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PERIPHERAL ARTERIAL DISEASE 

Peripheral arterial disease (PAD) is a manifestation of systemic atherosclerosis. The 

spectrum of disease ranges from asymptomatic through intermittent claudication to 

severe critical limb ischemia. Intermittent claudication (IC) is characterized by lower 

extremity muscle pain induced by exercise which is relieved by a short period of rest. 

Critical limb ischemia (CLI) is a more severe manifestation of PAD and characterized 

by pain at rest or presence of non-healing ulcers and gangrene, or a combination. 

DIAGNOSIS 

The diagnosis of PAD is based on patient’s medical history and clinical examination. It 

should be confirmed by an ankle/brachial index (ABI) <0.9 to differentiate between 

PAD and other non-vascular causes of leg pain. Imaging is only necessary when 

invasive treatment is considered. Basically, in patients with intermittent claudication 

imaging is unnecessary, since the first step in treatment is supervised exercise 

therapy. 

When supervised exercise therapy fails or in case of CLI, localization of obstructive 

lesions with non-invasive imaging techniques is indicated. Color doppler ultrasound 

(duplex) is a widely available and often used technique. The sensitivity for the 

detection of a >50% stenosis or occlusion ranges from 60 to 95%, with a lower 

accuracy in the more distal vessels. The specificity is very high, about 95 to 99%.1,2 

In comparison with other imaging modalities, evaluation of the whole leg by duplex 

has the highest effectiveness at the lowest costs.3 

Magnetic resonance angiography (MRA) is another accurate non-invasive imaging 

modality. The sensitivity for detecting of a > 50 stenosis or occlusion is high, 98% 

(ranging from 92% to 100%). The specificity is also high, 96% (ranging from 91% to 

99%).2,4,5 A major advantage of MRA is that it does not require radiation to obtain 

images. However, there are contraindications for MR imaging, like metal implants, 

including pacemakers and vascular stents, and claustrophobia. Moreover, gadolinium 

containing contrast agents are needed for visualization of the vessels, which can lead 

to potentially life-threatening nephrogenic systemic fibrosis in patients with renal 

failure.6 

 

Computed tomography angiography (CTA) is another non-invasive imaging modality 

for PAD. The sensitivity for detecting a > 50 stenosis or occlusion is 92% (95% 

confidence interval (CI) 89-95%) and the specificity is 93% (95% CI 91-95%).7 CTA 

requires radiation and use of iodine based contrast agents, which are potentially 

nephrotoxic. 
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Non-invasive imaging modalities have replaced intra-arterial digital subtraction 

angiography (iaDSA), an invasive imaging modality, for localization of lesions in 

patients with PAD. iaDSA is rarely indicated to establish a definitive diagnosis, but is 

considered when a patient is referred for a therapeutic intervention in the same 

session. Traditionally in research, iaDSA is considered the ‘reference standard’ for 

detecting stenoses or occlusions. 

 

As the diagnostic accuracy of all different imaging modalities is comparable, the 

choice between them is based on the combination of potential side effects, 

contraindications, availability, cost-effectiveness, and expertise in execution and 

interpretation of the test. 

TREATMENT 

Restoration of blood flow to the peripheral arteries is usually necessary in treatment 

of progressive intermittent claudication and CLI. This implies invasive 

revascularization. In selected patients, conservative treatment can be considered. At 

the same time, modification of risk factors is needed to reduce morbidity and 

mortality due to other atherosclerotic manifestations, namely stroke and myocardial 

infarction. This so-called secondary prevention includes smoking cessation, blood 

pressure lowering, and statin and antiplatelet therapy.8 

 

Percutaneous transluminal angioplasty (PTA) is the least invasive option to restore 

blood flow. PTA to overcome a stenosis or short occlusion is a widely available and 

established technique. Subintimal angioplasty (SA) is an established yet still not 

widespread procedure which can be attempted in longer occlusions.9,10 SA includes 

the creation of a dissection proximal of the occlusion between the intima and media 

of the artery and re-entry into the lumen of the vessel distal to the occlusion. In the 

newly created pathway, a balloon angioplasty is performed. Stent placement can be 

considered in case of a residual stenosis.11 The exact value of SA in terms of 

technical and clinical success, patency and limb salvage, is unclear. 

Very long occlusions or extensive lesions are not suitable for endovascular 

revascularization.12 Unless contraindicated, these patients are treated surgically by 

constructing a bypass or an endarterectomy. 

 

There is not much evidence on the relative effectiveness of different methods of 

revascularization for CLI. One randomized controlled trial evaluated the outcome and 

costs of percutaneous treatment versus surgical revascularization in patients with CLI. 

Many eligible patients were excluded because vascular surgeons and interventional 

radiologists jointly considered patients not suited for both treatments. Results on 
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limb salvage, quality of life and survival after one year in the patients who were 

included, were equal. However, costs of the angioplasty first option were lower as 

were the complication rates.13 In current practice, the choice between percutaneous 

or surgical revascularization depends on lesion characteristics, patient characteristics 

and expertise and preference of the treating physician and patient.14 

 

In end-stage CLI, an amputation can be performed at different levels of the lower 

limb. Indications for amputation include absence of a suitable vein for bypass grafting, 

poor pre-operative status (dementia, impaired ambulatory status), widespread 

infection that threatens the patient’s life, non controllable rest pain, and extensive 

necrosis. The level of amputation depends on the extent of disease and expected 

level of rehabilitation.15,16 The place of a percutaneous intervention in patients with 

large and complex lesions unsuitable for surgery is unknown. 

 

Other therapies for CLI, like hyperbaric oxygen therapy, spinal cord stimulation, 

iloprost and arterialization of veins, are outside the scope of this thesis. 

OUTCOME 

Outcome of treatment can be assessed using different measures of effect. 

Traditionally, doctor-observed parameters, like walking distance, ankle/brachial index, 

and patency are frequently used. However, improvement of quality of life can be 

regarded as an important goal of treatment for a patient. Quality of life in PAD can be 

measured with generic questionnaires, like the SF36, and disease-specific 

questionnaires, like the Vascular Quality of Life questionnaire (VascuQol). The 

VascuQol is a sum-score based instrument, consisting of 25 items on five domains, 

i.e. pain, activity, emotional, symptoms, and social. Recently, the AMC Linear 

Disability Score (ALDS) has been developed. This new, generic instrument focuses on 

level of disability in terms of ability to perform activities of daily life in chronically 

diseased patients. The instrument has already been evaluated in patients with 

various chronic diseases, like rheumatoid arthritis, stroke and Parkinson’s disease.17-

19 The ALDS is, in contrast to traditional instruments, based on the item-response 

theory. The item-response theory (IRT) allows efficient and precise testing. Moreover, 

this method makes it possible to present different sets of items to different groups of 

patients while the measurements remain comparable, since all of the items have 

been calibrated. A plain clarification of the IRT can be found in Appendix 1. In 

patients with PAD, the ALDS could be a promising instrument to measure the 

effectiveness of therapy. 
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AIM AND OUTLINE OF THIS THESIS 

This thesis is focused on the diagnosis, treatment and outcome of patients with 

different stages of PAD. 

The main objectives of this thesis are: 

• to systematically review the literature on the diagnostic performance of CTA in 

comparison with DSA 

• to evaluate different therapies for critical limb ischemia, including end-stage 

critical limb ischemia. 

• to evaluate the clinimetric properties of ALDS in patients with PAD 

• to evaluate level of disability and activities of daily life in patients with CLI 

 

In chapter 2, a systematic review and meta-analysis of studies comparing the 

diagnostic accuracy of computed tomography angiography with digital subtraction 

angiography for assessment of peripheral arterial disease is presented. Critical limb 

ischemia often requires revascularization. A relatively infrequently used, yet effective 

technique is subintimal angioplasty, also known as percutaneous intentional 

extraluminal revascularization (PIER). In chapter 3, the results are presented of a 

systematic review about the clinical outcomes of SA for peripheral arterial disease. 

Many patients with advanced CLI are not suitable for surgical revascularization. 

Chapter 4 describes the results of SA in such patients to achieve limb salvage. 

However, there still will be patients who need an amputation. Chapter 5 describes 

the functional results after through-knee and above-knee amputations, focused on 

the question whether more length of stump means a better outcome. 

Every treatment needs evaluation. What is the main reason to treat a patient with 

peripheral arterial disease? And what is the best outcome measure to determine the 

success of treatment? Chapter 6, we try to answer these questions. Chapter 7 

shows the results of a pilot study with a new instrument, the AMC linear disability 

score (ALDS), to measure disability in patients with peripheral arterial disease. In 

chapter 8 the baseline results are presented of a subsequent study with the ALDS in 

a larger, prospective cohort of patients with critical limb ischemia. Finally, chapter 9 

presents a summary and integrates the main findings of the previous chapters in a 

general discussion on treatment and treatment evaluation of critical limb ischemia. A 

summary and discussion in Dutch conclude this thesis. 
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ABSTRACT 

 

Objective: Computed tomography angiography (CTA) is an increasingly attractive 

imaging modality for assessing lower extremity peripheral arterial disease (PAD). To 

determine the accuracy of CTA compared with intra-arterial digital subtraction 

angiography (DSA) in differentiating extent of disease in patients with PAD. 

 

Methods: Search of MEDLINE (January 1966-August 2008), EMBASE (January 1980-

August 2008), and the Database of Abstracts of Reviews of Effectiveness for studies 

comparing CTA with intra-arterial DSA for PAD. Eligible studies compared 

multidetector CTA with intra-arterial DSA, included at least 10 patients with 

intermittent claudication or critical limb ischemia, aimed to detect more than 50% 

stenosis or arterial occlusion, and presented either 2�2 or 3�3 contingency tables 

(≤50% stenosis vs >50% stenosis or occlusion), or provided data allowing their 

construction. Two reviewers screened potential studies for inclusion and 

independently extracted study data. Methodological quality was assessed by using 

the QUADAS instrument. 

 

Results: Of 909 studies identified, 20 (2.2%) met the inclusion criteria. These 20 

studies had a median sample size of 33 (range, 16-279) and included 957 patients, 

predominantly with intermittent claudication (68%). Methodological quality was 

moderate. Overall, the sensitivity of CTA for detecting more than 50% stenosis or 

occlusion was 95% (95% confidence interval [CI], 92%-97%) and specificity was 

96% (95% CI, 93%-97%). Computed tomography angiography correctly identified 

occlusions in 94% of segments, the presence of more than 50% stenosis in 87% of 

segments, and absence of significant stenosis in 96% of segments. Overstaging 

occurred in 8% of segments and understaging in 15%. 

 

Conclusion: Computed tomography angiography is an accurate modality to assess 

presence and extent of PAD in patients with intermittent claudication; however, 

methodological weaknesses of examined studies prevent definitive conclusions from 

these data. 
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INTRODUCTION 

Imaging is necessary for planning interventions in patients with lower extremity 

peripheral arterial disease (PAD). Noninvasive imaging modalities, including duplex 

ultrasonography, magnetic resonance angiography (MRA), and computed 

tomography angiography (CTA) are available for grading lower extremity arterial 

disease. Duplex ultrasonography has a high specificity of 95% and a somewhat lower 

sensitivity of 88% for detecting hemodynamically significant lesions (>50% stenosis 

or occlusion).1 Gadolinium-enhanced MRA appears to be more accurate than duplex 

ultrasonography, with a specificity of 96% (range, 91%-99%) and a sensitivity of 

98% (range, 92%-100%).1-3 Computed tomography angiography is increasingly 

attractive due to rapid technical developments. Shorter acquisition times, thinner 

slices, higher spatial resolution, and improvement of multidetector computed 

tomographic (CT) scanners enable scanning of the whole vascular tree in a limited 

period with a decreasing (but still substantial) amount of contrast medium. Recent 

studies on CTA report sensitivity and specificity rates of around 98% for detecting 

PAD.4,5 Figure 1 illustrates an occluded left common iliac artery detected with CTA 

and the same lesion visualized with intra-arterial digital subtraction angiography 

(DSA). 

 

Figure 1. Occlusion of the left common iliac artery with severe calcifications detected 

by computed tomography angiography and digital subtraction angiography. 

   

Blue arrowheads (panels B and C) indicate origin of the left common iliac artery, which is entirely 

occluded throughout its length. B, Black arrowhead indicates calcification in the left external iliac artery. 

C, Yellow arrowhead indicates the catheter in the left common iliac artery. (See also interactive eFigure 

at http://www.jama.com.) 
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Apart from differentiating between the presence vs absence of a significant 

atherosclerotic lesion in a vessel, the distinction between a significant stenosis and 

occlusion is important and guides invasive management.6 Traditionally, systematic 

reviews of diagnostic test accuracy use dichotomized data to calculate summary 

estimates of test performance. However, many diagnostic studies present their 

outcomes not as dichotomous outcomes, but according to a scale of disease severity 

(e.g., percent arterial stenosis). The purpose of this systematic review and meta-

analysis was to determine the diagnostic performance of CTA compared with intra-

arterial DSA for grading disease severity in patients with PAD. 

METHODS 

Literature Search 

MEDLINE (January 1966-August 2008), EMBASE (January 1980-August 2008), and 

the Database of Abstracts of Reviews of Effectiveness were searched for relevant 

publications with the assistance of a clinical librarian. We used Medical Subject 

Headings (MeSH) terms and accompanying entry terms for the patient group 

(patients with peripheral arterial occlusive disease), the diagnostic test (CTA), the 

reference standard (conventional angiography or DSA), and outcome (sensitivity and 

specificity). Details of the search strategy are shown in table 1. 

The reference lists of all papers selected for assessment of full-text and of all 

retrieved systematic and narrative reviews were reviewed for search completion. 

There were no language restrictions. Titles and abstracts were screened by 2 

reviewers (R.M. and M.J.W.K.) to identify potentially relevant articles. Discrepancies 

in judgment were resolved after discussion. Studies meeting inclusion criteria were 

those comparing multidetector CTA with intra-arterial catheter angiography or intra-

arterial DSA as the reference standard that included at least 10 patients with 

intermittent claudication or critical limb ischemia. Inclusion criteria also required an 

outcome measure of more than 50% stenosis or arterial occlusion and presentation 

of either 2�2or 3�3 contingency tables or data allowing their construction. Studies 

on CTA performed in follow-up after lower extremity revascularization and duplicate 

publications were excluded. 

Quality Assessment and Data Extraction 

Methodological quality of included studies was assessed independently by 2 

observers (R.M. and M.J.W.K.) using the QUADAS tool, which is a quality assessment 

tool specifically developed for systematic reviews of diagnostic accuracy studies.7 In 

using this tool,7 we defined a representative patient spectrum as a cohort that 

included both participants with claudication and those with critical limb ischemia.  
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Table 1. Details of search strategy. 

 MEDLINE 

(January 1966–August 

2008)a 

EMBASE 

(January 1980–August 2008) 

Patient Peripheral vascular diseases, 
arterial occlusive diseases, 

ischemia, or intermittent 

claudication and lower 

extremity 

Peripheral vascular disease, peripheral arteriopathy, 
peripheral blood vessel disease, peripheral vascular 

disorder, peripheral vasculopathy, peripheral vessel 

disease, exp artery disease, exp blood vessel 

calcification, blood vessel occlusion, artery 
occlusion, ischemia, microvascular ischemia, muscle 

ischemia, peripheral ischemia, or exp peripheral 

occlusive artery disease and limb, extremity, leg 

ischemia, limb ischemia, or peripheral(tiab) 

Intervention Tomography, x-ray 

computed 

Computer assisted tomography, computed 
tomographic angiography, computer assisted 

impedance tomography, electron beam 

tomography, high resolution computer tomography, 

micro-computed tomography, multidetector 
computed tomography, radiodensitometry, or spiral 

computer assisted tomography 

Comparison Digital subtraction 

angiography or angiography 

Digital subtraction angiography, angiography, 
arteriography, leg angiography, blood vessel 

catheterization, or artery catheterization 

Outcome Sensitivity and specificity Sensitivity and specificity or diagnostic accuracy 

Combination Patient and (intervention or 

comparison) and outcome 

Patient and (intervention or comparison) and 

outcome 

aMedical Subject Headings (MeSH) terms and accompanying entry terms. 

 

The optimal time interval between CTA and the reference standard was defined as 30 

days or less. The QUADAS components also included clarity of the methodological 

description for CTA and the reference standard and whether interpretation of CTA 

and the reference standard were blinded. We also recorded whether clinical 

information was available during the diagnostic test interpretation, because this 

information is available when the diagnostic test is used in clinical practice. Data 

extraction was performed independently by 2 reviewers (R.M. and M.J.W.K.). 

Discrepancies were resolved by discussion. Data extraction included characteristics of 

the study population, methodologic details for the CTA and reference standard, and 

outcome data. Many studies subdivided an artery into multiple segments. A segment 

with more than 50% stenosis or an occlusion was considered diseased. A segment 

with 50% or less stenosis was considered nondiseased. We constructed 2�2 

contingency tables for the entire vascular tree from the abdominal aorta through the 

ankles. If data were available, tables were constructed by anatomic region (the 

aortoiliac, femoropopliteal, and infrapopliteal regions). For optimal planning before 

invasive treatment for PAD, it is essential to have information on both the presence 

and extent of disease. It is important to be able to differentiate between a stenosis 

and occlusion. Therefore, if data were available, 3�3 contingency tables were 

constructed for each arterial segment. Segments were graded according to 3 
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categories: 1 (no stenosis or ≤50% stenosis), 2 (>50% stenosis but not occluded), 

and 3 (occlusion). When data were provided separately for 2 observers, we used raw 

data to calculate the mean of both data sets. When outcome data were provided for 

different patient groups, numbers of true-positive, false-negative, false-positive, and 

true-negative results were combined before analysis. Discrepancies were resolved by 

discussion. 

Analysis 

Sensitivity and specificity summary estimates for detecting more than 50% stenosis 

or an occlusion were calculated on a per-segment basis for the entire vascular tree 

from the abdominal aorta through the ankles using bivariate models with either 

random-effects or fixed-effects approaches,8 depending on the presence of statistical 

heterogeneity. Statistical heterogeneity was defined as an I2 statistic value of more 

than 50%.9 The bivariate model implies that when data of one accuracy parameter 

show statistical heterogeneity, both accuracy parameters will be calculated in a 

random-effects model. When statistical heterogeneity was identified, we attempted 

to identify its source by performing subgroup analyses. These subgroups are based 

on the most likely potential sources of bias (i.e., patients studied [intermittent 

claudication vs critical limb ischemia], study design [prospective vs retrospective], 

and CTA execution [number of multidetector CT slices: 16- or 64-slice vs 2- or 4-

slice]).10 Outcome comparisons for sensitivity and specificity between subgroups 

were performed by using z tests. The influence of study quality on outcome was 

assessed by using the QUADAS tool. For each study, a score was calculated for each 

QUADAS component as follows. A score of +2 was assigned for each QUADAS 

criterion that was met, a score of 0 was assigned if the QUADAS criterion was not 

met, and a score of +1 was assigned if it was unclear whether the criterion was met. 

Points were summed to achieve a final score for each study. Two subgroups of 

studies were defined according to whether their total quality score was less than or 

equal to the median quality score vs more than the median quality score. Outcomes 

for sensitivity and specificity were compared between these subgroups using z tests. 

These analyses were repeated using a distinct threshold for quality (i.e., <media  

score for quality vs ≥median score for quality). If data were available, summary 

estimates for sensitivity and specificity on a per-segment basis for detection of either 

more than 50% stenosis or occlusion by anatomic region (aortoiliac, femoropopliteal, 

and tibial arteries) were calculated by means of bivariate models using either 

random-effects approaches or fixed-effects approaches, depending on the I2 value. If 

data were available, summary estimates for the 3�3 contingency tables on a per-

segment basis were obtained using a multivariate approach previously described by 

Bipat et al,11 using either a random-effects approach or a fixed-effects approach, 
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depending on the I2 value. Publication bias was examined by construction of a funnel 

plot. The x-axis consisted of the natural logarithm of the diagnostic odds ratio, which 

is the ratio of the multiplication of true-positive and true-negative results and the 

multiplication of the false-negative and false-positive results. On the y-axis, we 

plotted the sample size (i.e., the number of patients in the study). Egger’s regression 

test was used to examine the asymmetry of the funnel plot.12 The analyses for 

accuracy parameters were performed in the Win-BUGS program, which uses a 

Bayesian algorithm.13 The analysis for publication bias was performed using SPSS 

version 15.0 (SPSS Inc, Chicago, Illinois). Two-sided P<.05 was considered to be 

statistically significant. 

RESULTS 

Search Strategy and Study Selection 

The initial search yielded 909 articles (Figure 2), including 3 systematic reviews.14-16  

 

Figure 2. Flow diagram of articles included in the meta-analysis. 

 

CTA indicates computed tomography angiography; PAD, peripheral arterial disease 

The Database of Abstracts of Reviews of Effectiveness yielded no additional studies. A 

total of 868 articles were excluded based on review of article titles, abstracts, or both. 

1031 Articles identified in initial search 

   687 via MEDLINE (January 1966–August 2008) 

   344 via EMBASE (January 1980–August 2008) 

909 Screened by title, abstract, or both 

868 Excluded 

   790 Not about CTA 

   41 Not about CTA for PAD 

   13 Different reference standard 
   2 Not a diagnostic study 

   22 CTA not for primary diagnosis 

41 Selected for full-text review 

20 Included in meta-analysis 

122 Excluded (duplicate studies) 

21 Excluded 

   12 Construction of 2�2 table impossible 

   1 Included <10 patients 

   3 Indication for CTA included aneurysms 

   3 Did not clearly define indications for CTA testing 

   2 Single-slice CTA 
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Interobserver agreement on study selection was excellent, with agreement in 896 of 

909 titles (κ statistic=0.85). The most frequent reason for exclusion was absence of 

CTA as the index test. Of the 41 full-text publications, 21 were excluded. Twelve 

publications presented the data in a format that precluded construction of 2�2 tables, 

2 studies evaluated single-slice CTA, 3 studies combined results for different 

indications together (both aneurysms and obstructive disease), 1 study included 

fewer than 10 patients, and 3 studies did not clearly define the indications for CTA 

testing. The remaining 20 articles were included.4,5,17-34 

Study Characteristics 

All studies were diagnostic cohort studies. No randomized controlled trials fulfilled the 

inclusion criteria because randomized controlled trials generally compare 2 different 

imaging modalities and do not perform both the index test and reference test in the 

same patient. Our goal in this study was to compare CTA with DSA in the same 

patients. One study was published in German,31 4 studies were published in 

Chinese,19,24,25,34 and the remaining studies were published in English. The median 

sample size was 33 (range, 16-279) and these 20 studies included 957 patients. All 

studies divided the vascular tree into segments, varying from 6 segments to 42 

segments (mean, 24 segments). In all studies except 1 study,24 patients were 

examined bilaterally. The total number of segments per study varied from 163 to 

4743 (median, 730 segments per study). Table 2 shows characteristics of included 

studies. Slice thickness varied between 0.75 and 5.0mm(median, 2.0 mm). Various 

contrast media were used for the CTA. Iomeprol was used in 6 studies,5,17,20,22,23,28 

iopromide was used in 4 studies,25,30,31,34 and the remaining studies 
4,18,19,21,24,26,27,29,32,33 used other iodine-based contrast media. The iodine 

concentration varied between 300 and 400 mg/mL. The amount of administered 

contrast per scan varied between 88 and 170 mL (median, 130 mL). Interpretation of 

CTA was always based on the axial images. Other image reconstructions used were 

maximum-intensity projections (n=17), volume-rendered technique (n=15), 

multiplanar reformation (n=6), curved-planar reformation (n=4), and virtual 

endoscopy (n=1). methodological assessment of included studies using the QUADAS 

checklist. Inclusion criteria were clear in only 4 studies.20,26,29,32 In most studies, it 

was unclear whether the same clinical information typically available in clinical 

practice was available at the time of CTA interpretation. In 7 studies,4,5,19,30,32-34 no 

clinical information was provided at the time of CTA interpretation. Eleven studies 

were prospective,5,17,21,22,25-27,30,32-34 7 retrospective,18,19,23,24,28,29,31 and in 2 

studies,4,20 study design methods were unclear. In each study, intra-arterial DSA was 

used as the reference standard. 
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Table 2. Characteristics of included studies and absolute numbers from 2�2 contingency tables on per-segment basis for the 

entire vascular tree. 

 

Abbreviation: ND, not determined or unknown. 
a Mild to severe intermittent claudication without rest pain (Fontaine III) or tissue loss (Fontaine IV). 
b Number of segments per patient in which the arterial tree was subdivided. 
c Number of segments nondiagnostic on computed tomography angiography. 
d Study presented data for 2 observers, with presented numbers as means. 
e Presented data only regarding the tibial arteries. 
f Data were presented for 3 different patient groups, with the numbers being summed. 
g Presented data only regarding the femoral to tibial arteries. 

Source No. of 

patients 

No. (%) 

of men 

Age, mean 

(SD) or 

(range), Y 

Fontaine 

II, No. 

