Sens s 
(%) ) 

69 9 
92 2 
93 3 

96 6 
100 0 

95 5 

85 5 
92 2 

86 6 
97 7 

79 9 

100 0 

94 4 

Spec c 
(%) ) 

87 7 
93 3 
93 3 

83 3 
96 6 

91 1 

93 3 
98 8 

73 3 
96 6 

89 9 

97 7 

92 2 

D O R R 

14.3 3 
154.6 6 
196.0 0 

120.0 0 
5165.0* * 

186.3 3 

75.3 3 
573.6 6 

16.5 5 
999.0 0 

29.9 9 

4023.0* * 

180.8 8 

Prev v 

17 7 
15 5 
25 5 

36 6 
17 7 

17 7 

21 1 
18 8 

32 2 
25 5 

38 8 

37 7 

54 4 

Tech-technique,, n=number of patients, Seg=number of segments, Sub-number of subdivisions in 
definedd arterial tract, TP=true positive, FN= false negative, FP=false positive, TN=t rue negative, 
sens-sensitivity,, spec=specificity, DOR= diagnostic odds ratio, Prev=prevalence of target lesions, TFE= 
turboo field echo, 2 D = t wo dimensional time-of-flight, 3D=three dimensional time-of-fl ight, 
Gd=Gadoliniumm enhanced, PC=Phase Contrast, * = 0.5 was added to each cell to approximate the 
diagnosticc OR 

Comment t 
Inn a systematic review of the published literature we found that MRA is highly accurate 
forr detection of a stenosis greater than 50% or occlusion within the entire lower extremity 
arteriall  tree. It could be expected that the advantage of 3DGd MRA over 2D MRA 
wouldd be particularly strong within the tortuous aortoiliac tract,56 but we did not find a 
differencee in relative performance between tracts. The clinical significance of a 4% 
differencee in Q-points remains to be established. Alternative explanations for our findings 
couldd be differences in spectrum of disease vrithin the respective study populations or 
differencess in MRA protocols. Unfortunately, too many data on stage of disease, age or 
sexx were missing to include these variables in the multivariable analysis. For the same 
reason,, the influence of the use of maximum intensity projection (MIP) (missing data 
9%)) alone or in combination with source data (71% missing or ambiguous data) to 
constructt images, and voxel size (43% missing) could not be analyzed. The studies 
includedd in this meta-analysis were all published within the past 8 years. In this short 
period,, MRA techniques have changed significantly. Acquisition time has been reduced 
fromm over one hour 39 to a few minutes.31 Susceptibility to flow artifacts and image 
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Tablee 4 Relative diagnostic odds ratios after multivariable analysis 

Variabl e e Relativee DOR (95% CI ) 

MRAA technique 
22 Dimensional 
33 Dimensional 

Gd-enhanced d 
Subdivisions,, no. 

1-4 4 
5-7 7 
8-31 1 

11 (reference) 
2.88 (1.2-6.4) 

11 (reference) 
0.77 (0.3-2.2) 
2.55 (1.0-6.3) 

80--

8-- 60-

40--

20--

o-J J 

MRA=Magneticc Resonance Angiography, DOR=diagnost ic odds ratio, CI=confidence interval, 
subdivisions=numberr of subdivisions within defined arterial tract. 
Variabless entered into the analysis were year of publication, all methodological criteria, reference standard 
enhancementt bias, arterial tract, number of subdivisions in arterial tracts, prevalence of target lesions, 
andd MRA technique. 

qualityy have been improved by electrocardiogram triggering, gadolinium contrast, and 
subtractionn techniques.29,30,32,47 Moreover, the value of new contrast agents or MRA 
sequencess has not yet been tested in comparative studies. These innovations suggest 
thatt MRA techniques and their definitive role in clinical practice are still evolving. 

Usee of MRA has repeatedly detected infrapopliteal arteries not visible on CA that 
weree suitable bypass recipients at surgical exploration.40,57~59 Some consider arteriography 
inappropriatee as reference standard for 
thesee arteries and prefer intraoperative 
angiography.. However, the incidence 
off  angiographically occult patent 
vesselss varies between centers.57 More-
over,, in a multicenter trial, arterio-
graphyy and MRA were equally accu-
ratee compared with intraoperative 
angiographyy or post-PTA arterio-
graphy,577 while in other studies 
arteriographyy was even more accurate 
thann MRA.60,61 Not until randomized 
trialss are performed that compare 
outcomess of distal bypass surgery 
basedd on arteriography and MRA will 
i tt be clear which modality is to be 
preferred. . 

Littl ee is known about the value of 
MRAA for clinical outcomes. The 
patientss who benefit most from PTA 
orr surgery have critical limb ischemia, 
nott claudication. The majority of the 
studiedd patients had claudication, which emphasizes the need for comparative and ma-

-2DIVFW W 

-3DIVRA A 

— ii 1 1 

200 40 60 

100-Specificityy (%) 

- 1 — — 
80 0 100 0 

Figur ee 1 
SROC-curvee for detection of > 50% stenosis or 
occlusionn in the lower extremity arteries with MRA 
adjustedd for number of subdivisions within defined 
arteriall  tracts. 
Openn circles = 3D MRA, solid circles = 2D MRA. 
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nagementt studies in patients with ischemic pain and tissue loss. Unfortunately, the 
includedd studies did not allow a subgroup analysis of diagnostic performance for each 
stagee of disease. Several studies compared treatment plans made by different observers 
basedd on arteriography and MRA25,36-41- 57~64 When MR angiograms were technically 
adequate,, the concordance in proposed interventions exceeded 85%. Studies designed 
ass such remain hypothetical, as clinical decision making is subject to interindividual 
variability.62'65'66 6 

Whereass early comparative studies had methodological flaws such as unclear patient 
selection,, inadequate description of inception cohort, no routine independent assessment 
off  MRA and reference standard and not reporting interob server variability,3 most stu-
diess included in our analysis were of high methodological quality. Still, the judgment of 
individuall  study outcomes and our meta-analysis has its limitations. The interobserver 
agreementt on rating individual elements of study quality was only fair, despite absolute 
agreementt in 77% to 94%). This may be explained by the fact that K-values depend 
uponn the prevalence in each category.67 In studies with a small sample size, defined 
arteriall  tracts were often subdivided into arbitrary segments. Our analysis shows that 
thee diagnostic accuracy is overestimated in such studies. It would be helpful if such 
studiess presented their data on a segment-to-segment basis, which allows the calculation 
off  sensitivity and specificity and pooling of raw data for both each segment and each 
definedd arterial tract. Thirteen studies presented accuracy as aggregate results. Although 
ourr analysis did not reveal differences in diagnostic accuracy between arterial tracts, 
presentingg data as such obstructs the interpretation of MRA for assessment of a specific 
tract.. Consequently, it remains unclear if MRA is suitable for planning interventions 
withinn these tracts, such as PTA of the iliac arteries. 

AA final limitation of this study is the possibility of publication bias. We did not 
attemptt to quantify the number of unpublished studies but realize that conclusions may 
bee too optimistic when studies with favorable results are more likely to be submitted 
andd published. It has been reported that exclusion of unpublished studies can yield a 
15%)) larger intervention effect, but such data are not available for diagnostic research.68 

Inn summary, we found that MRA is highly accurate for evaluation of lower extremity 
arteriall  disease. Its accuracy has been improved by 3-D gadolinium-enhanced techniques. 
Moree studies are needed in patients with critical limb ischemia. To facilitate the 
disseminationn of MRA, standardization of study design and reporting results is needed. 
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Summary y 
Inn 1999 in the Netherlands 3769 percutaneous transluminal angioplasty (PTA) proce-
dures,, 1125 endarterectomies and 3332 peripheral bypass operations were performed 
inn patients with symptomatic peripheral arterial occlusive disease (PAOD) (source: 
Prismant,, Utrecht). Some 3628 patients were treated after diagnostic arteriography, the 
traditionall  reference standard for establishing the diagnosis of PAOD. Arteriography is 
invasive,, has a low complication rate and frequently requires admission. Accurate non-
invasivee tests could obviate the need for arteriography. Diagnostic tests for PAOD can 
bee divided in tests for screening for the presence of arterial disease and tests for localizing 
andd grading the severity of atherosclerotic lesions, in order to plan an intervention. The 
aimm of this thesis was to find scientific evidence for the use of non-invasive diagnostic 
testss for PAOD and to explore the possibility of a completely non-invasive work-up in 
patientss with severe lower leg ischemia. 

