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Patient Reported Outcome Measures

Knowledge of a patient’s well-being and insight how this is influenced by treatment, is an 

unquestionable need for daily clinical practice. The primary goal of a doctor is to improve the 

patient’s well-being, and not only an attempt to control his disease.

In 1947 the World Health Organisation (WHO) defined health as “a state of complete physical, 

mental and social well-being and not merely the absence of disease and infirmity”.1 In 

the following years, the daily functioning and well being of people was more and more 

conceptualised by the term ‘quality of life (Qol)’. Nowadays, the WHO defines Qol as “an 

individual’s perception of his/her position in life in the context of the culture and value 

systems in which he/she lives and in relation to his/her goals, expectations, standards, and 

concerns. It is a broad ranging concept incorporating in a complex way the individual’s 

physical health, psychological state, level of independence, social relationships, personal 

beliefs, and relationships to salient features in the environment.” 2

Over the past two decades the development, validation and translation of instruments 

measuring  this “individuals’ perception” has been of increasing influence in patient care 

and in clinical research. These so called patient reported outcome measures (PROMS) are 

grouped under the broad headings of not only physical, psychological and social health, but 

also functioning in daily life and patient happiness, spiritual aspects and satisfaction with 

health care can be included.3

Patient reported outcome measures (PROMs) with regard to specific assessment of Qol are 

multidimensional involving a number of relatively independent domains that at least include 

physical, functional and psychosocial aspects, and social well-being.

Furthermore, in order to structure and describe disease outcomes and distinguish 

impairment, disability and handicap, the WHO developed the International Classification of 

Functioning, Disability and Health. Disability refers to the consequences of impairments in 

terms of the patient’s functional status (FS) and defines a patient’s level of independence and 

mobility.4,5 Therefore, in addition to Qol, assessment of the level of performing activities in 

daily life (measuring FS) is another very important PROM. 
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Patient Reported Outcome Measures in Peripheral Arterial Disease

Treatment

Peripheral Arterial Disease (PAD), a manifestation of atherosclerosis, is a chronic disease that 

remains asymptomatic for a very long time. Nevertheless, when the chronically expanding 

atherosclerotic lesion causes lumen stenosis or occlusion this can result in intermittent 

claudication (IC) and critical limb ischemia (CLI).6

Although drugs and surgery are effective treatments for IC, the most frequently applied 

therapies for IC are exercise programmes and percutaneous transluminal angioplasty 

(PTA). At the start of the research described in this thesis two reviews already attempted to 

identify the most optimal treatment for IC (PTA or exercise therapy (ET)), but were unable to 

demonstrate the superiority of one therapy over another.7,8

For patients with CLI, multiple treatment options are available.9-12 Treatment decisions are 

often thoroughly discussed in multidisciplinary teams and tailored to the individual patient. 

Nowadays, whenever technically possible, endovascular revascularisation (with or without 

stent placement) will be persuaded. 

Clinical trials regarding PAD are generally designed to evaluate the effectiveness of a 

therapy, for example in trials where new developed stents are investigated, or to optimise 

different therapeutic approaches. Particularly randomized controlled trials play a key role 

as they provide the scientific evidence needed to adopt the best treatment. Furthermore, 

the provision of quality care depends on the ability to make choices from robust scientific 

data. Historically, the main purpose of studies in PAD has been to avoid major amputation, 

improve ankle brachial index (ABI) and increase patency rates and walking distance. 

Although these are still common endpoints to evaluate the effectiveness of treatment, they 

do not fully address the broad range of concerns in the patients with PAD and therefore the 

necessity to go beyond these traditional outcomes has been increasingly recognized. The 

main reason is that more attention should be given to overall health conditions and how the 

patient is affected by his chronic illness. Assessment of Qol and FS may be more relevant to 

assess the impact of PAD.13,14

Quality of Life

Before starting treatment in patients with PAD, patients’ opinion and goals should be 

considered, since their expectations and values might differ from their physician. For 

example, a walking distance of 100 meters could be regarded as disabling by one patient, 
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while another patient might be very satisfied with walking 100 meters without pain. 

Since Qol expresses the perception of disease and expectations and values by the patient 

on mental, social and physical functioning, Qol instruments could aid to daily practice and 

clinical decision making, thereby providing patients the best options available. Whilst the 

importance of assessing Qol has been widely proven to be of use when evaluating the whole 

treatment effectiveness of a given trial, the choice of a Qol instrument should be related to 

the trial structure and the questions to be answered. Other important factors in instrument 

choice are the patient population, the treatment and, concerning the logistics, the resources 

of the investigators and the participating investigators. In addition the Qol questionnaires 

should be available in the appropriate languages in relation to potential participants in the 

study concerned.15 When these issues are addressed, valid and robust PROMs could support 

clinical decision-making. 

Qol questionnaires are divided in ‘generic’ and ‘disease-specific’ questionnaires. Generic 

instruments measure general characteristics and consequences of illness, and have the 

advantage of being broadly applicable to people with different disorders. They allow 

comparisons between individuals or groups with different illnesses, or comparisons between 

patients and healthy controls. However, they may not touch on the most relevant topics 

of a specific illness. Disease-specific instruments on the other hand, have the advantage of 

addressing problems which are specific to a given population, and may permit cross-study 

comparison.16

In patients with PAD disease-specific instruments to measure Qol have been developed, such 

as the Vascular Quality of Life questionnaire (VascuQol).17 This disease-specific instrument 

detects small changes in Qol more precisely than generic instruments such as the Short 

Form-36 or EuroQol-5D. 18,19 The VascuQol was developed and validated in English speaking 

patients with IC and CLI, and has been translated into other languages. 

Functional status

Although the domains of Qol also aim to measure physical and functional aspects, which 

could refer to impairments and disabilities, the main difference between measuring FS and 

Qol is that Qol takes into account the patients’ perception of this functional impairment. 

Previous studies have shown there is a large variability in the way of measuring FS in PAD. 

Although the Walking Impairment Questionnaire (WIQ) is a well-validated instrument 

for expressing perceived walking impairment in patients with IC, this questionnaire does 
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not consider performance on other activities.20 Furthermore, in patients with CLI, the few 

available data on functional outcome after treatment are mainly confined to gross measures 

such as ambulation and residential status and short instruments covering a small range of 

functional levels.21-24 More comprehensive multi-item instruments are available, however 

the problem with these multi-item instruments is that responses to all items on a scale 

are required to calculate a sum score, which are often difficult to interpret on a patients’ 

individual level.  These instruments do not consider patients’ preferences and variability 

in performance on particular activities. For example, patients with IC are not likely to have 

problems with bathing and the ability to climb stairs will not be relevant to a patient with CLI 

who always takes the elevator. 

Patient-specific instruments on FS could identify relevant issues on an individual level 

and allow the evaluation to focus on what is important to each patient. Therefore, a more 

sophisticated instrument to measure FS has been developed, the Academic Medical Center 

Linear Disability score (ALDS). This ALDS expresses FS more precise, since it measures FS in 

terms of activities of daily life.25-29

The ALDS is a generic item bank that is able to measure the disability status of patients with 

a broad range of diseases. It has been developed within the framework of item response 

theory (IRT). Hence, its hierarchical properties are well suited to assess the effect of treatment 

over time, compare different treatment modalities and difference in effects of treatment 

between hospitals. Scores range between 0 and 100 on a linear scale, with higher scores 

corresponding with the ability to perform more difficult activities.  Construct and clinical 

validity of the ALDS has been proven in patients with PAD.30 Nevertheless the ALDS has not 

yet been used to measure the effect of treatment on FS in patients with PAD. 

OUTLINE

This thesis focuses on the treatment and outcome of patients with IC and CLI and especially 

the role and interpretation of PROMs in these patients.

Part I: Intermittent Claudication (IC)

In chapter 2, the reliability and validity of the Dutch version of two PROMs for Qol and 

FS in patients with stable IC were assessed (VascuQol and ALDS respectively). Despite the 

increasing application of PROMs in research settings, in daily practice the ABI and limited 

walking distance are still considered important outcome measures with regard to decision 
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making for (invasive) treatment of IC. A standardized treadmill test can assist in detecting 

the presence of PAD in case of a normal resting ABI, and is regarded as an objective and 

reproducible assessment of the walking distance. However, treadmill testing is an artificial 

condition which does not represent daily life in which patients experience pain during 

walking on a flat surface at their own pace. The WIQ is a well-validated instrument for 

expressing perceived walking impairment in patients with IC and has been suggested as 

an alternative to treadmill testing because of its correlation with changes in claudication 

distances on a treadmill. If the WIQ were to be used as an alternative to assess walking 

distances, it would be desirable to have information on the relation between the WIQ and 

daily life walking distances on the floor. For that reason, chapter 3 describes correlations 

between walking distances estimated by the patient, on the corridor and on a treadmill, and 

their correlation with the WIQ in patients with IC.

Currently, the most frequently applied therapies for IC are exercise programmes and PTA. 

Although both supervised exercise therapy (SET) and PTA already had proven to be effective 

in increasing maximum and pain-free walking distance in IC, there was no strong evidence of 

the superiority of one treatment over another. In chapter 4, we have  described the results of 

a systematic review of studies comparing SET with PTA in patients with IC. 

Consequently, in chapter 5 we present  the design and rationale of a multicenter 

randomized controlled trial in which patients with IC due to iliac artery stenosis or occlusion 

will be randomly assigned to PTA (with additional stent placement on indication) or SET 

to determine the optimal treatment strategy (SUPER study). The aim of the SUPER study is 

to compare the  clinical effectiveness and cost-effectiveness of SET and PTA as treatment 

for IC due to an iliac artery obstruction to determine the optimal treatment strategy. We 

hypothesised that first-line treatment with PTA is more effective than SET with regard to 

maximum walking distance, Qol and costs after 1 year.

Part II: Critical Limb Ischemia (CLI)

In accordance with patients suffering from IC, patient-reported outcomes such as Qol and 

FS are as important and increasingly recognized in patients with CLI. So far, no longitudinal 

studies were performed to evaluate changes in FS with the ALDS in patients who were 

treated for CLI. 
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In chapter 6, we have evaluated changes in FS measured with the ALDS and Qol measured 

with the VascuQol in patients who were treated for CLI and explored whether the ALDS 

and VascuQol could help identify subgroups of patients that might benefit from primary 

amputation instead of revascularization. Although PROMs are frequently recorded in 

patients with PAD to determine change in Qol as measure of effectiveness of treatment, 

the interpretation of such outcomes may be difficult. The interpretation of scores on these 

questionnaires is hampered by the lack of a definition as to what amount of change or 

difference in scores constitutes a clinically meaningful change or difference. For example, 

is a statistically significant mean difference of 0.44 from the baseline score, relevant for an 

individual patient? For that reason we introduce the minimally important difference (MID) 

to express clinically important benefit or deterioration rather than statistically significant 

differences or changes in PRO scores in chapter 7. We used Qol outcomes of patients treated 

for CLI and applied two different MID approaches (anchor-based and distribution-based).

Finally, in chapter 8 we provide a summary, general discussion and recommendations for 

future research and the translation in Dutch.
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ABSTRACT

Purpose

To assess the reliability and validity of the Dutch version of the vascular quality of life 

questionnaire (VascuQol) and the AMC Linear Disability Score (ALDS) in patients with stable 

intermittent claudication (IC).

Methods 

During a 5-month period we performed a prospective  study in which we included every 

patient with stable IC, who visited our vascular surgery outpatient clinic and consented to 

participate. Forty consecutive patients filled in the Dutch VascuQol, the ALDS, and Short 

Form-36 (SF-36). Twenty patients filled in the same questionnaires after 4 weeks. Internal 

reliability consistencies were expressed as Cronbach’s α. Test–retest reliability was expressed 

as intraclass correlation coefficients (ICC). Construct validity was expressed as Spearman rho 

correlations between SF-36 and relevant domains of Dutch VascuQol and the ALDS.

Results 

Internal reliability consistencies were, respectively, good and excellent for the total scores 

of VascuQol, SF-36, and ALDS (Cronbach’s α 0.87, 0.89, and 0.92). Test–retest reliability was 

excellent for the total VascuQol scores [ICC 0.91 (95% CI, 0.78–0.96)], and for the ALDS [ICC 

0.90 (95% CI, 0.76-0.96)]. Spearman correlations between VascuQol, ALDS, and SF-36 domains 

varied from r = 0.34-0.79.

Conclusion 

The Dutch VascuQol is a valid and reliable questionnaire for assessment of Qol in patients 

with IC. This study confirms the good clinimetric properties of the ALDS for assessing 

disability in patients with IC.
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INTRODUCTION

Patients with intermittent claudication (IC) due to peripheral arterial disease (PAD) 

experience a limitation in their daily activities. 1 The severity of the disease and functional 

impairment of patients with IC are usually quantified by measuring ankle-brachial pressure 

index (ABPI) in rest and after exercise, and walking distance on a treadmill. However, there 

are disadvantages to the sole use of these parameters because they do not reflect patient’s 

perceptions of their functional impairment.2-4 Assessment of health status (HS), quality of 

life (Qol), and functional status (FS) in addition to the measurement of ABPI and walking 

distance may therefore be more relevant to assess the impact PAD, especially for research 

purposes. HS expresses the impact of a disease on the level of physical, psychological, and 

social functioning of an individual. HS can be measured through generic instruments such 

as the Short Form 36 (SF-36). Measuring HS does not take into account the perception of the 

patient of his HS. The latter can be defined as Qol. Objective assessment of functioning (HS) 

and subjective appraisal of functioning (Qol) are therefore complementary.3,5,6 

For patients with PAD, disease-specific instruments to measure Qol have been developed 

such as the Vascular Quality of life questionnaire (VascuQol).7 The VascuQol was developed 

and validated in English-speaking patients with IC  and critical limb ischemia (CLI) and has 

been translated into other languages. Although the Dutch version of the VascuQol confirmed 

the better responsiveness than generic instruments in patients treated for PAD, there is 

no known formal evaluation of its validity.8 Measuring FS is a different method to assess a 

patient’s disability, as HS and Qol instruments do not focus on activities of daily life (ADL).9 A 

recently developed generic instrument to measure FS is the AMC Linear Disability Score item 

bank (ALDS). The ALDS uses the item response theory (IRT) to measure FS of patients with 

a wide range of stable, chronic diseases. 10–12 In a previous study in patients with IC and CLI, 

we already demonstrated a high internal consistency of the ALDS and a strong correlation 

with the VascuQol activity domain.9 The purpose of our study was to assess the reliability and 

validity of the Dutch version of the VascuQol and the ALDS in patients with stable IC.