(%)a 

Slices Segments 

per 

patientb 

Total 

segments 

Segments 

nondiag 

nosticc 

True-

positive 

False-

negative 

False-

positive 

True-

negative 

Puls31 31 17 (55) 53 (38-75) 30 (97) 4 6 186 ND 56 7 17 106 

Heuschmid23 23 15 (65) 66 (13) 18 (78) 4 27 568 21 137 12 40 379 

Martin26 41 28 (68) 67 (45-84) 32 (78) 4 35 1312 22 327 38 61 886 

Ofer28 18 15 (83) 64 (50-79) 14 (78) 4 25 410 16 110 11 22 267 

Catalano20 50 39 (78) 67 (43-89) ND 4 23 1137 5 251 3 23 860 

Mesurolle27 16 14 (88) 64 (ND) ND 2 11 168 11 52 5 8 103 

Ota29 24 23 (96) 69 (17-88) 24 (100) 4 18 470 0 121 1 3 345 

Portugaller30 50 42 (84) 68 (45-86) ND 4 15 740 ND 240 21 80 399 

Bui18 25 24 (96) 63 (54-79) 14 (56) 4 31 718 ND 159 18 75 466 

Edwards21d 44 30 (68) 68 (51-90) 29 (66) 4 33 1042 0 203 66 54 719 

Schertler32e 17 11 (65) 67 (60-81) 17 (100) 16 10 163 0 38 2 18 105 

Willmann33d 39 27 (69) 65 (44-81) 32 (82) 16 35 1365 0 351 12 38 964 

Fraioli22f 75 57 (76) 65 (42-84) ND 4 19 1425 0 162 13 60 1190 

Zhang34 30 25 (83) ND (45-75) ND 16 23 679 0 115 7 9 548 

Albrecht17d 50 34 (68) 65 (11) 19 (38) 16 25 931 9 286 26 25 594 

Cai19 279 164 (59) 59 (38-82) ND 16 17 4743 0 1152 29 67 3495 

Li25 30 22 (73) 66 (52-77) ND 64 24 720 0 336 5 3 376 

Laswed4 34 19 (56) 64 (37-90) 6 (18) 16 39 748 0 311 11 20 406 

Li24g 31 18 (58) 51-90 ND 64 12 216 0 110 2 4 100 

Schernthaner5 50 27 (54) 68 (43-90) ND 16 42 1351 ND 479 6 8 858 
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Table 3. Evaluation of quality of included studies using the QUADAS tool.a 

Source Representative 

spectrum of 

patientsb 

Selection 

criteria 

Time interval 

between CTA 

and reference 
standardc 

Description 

execution of 

CTA 

Description 

execution of 

DSA 

Interpretation 

of CTA 

blinded from 
reference 

standard 

Interpretation 

of DSA blinded 

from CTA 

Clinical 

informationd 

Prospective 

design 

Puls31 Yes No Yes Yes No Unclear Unclear Unclear No 

Heuschmid23 Yes No Unclear Yes No No No Unclear No 

Martin26 Yes Yes No Yes Yes Yes Yes Unclear Yes 

Ofer28 Yes No Unclear Yes Yes Yes Yes Unclear No 

Catalano20 Yes Yes Yes Yes Yes Unclear Unclear Unclear Unclear 

Mesurolle27 Unclear No Yes Yes Yes Yes Yes Unclear Yes 

Ota29 No Yes No Yes Yes Yes No Unclear No 

Portugaller30 Unclear No Yes Yes Yes Unclear Unclear No Yes 

Bui18 Unclear No No Yes No Yes Yes Unclear No 

Edwards21 Yes No Yes Yes Yes Yes Yes Unclear Yes 

Schertler32 No Yes Yes Yes Yes Yes Yes No Yes 

Willmann33 Yes No Yes Yes Yes Yes Yes No Yes 

Fraioli22 Unclear No Yes Yes Yes No No Unclear Yes 

Zhang34 Unclear No Yes Yes No Yes Yes No Yes 

Albrecht17 Yes No Yes Yes Yes Yes Yes Unclear Yes 

Cai19 Unclear No Unclear Yes No Yes Yes No No 

Li25 Unclear No Unclear Yes Yes Unclear Unclear Unclear Yes 

Laswed4 Yes No Yes Yes No Yes Yes No Unclear 

Li24 Unclear No Yes Yes Yes Unclear Unclear Unclear No 

Schernthaner5 Unclear No Yes Yes No Yes Yes No Yes 

Abbreviations: CTA, computed tomography angiography; DSA, digital subtraction angiography. 
aA quality assessment tool specifically developed for systematic reviews of diagnostic accuracy studies.7 We defined a representative patient spectrum as a 

cohort that included both participants with claudication and those with critical limb ischemia. 
bDefined as a mixture of claudication and critical limb ischemia. 
cDefined as an interval of 30 days maximum. 
dSame clinical information available during interpretation of the index test when used in practice. 
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Data synthesis and Analysis 

Reproducibility. Interobserver agreement for CTA was not provided in 12 

studies.19,21-28,31,32,34 One study5 included only 1 observer. Seven studies expressed 

interobserver agreement as κ statistic, ranging between 0.61 and 1.00 (good to 

excellent agreement).4,17,18,20,29,30,33 

Sensitivity and specificity per segment for entire vascular tree. Most studies 

provided data for the entire vascular tree, from the abdominal aorta to the tibial 

arteries, except for 2 studies.24,32 Li et al24 provided only data from the femoral to 

tibial region and Schertler et al32 provided data only for the tibial arteries. Table 2 

shows true-positive, false-negative, false-positive, and true-negative results for 

detecting more than 50% stenosis or occlusion per segment. Three studies presented 

data for 2 observers separately.17,21,33 For these studies, mean values were presented 

for the 2�2 tables. Statistical heterogeneity was present for sensitivity and specificity 

(I2 values were 92% and 95%, respectively). The summary estimates were 95% for 

sensitivity (95% confidence interval [CI], 92%-97%) and 96% for specificity (95% CI, 

93%-97%). 

 

Table 4. Subgroup analyses based on execution of CTA (number of slices), patient 

population, study design, and study quality.a 

Characteristic Groups Sensitivity, % 

(95% CI) 

P 

value 

Specificity % 

(95% CI) 

P 

value 

CTA 2-4 slice CT 92 (88-96) .03 93 (89-96) .002 

 16-64 slice CT 97 (95-98)  98 (96-99)  

Population > 70% FIIa 94 (88-97) .37 94 (89-97) .71 

 < 70% FIIa 90 (79-96)  93 (87-97)  

Design Prospective 94 (90-97) .34 96 (92-98) .81 

 Retrospective 96 (93-98)  95 (91-98)  

Study quality 1 High quality (> 11 points) 93 (87-96) .14 94 (91-96) .28 

 Low quality (≤ 11 points) 96 (94-98)  96 (93-98)  

Study quality 2 High quality (> 10 points) 95 (91-97) .81 96 (93-97) .82 

 Low quality (≤ 10 points) 95 (91-98)  95 (90-98)  

Abbreviations: CI, confidence interval; CT, computed tomography; CTA, computed tomography 

angiography. 
a Fontaine II is defined as mild to severe intermittent claudication without rest pain (Fontaine III) or 

tissue loss (Fontaine IV). High quality was defined according to the median quality score, which was 11. 

 

Table 4 shows the subgroup analyses for identifying potential sources of 

heterogeneity. Computed tomographic scanner slice number was related to outcome. 

Studies performed on a 16- or 64-slice multidetector CT scan were more accurate 

than studies performed on a 2- or 4-slice multidetector CT scan. Study design and 

population were not significantly associated with diagnostic accuracy. Study Quality. 

Subgroup analysis for quality is shown in Table 4. Median study quality was 11 points 
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(range, 6-15 points). Accuracy of low-quality studies (n=12) did not differ 

significantly from high-quality studies (n=8), when  low quality was defined as 11 

points or less and high quality was defined as more than 11 points (P value for 

sensitivity comparison=.14 and P value for specificity comparison=.28). Similarly, 

accuracy of low-quality studies (n=7) did not differ significantly from high-quality 

studies (n=13), when low quality was defined as 10 points or less and high quality 

was defined as more than 10 points (P value for sensitivity comparison=.81 and P 

value for specificity comparison=.82). 

 

Table 5. Diagnostic accuracy of CTA in the detection of more than 50% stenosis or 

occlusion according to anatomical region.a 

Source True 

positive 

False 

negative 

False 

positive 

True 

negative 

Sensitivity 

(%) 

Specificity 

(%) 

Aortoiliac arteries 

Mesurolle27 18 0 1 29 100 97 

Portugaller30 24 2 12 212 92 95 

Willmann33b 75 3 6 267 96 98 

Laswed4 20 1 0 139 95 100 

Scherthaner5 58 3 4 157 95 98 

Summary estimates    96 (91-99) 98 (95-99) 

Femoropopliteal arteries 

Mesurolle27 31 1 4 55 97 93 

Portugaller30 62 1 11 26 98 70 

Willmann33b 98 3 10 201 97 95 

Laswed4 53 4 5 106 93 95 

Scherthaner5 221 3 2 364 99 99 

Summary estimates    97 (95-99) 94 (85-99) 

Tibial arteries 

Mesurolle27 3 4 3 19 43 86 

Portugaller30 154 18 57 161 90 74 

Schertler32 38 2 18 105 95 85 

Willmann33b 177 7 22 496 96 96 

Laswed4 238 6 15 161 98 91 

Scherthaner5 200 0 2 337 100 99 

Summary estimates    95 (85-99) 91 (79-97) 

Femoro-popliteal-tibial arteries 

Li24 110 2 4 100 98 96 

Abbreviations: CI, confidence interval; CTA, computed tomography angiography. 
aSummary estimates for the aortoiliac arteries were calculated by means of a fixed-effects model; 

summary estimates for the femoropopliteal arteries and tibial arteries were calculated by means of a 

random-effects model. 
bStudy presented data for 2 observers; numbers presented are means. 
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Sensitivity and specificity per segment for each anatomic region. Table 5 

shows the true-positive, false-negative, false-positive, and true-negative results and 

corresponding sensitivity and specificity values for detecting more than 50% stenosis 

or occlusion according to anatomical region. Summary estimates are provided for 

different parts of the vascular tree (aortoiliac, femoropopliteal, and tibial arteries). 

Outcome data by anatomic region were provided in 7 studies. 4,5,24,27,30,32,33 The 

summary estimates of sensitivity and specificity for aortoiliac disease provided in 5 

studies were 96% (95% CI, 91%-99%; fixed-effects model, I2=0%) and 98% (95% 

CI, 95%-99%; fixed-effects model, I2=29%), respectively. The summary estimates 

of sensitivity and specificity for femoropopliteal disease provided in 5 studies were 

97% (95% CI, 95%-99%; random-effects model, I2=26%) and 94% (95% CI, 85%-

99%; random-effects model, I2=89%), respectively. The summary estimates of 

sensitivity and specificity for distal runoff in the tibial arteries provided in 6 studies 

were 95% (95% CI, 85%-99%; random-effects model, I2=82%) and 91% (95% CI, 

79%-97%; random-effects model, I2=94%). One study24 that provided results for 

the femoral artery up to and including the tibial artery reported a sensitivity of 98% 

and a specificity of 96%. 

 

Table 6. Assessment of degree of stenosis with CTA vs intra-arterial DSA in the 

aortoiliac and lower extremity arteries. 

Source DSA Normal DSA Stenosis DSA Occlusion 

 Normal Stenosis Occlusion Normal Stenosis Occlusion Normal Stenosis Occlusion 

Puls31 106 17 0 7 43 0 0 0 13 

Martin26 886 61 0 31 104 2 7 19 202 

Ofer28 267 19 3 10 34 3 1 6 67 

Catalano20 860 23 0 2 72 5 1 4 170 

Ota29 345 3 0 1 32 6 0 3 80 

Bui18 466 65 10 6 41 5 12 7 106 

Edwards21a 719 48 6 47 64 9 20 21 108 

Fraioli22b 1190 58 2 13 109 3 0 2 48 

Zhang34 548 9 0 7 60 5 0 2 48 

Albrecht17a 594 25 0 26 165 4 0 12 105 

Cai19 3495 67 0 29 857 53 0 12 230 

Li25 376 3 0 5 233 5 0 4 94 

Schernthaner5 858 8 0 6 232 0 0 2 245 

Summary 

estimates  

0.96  0.04  0.001  0.09  0.87  0.04  0.01  0.05  0.94  

95% CIc 0.95-0.97 0.02-0.05 0.0003-

0.002 

0.06-0.15 0.82-0.90 0.03-0.06 0.003-

0.02 

0.04-0.07 0.91-0.96 

Abbreviations: CI, confidence interval; CTA, computed tomography angiography; DSA, digital 

subtraction angiography. 
aStudies presented data for 2 observers; numbers presented are means. 
bData were presented for 3 different patient groups, with the sumation of numbers shown. 
cSummary estimates were calculated by means of a random-effects model. 
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Correct diagnosis, understaging, and overstaging. Results of the multivariate 

approach are shown in Table 6. Thirteen studies 5,17-22,25,26,28,29,31,34 provided data that 

allowed construction of 3�3 tables. Absolute numbers of segments per category are 

shown by study. The summary estimates, calculated using a random-effects model, 

represent the proportions of correct diagnosis, understaging, and overstaging. 

Computed tomography angiography correctly diagnosed occlusion in 94% of 

segments. Underestimation of occlusion occurred in 6% of segments, mostly as more 

than 50% stenosis (5%). Computed tomography angiography correctly diagnosed 

more than 50% stenoses in 87% of segments. Understaging occurred in 9% of 

segments and overstaging (a significant stenosis was diagnosed by CTA as an 

occlusion) in 4% of segments. Computed tomography angiography correctly 

designated a segment without a significant stenosis in 96% of segments and CTA 

incorrectly designated a segment as occluded when it was free of significant stenosis 

on DSA in 1 of 1000 cases (0.1%). 

Publication Bias. Egger’s regression test showed an asymmetric distribution of the 

points in the funnel plot for detection of publication bias (intercept, 1.67; 90% CI, 

0.35-2.99; P=.05), indicating that publication bias was likely (data not shown). 

DISCUSSION 

Compared with intra-arterial DSA, our meta-analysis suggests that CTA is highly 

accurate for assessment of PAD in all regions of the lower extremity arteries. 

Computed tomography angiography both correctly identified hemodynamically 

significant lesions and also accurately distinguished between more than 50% 

stenoses and occlusions. Ninety-four percent of occlusions and 87% of nonoccluded 

segments with more than 50% stenosis detected by DSA were correctly identified by 

CTA. The accuracy of CTA may be even higher than reported herein, because all 

studies used DSA as the reference standard, but did not report whether biplanar 

views were used to grade disease angiographically. Because CT reconstructions allow 

3-dimensional assessment, significant disease may be detected by CTA but be 

unrecognized by DSA, thus leading to false-positive CTA results and an 

underestimated specificity. Our review has several limitations. We excluded 12 

studies because they did not provide data allowing construction of 2�2 tables. We 

did not contact these authors to obtain the data, potentially resulting in biased 

results and less precise estimates of pooled diagnostic accuracy. Our analysis under. 

scores the importance of reporting according to standards such as the STARD to 

facilitate future meta-analyses.35 One limitation of our study is that we may have 

missed important publications, despite an extensive search without language 

restriction.12 Egger’s regression test showed an asymmetric distribution of points in 

the funnel plot, indicating that publication bias was likely. We used the QUADAS tool 
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for assessing methodological quality of individual studies. This tool was specifically 

developed for quality assessment of diagnostic accuracy studies included in 

systematic reviews. The QUADAS tool helped identify severe methodological 

shortcomings. The QUADAS instrument was used to perform sensitivity analyses 

according to different levels of quality. We found no relationship between study 

quality and outcome. A diagnostic test must always be evaluated in a clinically 

relevant population, because test performance often varies across population 

subgroups. Nonconsecutive recruitment and inclusion of only a subset of stages of 

disease can result in spectrum bias. The former may be applicable to the studies 

included in this review, because only 4 studies clearly described the selection criteria. 

Many studies provided a scanty description of their patient population, making it 

difficult to determine whether study participants were representative of PAD patients 

undergoing CTA in clinical practice. Furthermore, most studies included 

predominantly patients with intermittent claudication. Such patients are generally 

treated conservatively and do not typically require a CTA. Patients with critical limb 

ischemia who require a complete assessment of their lower extremity arteries for 

planning an open or endovascular intervention were scarce in the studies included in 

this review. Only 1 study4 included a large proportion of patients with critical limb 

ischemia. Although the authors found that CTA is accurate, more research is needed 

to determine the clinical value of CTA in the appropriate target population. Finally, in 

nearly all patients both lower extremities, including asymptomatic legs, were 

examined. This is reflected by the low prevalence (29%) of diseased segments. It is 

possible that the diagnostic performance of CTA differs for symptomatic and 

asymptomatic PAD. Information on the performance of CTA in the symptomatic leg is 

most relevant for clinical practice. Another limitation is the data-analysis method in 

the individual studies. All studies in our meta-analysis divided the vascular tree into 

segments. The number of segments per patients varied from 6 to 42. The relatively 

high proportion of segments without a significant stenosis – segments that are likely 

to be correctly identified by CTA – will result in an overestimation of specificity. From 

a clinical standpoint, it is more useful to divide the vascular tree into clinically 

relevant segments (e.g., aortoiliac, femoropopliteal, and distal runoff). Finally, the 

statistical power of this meta-analysis was limited by the relatively small sample size 

of most included studies. Taking into account all of these methodological issues, 

results must be interpreted with caution. Meta-analyses of diagnostic accuracy are 

used to produce summary estimates of sensitivity and specificity by dichotomization 

of test results. However, for treatment of patients with PAD, it is important to know 

both whether a vessel is diseased and also the extent of disease. Staging often 

consists of 3 or more categories (e.g., a normal vessel, a significant stenosis [>50%], 

or an occlusion). When data are dichotomized, staging information is lost. Using 
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previously described methods,11 we presented 3�3 contingency tables along with 

summary estimates. Computed tomography angiography performed well in detecting 

occlusions (94% of occluded segments were correctly diagnosed by CTA). Most of the 

occlusions missed by CTA were diagnosed as more than 50% stenosis. However, for 

detecting a nonocclusive stenosis of more than 50%, CTA performed less well (CTA 

underestimated the degree of stenosis in 9% of nonoccluded segments with >50% 

stenosis). Overstaging may easily occur when a calcified patent vessel is mistaken for 

an occluded vessel due to the blooming effect of the calcium.36 However, overstaging 

occurred less frequently in comparison with understaging. A reason for understaging, 

given by Martin et al,26 is that DSA may misclassify patent segments as occluded. 

Possible reasons for this phenomenon are motion artifacts, different rates of calf 

vessel filling, or insufficient arterial opacification distal to occlusions.26 Perhaps 

smaller slice thickness will lead to less partial volume effect and hopefully to more 

accurate measurement of degree of stenosis. The diagnostic accuracy of CTA seems 

to compare well with MRA,2,3 although studies directly comparing these imaging 

modalities are lacking. Choosing between different imaging modalities for PAD 

requires consideration of factors in addition to diagnostic accuracy. Duplex 

ultrasonography has a lower sensitivity than MRA and CTA but it is easily accessible 

and does not require radiation or contrast agents.1 However, a recent study showed 

that duplex ultrasonography was less clinically useful because the therapeutic 

confidence of the treating physicians for duplex ultrasonography was lower compared 

with MRA or CTA.37 Magnetic resonance angiography has some important advantages. 

It does not require iodinated contrast and there is no radiation exposure. However, 

diagnostic costs of MRA are higher than for CTA and there are many contraindications 

for magnetic resonance imaging, including a pacemaker, metal implants, 

claustrophobia, and the need for gadolinium contrast agents. These contrast agents 

can lead to potentially life-threatening nephrogenic systemic fibrosis in patients with 

renal failure.38 For CTA, iodinated contrast agents are used. These are potentially 

nephrotoxic, but this adverse effect can be reduced by hydration39 and, although still 

under debate, administration of acetylcysteine.40,41 Another drawback may be that 

frequent use of multidetector CT scan exposes a patient to large quantities of 

potentially carcinogenic ionizing radiation. 42 For example, the standard protocol used 

in the study by Fraioli et al22 gives a radiation exposure of 13.7 milliSievert (mSv). In 

the study by Catalano et al,20 the radiation dose is 12.0 mSv. In comparison, a 

posterioranterior chest radiography gives a radiation dose of 0.01 mSv and annual 

background radiation is 3.0 mSv.43 Postprocessing of peripheral CTA can include 

reconstruction of different images, like curved planar reformations, maximum-

intensity projections, and volume renderings. Although clinical interpretation will be 

facilitated, these reconstructions can be time consuming. Moreover, interpretation of 
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CTA can be seriously hampered in the presence of calcifications as discussed 

earlier.28,29,44 The choice between different imaging techniques depends on local 

availability and experience and patient characteristics. Therefore, more studies are 

needed to determine the exact (additional) value of CTA in comparison with other 

noninvasive diagnostic modalities for PAD, like MRA and duplex ultrasonography. 

Randomized trials comparing both modalities and their effect on treatment, outcome, 

and costs are needed. For future research, we stress the importance of using n�n 

tables for reporting outcomes of diagnostic studies. In conclusion, our meta-analysis 

showed that methodological quality of reports on diagnostic research of CTA is 

moderate, as expressed by the QUADAS tool. Many studies may have included 

sources of bias, like spectrum bias and selection bias. Nonetheless, CTA was a 

reliable imaging modality with high sensitivity and specificity for differentiating extent 

of disease in patients with predominantly intermittent claudication compared with 

intra-arterial DSA. Our meta-analysis also reveals that the diagnostic performance of 

CTA for patients with critical limb ischemia has been poorly investigated thus far. 

More rigorous evaluations of CTA in patients with critical limb ischemia are needed. 
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ABSTRACT 

 

Objective: To summarize outcomes of subintimal angioplasty (SA) for peripheral 

arterial occlusive disease. 

 

Methods: The Cochrane Library, Medline and Embase databases were searched to 

perform a systematic review of the literature from 1966 through May 2007 on 

outcomes of SA for peripheral arterial occlusive disease of the infrainguinal vessels. 

The keywords ‘‘percutaneous intentional extraluminal revascularization,’’ ‘‘subintimal 

angioplasty,’’ ‘‘peripheral arterial disease,’’ ‘‘femoral artery,’’ ‘‘popliteal artery,’’ and 

‘‘tibial artery’’ were used. Assessment of study quality was done using a form based 

on a checklist of the Dutch Cochrane Centre. The recorded outcomes were technical 

and clinical success, primary (assisted) patency, limb salvage, complications, and 

survival, in relation to the clinical grade of disease (intermittent claudication or 

critical limb ischemia [CLI] or mixed) and location of lesion (femoropopliteal, tibial, or 

mixed).  

 

Results: Twenty-three cohort studies including a total of 1549 patients (range, 27 to 

148) were included in this review. Methodological and reporting quality were 

moderate, e.g., there was selection bias and reporting was not done according to the 

reporting standards. These and significant clinical heterogeneity obstructed a meta-

analysis. Reports about length of the lesion and TASC classification were too various 

to summarize or were not mentioned at all. The technical success rates varied 

between 80% and 90%, with lower rates for tibial lesions compared with femoral 

lesions. Complication rates ranged between 8% and 17% and most complications 

were minor. After 1 year, clinical success was between 50% and 70%, primary 

patency was around 50% and limb salvage varied from 80% to 90%. 

 

Conclusion: Taking into account the methodological shortcomings of the included 

studies, SA can play an important role in the treatment of peripheral arterial disease, 

especially in the case of critical limb ischemia. Despite the moderate patency rates 

after one year, SA may serve as a ‘‘temporary bypass’’ to provide wound healing and 

limb salvage. 
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INTRODUCTION 

Since it was first described in 1990,1 subintimal angioplasty (SA) has become an 

established percutaneous technique to overcome long and chronic arterial occlusions. 

It is also known as percutaneous intentional extraluminal recanalization (PIER).2 

Initially it was used only for femoral and popliteal occlusions, but now it is also 

applied to long tibial artery occlusions.3 This therapy, being minimally invasive, offers 

many advantages compared with other treatment options. Patients need only local 

anesthesia to enable access to the common femoral artery, and after the procedure 

they are quickly ambulatory again. In addition, failed SA does not preclude the 

opportunity for surgical revascularization.4 Despite these advantages, there are also 

specialists who adopt a critical attitude toward SA. They state that it is difficult to 

learn, that the long-term results are not known, and that there are no randomized 

studies comparing SA with surgery. To determine the clinical value of this technique, 

a systematic review of available evidence is needed. The aim of this study was to 

systematically review the literature on the technical and clinical outcomes of 

subintimal angioplasty for peripheral arterial occlusive disease. 

METHODS 

Literature Search 

A systematic search of literature was performed with assistance of a clinical librarian 

in the medical databases National Guideline Clearinghouse, Trip database, Bandolier, 

British Medical Journal Clinical Evidence, Medline (January 1966 through May 2007), 

Embase (January 1980 through May 2007), and Cochrane Library, comprising the 

Database of Systematic Reviews (1988 through May 2007). The keywords 

‘‘percutaneous intentional extraluminal revascularization,’’ ‘‘subintimal angioplasty,’’ 

‘‘peripheral arterial disease,’’ ‘‘femoral artery,’’ ‘‘popliteal artery,’’ and ‘‘tibial artery’’ 

were used, along with synonyms of them. There was no language restriction. Titles 

and abstracts were screened by two reviewers (R.M. and K.P.L.) independently to 

identify potentially relevant articles, using the inclusion and exclusion criterion. 

Discrepancies in judgment were resolved after discussion and, when necessary, after 

mediation of a third reviewer (S.B.). Full text of these articles was retrieved for 

further analysis. 

Criteria for Inclusion 

The same two reviewers (R.M. and K.P.L.) independently checked the retrieved 

articles on inclusion criteria using a standardized form. Clinical studies were selected 

when all of the inclusion criteria were met. First, patients had to be treated for a 

femoral, popliteal, or tibial occlusion by SA (studies reporting a maximum of 5% iliac 
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occlusions were also included). Second, at least one of the following outcome 

parameters of interest—i.e., technical success, primary patency after 1 year, and 

limb salvage after 1 year—had to be reported. Technical success was defined as good 

antegrade flow at completion of the procedure. Primary patency after 1 year must be 

measured by an established imaging technique, i.e., duplex scanning, computed 

tomography angiography (CTA), magnetic resonance angiography (MRA), or digital 

subtraction angiography (DSA). Third, the study should include a minimum of 10 

patients. Fourth, it should be an original patient series (studies containing duplicate 

material were excluded and the ones with the best documented material were 

included for analysis). 