Inn the introduction in Chapter 1 the results of a systematic review of studies published 
betweenn 1976 and 1993 comparing non-invasive tests for assessment of PAOD with 
arteriographyy as reference standard is described. Some 624 articles were retrieved, in 
whichh 697 times a test was evaluated. Independent judgement by three observers left 
1066 studies of satisfactory methodological quality for quantitative analysis. For medical 
history,, physical examination, including pulse palpation, auscultation and Buerger's test, 
thee sensitivity ranged between 64% and 96% with a specificity between 62% and 85% 
too identify the presence of any atherosclerotic lesion in the entire lower extremity. Ankle -
Brachiall  Index (ABI) measurement is a useful test to confirm or refute peripheral vascular 
disease.. A cut-off point < 0.97 was highly accurate with a sensitivity of 94% and 
specificityy of 97% to determine a stenosis or occlusion. No comparative studies were 
foundd that confirmed the often held position that the ABI is falsely elevated in diabetics 
duee to incompressible arteries. Exercise testing has no better discriminatory power than 
ABI ,, but may be helpful to determine the maximum walking distance, although this 
parameterr was poorly reproducible. Segmental blood pressure measurements, Doppler 
waveformm analysis and Pulse Volume Recordings are inferior to duplex scanning (DS) 
andd Magnetic Resonance Angiography (MRA) for localization and grading lesions in 
thee aortoiliac and femoropopliteal tract. The reliability of arteriography as reference 
standardd was not often evaluated, but iaDSA techniques seem more accurate than 
conventionall  angiography for assessment of the lower extremity arteries. Disparities 
weree found between arteriography and intraarterial pressure (IAP) measurements. Some 
preferr IA P as it provides functional information, but no evidence is available whether 
managementt based on IA P can influence the outcome of interventions. 

Byy 1994 71 studies on DS for assessment of the lower extremity arteries had appeared 
inn the literature. Chapter 2 is a systematic review and meta-analysis of 16 studies comparing 
DSS to arteriography. The Peak Systolic Velocity (PSV) ratio is an accurate parameter to 
gradee the severity of arterial lesions. The pooled estimates of sensitivity and specificity 
forr detection of a stenosis greater or equal than 50% or occlusion in the aortoiliac tract 
weree 86% (95% confidence interval (CI), 80-91) and 97% (95% CI, 95-99), respectively. 
Forr the femoropopliteal tract pooled sensitivity and specificity were 80% (95% CI, 74-
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85)) and 96% (95% CI, 94-98), respectively. Accuracy for detection of a stenosis greater 
thann or equal to 50% or occlusion in the infrapopliteat arteries was lower with a sensitivity 
andd specificity of 83% (95% CI, 59-96) and 84% (95% CI, 69-93), respectively. Due to 
itss high accuracy for assessment of the aortoiliac and femoropopliteal tract, DS is a 
reliablee alternative for routine diagnostic arteriography. Several management studies 
confirmedd the potential of DS to guide PTA or surgical revasculization procedures in 
thee aortoiliac and femoropopliteal arteries in patients with predominantly claudication. 

Thee meta-analysis revealed that more work was needed to define the role of DS for 
assessmentt of the infrapopliteal arteries. Patients with severe lower limb ischemia usually 
havee multilevel disease with extensively diseased superficial femoral and infrapopliteal 
arteries.. Adequate assessment is technically demanding, both with arteriography and 
DS,, but essential for percutaneous or surgical revascularization. Chapter 3 describes a 
pilott study of DS for evaluation of the popliteal and infrapopliteal arteries compared 
withh arteriography. Pulse Generated Runoff (PGR) was also studied because it was 
reportedd to identify distal arterial segments not visible on conventional arteriography. 
Afterr this pilot study, a prospective comparative study of DS, PGR and iaDSA for 
assessmentt of the lower leg arteries was started. This study is described in chapter 4 and 
comprisedd 120 consecutive patients with severe lower leg ischemia. Popliteal, tibial and 
pedall  arteries were graded with B-Mode and Doppler parameters. Overall agreement, 
expressedd as weighted K-values between DS and iaDSA for grading popliteal and crural 
arteriess was moderate, with good agreement within the popliteal and anterior tibial 
arteries.. Agreement was moderate within the pedal arteries. The sensitivity for detection 
off  occlusions in the popliteal and tibial arteries ranged between 53% and 81% and the 
specificityy between 80% and 96%. In 74/126 (59%) limbs the proposed management 
withh DS/PGR was identical to definitive management based on iaDSA. In 23/29 (79%) 
femoropopliteall  and 15/37 (41%) femorocrural bypasses DS/PGR identified the same 
recipientt artery and anastomosis site as iaDSA. The estimated two year primary and 
secondaryy patency and limb salvage rates for patients treated with femoropopliteal bypass 
weree 58%, 80% and 92%, respectively. The one year primary and secondary patency 
andd limb salvage rates after femorocrural bypass were 54%, 85% and 82%, respectively. 

Thee concordance between DS and iaDSA was substantial, but not perfect. Among 
otherr factors, interobserver variability could explain disparities between the two 
modalities.. Chapter 5 describes a study on interobserver agreement on iaDSA and sub-
sequentt treatment plans. A random sample of 48 arteriograms was drawn from the 
patientss participating in the comparative study and judged by 4 observers. The rate of 
non-diagnosticc judgements ranged from 1% in the popliteal arteries to 22% in the pedal 
arteries.. Overall agreement, expressed as K-values was good for grading the popliteal, 
moderatee for the tibial and fair for the pedal arteries. Agreement was good to excellent 
forr grading occluded or fully patent popliteal and tibial artery segments, and fair to 
moderatee for grading severe disease. In 55% of cases at least 3 (out of 4) observers (K-
valuee 0.33) and in 75% at least 2 (out of 3) vascular surgeons proposed identical treatment 
plans.. It was concluded that using our grading system, iaDSA is reliable for detection 
off  occluded or fully patent popliteal or tibial arteries, but not for detection of severe 
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disease.. In addition, evaluation of the performance of two diagnostic modalities as 
concordancee in treatment plans may be flawed by interobserver variation. 

DSS is often criticized for being operator dependent. If DS is to be used to guide 
clinicall  decision making it has to have an acceptable interobserver variation. In the 
studyy in chapter 6 two vascular technologists independendy recorded PSV and graded 
thee lower leg arteries with B-Mode and Doppler parameters in 24 consecutive patients. 
Thee intraclass correlation coefficient (ICC) for PSV recordings in the popliteal and 
tibialtibial arteries was 0.90 (95% CI, 0.86-0.93) which indicates good agreement. For the 
pedall  arteries the ICC was 0.64 (95% CI, 0.37-0.81) indicating moderate agreement. 
Interobserverr agreement on grading artery patency was good within the popliteal and 
tibiall  arteries with weighted K-values between 0.60 and 0.80 and moderate within the 
pedall  arteries (weighted K-values between 0.49 and 0.54). 

ChapterChapter 7 describes a management study of 117 consecutive patients with severe 
lowerr leg ischemia who had treatment guided by DS/PGR and iaDSA performed on 
indicationn only. In 97/125 (78%) limbs management was based solely on DS. This 
includedd 83% of femoropopliteal bypasses and 38% of femorotibial bypasses. In the 
latterr procedures PGR was of no additional value to identify the best recipient artery. 
Overalll  in-hospital mortality was 8/114 (7%) and the two-year survival rate was 83%. 
Estimatedd two-year primary and secondary patency and limb salvage rates after 
femoropopliteall  bypass surgery were 75%, 93% and 93%, respectively and 35%, 73% 
andd 74%, respectively, one year after femorocrural bypass surgery. There were no diffe-
rencess in patient characteristics, indication for treatment and immediate and one-year 
outcomee between the patients included in the management study and the population of 
thee comparative study described in chapter 4. It is concluded that in a vascular unit with 
expertisee in DS of the lower leg arteries, management of patients with severe ischemia 
cann be based on DS in a majority of patients, without negative effects on clinical outcome 
duringg admission and at one and two years follow-up. 