METHODS

Patients

Between March 2009 and July 2009 we performed a prospective cohort study on all 

consecutive patients with stable IC, who visited our vascular surgery outpatient clinic and 

gave verbal consent to participate. Stable IC was defined as symptoms present for at least 

3 months. Inclusion criteria were: an ABPI < 0.90, and/or a reduction of 0.15 or more after 
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exercise, and planned conservative treatment. Patients with insufficient knowledge of the 

Dutch language or who were scheduled for a percutaneous transluminal angioplasty (PTA) or 

surgery were excluded.

Assessments

All patients completed a set of questionnaires in Dutch (VascuQol7,ALDS9,10,13,14, Appendix 1] 

and the SF- 363,5) and all were asked to complete these again after4 weeks. The patients who 

completed the questionnaires at both occasions will be referred to as group A and patients 

who did not complete the questionnaires twice as group B.

VascuQol

The VascuQol consists of 25 items, subdivided into five domains: pain, symptoms, activities, 

social well-being, and emotional well-being. Each item has 7 possible responses, ranging 

from 1 (worst possible) to 7 (best possible), respectively.7

ALDS

The ALDS consists of 77 items. Based on clinical relevance and adapted to the disability level 

of this patient group, a selection of 28 items was made for our study (Appendix 1). The scores 

were linearly transformed into values between 0 and 100 to facilitate interpretation. Lower

scores correspond with more disability.9

SF-36

The SF-36 consists of 36 items which evaluate eight different health domains on the general 

health status of patients. The SF-36 has been validated for use in Dutch.3,5 The time needed 

to complete each questionnaire was recorded. The questionnaires were completed by means 

of interviews by one of the authors (SvW). Ethical exemption for this study was obtained from 

AMC Medical Ethics Review Committee.

Analysis

Reliability

Cronbach’s α was calculated to measure the internal consistency of each questionnaire. 

Internal consistency reliability refers to the statistical coherence of the scale items, and is 

expressed as Cronbach’s α coefficient, which is based on the average correlation of items 

within a scale.15,16 Internal consistency is considered to be acceptable if α ≥ 0.6, satisfactory 

if α ≥ 0.7, good if α ≥ 0.8, and excellent if α ≥ 0.9.16 Values of Cronbach’s α for the ALDS were 

obtained using a specific IRT method that allows for missing item responses.11 Test–retest 

reliability was expressed as intraclass correlation coefficient (ICC) of absolute agreement 

based on a two-way mixed model with 95% confidence interval. An ICC ≥ 0.7 indicates a 

good reproducibility.
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Table 1: Characteristics of the total sample (n = 40 (%))
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Construct validity

Construct validity refers to whether a new instrument corresponds with existing instruments 

measuring the same construct. Since there is no reference standard for construct validity, 

one has to rely on correlations between related domains of different instruments to indicate 

construct validity. One would expect moderate to good correlations between the activities, 

pain, and emotional domains in the VascuQol with the physical, pain, and the mental 

health domains in the SF-36.7 Similar correlations could be expected between the physical 

functioning and physical component of the SF-36 and ALDS. The construct validity was 

expressed as Spearman’s rho correlation coefficient.12 The Mann–Whitney test was used 

to compare means between groups. Differences between proportions were tested with 

the Chi2 test or Fisher’s exact test where appropriate. A P value<0.05 indicated statistical 

significance in all instances. All analyses were carried out with SPSS 16.0 (SPSS Inc. Chicago, 

Illinois, USA).

RESULTS

Forty patients were included in this study (demographics are shown in Table 1). The median 

time (range) to complete the VascuQol, SF-36, and ALDS was 11 (6–20), 9 (5–16), and 3 (1–8) 

min, respectively. Twenty patients (50%) completed all questionnaires after 4 weeks (group 

A). Table 2 lists the mean VascuQol, ALDS, and SF-36 scores. There were no significant 

differences in baseline characteristics, total scores, and specific item scores between the total 

sample, group A, and group B (P>0.05; Tables 1, 2).

Internal consistency

VascuQol summary score, SF-36 summary score, and the ALDS had good and excellent 

internal consistency reliability (Cronbach’s α coefficient was 0.87, 0.89, and 0.92, respectively) 

(Table 3). Internal consistency of the VascuQol activity domain was satisfactory, and 

acceptable for all other domains. The internal consistency was at least satisfactory for most 

SF-36 domains, except for vitality and bodily pain.

Test–retest reliability

The reproducibility of the VascuQol was good (ICC’s between 0.77 and 0.91), except for 

the social domain. Also, the ALDS had good test–retest reliability (ICC 0.90) (Table 3). Most 

domains of the SF-36 had excellent ICC’s except for the role emotional and the mental 

component scores.
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Table 2:  Mean Qol*/HS**/ADL† scores (scores (SD))
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Construct validity

VascuQol versus SF-36 The pain and the activities domains of the VascuQol correlated 

moderately with the pain and the physical domains in the SF-36 [r = 0.57 (P<0.01) and r = 

0.57 (P<0.01)], respectively (Table 4). The correlation between VascuQol emotional and SF-36 

mental health domain was moderate, r = 0.59 (P<0.01). 

ALDS versus SF-36

The ALDS correlated moderately and good with the physical component and physical 

functioning domain of the SF-36, respectively [r = 0.66 and r = 0.76 (P<0.01)] (Table 4).

DISCUSSION

A prerequisite for every evaluation tool is that it has been shown reliable and reproducible. 

Our study shows that the Dutch VascuQol is valid and reliable for a cross-sectional survey, 

and supports the applicability of the VascuQol, also for a language other than the original 

version in English. We confirmed that the scale items of the VascuQol have acceptable 

internal consistency reliability. We also found excellent test–retest reliability of the VascuQol 

in patients with an unchanged disease status. This is important, because this proves that 

the VascuQol scores are robust. Construct validity of the Dutch version of the VascuQol 

was indicated by the moderate correlations between VascuQol pain and activities domains 

and SF-36 pain and physical domains. Correlations between comparable domains of the 

VascuQol and SF-36 were somewhat better for the physical domains than for the emotional 

domains. On the other hand, the emotional domain of the VascuQol did have a better 

responsiveness in the study by de Vries et al8 and thus seems to gauge better the concerns of 

patients with PAD than a generic questionnaire. 

Our study not only confirms the internal consistency reliability of the ALDS, but also that the 

ALDS is consistent in expressing the level of disability in patients with IC. The average ALDS 

scores in our study were 80 (SD 10) and 79.4 (SD 7.9) in the study of Met et al.9, respectively. 

What adds to the robustness of the ALDS is the excellent test-retest reliability. Construct 

validity of the ALDS was indicated by moderate and good correlations with the physical 

component and physical functioning domain in the SF-36, respectively. 

Thus, in this crosssectional study, the ALDS had reliable clinimetric properties that make it 

suitable to measure disability or level of ADL in patients with IC. The ALDS can be completed 

in a very short time, which adds to its applicability in research. Whether the ALDS is also 

useful for a longitudinal study, to measure changes in disability in patients with IC or CLI, is 

the subject that is yet to be determined. 
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Table 3: Results of reliability analysis

Table 4: Cross-sectional construct validity 
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We realize that our study has limitations. We tried to minimize bias by including a 

consecutive series of patients, but not all patients were willing to fill in the questionnaires for 

a second time. It may be that those patients have a different disease status or Qol than those 

who did not. Yet, we found no significant differences in baseline characteristics, Qol, and 

ALDS scores between both groups. Another limitation is the small sample size that results in 

estimates with a wide confidence interval. This may have led to unreliable estimates for the 

social domain score of the VascuQol and the role emotional and mental component scores 

of the SF-36. A larger sample size could also have allowed us to evaluate construct validity 

by means of validation of the scale structure with confirmatory factor analysis. In summary, 

our study shows that the Dutch VascuQol and the ALDS are reproducible, valid, and reliable 

for the evaluation of Qol and FS in patients with IC and are applicable in a research setting. 

Future research is necessary for the validation of the Dutch VascuQol and ALDS in view of 

their longitudinal validity.
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ABSTRACT

Objective 

Physicians and patients consider the limited walking distance and perceived disability when 

they make decisions regarding (invasive) treatment of intermittent claudication (IC). We 

investigated the relationship between walking distances estimated by the patient, on the 

corridor and on a treadmill, and the Walking Impairment Questionnaire (WIQ) in patients 

with IC due to peripheral arterial disease.

Methods

This was a single-center, prospective observational cohort study at a vascular laboratory 

in a university hospital in the Netherlands. The study consisted of 60 patients (41 male) 

with a median age of 64 years (range, 44-86 years) with IC and a walking distance <250 m 

on a standardized treadmill test. Main outcome measures were differences and Spearman 

rank correlations between pain-free walking distance, maximum walking distance (MWD) 

estimated by the patient, on the

corridor and on a standardized treadmill test, and their correlation with the WIQ.

Results

The median patients’ estimated, corridor, and treadmill MWD were 200, 200, and 123, 

respectively (P < .05). Although the median patients’ estimated and corridor MWD were not 

significantly different, there was a difference on an individual basis. The correlation between 

the patients’ estimated and corridor MWD was moderate (r = 0.61; 95% confidence interval 

[CI] 0.42-0.75). The correlation between patients’ estimated and treadmill MWD was weak 

(r = 0.39; 95% CI 0.15-0.58). Respective correlations for the pain-free walking distance were 

comparable. The patients’ estimated MWD was moderately correlated with WIQ total score 

(r = 0.63; 95% CI 0.45-0.76) and strongly correlated with WIQ distance score (r = 0.81; 95% CI 

0.69-0.88). The correlation between the corridor MWD and WIQ distance score was moderate 

(r = 0.59; 95% CI 0.40-0.74).

Conclusions

Patients’ estimated walking distances and on a treadmill do not reflect walking distances in 

daily life. Instruments that take into account the perceived walking impairment, such as the 

WIQ, may help to better guide and evaluate treatment decisions.
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INTRODUCTION

Treatment of patients with intermittent claudication (IC) is aimed at improving pain-free 

walking distance (PFWD), and subsequently quality of life, and at secondary prevention 

of cardiovascular events by controlling risk factors for atherosclerosis.1 The decision for 

(invasive) treatment is generally determined by the limitation in walking distance as 

perceived by the patient. An estimation of the pain-free or absolute walking distance can 

help guide decision making, but this is not as easy as it seems. It has been shown in one 

study that it is difficult for patients to estimate their actual walking distance on a corridor.2 

Standardized walking tests on a treadmill are widely used for a more objective assessment 

of walking distances and to evaluate the result of treatment both in practice and in research. 

However, walking on a treadmill is an artificial condition that is quite different from the 

patient’s daily walk on a mostly flat surface and at his or her own pace. This discrepancy has 

been proven in two studies that reported moderate correlations between walking distances 

on a treadmill and on the corridor, and also between patients’ estimates of walking distances 

and on a treadmill.2,3 

The Walking Impairment Questionnaire (WIQ) is a well-validated instrument for expressing 

perceived  walking impairment in patients with IC.4-8 The WIQ has been suggested as an 

alternative to treadmill testing because of its correlation with changes in claudication 

distances on a treadmill.7 However, the correlation between the WIQ and treadmill walking 

distances is weak.5 If the WIQ were to be used as an alternative to assess walking distances, 

it would be desirable to have information on the relation between the WIQ and daily 

life walking distances on the floor. Surprisingly, there is a paucity of data on this topic. 

McDermott et al8 found a moderate correlation between the distance covered during a 

6-minute walking test in a hallway and the WIQ distance score. Because there are no other 

studies that directly relate walking distances on a corridor to the WIQ, we conducted a 

study to determine correlations between walking distances estimated by the patient, on the 

corridor and on a treadmill, and their correlation with the WIQ.

METHODS

Study population and eligibility criteria. 

The study was designed as a prospective observational cohort study. The Medical Ethics 

Review Committee of our institution judged that the Medical Research Involving Human 

Subjects Act did not apply to our study and waived official ethical approval by the 

committee. All consecutive patients who visited our vascular laboratory between October 
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2010 and July 2011 for a treadmill test were informed about the study. We sent all patients 

a letter in advance and contacted them 2 days before the test to ask for their participation. 

Patients were included if they were 18 years or older, had complaints of disabling IC, had a 

maximum walking distance (MWD) on a treadmill test < 250 m, had an ankle-brachial index 

(ABI) < 0.9 or a decline in ABI of > 0.15 immediately after the treadmill test in at least one leg, 

and gave written informed consent to participate in the study. Patients were excluded if the 

treadmill test could not be carried out due to severe comorbidity or walking difficulties, and if 

the walking distance on the treadmill was > 250 m. Other exclusion criteria were participation 

in another study and insufficient knowledge of the Dutch or English language. Baseline 

characteristics and patients’ medical history and cardiovascular risk factors were recorded. 

Ankle brachial index measurements. 

A handheld Doppler probe (Nicolet VasoGuard; Viasys Healthcare Systems, Madison, Wisc) 

was used to obtain systolic pressures in the right and left brachial, dorsalis pedis, and 

posterior tibial arteries. The ABI was defined as the ratio of the highest of the ipsilateral 

dorsalis pedis and posterior tibial artery pressures and the highest systolic (left or right) 

brachial artery pressure.9 The ABI was recorded at rest and after a treadmill test. 