Study Quality 

Studies fulfilling all inclusion criteria were checked on study quality characteristics by 

two reviewers (R.M. and K.P.L.) independently. Assessment of study quality was 

done using a form based on a checklist of the Dutch Cochrane Centre.5 The main 

points of appraisal included description of (1) patient selection, (2) patient 

characteristics, (3) location of lesion, (4) technique, (5) follow-up, (6) assessment of 

patency, and (7) definition of outcome. Each item was described clearly, described 

moderate to badly, or not described at all. Articles were considered to be valid and 

selected for data extraction if items 2, 3, 4, and 7 were described clearly. An article 

could be included, despite incomplete or very short follow-up, because one important 

outcome, i.e., technical success, is independent of follow-up 

Data Extraction 

The following data were recorded per study: method of data collection (prospective 

or retrospective), selection of patients for the intervention (indication for SA), and 

selection of patients for the study (consecutive or selected and, if selected, inclusion 

and exclusion criteria). Furthermore, patient characteristics (number of patients, sex, 

age, indication [claudication, rest pain, gangrene], and most important risk factors, 

i.e., diabetes, smoking, hypertension, renal failure) and characteristics of treated 

lesions (location, length, outflow) were recorded. Finally, data about the procedure 

were collected such as technique (materials, stent placement, anticoagulants during 

procedure), performer (number of different interventional radiologists, experience), 

use of anticoagulants after the procedure, and follow-up data. The following 

outcomes were recorded and analyzed: technical and clinical success, primary 

(assisted) patency, limb salvage, complications, and survival. Data extraction was 

done by two reviewers (R.M. and K.P.L.) independently. Discrepancies in evaluation 

were resolved after discussion and, when necessary, after mediation of a third 

reviewer (S.B.). 
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Data Analysis 

The studies were subdivided into different groups according to the clinical grade of 

disease (intermittent claudication [IC] or critical limb ischemia [CLI] or mixed) and 

location of lesion (femoropopliteal, tibial, or mixed). Studies that included mainly 

patients with CLI and <15% patients with IC were analyzed in the CLI group, and 

vice versa. A mixed patient population was defined as a patient group consisting of 

both >15% claudicants as well as >15% CLI patients. We intended to perform a 

meta-analysis if data were clinically homogeneous by calculating summary estimates 

with nonlinear models using either random-effects or fixed-effects approaches. Many 

studies reported patency and limb salvage only for cases which were technically 

successful. For this systematic review we considered technically unsuccessful cases 

as not patent and calculated patency rates and limb salvage rates for the total group 

of treated patients, including technically unsuccessful cases. Reporting was according 

to the consensus statement of the Meta-analysis Of Observational Studies in 

Epidemiology (MOOSE) group.6 

 

Figure 1. Flowchart showing selection of papers for analysis. 

 

 

43 Publications obtained in 
full-text 

20 Excluded based on full-text 

 

151 Publications identified after search 

46 Publications selected on title and / or 
abstract 

105 Considered not relevant based 
on title and / or abstract 

3 Excluded 
   1 Translation not possible 
   2 Full-text could not be obtained 

23 Articles eligible for analysis 
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RESULTS 

Search strategy and study selection 

The initial search yielded 151 articles (Figure 1). After screening of title and abstract, 

105 articles were excluded. The most frequent reasons for exclusion were study 

design (review, case report), technique (other than SA), and location of lesion (iliac 

artery or extending from the femoral into the iliac artery). 

For the remaining 46 papers, two full copies7, 8 could not be obtained, and translation 

of one Lithuanian article9 was not possible. After assessment of 43 full text 

publications, 20 articles were excluded, mainly because of inadequate description of 

patient or lesion characteristics or use of another (sometimes experimental) 

endovascular technique. Finally, 23 articles2,10–31 were included in this review. We did 

not find randomized controlled trials. Most of the studies were retrospective (n=11) 

or prospective (n=8) patient series. In four studies, it remained unclear whether data 

collection was pro- or retrospective.13,15,19,29 Quality assessment of the studies is 

shown in Table 1. 

Study characteristics 

Characteristics of all included studies are shown in Tables 2, 3, 4. The authors often 

described that they included consecutive patients undergoing SA, but the selection 

procedure for the treatment remained unclear. If it was described, there was a large 

variation in patient selection. Two studies13,28 included patients in whom amputation 

was inevitable without treatment; two other studies17,18 selected every patient 

presenting with critical limb ischemia; five studies11,19,21,26,29 included patients who 

met one of the following conditions: (a) lack of vein suitable for surgical 

reconstruction, (b) poor medical condition, (c) unfavorable anatomy for bypass 

grafting, and (d) favorable anatomy for SA. One study31 selected only patients who 

refused surgery or in whom surgery was contraindicated. The studies varied in size 

from 27 to 148 patients. Studies reported age in different ways: some gave median 

age; others, mean age. The ages were between 59 and 81 years; most studies 

(16/23) reported ages (some mean and others median) between 70 and 80 years. 

The percentage of diabetic patients between studies showed a large variation (9%–

72%). However, the percentage of patients with diabetes was higher in the group of 

patients treated for CLI (Table 2) compared with the group of patients treated for 

mixed indications (intermittent claudication or CLI; Table 3). Also, there was a trend 

that there were more diabetics in the group of patients with mixed disease and mixed 

lesions compared with patients with mixed disease and a lesion proximal to the knee. 

Chronic renal failure is not included in the tables because only 9 of 23 articles 

mentioned it.  
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Table 1. Quality assessment of all included studies. 

 Clear 

definition 

of study 

population? 

Clear 

description 

of patient 

characterist

ics? 

Clear 

description 

of lesions? 

Clear 

description 

of 

technique? 

Follow-up 

complete? 

Objective 

assessment 

of patency? 

Clear 

definition of 

outcomes? 

Suma 

London20(1994) Yes Yes Yes Yes No Moder. Yes 11 

Reekers2(1994) Yes Yes Yes Yes Moder. Moder. Moder. 11 

Nydahl23(1997) Yes Yes Yes Yes Yes Yes Yes 14 

McCarthy21(2000) Yes Yes Yes No Moder. Yes Yes 11 

Vraux, 

Hammer29(2000) 
Yes Yes Yes Yes Moder. Yes Yes 13 

Ingle14(2002) Yes Yes Yes Yes Yes No Moder. 11 

Shaw24(2002) Yes Yes Yes No Yes Yes Yes 12 

Tisi27(2002) Yes Yes Yes Moder. Yes unclear Yes 11 

Laxdal16(2003) Yes Yes Yes Yes No Yes Yes 12 

Lipsitz19(2003) Yes Yes Yes Yes No Yes Moder. 11 

Yilmaz31(2003) Yes Yes Yes Yes No Yes Yes 12 

Desgranges11(2004) Yes Yes Yes Yes No Yes Moder. 11 

Florenes12(2004) Yes Yes Moder. Yes Yes Yes No 11 

Hynes13(2004) Yes Moder. Yes No Yes Yes Yes 11 

Lazaris, 

Tsiamis17(2004) 
Yes Yes Yes No No Unclear Yes 8 

Spinosa26(2004) Yes Yes Yes Yes Moder. Moder. Yes 12 

Smith25(2005) Yes Yes Yes Yes Yes Moder. Yes 13 

Cho10(2006) Yes Yes Yes Yes No Yes Yes 12 

Kidd15(2006) Yes Yes Yes Yes Yes Yes Yes 13 

Lazaris, 

Salas18(2006) 
Yes Yes Yes No No Yes No 8 

Myers22(2006) Yes Yes Moder. Yes Yes Yes Yes 13 

Treiman28(2006) Yes Yes Yes Yes Yes Yes Yes 14 

Vraux, 

Bertoncello30(2006) 
Yes Yes Yes Yes Moder. Yes Yes 13 

Moder., moderate 
aSum of all seven quality indicators: yes = 2 points, moderate = 1 point, no or unclear = 0 points 

 

Use of anticoagulants during the procedure was described in 14 articles; all patients 

received heparin, with a variation in dose of 50–70 IU/kg or 2000–5000 IU. Some 

also received nitroglycerin or tolazoline (intra-arterial vasodilating agents to minimize 

vasospasms) during the procedure. Nearly all papers had well-described post-

procedural anticoagulant therapy. All patients were given acetylsalicylic acid, 

sometimes combined with clopidogrel. Only very few papers report the use of 

additional devices (like stents). The use of re-entry devices is described nowhere. 

The significant clinical heterogeneity obstructed a meaningful meta-analysis. 
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Table 2. Characteristics of included studies reporting about patients with critical limb ischemia, subdivided according to location 
of lesion (tibial, femoral or femoropopliteal vessels or mixed, which are all infrainguinal) 

Source No. of patients, 
limbs 

Fontaine grade Patient age, yr 
(range) 

Patient characteristics Location of 
lesions 

Follow-up, mo 
(range) 

Lesion (mostly) in tibial arteries 
Ingle14 67, 70 II: 6 (9%) 

III: 21 (31%) 
IV: 40 (60%) 

Mean: 76 (41-96) DM: 31 (46%) 
HT: 36 (54%) 
Smoking: 39 (58%) 

TA: 70 (6-44) 

Nydahl23 27, 28 III: 4 (14%) 
IV: 24 (86%) 

Median: 81 (48-88) DM: 9 (33%) 
HT: 9 (33%) 
Smoking: 4 (15%) 

TA: 28 No loss to FU (18-
48) 

Vraux, 
Hammer29 

36, 40 III: 9 (23%) 
IV: 31 (77%) 

Median: 70 (36-90) DM: 26 (72%) 
HT: 14 (39%) 
Smoking: unknown 

PA-TA:8 (20%) 
TA: 32 (80%) 

Median: 10 (1-24) 

Vraux, 
Bertoncello30 

46, 50 III: 4 (8%) 
IV: 46 (92%) 

Median: 75 (35-92) DM: 28 (61%) 
HT: 33 (72%) 
Smoking: unknown 

PA-TA: 28 (56%) 
TA: 22 (44%) 

Median: 15 (2-53) 

Lesion (mostly) in femoral or femoropopliteal artery 
Hynes13 74, 74 III: 24 (32%) 

IV: 50 (68%) 
Mean: 71 DM: 17 (23%) 

HT: unknown 
Smoking: 42 (57%) 

FA: 74 Mean: 15 
SD: 0.6 

Myers22 78, 82 II: 10 (12%) 
III: 51 (62%) 
IV: 21 (26%) 

Mean: 59 (42-88) DM: 49 (63%) 
HT: 59 (76%) 
Smoking: 74 (95%) 

FA: 82 Mean: 10 
SD: 0.8 

Treiman28 29, 29 III: 16 (55%) 
IV: 13 (45%) 

Mean: 71 (48-86) DM:16 (55%) 
HT: 22 (76%) 
Smoking: 17 (59%) 

FA: 8 (28%) 
FA-PA: 20 69%) 
TA: 1 (3%) 

Mean: 38 (28-54) 

Mixed lesions (all infrainguinal) 
Lazaris, 
Tsiamis17 

99, 112 III: 32 (29%) 
IV: 80 (71%) 

Median: 79 (42-92) DM: 40 (36%) 
HT: 54 (48%) 
Smoking: 68 (61%) 

FA-PA: 62 (55%) 
PA-TA: 33 (29%) 
FA-TA: 17 (15%) 

Mean: 20 (3-32) 

Lazaris, 
Salas18 

46, 51 III: 14 (27%) 
IV: 37 (73%) 

Median: 80 (43-95) DM: 18 (39%) 
HT: 25 (54%) 
Smoking: 22 (48%) 

FA-PA: 27 (53%) 
TA: 24 (47%) 

12 

Spinosa26 40, 44 III: 4 (9%) 
IV: 40 (91%) 

Median: 69 (29-90) DM: 24 (60%) 
HT: unknown 
Smoking: unknown 

FA-PA: 7 (16%) 
TA: 15 (34%) 
FA-TA: 22 (50%) 

Median: 8 (1-24) 

DM, diabetes mellitus; HT, hypertension; FA, femoral artery; PA, popliteal artery; TA, tibial arteries; FU, follow-up 
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Table 3. Characteristics of included studies reporting about patients with critical limb ischemia or intermittent claudication (mixed), 
subdivided according to location of lesion (femoral or femoropopliteal artery or mixed lesions, which are all infrainguinal). 

Source No. of patients, 

limbs 

Fontaine grade Patient age, yr 

(range) 

Patient characteristics Location of lesions Follow-up, mo 

(range) 

Lesion (mostly) in femoral or femoropopliteal artery 

Kidd15 43, 43 II: 30 (71%) 

III: 10 (24%) 

IV: 2 (5%) 

Mean: 76 (50-95) DM: 5 (12%) 

HT: 20 (46%) 

Smoking: 23 (54%) 

FA-PA: 43 After 1 yr, 18/42 at 

risk 

Laxdal16 109, 124 II: 81 (65%) 

III/IV: 43 (35%) 

Mean: 72 (35-92) DM: 19/107 (18%) 

HT: 47/108 (43%) 

Smoking: 55/100 

(55%) 

FA-PA: 124 Mean: 7 

Median: 3 

McCarthy21 66, 69 II: 26 (38%) 

III/IV: 43 (62%) 

Median: 74 (47-92) DM: 20 (29%) 

HT: 18 (26%) 

Smoking: 18 (26%) 

FA-PA: 69 Median: 8 (1-29) 

Reekers2 40, 40 II: 11 (28%) 

III: 24 (60%) 

IV: 5 (13%) 

Mean: 69 (42-87) DM: 5 (13%) 

HT: 16 (40%) 

Smoking: 27 (68%) 

FA-PA: 40 After 1 yr 17/34 at 

risk 

Shaw24 46, 50 II: 23 (46%) 

III/IV: 27 (54%) 

Median: 72 (45-93) DM: 14 (30%) 

HT: 26 (57%) 

Smoking: 34 (74%) 

FA-PA: 48 (96%) 

TA: 2 (4%) 

Median 8 (6-11) 

Smith25 43, 48 II: 31 (65%) 

III/IV: 17 (35%) 

Median: 73 (49-92) DM: 10 (21%) 

HT: 22 (46%) 

Smoking: 30 (63%) 

FA: 48 Median 20 

Yilmaz31 61, 67 II: 41 (67%) 

III: 18 (30%) 

IV: 2 (3%) 

Median: 61 (37-75) 

Mean: 61 

DM: 18 (30%) 

HT: 30 (49%) 

Smoking: 42 (69%) 

FA: 67 Mean: 12.5 

SD: 9 

(1-30) 

Mixed lesions (all infrainguinal) 

Cho10 36, 40 II: 18 (45%) 

III: 2 (5%) 

IV: 20 (50%) 

Mean: 71 (57-83) DM: 23 (64%) 

HT: 30 (83%) 

Smoking: 20 (56%) 

IA: 2 (5%) 

FA-PA: 15 (38%) 

TA: 15 (38%) 

FA-TA: 8 (20%) 

Median: 8 

Mean: 10 

(1-23) 

Desgranges11 96, 100 II: 46 (48%) 

III/IV: 50 (52%) 

Mean: 72 (44-90) DM: 63 (66%) 

HT: 69 (72%) 
Smoking: 62 (64%) 

FA-PA: 82 (82%) 

TA: 18 (18%) 

Mean: 15 

14 pts lost to FU 

Lipsitz19 39, 39 II: 9 (23%) 

III: 5 (13%) 

IV: 25 (64%) 

Median: 74 (46-89) DM: 22 (56%) 

HT: 20 (51%) 

Smoking: 14 (36%) 

IA: 2 (5%) 

FA-PA: 31 (79%) 

TA: 6 (15%) 

After 1 yr, 46% lost 

to FU 

Tisi27 148, 158 II: 29 (18%) 

III/IV: 129 

(%82) 

Median: 78 (70-82) DM: 43 (29%) 

HT: 79 (53%) 

Smoking: 106 (72%) 

FA-PA: 122 (77%) 

TA: 36 (23%) 

After 1 yr, 26/152 

at risk 

DM, diabetes mellitus; HT, hypertension; FA, femoral artery; PA, popliteal artery; TA, tibial arteries; FU, follow-up 
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Table 4. Characteristics of included studies reporting about patients with intermittent 

claudication, subdivided according to location of lesion (femoral or femoropopliteal 

artery or mixed lesions, which are all infrainguinal). 

Source No. of 

patients, 

limbs 

Fontaine grade Patient age,  

yr (range) 

Patient 

characteristics 

Location of 

lesions 

Follow-up, 

mo (range) 

Lesion (mostly) in femoral or femoropopliteal artery 

London20 176, 200 II: 178 (89%) 

III/IV: 22 (11%) 

Median: 68 

(22-92) 

DM: 33 (19%) 

HT: 62 (35%) 

Smoking: 61 (35%) 

FA-PA: 200 (3-60) 

Mixed lesions (all infrainguinal) 

Florenes12 104, 116 II: 116 (100%) Mean: 67 

(31-91) 

DM: 9 (9%) 

HT: 31 (30%) 

Smoking: 57 (55%) 

Inf-ing: 116 Median: 41 

(0-79) 

DM, diabetes mellitus; HT, hypertension; FA, femoral artery; PA, popliteal artery; FU, follow-up; Inf-ing, 

infrainguinal 

 

Figure 2. Technical success accompanied by 95% confidence interval of all studies 

reporting patients with critical limb ischemia, subdivided according to location of 

lesion (tibial vessels, femoral or femoropopliteal vessels, and mixed lesions, which 

are all infrainguinal). 
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Figure 3. Meta-analysis of technical success accompanied by 95% confidence 

interval of all studies reporting patients with critical limb ischemia and claudication 

(mixed), subdivided according to location of lesion (femoral or femoropopliteal 

vessels and mixed lesions, which are all infrainguinal). 

 

 

Technical Success 

Most studies described technical success as good antegrade flow of the occluded 

segment at completion of the procedure. Some studies added the condition that 

there was <30% residual stenosis.11,20,23,25,28,31 Technical success percentages (95% 

confidence interval) are shown in Figures 2, 3, and 4. In patients with critical limb 

ischemia, technical success of tibial procedures is lower compared with that for 

femoral lesions. For patients treated for different disease (CLI or intermittent 

claudication), technical success rate show a large variation. In general, technical 

success is between 80% and 90%. 
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Figure 4. Percentage technical 

success accompanied by 95% 

confidence interval of two studies 

reporting patients with intermittent 

claudication. London et al.20 report 

about patients with lesions in the 

femoral or femoropopliteal vessels; 

Florenes et al.,12 about patients with 

mixed lesions (all infrainguinal). 

Clinical Success 

Nine studies reported clinical success, described as resolution or improvement of 

claudication, relief of pain at rest, healing of ulcers, or healing of minor amputations 

which were required for gangrene and nonhealing wounds after previous amputation. 

Clinical success was achieved in 50% to 70% of the patients after 1 year (Tables 5, 6, 

7). 

Patency 

The definition and reporting of patency varied considerably between studies. Some 

studies reported primary patency; others primary assisted patency. Primary patency 

was defined differently among studies as (1) absence of occlusion and absence of 

>50% stenosis in the treated segment; (2) absence of occlusion and absence of 

>30% stenosis in the treated segment; and (3) patency of the segment without 

intervention. Definitions 1 and 2 are taken together because of the clinical 

irrelevance of such a difference. Primary and primary assisted patency were about 

50% after 1 year (Tables 5, 6, 7). 

Limb Salvage 

The most common definition of limb salvage was salvation of the leg not further 

specified. Two studies18,26 made the definition more explicit, to state that limb 

salvage was maintained even when a minor amputation was needed. Most limb 

salvage rates are about 80% to 90%, one study26 reporting about patients with CLI 

and mixed lesions report a limb salvage rate of 66% after 1 year (Tables 5, 6, 7). 
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Table 5. Outcomes of studies reporting about patients with critical limb ischemia, 

subdivided according to location of lesion (tibial, femoral or femoropopliteal vessels 

or mixed, which are all infrainguinal). 

Study Statistical 

method 

Clinical 

success 

(mo) 

Complications Primary 

patency 

(mo) 

Primary 

assisted 

patency 

Limb 

salvage 

(mo) 

Survival 

Lesion (mostly) in tibial arteries 

Ingle14 KMA - 9/70 (13%) - - 94% 

(12) 

- 

Nydahl23 KMA 56% 

(12) 

3/28 (11%) 53% 

(12)a 

- 85% 

(12) 

- 

Vraux, 

Hammer29 

KMA 68% 

(12) 

5/40 (13%) 56% 

(12)b 

- 81% 

(12) 

78% (12) 

Vraux, 

Bertoncello30 

KMA 63% 

(12) 

7/50 (14%) 46% 

(12)b 

- 87% 

(12) 

65% (12) 

Lesion (mostly) in femoral or femoropopliteal artery 

Hynes13 LTA - 6/74 (8%) - - - - 

Myers22 KMA - 2/82 (2%) 74% (3)a 87% (3) - - 

Treiman28 KMA - 4/29 (14%) 64% 

(24)b 

- 80 (24) 50% (24) 

Mixed lesions (all infrainguinal) 

Lazaris, 

Tsiamis17 

KMA 69% 

(24) 

14/112 (13%) - - 88% 

(12) 

- 

Lazaris, 

Salas18 

KMA - - 50% 

(12)b 

- 92% 

(12) 

87% (12) 

Spinosa26 KMA - 4/40 (10%) - - 66% 

(12) 

71% (12) 

Mo, months; KMA, Kaplan-Meier analysis; LTA, life-table analysis. 
a Definition of patency is absence of occlusion and absence of >50% or >30% stenosis in treated 

segment. 
b Definition of patency is patency of segment without intervention. 

 

Survival 

Survival was given for different time periods and different patient selections. Studies 

reporting only on patients with CLI showed lower survival rates compared with 

studies reporting patients with different stages of disease. Patients with CLI and a 

tibial lesion demonstrate a survival after 1 year of from 65%–78%, in contrast to a 

survival of between 86% and 100% after 1 year for patients with mixed disease and 

a femoral lesion. 
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Complications 

Most frequently reported complications include hematoma of the groin, perforation of 

the artery, and distal embolism. Also, pseudoaneurysms of the femoral artery, 

retroperitoneal hematomas, and myocardial infarctions were reported. Complication 

rates for all studies were mostly between 8% and 17%. One study,22 reporting about 

patients with CLI and a femoral lesion, reports 2% complications; another study,2 

reporting about patients with mixed disease and femoral lesions, reports a 

complication rate of 20%. 

 

Table 6. Outcomes of studies reporting about patients with critical limb ischemia or 

intermittent claudication (mixed), subdivided according to location of lesion (femoral 

or femoropopliteal artery or mixed lesions, which are all infrainguinal). 

Study Statistical 

method 

Clinical 

success 
(mo) 

Complications Primary 

patency 
(mo) 

Primary 

assisted 
patency 

Limb 

salvage 
(mo) 

Survival 

Lesion (mostly) in femoral or femoropopliteal artery 

Kidd15 LTA - - 52% 

(12)b 

- 100% 

(12) 

98% (12) 

Laxdal16 KMA - 9/124 (7%) - 37% 

(12) 

90% (7) - 

McCarthy21 KMA 60% (8) 11/69 16%) 51% (6)b - 88% (8) 86% (6) 

Reekers2 LTA 50% 

(12) 

8/40 (20%) 59% 

(12)b 

- - - 

Shaw24 KMA 59% (6) 5/50 (10%) 57% (6)b - - 89% (6) 

Smith25 KMA - 7/47 (15%) 53% 

(12)b 

- - - 

Yilmaz31 KMA - 10/67 (15%) 22% 

(12)b 

57% 

(12) 

- 100% 

(12) 

Mixed lesions (all infrainguinal) 

Cho10 KMA - 4/40 (10%) 44% 

(12)a 

- - - 

Desgranges11 LTA - 17/100 (17%) 61% 

(24)b 

69% 

(24) 

78% 

(24) 

85% (24) 

Lipsitz19 LTA 68% 

(12) 

3/39 (8%) 64% 

(12)a 

- 92% 

(12) 

- 

Tisi27 LTA - 26/158 (16%) 45% (1)b  - - 

Mo, months; KMA, Kaplan-Meier analysis; LTA, life-table analysis. 
a Definition of patency is absence of occlusion and absence of >50% or >30% stenosis in treated 

segment. 
b Definition of patency is patency of segment without intervention. 
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DISCUSSION 

This systematic review shows that SA can be a useful option in the treatment of 

patients with severe critical leg ischemia. After 1 year, limb salvage rates are 

between 80% and 90%, irrespective of whether the occlusion is in the femoral or 

femoropopliteal artery or in the tibial arteries. Although there were no comparative 

studies, SA seems to have lower patency rates than surgery. The primary patency of 

lower limb surgical bypass is high, 83% for an above-knee femoropopliteal bypass 

with a saphenous vein graft, 78% for a PTFE graft32 and 82% even for a popliteal-to-

distal vein bypass after 1 year.33  

The primary patency rates after 1 year for SA were about 50%. The lower patency 

rates must be balanced against the advantage that SA is a minimally invasive 

technique that requires only local anesthesia, which are great advantages with 

respect to surgical revascularization procedures. Individual patient characteristics, 

like age and pattern of disease, will determine the choice between a percutaneous 

and a surgical approach. 

 

Table 7. Outcomes of studies reporting about patients with intermittent claudication, 

subdivided according to location of lesion (femoral or femoropopliteal artery or mixed 

lesions, which are all infrainguinal). 