Magneticc Resonance Angiography (MRA) is another rapidly evolving non-invasive 
imagingg technique with great diagnostic potential. Chapter 8 is a systematic review and 
meta-analysiss of the accuracy of MRA for assessment of lower extremity arterial disease 
comparedd with arteriography. As in the 34 included studies a large number of different 
MRAA protocols were applied, Summary Receiver Operating Characteristic curves were 
constructedd to determine the diagnostic accuracy. It was shown that MRA is highly 
accuratee for detection of stenosis >50% or occlusions in the entire lower extremity 
arteriall  tree. The application of 3-Dimensional MRA with Gadolinium contrast 
enhancementt (3DGd) has significantly improved the diagnostic accuracy in the entire 
lowerr extremity compared to 2D MRA (relative diagnostic odds ratio 2.8 (95% CI, 1.2-
6.4)).. The estimated points of equal sensitivity and specificity were 94% and 90% for 
3DGdd MRA and 2D MRA, respectively. The majority of studied patients however, 
weree examined for claudication and not for critical ischemia. 
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Implication ss for  clinical practice 
Thee results of the studies described in this thesis indicate that the initial assessment of 
patientss with chronic lower extremity arterial occlusive disease can be simple. History 
taking,, physical examination and Doppler ankle pressure measurement can accurately 
discriminatee between the presence or absence of significant peripheral arterial disease. 
Thee cut-off point for a normal ABI can be chosen depending on whether the test is 
usedd to rule out or confirm the presence of PAOD. An exercise test may be performed 
too verify the patient's pain free walking distance. Post-exercise ankle pressure 
measurementss are not likely to further differentiate between normal and diseased 
peripherall  arteries. 

Thee next question is how to proceed. Arteriography has been used successfully for 
decadess to establish a definitive diagnosis and guide treatment, and it wil l be used as 
suchh in the near future, despite the rapid development of DS and MRA. Ideally, 
arteriographyy is performed only if an intervention is intended and the same point of 
vieww must be held for non-invasive imaging and functional tests. The fact that non-
invasivee tests are "patient-friendly" should not imply their unrestricted use, because 
diagnosiss cannot be regarded separately from therapeutic options. 

Thee choice to use DS for non-invasive assessment requires close cooperation bet-
weenn vascular technologist, vascular surgeon and interventional radiologist. First of all, 
thee vascular technologist must be a certified professional with ample experience in 
assessmentt of the lower extremity arteries with DS. To guarantee reliable DS examinations 
andd to gain mutual confidence, continuous feedback is necessary. Technologists must 
discusss difficult examinations together, and receive information about findings during 
arteriographyy and operation from radiologist and surgeon. In our practice such meet-
ingss were held every week, and helped to better understand the possibilities and pitfalls 
off  lower leg artery DS. The results of the interobserver study of DS in chapter 6 indicate 
thatt good interobserver agreement can be achieved in this way. When high quality DS 
studiess are obtained, a strategy of DS as first examination with selective use of 
arteriographyy is safe for management of patients even with severe lower extremity 
ischemia,, as was shown in chapter 7. In several other, mainly retrospective, studies the 
safetyy of DS to guide femoropopliteal and femorocrural bypass surgery with good 
shortt and intermediate term results was reported.15 Despite this evidence many surgeons 
andd radiologists will hesitate to rely on the information provided by a vascular technologist 
too plan an intervention. An explanation may be that although the information of DS is 
recordedd on anatomical charts or videotapes, DS cannot compete with the psychological 
advantagee of arteriography and MRA that they produce visual information that can be 
reviewedd at any time, independent from the person who performed the examination. 
However,, one must realke that interindividual variation in image acquisition during 
arteriographyy and MRA also induces subjective judgement. 

AA large number of studies have shown that MRA is highly accurate for assessment of 
thee lower extremity arteries. However, only few management studies have been published 
too date. In two studies MRA was successfully used to guide endovascular interventions. 
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6,77 Some early studies on 2D MRA provided anecdotal evidence that it could detect 
moree runoff vessels than arteriography and changed intervention plans accordingly. 
Thesee studies were not rigorous evaluations. However, one management study confirmed 
thee ability of MRA to replace arteriography before infrainguinal bypass surgery. 8 It is 
expectedd that more such studies will appear in the near future so that the role of MRA 
inn clinical practice can be fully appreciated. 

Fromm our management study it became clear that PGR did not have the ability to help 
identifyy the best suited recipient artery for distal bypass surgery. In addition, in a follow-
upp study on femorocrural bypass surgery not included in this thesis, we could not 
reproducee the observation from previous studies that PGR can predict the success of 
distall  bypass surgery. This implies that PGR has no clinical value at all and should not 
bee used for patient management. 

Suggestionss for  research 
Thee scientific evidence for the use of tests to confirm or refute chronic peripheral 
arteriall  occlusive disease is well established. It is not to be expected that other, simpler 
testss than ABI measurement will become available in the near future. 

AA more important question may be which imaging or functional modality is to be 
regardedd as reference standard to localize disease and establish a definitive diagnosis. In 
alll  comparative studies performed and analyzed in this thesis arteriography was used as 
referencee standard. The possibilities and limitations of arteriography need not to be 
repeatedd here, but modalities compared to a reference standard will always perform 
secondd best. For assessment of the aortoiliac and femoropopliteal arteries both DS and 
MRAA could serve as reference standard as both modalities showed a high concordance 
withh arteriography within these tracts. This does not apply to the infrapopliteal arteries 
wheree significant disparities were found when DS and MRA were compared to 
arteriography.. It has been suggested that arteriography is not appropriate for evaluation 
off  these arteries and that intra-operative angiography (IOA) is the preferred reference 
modality.. However, studies using IOA as such will suffer from verification bias, because 
IOAA can only be performed in patients treated surgically. On the other hand such stu-
diess provide the possibility to gain information on the reliability of diagnostic 
arteriographyy as reference standard. 

AA second question is whether DS and MRA have significandy better accuracy over 
eachh other for assessment of the lower extremity arteries. A simple answer could be 
obtainedd by studying arteriography, DS and MRA simultaneously. However, investigators 
seemm to "believe" in only one of both modalities: to date only 3 inconclusive studies are 
availablee that made such comparisons, if for the iliac arteries only.9 n It wil l take years 
beforee this question wil l be resolved, provided more comparative studies wil l be 
conductedd at all. A less time consuming alternative to make comparisons and generate 
hypothesess is the use of meta-analysis. A recent meta-analysis compared the diagnostic 
accuracyy of 3DGd MRA and color DS for assessment of the lower extremity arteries 
withh arteriography as reference standard. 12 It was concluded that 3DGd MRA has 
betterr discriminatory power than color DS. As the authors note, such results cannot be 
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generalizedd without caution. Differences in study designs, study populations and set-
tingg and lack of transparancy in the original publications may be responsible for the 
observedd differences. Moreover, ongoing technical innovations wil l improve the 
diagnosticc performance of MRA and DS. Our meta-analysis showed that Gd-enhanced 
MRAA has significandy improved its discriminatory power. The possibly additional value 
off  DS innovations such as power Doppler and contrast-enhanced DS need further 
investigation.. Finally, DS and MRA need not necessarily be regarded as competitive, 
butt the additional value of one modality to the other can be studied as well. 

Thee third, and probably the key issue in future studies is that diagnosis must be 
regardedd in relation to therapeutic options. Although more comparative studies are 
desirable,, if only for continuous quality control, research should also incorporate the 
impactt on clinical decision making and evaluate the outcomes of available treatment 
strategies.. This can be done by means of decision analysis or in randomized trials. 

Dee Vries and Hunink have presented an example of decision analysis for manage-
mentt strategies for patients with intermittent claudication. 13 They concluded that the 
overalll  gain in effectiveness achieved with bypass surgery for intermittent claudication 
doess not justify the additional costs over a strategy combining exercise and PTA. 
Unfortunately,, differences in diagnostic work-up were not included in their analysis. In 
aa comprehensive review, Mol and Bossuyt have proposed a suggestion for decision 
analysiss in the evaluation of diagnostic test and treatment strategies. u In brief, all 
relevantt combinations of diagnostic and therapeutic options are used to construct a 
decisionn tree. Utilities must be assigned to each outcome in the decision tree to be able 
too compare the outcome of each diagnostic and treatment strategy. Sensitivity analysis 
allowss one to explore the robustness of the outcome of the decision analysis. 

Thee fact that our and other studies showed that diagnostic arteriography could be 
replacedd by DS or MRA before bypass surgery merely indicates that these modalities 
cann indeed be used to guide operations, but not that a non-invasive work-up is more 
beneficiall  to the patient's health than treatment based on arteriography. In addition, in 
thee management study in chapter 7 we showed that DS can safely guide treatment decisions 
inn patients with severe lower leg ischemia without negative effects on outcome after 
twoo years. However, hypothetically the introduction of DS to guide patient manage-
mentt may have led to treatments for each individual patient, different from would have 
beenn done if they had diagnostic arteriography, but not to different outcomes for the 
wholee population. 