Assessment of walking distances. 

The PFWD was defined as the walking distance until the onset of claudication pain. The MWD 

was defined as the walking distance until intolerable claudication pain forced the patient to 

stop. Assessments were always in the same sequence. If patients qualified for the study after 

the treadmill test, they were asked to estimate their PFWD and MWD in daily life, and then 

they performed the corridor walking test. 

“Treadmill” walking distances. 

We used two different treadmill tests depending on availability. Allocation of the treadmill 

test was not randomized. One treadmill test was according to the TransAtlantic Inter-Society 

Consensus (TASC) II recommendations at a speed of 3.2 km/h and an incline of 10% (test I).1 

The other test was the regular treadmill test in our clinic at a speed of 3.0 km/h and an incline 

of 8% (test II). During the tests, PFWD and MWD were recorded. The MWD at each treadmill 

test was set at 250 m, as is usual in our clinic. Patients were blinded to their PFWD and MWD 

on the treadmill in an attempt to minimize bias for the other assessments.
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“Estimated” walking distances. 

All patients were asked to estimate their PFWD and MWD in daily life in meters (patients’ 

estimated walking distances) after they could be included in our study and gave consent to 

participate. 

“Corridor” walking distances. 

After the treadmill test, patients rested for at least 15 minutes and then were transported in a 

wheelchair to a 100-m walking course that was constructed on a corridor in our clinic. Every 

meter on this course was ticked, enabling us to measure the walking distances. The patients 

started at the 50-m tick and walked counterclockwise in order to try to keep the patient 

uninformed about the covered distance. Patients were instructed to walk at their own pace 

during corridor walking. We did not set a minimum or maximum distance. We recorded 

PFWD and MWD, and the time until PFWD and MWD, which allowed us to calculate the 

average walking speed until onset of pain, until the patient stopped, and the average overall 

walking speed. 

The WIQ. 

The WIQ is a brief questionnaire with three components: estimation of walking distance, 

walking speed, and stair climbing abilities. For each component, patients rank the degree of 

difficulty for the corresponding task on a Likert scale, which ranges from 4 (no difficulty) to 0 

(unable to perform the task). The WIQ distance, speed, stair climbing, and total scores range 

from 0% and 100%.10 The Dutch version of the WIQ has been shown to be a valid, reliable, 

and clinically relevant instrument for assessing walking impairment in patients with IC.6,7 

Statistical analysis. 

For baseline characteristics, differences in distribution of categorical variables were tested 

with the Fisher exact test or Chi2 test, and differences in continuous variables with an 

unpaired t-test or Mann-Whitney test where appropriate. We planned to do an analysis of 

the walking distances on a group level, comparing medians, and on an individual basis with 

correlation analysis. The patients’ estimated, corridor, and treadmill PFWD and MWD are 

expressed in meters. Assuming a non-normal distribution of continuous variables, we used 

Friedman two-way analysis of variance test to determine differences between the three 

assessments, which when applicable were further tested in two by two comparisons with 

the Wilcoxon signed rank test for paired data. Correlations and 95% confidence interval (CI) 

between PFWD and MWD at the three assessments were calculated with a Spearman rank 
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correlation test, assuming a non-normal distribution of data. Correlation is considered to be 

strong if r > 0.7, moderate if r is between 0.3 and 0.7, and weak if r is < 0.3.11,12 Correlations 

and 95% CI between WIQ distance score and patients’ estimated and corridor MWD, and 

correlation between WIQ speed score and corridor speed were calculated with the Spearman 

rank correlation test. All analyses were performed with SPSS version 18.0 for Windows (SPSS 

Inc, Chicago, Ill). P < .05 indicated statistical significance.

 

RESULTS

Patients. 

Between October 2010 and July 2011, 294 patients were referred to our vascular laboratory 

for a treadmill test with ABI measurements (pre- and post exercise) by physicians from 

different specialties. Sixty patients (41 men; median age 64 years; range, 44-86 years) were 

included in our study (Fig 1). Thirty patients completed treadmill test I, and 30 patients 

completed treadmill test II. Demographics and breakdown of baseline characteristics 

according to treadmill test are given in Table 1 and are typical for a population of claudicants. 

Table 1 also lists the breakdown of baseline characteristics according to treadmill test. 

There were differences between groups with regard to age, body mass index, and previous 

interventions, although these differences were not statistically significant.

Walking distances. 

Walking distances are listed in Table 2. Patients who did test II had shorter walking distances 

than did those who did test I. Table 3 lists the differences and correlations between the 

assessments for both tests together and separately. The median patients’ estimated, 

corridor, and treadmill MWD were 200, 200, and 123 m, respectively, which was a significant 

difference. The patients’ estimated and corridor median PFWD and MWD were significantly 

longer than the median walking distances on the treadmill. The median patients’ estimated 

PFWD and MWD were not significantly different from the PFWD and MWD on the corridor. 

The PFWD and MWD for both tests together (n = 60) are shown in Fig 2. There were 

differences, however, on an individual basis. The moderate correlations between the 

patients’ estimated and corridor PFWD and MWD are demonstrated in table 3 and Fig 3. The 

correlations between treadmill and corridor walking distances were moderate as well. The 

correlations between patients’ estimated and treadmill PFWD and MWD were weak. The 

reason for apparently discordant results for the analysis on the group level (the significant 

difference) and the individual level (correlation) is a possible systematic difference between 

two measurements, which can explain the significant difference in walking distances; also, 

these measurements can be moderately correlated on an individual level.
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Table 1. Baseline characteristics
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Correlation with WIQ scores. 

The WIQ scores and correlations with walking distances are given in Tables 2 and 4, 

respectively. Patients who did test II had lower WIQ scores than did those who did test I. 

The patients’ estimated MWD was strongly correlated with the WIQ distance score and 

moderately with the WIQ total score. The WIQ distance score correlated moderately with 

the corridor MWD and poorly with the treadmill MWD. The WIQ speed score correlated 

moderately with the average overall walking speed on the corridor.

Walking speed. 

Walking speed on the corridor is listed in Table 2. All corridor walking speeds (average 

walking speed until onset of pain [pain-free speed], speed until the patient stopped [pain 

speed], and average overall walking speed) were higher than both treadmill test speeds (3.0 

and 3.2 km/h).

DISCUSSION

Physicians and patients consider the limitations in PFWD and MWD and perceived disability 

when they make decisions regarding (invasive) treatment for IC. Self-reported walking 

distances do not seem reliable in this respect, perhaps because it is simply difficult to 

estimate distances for patients with claudication or any person.13 We found that, on 

aggregate, there were no significant differences in patients’ estimated and corridor walking 

distances in our study, but that on an individual level they were moderately correlated. 

Although one would expect claudicants who experience their limited walking distance every 

day to know how far they can walk, they cannot reliably estimate their corridor walking 

distance. This finding is in line with a previous study.2   Unfortunately, treadmill testing is not 

a more objective assessment of walking distance than self reported walking distances, nor 

is it more reliable. Our study confirms the moderate correlation between walking distance 

on a treadmill and on the corridor. Distances covered on a treadmill were shorter than on 

the corridor and shorter than patients’ estimates. In addition, patients walked faster on the 

corridor than on the treadmill. Thus, treadmill testing does not reflect walking in daily life. 

This is particularly the case for treadmill tests with an incline, such as we investigated in our 

study and are advocated in the TASC II recommendations.1 We found a good correlation 

between the WIQ distance score and patients’ estimated MWD. This is not surprising because 

the WIQ distance score is derived from the patients’ estimated walking distance. 
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Table 2. Assessments 



47

The correlation between corridor walking distance and the WIQ distance score was only 

moderate, as in the study by McDermott et al.8 This may seem disappointing; however, the 

WIQ takes into account the effort it takes for the patient to walk and the patient’s perceived 

impairment. Absolute walking distance may be less important for the patient. The WIQ 

total score also incorporates walking speed and stair climbing, and this score correlated 

moderately with patients’ estimates of walking distance. As such, the WIQ total score can 

identify limitations in daily walking ability and therefore can be helpful in guiding decisions 

on treatment. The findings of our study have implications for the evaluation of outcomes in 

research and in clinical practice: patient perception of walking impairment might be more 

important than walking distance. 

Although the importance of patient-reported outcomes is increasingly recognized, the 

primary end point in clinical trials in claudicants is most often the distance covered on 

treadmill. Only two trials comparing supervised exercise training (SET) and percutaneous 

transluminal angioplasty were powered to detect differences in quality of life.14,15 All other 

trials regarded functional status and quality of life as secondary end points, if at all.16 The 

fact that treadmill walking distance and walking impairment are not directly linked is clearly 

illustrated in the CLEVER (Claudication: Exercise Versus Endoluminal Revascularization) study, 

a randomised trial comparing SET and stenting in claudicants because of aortoiliac disease.17 

Although walking performance on a treadmill at 6-month follow-up was better in patients 

allocated to SET, patients in the stenting group had higher WIQ scores, reflecting less 

impairment. In our opinion, clinical trials should focus less on performance on treadmill tests 

and more on the functional status or generic and disease-specific quality of life to evaluate  

the treatment of patients with IC. Mays et al18 found in their recent literature review that in 

patients with IC, the generic Short Form 36 (SF-36) and the disease-specific WIQ are currently 

the most used instruments. One also could consider using such instruments in daily clinical 

practice for patients with claudication.

Study limitations. 

We realize that our study has limitations. We tried to minimize bias by studying a consecutive 

series. However, only a small number of patients who may not represent a general IC 

population met our inclusion criteria. This limits the external validity of the study. In addition, 

the small sample size compromises the precision of estimates. We used two different 

treadmill protocols, which is a weakness of the study. Although we did not find significant 

differences in baseline characteristics, we observed that patients who did the test at a lower 
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Table 3. Walking distances: comparisons and correlations

Table 4. Walking Impairment Questionnaire score correlations
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speed and a lesser incline tended to be older, had a higher body mass index, and more 

often had an earlier intervention. This probably is due to the allocation of new patients to 

the TASC II protocol and familiar patients to the usual treadmill protocol. The more severe 

disease status was reflected by the shorter walking distances in the familiar patients despite 

an easier treadmill test. The difference in patient disease status does not influence the 

correlations between self-reported and corridor walking distances and the WIQ. However, 

applying different treadmill protocols in different patient groups is likely to lead to different 

correlations. 

We found that the correlations between PFWD and MWD on the treadmill and the corridor 

were somewhat better in patients with more severe disease who did the easier treadmill test. 

These patients also might have been more familiar with treadmill testing than those who did 

the more difficult treadmill test. An advantage of using two treadmill tests is that we now 

know that the moderate correlations between walking distances were consistent over both 

treadmill protocols and probably are not a coincidental finding. Unfortunately, it was not 

possible to measure the reproducibility of the different walking tests due to logistic reasons. 

It has been reported that there is variation in walking distance on a treadmill, especially 

on those with a fixed speed and incline,19 and it is likely that the same is true for walking 

distances on the corridor. As a consequence we do not have information on the robustness 

of the found correlations. We attempted to estimate the walking distance in daily life by 

measuring the walking distance on a corridor. Although in our opinion corridor walking is 

a reasonable representation of everyday walking, it is not exactly the same as walking on a 

crowded pavement or on the street. Global positioning system recordings might provide 

more reliable information on outdoor walking capacity.20,21 Finally, we do not have reason 

to believe that the study is biased because the sequence of the walking tests was not 

randomized. Patients were blinded to the distance they covered on the treadmill test, and 

they were unaware that they could be included in the study only when the walking distance 

on the treadmill was < 250 m.

CONCLUSIONS

Patients’ estimated walking distances and on a treadmill do not reflect walking distances in 

daily life. This finding has implications for the indication for treatment of patients with IC. 

Instruments that take into account the perceived impairment, such as the WIQ, may help to 

better guide and evaluate treatment decisions, but further research is needed to define their 

role.
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ABSTRACT

Background

The aim was to summarize the results of all randomized clinical trials (RCTs) comparing 

percutaneous transluminal angioplasty (PTA) with (supervised) exercise therapy ((S)ET) in 

patients with intermittent claudication (IC) to obtain the best estimates of their relative 

effectiveness.

Methods

A systematic review was performed of relevant RCTs identified from the MEDLINE, Embase 

and Cochrane Library databases. Eligible RCTs compared PTA with (S)ET, included patients 

with IC due to suspected or known aorto-iliac and/or femoro-popliteal artery disease, and 

compared their effectiveness in terms of functional outcome and/or quality of life (Qol).

Results

Eleven of 258 articles identified (reporting data on eight randomized clinical trials) met the 

inclusion criteria. One trial included patients with isolated aorto-iliac artery obstruction, 

three trials studied those with femoro-popliteal artery obstruction and five included 

those with combined lesions. Two trials compared PTA with advice on ET, four PTA with 

SET, two PTA plus SET with SET and two PTA plus SET with PTA. Although the endpoints in 

most trials comprised walking distances and Qol, pooling of data was impossible owing to 

heterogeneity. Generally, the effectiveness of PTA and (S)ET was equivalent, although PTA 

plus (S)ET improved walking distance and some domains of Qol scales compared with (S)ET 

or PTA alone.

Conclusion

As IC is a common healthcare problem, defining the optimal treatment strategy is important. 

A combination of PTA and exercise (SET or ET advice) may be superior to exercise or PTA 

alone, but this needs to be confirmed.