Study Statistical 

method 

Clinical 

success 
(mo) 

Complications Primary 

patency 
(mo) 

Primary 

assisted 
patency 

Limb 

salvage 
(mo) 

Survival 

Lesion (mostly) in femoral or femoropopliteal artery 

London20 KMA 58% (12) 15/200 (8%) 56% 

(12)a 

- - - 

Mixed lesions (all infrainguinal) 

Florenes12 KMA - 20/116 (17%) - 56% 

(36) 

- - 

Mo, months; KMA, Kaplan-Meier analysis. 
a Definition of patency is absence of occlusion and absence of >50% or >30% stenosis in treated 

segment 

 

The benefit of SA for patients with intermittent claudication is more indistinct. Two 

studies,12,20 including only claudicants, reported a clinical success of 58%, a primary 

patency of 56% after 1 year, and a primary assisted patency of 56% after 3 years. 

There are several treatment options for patients with intermittent claudication, 

ranging from conservative to invasive. SA could be useful in claudicants, but since 

patency rates are low, this option should be offered with reserve. 

The technical success rates of SA were about 80%, with higher success rates in the 

femoral or femoropopliteal arteries compared with the tibial arteries. Although most 
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studies do not report the experience of the interventional radiologist, which is an 

important factor determining outcome of SA, these good technical success rates 

could indicate that the procedure is not only reserved for experts. Second, the 

included studies are originating from many different centers, indicating that many 

interventionalists are currently practicing SA, indicating that this technique is 

probably not so difficult to learn. Approximately 15% of the procedures is 

complicated by a puncture-site hematoma, vessel perforation, or distal embolus. This 

is comparable to the incidence of complications after PTA (11%).34 However, the 

reported complication rates ranged between 2% and 20%. It is likely that various 

definitions and different registration systems for complications were used, which 

makes these numbers hard to interpret. It can be argued that complications are 

related to the site of the lesion. The risk of a groin hematoma does not depend on 

the site of the lesion, however, tibial vessels are more fragile and might therefore be 

at greater risk of perforation. We observed that studies reporting solely about 

femoral or femoropopliteal lesions reported fewer cases of perforation. It should be 

noted that major complications, like myocardial infarction, renal failure, and in-

hospital mortality, are probably underreported. In general, such complications should 

be registered as well, to fully appreciate the effect of interventions in this fragile 

group of patients. This systematic overview of best evidence has several limitations. 

First, the only available publications for this systematic review were case series 

(observational studies). An additional limitation is selection bias, which causes 

overestimation of treatment effects. Many studies did not provide data about the 

entire cohort of patients, including those who underwent surgery as the initial 

procedure or conservative treatment in the case of claudication. Moreover, we must 

assume publication bias to be likely, another cause of overestimation of the results. 

To determine the exact value of SA, a randomized controlled trial in which SA is 

compared to surgery would be ideal. From earlier randomized trials in patients with 

critical limb ischemia (BASIL trial35), only a small number seems to be eligible for 

randomization due to local anatomy. However, experience with SA is still evolving, 

and at our hospital bypass surgery for critical limb ischemia has been reduced by 

more than 50% over the past decade, indicating that a significant number of patients 

can be treated by SA. A major obstacle for randomized trials is the preference of 

patients as well as of treating physicians for minimally invasive techniques as first-

line treatment, knowing that surgery is still in reserve.36 We noticed a wide variation 

in reporting of patient characteristics and in definitions of outcome and complications 

of subintimal angioplasty. First, a whole scale of outcome measurements and 

definitions of outcomes was used. We have tried to sort out all these different 

outcomes. Second, different statistical methods were used to determine outcome. 

Most authors did Kaplan-Meier analysis, whereas others used life-table analysis. 
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Some authors reported patency and limb salvage rates for the total group of treated 

patients; others, only for the technically successful cases. Also, data on follow-up 

were reported insufficiently; the number of patients lost-to-follow-up and the reasons 

for that remained unclear most of the time. These shortcomings in methodology and 

reporting make it difficult to compare results, and made us decide not to perform any 

meta-analysis. Therefore, we like to stress the importance of using standards for 

reporting results of treatment for peripheral arterial disease and, especially, for 

lower-extremity arterial endovascular procedures, to facilitate future meta-

analyses.37,38 

In conclusion, this systematic review shows that, especially in the treatment of 

critical limb ischemia, SA can play an important role. Despite the moderate long-term 

patency rates of the revascularized segments, SA may serve as a ‘‘temporary 

bypass’’ to provide wound healing and limb salvage. Further studies of higher 

methodological quality should include and analyze entire cohorts of patients admitted 

for CLI, instead of selected series, to better appreciate the value of SA in relation to 

bypass surgery. 
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ABSTRACT 

 

Objective: Patients with severe critical limb ischemia (CLI) due to long tibial artery 

occlusions are often poor candidates for surgical revascularization and frequently end 

up with a lower limb amputation. Subintimal angioplasty (SA) offers a minimally 

invasive alternative for limb salvage in this severely compromised patient population. 

The objective of this study was to evaluate the results of SA in patients with CLI 

caused by long tibial occlusions who have no surgical options for revascularization 

and are facing amputation. 

 

Methods: We retrospectively reviewed all consecutive patients with CLI due to long 

tibial occlusions who were scheduled for amputation because they had no surgical 

options for revascularization and who were treated by SA. 

 

Results: A total of 26 procedures in 25 patients (14 males; mean age, 70 ± 15 

[standard deviation] years) were evaluated. Technical success rate was 88% 

(23/26). There were four complications, which were treated conservatively. Finally, in 

10 of 26 limbs, no amputation was needed. A major amputation was needed in 10 

limbs (7 below-knee amputations and 3 above-knee amputations). Half of the major 

amputations took place within 3 months after the procedure. Cumulative freedom of 

major amputation after 12 months was 59% (standard error=11%). In six limbs, 

amputation was limited to a minor amputation. Seven patients (28%) died during 

follow-up. 

 

Conclusion: SA of the tibial arteries seems to be a valuable treatment option to 

prevent major amputation in patients with CLI who are facing amputation due to lack 

of surgical options. 
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INTRODUCTION 

Critical limb ischemia (CLI) is a manifestation of severe peripheral arterial disease, 

characterized by pain at rest, nonhealing ulcers, or both. Revascularization is 

necessary to save the limb and this can be performed surgically or percutaneously.1 

When both treatments are possible, endovascular therapy is preferred because of 

similar clinical outcomes and lower costs.2 Percutaneous angioplasty of the 

infrapopliteal arteries has long been regarded as a difficult procedure because of the 

small caliber of the tibial arteries and the tendency to develop spasm.3,4 Over the 

years experience with percutaneous treatment of infrapopliteal disease has grown, 

with promising technical and clinical results.5-7 While short occlusions can be treated 

percutaneously, most long occlusions still require a surgical approach. Subintimal 

angioplasty (SA) is a percutaneous alternative to surgery to overcome long 

occlusions, when a transluminal approach would be technically impossible. Although 

SA of tibial arteries can result in high limb salvage rates, most studies do not 

differentiate between severe and mild ischemia and do not state whether a surgical 

option was still available. As a result, such mixed patient groups show higher limb 

salvage rates compared with patients with CLI without a surgical option for 

revascularization. Patients with end-stage CLI with long and multiple tibial artery 

occlusions, without options for surgical revascularization, often end up with an 

amputation. In such patients, infrapopliteal SA could be an interesting treatment and 

a last chance to save the patient’s limb. This ‘percutaneous temporary pedal bypass’ 

was described previously.8 The purpose of this study was to evaluate whether tibial 

artery SA in end-stage CLI patients without surgical options an amputation. As a 

secondary objective of the study, we evaluated the influence of outflow on clinical 

success. 

METHODS 

Patients 

A retrospective review was performed of all consecutive patients without surgical 

options for revascularization who underwent a percutaneous vascular intervention of 

the tibial arteries between 1 August 2006 and 31 December 2008. All patients were 

considered candidates for amputation due to uncontrollable ischemic rest pain or 

nonhealing ulcers, necrosis, or gangrene. The indication for amputation was made by 

the vascular surgeon, in close consultation with the interventional radiologist. To 

confirm correct patient selection, we reviewed all patients with CLI who presented at 

our hospital during the study period to verify the indication once more with an expert 

panel consisting of a vascular surgeon (M.K.) and an interventional radiologist (J.R.). 
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We included only patients with an absolute indication for amputation, i.e., absence of 

a suitable artery for distal anastomosis. All patients with a clinical presentation 

showing an option for healing were accepted for an attempt at endovascular 

revascularization. Only those patients who were having severe gangrene with deep 

infection, patients who were septic, and patients with severe ischemia who were not 

ambulatory due to other medical causes underwent primary amputation. All patients 

were treated for long and multiple tibial artery occlusions. Accompanying poor inflow 

due to stenoses in the superficial femoral artery was not an exclusion criterion. These 

lesions were treated in the same procedure. Risk factors,9 previous interventions, 

pre-intervention vascular assessment, indication, and length of the treated lesion 

were recorded. 

During the study period, 14 patients needed a primary amputation due to severe 

gangrene with deep infection without any chance of healing. A total of 25 patients 

were included in the study. One patient was successively treated in both legs, with an 

interval of 6 months between the two interventions. Therefore, 26 interventions were 

analyzed. Patient characteristics are reported in Table 1. Fourteen were men and the 

mean age was 70 ± 15 (standard deviation) years. Sixty-four percent had diabetes 

mellitus and renal failure was present in half of the patients, including four 

hemodialysis patients (16%). 

 

Table 1. Patient characteristics at assessment (n=25). 

Characteristic Mean (±SD) or n (%) 

Gender, male 14 (56%) 

Age, year 70.3 (±15.2) 

Risk factors  

 Diabetes mellitus 16 (64%) 

 Hypertension 18 (72%) 

 Current or former smoker 14 (56%) 

 Smoking unknown 9 (36%) 

 Renal failure 13 (52%) 

 Hypercholesterolemia 7 (28%) 

 History of coronary artery disease 4 (16%) 

 History of stroke 3 (12%) 

SD, standard deviation; hypertension was defined as a diastolic blood pressure >90 mmHg or being on 
antihypertensive medication; renal failure was defined as an elevated creatinine level, >110 ųmol/L; 
and hypercholesterolemia was defined as an elevated triglyceride level, >2.00 mmol/L, or an elevated 
LDL cholesterol level,>4.82 mmol/L.9 

 

All patients suffered from atherosclerotic vascular disease. Most limbs were treated 

because of tissue loss (Table 2). The large number of patients with previous 

interventions, including contralateral amputation, highlights the severity of arterial 
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obstructive disease in our patient group. In total 10 stenoses and 31 occlusions were 

treated, of which 3 occlusions and 2 stenoses were located in the femoral artery. All 

other lesions were located in the lower limb. Most of the occlusions were at least 20 

cm long (Table 3). 

 

Table 2. Limb characteristics at assessment (n=26). 

Characteristic Mean (range) or n (%) 

Fontaine stage  

 III, rest pain 3 (12%) 

 IV, nonhealing ulcer 23 (88%) 

Ankle pressure (highest; mmHg) 70 (36–135) 

Toe pressure (mmHg) 29 (0–67) 

Previous vascular intervention, ipsilateral 15 (58%) 

Below-knee amputation, contralateral 7 (27%) 

 

Table 3. Length of lesions. 

Length Stenoses Occlusions 

0-5 cm 3 5 

5-10 cm 4 4 

10-20 cm 0 3 

20-30 cm 3 14 

Total reconstruction (tibial-popliteal-femoral) 0 5 

 

Procedure 

All occlusions were treated by the standard SA technique under local anesthesia.10 

Antiplatelet drugs and oral vitamin K antagonist were not discontinued prior to the 

intervention. An antegrade puncture of the ipsilateral common or superficial femoral 

artery was performed. The subintimal space was entered proximal to the occlusion 

and the occluded segment was traversed with a 0.035-inches guidewire (Terumo, 

Tokyo). After re-entry into the lumen distal of the occlusion, the subintimal space 

was dilated with a 3-mm, 5-French PTA balloon. The balloon lengths varied from 8 to 

22 cm. Both standard PTA balloons (Opta 5; Cordis Europe, Johnson & Johnson, 

Roden, The Netherlands) and high-pushibility PTA balloons (Reekross catheter; 

ClearStream Technologies Ltd., Wexford, Ireland) were used.11 No stents were used 

in the tibial arteries. During the intervention, 5000 IU of heparin was administered. 

After the intervention, every patient was prescribed anticoagulant medication, either 

an antiplatelet drug or an oral vitamin K antagonist, if this was already being used for 

other indications. If the interventionalist judged the flow after the procedure to be 
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slow, then also clopidogrel, 75 mg daily for 3 months, was prescribed. Patients were 

also treated with intravenous heparin until they were well set on oral anticoagulant 

therapy according to a standardized protocol.12 Briefly, the heparin dose was 1000 

IU/h and the duration of administration was dependent on the APTT value, which was 

determined 6 h after the procedure. The target APTT level was 2 times the APTT 

normal value. Figure 1 shows the angiograms of a patient before and after subintimal 

angioplasty of the popliteal and anterior tibial artery. 

 

Figure 1. Angiogram of the lower leg and foot of a patient before (A, B) and after (C, 

D) subintimal angioplasty of the popliteal and anterior tibial artery. 
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Follow-up 

Clinical follow-up was performed by the vascular surgeon. Follow-up regimens were 

left to the surgeon’s discretion and when clinically indicated. Final study follow-up 

was done by contacting the patient’s general practitioner. 

Endpoints 

The primary endpoint was limb salvage. Limb salvage was defined as freedom from 

major amputation, i.e., any amputation above the level of the ankle. Secondary 

endpoints included technical success of the procedure, defined as <30% final residual 

stenosis measured at the narrowest point of the vascular lumen, and clinical success, 

defined as recovery or stabilization of rest pain or ulcers and freedom from minor 

amputation, defined as any transmetatarsal amputation or amputation of one or 

more toes. Complications were classified as minor and major.13 

To explore any differences in outflow between patients with and those without a 

major amputation, the before and after intervention angiograms were retrospectively 

examined by two experienced interventional radiologists (with 6 and 23 years of 

experience, respectively) who were unaware of the clinical outcome of the patient. 

The popliteal to distal vessels were assessed according to three categories: 0, 

occlusion; 1, severe vessel wall irregularities and diffuse narrowing; and 2, no or 

minor vessel wall irregularities and a fully patent lumen. Moreover, we recorded 

outflow to the foot after intervention, whether there was direct flow to the dorsalis 

pedis artery, plantar arterial arch, and lateral plantar artery. In the case of 

disagreement between the two radiologists, the images in question were jointly 

reviewed and a consensus sought. 

Statistical analysis 

Patient characteristics were summarized using descriptive statistics. We analyzed the 

entire group as well as the subgroups based on outcome after intervention (patients 

with a major amputation versus other patients). Patient related outcomes, like 

survival and patient characteristics, are presented on a per-patient basis. Procedure-

related outcomes, like limb salvage and technical success, are presented on a per-

limb basis. For exploring possible differences in inflow (whether or not the superficial 

femoral artery was treated) and outflow between patients who improved and those 

who were amputated, we used the chi-square or Fisher’s exact test. Survival and 

limb salvage were calculated using the Kaplan–Meier method. Agreement between 

the two radiologists in assessing the angiograms is expressed as weighted kappa 

values. Statistical analyses were performed using SPSS 15.0 software (SPSS Inc., 

Chicago, IL, USA). 
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RESULTS 

Procedure 

All patients were treated by SA for long tibial artery occlusions. In 11 limbs, a 

subintimal or transluminal revascularization of the superficial femoral artery was also 

performed. The intervention was technically successful in 23 of 26 limbs (88%). 

Reasons for failure were calcifications that were too extensive in one patient and lack 

of peripheral runoff found for re-entry in two patients. Before intervention, 11 

patients had all three tibial arteries occluded, 14 patients had one patent tibial 

artery, and 1 patient had two patent tibial arteries. After intervention, in 1 patient all 

three tibial arteries were still occluded, 13 patients had one patent tibial artery and 

11 patients had 2 patent tibial arteries. In 1 patient, all three tibial arteries were 

patent. 

 

Figure 2. Clinical outcome. 

 

 

Complications 

Complications occurred after 4 procedures. There were 4 minor complications; a 

dissection, a subsequent local extravasation, and a false aneurysm – all treated 

conservatively; and a nose bleed, which required insertion of a tampon. There was 

one major complication: an acute right-sided cardiac failure which required a 2-day 

admission to the cardiac care unit. Patients were discharged a median of 9 days 

(range, 0–115 days) after intervention. The median follow-up was 7 months (range, 

43 days-27 months). No patient was lost to follow-up. Clinical outcome is shown in 

Figure 2. Ten limbs were free of amputation, 6 limbs required a minor amputation, 

and 10 a major amputation. Of the three patients with an unsuccessful procedure, 

two ended up with a below-knee amputation and one with a transmetatarsal 

amputation. Seven patients (28%) died within 43 days to 13.5 months. The cause of 

26 interventions 

major amputation (n=10) 

below-knee (n=7) 
above knee (n=3) 

minor amputations (n=6) 

one toe (n=1) 
two or more toes (n=1) 
trans-metatarsal (n=4) 

unchanged or improved (n=10) 
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death was unknown in four patients since no autopsy was performed, one died of 

cardiac failure, one died after a stroke, and one of a sepsis, caused by leg ulcers. The 

cumulative limb salvage rate after 12 months was 59% (SE=11%), and the 

cumulative survival after 12 months 69% (SE=11%). Figure 3 shows the Kaplan-

Meier curves of survival and major amputation. After 1 year 13 patients (52%) were 

alive with a preserved limb. 

 

Figure 3. Kaplan–Meier limb salvage (A; 26 limbs) and survival (B; 25 patients) 

curves 

  

SE, standard error. 

 

The agreement of the two interventional radiologists regarding assessment of the 

arteries before and after treatment was substantial (weighted κ=.76; 95% 

confidence interval, 0.71-0.82). Before the procedure, the vessels of patients who 

underwent a major amputation were worse than those of patients who improved or 

who needed only a minor amputation, with more frequent severe stenosis or 

occlusion (nonsignificant). After the procedure, especially the anterior tibial artery 

and the dorsalis pedis artery were significantly of better quality in the improved 

patients (P=.059 and P=.005, respectively). Concomitant treatment of SFA lesions 

was not associated with improved outcome. On the contrary, some 60% of patients 

with a major amputation had a concomitant SFA revascularization, versus 31% of 

patients who did not have a major amputation, although this difference was not 

statistically significant (P=.23). Improved patients had direct flow to the foot via the 

dorsalis pedis artery after the intervention more often compared to patients who 

were amputated (table 4; P=.11, nonsignificant). 
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Table 4. Outflow to the arteries of the foot after intervention: comparison between 

patients who improved after treatment (n=16) and patients who received a major 

amputation (n=10). 

 Direct flow to 
dorsalis pedis artery  

Direct flow to 
plantar artery 

Direct flow to pedal-
plantar arch 

Improved (n=16)  11 (69%) 2 (13%) 5 (31%) 

Amputation (n=10) 3 (30%) 2 (20%) 0 (0%) 

P value .11 .63 .12 

Levels of significance calculated by means of Fisher’s exact test 

DISCUSSION 

In this study, we showed that SA of long tibial occlusions in patients with severe 

chronic CLI without surgical options for revascularization is technically feasible and 

has a good clinical success rate. In one-third of patients the clinical status improved 

or remained unchanged. A major amputation was still needed in nearly one-third of 

the patients, and a minor amputation in one-fourth. The technical success of the 

procedure was high, and there were only a few complications, which could be treated 

conservatively. Based on these results, we think that a patient scheduled for 

amputation due to end-stage chronic CLI must always be referred to a vascular 

interventional specialist with experience in lower limb SA. In the present study, 

outflow after intervention was associated with clinical outcome. Patients whose limb 

was saved after intervention more often had direct outflow to the dorsalis pedis 

artery. There was a trend toward a better clinical outcome in the case of direct flow 

to the pedal-plantar arch after intervention. These results confirm the importance of 

adequate outflow in both endovascular10 and surgical revascularization1,14-16 

procedures. This implies that opening of the tibial arteries is not enough; the 

intervention should also focus on improvement of outflow. New low-profile balloons 

and dedicated 0.14-inches guidewires, not used in the current study, might help to 

target this outflow problem. In the present study, we did not perform additional PTA 

of the foot arteries. However, due to very low flow before the intervention, filling of 

the foot arteries was nominal. After treatment, the filling increased a lot due to better 

inflow caused by the SA of the tibial arteries. As a result of this study, we have 

started using foot artery PTA or SA to establish adequate outflow. In our study we 

also found that patients who had undergone concomitant revascularization of the SFA 

in the same session had a worse clinical outcome, possibly indicating that patients 

with more extensive disease benefit less from revascularization. The cohort was too 

small to allow for a multivariate analysis. In the few studies reporting on SA of the 

infrapopliteal arteries in patients with CLI,5-7,17,18 the technical success rate was high, 

ranging from 78 to 86%, and comparable to our technical success rate (88%). Our 

complication rate of 15% (4/26) was also in line with these studies. One-year limb 
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salvage in our study was 59%, versus a reported 1-year limb salvage rate ranging 

from 81 to 94%. This difference probably reflects patient selection. We included only 

patients with CLI without options for surgical revascularization requiring amputation. 

It is known from a previous study, which included patients who were both suitable 

and unsuitable for a surgical bypass, that unsuitability for surgery was associated 

with restenosis, reintervention, or amputation.19 SA of the tibial arteries must be 

considered among other alternative therapies for end-stage CLI patients, such as 

spinal cord stimulation,20 treatment with Iloprost,21-23 and therapeutic angiogenesis 

with progenitor cells.24-26 Some shortcomings of this study should be mentioned. The 

retrospective nature of our study results in different sources of bias. First, selection 

bias potentially influenced our results; we only studied a selected sample of a larger 

group of patients with CLI. Second, retrospective data collection often leads to 

incomplete data. For example, in our study, pressure measurements were missing for 

10 patients. Therefore, our results cannot be supported by objective pressure 

measurements. Also, follow-up was not performed according to a standard protocol, 

although we tried to perform follow-up as completely as possible by contacting 

treating physicians or local general practitioners. The lack of a control series is 

another limitation of this study and reduces the evidence for definite conclusions. 

Currently, there are no guidelines for anticoagulant therapy after interventions of the 

tibial arteries. There is wide consensus that all patients with symptomatic peripheral 

arterial disease should be treated with anticoagulant therapy.1 In our study, 

anticoagulant therapy after the procedure was not prescribed according to a standard 

protocol. All patients were treated at least with aspirin or a vitamin K antagonist. 

After the procedure, the interventionalist judged the speed of flow, and when it was 

assessed to be slow, clopidogrel, 75 mg daily for 3 months, was prescribed. Again, 

due to the small size of the cohort, we were not able to analyze the influence of 

anticoagulant regimen on outcome. There were no stents placed in the tibial arteries 

because there is no evidence of benefit of stent placement in comparison with 

revascularization only. In conclusion, subintimal angioplasty of the tibial arteries 

seems to be a valuable treatment option to prevent major amputation in patients 

with severe CLI without any surgical bypass options, facing amputation. Taking into 

account the short life expectation of this population, subintimal angioplasty must be 

considered as the last chance to save the patient’s limb. Crucial for the outcome of 

this kind of last-resort procedure is establishing good outflow for the recanalized 

vessels. 
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ABSTRACT 

 

Objective: To evaluate our results on functional outcome for both through-knee 

amputations and above-knee amputations. 

 

Methods: Functional outcome was measured using the Special Interest Group in 

Amputee Medicine score, which focuses on walking distance and use of prosthesis.  

 

Results: From 1997 to 2006, 39 through-knee amputations (53%) and 34 above-

knee amputations (47%) were performed. Eight (21%) of 39 through-knee 

amputations needed to be converted to above-knee amputations. Fifty patients (24 

above-knee amputations, 26 through-knee amputations) were eligible for follow-up. 

During follow-up, 71% (of above-knee amputations) and 69% (of through-knee 

amputations) did not walk with a prosthesis, and 29% of above-knee amputations 

and 27% of through-knee amputations walked more or less than 50 meter. 

 

Conclusion: Only a minority of patients is able to walk with a prosthesis, and a lot of 

the through-knee amputations need conversion to a higher level. On the basis of this 

results, it would be preferable to perform a straight above-knee amputation instead 

of a through-knee amputation if the correct amputation level is in doubt in high-risk 

patients. 
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INTRODUCTION 

The prevalence of peripheral arterial disease (PAD) in the Western population is 

approximately 4.0% and increases with age up to 15% to 52% in patients aged >70 

years.1-4 The primary goals of treatment of PAD are to improve walking distance, 

prevent major amputation, and relieve ischemic pain.5 Despite improvements in 

medically induced primary and secondary prevention of vascular risk factors and 

advanced endovascular and open treatment modalities for PAD, amputation is still 

needed in about 25% of all patients with end-stage peripheral arterial disease.5,6 

Rates of major lower extremity amputations show a large variation between different 

geographic areas, from 2.1 to 45.4 per 100 000 people per year due to racial 

differences, and disparity of epidemiology of other vascular risk factors.7 Feinglass et 

al8 reported an amputation rate of 25 per 100 000 people in 1996 in the United 

States. In these patients, a major amputation that preserves as much limb length as 

possible might be desirable. It is generally known that a lower level of amputation is 

considered to be related to decreased disability,9-12 especially when the knee joint 

can be saved.13,14 When the knee-joint cannot be spared, a through-knee amputation 

(TKA) can be performed instead of an above-knee amputation (AKA) because of 

reputed favorable rehabilitation.15 However, there is little evidence about the 

functional outcome of TKAs compared with AKAs. The aim of this study was to 

evaluate the results on functional outcome in our center for both TKAs and AKAs. 