Randomizedd diagnostic trials might elucidate which diagnostic strategy is best. Several 
designss for such trials are available. Patients can be randomly allocated to one of the 
investigatedd diagnostic modalities and have subsequent treatment depending on the test 
result.. Differences in outcome are measured after a specified period of follow-up. 
However,, such a design does not offer an assessment of the test, but rather of a test 
andd treatment strategy. A more informative design would be to submit patients to all 
testt modalities under study (e.g. DS and arteriography) and to randomize only in case of 
discordantt test results.15 The need for a large sample size, as only patients with discordant 
testt results are randomized is a serious drawback of this method. Whichever design is 
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chosen,, strict adherence is necessary to predefined indications for a specific treatment 
inn order to be able to compare the relative contributions of both diagnostic modalities 
too observed differences in outcome. 

Whetherr decision analysis is used or randomized trials, both methods require 
informationn on the benefits and harms of different treatments for chronic lower limb 
ischemia.. This poses a challenge because the effectiveness of all treatment modalities 
hass been demonstrated predominandy in case-series, and not randomized trials, and is 
thereforee only ^/-evidence-based and not fully clarified. Maybe this may explain why 
decisionn making in vascular surgery is subject to significant interobserver variation like 
hass been shown in chapter 5 and in other studies. 

Moree evidence on the effectiveness of conservative treatment, PTA and surgery, may 
helpp to tailor treatment to the individual patient. An important issue is how the 
effectivenesss of therapy should be measured. Whereas radiologists and vascular surgeons 
mayy be mainly interested in patency or limb salvage rates, quality of lif e may be more 
importantt to the patient. Assessment of quality7 of life in patients with critical limb 
ischemiaa has only recendy gained much attention in vascular research and is not yet 
fullyy established.16-19 

I tt is clear that in experienced hands non-invasive assessment and subsequent mana-
gementt of patients with symptomatic peripheral arterial occlusive disease is feasible 
andd safe. The next step may be to find more evidence for the relative effectiveness of 
variouss treatment modalities for lower leg critical ischemia to provide a framework for 
futuree evaluation of different diagnostic (and thus) therapeutic strategies. 
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Samenvatting g 
Inn 1999 werden in Nederland 3769 percutane transluminale angioplastieken (PTA of 
'Dotterbehandeling'),, 1125 thrombo-endarterectomiëen (verwijderen van plaque van 
dee binnenkant van de slagader) en 3332 bypass operaties uitgevoerd in verband met 
symptomatischh perifeer arterièel vaatlijden (PAV) (bron: Prismant, Utrecht). In totaal 
werdenn 3628 patiënten behandeld na diagnostische angiografle, het traditionele "gou-
denn standaard" (of liever, referentie standaard) onderzoek voor het stellen van de dia-
gnosee PAV. Angiografle is een invasief onderzoek, heeft een gering risico op complica-
tiess en vereist vaak een korte opname. Nauwkeurige, niet-invasieve diagnostische tests 
zoudenn de noodzaak voor angiografle kunnen beperken. In de afgelopen 20 jaar is een 
groott aantal niet-invasieve tests voor diagnostiek van PAV beschikbaar gekomen. Deze 
testss kunnen worden verdeeld in tests die gebruikt worden voor screening op het vóór-
komenn van afwijkingen in de slagaders van de benen en tests voor het localiseren en 
graderenn van de ernst van die afwijkingen. Het doel van dit proefschrift was om de 
wetenschappelijkee onderbouwing voor het gebruik van niet-invasieve tests voor de dia-
gnostiekk van PAV na te gaan en om de mogelijkheid van een volledig niet-invasieve 
workupp te onderzoeken voor patiënten met ernstige ischemie van het been. 

Inn de inleiding in hoofdstuk 1 worden de resultaten beschreven van een systematisch 
literatuurr overzicht van onderzoeken die gepubliceerd werden tussen 1976 en 1993 
waarinn niet-invasieve diagnostische tests voor de evaluatie van PAV werden vergeleken 
mett angiografle als referentie test. In de 624 gevonden artikelen werd 697 keer een test 
geëvalueerd.. Na onafhankelijke beoordeling door drie onderzoekers bleven er 106 stu-
diess van voldoende methodologische kwaliteit over voor verdere analyse. De sensitivi-
teitt van anamnese en lichamelijk onderzoek (palpatie van pulsaties, auscultatie en de 
testt van Burger) varieerde tussen 64% en 96%, met een specificiteit tussen 62%o en 
85%o,, om significante afwijkingen ergens in de beenarteriën aan te tonen. Het meten 
vann de Enkel-Arm Index (EAI) met behulp van Doppler is een nuttige test voor screening. 
Bijj  een afkappunt van 0.97 was de sensitiviteit 94%> en de specificiteit 97%o voor het 
aantonenn van afwijkingen ergens in de beenarteriën. Er werden geen vergelijkende stu-
diess gevonden die bewijs leverden voor de vaak gehanteerde stelling dat de EAI bij 
patiëntenn met diabetes mellitus onbetrouwbaar is ten gevolge van niet-comprimeerbare 
voetarteriënn door mediasclerose. De looptest heeft geen beter onderscheidend vermo-
genn dan EAI meting, maar kan een indruk geven over de maximale loopafstand. De 
loopafstandd is echter een slecht reproduceerbare parameter. Segmentele bloeddrukmeting, 
Dopplerr signaal analyse en pols volume metingen zijn allen inferieur aan duplex scanning 
(DS)) en Magnetische Resonantie Angiografle (MRA) voor het localiseren en graderen 
vann afwijkingen in het aortoüiacale en femoropopliteale traject. De betrouwbaarheid 
vann angiografle als referentie test werd niet vaak onderzocht. Intra-arteriële Digitale 
Subtractiee Angiografle (iaDSA) lijk t het meest nauwkeurig voor het afbeelden van de 
onderbeensvaten.. Er werden discrepanties gerapporteerd tussen angiografle en intra-
arteriëlee drukmetingen (IAP). Sommigen hebben een voorkeur voor de functionele 
informatiee die IA P geeft, maar er is geen bewijs dat behandeling ingesteld op basis van 
IA PP de uitkomst van interventies kan beïnvloeden. 
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Tott 1994 waren er reeds 71 studies over evaluatie van de beenarteriën met DS gepu-
bliceerd.. Hoofdstuk 2 beschrijft een systematische review en meta-analyse van 16 studies 
diee DS en angiografie vergeleken voor de beoordeling van PAY De Piek Systolische 
Snelheidd (PSV) ratio bleek een nauwkeurige parameter om de ernst van afwijkingen te 
graderen.. De geschatte gepoolde sensitiviteit en specificiteit voor het aantonen van een 
stenosee > 50% of een occlusie in het aortoiliacale traject waren respectievelijk 86% 
(95%% BI, 80-91) en 97% (95% BI, 95-99) en respectievelijk 80% (95% BI, 74-85) en 
96%% (95% BI, 94-98) in het femoropopliteale traject. De nauwkeurigheid van DS voor 
beoordelingg van de onderbeensarteriën was lager met een sensitiviteit van 83% (95% 
BI,, 59-96) en een specificiteit van 84% (95% BI, 69-93). De hoge diagnostische nauw-
keurigheidd van DS voor beoordeling van het aortoiliacale en femoropopliteale traject 
makenn DS een betrouwbaar alternatief voor routine diagnostische angiografie. In ver-
schillendee management studies werd de geschiktheid van DS voor het verwijzen voor 
eenn PTA of operatie in patiënten met voornamelijk claudicatio intermittens bevestigd. 