CH
A

PTER 4 · SYSTEM
ATIC REVIEW

 O
F ET O

R PTA
 FO

R IN
TERM

ITTEN
T CLA

U
D

IC
ATIO

N



56



57

INTRODUCTION

Ability to walk is impaired in patients with intermittent claudication (IC) due to peripheral 

arterial disease (PAD).1 One of the aims of care for patients with IC is to increase walking 

distance, and subsequently improve quality of life (Qol).2,3 Drugs, exercise therapy (ET), 

percutaneous transluminal angioplasty (PTA) or surgery can relieve symptoms.4–7 Exercise 

programmes and PTA are widely accepted therapies for IC.7,8 Two systematic reviews 

demonstrated the superiority of supervised exercise therapy (SET) over standard care or 

unsupervised ET in increasing both pain-free and maximum walking distance (MWD).9,10 PTA 

is attractive as an initial therapy as it is instantly effective and durable, especially in patients 

with iliac artery disease.7,11 A Cochrane review12 summarizing the results of two randomized 

clinical trials (RCTs)13–16 found more short term benefit from PTA than conservative 

management (medication or ET), but this was not sustained after 1–2 years. Another review 

found that medical treatment (a home or supervised exercise programme, as well as risk 

factor modification) resulted in a longer walking distance than PTA at 1–2 years.17 Thus, 

the optimal treatment for symptom relief, PTA, ET or both, is still unknown. Given that six 

additional RCTs have compared PTA and exercise in the past 5 years18–25, an update on this 

topic is required in order to provide recommendations. The aim of this systematic review was 

to summarize the results of all RCTs comparing PTA with (S)ET to obtain the best estimates of 

their relative effectiveness. 

METHODS

This review was done according to the Preferred Reporting Items for Systematic reviews and 

Meta-Analyses (PRISMA) statement, which has been updated to address several conceptual 

and practical advances for performing a systematic review of RCTs.26,27

Literature search

A clinical librarian provided assistance with a computerassisted search of the MEDLINE, 

Embase and Cochrane databases to identify RCTs on (S)ET versus PTA for IC published 

between January 1966 and September 2010. Medical Subject Headings (MeSH) terms were 

used, and accompanying entry terms for the patient group, interventions and outcomes. 

The keywords ‘angioplasty’, ‘intermittent Claudication’, ‘exercise therapy’ were used, along 

with their synonyms (Table 1). There was no language restriction. Reference lists of all eligible 

articles were checked for other relevant studies. Conference proceedings were not searched, 

and experts in the field were not contacted.
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Study selection

Titles and abstracts were screened by two reviewers independently to identify potentially 

relevant articles. Discrepancies in judgement were resolved after discussion and, when 

necessary, after mediation by a third reviewer. Agreement between both observers for study 

selection was good (κ = 0.64). The full text of all potentially relevant articles was retrieved 

for further analysis. Studies were included if they met the following criteria: the patients had 

IC due to PAD and were allocated randomly to S(ET) or PTA with or without stent insertion. 

The arterial lesions could be localized in the aorto-iliac and/or the femoro-popliteal tract. 

Studies on PTA for treatment of critical limb ischaemia were excluded. If the same cluster of 

investigators reported their results in various journals, the papers were scanned for similarity 

and completeness, and the results combined in the review.

Quality assessment

The methodological quality of the included studies was assessed using the Cochrane 

checklist.28 The following items were assessed: randomization; allocation concealment; 

blinding of patients, clinicians and assessors to the received treatment; similarity in baseline 

characteristics; completeness of follow-up of a sufficient number of included patients; 

intention-to-treat analysis; and similarity of other treatment, aside from the allocated 

treatment.

Data extraction

Recorded study characteristics included: inclusion and exclusion criteria, total number 

of patients included and  excluded, age, sex distribution, single-centre or multicentre 

design, intervention type, duration of follow-up, time of randomization, description of PTA 

technique and complications, secondary prevention, description of the  treadmill test (speed, 

incline and duration), description of the exercise programme (frequency, duration, content) 

and Qol questionnaires used. Recorded outcome measures included:MWD in metres (total 

walking distance until intolerable claudication pain forced the patient to stop), initial 

claudication distance (ICD) in metres (walking distance until onset of claudication pain), ankle 

: brachial pressure index (ABPI) at rest and Qol scores.

Data analysis

As it was anticipated that the interventions for (S)ET would be heterogeneous, a meta-

analysis was planned in which the data would be pooled according to a random effects 

model, as long as clinical heterogeneity between studies was limited.29 Pooled estimates of 
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effect were to be expressed as weighted mean differences including 95 per cent confidence 

intervals (c.i.) for continuous outcome measures, and odds ratios with 95 per cent c.i. for 

dichotomous outcome measures. Analyses were prespecified for symptoms due to arterial 

obstructions in different anatomical regions (aorto-iliac, femoro-popliteal or mixed) and for 

different time points (baseline and follow-up).

RESULTS

Some 257 articles were identified from the databases and one unpublished trial from a thesis, 

giving a total of 258 papers (Fig. 1). Twenty-four papers were eligible after reading the title 

and abstract, and were retrieved as a full text for further analysis. Finally, 12 articles reporting 

data on eight RCTs fulfilled the inclusion criteria. One paper 14 was excluded because it 

reported 6-year follow-up of a trial that was already included, with 6- and 12-month results 

reported in another paper 13. Another reason for exclusion of this paper was incomplete 

follow-up for a substantial number of patients. The remaining 11 studies were used for data 

extraction and analysis.13,15,16,18–25

Study and baseline characteristics

Results of the methodological assessment of the eight RCTs are presented in Table 2. 

The overall methodological study quality was mediocre, and there was only one trial of 

high quality.22,23 Four trials were terminated prematurely13,15,16,18–20, and five were probably 

underpowered, or at least conducted without a power calculation.13,15,16,18–21

Table 3 shows the inclusion and exclusion criteria for each trial, demonstrating the 

heterogeneity of study populations. Table 4 lists the number of patients screened and 

finally included in each trial, baseline characteristics, allocation of treatment, and the timing 

and nature of outcome assessments. Several trials included only a small proportion of the 

screened patients (range 6.2-51.4 per cent). A total of 702 patients were included in the eight 

trials. The mean age of these patients was

65.3 (range 61.6–69.5) years and the majority were men (62.5 per cent).

Interventions

Two trials compared PTA plus ET advice with ET advice alone15,16,19,20, four compared PTA with 

SET13,18,22–24, two compared PTA plus SET with SET21,24 and two compared PTA plus SET with 

PTA24,25 (Table 4). Table 5 summarizes the diverse exercise programmes varying from home-

based exercise without supervision15,16,19,20 to SET programmes13,18,21–25. 
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The exercise programme included dynamic leg exercises13, exercise advice15,16,19,20, a walking 

circuit21, an exercise circuit18,24 and treadmill training22,23,25. In four trials, the intervention 

covered both PTA with, or without selective stent placement19–23,25; the other trials referred to 

PTA alone.

Complications

Two trials did not report complications of PTA18,24, and one did not report complications 

at all15,16. One trial reported ‘few’ complications19,20 and the other four trials three, four, six 

and seven complications respectively13,21–23,25. These complications consisted primarily of 

haematomas, but bleeding, artery dissections and artery rupture also occurred. For (S)ET 

either no complications

were reported, or no complications occurred. Compliance with (S)ET was mentioned 

occasionally, and reported as a percentage21, frequency per week13 or mean  total sessions 

attended25. Treatment failure, loss to follow-up or crossover to another intervention had 

multiple causes.

Secondary prevention (co-interventions)

Effective secondary prevention for cardiovascular events was outlined in recent 

guidelines.6,30 Secondary prevention with an antiplatelet drug and a statin can reduce the 

risk of cardiovascular events in this specific high-risk population.31 Secondary prevention 

as given in the included RCTs reflected changing insights over a long time, and varied 

widely. In one RCT, patients allocated to PTA and already on an antiplatelet drug could 

continue their medication, but it was unclear whether the other patients were prescribed an 

antiplatelet drug.13 Two RCTs prescribed an antiplatelet drug alone15,16,21, and one trial acted 

in accordance with the management of PAD in primary care, which was not specified18. One 

RCT advised an antiplatelet drug and a statin24, one recommended an antiplatelet drug, a 

statin and treatment of hypertension on indication19,20, and another advised an antiplatelet 

drug, a statin and regular check-up by an internist of risk profile, diabetes, lipids and 

hypertension22,23. The same holds for the remaining RCT, which also included lifestyle advice 

given according to the Dutch guidelines for cardiovascular risk management, and advice on 

smoking cessation25. As statins have been shown to increase walking distance in randomized 

trials32,33, an attempt was made to determine the effect of statins on walking distance in the 

individual studies. Unfortunately, none of the papers described in detail how many patients 

were taking a statin (Table 4). 
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Assessment of outcome

Table 6 shows the diversity in speed and duration for the treadmill tests. All but two RCTs 

used a treadmill test with a 10 per cent incline. These two trials used either a graded treadmill 

test or treadmill testing without an incline. Table 6 also shows the various instruments 

used for measuring QoL34–38. Generic questionnaires used were the Short Form 36 (SF-36; 

QualityMetric, Lincoln, Rhode Island, USA) in five RCTs19–25, the Nottingham Health Profile15,16 

and the EuroQol 5D (EQ-5D; EuroQol Group, Rotterdam, The Netherlands)22,11,25. Three RCTs 

used the disease-specific Vascular Quality of life questionnaire (VascuQol)22–24 and the 

Claudication Scale (CLAU-S)19,20. Other applied questionnaires were the Walking Impairment 

Questionnaire (WIQ)25 and a visual analogue scale score for pain19,20.

Study outcomes

All outcomes (MWD, ICD, ABPI) of the trials are shown in Figs 2–4 and Tables 7-9. These results 

are presented by anatomical region: aorto-iliac, femoro-popliteal, and mixed aorto-iliac and 

femoro-popliteal artery disease. For clarity, it was decided not to list all details of the Qol 

assessments. Because the interventions and outcome assessments were very heterogeneous, 

the data could not be pooled. Therefore, the results of the individual trials are reported in 

brief in the following sections.

Aorto-iliac artery disease

The Mild to Moderate Intermittent Claudication (MIMIC trial) compared SET versus SET plus 

PTA for the aorto-iliac and femoro-popliteal regions separately.21 For the aorto-iliac region 

the mean MWD increased in both groups at 6 months’ follow-up compared with baseline, 

but significantly more in the group with additional PTA (P = 0.04). Clinical improvement, 

defined as walking 200 m without claudication, was attained significantly more often in the 

additional PTA group at 6, 12 and 24 months (Fig. 2; table 7). Patients with additional PTA 

scored better on the SF-36 physical domain at 24 months.

Femoro-popliteal artery disease

Three trials included patients with femoro-popliteal arterial disease (Fig. 3; Table 8).One 

trial comparing SET and PTA reported significantly better improvements in MWD, ICD and 

ABPI after PTA at 6 month follow-up. No data on Qol were reported in this trial.18 The MIMIC 

trial found that patients with PTA in addition to SET had a significantly longer MWD after 24 

months, but not at 6- and 12-month follow-up. The largest clinical improvement (defined as 

walking 200 m without claudication) observed in the SET alone group was 25 per cent at 12 
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months’ follow-up; in the group with additional PTA the clinical improvement ranged from 

32 per cent at 6 months to 63 per cent at 24 months, which was significantly better. The APBI 

was also significantly higher in the additional PTA group at 24 months. Qol assessed with the 

SF- 36 was similar for all domains for both groups at 24 months.21  The last trial compared 

three interventions: SET, PTA and SET combined with PTA24. Follow-up was recorded after 3 

months. The MWD, ICD and ABPI increased in all three groups compared with baseline, with 

the best improvement in patients allocated to SET plus PTA. Improvements in MWD, ICD and 

ABPI between the SET and PTA groups were similar. Changes in Qol measured with SF-36 and 

VascuQol were also similar for the three groups. In summary, SET with additional PTA gave 

the best improvement in MWD, ICD and ABPI. Changes in MWD, ICD and ABPI between PTA 

and SET were equivocal, either comparable or in favour of PTA. Qol improved significantly 

during follow-up compared with baseline for all treatments, without differences between 

the groups.

Mixed aorto-iliac and femoro-popliteal artery disease

The results for MWD, ICD and ABPI are presented in Fig. 4 and Table 7-9. Five trials did not 

specify the level of arterial obstruction. One trial included patients with both iliac artery, 

superficial femoral artery (SFA) and combination disease.13 This trial compared SET with 

PTA. SET conferred a significantly greater improvement in MWD and ICD than PTA at 6, 9, 12 

and 15 months. The ABPI improved only in the PTA group in the first 3 months, and this was 

sustained at 6 and 9 months.13  Two RCTs compared optimal medical treatment (OMT) versus 

OMT with additional PTA.15,16,19,20 In the first trial OMT consisted of daily aspirin, and advice 

on smoking and exercise.15,16 MWD was not different between groups after 6 and 24 months. 

The ICD and ABPI improved in favour of the PTA group after 6 months, but at 24 months 

only the OMT group had improved further. In the second trial OMT consisted of medication, 

and advice on smoking, nutrition and exercise.19,20 The MWD and ICD were significantly 

increased at 3, 12 and 24 months compared with baseline. Only in the group with OMT and 

additional PTA did the ABPI improve significantly compared with baseline at all time points. 

All improvements were significantly better in the OMT plus PTA group compared with OMT 

alone at the different follow-up intervals. In another RCT, patients were allocated to SET or 

PTA for both iliac and femoral lesions.22,23 Approximately 70 per cent of the patients had 

iliac artery disease. After 6 and 12 months of follow-up MWD, ICD and ABPI were improved 

compared with baseline in both groups, without significant differences between them, 

except for ICD at 6 months in favour of SET. The last trial compared PTA versus PTA plus SET 

in a majority of patients with iliac artery lesions (85 per cent).25 The MWD increased in both 
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groups at 3 and 6 months compared with baseline, but significantly more in the PTA group. 