METHODS 

Retrospective data were collected for all consecutive patients who underwent either 

TKA or AKA for PAD from January 1997 to December 2006 at the St Antonius 

Hospital, Netherlands. In all patients, amputation was needed because of end-stage 

PAD. Patients with leg amputations for reasons such as osteomyelitis or trauma were 

excluded. The level of amputation was determined by mutual agreement of a 

multidisciplinary team consisting of a vascular surgeon, rehabilitation specialist, and 

physiotherapist and was merely based on clinical indicators. Basically, the lowest 

possible amputation level was chosen. A preoperative magnetic resonance 

angiography or digital subtraction angiography was performed to evaluate aortoiliac 

inflow. In case of aortoiliac hemodynamic significant obstructions (>50%), 

percutaneous interventions with selective use of additional stent placement were 

performed to optimize inflow. Reasons for a primary AKA included iliac occlusions 

classified as Trans Atlantic Inter-Society Consensus D5 without revascularization 

possibilities, in combination with ischemic-induced sensibility disorders or skin 

circulation disorders around the knee joint as determined clinically, eventually 

completed with transcutaneous oxygen (TcPO2) measurements, or ischemic 
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ulceration at the level of the skin that would be required for skin flaps to perform a 

TKA. Through-knee amputations were performed using equal medial and lateral 

fasciocutaneous flaps with preservation of the femur condyles. The patella was not 

removed, and the patellar tendon was detached from its tibial insertion and fixated to 

the divided cruciate ligaments along with the hamstring tendons. A suction drain was 

positioned in the joint cavity during surgery. The AKA level was chosen 

approximately 12 cm above the knee joint with the use of equal anterior and 

posterior fasciocutaneous flaps, each half of the circumference of the thigh. The 

study did not need institutional review board approval. Patients’ data were collected 

using patient case histories and electronic files in a retrospective manner. 

Preoperative factors assessed included age, history of smoking; presence of diabetes 

mellitus, hypertension, or hypercholesterolemia; medical history with special 

attention to vascular aspects such as stroke or transient ischemic attack, myocardial 

infarction or coronary artery bypass graft, or previous peripheral vascular 

interventions; and indication for operation. Postoperative factors included 

complications such as wound infection, reintervention (including amputation at a 

higher level), delayed wound healing, and mortality. Follow-up was done by a 

rehabilitation specialist. Patients who were discharged to a rehabilitation center or 

nursing home had their follow-up until they reached their end-stage rehabilitation 

level. 

 

Table 1. Special Interest Group in Amputee Medicine mobility grades A – F18 

A Limb wearing abandoned or use of cosmetic limb only. 

B Therapeutic wearer wears prosthesis only for transfers, to assist nursing, 

walking with the physical aid of another or during therapy. 

C Walks on level ground only, ≤ 50 meters with or without use of walking aids. 

D Walks outdoors on level ground only and in good weather ≥ 50 meters, with or 
without use of walking aids. 

E Walks ≥ 50 meters. Independent of walking aids except occasionally for 
confidence or to improve confidence in adverse terrain or weather. 

F Normal or near normal gait. 

 

Eventual functional outcome was determined if the patient was no longer working on 

rehabilitation and was assessed by the Special Interest Group in Amputee Medicine 

(SIGAM) mobility grades (Table 1).17 Data were analyzed using SPSS 12.0 statistical 

software (SPSS Inc, Chicago, Illinois) and were examined using descriptive statistics, 

χ2 tests, and Fisher exact tests. Statistical significance was set as P <.05. 
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RESULTS 

In a 10-year period, 73 patients (49 men, 67%) underwent a TKA or AKA. The study 

group consisted of 39 TKAs (53%) and 34 AKAs (47%). Baseline characteristics are 

listed in Table 2. 

 

Table 2. Baseline characteristics. 

 TKA (n=39) AKA (n=34) P value 

Gender (male) 25 (64%) 24 (71%) .623 

Age (years) 71.5 (SD 11.0) 71.0 (SD 9.7) .829 

Diabetes 15 (38%) 11 (32%) .631 

Hypertension 20 (51%) 23 (68%) .458 

Hypercholesterolemia 12 (31%) 13 (38%) 1.000 

Current smoking 20 (51%) 19 (56%) .191 

History of MI or CABG 11 (28%) 10 (29%) 1.000 

History of stroke or TIA 16 (41%) 5 (15%) .019 

Indication    

 Restpain 8 (21%) 3 (9%) .02 

 Gangrene 25 (64%) 16 (47%)  

 Unsuccessful amputation 6 (15%) 15 (44%)  

Age is given in mean (SD; standard deviation), other values are given in number of cases 

(percentages). TKA, through-knee amputation; AKA, above-knee amputation; MI, myocardial infarction; 

CABG, coronary artery bypass graft; TIA, transient ischemic attack 

 

The number of patients with a history of stroke or transient ischemic attack differed 

significantly between both groups (TKA, 41% vs AKA, 15%; P <.05). There were 

various indications for amputation, like rest pain, gangrene, and progressive ischemia 

after an unsuccessful amputation. In the AKA group, the indication for operation was 

progressive ischemia after below-knee amputation in 44% of the cases. In the TKA 

group, the indication for amputation was progressive ischemia after below-knee 

amputation only in 15% of the patients. This was a significant difference (P <.05). 

Other baseline characteristics did not show statistically significant differences. 

Initial Results 

Postoperative complications are listed in Table 3. General complications (n=17), 

including pneumonia, urinary tract infection, or myocardial infarction, occurred in 16 

patients: 6 patients in the TKA group (15%) and 10 in the AKA group (29%, not 

significant [NS]). Stump-related complications occurred in 20 patients: 12 TKA (31%) 

and 8 AKA (24%, NS). Main complications consisted of wound infection (TKA, 9 [23%] 

vs AKA, 6 [18%], NS) and hemorrhage (TKA, 4 [10%] vs AKA, 6 [18%], NS). Due to 

persistent wound complications and ischemia, 8 (21%) of 39 TKAs had to be 

converted to above-knee level. 
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Table 3. Complication of operation. 

 TKA (n=39) AKA (n=34) P value 

General complications    

 Pneumonia 1 (3%) 5 (15%) .091 

 Urinary tract infection 4 (10%) 6 (18%) .499 

 Stroke 0 0  

 Myocardial infarction 1 (3%) 0 1.000 

Wound-related complications    

 Wound-infection 9 (23%) 6 (18%) .772 

 Re-amputation 8 (21%) 0 <.05 

 Delayed wound-healing 10 (26%) 3 (9%) .073 

 Hemorrhage 4 (10%) 6 (18%) .118 

TKA = through-knee amputation; AKA = above-knee amputation. 

 

The stump-related complications in the AKA group (superficial infections and 

hemorrhage) could all be treated with conservative measure; thus, none of the 

primary AKAs had to be converted to a higher level of amputation (P <.05). In all, 4 

of 8 (50%) patients with a converted TKA to AKA had a palpable ipsilateral femoral 

pulse. The 30-day mortality was 18% (TKA, 3; AKA, 10; NS). Mean length of 

hospitalization was 24 days (median, 19 days) for the TKA group and 29 days 

(median, 23 days) for the AKA group, which did not differ significantly between both 

groups. The mean length of hospitalization in the 8 TKAs that had to be converted to 

an AKA was 42 days (median, 32 days; range, 10-83 days), which was not 

significantly different from the nonconverted TKA group. The in-hospital mortality in 

this subgroup was 25% (2/8), versus 3% (1/31) in the nonconverted TKA group (P 

<.05). 

Follow-Up 

Two patients with a TKA were excluded from analysis because follow-up data were 

missing. Taking into account the 30-day mortality (TKA, 3; AKA, 10) and the 8 

patients with a converted TKA, 26 TKA patients and 24 primary AKA patients were 

analyzed during follow-up. Mean follow-up was 250 days (median, 80 days). Most 

patients (54% TKA versus 52% AKA, NS) had a permanent stay in nursing houses 

with daily nursing care. Considering functional outcome, approximately 40% of the 

patients (TKA, 10 [39%] versus AKA, 9 [38%], NS) had a prosthesis (Table 4). In 

each group, one of the patients had their artificial leg only to facilitate transfers or 

nursing. Reasons for not getting an artificial leg were death, serious cardiopulmonary 

comorbidity, contralateral amputation, or mental disease (i.e., dementia or Korsakov 

syndrome). 
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Table 4. Prosthesis supply 

 TKA (n=26) AKA (n=24) Total (n=50) 

Did not receive prosthesis 16 (62%) 15 (63%)a 31 (62%) 

Did receive prosthesis 10 (38%) 9 (38%) a 19 (38%) 

a
Sum is more than 100% due to the round off 

 

Functional outcomes of the patients during follow-up expressed in SIGAM mobility 

grade are listed in Table 5. Level C or higher (able to walk with use of an artificial leg) 

was reached by 8 (31%) TKA and 7 AKA (29%) patients. In all, 3 of 8 patients with 

early conversion of TKAs to AKAs still were able to wear a prosthesis, and 2 reached 

ambulatory status, with respective SIGAM mobility grades of C and F. In Figures 1 

and 2, a successful example of a through-knee and an above-knee amputation is 

shown, respectively. 

 

Table 5. Functional outcome of through-knee amputation versus above-knee 

amputation expressed by Special Interest Group in Amputee Medicine mobility grade. 

SIGAM score TKA (n=26) AKA (n=24) Total (n=50) 

A 17 (65%) 16 (67%)a 33 (66%) 

B 1 (4%) 1 (4%)a 2 (4%) 

C 3 (12%) 4 (17%)a 7 (14%) 

D 4 (15%) 3 (13%)a 7 (14%) 

E 1 (4%) 0 1 (2%) 

F 0 0 0 
aSum is more than 100% due to the round off 

DISCUSSION 

Literature comparing through-knee and AKA is sparse and often dated. A recent 

study by Lim et al18 compared TKAs with AKAs and found higher rates of revision for 

the TKA (20%) compared with the AKA (0%). Hagberg et al11 demonstrated that the 

higher the level of amputation, the lower the degree of rehabilitation and less use of 

prosthesis. Previous studies have emphasized the need to preserve as much length 

as possible if an amputation is inevitable.9-11,16,19 Reasons given for preferring TKA 

rather than AKA include an increased stability when transferring and sitting and 

reduced dependence on long-term nursing care after TKA. Conversely, it is also 

known that TKAs have a lower primary healing rate.15,18 Stirnemann et al15 reported 

that through-knee amputees had a greater risk of delayed wound healing and 

reamputation compared with above-knee amputees. A possible explanation for this 

could be continued ischemia due to the lower amputation level. In the studied 

patients, we observed that reasons for diminished mobility were serious 
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cardiopulmonary comorbidity and mental disease (i.e., dementia). This is in 

accordance with known clinical predictors of poor rehabilitation, which are advanced 

age (70 years or older), limited preoperative ambulatory level and presence of major 

comorbidity like dementia, end-stage renal disease, or advanced coronary artery 

disease.20 Another rational predictor of a poor postoperative functional outcome is 

edema of the leg, which disables tension-free closure of the stump. 

 

Figure 1. Functional stump after through-knee amputation; left panel: frontal view; 

right panel: side view. 

 

 

Because PAD is a manifestation of cardiovascular disease, these patients are prone to 

present with other cardiovascular morbidities. Patients with end-stage PAD are a 

population at especially high risk. More than one-fifth of the TKAs in our series had to 

be converted to above-knee level. This resulted in a prolonged but not significant 

length of hospitalization and increased complication rate. Thirty-day mortality in our 

total patient group was high at 18% but even higher for the subgroup of patients 

who needed conversion of their TKA to the above-knee level (25%). The in-hospital 

mortality of this subgroup (n=8) was significantly higher compared with the patients 

with nonconverted TKAs. Primary TKA should be reserved for patients with less 

cardiopulmonary comorbidity and no lower leg skin ulcers, which obstructs tension-

free skin flaps during TKA. During the follow-up, most patients in both TKA and AKA 

groups (62% vs 63%, NS) were unable to rehabilitate with use of a prosthesis. No 

significant differences could be found in functional outcome, with most patients only 
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reaching level A according to the SIGAM score. Most patients needed daily nursing 

care, which was not significantly different between both groups. 

 

 

Figure 2. Frontal view of a healed, 

functional stump after above-knee 

amputation.

 

Limitations of this study might be the retrospective character and the limited 

numbers of patients. Finally, the choice of level of amputation was based on clinical 

parameters and was determined by agreement of a multidisciplinary team. Patent 

iliac inflow was considered one of the major criteria to perform an amputation at the 

through-knee level, as were the absence of skin ulcerations and sensory deficits at 

the level of the knee joint. We did not use other objective parameters, like TcPO2. In 

the literature, there might be some evidence that TcPO2 could be helpful in the 

determination of the optimal level of amputation,5,21-23 and in 2007, we introduced 

this system in our hospital. 

In conclusion, in patients, who need a lower extremity amputation due to end-stage 

peripheral vascular disease, morbidity and mortality rates are high. Many patients 

suffer complications and need conversion to a higher level, especially after TKA. We 

demonstrated that conversion of TKA to AKA level is related to prolonged hospital 

stay and an even higher mortality rate and therefore must be prevented. Only in a 

minority of patients, there is a reasonable rehabilitation. According to this and the 

equal rehabilitation outcomes during follow-up, we argue in favor of a primary AKA 

instead of a TKA, if there is doubt in determining the correct level of amputation. 
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ABSTRACT 

 

In trials for PAD we use many different endpoints, like maximum and pain-free 

walking distance, ankle-brachial index, limb-salvage, graft patency and quality of life. 

In contrast, in the consultation room the answer to the question ‘How are you?’ is the 

most important measure of effect. Which endpoints come closest to the answer to 

this question? Is that an ankle/brachial index, or is quality of life a better endpoint? 
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INTRODUCTION 

One of the aims of treatment of peripheral arterial disease (PAD) is to relieve 

symptoms, since atherosclerosis, the underlying cause of the disease, can not be 

cured. Physicians generally evaluate the effectiveness of interventions for PAD by 

more or less objective outcome measures, such as ankle-brachial index, maximum 

and pain-free walking distance, patency or limb salvage. From a patient’s perspective, 

the answer to the simple question ‘How are you?’ is the most relevant assessment. 

To gauge the effect of an intervention on the patient’s well being, one can use 

questionnaires that assess health status or quality of life, but obviously these are not 

recorded at every follow-up visit. We aim to explore which endpoints may be the best 

answer to the “How are you” question and which endpoints might be less relevant. 

“OBJECTIVE ASSESSMENTS” 

The ankle-brachial index (ABI) is a simple tool to assess changes in leg perfusion 

before and after an intervention. It is logical to assume that increased leg perfusion 

will improve one’s walking distance. Yet, there is only a weak correlation between the 

ABI and the ability to walk.1 In addition, many patients will experience a significant 

increase in walking distance after exercise therapy, whereas the ABI remains 

unchanged.2-6 Also, an increased ABI after endovascular therapy does not guarantee 

an increased walking distance.5 In studies on patients with critical limb ischemia 

(CLI), the ABI was not correlated with ulcer healing.7,8 The ABI is poorly correlated 

with instruments to measure health status or quality of life, such as the Walking 

Impairment Questionnaire (WIQ), the SF36 and the EQ-5D.9-12 For measuring effect 

of treatment, the ABI has limited value.13 

 

Maximum or pain free walking distance on a treadmill is often used as primary 

measure of effect in trials evaluating treatment of intermittent claudication. Although 

a change in walking distance is very relevant for claudicants, its assessment with a 

treadmill is not straightforward. First, there are difficulties associated with equipment, 

familiarization of patients with treadmill testing, and execution of the test.14 We 

performed a simple search for all randomized controlled trials on treatment of 

intermittent claudication, published in the last 10 years. Maximum walking distance 

was used as primary endpoint in 83 of 138 identified studies (60%) and was 

determined with 22 different treadmill protocols. There was a wide variation in type 

of protocol – graded or constant – and in speed and incline. This precludes a 

meaningful comparison of different studies, and also a prediction of success for daily 

practice. It is also known that repeated measurements are biased, because there is a 

learning curve for walking on a treadmill.15,16 Also, potential differences between 
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interventions may be obscured when both the outcome as well as one of the 

examined interventions takes place on the treadmill: the exercise group who trained 

at the treadmill is used to walk on it, while the other group is less familiar with 

treadmill walking.17 Finally, there is an observed difference between walking on a 

treadmill and walking distance on a flat surface.18 The latter tests are probably a 

better reflection of daily life. 

 

Patency of revascularization as a reflection of successful treatment makes sense. The 

primary objective in the treatment is relief of symptoms. Surely there is a relation 

between symptoms and patency, but a patent vessel not always results in relieve of 

symptoms. Moreover, patency is dependent on the diagnostic modality used to 

assess patency, since there are differences in accuracy of various modalities.19,20 

 

Limb salvage is an important and robust endpoint for patients with CLI who are at 

high risk of amputation.20 However, limb salvage is mostly a valuable endpoint in 

randomized controlled trials comparing the effectiveness of two treatments. In cohort 

studies, limb salvage rate is highly influenced by patient selection, and does not 

imply failure or success of a certain therapy per se. 

In two specific patient groups failure to save a limb does not necessarily imply that a 

treatment has failed.21 Younger patients are likely to rehabilitate successfully. They 

can achieve ambulation and maintenance of independence at a similar level as after 

successful lower extremity revascularization.22 On the opposite, older patients, with 

impaired ambulatory ability at the time of presentation or presence of dementia, are 

likely to have a poor functional outcome after successful revascularization.23 One 

might consider early amputation in both groups.20,21 

 

Composite endpoints Taylor et al give a striking example how one can improve study 

results by choosing the most favourable definition of clinical success in patients who 

underwent lower extremity bypass surgery.24 Several measures of effect alone were 

good: graft patency to the point of healing was 76%, survival 90%, limb salvage 

after 1 year 81% and maintenance of ambulatory status after 1 year 87%. However, 

clinical success was only 44% when they defined clinical success as a combination of 

these four parameters. This example shows how misleading these ‘objective 

endpoints’ alone can be and that effectiveness of treatment must be measured using 

clinically relevant endpoints. 

PATIENT’S PERSPECTIVE 

Instruments to measure health status, quality of life and health related quality of life 

have been developed to try to reflect the patient’s perspective. A patient consults the 
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physician because of symptoms that have an impact on daily functioning. He expects 

a treatment to relief these symptoms and improvement of daily functioning. The 

impact of a disease on the level of functioning of an individual, including physical, 

psychological and social functioning, can be expressed as health status (HS).25 The 

perception of a patient is left out of consideration. The Short Form 36 (SF36) is a 

widely used generic instrument to measure HS. 

The concept of Quality of life (Qol) takes into account the perception of the patient of 

his HS, and is therefore more relevant than the ‘ objective’ outcome measures ABI, 

walking distance, patency and limb salvage.26 Several disease specific instruments 

have been developed and validated in patients with several stages of PAD. One such 

instrument is the Vascular Quality of Life Questionnaire (VascuQol). The VascuQol 

covers 5 domains (pain, emotional, symptoms, activity and social) and has been 

thoroughly validated.27 It has been shown to be more sensitive to small changes in 

Qol of patients with PAD than generic instruments.28,29 It is therefore a fundamental 

flaw to use a generic instrument like the EQ-5D to measure Qol in research.30,31 The 

Walking Impairment Questionnaire (WIQ) is frequently used to measure walking 

ability in intermittent claudication. This questionnaire assesses the level of disability 

in terms of mobility and focuses mainly on walking ability, divided in the 

subcategories pain, distance, walking speed and stair climbing. The WIQ is neither a 

Qol nor a HS instrument, it only focuses on walking ability and other domains of 

health are left out of consideration. Since Qol scores have no dimensions or units the 

only meaningful reference is the patient. 

 

Qol is not only determined by a disease but also influenced by other determinants 

such as sex, age, affect and comorbidity.32-38 Moreover, Qol is influenced by factors 

that lie outside the area of healthcare, like family life or socio-economic class. Qol as 

outcome parameter is interfered by this ‘noise’. As a refinement, ‘health related’ 

quality of life (HRQol) was introduced. HRQol refers to the specific influence of a 

disease on a person’s Qol, apart from the non-disease related factors.39 Health-

related Qol is restricted to the physical, psychological and social domain, leaving the 

person's level of independence, personal beliefs and relationship to salient features of 

the environment aside. However, it can be difficult for a patient to particularize the 

influence of the disease on Qol, apart from the influence of other factors on Qol.40 

The AMC Linear Disability Score (ALDS) is a recently developed instrument which 

measures the ability to perform the whole range of activities of daily life,41,42 varying 

from very easy to very difficult. Determination of disability is less influenced by 

personality and might better reflect the effect of an intervention. Moreover, the ALDS 

is based on the item-response theory, an advanced test method that has been used 

in educational assessment for decades, but is fairly new in medical research. A big 
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advantage of the item-response theory is that it allows very precise measurements in 

a minimum of time. In addition, this method makes it possible to present different 

sets of items to different groups of patients while the measurements remain 

comparable, since all of the items have been calibrated. For example, not all items 

have to be presented to the patient to obtain a score, in contrast to commonly used 

Qol instruments that are based on the classical test theory.  

BACK TO THE CONSULTATION ROOM 

By posing the question “How are you?”, the physician tries to gauge the patient’s 

quality of life. With today’s knowledge the question arises how we can get the best 

answer as seen from a patient’s perspective. Objective assessments in the vascular 

laboratory are not very helpful to better understand the patient’s answer. Instead, 

we should turn to HRQoL and HS questionnaires and measurement of disability. This 

is not yet widely accepted, but time has come to change our minds and get better 

focus on endpoints that really matter. 
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ABSTRACT 

 

Objective: The AMC Linear Disability Score (ALDS) is a calibrated generic itembank 

to measure the level of physical disability in patients with chronic diseases. The ALDS 

has already been validated in different patient populations suffering from chronic 

diseases. The aim of this study was to assess the clinimetric properties of the ALDS 

in patients with peripheral arterial disease. 

 

Methods: Patients with intermittent claudication (IC) and critical limb ischemia (CLI) 

presenting from January 2007 through November 2007 were included. Risk factors 

for atherosclerosis, ankle/brachial index and toe pressure, the Vascular Quality of Life 

Questionnaire (VascuQol), and the ALDS were recorded. To compare ALDS and 

VascuQol scores between the two patient groups, an unpaired t-test was used. 

Correlations were determined between VascuQol, ALDS and pressure measurements. 

 

Results: Sixty-two patients were included (44 male; mean age, 68 ± 11 [standard 

deviation] years) with IC (n=26) and CLI (n=36). The average ALDS was significantly 

higher in patients with IC (80, ± 10) compared to patients with CLI (64, ± 18). 

Internal reliability consistency of the ALDS expressed as Cronbach’s α coefficient was 

excellent (α >0.90). There was a strong convergent correlation between the ALDS 

and the disability related Activity domain of the VascuQol (r=0.64). 

 

Conclusion: The ALDS is a promising clinimetric instrument to measure disability in 

patients with various stages of peripheral arterial disease. 
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INTRODUCTION 

The impact of a disease on a patient’s quality of life and level of activities of daily life 

(ADL) is an important outcome measure in clinical studies.1 It is well known that 

perceived quality of life and ADL are significantly impaired in individuals with 

peripheral arterial disease (PAD).2-5 

 

There are several instruments available to measure quality of life in patients with 

PAD. Both generic instruments, such as the Short-Form 36 (SF36), the Sickness 

Impact Profile, and the Nottingham Health Profile,6 and disease-specific instruments 

like the Vascular Quality of Life Questionnaire (VascuQol) and the Claudication Scale 

(CLAU-S) are frequently used.7,8 A limitation of these instruments is that they do not 

focus on level of ADL in terms of self-care, dressing, indoors and outdoors activities, 

and housekeeping management. Measuring this level of disability is useful, since it is 

more closely related to impairments and the course of the disease itself. Within the 

field of PAD, however, there are no instruments available which specifically address 

the patient’s level of ADL. 

 

The AMC (Academic Medical Center) Linear Disability Score (ALDS) is a recently 

developed generic itembank which measures disability, as expressed by the ability to 

perform ADL.9,10 In contrast to the widely used sum score-based questionnaires, the 

ALDS itembank was developed within the flexible framework of the item-response 

theory (IRT). The ALDS has already been validated in a large, mixed patient 

population11 and in patients suffering from rheumatoid arthritis, stroke and 

Parkinson’s disease.12-14 The objective of this study was to evaluate the clinimetric 

properties of the ALDS in patients with different stages of PAD. 

METHODS 

Patients 

A convenient sample of 62 patients was included in this prospective study. We 

deliberately selected patients with different stages of disease to evaluate the ALDS 

for the whole spectrum of PAD. Patients visited the vascular laboratory or vascular 

nursing ward of our hospital between January 2007 and November 2007. All patients 

were diagnosed with either intermittent claudication (IC; Rutherford category 1, 2 or 

3) or chronic critical limb ischemia (CLI; Rutherford category 4, 5 or 6).15 The clinical 

diagnosis was confirmed by perfusion parameters, such as ankle/brachial index (ABI) 

and toepressure (TP). Patients were assessed and interviewed by one of the authors 

(RM). Assessments took place before intervention, consisting of exercise training, 
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revascularization or amputation. The study was approved by the local Institutional 

Review Board. 

Assessments 

We recorded risk factors for atherosclerosis, namely diabetes mellitus, hypertension, 

smoking, renal failure, hypercholesterolemia, history of coronary artery disease or 

cerebrovascular disease. In patients with IC, we measured ABI at rest and after 

exercise. In patients with CLI, we measured ABI at rest and TP. 

Quality of life was measured using the VascuQol, which is a sum-score based 

instrument. The questionnaire consists of 25 items on five domains, i.e. Pain (4 

items), Activity (8), Emotional (7), Symptoms (4) and Social (2). Each item is rated 

as a seven point response scale, with a score of one being the worst and a score of 

seven the best possible. The total average score is the sum of all 25 items scores 

divided by 25. For each separate domain an average score can be calculated (sum of 

all items of one domain divided by the number of items of that domain). So, both the 

overall score as well as the scores per domain range from one to seven.16 The 

VascuQol has shown to be a reliable and valid instrument for assessment of QoL in 

patients with PAD.7,17 

Disability status was evaluated using the ALDS. The psychometrical details of IRT in 

relation to the ALDS can be found in Appendix 2: Methodology of the ALDS itembank. 