Uitt de meta-analyse kwam naar voren dat DS nog onvoldoende was geëvalueerd voor 
beoordelingg van de onderbeensarteriën. Patiënten met ernstige ischemie van het onder-
beenn hebben over het algemeen afwijkingen op meerdere nivo's in de beenarteriën. Een 
nauwkeurigee beoordeling is technisch moeilijk, zowel met DS als angiografie, maar 
essentieell  om een interventie te kunnen plannen. Hoofdstuk 3 beschrijft een pilot studie 
vann DS voor beoordeling van de onderbeensarteriën vergeleken met angiografie. Pulse 
Generatedd Runoff (PGR) werd ook geëvalueerd, omdat het meer distale arteriën zou 
kunnenn aantonen dan angiografie. De pilot studie voldeed aan de verwachtingen waarop 
eenn prospectieve vergelijkende studie van DS, PGR en iaDSA voor beoordeling van de 
onderbeensarteriënn werd gestart. Deze studie wordt beschreven in hoofdstuk 4 en omvat 
1200 opeenvolgende patiënten met ernstige ischemie van het onderbeen. Doorgan-
kelijkheidd van de poplkeale, crurale en voetarteriën werd gegradeerd met B-Mode en 
Dopplerr parameters. De algehele overeenstemming tussen DS en iaDSA, uitgedrukt in 
gewogenn K-waardes, voor beoordeling van de poplkeale en crurale arteriën was redelijk, 
enn goed in de a. poplitea en a. tibialis anterior. De overeenstemming voor beoordeling 
vann de voetarteriën was redelijk. De sensitiviteit voor detectie van occlusies in de pop-
lkealee en crurale arteriën varieerde van 53% tot 81% met een specificiteit tussen 80% 
enn 96%. In 74/126 (59%) van de onderzochte benen was het op basis van DS/PGR 
voorgesteldee beleid identiek aan het op basis van iaDSA definitief gevoerde beleid. In 
23/299 (79%) femoropopliteale bypasses en 15/37 (41%) femorocrurale bypasses we-
zenn DS/PGR dezelfde acceptorarterie aan als iaDSA. De geschatte primaire en secun-
dairee patency en limb salvage rates waren na twee jaar respectievelijk 58%, 80% en 92% 
naa femoropopliteale bypass chkugie en 84%, 85% en 82% na een femorocrurale bypass. 

Dee overeenstemming tussen DS en iaDSA was aanzienlijk, doch niet perfect. 
Discrepantiess kunnen verscheidene oorzaken hebben, onder meer interobserver varia-
tie.. In hoofdstuk 5 wordt de interobserver variatie onderzocht van beoordeling van de 
onderbeensarteriënn met iaDSA en de op basis van iaDSA geformuleerde behandel-
plannen.. Er werd een random selectie gemaakt van 48 angiogrammen van deelnemers 
aann de vergelijkende studie, die onafhankelijk werden beoordeeld door 4 beoordelaars. 
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Opp het nivo van de a.poplitea kon 1% van de segmenten niet goed beoordeeld worden 
enn in de voet was 22% niet te beoordelen. De algehele overeenstemming voor beoorde-
lingg van de doorgankelijkheid, uitgedrukt in gewogen K-waardes was goed in de a.poplitea, 
redelijkk in de crurale arteriën en matig in de voetarteriën. De overeenstemming was 
goedd tot uitstekend voor detectie van geoccludeerde en volledig normale segmenten in 
dee a.poplitea en crurale arteriën en matig tot redelijk voor detectie van segmenten met 
ernstigee afwijkingen. In 55% van de gevallen stelden ten minste 3 (van de 4) beoorde-
laarss hetzelfde beleid voor en in 75% ten minste 2 (van de 3) vaatchirurgen. Geconclu-
deerdd werd dat iaDSA, volgens de criteria gebruikt in het vergelijkende onderzoek, 
geschiktt is voor detectie van volledig normale of geoccludeerde popliteale en crurale 
arteriën,, maar niet voor detectie van ernstige afwijkingen. Bovendien is de evaluatie van 
dee concordantie van 2 diagnostische modaliteiten als overeenstemming in behandel-
plannenn niet valide, gezien de aanzienlijke interob server variatie. 

DSS wordt vaak bekritiseerd vanwege het feit dat de nauwkeurigheid van het onder-
zoekk afhankelijk is van degene die het uitvoert. Geringe interobserver variatie is inder-
daadd vereist wanneer DS wordt gebruikt voor klinische besluitvorming. In hoofdstuk 6 
registreerdenn 2 vaadaboranten onafhankelijk van elkaar de PSV en gradeerden zij de 
onderbeensarteriënn met B-Mode en Doppler parameters in 24 opeenvolgende patiën-
ten.. De interobserver overeenstemming van PSV metingen uitgedrukt als intra-class 
correlatiee coëfficiënt (ICC) was goed voor de popliteale- en onderbeensarteriën (ICC 
0.90,, 95% BI 0.86-0.93) en redelijk voor de voetarteriën (ICC 0.64, 95% BI, 0.37-0.81). 
Dee overeenstemming voor gradering van de doorgankelijkheid was goed in de a.poplitea 
enn de crurale arteriën met gewogen K-waardes tussen de 0.60 en 0.80 en redelijk in de 
voetarteriënn (gewogen K tussen 0.49 en 0.54). 

HoofdstukHoofdstuk 7 beschrijft een studie waarin het beleid bij 114 opeenvolgende patiënten 
mett ernstige ischemie van het onderbeen primair werd gebaseerd op DS en PGR en 
angiografiee slechts nog op indicatie werd verricht. In 97/125 (78%) benen werd het 
beleidd bepaald op alleen DS. Dit was inclusief 83% van de femoropopliteale en 38% 
vann de femorocrurale bypasses. Bij deze laatste ingrepen had PGR geen aanvullende 
waarde,, aangezien het niet kon helpen de beste acceptorarterie te kiezen. De ziekenhuis-
sterftee van deze groep patiënten was 8/114 (7%) en de geschatte overleving na 1 jaar 
wass 86%, evenals het percentage behouden benen. De geschatte primaire en secundaire 
patencyy en limb salvage rates waren respectievelijk 75%, 93% en 83% na twee jaar na 
eenn femoropopliteale bypass en respectievelijk 35%, 73% en 74% één jaar na 
femorocruralee bypass. De patiëntkarakteristieken, indicatie voor een specifieke behan-
delingg en uitkomsten van behandeling waren vergelijkbaar met het cohort uit de verge-
lijkendee studie. Concluderend kan worden gesteld dat in een vaatcentrum met expertise 
inn DS van de onderbeensarteriën het beleid voor een groot deel van de patiënten met 
ernstigee ischemie van het onderbeen kan worden gebaseerd op DS, zonder dat dit nade-
ligee effekten heeft op de uitkomsten tijdens opname en na één tot twee jaar follow-up. 

Magnetischee Resonantie Angiografie is ook een zich snel ontwikkelende niet-invasieve 
diagnostischee modaliteit. Hoofdstuk 8 is een systematische review en meta-analyse van 
MRAA vergeleken met angiografie voor beoordeling van de beenarteriën. Gezien het 
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grotee aantal MRA protocollen dat geëvalueerd werd in de 34 geïncludeerde studies, 
werdenn Summary Receiver Operating Characteristic curves geconstrueerd om het on-
derscheidendd vermogen van MRA uit te drukken. MRA heeft een hoge diagnostische 
nauwkeurigheidd voor het aantonen van een stenose > 50% of occlusie in alle beenarte-
riën.. Het gebruik van 3-Dimensionale MRA met Gadolinium contrast versterking (3DGd) 
heeftt de diagnostische nauwkeurigheid van MRA voor beoordeling van alle arteriën in 
bekkenn en been significant verbeterd in vergelijking met 2-Dimensionale MRA (rela-
tievee diagnostische odds ratio 2.8 (95% BI, 1.2-6.4)). De geschatte punten van gelijke 
sensitiviteitt en specificiteit waren respectievelijk 94% en 90% voor 3DGd en 2D MRA. 
Dee meerderheid van de onderzochte patiënten werden echter vanwege claudicatie on-
derzochtt en niet in verband met kritieke ischemic 

Implicatie ss voor  de praktij k 
Dee resultaten van de studies in dit proefschrift tonen dat de initiële beoordeling van 
patiëntenn met symptomatisch perifeer arteriëel vaatlijden simpel kan zijn. Op basis van 
anamnese,, lichamelijk onderzoek en EAI meting kan nauwkeurig een onderscheid wor-
denn gemaakt tussen aan- en afwezigheid van significante afwijkingen in de beenarteriën. 
Dee afkapwaarde van de EAI kan worden gekozen afhankelijk van het feit of de test 
wordtt gebruikt om afwijkingen aan te tonen of uit te sluiten. Een looptest kan even-
tueell  inzicht geven in de maximale pijnvrije loopafstand. EAI gemeten na inspanning 
zall  waarschijnlijk niet beter kunnen differentiëren tussen aan- of afwezigheid van 
obstructievee afwijkingen in de beenarteriën dan EAI in rust. 