The ABPI at 6 months was similarly improved in both groups compared with baseline. In 

summary, for mixed iliac and femoro-popliteal artery disease, PTA plus SET compared with 

PTA alone demonstrated an improvement in MWD25. The two trials evaluating SET versus 

PTA had inconsistent results: one showed a benefit in terms of MWD and ICD after SET and 

in ABPI after PTA13; the other trial demonstrated equal benefit in both groups, without 

significant differences22,23. Results on MWD, ICD, ABPI and Qol from the two trials comparing 

OMT plus PTA versus OMT were ambivalent.15,16,19,20 For some outcomes both trials showed 

results in favour of OMT plus PTA. In all these trials, however, PTA was performed additionally 

in patients undergoing OMT (advice on smoking, nutrition and exercise plus medical 

therapy). Data on Qol in these five trials were assessed by seven different instruments with 

equivocal results.

DISCUSSION

The aim of this systematic review was to obtain the best available evidence on the relative 

effectiveness of PTA, (S)ET or their combination to provide recommendations for treatment 

of patients with IC. Owing to the heterogeneity of the interventions, especially of ET, and 

the assessment of outcomes, it was not possible to draw definitive conclusions. Comparing 

SET alone with PTA alone did not demonstrate the superiority of one treatment over the 

other.13,18,22–24 It seems that patients benefit most from the combination of PTA and SET, 

although this was not observed for all outcomes.21,24,25 It might be that PTA gives patients a 

head start for effective SET, reflected by a better increase in walking distance; however, this 

did not improve Qol more than SET or PTA alone. The evidence base for treatment of IC with 

either SET or PTA is not solid. The interpretation of the present findings is limited not only by 

the heterogeneity of interventions, and the heterogeneity of assessment and reporting of 

outcome measures, but also by shortcomings in design of individual studies. 

Studies were generally of mediocre methodological quality, of small sample size and 

underpowered, or even conducted without a power calculation. In addition, some trials were 

terminated prematurely. The patients were heterogeneous with regard to baseline walking 

distance and mixed location of arterial lesions. Although most included studies showed that 

ET can improve walking distance, the most effective exercise regimen (intensity, frequency, 

duration) remains unknown. This was reflected in the variation in exercise programmes in the 

trials. Furthermore, co-interventions such as secondary prevention with antiplatelet agents 

or statins, which might influence the study outcomes, were different within and among trials. 
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Finally, in only one study was the outcome assessor blinded to the allocated treatment to 

minimize the risk of bias.22,23 

An important finding of the present review is that there is no consensus on how to evaluate 

the success of an intervention in patients with claudication. The aim of treating such patients 

is to improve pain-free walking distance and presumably Qol. Although standard treadmill 

testing is not representative of daily life39, it seems attractive for comparison within and 

between studies. Despite the publication of the Trans-Atlantic Inter-Society Consensus 

Document on Management of Peripheral Arterial Disease (TASC), which proposed a standard 

treadmill test of 2 m.p.h. (3.2 km/h) and 10–12% incline6, few investigators adhered to 

these recommendations. Uniformity in assessment of walking distance is desirable in future 

research to facilitate comparison of study outcomes. Yet, the ideal treadmill test in this 

respect is unknown. The graded Gardner protocol might be preferred because of its better 

reproducibility compared with non-graded tests.40 Alternatively, corridor walking might 

better reflect the functional capacity of claudicants than the somewhat artificial assessment 

of a treadmill test.41 

There is no consensus on the assessment of Qol in claudicants, given that seven different 

instruments were used in the included studies. Based on current knowledge, the ideal 

Qol questionnaire is not yet known, but a suggestion for future research is to choose 

one generic (for example SF-36) and one disease-specific (such as WIQ or VascuQol) Qol 

instrument, if only to facilitate the interpretation of individual study results. Like any other 

systematic review, this review was subject to potential publication bias. No attempt was 

made to identify grey literature (unpublished studies); Hopewell and colleagues42 pointed 

out that published trials tend to be larger and show an overall greater treatment effect than 

unpublished trials. 

It has been stated that SET is an underutilized tool for the management of IC.43 The 

superiority or inferiority of SET over PTA has not yet been demonstrated, leaving both 

treatments suitable options for improving walking distance, irrespective of the level of 

arterial obstruction. Although complications of PTA were few in the trials, it is known from 

other studies that invasive treatments are associated with risks.7 This should be taken into 

account when deciding on a specific treatment. On the other hand, the effectiveness of 

SET may be limited by poor patient compliance. It might be that a combination of PTA and 

exercise (SET or exercise advice) is superior to exercise or PTA alone, but this needs to be 
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confirmed. In addition, optimization of SET and technical developments in percutaneous 

techniques, such as the use of drug-eluting balloons and stents, might improve the 

effectiveness of interventions. However, at the moment the results of these developments 

are awaited.44,45 Finally, more studies are needed to address the cost-effectiveness of each 

treatment strategy. 46
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ABSTRACT

Introduction

Treatment of intermittent claudication (IC) due to peripheral arterial disease (PAD) is aimed

at improving walking distance and includes secondary prevention of cardiovascular disease. 

Both supervised exercise therapy (SET) and percutaneous transluminal angioplasty (PTA) 

have proven to be effective in increasing maximum and pain-free walking distance in IC. 

However, the optimal treatment strategy in patients with IC due to iliac artery stenosis or 

occlusion remains unclear.

Objective

To compare the (cost-) effectiveness of initial PTA versus initial SET in patients with disabling 

IC due to an iliac artery obstruction.

Design

In a multicentre randomised controlled trial 400 consecutive patients with IC will be 

randomly assigned to PTA (with additional stent placement on indication) or SET. Primary 

outcomes are maximum walking distance and health-related quality of life measured using 

the disease-specific VascuQol instrument after 1 year. Secondary outcomes are pain-free 

walking distance, functional status, generic quality of life, complications related to each of the 

interventions, additional interventions, treatment failures and costs (cost-effectiveness and 

cost-utility) after 1 year.

Conclusion and implications

Based on the results of this proposed large study well-founded adjustments of existing 

guidelines on the treatment of iliac artery occlusive disease can be implemented. 

WHAT THIS PAPER ADDS

We present the design and rationale of the recently initiated SUPER study, a multicentre 

randomised controlled trial on supervised exercise therapy or immediate PTA for intermittent 

claudication in patients with an iliac artery obstruction. Intermittent claudication is a 

common and disabling condition and there still is no consensus regarding the most optimal 

treatment for this large and heterogeneous patient population. With this study we hope to 

influence future clinical practice and eventually provide a clinical and cost-effective package 

of care for intermittent claudication in patients with an iliac artery obstruction.
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INTRODUCTION

Treatment of patients with intermittent claudication (IC) is aimed at increasing pain-free 

walking distance and subsequently quality of life (Qol). Treatment also includes secondary 

prevention of cardiovascular events by controlling risk factors for atherosclerosis. Exercise 

programmes, percutaneous transluminal angioplasty (PTA), drugs and surgery can effectively 

relieve IC.1-4 

Currently, the most frequently applied therapies for IC are exercise programmes and PTA.4,5 

A systematic review of eight randomised controlled trials (RCTs) comparing both supervised 

and unsupervised exercise therapies ((S)ET) with PTA was unable to demonstrate the 

superiority of one particular therapy with regard to walking distance and Qol. This review 

included 702 patients with IC due to both aorto-iliac and femoro-popliteal artery disease.6 

The implications for patient management based on this systematic review are unclear, 

as most studies do not specify the degree of arterial obstruction. PTA of an iliac artery 

obstruction is an attractive and effective treatment with 4-year patency rates of 70%.4 SET 

can also effectively improve pain-free walking distance,7,8 but specifically in patients with iliac 

artery stenosis or occlusion the benefit of SET is unclear. The only published high-quality RCT 

included 106 patients with an iliac artery obstruction and could not demonstrate a difference 

in effectiveness between PTA and SET, possibly because the study was underpowered. 9,10 

Thus, the optimal treatment strategy of patients with IC due to an iliac artery obstruction still 

needs to be defined. The objective of the SUPER study is to compare the clinical effectiveness 

and the cost-effectiveness of SET and PTA as treatment for IC due to an iliac artery 

obstruction. We hypothesise that first-line treatment with PTA is more effective than SET with 

regard to maximum walking distance (MWD), Qol and costs after 1 year.

METHODS

Setting

SUPER study is a multicentre randomised controlled trial and will be conducted in 15 Dutch 

hospitals and their allied local physiotherapy practices. The study aims to include 400 

consecutive outpatients with IC who are able to walk a distance of between 100 and 300mon 

a treadmill at 3.2 km/h and 10% incline. All patients must have an iliac artery obstruction 

with a diameter reduction >50% as assessed by colour duplex scanning (CDS), magnetic 

resonance angiography (MRA) or computed tomography angiography (CTA). Usually, 

patients are referred by a general practitioner to the participating hospital where they are 
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further evaluated by a vascular surgeon. A concomitant >50% stenosis or occlusion in the 

superficial femoral artery (SFA) is not a contraindication to inclusion. For all inclusion and 

exclusion criteria, see Fig. 1. 

The final results of the trial will be reported in line with the CONSORT (CONsolidated 

Standards of Reporting Trials) statement.11 Ethics and informed consent The study will 

be conducted according to the principles of the Declaration of Helsinki (World Medical 

Association Declaration of Helsinki Ethical Principles for Medical Research Involving Human 

Subjects Version Edinburgh, Scotland, October 2000), with Note of Clarification on Paragraph 

29 added by the WMA General Assembly, Washington 2002 end Note of Clarification on 

Paragraph 30 added by the WMA General Assembly, Seoul 2008 and in accordance with the 

Medical Research Involving Human Subjects Act (WMO) and other guidelines, regulations and 

Acts.12 Patients can only participate in the study when they fulfil the inclusion criteria and give 

written informed consent. The study has been approved by the Medical Ethical Committee at 

the Academic Medical Center, Amsterdam (MEC 09/285). The SUPER study is registered under 

Trial registration NTR2776 and NCT01385774.13,14

Treatment groups

Participating patients will be randomly allocated to SET or PTA.

SET group

SET will be either hospital-based or community-based in accordance with the guidelines of 

the Royal Dutch Society for Physiotherapists.15 SET will be given for 6 months. It will start 

with a frequency of 2 times a week for 12 weeks, then once a week for 8 Figure 1. weeks and 

finally once every 2 weeks for 4 weeks. After 6 months, patients are regarded sufficiently 

trained and will perform the training on their own. Compliance to SET is recorded by the 

physiotherapist (PT) at 1, 3 and 6 months. Furthermore, we will ask the patients at the 12 

months’ follow-up visit if they have had SET by a PT between 6 and 12 months. A well-

designed SUPER study SET programme has been created. The summary of this programme 

is shown in Fig. 2. The SET programme is sent in advance to each PT practice, who will train 

a SUPER study patient. We will refer each SUPER study patient only to a dedicated trained 

PT, who is able to offer SET according to the SUPER study SET programme. In addition, we 

will perform visits and interviews with the PT practices to check if the programme is indeed 

executed.
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PTA group

The PTA procedure will be performed by an experienced interventional radiologist. An 

experienced radiologist is officially registered with and certified by the Dutch society of 

Interventional Radiology. An additional stent will be placed if the residual mean pressure 

gradient is greater than 10 mmHg across the treated site or in case of a residual stenosis 

of more than 30%, which is considered a poor initial result.16,17 All PTA patients will be 

encouraged to undertake at least three walking sessions every day. Cardiovascular risk factor 

management and background therapy In accordance with the Dutch guideline “Diagnosis 

and treatment of peripheral arterial disease of the lower extremity,”18 irrespective of 

cholesterol levels, all patients will receive a statin, antiplatelet therapy (aspirin 100 mg) and, 

if necessary, blood pressure lowering therapy (targets 140/90 mmHg and 130/80 mmHg in 

diabetics). Patients will be advised to stop smoking.

Co-intervention

If, after a minimum of 6 months, IC continues to be persistent and disabling in patients 

allocated to SET, a delayed PTA may be carried out. Also, if persistent disabling IC continues 

after initial PTA, the patient may be referred for additional SET. Persistent disabling IC is 

defined as persisting symptoms perceived by the patient. Delayed PTA or additional SET will 

be considered as treatment failure. 

Randomisation

Randomisation will be computer- and web-based using stratification to ensure a balanced 

distribution of known possible confounders in both treatment groups, and in blocks of 

variable size. Randomisation will be stratified according to the following characteristics: 

MWD at baseline (less or more than 200 m), and concomitant SFA stenosis or occlusion. To 

ensure allocation concealment the randomisation list has been generated using an online 

computer software program (ALEA NKI-AVL, Amsterdam, The Netherlands, Release: 2.2.) and 

implemented into the web-based application.

Assessments

Fig. 3 shows the timeline of patient inclusion and follow-up with accompanying assessments. 

Follow-up assessments are scheduled at 1, 6 and 12 months after start of treatment, SET or 

PTA. At baseline and follow-up visits pain-free and MWD will be assessed using a treadmill 

test which, in accordance with the Trans Atlantic Inter-Society Consensus (TASC) guidelines, 

is set at 3.2 km/h and 10% incline.3 At follow-up visits (at 1, 6 and 12 months) the treadmill 
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test will be recorded by an observer who is blinded to treatment allocation. For logistical 

reasons the MWD will be set at 800 m, equivalent to 15 min on the treadmill, at the three 

follow-up assessments. The ankle-brachial index (ABI), defined as the ratio of the highest 

systolic pressure of the dorsal pedal and posterior tibial arteries divided by the highest of 

both brachial systolic pressures,19 will be measured at rest and after the treadmill test. CDS, 

MRA or CTA will be used to grade patency of the iliac artery in patients allocated to the PTA 

group after 12 months. Health-related Qol and functional outcome questionnaires will be 

used to measure patient-centred outcomes such as ambulatory status, activities of daily life 

(ADL), independence and perceived psychosocialwell-being.20,21 For health-related QoL, both 

generic Qol, using EQ-5D and Short Form36 (SF-36)22 questionnaires and disease-specific 

Qol, using the Vascular Quality of Life (VascuQol) questionnaire, will be used.23-25 Generic 

scales are less sensitive in detecting subtle changes in Qol. 