The current version of the ALDS itembank consists of 77 items, ranging from very 

easy (e.g., get out of bed into a chair) to relatively difficult (e.g., walk for more than 

15 minutes; see Appendix 3: List of all 77 items of the ALDS itembank). Initially, the 

ALDS was developed within a dichotomous IRT model with two response options ‘I 

can carry out the activity’ and ‘I cannot carry out the activity’.9 However, the 

dichotomous rating scales were disliked by some respondents as they are perceived 

as too restrictive. Therefore, the option ‘with difficulty’ has been added. Currently, 

each item has three response options, but the response options ‘can carry out’ and 

‘can carry out, but with difficulty’ are analyzed as one response category. In the case 

that a patient has never performed the activity or answers that he does not know, 

‘Not applicable’ is recorded. The original units of the ALDS scale are (logistic) 

regression coefficients, expressed in logits. To make the results easier to interpret 

these scores are linearly transformed into values between 0 and 100. Lower scores 

representing more disability. 

A major strength of an IRT itembank is that researchers, using their clinical 

judgment, can make their own selections of items from the itembank that are 

applicable to the population they are investigating. By using a small number of items 

tailored to the expected ADL level of patients, a detailed clinical picture can be 

obtained without the need to have all the questions answered by the patient. Even if 
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different sets of items are used for different patient groups, ALDS scores can still be 

compared because all items are derived from the calibrated itembank. In this way 

the ALDS can be used to assess patients with a wide range of conditions and levels of 

functional status. 

The methodology,9 the psychometrics of the ALDS in terms of dealing with missing 

data,18 differences between item measurement characteristics of the itembank in 

relation to age and sex19 and the metric properties of ALDS items in mixed types of 

patient groups,11-14 as well as the statistical power to detect given effect sizes in 

clinical trials using IRT outcome scales20 have been examined in depth. 

 

From the ALDS itembank, two questionnaires were composed in this study: one 

questionnaire for claudicants (29 items), and one questionnaire for patients with 

critical limb ischemia (27 items). Twenty-three items were in common, covering the 

whole range of the ALDS itembank. Besides these common items, the claudication 

questionnaire encompassed six additional, relatively more difficult activities, whereas 

in the critical limb ischemia questionnaire four extra, relatively easier activities were 

offered. Selecting a representative range of items is essential to prevent floor and 

ceiling effects. For example, presenting a slightly disabled patient only items between 

an ALDS of 10 to 50, the maximum achieved ALDS will be 50 (ceiling effect), 

whereas with items ranging from 0 through 100, the ‘real score’ (for example 80) can 

be achieved. Since the ALDS is based on the IRT, the score is not influenced by the 

selected items.9 Appendix 2 shows the complete ALDS item bank and the selected 

items in this study. 

Clinimetric evaluation 

The clinical measurement properties of the ALDS were evaluated in terms of internal 

consistency reliability, construct validity and clinical validity. 

Internal consistency reliability refers to the statistical coherence of the scale items. 

One measure of internal consistency is the Cronbach’s α coefficient, which is based 

on the (weighted) average correlation of items within a scale.21,22 Internal 

consistency is considered to be good if α ≥0.80.23 We also calculated item-total 

correlations which represent the correlation of a single item with the sum of all other 

items. Correlations ≥0.40 were conservatively considered to be sufficient. 

Construct validity concerns whether the new scale corresponds with other 

instruments measuring the same health concept and instruments measuring different 

aspects of health. We assumed that in order for the ALDS to be valid, the ALDS 

scores had to show a decreasing pattern of associations, with the highest correlation 

with the disability related Activity domain of the VascuQol, intermediate correlations 
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with the VascuQol subscales Symptom, Pain, Emotional and Social, and the lowest 

with the impairments in terms of ABI and TP.24,25 

Clinical validity (also known as known-groups validity) refers to the ability of an 

instrument to discriminate between patient groups with known differences in clinical 

status. In this study, clinical validity was investigated by comparing the ALDS 

between patients with IC and patients with CLI, with ALDS scores to be expected 

higher in patients with IC than in patients with CLI. 

The VascuQol was used as benchmark and therefore the analyses focusing the 

association between functional health and the vascular parameters and the mean 

score differences between patients with IC and CLI, were also done for the VascuQol 

and its Activity domain. 

Statistical analysis 

Patient characteristics and outcome scores were summarized using descriptive 

statistics. Distribution of the data was tested with a histogram and the Kolmogorov-

Smirnov test. In case of discrepancy between both methods, we regarded the data as 

not normally distributed. ALDS outcome scores were calculated using a dichotomous 

IRT model, based on previously published item properties11 and algorithms 

implemented in BILOG-MG (version 3.0) and SPSS version 14.0 (SPSS Inc, Chicago, 

Illinois). In this approach the response options ‘can carry out’ and ‘can carry out, but 

with difficulty’ are analyzed as one response category. ALDS items which were rated 

‘Not applicable’ were statistically considered as if they were not presented to that 

patient.18 

Cronbach’s α was obtained using a specific IRT method that allows for missing item 

responses. The average item-total correlation was calculated using a biserial 

correlation. Associations between the ALDS (and VascuQol) and other outcome 

measures were expressed in Pearsons’s or Spearman’s correlation coefficients, when 

appropriate. We labeled the strength of the association: correlation coefficients 

r=0.00-0.19 were regarded as very weak, r=0.20-0.39 as weak, r=0.40-0.59 as 

moderate, r=0.60-0.79 as strong and r=0.80-1.00 as very strong.26 An unpaired t-

test was used to compare ALDS and VascuQol scores between the two patients 

groups. Difference in mean scores between both diagnosis groups was expressed in 

Cohen’s d effect size, defined as the difference between the means divided by the 

pooled standard deviation. An effect size value between 0.50 and 0.80 is considered 

as a moderate difference, and ≥0.80 as substantial.27 

RESULTS 

A total of 62 patients were included, 26 (42%) with intermittent claudication 

(Rutherford 1 in 6 patients, Rutherford 2 in 13, and Rutherford 3 in 7 patients) and 
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36 (58%) with critical limb ischemia (Rutherford 4 in 11 patients, Rutherford 5 in 17, 

and Rutherford 6 in 8 patients). The majority of the patients (71%) were male and 

the mean age was 68 (± 11) years. 

Table 1 shows the patient characteristics at time of assessment. The VascuQol Total 

score, the VascuQol domains Activity, Symptoms, Pain, Emotional and Social, and the 

ALDS were all normally distributed (histograms showed normal distribution and 

Kolmogorov-Smirnov test p-values >0.10). The decrease in ABI, resting ABI, and TP 

were considered not normally distributed (although the Kolmogorov-Smirnov test had 

a p-value > 0.05, the histograms did not show a Gaussian distribution). 

 

Table 1. Patient characteristics (n=62) at assessment. 

Characteristics Mean (± SD) or median (range) 

or n (%) 

Gender, male 44 (71%) 

Age 68.4 (±11.4) 

Risk factors  

 Diabetes mellitus 22 (35%) 

 Hypertension 44 (71%) 

 Current or former smoker 51 (82%) 

 Renal failure 16 (26%) 

 Hypercholesterolemia 15 (24%) 

 History of coronary artery disease 23 (37%) 

 History of stroke 12 (19%) 

Fontaine stage  

 II; intermittent claudication 26 (42%) 

 III or IV; critical limb ischemia 36 (58%) 

Definitive treatment  

 Conservative 15 (24%) 

 Endovascular revascularization 36 (58%)) 

 Surgical revascularization 8 (13%) 

 Amputation 3 (5%) 

ABI at rest 

(in patients with CLI) 

0.35 (0-0.59) 

Decrease ABI after exercise 

(in patients with IC)a 

0.28 (0.09-0.55) 

Toe pressure mmHg 

(in patients with CLI) 

19 (0-67) 

ALDS 71 (±17) 

VascuQol total 3.7 (±1.3) 
a Indicates difference in ABI before and after exercise 
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The internal consistency reliability of the ALDS in terms of Cronbach’s α and item-

total correlation turned out to be good; α coefficient >0.90, average item-total 

correlation: 0.75. 

Table 2 presents the correlations between the ALDS scores and the various subscale 

scores of the VascuQol. Convergent validity was confirmed with a relatively strong 

correlation (r=0.64) between the ALDS and the disability related Activity domain of 

the VascuQol. Moderate correlations were observed between the ALDS and the 

subscales Symptom (r=0.44) and Social (r=0.52), whereas the ALDS was weakly 

associated with the Emotional and Pain domains (0.30 and 0.28). 

 

Table 2. Construct validity; Pearson’s correlation coefficients between the ALDS and 

the VascuQol (n=62). 

 ALDS P value 

VascuQol; Total score 0.55 <0.001 

VascuQol; domain Activity 0.64 <0.001 

VascuQol; domain Symptoms 0.44 <0.001 

VascuQol; domain Pain 0.28 0.03 

VascuQol; domain Emotional 0.30 0.02 

VascuQol; domain Social 0.52 <0.001 

 

Table 3 presents the correlations between the ALDS and the VascuQol scores on the 

one hand and decrease in ABI, resting ABI, and TP. These correlations were (very) 

weak (r range: 0 - 0.38). 

 

Table 3. Construct validity; Spearman correlation coefficients between the ALDS, the 

VascuQol and clinical indicators (n=62). 

 ALDS VascuQol (Activity VascuQol (Total) 

Decrease ABI after exercise 

(in patients with IC) 

r = 0.16   P = 0.50 r = 0.00   P = 1.00 r = 0.16   P = 0.50 

ABI at rest 

(in patients with CLI) 

r = 0.14   P = 0.49 r = 0.02   P = 0.92 r = 0.20   P = 0.33 

Toe pressure 

(in patients with CLI) 

r = 0.19   P = 0.37 r = 0.38   P = 0.06 r = 0.18   P = 0.38 

 

Clinical validity is shown in Table 4. The ALDS score was significantly higher in 

patients with claudication (ALDS score 80) than in patients with CLI (ALDS score 64). 

Similar results were obtained for the VascuQol total score (4.5 in patients with 

claudication and 3.1 in patients with CLI) and the VascuQol domain Activity (4.0 in 

patients with claudication versus 2.4 in patients with CLI). The effect size values for 
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the ALDS and the VascuQol total and subscale scores were d = 0.97, 1.13, and 1.08, 

respectively. 

 

Table 4. Clinical validity: ALDS and VascuQol score of patients with IC (n=26) and 

CLI (n=36). 

 Patient groups    

 Intermittent 
claudication 

Critical limb 
ischemia 

Difference (95% 
confidence interval) 

P valuea Cohen’s 
effect size d 

ALDS 80 (±10) 64 (±18) 16 (8-24) <0.001 0.97 

VascuQol 
(Activity) 

4.0 (±1.6) 2.4 (±1.1) 1.7 (0.9-2.4) <0.001 1.08 

VascuQol 
(Total) 

4.5 (±1.1) 3.1 (±1.0) 1.4 (0.9-2.0) <0.001 1.13 

aUnpaired t-test. 

DISCUSSION 

In this study, we showed that the ALDS has promising clinical measurement 

properties to assess the level of disability in patients with PAD. The ALDS 

demonstrated convincing statistical coherence and was higher in patients with milder 

disease, who are expected to be less disabled. We could not compare the ALDS with 

a gold standard, as there is not such an instrument measuring disability available for 

patients with PAD. A recent study, comparing three questionnaires – two generic 

questionnaires (the EuroQol and SF-36) and one disease-specific questionnaire (the 

VascuQol) – showed that the VascuQol is the preferred questionnaire for measuring 

QoL in patients with PAD.7 For this reason, we used the VascuQol, and especially its 

Activity domain, as benchmark for the ALDS analyses. Construct validity was 

confirmed by a relatively strong association of the ALDS with the domain Activity of 

the VascuQol, which also measures aspects of physical disability. Construct validity 

was further supported by decreasing correlations with the other non-disability 

domains of the VascuQol and the clinical indicators of lower limb ischemia. 

 

The weak correlation between the ALDS (and VascuQol) and clinical indicators of 

lower limb perfusion in terms of ABI and toe pressure may seem remarkable, but is 

in line with previous studies in other populations showing that objective disease 

indicators are not always clearly reflected in (subjective) aspects of functional 

health.28 This seems to be true also for patients with PAD. Long et al did not find a 

correlation between the ABI, the Walking Impairment Questionnaire (WIQ, measuring 

mobility) and the Physical Component score of the SF36 in patients with symptoms of 

PAD.24 Other studies also failed to demonstrate a correlation between the ABI and 

the SF36 Physical functioning domain and the EuroQol.25,29,30 
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The WIQ31,32 is one of the few instruments that assesses the level of disability in 

terms of mobility. This questionnaire focuses mainly on walking ability, divided in 

four subcategories: pain, distance, walking speed and stair climbing. The WIQ has 

been developed specifically for patients with IC, and does not cover the whole 

spectrum of PAD. The ALDS carries the advantage that it can be used for both 

patients with IC and CLI. Moreover, the ALDS focuses on the whole spectrum of basic 

and complex activities of daily life, including self-care, different mobility levels, 

housekeeping and outdoor activities. 

 

Most clinicians are used to work with traditional outcome instruments based on sum 

scores. Although adding up individual item scores to a total score is comprehensibly 

in use, several problems are associated with this approach. Firstly, all items of the 

questionnaire have to be presented to patients in order to obtain a summated score. 

This implies that for a detailed picture of the patient, a long questionnaire 

encompassing many questions, is needed, increasing patient burden and research 

effort. This inefficiency has led researchers to shorten health measurement 

instruments, resulting in less precise scales. Secondly, the ordinal nature of 

summated scores implies that a given difference in scores at one point on the scale 

does not necessarily represent the same amount of functional change as an identical 

difference at another point on the scale. Following growing dissatisfaction with this 

‘classical’ approach, IRT has been introduced to overcome these methodological 

problems.33 

 

Measurement instruments based on the IRT have some specific advantages. A 

clinician can select a set of items which is applicable to the population that is 

investigated, not all items from the itembank are needed to obtain a score. For 

example, very easy items do not have to be presented to minor disabled patients. 

Therefore, the ALDS can be administered in a time-efficient way (in this study 

between 5-10 minutes). There are some essential aspects to be aware of. As 

mentioned before, to prevent floor and ceiling effects (i.e. the extent to which 

respondents score at the bottom or top of a scale) it is very important to ask a 

patient activities he is able to do and also activities he is not able to do, instead of 

asking too difficult or too easy questions. If one does so, it does not matter which 

questions are picked to assess patient’s disability level, since the ALDS is based on 

the IRT. The latter is, as we found out, the most difficult part of the ALDS to 

appreciate by those who are used to work with the traditional questionnaires. 

 

Some limitations of this study should be recognized. A repeated measurement with 

an instrument in the same patient or using different interviewers must give more or 
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less the same outcome in the case of an unchanged patient. In the present study, we 

did not analyze test-retest or between-interviewer reliability. Yet, in a previous study 

with the ALDS in patients with rheumatoid arthritis, excellent test-retest reliability 

was found with an Intra Class Coefficient of 0.93.14 Other disadvantages are that the 

ALDS interviewer was not blinded to patient characteristics and that we studied a 

relatively small number of patients. This must be taking into account when 

interpreting the results. 

As the objective of this validation study was to investigate the measurement 

properties of ALDS in patients with different stages of PAD, we deliberately selected 

patients for inclusion, instead of consecutive enrolment, to guarantee that the whole 

spectrum of PAD was represented in our sample. There is no reason to assume that 

this non-consecutive inclusion have influenced our psychometrical findings. 

 

Our study must be seen as a first step in the process of validation of the ALDS in 

patients with PAD. Further evaluation of this instrument, especially with regard to the 

test-retest and between-reviewer reliability and the presence of floor and ceiling 

effects, is needed in a larger consecutive patient population. We think the instrument 

could be particularly useful in research, to measure the effect of treatment. Before 

this, the responsiveness of the ALDS to health change over time must be 

investigated. In conclusion, the results of this pilot study show that the ALDS has 

promising metric properties and is a potentially useful tool to measure activities of 

daily life in patients with PAD. 
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ABSTRACT 

 

Objective: To describe the level of disability and quality of life (Qol) of patients with 

critical limb ischemia (CLI) and to explore the relative contributions of factors 

explaining these functional health indices. 

 

Methods: All consecutive patients with chronic CLI (Fontaine stage III and IV) 

presenting in our hospital were eligible. Risk factors for atherosclerosis, ankle 

pressure at rest and toe pressure were recorded. Disability was measured with the 

AMC Linear Disability Score (ALDS) and Qol was measured using the Vascular Quality 

of Life Questionnaire (VascuQol). Univariate relations between patient characteristics 

and functional outcomes were analyzed. Additionally, all significant determinants 

(univariate P value set at .30) were entered into multiple linear regression models. 

 

Results: In a 20-months period, 92 patients (mean age 68 years, ± SD 13), were 

included. Twenty-nine (32%) patients had ischemic rest pain and 63 (69%) patients 

had ischemic tissue loss. The ALDS was significant lower in females, patients with a 

history of stroke, and older patients. The combination of these 3 characteristics 

accounted for 24% of the variance of the scores on the ALDS. However, in both the 

univariate and multivariate analysis, we could not demonstrate significant factors 

explaining patients’ Qol. 

 

Conclusion: Baseline level of functional ability, measured by the ALDS, was lower in 

specific subgroups of patients with critical limb ischemia, whereas Qol was equal for 

all groups. 
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INTRODUCTION 

Patients with critical limb ischemia (CLI) experience a low quality of life (Qol).1-3 

Several factors are associated with impaired Qol, such as female sex, disease 

severity, carotid artery disease (both symptomatic as well as asymptomatic), and 

diabetes mellitus.4-7  

Qol encompasses different health domains, like social health, mental health and 

physical health. As some domains of Qol expresses subjective health perception, it is 

not surprising that a patient’s personal traits also determine QoL.8 Disability in 

activities of daily life (ADL) is one of the domains of Qol. Compared to Qol, disability 

is more closely related to the disease process itself and as such a more objective 

clinical outcome indicator.9 It has been shown that activities of daily life (ADL) are 

significantly impaired in patients with critical limb ischemia.10 Little is known about 

the impact of patient and clinical characteristics on patient’s functional ability. 

The main objectives of this study were to describe the disability level, using the ALDS, 

and Qol, using the VascuQol, of patients with CLI and to explore the relative 

contributions of multiple demographic factors and clinical parameters explaining 

these functional health indices. In addition, we explored the correlation between level 

of functional disability and Qol. 

METHODS 

Patients 

The study population comprised patients with CLI who participated in the baseline 

assessment of an ongoing prospective longitudinal project investigating the course of 

CLI. All consecutive patients with chronic CLI presenting in at our hospital were 

eligible. They were included between May 2007 and December 2008. Inclusion 

criteria were chronic CLI (Fontaine stage III and IV) with duration of complaints of > 

2 weeks. Exclusion criteria were a life expectancy < 6 months and inability to give 

informed consent. The study was approved by the local Institutional Review Board 

and all patients gave informed consent. 

Assessments 

History and physical examination. We recorded risk factors for atherosclerosis 

(diabetes mellitus, smoking, hypertension, renal failure, hypercholesterolemia, 

history of coronary artery disease, history of stroke, and family history), and history 

of vascular interventions (endovascular and surgical). A specific anamnesis was 

directed to the presence of rest pain or ischemic skin lesions and self reported 

walking distance. Physical examination included inspection of the ulcer. Additional 

examinations included ankle/brachial index (ABI) at rest, toe pressure (TP), 
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transcutaneous oxygen pressure, and duplex ultrasonography of the lower extremity. 

Patients received treatment as agreed with their physician independent of the study. 

This could be either conservative, a percutaneous or surgical revascularization, or an 

amputation. 

Disability. Functional health was measured by using the 29 item version of the AMC 

Linear Disability Score (ALDS). The ALDS is a generic instrument measuring the 

ability of a patient to perform ADL, ranging from very easy activities, like ‘go to the 

toilet’, to complex activities, like ‘travel by local bus or tram’. The score range is 0 to 

100, with higher scores indicating better functional ability. The ALDS has already 

been validated in patients with different chronic diseases.11-14 In patients with 

peripheral arterial disease, the instrument has shown excellent reliability, and good 

clinical validity and construct validity.10 The ALDS was administered by one of the 

investigators (RM). 

Quality of life. Quality of life was measured using the VascuQol. The VascuQol 

questionnaire consists of 25 questions on five domains, i.e. Pain (4 items), Activity 

(8), Emotional (7), Symptoms (4) and Social (2). Each question is rated as a seven 

point response scale, with a score of one being the worst and a score of seven the 

best possible. The total average score is the sum of all 25 items scores divided by 25. 

For each separate domain an average score can be calculated (sum of all items of 

one domain divided by the number of items of that domain). So, both the overall 

score as well as the scores per domain range from one to seven.15 The VascuQol has 

shown to be a reliable and valid instrument for assessment of QoL in patients with 

PAD.2,16 The VascuQol was filled in by the patient at home. 

Possible determinants of functional health 

Based on previous Qol studies,4-7 we hypothesized that Qol and ADL ability would be 

lower in patients with comorbidity (diabetes mellitus, coronary artery disease, stroke, 

renal failure), in women, in patients of older age, and in patients with a higher BMI 

and in patients with an advanced stage of disease (Fontaine IV). 

Statistical analysis 

Patient characteristics and functional health status were summarized using 

descriptive statistics. Differences in patient characteristics between those who did 

and did not participate in the study, were analyzed using the chi-square test, Fisher’s 

exact test, or Mann-Whitney U test, when appropriate. We performed a univariate 

analysis to explore the relation between patient and clinical characteristics on the one 

hand, and functional health status on the other. For this purpose, subgroups based 

on age and BMI were made according to the mean or median, dependent on the 

distribution of the data. Additionally, all significant determinants (univariate P value 
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set at .30) were entered into multiple linear regression models (backward 

elimination). 

The association between the ALDS and the VascuQol was investigated with a Pearson 

or Spearman’s rank correlation coefficient, when appropriate. Finally, the associations 

between the ALDS and the VascuQol and toe and ankle pressures were expressed as 

Pearson or Spearman’s rank correlation coefficients, when appropriate. Statistical 

analyses were performed using SPSS 15.0 software (SPSS Inc., Chicago, IL, USA). 

The level of statistical significance was set at P=.05. In view of the explorative nature 

of this study, we did not correct for multiple comparisons.17 All analyses with the 

ALDS were performed using the theta.10 

 

RESULTS 

In a nineteen months period, 119 patients were potentially eligible. Fifteen patients 

declined to participate, 12 patients were excluded because of inability to give 

informed consent, leaving 92 patients included in the study. There were no significant 

differences in clinical characteristics, disease severity or comorbidity between 

patients who participated in the study and those who declined to participate. 

 

Demographic characteristics and comorbidity are shown in Table 1. Mean age of the 

population was 68 years (± 13). Sixty-three (69%) patients had ischemic tissue loss 

and 29 (32%) only ischemic restpain. Renal failure was present in more than one-

third of the population and 40% of the patients had a history of coronary artery 

disease. Before intervention, thirteen patients did not use anticoagulant therapy and 

twenty-five patients did not use a statin. After the intervention, all patients, except 

two in whom it was contraindicated, were prescribed anticoagulant therapy, statin 

therapy was yet prescribed in 9 patients. Forty-nine patients had a history of invasive 

vascular treatment. 

 

Table 2 shows additional patient characteristics in terms of functional ability, quality 

of life, and type of treatment. Approximately half of the patients was not able to walk 

outside, however, most of the patients (88%) were still able to live independently. 

59% of the patients were not able to walk any meters without pain.  
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Table 1. Demographic patient characteristics and comorbidity at assessment (n=92). 

Characteristics Mean (± SD) or median (range) or n (%) 

Gender, male 55 (60%) 

Age (years) 68 (±13) 

Body Mass Index (BMI) in kg/m2 25.9 (±4.7) 

Diabetes mellitus  

 No 55 (60%) 

 Non-insulin dependent 22 (24%) 

 Insulin dependent 15 (16%) 

Smoking  

 Never 20 (22%) 

 Former smoker 41 (45%) 

 Current smoker 31 (34%)a 

Hypertension  

 No 19 (21%) 

 Controlled by 1 or 2 drugs 34 (37%) 

 Uncontrolled or > 2 drugs 39 (42%) 

Renal failure  

 Unknown 7 (8%) 

 No 52 (57%) 

 Mild (creatinine 110-220 umol/l) 14 (15%) 

 Ntx, dialysis or severe failure 19 (21%) a 

Hypercholesterolemia  

 Unknown 36 (39%) 

 No 41 (45%) 

 Yes 15 (16%) 

History of coronary artery disease 37 (40%) 

History of stroke 19 (21%) 

Positive family history of cardiovascular disease 44 (48%) 

Previous interventionb 49 (53%) 

Fontaine stage  

 Fontaine III 29 (32%) 

 Fontaine IV 63 (69%) a 

Use statin 67 (73%) 

Use anticoagulant therapyc 79 (86%) 
a Sum of percentages is more than 100% due to round off. 
b Either endovascular, surgical or amputation. 
c Either aspirin, clopidogrel, coumadin, or dipyridamole. 
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Table 2. Patient characteristics in terms of functional ability, quality of life and type 

of treatment received. 

