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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. 
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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 
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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 
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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 
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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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