Eenn belangrijker vraag is hoe de verdere diagnostiek te verrichten. Angiografie wordt 
all  decennia lang met succes gebruikt voor het stellen van de definitieve diagnose en het 
instellenn van een behandeling en voorlopig zal dit ook wel zo blijven, ondanks de snelle 
opkomstt van DS en MRA. Idealiter wordt angiografie alleen verricht indien een inter-
ventiee wordt overwogen en hetzelfde uitgangspunt dient te worden gehanteerd bij het 
gebruikk van niet-invasieve en funktionele tests. Het feit dat niet-invasieve tests "pa-
tiënt-vriendelijk""  zijn moet niet automatisch inhouden dat zij overvloedig worden aan-
gevraagd,, aangezien diagnose niet los kan worden gezien van therapie. 

Dee keuze om DS te gebruiken voor niet-invasieve beoordeling vereist nauwe samen-
werkingg tussen vaadaborant, vaatchirurg en interventieradioloog. Idealiter heeft de 
vaadaborantt een erkende opleiding gevolgd en is hij /zij ervaren in de diagnostiek met 
DSS van de arteriën van de onderste extremiteit. Om betrouwbare onderzoeken te waar-
borgenn en onderling vertrouwen te kweken is kontinue feedback noodzakelijk. Bij voor-
keurr bespreken vaadaboranten lastige onderzoeken onderling en ontvangen zij infor-
matiee over de bevindingen tijdens angiografie of operatie. In onze kliniek werd een 
dergelijkee bespreking wekelijks gehouden. Hierdoor werd veel geleerd over de moge-
lijkhedenn en valkuilen van DS van de onderbeensarteriën. De resultaten van de 
interobserverr studie van DS in hoofdstuk 6 maken duidelijk dat het mogelijk is mede op 
dezee manier tot een goede interobserver overeenstemming te komen. 
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Wanneerr het DS onderzoek betrouwbaar wordt uitgvoerd is het veilig een diagnostische 
enn behandelstrategie a priori gebaseerd op DS te volgen, en angiografie alleen op indi-
catiee te verrichten, zelfs bij patiënten met ernstig perifeer vaatlijden, zoals beschreven in 
hoofdstukhoofdstuk 7. In verscheidene andere, zij het voornamelijk retrospectieve, studies werd de 
veiligheidd van op DS gebaseerde femoropopliteale en femorocrurale bypass chirurgie 
beschreven,, met goede resultaten op korte en middellange termijn. 1O Ondanks deze 
studiess zullen veel radiologen en vaatchirurgen aarzelen een interventie te plannen op 
doorr de vaadaborant aangeleverde informatie. Een mogelijke verklaring hiervoor is 
gelegenn in het feit dat zelfs wanneer de informatie van DS is vastgelegd op een diagram 
off  videoband, het niet op kan tegen het psychologische voordeel van angiografie en 
MRAA dat deze onderzoeken kunnen worden nagezien wanneer men maar wil en onaf-
hankelijkk van degene die het onderzoek verrichtte. Hierbij dient men zich te realiseren 
datt interindividuele variatie in het vastleggen van beeldinformatie tijdens angiografie 
enn MRA eveneens een zekere mate van subjectiviteit induceert. 

Eenn groot aantal studies toonde aan dat MRA nauwkeurig is voor de beoordeling van 
dee arteriën in bekken en been. Tot op heden zijn er evenwel weinig management studies 
gepubliceerd.. In twee studies werd succesvol gebruikt gemaakt van MRA voor het 
plannenn van een PTA. 6'7 In sommige vroege studies detecteerde MRA meer runoff 
vatenn dan conventionele angiografie en werd het behandelplan op grond van deze in-
formatiee gewijzigd. Dit waren echter geen geprotocolleerde studies. Echter, in één stu-
diee werd de mogelijkheid van MRA aangetoond om angiografie te vervangen voor het 
plannenn van perifere bypass chirurgie. 8 Het is te verwachten dat meer van dergelijke 
onderzoekenn in de nabije toekomst zullen worden gepubliceerd zodat de rol van MRA 
voorr de praktijk dan volledig op waarde kan worden geschat. 

Onzee management studie in hoofdstuk 7 maakte duidelijk dat PGR niet kon helpen de 
bestt geschikte ontvanger arterie te vinden voor een femorocrurale bypass. In een follow-
upp studie die niet in dit proefschrift is opgenomen kon bovendien de eerder gerappor-
teerdee voorspellende waarde van PGR voor de duurzaamheid van een femorocrurale 
bypasss niet worden gereproduceerd. We moeten dan ook concluderen dat PGR geen 
waardee heeft voor diagnostiek en klinische besluitvorming en derhalve niet gebruikt 
moett worden in de praktijk. 

Suggestiess voor  onderzoek 
Dee wetenschappelijke onderbouwing voor het gebruik van tests voor het aantonen of 
uitsluitenn van perifeer arteriëel vaatlijden is solide. Het is niet te verwachten dat andere, 
simpelerr tests dan EAI bepaling zullen worden ontwikkeld. 

Eenn belangrijker vraag kan zijn welke beeldvormende of funktionele diagnostische 
modaliteitt kan worden beschouwd als referentie standaard om afwijkingen te localiseren 
enn een definitieve diagnose te stellen. In alle vergelijkende onderzoeken die werden 
beschrevenn in dit proefschrift werd angiografie als referentie standaard gebruikt. De 
mogelijkhedenn en beperkingen van angiografie hoeven hier niet te worden herhaald, 
maarr andere modaliteiten die met een referentie standaard worden vergeleken presteren 
perr definitie minder dan de standaard. Voor de beoordeling van het aortoiüacale en 
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femoropoplitealee traject 20uden DS en MRA ook als referentie standaard kunnen die-
nen,, aangezien de overeenstemming met angiografie groot was voor deze trajecten. Dit 
geldtt niet voor de crurale arteriën waarvoor significante discrepanties werden gevon-
denn wanneer DS en MRA werden vergeleken met angiografie. Het is gesuggereerd dat 
angiografiee is niet geschikt om als referentie standaard te fungeren voor de evaluatie 
vann deze arteriën, en dat intra-operatieve angiografie (IOA) nauwkeuriger zou zijn. 
Echter,, het gebruik van IOA als referentie standaard introduceert verificatie bias, aan-
gezienn alleen patiënten die geopereerd worden de referentie test kunnen ondergaan. 
Aann de andere kant kan IOA wel informatie opleveren over de nauwkeurigheid van 
angiografie. . 

Eenn tweede vraag kan zijn of er significante verschillen zijn in diagnostische nauw-
keurigheidd van DS en MRA voor de beoordeling van de bekken en beenarteriën. Deze 
vraagg zou eenvoudig kunnen worden beantwoord door DS, MRA en angiografie simul-
taann te vergelijken. Onderzoekers lijken echter slechts in één van beide modaliteiten te 
geloven;; tot op heden zijn er slechts drie, niet-conclusieve, onderzoeken verschenen en 
dann nog slechts voor het iliacale traject. 9 n Het zal nog jaren duren voordat deze vraag 
zall  worden beantwoord. Een minder tijdrovende methode om vergelijkingen te maken 
enn hypotheses te genereren is het doen van meta-analyses. In een recente meta-analyse 
werdd de diagnostische nauwkeurigheid van 3DGd MRA en kleuren DS vergeleken met 
angiografiee als referentie standaard.12 De conclusie van dit inderzoek was dat 3DGd 
MRAA een beter onderscheidend vermogen heeft dan kleuren DS. Zoals de auteurs ook 
opmerkenn moet deze uitkomst met enige voorzichtigheid worden beschouwd. Verschil-
lenn in studie design, onderzoekspopulaties en setting en een weinig transparante rap-
portagee kunnen een deel van de gevonden verschillen verklaren. Bovendien zullen 
kontinuee technische innovaties de diagnostische prestaties van MRA en DS verbeteren. 
Inn onze meta-analyse konden we aantonen dat MRA met Gd kontrast een significant 
beterr onderscheidend vermogen heeft. De mogelijke toegevoegde waarde van power 
Dopplerr en DS met kontrast moet nog worden onderzocht. Ten slotte hoeven MRA en 
DSS niet noodzakelijkerwijs als concurerende onderzoeken worden beschouwd, maar 
kann ook de aanvullende waarde ten opzichte van elkaar worden bestudeerd. 

Hett derde en mogelijk belangrijkste onderwerp voor toekomstig onderzoek is dat 
diagnosee in het licht van therapie moet worden gezien. Hoewel het wenselijk is dat er 
nogg meer vergelijkende studies worden gedaan, al is het maar voor kontinue kwaliteits-
controle,, zou in volgend onderzoek de impact op klinische besluitvorming en de eva-
luatiee van verschillende behandelstrategiën centraal moeten staan. Dit kan worden ge-
daann middels besliskundige modellen of in gerandomiseerde klinische trials. 