Characteristics Mean (± SD) or median (range) or n (%) 

Level of walking at admission  

 Inside and outside 50 (54%) 

 Only inside 32 (35%) 

 Wheel chair bonded or bedridden 10 (11%) 

Living situation  

 Independent 81 (88%) 

 Dependent 11 (12%) 

Pain-free walking distance 0 meters 54 (59%) 

Maximum walking distance < 10 meters 30 (33%) 

ALDS 65 (±19) 

VascuQol Total 3.0 (±0.9) 

VascuQol Activity 2.4 (±1.1) 

VascuQol Symptoms 3.4 (±1.2) 

VascuQol Pain 2.4 (±1.1) 

VascuQol Emotional 3.8 (±1.4) 

VascuQol Social 3.2 (±1.8) 

Absolute ankle pressure (mmHg) affected 
extremity 

68 (±30) 

Absolute toe pressure (mmHg) affected 
extremity 

20 (0-107) 

Length of admission (days) 5 (1-100) 

Complications 19 (21%) 

Re-interventions 14 (15%) 

 

The associations between (potential) determinants of Qol and disability are shown in 

Table 3. Both in the univariate and multivariate analysis we could not identify 

significant determinants of patients’ Qol. There was a trend towards a higher quality 

of life in patients with renal failure. Conversely, in the univariate and multivariate 

analysis we could demonstrate significant factors explaining patients’ level of 

disability. The ALDS was lower in females (ALDS 59 versus 70), patients with a 

history of stroke (ALDS 58 versus 68) and patients of older age (ALDS 59 versus 72). 

The combination of female sex, a history of stroke and older age accounted for 24% 

of the variance of the ALDS. The VascuQol and ALDS did not differ between patients 

with rest pain or ischemic tissue loss. 

The correlation between the ALDS and VascuQol was very weak (Pearson correlation 

coefficient 0.33). There were low, non-significant correlations between Qol and 

disability on the one side and toe and ankle pressures on the other (Table 4). 
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Table 3. Determinants of quality of life (VascuQol) and disability (ALDS). 

a data represent mean (SD) 
b P-values based on multiple linear regression 
* indicates that the concerning variable was entered into the linear regression model (univariate P-
value > 0.30) 
Multivariate analysis was performed using the enter method; R2 of the model with the ALDS was 24%. 

DISCUSSION 

In this study, we demonstrated that the ADL disability was significantly associated 

with advanced age, female sex and a history of stroke. Quality of life, using the 

VascuQol, did not differ significantly between various subgroups. The level of 

functional ability and Qol did not show any correlation with ABI and toe pressures. 

 

Table 4. Associations, expressed as correlation coefficient, between the ALDS and 

VascuQol and clinical indicators (n = 92). 

 ALDS VascuQol Total 

Toepressure 0.036* 0.0188* 
Ankle pressure -0.144* -0.105# 

*, Spearman’s correlation coefficient; #, Pearson’s correlation coefficient. 

 

We found no significant differences in Qol between subgroups. However, there was 

an unexpected tendency towards higher VascuQol scores in patients with renal failure. 

Also patients with a stroke tended to have higher Qol scores. This is in contrast with 

previous studies.4,6,7,18 We cannot explain this finding. The trend towards a higher 

perceived Qol in the presence of severe comorbidity can simply be the result of 

chance. However, it can also be of true meaning and the consequence of an 

  VascuQol 
Totala 

P 
univariate 

P 
multivariateb 

ALDSa P 
univariate 

P 
multivariateb 

Sex Male 3.13 (0.87) 0.18* 0.14 69.8 (18.5) 0.01* 0.02 

Female 2.86 (1.01) 59.0 (18.5) 

Diabetes 
mellitus 

No 3.10 (1.01) 0.29* 0.12 67.2 (19.6) 0.28* 0.15 

Yes 2.89 (0.81) 62.8 (18.4) 

Coronary 
artery disease 

No 2.98 (1.06) 0.66 - 65.5 (20.0) 0.65* - 

Yes 3.07 (0.71) 65.3 (18.1) 

Stroke No 2.95 (0.87) 0.13* 0.19 67.5 (18.5) 0.02* 0.02 

Yes 3.31 (1.12) 57.5 (20.2) 

Fontaine III 3.04 (0.90) 0.88 - 68.0 (17.3) 0.29* 0.74 

IV 3.01 (0.95) 64.2 (20.0) 

Renal failure No 2.88 (0.98) 0.06* 0.09 66.1 (18.3) 0.77 - 

Yes 3.27 (0.79) 64.2 (20.8) 

Age High (≥ 68 y) 3.17 (1.01) 0.13* 0.24 58.7 (20.7) 0.00* 0.01 

Low (< 68 y) 2.88 (0.84) 71.6 (15.4) 

Body mass 
index 

High (≥ 26) 2.98 (0.91) 0.64 - 63.7 (17.2) 0.18* 0.35 

Low (< 26) 3.07 (0.97) 67.2 (21.0) 
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overreacted ‘response shift’. This means that internal standards and values of 

chronically diseased patients change over time and subsequently, a patient’s self-

evaluation of quality of life changes. This psychological phenomenon could also play a 

role in our sample of patients with critical limb ischemia.19 We also found that Qol 

was slightly, yet non-significantly, lower in women. This is in agreement with 

previous studies, which demonstrated that men generally experience a higher Qol 

compared to women with a similar severity of PAD.6,7,18 

 

Since there are no such specific instruments like the ALDS measuring impairment in 

ADL, less is known about disability in patients with critical limb ischemia. Indeed 

there is the Walking Impairment Questionnaire (WIQ), but this instrument only 

focuses on walking, and does not cover a broader spectrum of functional ability. In 

addition, the WIQ has been developed specifically for patients with intermittent 

claudication, and is not useful for patients with critical limb ischemia.20,21 The ALDS 

was able to detect differences between various subgroups with critical limb ischemia. 

The ALDS is a fairly objective measure, and, in comparison with quality of life, less 

influenced by patient’s personal traits. It simply measures whether a patient is able 

to perform a daily activity or not. As expected, the ALDS was lower in patients who 

had had a stroke. One can also imagine that older patients are more limited in ADL. 

In line with quality of life, the ability to perform ADL was impaired in women. 

Previous studies suggested the lower muscle volume and strength in women, results 

in a greater functional impairment, which consequently accounts for a lower Qol.6 

This is not be supported by our data that showed a very weak correlation between 

the VascuQol and ALDS (r = 0.33). 

 

Some limitations of this study should be recognized. The study was performed in one 

academic hospital. This hospital serves as a regional hospital but is also a referral 

center for surrounding regional hospitals. This can result in inclusion of more severe 

diseased patients, which can limit the generalization of the results. Thirdly, the cross-

sectional design of this study with all assessments conducted at one point in time 

precludes inferences about causality or predicting ability of the explanatory factors 

studies. In this study, patients were asked to complete the VascuQol questionnaire 

by themselves. Patients received the questionnaire at home, so it can not be ruled 

out that other persons than the patient completed the questionnaire. 

 

At this moment, the ALDS is ready to use in research to determine the effect of an 

intervention for PAD. After all, one of the aims of treatment is to improve patient’s 

level of functional ability, for example by decreasing pain. In the future, the ALDS 

could be used for treatment allocation. It is known, for example, that patients with 
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poor pre-operative status do not benefit from revascularization.22 The ALDS can be 

used as objective measure to determine preoperative status. 

 

In conclusion, baseline level of functional ability, measured by the ALDS, was lower 

in specific subgroups of patients with critical limb ischemia, whereas quality of life 

was equal for all groups. 
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SUMMARY 

In this thesis, different aspects have been explored on the diagnosis, treatment and 

outcome of patients with peripheral arterial disease (PAD) and especially critical limb 

ischemia (CLI). 

Diagnostic accuracy of computed tomography angiography (CTA) for detecting an 

occlusion, a > 50% stenosis or a normal vessel in patients with PAD is reported in 

chapter 2. We performed a meta-analysis on the diagnostic performance of CTA 

compared with intra-arterial digital subtraction angiography for the detection of a 

more than 50% stenosis or occlusion in the aorto-iliac, femoropopliteal or tibial 

arteries in patients with PAD. The eligible studies predominantly included patients 

with intermittent claudication. CTA correctly identified occlusions in 94% of segments, 

the presence of more than 50% stenosis in 87% of segments, and absence of 

significant stenosis in 96% of segments. Overstaging occurred in 8% of segments 

and understaging in 15%. We concluded that CTA is an accurate modality to assess 

presence and extent of PAD in patients with intermittent claudication. There is not 

much research on the performance of CTA in patients with CLI, so conclusions for 

these patients cannot be drawn. Moreover, methodological weaknesses of examined 

studies prevent definitive conclusions from these data. 

 

Once the location and extent of the lesions in CLI has been determined, these can be 

treated in two ways, either surgically or percutaneously. Two most common 

percutaneous treatment modalities are percutaneous transluminal angioplasty (PTA) 

and subintimal angioplasty (SA). PTA was described first by Charles Dotter in 19641 

and at the beginning of nineties, subintimal angioplasty (SA) was discovered.2,3 SA 

has now been adopted by many endovascular specialists throughout the world. 

However, good summary data on technical and clinical success are lacking. In 

chapter 3 we have performed a systematic review on the results of SA for PAD. 

Moderate methodological and reporting quality and significant clinical heterogeneity 

obstructed a meta-analysis. The technical success rates of SA varied between 80% 

and 90%, with lower rates for tibial lesions compared with femoral lesions. 

Complications were minor and complication rates varied between 8% and 17%. 

Primary patency after one year was around 50%, with a high limb salvage rate, 

varying from 80% to 90% and a clinical success between 50% and 70%. Based on 

these results, SA can play an important role in the treatment of PAD, especially in the 

case of CLI. Despite the moderate patency rates after one year, SA may serve as a 

‘temporary bypass’ to provide wound healing and limb salvage. 

In chapter 4 we evaluated SA in patients with CLI due to long tibial occlusions who 

were scheduled for amputation because of the absence of surgical options for 
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revascularization. In a 17-month period, we included 26 limbs. Technical success of 

SA was high, 88%. Finally, in 10 out of 26 limbs, no amputation was needed. A 

major amputation was necessary in 10 limbs (7 below-knee amputations and 3 

above-knee amputations). Cumulative freedom of major amputation after 12 months 

was 59% (standard error 11%). In 6 limbs, amputation was limited to a minor 

amputation. Seven patients (28%) died during follow-up. SA of the tibial arteries 

seems a valuable treatment option to prevent major amputation in patients with CLI 

who are facing amputation due to lack of surgical options. 

 

Despite all different revascularization methods, many patients still require an 

amputation in the end. In chapter 5 we evaluated the functional outcome of 

through-knee amputations and above-knee amputations for patients with end-stage 

CLI. Functional outcome was aimed at wearing a prosthesis and walking ability. From 

1997 to 2006, 39 through-knee amputations (53%) and 34 above-knee amputations 

(47%) were performed. Eight (21%) of 39 through-knee amputations needed 

conversion to an above-knee amputation. Fifty patients (24 above-knee amputations, 

26 through-knee amputations) were eligible for follow-up to determine functional 

outcome. During follow-up, 71% (of patients with an above-knee amputation) and 

69% (of patients with a through-knee amputation) did not walk with a prosthesis, 

and 29% of above-knee amputations and 27% of through-knee amputations walked 

about 50 m. In conclusion, only a minority of patients is able to walk with a 

prosthesis, and a lot of the through-knee amputations need conversion to a higher 

level. Based on these results, it would be preferable to perform a straight above-knee 

amputation instead of a through-knee amputation if the correct amputation level is in 

doubt. 

 

After all, it is important to measure the effect of treatment. What determines 

satisfaction for the patient after treatment? When is a treatment successful from a 

clinician’s point of view? To what extent are perfusion parameters important and 

what is the position of quality of life or level of activities of daily life in outcome 

measurement? In chapter 6 we present a quest for the best measure of effect of 

treatment. In trials for PAD we use many different endpoints, like maximum and 

pain-free walking distance, ankle-brachial index, limb-salvage, graft patency and 

quality of life. In contrast, in the consultation room the answer to the question ‘How 

are you?’ is the most important measure of effect. Which endpoints come closest to 

the answer to this question? Is that an ankle/brachial index, or is quality of life a 

better endpoint? 
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In chapter 7 we evaluated the AMC Linear Disability Score (ALDS) in 62 patients 

with intermittent claudication (IC) and CLI. We compared the ALDS with the Vascular 

Quality of Life Questionnaire (VascuQol). Besides four other domains, the VascuQol 

contains an Activity domain, which measures the same aspect of health as the ALDS 

does. The average ALDS was significantly higher in patients with IC (mean 80, SD 

±10) compared to patients with CLI (mean 64, SD ±18). Internal reliability 

consistency of the ALDS expressed as Cronbach’s α coefficient was excellent (α > 

0.90). There was a strong correlation between the ALDS and the disability related 

Activity domain of the VascuQol (r = 0.64), confirming convergent validity. In 

conclusion, the ALDS is a promising clinimetric instrument to measure disability in 

patients with various stages of PAD. 

 

In chapter 8 we have described a cohort of 92 patients with CLI in whom we 

determined quality of life (Qol) and level of disability. 

We also explored the relative contributions of multiple factors explaining these 

functional health indices. Qol, measured with the VascuQol, was 3.0, ± standard 

deviation 0.9. Disability level, measured using the ALDS, was 65, ± standard 

deviation 19. The ALDS was significant lower in females, patients with a history of 

stroke, and older patients. The combination of these 3 characteristics accounted for 

24% of the variance of the scores on the ALDS. However, in both the univariate and 

multivariate analysis, we could not demonstrate significant factors explaining 

patients’ Qol. The VascuQol and ALDS did not differ between patients with restpain or 

ischemic tissue loss. 

IMPLICATIONS FOR CLINICAL PRACTICE 

Results from this thesis show that CTA is an accurate tool to determine the presence 

and extent of PAD, especially in patients with intermittent claudication. A recent 

study also showed that CTA and MRA (magnetic resonance angiography) were 

clinically more useful as initial imaging test in the diagnostic workup of patients with 

PAD than Doppler ultrasound. Moreover, they showed that CTA leads to cost savings 

compared with both MRA and Doppler ultrasound.4 However, local availability, 

experience, radiation dose, and contrast agents needed for the scan are important 

factors to consider in non-invasive imaging for PAD. Most studies included in our 

meta-analysis concerned patients with intermittent claudication. So, the results are 

applicable to patients with intermittent claudication. However, the first step in 

treatment of intermittent claudication is supervised exercise training, making imaging 

unnecessary.5,6 Only in case of failure of supervised exercise training, imaging is 

needed in patients with intermittent claudication. 
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We showed that SA can provide limb salvage, although long-term patency rates of 

the revascularized segments are moderate. SA must be considered in the treatment 

of patients with CLI. Even as last option to save a patient’s limb in advanced PAD, SA 

can offer limb salvage. Therefore, patients with CLI must be sent to the 

interventional radiologist before amputation. 

Despite advancing techniques, a major amputation is still necessary in many patients 

with CLI.6 A below-knee amputation is preferable because salvage of the knee-joint 

provides better rehabilitation and thus better functional outcome.7 In a substantial 

number of patients, even a below-knee amputation is no option anymore due to 

progressive necrosis or restpain, and the only options left are a through-knee or 

above-knee amputation. Results of this thesis show that rehabilitation outcomes 

during follow-up are equal for patients after through-knee or above-knee amputation. 

Taking into account the short life expectancy and comorbidity of patients scheduled 

for amputation, a primary above-knee amputation is preferable instead of a through-

knee amputation, if there is doubt in determining the correct level of amputation. 

 

We explored different endpoints which are frequently used in vascular surgery. There 

is no ultimate outcome parameter. The significance of a measure of effect depends 

on the type of study and the research question. In our opinion, measuring effect of 

treatment must be based on both parameters from patient-perspective as well as 

doctor-observed parameters. Qol is an essential part of outcome measurement and 

level of functional ability, as dimension of Qol, could be even more usefull. 

We introduced a generic instrument in PAD to measure ability to perform activities of 

daily life, the AMC Linear Disability Score (ALDS). The instrument has already been 

investigated in patients with Parkinson’s disease, rheumatoid arthritis, and stroke 

with positive results. In patients with PAD, the ALDS also showed good clinimetric 

properties in terms of internal reliability consistency, clinical validity, and construct 

validity. In the evaluation of effect of treatment for PAD, the ALDS could be useful. 

As where we stand now, the ALDS can be used in research. Before introduction in 

clinical practice, some matters must be resolved. The relationship with Qol is yet 

unknown and it is unclear whether a successful treatment results in a higher ALDS. 

CRITICAL REMARKS 

When studying patients with CLI, many issues are encountered regarding the patient 

population, inclusion of patients and follow-up. 

The patient population suffering from CLI is very heterogeneous. Restpain, 

ulceration and gangrene of the leg can be caused by chronic atherosclerotic disease, 

but also by thrombi from an aneurysm of the popliteal artery or proximal arteries, or 

Buerger's disease, or diabetes mellitus. Diabetics should probably be regarded as a 
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different entity. The pathogenesis of an ulcer in diabetics is a combination of 

neuropathy of the peripheral nerves and arterial insufficiency. Besides the aetiology, 

the symptoms of critical limb ischemia vary greatly. Some patients do only have a 

small defect on one of their toes, while others have many large ulcers. 

The incidence of critical limb ischemia increases with age. It is known that 

age and presence of risk factors for cardiovascular disease are associated with 

vascular cognitive impairment and vascular dementia.8 During inclusion of our cohort 

of consecutive patients with CLI, many patients were not able to give informed 

consent because of cognitive impairment. This has led to inclusion of only a part of 

the population with CLI and therefore to biased results. Moreover, it is unknown how 

many patients with CLI are treated by their general physician and will never present 

at the hospital. The results of our prospective cohort study on patients with CLI are 

therefore only representative for the non-cognitive impaired patients who are treated 

in hospital. 

In that prospective cohort study, we aimed at a follow-up of 1 year. However, 

as known from literature, mortality of patients with chronic CLI in the first year after 

presentation is 20%.6 Only a minority is directly a consequence of vascular events in 

the legs, most patients die from complications related to coronary artery or 

cerebrovascular disease.9 

This mortality results in incomplete follow-up. At the same time, these numbers show 

that treatment of CLI must be regarded as palliative care. The consequence of 

palliative treatment is that it is completely aimed at comfort of the patient. Large, 

invasive operations and long hospital admissions do not increase that comfort. 

 

In this thesis we evaluated different treatment options for patients with end-stage 

critical limb ischemia. Again, we want to underline the importance of a patient-based 

choice of therapy.10 Patient characteristics, comorbidity, level of physical functioning, 

and ambulation before the intervention are major factors in determining the kind of 

therapy.11 Moreover, expertise of the doctor and doctor’s preference play an 

important role.12 

FUTURE DIRECTIONS 

Future research measuring effect of treatment must be more focussed on patient-

oriented outcomes. Albeit perfusion parameters are still important, the major goal of 

treatment of PAD is to improve Qol by alleviation of symptoms. Moreover, since 

treatment is tailored to the individual patient, improvement of personal Qol is more 

informative about success of treatment than increase of ankle/brachial index. 

To determine the effect of treatment, a cohort study can be helpful for gaining insight 

into different therapies. However, the best evidence is gained from randomized trials, 
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where selection bias can be ruled out. Despite great efforts, it is very difficult to get a 

large sample of patients together who are equally well treated by different 

therapies.13 So well conducted cohort studies are therefore essential too. 

Moreover, patient-oriented outcome measures are needed to judge therapy, instead 

of surrogate endpoints as patency and target lesion revascularization. These 

parameters can be important, but clinical outcome is determined by Qol. 

 

Measuring physical ability deserves a more prominent place in future research. As 

argued in this thesis, Qol is the most important outcome from patient-perspective, 

but liable to other determinants, for instance personality. Ability to perform activities 

of daily life is simple, less influenced by other factors, and closely related to the 

disease. We have shown good clinimetric properties of the ALDS in patients with PAD. 

Future research is needed to determine the responsiveness of the ALDS, whether a 

successful treatment results in a higher ALDS. Test-retest reliability, whether the 

ALDS remains the same in an unchanged patient, must be investigated. Moreover, 

we need to gain insight in the level of disability of patients with PAD and the 

association with Qol. In the treatment of patients with PAD, the physician aims to 

diminish disability. We expect a relationship between Qol and disability, however, this 

is not confirmed yet. When these matters are resolved, the ALDS could be used in 

clinical practice, for example to measure the effect of treatment and later on play a 

role in treatment allocation. In the treatment of PAD, the technique can only be 

improved marginally, but in the allocation of treatment there is still some room for 

improvements, probably with use of patient-oriented instruments. 
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SAMENVATTING 

In dit proefschrift worden verschillende aspecten onderzocht van het stellen van de 

diagnose, de behandeling en de uitkomst van patiënten met perifeer arterieel 

vaatlijden (PAV) en in het bijzonder met kritieke ischemie (KI). 

De diagnostische accuratesse van computed tomography angiography (CTA) voor het 

aantonen van een occlusie, een > 50% stenose of een normaal bloedvat in patiënten 

met PAV wordt beschreven in hoofdstuk 2. Wij hebben een meta-analyse gedaan 

naar de diagnostische waarde van CTA in vergelijking met intra-arteriële digitale 

subtractie angiografie voor het aantonen van een > 50% stenose of een occlusie in 

de aorto-iliacale, femoropopliteale of crurale arteriën in patiënten met PAV. De 

studies die in aanmerking kwamen, includeerden hoofdzakelijk patiënten met 

claudicatio intermittens (CI). CTA identificeerde occlusies correct in 94% van de 

segmenten, de aanwezigheid van een meer dan 50% stenose in 87% van de 

segmenten en de afwezigheid van een significante stenose in 96% van de segmenten. 

Overstagering kwam voor in 8% van de segmenten en onderstagering in 15% van de 

segmenten. We hebben geconcludeerd dat CTA een accurate modaliteit is voor het 

aantonen van de aanwezigheid en uitgebreidheid van PAV in patiënten met CI. Er is 

weinig onderzoek gedaan naar de accuratesse van CTA in patiënten met KI, dus 

conclusies voor deze groep patiënten kunnen niet worden getrokken. Tevens kunnen 

er geen definitieve conclusies worden getrokken wegens methodologische zwakheden 

van de beoordeelde studies. 

 

Wanneer eenmaal de locatie en uitgebreidheid van de laesies in KI is vastgesteld 

kunnen deze behandeld worden op twee manieren, ofwel chirurgisch ofwel percutaan. 

De twee meest gebruikelijke percutane technieken zijn percutane transluminale 

angioplastiek (PTA) of subintimale angioplastiek (SA). PTA werd voor het eerst 

beschreven door Charles Dotter in 19641 en in het begin van de jaren negentig werd 

SA ontdekt.2,3 SA wordt nu toegepast door veel endovasculaire specialisten over de 

gehele wereld. In hoofdstuk 3 hebben we een systematische review gedaan naar de 

resultaten van SA voor PAV. Matige kwaliteit van methodologie en verslaglegging 

stonden een meta-analyse in de weg. Technisch succes van SA varieerde tussen de 

80 en 90%, met minder succes voor crurale laesies in vergelijking met 

femoropopliteale laesies. Complicaties waren niet ernstig and complicaties cijfers 

varieerden tussen de 8 en 17%. Primaire patency na een jaar was ongeveer 50%, 

waarbij een hoog percentage limb salvage, tussen de 80 en 90 %, en klinisch succes 

was tussen de 50 en 70%. Gebaseerd op deze resultaten kan SA een belangrijke rol 

spelen in de behandeling van PAV, met name in het geval van KI. Ondanks matige 
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patency na 1 jaar kan SA mogelijk dienen als ‘tijdelijke bypass’ voor wond genezing 

en behoud van het been. 

 

In hoofdstuk 4 hebben we SA geëvalueerd in patiënten met KI veroorzaakt door 

lange crurale occlusies, die waren gepland voor een amputatie vanwege het 

ontbreken van chirurgische opties voor revascularizatie. In een periode van 17 

maanden hebben we 26 benen geëvalueerd. Technisch succes van SA was hoog, 

88%. Uiteindelijk was er in 10 van de 26 benen geen amputatie nodig. Een grote 

amputatie was onvermijdelijk in 10 benen (7 onderbeens amputaties en 3 

bovenbeens amputaties). Cumulatieve afwezigheid van grote amputatie na 12 

maanden was 59% (standaard error 11%). In 6 benen kon amputatie beperkt 

worden tot een kleine amputatie. Zeven patiënten (28%) overleden gedurende 

follow-up. SA van de crurale arteriën lijkt een waardevolle behandelingsoptie ter 

voorkoming van een grote amputatie in patiënten met KI die afstevenen op een 

amputatie vanwege afwezigheid van chirurgische opties. 

 

Ondanks alle verschillende revascularizatie methoden is een amputatie in veel 

patiënten uiteindelijk toch onvermijdelijk. In hoofdstuk 5 hebben we de functionele 

uitkomst geëvalueerd van door-de-knie amputaties en bovenbeens amputaties bij 

patiënten in het laatste stadium van KI. Functionele uitkomst was gericht op het 

dragen van een prothese en loopvermogen. Van 1997 tot en met 2006 werden er 39 

door-de-knie (53%) en 34 bovenbeens amputaties (47%) uitgevoerd. Acht (21%) 

van de 39 door-de-knie amputaties moest worden geconverteerd naar een 

bovenbeens amputatie. Vijftig patiënten (24 bovenbeens amputaties, 26 door-de-

knie amputaties) waren beschikbaar voor follow-up om functionele uitkomst te 

bepalen. Gedurende follow-up liep 71% van de patiënten met een bovenbeens 

amputatie en 69% van de patiënten met een door-de-knie amputatie niet met een 

prothese en liep 29% van de bovenbeens amputaties en 27% van de door de knie 

amputaties ongeveer 50 meter. Concluderend kan slechts een klein gedeelte van de 

patiënten lopen met een prothese en moeten veel door-de-knie amputaties 

uiteindelijk worden geconverteerd naar een hoger niveau. Gebaseerd op deze 

resultaten is een rechtstreeks bovenbeens amputaties te verkiezen boven een door-

de-knie amputatie, indien het juiste niveau van amputatie betwijfeld wordt. 