Functional outcome will be evaluated by the AMC Linear Disability Score (ALDS). The ALDS 

is a generic item bank used to assess the level of ADL in patients with chronic disease.26 The 

ALDS item bank contains 77 items covering a wide scale of daily activities. From the item 

bank, clinicians can select the items that are most applicable to the population that they are  

investigating (‘best’ items). Based on clinical relevance and adapted to the disability level 

of this specific patient group, 28 items have been selected for the current study. The scores 

range from 0 to 100 and lower scores correspond with a higher level of disability. Previous 

evaluation of ALDS in patients in various stages of peripheral arterial disease has shown good 

internal reliability, consistency and correlation with the activity domain of the VascuQol.27,28 

All four questionnaires (EQ-5D, SF-36, VascuQol and ALDS) will be recorded at baseline,1, 6 

and 12 months’ follow-up. The EQ-5D will also be completed at 1-week follow-up.

Outcomes

Primary outcomes are MWD on a standardised treadmill test at a speed of 3.2 km/h at 10% 

incline, and Qol measured using the disease-specific VascuQol instrument after 1 year. 

Secondary outcomes are pain-free walking distance on the treadmill, functional status as 

assessed by the AMC Linear Disability Score (ALDS), generic Qol measured with the SF-36 and 

EQ-5D, complications related to both interventions, treatment failures (defined as crossover 

to the other treatment arm), additional interventions and costs after 1 year (Fig. 4).
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Analysis

Analysis is carried out according to the intention-to-treat principle. Baseline characteristics 

are summarised using descriptive statistics. Differences in MWD and Qol at 12 months 

between the treatment groups will be compared with a two-tailed unpaired t-test, and, if 

necessary, multiple linear regression to take into account unbalanced baseline values of 

the VascuQol and treadmill test. Additionally, the repeated data structure of both primary 

outcomes is analysed using a mixed linear model. For comparisons of the secondary 

outcomes, depending on the distribution of data the Chi2-test or Fisher’s exact test, unpaired 

t-test or Mann-Whitney test are used. In all analyses, statistical uncertainties are expressed in 

95% confidence intervals and p-values <0.05 will indicate statistical significance.

Sample size

Since little is known about the expected treatment effect that will be revealed on the 

continuous VascuQol scale, Cohen’s effect size d is used as the benchmark to assess the 

relative magnitude of score differences between each of the treatment groups. We assume a 

moderate effect (d ¼ 0.4) on Qol and MWD. A sample size of 180 patients in each group has 

90% power to detect a difference in VascuQol score means of 0.377 between the SET and the 

PTA group, at a two-sided significance level of 5% (assuming overall VascuQol scores of 4600 

and 4977 (common standard deviation (SD) 1.1), respectively). Using an unpaired t-test with a 

0.05 two-sided significance level, this sample size also has 90% power to detect a difference 

in means of 86 m MWD on a treadmill at a speed of 3.2 km/h at 10% incline (SET group mean 

of 250 m and the PTA group mean of 336 m) assuming a common SD of 250 m. Anticipating a 

maximum dropout rate of 10%, 200 patients need to be included in each treatment arm.

Cost-effectiveness analysis

The economic evaluation of PTA versus SET will be performed from a societal perspective as 

a cost-effectiveness analysis with the costs per patient able to walk 250 m at a speed of 3.2 

km/h with a 10% incline as a primary outcome measure. Additionally, a cost-utility analysis 

will be carried out with the costs per quality adjusted life-year (QALY) as outcome. The 

EQ-5D is used to generate health status scoring profiles over time, which will subsequently 

be translated into QALYs by applying time trade-off based health-utility algorithms and 

assuming that interpolation between successive measurements best reflects a patient’s 

health status during the year.29,30 The time horizon for the cost-effectiveness as well as cost-

utility analysis is 1 year. The evaluation will include the direct medical costs, out-of pocket 

expenses and the indirect non-medical costs of productivity losses. 
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 Volume data will be gathered with clinical report forms, available hospital information 

systems and the Dutch Health and Labour Questionnaire adapted for this patient population 

(to be completed at baseline, and at months 1, 6 and 12). Unit costing will comply with 

the Dutch costing manual for health-care research. After price-indexing all costs will be 

expressed in euros for the base year 2011. The sample size of 400 patients (accounting for 

10% dropout) is sufficient to detect clinically relevant differences in QALYs based on the 

EQ-5D, which is a generic health status measure that is less sensitive than the disease-

specific VascuQol. Starting at a baseline health utility level of about 0.69 (SD 0.2) in the study 

population,10 we expect a 10% improvement in the SET arm, resulting in a health utility of 

0.759 following treatment. A clinically relevant difference favouring PTA over SET would be a 

doubling of such an improvement (i.e., by 20%). Given the follow-up duration of 12 months, 

the sample size of 180 patients per group has 90% power to detect a difference in means 

of 0.069 in QALYs (SET group mean of 0.759 QALY and the PTA group mean of 0.828 QALY) 

assuming a common SD of 0.2 QALY and using a 0.05 two-sided significance level.

Safety monitoring

To ensure the safety of each study subject a Data Safety Monitoring Committee (DSMC) has 

been established. The DSMC will not only advise the SUPER study investigators regarding the 

continuing safety of study participants but also ensure the integrity of the study conduct and 

results, provide an independent review of safety and will review the formal safety analysis. 

Two interim analyses of safety are planned for this study.

Safety analysis

There is no formal safety stopping guideline for this study, since both treatments are 

standard clinical care. The DSMC may recommend stopping the study at any time for 

significant safety issues. The DSMC may also recommend an unplanned interim analysis due 

to safety concerns.

Other considerations

In our systematic review, we found no evidence for the superiority of any combination of 

SET and PTA over another. Yet, it is common practice to refer a patient with IC and an iliac 

obstruction for a PTA and not SET. The aim of our study is therefore to compare the relative 

effectiveness of both treatments. It would be relevant to compare other combinations, such 

as SET versus SET and PTA, or PTA versus SET and PTA, as such studies will determine the 

additional value of the combination of interventions over a single intervention. We know 

that a third study arm with a combination strategy with PTA and SET would provide more 
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answers, but due to logistic reasons, costs and the fact that a much larger sample size would 

be needed to detect clinically relevant differences we decided to restrict the study to a head-

to-head comparison of PTA and SET.

CONCLUSION AND IMPLICATIONS

As multiple vascular specialists are involved in the care of patients with intermittent 

claudication, knowledge transfer is primarily aimed at these health-care professionals. The 

results of this study will contribute to existing guidelines on the treatment of iliac artery 

occlusive disease. Implementation of the results and guidelines will be facilitated by the 

broad network of participating hospitals (a wide spectrum of institutions including academic 

and teaching hospitals), and allied physiotherapy practices. This study will be the largest 

RCT on this subject to be carried out so far and the impact of the findings will therefore 

be substantial, from both a practical and a scientific point of view. The official SUPER study 

inclusion will start in September 2011. With an inclusion period of 2 years and 1-year follow-

up, the first results are expected by the end of 2014. 
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ABSTRACT

Objective

This study evaluated changes in functional status with the Academic Medical Center Linear 

Disability Score (ALDS) and in quality of life with the Vascular Quality of Life Questionnaire 

(VascuQol) in patients treated for critical limb ischemia (CLI).

Methods

We conducted a prospective observational cohort study in a single academic center that 

included consecutive patients with CLI who presented between May 2007 and May 2010. The 

ALDS and VascuQol questionnaires were administered before treatment (baseline) and after 

treatment at 6 and 12 months of follow-up. Changes in functional status (ALDS) and quality 

of life (VascuQol) scores after 6 and 12 months, compared with baseline, were tested with the 

appropriate statistical tests, with significance set at P < .05.

Results

The study included 150 patients, 96 (64%) were men, and mean (6 standard deviation) age 

was 68.1 (+/-12.4) years. The primary treatment was endovascular in 98 (65.3%), surgical 

in 36 (24%), conservative in 11 (7.3%), or a major amputation in five (3.3%). The ALDS was 

completed by 112 patients after 12 months. At that time, the median ALDS score had 

increased by 10 points (median, 83; range, 12-89; P = .001) in patients who achieved limb 

salvage, which corresponds with more difficult outdoor and indoor activities. In patients 

with a major amputation, the median ALDS score decreased by 14 points (median, 55; range, 

16-89; P = .117) after 12 months, which corresponds with domestic activities only. VascuQol 

scores improved significantly in all separate domains for the limb salvage group (P < .001). 

All VascuQol scores, except for the activity and social domains, increased significantly after 

amputation.

Conclusions

Our study confirms the clinical validity of the ALDS in patients treated for CLI and shows that 

it is a valuable and sophisticated instrument to measure changes in functional status in these 

patients.
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INTRODUCTION

Treatment of patients with critical limb ischemia (CLI) is aimed at relief of ischemic pain and 

wound healing. Whereas traditional outcomes such as bypass patency and limb salvage 

are important to assess the effectiveness of treatment for CLI, the importance of patient-

reported outcomes such as functional status (FS) and quality of life (Qol) is increasingly 

recognized. Qol expresses the patient’s perception of disease, along with expectations and 

values, on mental, social, and physical functioning. The Vascular Quality of Life Questionnaire 

(VascuQol) is a reliable and valid instrument to assess Qol in patients with peripheral arterial 

disease (PAD).1-3 Disability in performing activities is one of the domains of Qol instruments.4 

However, Qol instruments are not designed to express the level of functioning, but to 

evaluate the patient’s perception thereof. Disability is more closely related to the disease 

than Qol, and as such, a more objective indicator of functional outcome. The scant available 

data on functional outcome after treatment for CLI are mainly confined to gross measures 

such as ambulation and residential status.4-7 

The Academic Medical Center Linear Disability Score (ALDS) is a more sophisticated 

instrument to measure FS because it expresses FS in terms of activities of daily life. The 

ALDS is a generic item bank that is able to measure the disability status of patients with a 

broad range of diseases.8-12 Scores range between 0 and 100 on a linear scale, with higher 

scores corresponding with the ability to perform more difficult activities (Supplementary 

Table, online only). Construct and clinical validity of the ALDS have been proven in patients 

with intermittent claudication and CLI.13,14 The ALDS has been found easy to use and can 

be completed in a very short time,14 which not only adds to its applicability in research 

but also to its use in daily practice. The ALDS has been developed within the framework 

of item response theory (IRT). Hence, its hierarchic properties are well suited to assess 

the effect of treatment over time and to compare different treatment modalities and the 

difference in effects of treatment between hospitals. FS and Qol indicators could aid clinical 

decision making when physicians are confronted with the dilemma of whether to perform 

a revascularization with a long clinical course or to perform a primary amputation. The aim 

of this study was to evaluate changes in FS with the ALDS and to assess changes in QOL with 

the VascuQol in patients who were treated for CLI. A secondary aim was to explore whether 

the ALDS and VascuQol instruments could help identify subgroups of patients that might 

benefit from primary amputation instead of revascularization.
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METHODS

Study population and eligibility

After approval from the local Medical Ethical Committee, we conducted a prospective 

observational cohort study in which all consecutive patients with chronic CLI, who visited our 

vascular surgery department between May 2007 and May 2010, were invited to participate. 

Chronic CLI was defined as ischemic rest pain (Fontaine stage III), ulcers, or gangrene 

(Fontaine stage IV) attributable to objectively proven arterial occlusive disease present 

for >2 weeks.15 The eligible patients who were included gave written informed consent to 

participate. Patients with insufficient knowledge of the Dutch language, an estimated life 

expectancy of <6 months, or who were unable to give informed consent were excluded.

Treatment

Patients received treatment as agreed with their treating vascular surgeon, independent of 

the study. Patients were treated by endovascular or surgical revascularization, conservatively, 

or by primary major amputation. Endovascular  revascularization, when possible, is the 

preferred first-line treatment in our institution and comprised percutaneous transluminal 

angioplasty (PTA) and percutaneous subintimal angioplasty (SA), with or without stent 

placement. Surgical revascularization included bypass grafting and endarterectomy.

Assessments

History and examination. 

Before treatment, we recorded patient demographics, risk factors for atherosclerosis, 

history of coronary heart disease, stroke, peripheral vascular interventions, and major 

contralateral amputation. The presence of rest pain or ischemic tissue lesions, self-reported 

walking distance, ambulation, and residential status were also recorded. Additional 

examinations included ankle-brachial pressure index, toe pressure, and transcutaneous 

oxygen pressure. The transcutaneous oxygen pressure measurements were performed with 

a TCM4 transcutaneous monitor connected to a combined transcutaneous oxygen pressure 

electrode (Radiometer, Copenhagen, Denmark). 

FS. 

The ALDS is a generic item bank, developed within the framework of IRT, for measuring 

a patient’s ability to perform basic and instrumental activities of daily life and difficult 

outdoor activities.8 The measurement properties of each item from the item bank are known, 

enabling the use of small sets of items tailored to the FS level of the patients.8,9,16 The items 
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are hierarchically ordered from difficult (such as “travel by local bus or tram”) to relatively 

easy activities (such as “go to the toilet”). Responses to the items are dichotomized into “I can 

carry out the activity (but with difficulty)” and “I cannot carry out the activity.” If a patient 

has never performed the activity or does not know whether he or she is able to do so, the 

response “not applicable” is recorded.17 The original units of the ALDS scale are (logistic) 

regression coefficients, expressed in logits. These logits are linearly transformed into values 

between 0 and 100 to facilitate interpretation, with lower scores corresponding with more 

disability (Fig 1). ALDS outcome scores were calculated from patients’

responses to the individual items using a two-parameter IRT model, based on previously 

published item properties for “difficulty” and “discrimination” and algorithms implemented 

in BILOG-MG 3.0 software. On the basis of clinical relevance and adapted to the 

disability level of this specific patient group in the current study, 27 items were selected 

(Supplementary Table, online only). Although ALDS outcomes scores are reported in the 

“Results” to facilitate interpretation, all underlying statistical analyses were performed at 

interval level of measurement with the logits as the original units of the ALDS scale. The 

ALDS was recorded by one of the investigators (F.F. or R.M.). 