Eenn voorbeeld van klinische besliskunde voor behandelstrategiën voor claudicatio 
intermittenss is gegeven door de Vries en Hunink. 13 Zij concludeerden dat de winst in 
effectiviteitt door bypass chirurgie voor claudicatio intermittens niet wordt gerechtvaar-
digdd door de additionele kosten ten opzichte van een strategie die looptraining en PTA 
combineert.. Helaas werden verschillen in diagnostisch traject niet in dit inderzoek be-
trokken.. Mol en Bossuyt hebben een helder overzicht gegeven over de rol van beslis-
kundee voor de evaluatie van diagnostische en behandelstrategiën. u Samengevat wor-
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denn alle relevante combinaties van diagnostiek en therapie in een beslisboom uitgezet. 
Utilitiess worden aan alle mogelijke uitkomsten toegekend om de verschillende combi-
natiess te kunnen vergelijken. Met behulp van sensitiviteitsanalyse kan de robuustheid 
vann het model worden getoetst. 

Hett feit dat in onze en andere studies angiografie kon worden vervangen door DS of 
MRAA voor bypass operaties betekent slechts dat dit inderdaad mogelijk is, maar geens-
zinss dat een niet-invasieve work-up beter is voor de gezondheid van de patiënt dan een 
behandelingg gebaseerd op angiografie. In het onderzoek in hoofdstuk 7 werd duidelijk 
datt het veilig was beslissingen te nemen op basis van DS bij patiënten met ernstig 
perifeerr vaatlijden zonder negatieve effecten na twee jaar follow-up. Hypothetisch zou 
dee introductie van DS om een behandeling in te stellen hebben kunnen leiden tot een 
anderee behandeling voor iedere individuele patiënt dan op basis van angiografie, maar 
niett tot andere uitkomsten voor de hele onderzoekspopulatie. 

Gerandomiseerdee diagnostische trials zouden opheldering kunnen verschaffen over 
dee beste diagnostische strategie. Er zijn verschillende designs voor zulke trials beschik-
baar.. Patiënten kunnen worden gerandomiseerd voor één van de te onderzoeken dia-
gnostischee modaliteiten en worden behandeld naar gelang het resultaat van die test. 
Verschillenn in uitkomsten tussen patiënten kunnen na een bepaalde periode worden 
gemeten.. Een dergelijk design toetst echter niet een diagnostische test maar een test en 
behandelstrategie.. Een meer informatief design zou kunnen zijn waarin de patiënten 
allee te onderzoeken tests ondergaan en alleen worden gerandomiseerd in geval van 
discordantee testuitslagen.15 Een dergelijk design heeft echter het nadeel dat een grote 
steekproeff  noodzakelijk is. Onafhankelijk van het design dat gekozen wordt, is het 
noodzakelijkk dat wordt vastgehouden aan vooraf vastgelegde indicaties voor een speci-
fiekee behandeling om de relatieve bijdrage van de te onderzoeken diagnostische moda-
liteitenn aan de gevonden verschillen in uitkomsten te kunnen bepalen. 

Omm het even of besliskunde wordt gebruikt of gerandomiseerde trials, beide metho-
denn vereisen informatie over de voor en nadelen van verschillende behandelingen voor 
chronischh perifeer vaatlijden. Dit vormt een uitdaging voor verder onderzoek aange-
zienn de effectiviteit van behandelingen slechts voornamelijk is aangetoond in obser-
vationelee onderzoeken en niet in gerandomiseerde klinische trials. De effectiviteit is 
derhalvee slechts ^/-evidence based en kan verder worden uitgezocht. Misschien is dit 
eenn verklaring voor de interobserver variatie in klinische besluitvorming bij vaatchirurgen 
diee wij vonden in hoofdstuk 5 en ook werd gerapporteerd in andere onderzoeken. 

Meerr bewijs voor de effectiviteit van conservatieve behandeling, PTA en bypass chi-
rurgiee zou kunnen helpen de beste behandeling te kiezen voor de individuele patiënt. 
Eenn belangrijk punt hierbij is hoe de effectiviteit van een behandeling moet worden 
beoordeeld.. Terwijl radiologen en chirurgen geïnteresseerd zijn in patency en limb salvage 
rates,, zou kwaliteit van leven een belangrijker uitkomstmaat kunnen zijn voor de pa-
tiënt.tiënt. De beoordeling van kwaliteit van leven bij patiënten met perifeer vaatlijden is een 
nogg onontgonnen terrein.16~19 

Hett is duidelijk dat in ervaren handen de niet-invasieve beoordeling en management 
vann patiënten met symptomatisch perifeer vaatlijden mogelijk en veilig is. Een volgende 
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stapp zou kunnen zijn om meer duidelijkheid te krijgen in de relatieve effectiviteit van 
verschillendee behandelingen van perifeer vaatlijden om zodoende een raamwerk te maken 
voorr de toekomstige evaluatie van verschillende diagnostische (en dus) therapeutische 
strategiën. . 

Referenties s 
1.. McCarthy MJ, Nydahl S, Hartshorne T, Naylor AR, Bell PRF, London NJM. Colour-coded duplex 

imagingg and dependent doppler ultrasonography in the assessment of cruropedal vessels. Br] Surg 
1999;86:33-37. . 

2.. London NJM, Nydahl S, Hartshorne T, Fishwick G. Use of colour duplex imaging to diagnose and 
guidee angioplasty of lower limb arterial lesions. Br J Surg 1999;86:911-915. 

3.. Schneider PA, Ogawa DY, Rush MP. Lower extremity revascularization without contrast arteriography: 
aa prospective study of operation based upon duplex mapping. Cardiovasc Surg 1999;7:699-703. 

4.. Mazziarol F, Ascher E, Hingorani A, Gunduz Y, Yorkovich W, Salles-Cunha S. Lower-extremity 
revascularisationn without preoperative contrast arteriography in 185 cases: lessons learned with 
duplexx ultrasound arterial mapping. Eur J Vase Endovasc Surg 2000;19:509-515. 

5.. Proia RR, Walsh DB, Nelson PR, et al. Early of results of infragenicular revascularization based 
solelyy on duplex arteriography. / Vase Surg 2001;33:1165-1170. 

6.. Levy MM , Baum RA, Carpenter JP. Endovascular surgery based solely on noninvasive preprocedural 
imaging.. / Vase Surg 1998;28:995-1003. 

7.. Sharafuddin MJ, Wroblicka JT, Sun S, Essig M, Schoenberg SO, Yuh WT. Percutaneous vascular 
interventionn based on gadolinium-enhanced MR angiography. J Vase lnterv Radiol 2000;11:739-746. 

8.. Carpenter JP, Baum RA, Holland GA, Barker CE Peripheral vascular surgery with magnetic resonance 
angiographyy as the sole preoperative imaging modality. / Vase Surg 1994;20:861-867. 

9.. Mulligan SA, Matsuda T, Lanzer P, et al. Peripheral arterial occlusive disease: prospective comparison 
off  MR Angiography and color duplex US with conventional angiography. Radiology 1991 ;178:695-700. 

10.. Wikström J, Holmberg A, Johansson L, et al. Gadolinium-enhanced Magnetic Resonance angiography, 
digitall  subtraction angiography and duplex of the iliac arteries compared with intra-arterial pressure 
gradientt measurements. Eur] Vase Endovasc Surg 2000;19:516-523. 

11.. Lundin P, Svensson A, Henriksen E, et al. Imaging of aortoiliac arterial disease. Duplex ultrasound 
andd MR angiography versus digital subtraction angiography. Acta Radiol 2000;41:125-132. 

12.. Visser K, Hunink MGMH. Peripheral arterial disease: Gadolinium-enhanced MR angiography versus 
color-guidedd duplex US - a meta-analysis. Radiology 2000;216:67-77. 

13.. De Vries SO. Management strategies for intermittent claudication. Thesis, University of Groningen, 
1998. . 

14.. Mol BWJ, Bossuyt PMM. Evaluating the effectiveness of diagnostic tests. In: Tubal subfertility and 
ectopicc pregnancy. Evaluating the effectiveness of diagnostic tests. Thesis, University of Amsterdam, 
1999. . 