 

Tenslotte is het belangrijk om het effect van een behandeling te meten. Wat bepaalt 

tevredenheid voor een patiënt na een behandeling? Wanneer is een behandeling 

succesvol vanuit het gezichtspunt van een clinicus? In welke mate zijn perfusie 

parameters belangrijk en wat is de positie van kwaliteit van leven en niveau van 

activiteiten van het dagelijks leven als uitkomst maten? In hoofdstuk 6 presenteren 
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we een zoektocht naar de beste maat om het effect van een behandeling te meten. 

In studies naar PAV gebruiken we allemaal verschillende eindpunten, zoals maximale 

en pijnvrije loopafstand, enkel/arm index, limb salvage, patency van een 

vaatprothese en kwaliteit van leven. In de spreekkamer echter is het antwoord op de 

vraag ‘hoe gaat het met u’ de belangrijkste maat van effect. Welke eindpunten 

komen het dichtst bij het antwoord op deze vraag? Is dat een enkel/arm index of is 

kwaliteit van leven een beter eindpunt? 

 

In hoofdstuk 7 hebben we de AMC Linear Disability Score (ALDS) geëvalueerd in 62 

patiënten met CI en KI. We vergeleken de ALDS met de Vascular Quality of Life 

Questionnaire (VascuQol). Behalve 4 andere domeinen heeft de VascuQol een domein 

Activity, welke hetzelfde aspect van gezondheid meet als de ALDS doet. De 

gemiddelde ALDS was significant hoger in patiënten met CI (gemiddelde 80, 

standaard deviatie (SD) ±10) in vergelijking met patiënten met KI (gemiddelde 64, 

SD ±18). Interne consistentie van de ALDS, uitgedrukt in Cronbach’s α coëfficiënt, 

was uitmuntend (α > 0.90). Er was een sterke samenhang tussen de ALDS en het 

invaliditeits gerelateerde Activity domein van de VascuQol (r = 0.64), waarmee 

convergente validiteit werd bevestigd. Concluderend is de ALDS een veelbelovend 

klinimetrisch instrument om mate van invaliditeit te meten in patiënten met 

verschillende stadia van PAV. 

 

In hoofdstuk 8 hebben we een cohort beschreven van 92 patiënten met KI in wie 

we kwaliteit van leven (KvL) en mate van invaliditeit hebben bepaald. 

Tevens hebben we de relatieve bijdrage onderzocht van multipele factoren die deze 

functionele gezondheids indices kunnen verklaren. KvL, gemeten met de VascuQol, 

van 3.0 ± SD 0.9. Niveau van invaliditeit, gemeten met de ALDS, was 65, ± SD 19. 

De ALDS was significant lager in vrouwen, patiënten die een stroke hadden gehad en 

oudere patiënten. De combinatie van deze 3 karakteristieken verklaarde 24% van de 

variantie van de scores op de ALDS. Echter, zowel in de univariate als in de 

multivariate analyse konden we geen significante factoren aantonen die het niveau 

van KvL konden verklaren. De VascuQol en de ALDS verschilden niet tussen 

patiënten met rustpijn of ischemisch weefselverlies. 

IMPLICATIES VOOR DE KLINISCHE PRAKTIJK 

Resultaten van dit proefschrift laten zien dat CTA een accuraat instrument is om de 

aanwezigheid en uitgebreidheid van PAV aan te tonen, in het bijzonder in patiënten 

met CI. Een recent onderzoek liet ook zien dat CTA en MRA (magnetische resonantie 

angiografie) klinisch meer bruikbaar waren als initiele test in de diagnostische work-

up van patiënten met PAV dan met echo Doppler. Tevens lieten ze zien dat CTA een 



Samenvatting en Algemene Discussie

 

 137 

kostenbesparing oplevert ten opzichte van zowel MRA als echo Doppler.4 Echter, 

lokale beschikbaarheid, ervaring, stralingsdosis en contrast media die nodig zijn voor 

de scan zijn belangrijke factoren om in beschouwing te nemen bij niet-invasief 

onderzoek naar PAV. De meeste studies die we in onze meta-analyse hebben 

geïncludeerd betroffen studies met patiënten met CI. Echter, de eerste stap in de 

behandeling van CI is gesuperviseerde looptraining, wat beeldvorming overbodig 

maakt.5,6 Enkel in het geval van falen van gesuperviseerde looptraining is 

beeldvorming nodig in patiënten met CI. 

Wij hebben aangetoond dat SA behoud van het been kan opleveren, alhoewel de 

lange termijn patency van de gerevascularizeerde segmenten matig is. SA moet 

worden overwogen in de behandeling van patiënten met KI. Zelfs als laatste optie om 

het been van een patiënt te behouden in vergevorderd PAV kan SA behoud van been 

geven. Daarom moeten patiënten naar een interventie-radioloog worden gestuurd 

voordat een amputatie plaats vindt. 

Ondanks voortschrijdende technieken is een grote amputatie toch nodig in veel 

patiënten met KI.6 Een onderbeens amputatie is te verkiezen omdat behoud van het 

kniegewricht betere revalidatie uitkomsten en dus beter functionele uitkomst biedt.7 

In een substantieel deel van de patiënten is zelfs een onderbeens amputatie geen 

optie meer vanwege voortschrijdende necrose of rustpijn en de enige over gebleven 

opties zijn een door-de-knie amputatie of bovenbeens amputatie. 

Resultaten van dit proefschrift laten zien dat de revalidatie uitkomsten gelijk zijn van 

patiënten na een door-de-knie of bovenbeens amputatie. Mede gelet op de korte 

levensverwachting en comorbiditeit van patiënten gepland voor amputatie, verdient 

een primaire bovenbeens amputatie de voorkeur boven een door-de-knie amputatie, 

wanneer er twijfel is over het juiste amputatie niveau. 

 

Wij onderzochten verschillende eindpunten die vaak gebruikt worden binnen de 

vaatchirurgie. Er is geen ultieme uitkomst parameter. De waarde van een effect maat 

hangt af van het type studie en de onderzoeksvraag. Naar onze mening moet het 

meten van effect van een behandeling gebaseerd zijn op zowel parameters vanuit 

patiënten perspectief als vanuit het perspectief van de dokter. KvL is een essentieel 

deel van uitkomstmetingen en niveau van functioneren, als dimensie van KvL, is 

mogelijk nog beter bruikbaar. 

Wij hebben een nieuw, generiek instrument geïntroduceerd in PAV voor het meten 

van het vermogen om activiteiten van het dagelijks leven uit te voeren, de AMC 

Linear Disability Score (ALDS). Het instrument is al onderzocht in patiënten met de 

ziekte van Parkinson, reumatoïde artritis en beroerte met positieve resultaten. In 

patiënten met PAV liet de ALDS goede klinimetrische eigenschappen zien met 

betrekking tot interne consistentie, klinische validiteit en construct validiteit. In de 
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evaluatie van het effect van een behandeling voor PAV kan de ALDS bruikbaar zijn. 

Voor introductie in de klinische praktijk moeten nog wel wat zaken onderzocht 

worden. De relatie met KvL is onbekend en het onduidelijk of een geslaagde 

behandeling ook resulteert in een hogere ALDS. 

KRITISCHE KANTTEKENINGEN 

Bij het bestuderen van patiënten met KI loopt men tegen veel zaken aan betreffende 

patiënten populatie, inclusie van patiënten en follow-up. 

 De patiënten populatie met KI is erg heterogeen. Rustpijn, ulcera en 

gangreen van het been kunnen worden veroorzaakt door chronisch atherosclerotisch 

vaatlijden, maar ook door thrombi van een aneurysma van de arteria poplitea of 

proximale arteriën, of de ziekte van Buerger, of diabetes mellitus. Diabetici zouden 

moeten worden gezien als een aparte entiteit. De pathogenese van een ulcus bij 

diabetes is een combinatie van neuropathie van de perifere zenuwen en arteriële 

insufficiëntie. Naast de etiologie bestaat er ook grote variatie in symptomen van KI. 

Sommige patiënten hebben slechts een klein defect op een van hun tenen, terwijl 

anderen meerdere grote ulcera hebben. 

 De incidentie van KI neemt toe met de leeftijd. Het is bekend dat leeftijd en 

aanwezigheid van risicofactoren voor cardiovasulaire ziekte geassocieerd zijn met 

vasculaire cognitieve stoornissen en vasculaire dementie.8 Gedurende inclusie van 

ons cohort met consecutieve patiënten met KI waren veel patiënten niet in staat 

geïnformeerde toestemming te geven vanwege een cognitieve stoornis. Dit heeft 

geleid tot inclusie van slechts een gedeelte van de populatie met KI en dus tot 

vertekende resultaten. Tevens is het onbekend hoeveel patiënten met KI worden 

behandeld door hun huisarts en nooit in het ziekenhuis zullen komen. De resultaten 

van onze prospectieve cohort studie zijn daarom alleen maar representatief voor 

niet-cognitief gestoorde patiënten die worden behandeld in het ziekenhuis. 

 In deze prospectieve cohort studie wilden we follow-up van 1 jaar bereiken. 

Echter, zoals ook uit de literatuur bekend is, is de mortaliteit van patiënten met 

chronische KI in het eerste jaar na presentatie 20%.6 Slechts een minderheid is 

direct een consequentie van het vaatlijden aan de benen, de meeste patiënten 

overlijden aan complicaties gerelateerd aan coronaria lijden of cerebrovasculaire 

ziekte.9 

Deze mortaliteit resulteert in incomplete follow-up. Op hetzelfde moment laten deze 

getallen ook zien dat de behandeling van KI gezien moet worden als palliatief. De 

consequentie van palliatieve behandeling is dat deze compleet gericht is op comfort 

van de patiënt. Grote, invasieve operaties en lang ziekenhuis opnames verhogen dit 

comfort niet. 
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We hebben verschillende behandelingsoptie geëvalueerd voor patiënten met het 

laatste stadium van KI. Nogmaals willen we benadrukken dat therapie keuze 

gebaseerd moet zijn op de individuele patiënt.10 Patiënt karakteristieken, 

comorbiditeit, niveau van fysiek functioneren en niveau van mobiliteit voor de 

interventie zijn belangrijke factoren voor het bepalen van soort therapie.11 Tevens 

spelen expertise van de dokter en voorkeur van de dokter een belangrijke rol.12 

TOEKOMSTIGE RICHTINGEN 

Toekomstig onderzoek waarin het effect van een behandeling wordt gemeten moet 

meer gericht zijn op patiënt georiënteerde uitkomsten. Hoewel perfusie parameters 

nog steeds belangrijk zijn, is het belangrijkste doel van een behandeling verbetering 

van KvL door verlichting van de symptomen. Tevens, omdat behandeling op maat is 

gemaakt voor de individuele patiënt, is verbetering van KvL meer informatief dan een 

verbetering van de enkel/arm index. 

Om het effect van een behandeling te meten kan een cohort studie bruikbaar zijn om 

inzicht te krijgen in verschillende behandelingen. Echter, het beste bewijs wordt 

geleverd door gerandomiseerde studies waar vertekening van de resultaten door 

selectie uitgesloten kan worden. Ondanks grote inspanningen is het erg moeilijk om 

een grote populatie bij elkaar te krijgen die evengoed worden behandeld middels 

verschillende behandelingen.13 Daarom zijn goed uitgevoerde cohort studies ook 

essentieel. 

Tevens zijn patiënt georiënteerde uitkomst maten nodig om een behandeling op af te 

rekenen, in plaats van surrogaat eindpunten zoals doorgankelijkheid en target lesion 

revascularisation. Deze parameters kunnen belangrijk zijn, maar de klinische 

uitkomst moet worden bepaald door KvL. 

 

Het meten van fysiek vermogen verdient een meer prominente plaats in toekomstig 

onderzoek. Zoals bediscussieerd in dit proefschrift is KvL de meest belangrijke 

uitkomst vanuit patiënt perspectief, maar onderhevig aan andere determinanten, 

zoals persoonlijkheid. 

 

Vermogen om activiteiten van het dagelijks leven uit te voeren is eenvoudig, weinig 

beïnvloedbaar door andere factoren en nauw gerelateerd aan ziekte. Wij hebben 

laten zien dat de ALDS goede klinimetrische eigenschappen bezit in patiënten met 

PAV. Toekomstig onderzoek is nodig om de gevoeligheid van de ALDS te 

onderzoeken, of een geslaagde behandeling ook resulteert in een hogere ALDS, en 

test-retest betrouwbaarheid, of de ALDS hetzelfde blijft in een onveranderde patiënt, 

moet worden onderzocht. 
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Ook moeten we inzicht krijgen in het niveau van invaliditeit van patiënten met PAV 

en de associatie met KvL. In de behandeling van patiënten met PAV probeert de arts 

invaliditeit te verminderen. We verwachten een relatie tussen KvL en invaliditeit, 

echter deze is nog niet bevestigd. Wanneer deze zaken onderzocht zijn kan de ALDS 

gebruikt worden in de klinische praktijk, bijvoorbeeld voor het meten van het effect 

van een behandeling en later een rol spelen in het toewijzen van een behandeling. In 

de behandeling van PAV kan de techniek nog slechts marginaal worden verbeterd, 

maar in het toewijzen van de behandeling is nog steeds ruimte voor verbetering, 

mogelijk met het gebruik van patiënt georiënteerd instrumenten. 
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Item Response Theory (IRT) is the study of test and item scores based on 

assumptions concerning the mathematical relationship between abilities (or other 

hypothesized traits) and item responses. An item is another word for a question. 

The theory can be best explained by an example. Imagine a group of patients, with 

both severe and mild disease. We present them questions about their ability to 

perform activities of daily life ranging from very easy to very difficult activities. The 

chance for the average diseased patient to answer that he is able to perform an 

activity, is high for the easy activities and will decrease when the activities are 

getting more complex or difficult. According to all the answers of one patient about 

his ability, one can ascribe a certain “ability level” to the patient (a score). This 

concept can be illustrated by the following figure, where the x-axis represents 

patients ability and the y-axis represents the probability of an affirmative response to 

one test item. The s-shaped curve, then, shows the probabilities of an affirmative 

response for patients with different ability (theta) levels. 

For every question, you can make a curve like this. In this figure you see three 

curves, an easy question or activity (left curve, question 1), an average question 

(middle curve, question 2) and a difficult question (right curve, question 3). 

 

 

The IRT method needs an itembank, which is a large collection of items. From this 

itembank, one can select items which are applicable to the study population you are 

investigating. In our example, one can select easy items for patients with severe 

disease and more difficult items for patients with mild disease. The obtained scores 

are comparable, because the items are derived from the same itembank and the 

related theta (level of ability) is demonstrated at the same scale. This theta can be 

translated into a linear score which is easy to interpret. 
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IRT has several advantages over the traditional measurement theory (or classical 

test theory, CTT). For example, IRT facilitates the development of more efficient 

questionnaires by reducing the number of items needed, since you do not have to 

ask very easy items to patients with a high level of ability. A brief overview of the IRT 

can be read in the paper by Edelen and colleagues1 or on the internet in a document 

of Reeve.2 

IRT methods have been used in educational assessment for decades, but the 

practical implementation in medical research is fairly new. However, various medical 

specialties are yet convinced of the superiority of IRT above CTT.3,4 

REFERENCES 

1. Edelen MO, Reeve BB. Applying item response theory (IRT) modeling to questionnaire 

development, evaluation, and refinement. Qual Life Res. 2007;16 Suppl 1:5-18. 

2. Reeve BB. An introduction to modern measurement theory. 

[http://appliedresearch.cancer.gov/areas/cognitive/immt.pdf] 

3. Chakravarty EF, Bjorner JB, Fries JF. Improving patient reported outcomes using item response 

theory and computerized adaptive testing. J Rheumatol. 2007;34(6):1426-1431. 

4. Hobart J, Cano S. Improving the evaluation of therapeutic interventions in multiple sclerosis: the 

role of new psychometric methods. Health Technol Assess. 2009;13(12):1-200. 



 

 

 



Appendix 22 

Methodology of the ALDS Itembank 



Appendix 2 

 

 148 

The construction of an item bank based on item response theory (IRT) can be split 

into four phases: 1) definition of the content; 2) choice of calibration design; 3) data 

collection; and 4) fitting the ITR model. 

DEFINITION OF THE CONTENT 

The ALDS item bank consists of items measuring the functional status of patients 

with a broad range of diseases. Functional status was defined as the ability to 

perform the activities of daily life required to live independently or in an appropriate 

care setting.1 Items for inclusion in the ALDS item bank were obtained from a 

systematic review of generic and disease specific functional health instruments2 and 

supplemented by diaries of activities performed by healthy adults. A total of 190 

items were identified from over 110 existing functional scales and then described in 

detail. Two response categories were used: ‘I can  carry out the activity’ and ‘I 

cannot carry out the activity’. If patients had never had the opportunity to experience 

an activity a ‘not applicable’ response was recorded.3 Patients were asked, by trained 

interviewers, whether they could, rather than did, carry out the activities given. 

CHOICE OF CALIBRATION DESIGN 

The calibration design used in the construction of an item bank describes which items 

are presented to which patients in the data collection phase. In the ALDS project, 

data was collected using an incomplete anchored calibration design using 10 items 

sets, ranging from difficult (set 1) to very easy (set 10). Item set 1 contains 

activities, which can only be carried out by those who are relatively healthy, and item 

set 10 those, which can be carried out by all but the most severely disabled 

patients.4 Half of all the items in a given item set are common with the item set 

above and the other half with the item set below, meaning that each item is in two 

item sets and the whole design is anchored.5 

DATA COLLECTION 

During the development phase of the ALDS, data was collected from over 1000 

disabled patients with a broad range of conditions.6 Patients were interviewed by 

specially trained nurses and doctors during a visit to one of the vascular surgery, 

neurology, rheumatology, pulmonology, internal medicine, cardiology, rehabilitation 

medicine and gerontology outpatients clinics at one general and two teaching 

hospitals in Amsterdam, the Netherlands. Each patient was presented with one of the 

item sets in the incomplete anchored calibration design. 



Methodology of the ALDS Itembank 

 

 149 

FITTING THE IRT MODEL 

The statistical analysis concentrated on the two-parameter logistic IRT model.7 In this 

model the probability, Pik, that patient k responds to item i in the category 'can carry 

out' is modeled using 

 

where θk denotes the ability of patient k to perform activities of daily life. The 

discrimination parameter (α) and the difficulty parameter (β) describe the 

measurement characteristics of item i. In step (a) items were excluded from further 

analysis if the item had been presented to fewer than 200 patients or if fewer than 

10% or more than 90% of the responses were in the category 'can carry out'. In step 

(b), the items were examined using the one-parameter logistic IRT model8 to 

investigate whether the item difficulty parameter (βi) was similar for male and female 

and for younger and older patients. In step (c), estimates of the item parameters (αi 

and βi )were obtained. The fit of the model to the data from each item was assessed 

using G2 statistics.9 Items, for which the fit statistic had a p-value of less than 0.01 

were excluded from further analysis. In step (d), the dimensionality of the item bank 

was examined using IRT based full information factor analysis.10 An exploratory 

factor analysis was carried out on each of the item sets. To examine the population 

as a whole, a confirmatory factor analysis was carried out using the data from all 

1000 respondents. In addition, Cronbach's coefficient alpha, using a specific IRT 

method that allows for missing item responses,11 was calculated for each of the item 

sets (range alpha: 0.92-0.97) and for all of the data (0.98). Steps (a), (b) and (c) 

were carried out in Bilog,9 using marginal maximum likelihood estimation techniques 

with an empirically obtained distribution of the person parameters (θ). Step (d) was 

carried out using TESTFACT.9 

The resulting and present ALDS item bank contains 77 calibrated items representing 

a wide range of levels of functional status (see Appendix 2). 

 



Appendix 2 

 

 150 

REFERENCES 

1. Verbrugge LM, Jette AM. The disablement process. Soc Sci Med. 1994;38(1):1-14. 

2. Lindeboom R, Vermeulen M, Holman R, de Haan RJ. Activities of daily living instruments in clinical 

neurology. Optimizing scales for neurologic assessments. Neurology. 2003;60(5):738–742. 

3. Holman R, Glas CA. Modelling non-ignorable missing data mechanisms with item response theory 

models. Br J Math Stat Psychol. 2005;58(Pt 1):1-17. 

4. Holman R, Lindeboom R, Glas CA, Vermeulen M, de Haan RJ. Constructing an Item Bank Using 

Item Response Theory: The AMC Linear Disability Score Project. Health Serv Outcomes Res Method. 

2003;4(1):19-33. 

5. Kolen MJ, Brennan RL. Test equating. New York: Springer;1995. 

6. Holman R, Weisscher N, Glas CA, Dijkgraaf MG, Vermeulen M, de Haan RJ. The AMC Linear 

Disability Score item bank: item response theory analysis in a mixed patient population. Health 

Qual Life Outcomes. 2005;3:83. 

7. Birnhaum A. Statistical theories of mental test score. Some latent traits models and their use in 

inferring an examinee’s ability. Reading: Addison-Wesley; 1968. 

8. Rasch G. On general laws and the meaning of measurement in psychology. Proceedings of the 

Fourth Berkely Symposium on Mathematical Statistics and Probability 1961;4:321-334. 

9. Du Toit M (editor). IRT from SSI: Bilog-MG, Multilog, Parscale, Testfact. Scientific Software 

International, Inc, Lincolnwood, IL; 2003. 

10. Bock RD, Gibbons RD, Muraki E. Full-information factor analysis. Applied Psychological 

Measurement. 1988;12:261-280. 

11. Harvey WR. Estimation of variance and covariance components in the mixed model. Biometrics. 

1970;26:485-504. 

 





 

 

 



Appendix 33 

The ALDS Item Bank 



Appendix 3 

 

 154 

ALDS itembank containing 77 items, hierarchically ranked from difficult to easy, 

items marked with * were used for patients with intermittent claudication and items 

marked with # were used for patients with critical limb ischemia. 

 

 Item Content   

Nr Are you able to ... Item Difficulty 
parameter (β) 

Linear transformed 
ALDS score 

1* Ride a bike for at least 2 hours –3.05 89 

2* # Vacuum a flight of stairs –2.65 87 

3* Carry a bag of shopping upstairs –2.14 85 

4 Clean a bathroom –1.96 84 

5* # Vacuum a room and move light 

furniture 

–1.88 84 

6* # Fetch groceries for 3–4 days –1.63 82 

7* Go for a walk in the woods –1.50 81 

8* # Travel by local bus or tram –1.23 78 

9* Walk for more than 15 minutes –0.82 74 

10 Carry a tray –0.80 74 

11 Walk up a hill or high bridge –0.78 73 

12* # Go shopping for clothes –0.72 73 

13 Cut your toenails –0.66 72 

14 Fill in an official form –0.61 71 

15* # Go to a party –0.56 70 

16 Stand for 10 minutes –0.53 70 

17 Go to a restaurant –0.48 69 

18 Sweep the floor –0.45 69 

19* # Hang and take in a load of washing –0.44 69 

20 Vacuum without moving any furniture –0.35 67 

21* # Move a bed or table –0.30 66 

22 Use a washing machine –0.23 65 

23 Reach into a high cupboard –0.23 65 

24* # Walk up a flight of stairs –0.19 65 

25* # Go to the bank or post office –0.13 64 

26* # Walk down a flight of stairs –0.02 62 

27* Go to the general practitioner 0.02 61 

28 Use a dustpan and brush 0.08 60 

29* Go for a short walk (15 min) 0.07 60 

30 Write a letter 0.18 58 

31 Change the sheets on a bed 0.21 58 

32* # Cross the road 0.22 58 

33 Open and close a window 0.24 58 

34* # Fetch a few things from the shop 0.29 56 

35 Polish shoes 0.34 56 
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36* # Have a shower and wash your hair 0.66 50 

37 Fold up the washing 0.70 50 

38* # Dust 0.70 50 

39 Put on/take off lace-up shoes 0.76 49 

40* # Clean a toilet 0.78 48 

41 Make a bed 0.84 46 

42 Cut your fingernails 0.90 47 

43 Reach under a table 0.91 46 

44 Heat tinned food 0.92 46 

45 Make eggs or beans on toast 1.02 44 

46 Reach into a low cupboard 1.09 43 

47* # Move between 2 low chairs 1.14 42 

48 Pick something up from the floor 1.15 42 

49#  Clean a bathroom sink 1.18 42 

50 Put the washing up away 1.26 40 

51 Read a newspaper 1.28 40 

52* # Get in and out of a car 1.34 39 

53 Make porridge 1.37 39 

54* # Clear the table after a meal 1.47 37 

55 Peel and core an apple 1.49 37 

56* # Prepare breakfast or lunch 1.52 36 

57 Clean the kitchen surfaces 1.76 32 

58 Put a chair up to the table 1.77 32 

59 Eat a meal at the table 1.79 32 

60# Wash up 1.86 31 

61 Put on/take off socks and slip on 
shoes 

1.93 30 

62 Sit up (from lying) in bed 1.95 30 

63 Get a book off the shelf 2.11 28 

64 Answer the telephone 2.15 27 

65 Hang clothes up in a cupboard 2.19 27 

66* # Make coffee or tea 2.35 25 

67# Put long trousers on 2.38 25 

68 Make a bowl of cereal 2.28 24 

69* # Sit on the edge of a bed from lying 
down 

2.67 21 

70 Move between 2 dining chairs 2.72 20 

71 Wash and dry your lower body 2.78 20 

72 Put on/take off a coat 2.86 19 

73 Wash/dry your face and hands 2.97 18 

74# Get out of bed into a chair 2.99 18 

75* # Go to the toilet 3.08 17 

76 Wash your lower body (at sink) 3.24 15 

77 Put on and take off a T-shirt 3.49 11 
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