Qol. 

The VascuQol is a validated instrument with 25 items on five domains of Pain (four items), 

Activity (eight items), Emotional (seven items), Symptoms (four items), and Social (two items). 

Each item is rated as a 7-point response scale, with a score of 1 the worst possible and a 

score of 7 the best possible. The total average score is the sum of the 25 item 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). Thus, the overall score and 

the scores per domain both range from 1 to 7.1-3 The VascuQol was sent  by postal mail and 

completed by the patients at home. All patients were requested to complete the ALDS and 

VascuQol at baseline, before treatment, and again at 6 and 12 months of follow-up after 

treatment.

Limb salvage. 

Limb salvage was defined as preservation of a limb, with or without a minor (transphalangeal 

or transmetatarsal) amputation. Major amputations were defined as amputations proximal 

to the ankle, including below-knee amputation, through-knee amputation, and above-knee 

amputation.
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Statistical analysis

Patient characteristics and outcome scores were summarized using descriptive statistics. 

Changes in FS (ALDS) and Qol (VascuQol) scores after 6 and 12 months compared with 

baseline were tested with a linear mixed model for normally distributed data or the Friedman 

test for non-normally distributed data and subsequently by paired t-test for normally 

distributed data or the Wilcoxon signed rank test for non-normally distributed data, where 

appropriate. Changes in FS (ALDS) and Qol (VascuQol) scores between two subgroups 

of limb salvage and major amputation (at baseline, 6, and 12 months), and differences 

between baseline scores for the two subgroups lost to follow-up or complete follow-up, 

were compared with the unpaired t-test or Mann- Whitney test, where appropriate. The 

significance level was set at P < .05 and at P < .025 to correct (Bonferroni) for multiple testing 

of changes in FS and Qol over time. All analyses were performed with SPSS 18.0 software 

(SPSS Inc, Chicago, Ill).

RESULTS

Patients. 

Between May 2007 and May 2010, we included 150 of 218 possibly eligible patients. Most 

patients were men (96 [64%]) and mean (± standard deviation) age was 68.1 (± 12.4) years 

(Fig 2). Of these, 40 patients (27%) had ischemic rest pain, and 110 (73%) had ischemic 

tissue loss. Baseline characteristics are presented in Table 1. Table 2 reports the median 

baseline scores for the ALDS (70.8; range 11.8-89.2) and VascuQol sum (3.0; range 1.1-5.9) 

and domain scores for the 150 included patients. The primary treatments at study inclusion 

were endovascular in 98 (65.3%), surgical in 36 (24.1%), conservative in 11 (7.3%), or a major 

amputation in five (3.3%). Fig 3.A shows the number of additional ipsilateral endovascular 

and surgical interventions performed after the primary intervention.

Outcomes. 

Of 150 patients at baseline, 112 completed the ALDS and 111 filled in the VascuQol after 12 

months. Limb salvage was achieved in 98 patients (88%), whereas 14 (12%) underwent a 

major amputation (Fig 3.B). Table III reports baseline and 6 and 12 months’ median ALDS and 

VascuQol sum and domain scores for the total patient group and for the two subgroups of 

limb salvage or major amputation. 
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Patients lost to follow-up. 

No 12-month follow-up ALDS and VascuQol data were available for 38 of 150 patients 

because 19 (13%) died and 19 (13%) were lost to follow-up in ≤ 1 year. The main reasons 

for loss to follow-up were withdrawal of consent and lack of compliance to complete the 

questionnaires. None of these 19 patients underwent a major amputation  ≤ 1 year after 

inclusion, and one patient died. Patients who did not complete the questionnaires at 12 

months had lower median baseline ALDS scores and lower VascuQol activity domain scores 

than patients with complete follow-up (Table 2). 

FS. 

FS, expressed as median ALDS scores, significantly improved from 73 (range 12-89) at 

baseline to 81 (range 12-89) at 12 months. The median baseline ALDS score before treatment 

was 73 (range 22-89) for the 98 patients who achieved limb salvage after 12 months and 69 

(range 12-89) for the 14 patients who underwent major amputation (P = .493; Table III; Fig 

4.A). These scores correspond with easy outdoor activities (Appendix 1). After 12 months, 

the median ALDS score had increased significantly, from 73 to 83 (P = .001), in patients who 

achieved limb salvage. This corresponds with more difficult outdoor and indoor activities. In 

the major amputation group, the median ALDS score decreased from 69 to 55 (P = .117) after 

12 months. This corresponds with domestic activities only. At 6 and 12 months, the ALDS 

scores for patients with limb salvage were significantly higher than scores for patients with a 

major amputation (P < .001 and P = .007, respectively).

Qol. 

VascuQol scores improved significantly in all domains in all patients between baseline and 

at 12 months of follow-up (Table 3). The VascuQol sum scores improved in the limb salvage 

group and in the major amputation group after 6 and 12 months (Fig 4.B). Furthermore, 

after limb salvage, the VascuQol scores improved significantly in all separate domains (P < 

.001; Table III) After major amputation, there was a significant increase in all VascuQol scores, 

except for the activity and social domains (Table 3). The only significant difference at 6 and 

12 months between the two subgroups of limb salvage and major amputation was in the 

activity domain, with a lower score for amputees (P = .031 and P = .009, respectively).

DISCUSSION

This is the first longitudinal study to use the ALDS to evaluate changes in FS in patients who 

were treated for CLI. Our study supports the applicability of the ALDS in patients with CLI, 
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confirms the clinical validity, and shows the good responsiveness of the ALDS. We think 

the ALDS can be a useful instrument for daily practice to inform patients on the expected 

level of daily life activities after a successful intervention or failure to retain the lower limb, 

because the ALDS expresses FS more precisely than gross measures such as ambulation and 

residential status. The ALDS is better suitable for patients with CLI than previously applied 

more comprehensive instruments such as the Katz or Barthel index.18,19 These indices are 

not adapted to the disability level specific for patients with CLI because they focus only 

on relatively simple indoor activities such as bathing, continence, and feeding. Evaluation 

of treatment outcome with the Katz and Barthel index in patients with CLI is therefore not 

advocated and may lead to erroneous conclusions, including that FS is not improved by a 

successful revascularization.19 Furthermore, a major strength of the ALDS is that the selected 

items can be adjusted to the performance level of the population being studied. In a 

previous study, we selected more difficult activities from the ALDS questionnaire for patients 

with intermittent claudication than for those with CLI.13 The clinical validity of the ALDS was 

confirmed in that study by the higher baseline ALDS scores in patients with intermittent 

claudication.13 

Patients and physicians are confronted with the dilemma of whether to perform a primary 

amputation instead of a long course with revascularization and long time to complete 

wound healing. We had hopes that the ALDS could serve as an aid in the decision of whether 

to perform a limb-saving procedure. Unfortunately, we could not in retrospect find a 

threshold for the ALDS to support decision making, because patients whose limbs  were 

amputated had similar ALDS baseline scores as patients with a salvaged limb. Although it is 

desirable to have an instrument to predict whether a patient benefits more from a primary 

amputation or revascularization, this decision depends on multiple factors other than 

activities of daily life alone. Alternatively, clinical decision making in patients with CLI might 

be aided by including FS scores, such as the ALDS, but this needs further investigation. 

One of the aims of treating patients with CLI is to improve their Qol. The VascuQol is 

the most frequently used instrument to assess Qol in these patients. We noted that the 

overall VascuQol improved in patients who retained their leg and also in patients with an 

amputation. The latter may be explained by a “response shift,” meaning that the internal 

standards and values of the patients after a major amputation change over time, and 

consequently, their self-evaluation of Qol.20 This can lead to a situation in which patients 

appear stable, but report a changing Qol, or appear to be deteriorating, yet report an 

unchanged Qol. The latter could be present with the patients after major amputation.
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What does recording FS add to recording VascuQol scores? Zooming in on the scores on 

the activity domain of the VascuQol shows that the mean improvement in patients who 

retained their leg was 1.4 points. However, the difficulty in the interpretation of such an 

improvement in points is that this lacks a direct, clinically significant meaning.21,22 The ALDS 

carries the advantage that scores correspond with the level of daily life activities, which 

is easier to understand. There was no decrease in the VascuQol activity domain scores in 

patients who underwent an amputation. This may also be an example of a response shift: a 

patient’s perception of his or her level of activities has not changed despite the amputation. 

A QOL instrument has not been designed to measure FS, but intends to measure patients’ 

perception of functioning. A true difference in performance status may go unnoticed, which 

is made clear by the lower ALDS scores. These findings imply that the VascuQol questionnaire 

is appropriate to detect changes in Qol, including the activity domain, but that the VascuQol 

cannot be used to evaluate the performance of activities after treatment of patients with CLI. 

Our study has limitations. We have to consider selection bias and non-response bias. 

Although we tried to include all consecutive patients presenting at our vascular surgery 

department, 68 patients (31%) did not participate in our study (Fig 2). This was mostly due to 

cognitive impairment, insufficient knowledge of the Dutch language (excluded patients), or 

the eventual burden to attend two follow-up visits (patients who withdrew consent). Non-

response bias was also present: 38 included patients did not complete the questionnaires at 

the 12-month follow-up because 19 (50%) had died and the other 19 were lost to follow-up. 

These patients had a lower baseline FS than patients with complete follow-up assessments 

and also had a lower Qol. We assume that the mean difference in ALDS and VascuQol scores 

would have been less if follow-up had been complete, because 18 of these patients retained 

their leg. Selection bias and non-response bias limit the external validity of our findings and 

indicate that the use of patient-reported outcomes in research and clinical practice may be 

hampered by the frailty of CLI patients. External validity may also be limited because we 

conducted the study in a single academic hospital in The Netherlands. Our hospital serves as 

a referral center for surrounding hospitals, and therefore, more severe cases could have been 

included. Results might differ in other settings. 

Second, we did not apply a generic Qol questionnaire, such as the Short Form-36,23 

to measure health status in this specific patient group in addition to the disease-

specific VascuQoL. We therefore remain ignorant of the effect of CLI and its treatment 

on the general health status of the patients individually and in relation to the general 

population. Third, we could have introduced social desirability bias because the ALDS 
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was interviewer-administered (by one of us) in contrast to the VascuQol, which was self-

completed by the study participants. Yet, Puhan et al24 showed that administration formats 

do not have a meaningful effect on repeated measurements of patient-reported outcomes. 

As a consequence, we did not need to consider the effect of different administration formats 

in our analyses.24 

Fourth, it might be that we did not find a threshold for the ALDS score to support decision 

making regarding amputation because the study was underpowered to detect such a 

difference. Yet, we could not perform a power calculation because we did not know if there 

would be any differences in baseline ALDS scores and if so, to what extent. Furthermore, we 

found wide ranges in VascuQol and ALDS for patients with CLI, which may be attributable to 

comorbid conditions that we did not record. Inclusion of more comorbid conditions with a 

particular affect on function and health perception could be highly informative and should 

be included in future studies. 

Finally, we included a heterogeneous group, including those with newly diagnosed CLI and 

also those who had undergone previous treatment for CLI. Because the patient group was 

heterogeneous and the severity and localization of symptoms were diverse, several patients 

had been treated multiple times and at different time points within the 12-month follow-up 

period. This could have influenced the FS and Qol outcomes at the 6-month and 12-month 

follow-up visits. Nevertheless, this approach represents the normal course of patients with 

CLI. Furthermore, this study aimed to measure FS and QOL in patients with CLI over time, not 

to compare different treatment modalities in matched patient groups. One might also argue 

that some of the physiologic metrics do not fit a CLI cohort. This may be partly explained 

by the inclusion of diabetic patients with high ankle pressures due to media calcification. 

CLI in these patients was confirmed by toe pressure measurement. Further substantiating 

the presence of CLI was that almost none of the included patients could be managed 

conservatively.

CONCLUSIONS

Our study confirms the clinical validity of the ALDS in patients treated for CLI and shows 

that it is a valuable and sophisticated instrument to measure change in FS. With regard to 

daily clinical practice, the ALDS may help to inform patients about the expected level of 

performance of daily activities after limb salvage or amputation. Further studies should aim 

at whether the ALDS can also be applied to compare FS among different cohorts of patients 

and hospitals. If these studies support our findings, the ALDS can be used to compare 

different and new treatment modalities and assess differences in the effects of treatment 

between hospitals.
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ABSTRACT

Objective

Interpreting whether changes in Quality of Life (Qol) in patients with Peripheral Arterial 

Disease (PAD) are not only statistically significant but also clinically relevant may be difficult. 

This study introduces the concept of the Minimally Important Difference (MID) to vascular 

surgeons using Qol outcomes of patients treated for chronic critical limb ischemia (CLI). 

Methods

The Vascular Quality of Life (VascuQol) questionnaire was recorded at baseline before 

treatment and after 6 months follow-up in consecutive patients with CLI treated between 

May 2007 and May 2010. Statistical significance of change in VascuQol score was tested with 

the Wilcoxon Signed Rank test. The MID for the VascuQol score was determined using a 

clinical anchor-based method and a distribution-based method. 

Results

A total of 127 patients with CLI completed the VascuQol after 6 months. The VascuQol 

sum scores improved from 3.0 (range 1.1-5.9) at baseline to 4.0 (range 1.2-6.7) at 6 months 

(P< 0.001). The MID on the VascuQol sumscore indicating a clinically important change 

determined with the anchor-based method was 0.36, and with the distribution-based 

method was 0.48. On an individual level, depending on the method of determining the MID, 

this resulted in 60% to 68% of the patients with an important benefit. 

Conclusions

Expression of changes in Qol by means of the MID provides better insight in clinically 

important changes than statistical significance. 