15.. Bossuyt PMM, Lijmer JG, Mol BW Randomised comparisons of medical tests: Sometimes invalid, 
nott always efficient. Lancet 2000;356:1844-1847. 

16.. Chetter IC, Spark JI, Dolan P, Scott DJA, Kester RC. Quality of lif e analysis in patients with lower 
limbb ischemia: suggestions for european standardization. Eur] Vase Endovasc Surg Surg 1997;13:597-604. 

17.. Johnson BF, Singh S, Evans L, Drury R, Datta D, Beard JD. A prospective study of the effect of 
limb-threateningg ischemia and its surgical treatment on the quality of life. Eur] Vase Endovasc Surg 
1997;13:306-314. . 

18.. Chetter IC, Spark JI, Scott DJA, Kent PJ, Berridge DC, Kester RC. Prospective analysis of quality 
off  lif e in patients following infrainguinal reconstruction for chronic critical ischaemia. Br] Surg 
1998;85:951-955. . 

19.. Morgan MBF, Crayford T, Murrin B, Fraser SCA. Developing the vascular quality of life 
questionnaire:: a new disease specific measure for use in lower limb ischemia./ VascSurg2Q0\ ;33:679-
687. . 

129 9 





Listt  of co-authors 

DepartmentDepartment of Vascular Surgery, Academic Medical Center, Amsterdam 
Ronn Balm, MD, PhD 
Denniss den Hartog, MD 
Michaell  J.H.M. Jacobs, MD, PhD 
Niekk A. Koedam, MD 
Jann G. Kromhout, MD, PhD 
Dinkk A. Legemate, MD, PhD 
Alexx E. Ponson, MD 

DepartmentDepartment of Radiology, Academic Medical Center, Amsterdam 
Jimm A. Reekers, MD, PhD 
Jaapp Stoker, MD, PhD 

DepartmentDepartment of Clinical Epidemiology <&  Biostatistics, Academic Medical Center, 
Amsterdam Amsterdam 
Patrickk M.M. Bossuyt, MD, PhD 
Jeroenn G. Lijmer, MD, PhD 
Martinn H. Prins, MD, PhD 

VascularVascular Laboratory, Academic Medical Center, Amsterdam 
A.. Johan van Gurp 
Henkk de Vos 



Dankwoord d 

Hett heeft allemaal even geduurd, maar nu is het zover. Veel mensen hebben de afgelo-
penn jaren hun medewerking verleend aan het tot stand komen van dit proefschrift of 
geinformeerdd naar de voortgang. ("Wanneer gay// nu promoveren?") 
Eenn aantal van hen wil ik hier persoonlijk bedanken. 

Bovenaann staan mijn liefste Ineke, Marte en Stijn (sinds kort), omdat julli e het meest 
dierbaree zijn dat ik heb. Ineke, je hebt zo mogelijk nog meer dan ik de constante druk 
vann dit proefschrift gevoeld. Mede dankzij jouw steun en vasthoudendheid is het nu af. 
Marte,, de computer is nu helemaal vrij voor PB Beer. 

Prof.. dr. M.J.H.M. Jacobs, beste Michael. Gelukkig is jouw vertrek naar Maastricht geen 
belemmeringg geweest voor het voltooien van dit proefschrift, in tegendeel. Ik dank je 
zeerr voor het feit dat je op het moment dat promoveren verder weg leek dan ooit, met 
dee voor jou kenmerkende voortvarendheid heb doorgepakt. 

Dr.. D.A. Legemate, beste Dink. Jouw rol als co-promotor ging veel verder dan dat. Ik 
vindd het daarom jammer dat ik niet je eerste promovendus kan zijn. Toen ik na mijn tijd 
bijj  de klinische epidemiologie met mijn opleiding tot chirurg begon en wij samen dit 
projektt aangingen vond je die epidemiologie zeer interessant maar met praktisch genoeg. 
Nuu mijn opleiding bijna is afgerond en ik van epidemioloog inderdaad praktischer ben 
gewordenn lijk jij de tegengestelde weg te volgen. Ik ben benieuwd waar onze hernieuwde 
samenwerkingg toe zal leiden. 

Paranimfenn Johan van Gurp en Henk de Vos. Zonder julli e enthousiasme en inzet voor 
cruralee duplex scanning was dit onderzoek nooit van de grond gekomen. Ik ben ver-
heugdd dat julli e me nog een keer terzijde willen staan. Henk, met jouw tip die ik moest 
gevenn tijdens onderwijs aan laboranten in opleiding ("crurale duplex, begin er nooit 
aan")) kan ik het helaas niet eens zijn. Zonder iemand tekort te willen doen wil ik van 
allee andere (ex)medewerkers van het Vaatcentrum speciaal Amanda bedanken voor haar 
betrokkenheidd bij en coördinatie van de klinische studies. 

Prof.. dr. J.A. Reekers, beste Jim, magiër met voerdraden en ballonnen. Ik dank jou en je 
medewerkerss voor de perfecte angio's en de levendige discussies over de beste diagnos-
tiektiek en behandeling van perifeer vaatlijden ("wacht maar op de MRA" en "waarom 
krijgenn ze niet allemaal eerst een PTA, is maar 20 minuten werk?"). 

Dee vaatchirurgen Niek Koedam, Steven van Sterkenburg, Mirza Idu, Cees Kox en Ron 
Balmm wil ik bedanken voor de aanmelding van patiënten voor het onderzoek en deel-
namee aan de interobserver studie. Beste Ron, het getuigt van eigenzinnigheid om tij -
denss de operatie vol te houden dat de arteria peronea echt geoccludeerd is terwijl hij op 
dee duplex toch duidelijk open was. 



Dee hooggeleerden Büller, Eikelboom, Gouma, Lameris en Rauwerda ben ik zeer erken-
telijkk voor hun bereidheid zitting te nemen in de promotiecomissie. Prof. Schroeder, I 
amm honoured that you wanted to be part of the PhD thesis committee. 

Dr.. J.G. Kromhout, beste Jan. Hoewel patiëntenzorg een feitelijke samenwerking op 
wetenschappelijkk gebied vrijwel altijd in de weg stond (jouw richtlijnenprojekt stond 
aann de basis van dit proefschrift) klinkt jouw visie denk ik wel in dit proefschrift door. 
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Stellingenn behorende bij het proefschrift 

Non-invasivee assessment of 
peripherall  arterial occlusive disease 

1.. Wetenschappelijk bewij s van goede kwaliteit voor het gebruik van de meeste 
niet-invasievee tests voor de beoordeling van perifeer arteriëel vaatlijden is 
schaars.. (Dit poe/schrift) 

2.. Duplex scanning heeft in vergelijking met angiografie als referentie stan-
daardd een hoge diagnostische nauwkeurigheid voor de beoordeling van het 
aorto-iliacalee en femoro-popliteale trajekt (Ditproefschrift) 

3.. De overeenstemming tussen angiografie en duplex scanning voor onder-
zoekk van de popliteale en crurale arteriën bij patiënten met ernstige ischemie 
vann het been is aanzienlijk maar niet perfect. (Ditproefschrift) 

4.. De interobserver overeenstemming voor evaluatie van de popliteale en 
cruralee arteriën met duplex scanning is hoog (Ditproefschrift) 

5.. Bij voldoende ervaring met en validatie van crurale duplex scanning kan 
diagnostischee angiografie bij een groot deel van de patiënten met ernstig 
perifeerr vaatlijden achterwege worden gelaten. {Ditproefschrift) 

6.. De reeds zeer hoge diagnostische nauwkeurigheid van Magnetische Reso-
nantiee Angiografie voor het lokaliseren en graderen van afwijkingen in de 
bekken-- en beenarteriën is significant verbeterd door de introductie van 
drie-dimensionalee met gadolinium kontrast versterkte technieken. (Ditproef-
schrift) schrift) 

7.. Vanwege de jaarlijkse uitgave van "verbeterde" versies van overigens goed 
funktionerendee software en de daarmee gepaard gaande incompatibiliteit 
mett hun gewaardeerde voorlopers verdientt het aanbeveling een proefschrift 
binnenn een zelfde termijn af te ronden. (Ditproefschrift) 

8.. Voor het bepalen van co-auteurschap bij wetenschappelijke publicaties is 
dee Relative Author Weighting Scale (RAWS, Chest 1991;99:786) een veel-
belovendd maar nog onvoldoende gevalideerd instrument 



9.. All we ask is that you keep an open mind. (Hannibal Lecter) 

10.. If time is money than fast food saves both. (Martin Amis) 

Amsterdam,, oktober 2001 
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