WHAT THIS STUDY ADDS

Although PRO measures are frequently recorded in patients with PAD to determine the 

statistical significance of change in Quality of Life as measure of effectiveness of treatment, 

the interpretation of the clinical relevance of change may be difficult. This is the first study 

to illustrate the concept of Minimally Important Difference to define clinically important 

changes rather than statistically significant changes in PAD patients.  
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INTRODUCTION

Traditionally, the effectiveness of therapies in patients with peripheral arterial disease is 

expressed in easy to measure “hard endpoints” such as (bypass) patency or limb salvage. 

Yet, the level of functioning or quality of life (Qol) may matter more to the patient than the 

patency of a bypass. This has been recognized by the vascular surgery community and 

has resulted in an increasing interest in patient-reported outcomes (PRO) in research.1,2,3 

The most commonly used instruments in patients with peripheral arterial disease (PAD) 

include generic Qol questionnaires, such as the Short Form-36 (SF-36) and disease specific 

Qol questionnaires, such as the Vascular Quality of Life questionnaire (VascuQol).4,5,6 Both 

instruments rate the patient’s quality of life on a numerical scale, and differences in scores 

can be used to evaluate the effectiveness of therapies. The interpretation of scores on these 

questionnaires is hampered by the lack of a definition as to what amount of change or 

difference in scores constitutes a clinically meaningful change or difference. For example, 

is a statistically significant mean change  of 0.44 from the baseline score, sufficient for an 

individual patient?  

The concept of the Minimally Important Difference (MID) was developed to better express 

clinically important benefit or deterioration rather than just statistically significant 

differences or changes in PRO scores.7 The MID can be thought of as the smallest change in 

an outcome measure that is important to patients. Approaches to estimate the MID have 

been classified as either anchor-based or distribution-based.8,9 Anchor-based methods 

compare Qol scores to another measurement, such as a patient rated global change 

question, and distribution-based methods build on the variability of the Qol scores. 

In this paper we want to introduce the concept of the MID to vascular surgeons using 

Qol outcomes of patients treated for chronic critical limb ischemia (CLI) as an example by 

applying the anchor-based and distribution-based approach.   

 

METHODS

Study population

Between May 2007 and May 2010 we conducted a prospective observational cohort study 

in which we included all consecutive patients with chronic CLI, who visited our vascular 

surgery department, and gave written informed consent to participate. Chronic CLI was 

defined as Fontaine stage III or IV with symptoms present for more than 2 weeks. Patients 

with insufficient knowledge of the Dutch language, an estimated life expectancy of less than 

6 months or unable to give informed consent were excluded. The study was approved by the 

local Medical Ethical Committee.



117

Treatment

Patients received treatment as agreed with their vascular surgeon independent of the study. 

Endovascular revascularization when possible is the first line treatment in our institution. 

Patients were either treated with revascularization (endovascular or surgical), primary 

major amputation or conservative treatment. Endovascular revascularization included both 

percutaneous transluminal angioplasty (PTA) and percutaneous subintimal angioplasty (SA), 

with or without stent placement. Surgical revascularization included both bypass surgery 

and endarterectomy. Assessment of patency, limb salvage or comparison of outcomes 

between endovascular or surgical revascularization was not the aim of this study.

Assessments

History

At baseline before treatment we recorded patient demographics (sex, age, body mass index 

(BMI)), risk factors for atherosclerosis (diabetes mellitus, hypertension, smoking, renal failure, 

hypercholesterolemia, history of coronary heart disease, history of stroke, family history of 

cardiovascular disease, history of vascular interventions (endovascular and surgical)) and 

major contralateral amputation.

VascuQol

 All patients completed the disease-specific VascuQol questionnaire at baseline before 

treatment and again at 6 months follow-up. The VascuQol is a sum-score based instrument 

and 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 sumscore 

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. 

The VascuQol has shown to be a reliable and valid instrument for assessment of QoL in 

patients with PAD.4 The VascuQol was sent by postal mail and completed by the patients at 

home.
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Analysis of treatment effect on Qol

Traditional approach

Differences between VascuQol scores at baseline and at 6 months were assessed using a 

paired t-test (normally distributed data) or the Wilcoxon Signed Ranks test (non-normally 

distributed data) where appropriate. A p-value < 0.05 indicated statistical significance. 

Minimally Important Difference

It is currently recommended that estimation of a MID for a specific PRO instrument should be 

based on multiple approaches.10 

Anchor-based approach

The anchor-based approach requires the use of an independent, objective criterion to 

determine a threshold value for the MID, such as a clinical measure or a patient rated global 

change question.  This can e.g. be done be by asking the patient whether the clinical status 

has deteriorated, unchanged or improved. There are several approaches to use a clinical 

anchor to determine the MID. One method is to define the MID as the average change 

in score between patients  rating themselves as improved minus the average change in 

patients rating their status as unchanged. In another approach the MID is defined as the 

average change in patients who improve. A third method is to define the MID is to calculate 

the 95% confidence interval (CI) of the average change in PRO in patients rate themselves as 

unchanged. The upper and lower limit of the 95% CI is the MID.7,8

In our study, we used the first approach by relating the average VascuQol score changes 

to the change in Fontaine classification as anchor to estimate the MID. 11  The change in 

Fontaine classification was defined according to the change in patient reported symptoms 

of PAD at the 6 months follow-up visit. The change in Fontaine classification was rated by 

one of the investigators (FAF or RM) at the 6 months follow-up visit on a 4 point scale (Much 

Improved- Improved-Unchanged-Worse). (Appendix) According to Revicki and Cohen the 

MID should be based on a patient based or clinical anchor that has a correlation ≥ 0.30 with 

the PRO instrument.11,12 Therefore correlation coefficients (Pearson or Spearman’s Rank when 

appropriate) were calculated between the change in VascuQol sumscore and the change in 

Fontaine classification between baseline and 6 months follow-up.

First, for each category (much improved-improved-unchanged-worse) the mean change 

in VascuQol sumscore was calculated. Then the MID for improvement and the MID for 

deterioration was calculated as the difference between the mean change in VascuQol sum 
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score of the improved or deteriorated patients and  the mean change in VascuQol sum score 

of the unchanged patients. Finally, the overall MID was calculated as the sum of mean MID 

divided by 2.  

Next, the MID was added or subtracted from the baseline VascuQol sumscore of each 

individual patient, which gives a sumscore range . This baseline range score was compared 

with the 6 month VascuQol score of each individual patient. If the 6 month score was 

within the baseline range score this meant an unimportant benefit or deterioration, if the 

6 month score was beyond the baseline range score this meant an important benefit or 

deterioration. This allowed us to calculate proportions of patients with an important benefit 

or deterioration and with an unimportant benefit or deterioration. 

Distribution-based approach

A distribution-based approach focuses on the statistical characteristics of a patient sample, 

and then compares an observed change to an index of variability in order to determine 

whether the change is substantial and clinically meaningful. Such an approach has been 

utilized for a variety of measures of statistical variability, including the standard error of 

measurement, the standard error of mean change, the standard deviation of change, and the 

standard deviation of the sample group. The reader is referred to Copay and colleagues for a 

more comprehensive overview of these two approaches.8 Previous research has shown that 

changes in PRO scores of half a standard deviation constitute at least a clinically significant 

change.8,9  Therefore we considered half a standard deviation of the baseline score to be a 

clinically important change in Qol (MID treshold) based on the universality theory of Norman 

et al.9  

First, the mean baseline score (± SD) was calculated for the total group. Second, half of the 

SD was added or subtracted from the baseline score of each individual patient, giving a 

range of VascuQol sumscores. This baseline range score was compared with the 6 month 

VascuQol score of each individual patient. If the 6 month score was within the baseline range 

score this meant an unimportant benefit or deterioration, if the 6 month score was beyond 

the baseline range score this meant an important benefit or deterioration. This allowed us 

to calculate proportions of patients with an important benefit or deterioration and with an 

unimportant benefit or deterioration. Fig 1 is a graphical representation of this MID concept.
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Table 1. Baseline characteristics
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Table 2. Categorizing change in VascuQol sumscore by global rating of change
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RESULTS

150 out of 218 eligible patients referred between May 2007 and May 2010 were included. 

68 patients did not participate in this study due to cognitive impairment, insufficient 

knowledge of the Dutch language (excluded patients), or the eventual burden to attend 

the follow-up visit (patients who withdrew consent). (figure 1a) 127 patients completed the 

VascuQol at baseline and 6 months. The initial treatments were endovascular (n=64;50.4 % ), 

surgical (n=44;34.6 %), conservative (n=7;6 %) or a major amputation (n=12;9.4 %).  Baseline 

characteristics are described in table 1.  

Traditional approach

The VascuQol scores at baseline and 6 months were non-normally distributed. At baseline, 

the median VascuQol sumscore of the 127 patients was 3.0.  The median baseline VascuQol 

sumscore improved with 1 point from 3.0 (range 1.1-5.9) to 4.0 (range 1.2-6.7) at 6 months. 

This improvement was statistically significant (p<0.001).

Anchor-based approach

We found that the change in Fontaine classification was significantly correlated to the 6 

months VascuQol sumscore (r spearman= 0.51; p=0.000), implying that this anchor fulfilled 

the criteria of Revicki.11   

 The mean change in VascuQol sumscore in patients with unchanged symptoms of PAD was 

0.34 points. (Table 2) The mean change in improved patients was 0.69; resulting in a MID 

for improvement of 0.69-0.34=0.35. The mean change in deteriorated (worse) patients was 

-0.03, resulting in a MID for deterioration of 0.34 - -0.03 = 0.37 (see Table 2). Thus, the MID 

for improvement was 0.35 points, and the MID for deterioration was 0.37. Consequently, the 

overall MID was 0.36 (0.35+0.37/2). 

Distribution-based approach

The mean (±SD) VascuQol sumscore at baseline was 3.04 (± 0.97). Thus, the MID for each 

individual patient was baseline VascuQol score ± 0.48 (i.e. 0.97/2).  

Figure 2 shows the proportion of the 127 patients with an (un)important benefit or 

deterioration according to the distribution-based approach (MID= ± half a SD= ±0.48) and 

the anchor-based approach (MID= ± 0.36).  On an individual level, depending on the MID 

approach, 60% to 68% of the patients showed an important benefit.  
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DISCUSSION

The idea of a MID was introduced in the literature, when Jaeschke et al attempted to estimate 

how much of a difference in scores on an asthma Qol questionnaire would result in some 

change in clinical management that is to be considered clinically meaningful.13 The concept 

of a ”clinically important difference”  has evolved as a way to overcome the shortcomings of 

the “statistically significant difference”.8 Although there is no consensus as to the superior 

method to determine the MID, it is recommended the MID is primarily based on relevant 

patient-based and clinical anchors. Distribution-based methods should be used to support 

the estimates from anchor-based approaches and can be used in situations where anchor-

based estimates are unavailable.11 

Our study is an example of how to determine the MID for the VascuQol in patients treated 

for CLI using both an anchor-based and a distribution-based method. The MID based on the 

anchor-based approach was lower than the MID determined with the distribution-based 

approach (0.36 versus 0.48). This finding is consistent with previously published literature, 

showing that half a standard deviation is at least clinically significant, but that smaller values 

could also be clinically significant.14,15 Determination of the MID enabled us to better express 

the proportion of patients who clinically benefitted or deteriorated after treatment. 

Our results suggest a plausible range within which the MID for the VascuQol in patients 

treated for CLI could probably fall. This information is useful in interpreting the changes after 

treatment in other cohorts of patients with CLI using VascuQol. However, one has to keep in 

mind that the MID may vary among populations and that a single MID may be insufficient 

for all study applications involving PRO measures. 11 In the study by Nordanstig et al who 

recorded the VascuQol in 200 patients treated for PAD (65% IC, 35% CLI), the MID determined 

by the distribution-based approach was 0.58, resulting in 72% of patients with a clinically 

important benefit.16 The difference in MID with our study could be explained by differences 

in case-mix. The anchor-based approach was not possible in the Nordanstig study because 

they did not record a clinically relevant anchor.16 It is necessary to gain more experience with 

the concept of a MID, that can also be applied to other PRO measures for PAD in different 

patient cohorts and in different and cross-cultural hospital settings. Furthermore, the MID 

will also be useful in the planning of new studies, as sample size calculations can be better 

based on the magnitude of an expected difference that patients and investigators consider 

clinically important. 
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In daily clinical practice, knowledge of a MID can help clinicians to assess the perceived 

benefit of a certain treatment based on individual patient improvement. Patients can be 

informed on the likelihood of important benefit or deterioration after a specific treatment. 

Finally, there is a growing interest in using PROMS as benchmark for quality of care. At this 

stage, it is important to know whether differences in Qol are indeed relevant to the patient. 

 

We realize that our study has limitations.  We have to consider selection bias. Selection bias 

limits the external validity of our findings and could have considerable influence on the 

precision of the MID. Furthermore it indicates that the use of patient reported outcomes in 

research and clinical practice may be hampered by the frailty of CLI patients The excluded 

frail CLI patients might have a lower baseline Qol than patients with complete follow-up 

assessments. One might also argue that that some of the physiologic metrics do not fit a CLI 

cohort. This may in part be explained by inclusion of diabetics with high ankle pressures due 

to media calcification. In these patients CLI was confirmed by toe pressure measurement. The 

presence of CLI is further substantiated by the fact that the majority of the included patients 

could not be managed conservatively.  

It is preferable to determine the MID by means of both a patient-based, such as a global 

rating of change question, and a clinical anchor. Unfortunately, we could only use a clinical 

anchor since we did not record a relevant patient-based anchor when we designed the 

study. This is a major limitation. It could have been interesting to ask a “global rating of 

change question”, such as whether the patient rates his status as deteriorated, unchanged 

or improved, or with more subcategories.17 One could also relate the changes in Qol 

to other instruments using the health transition item (part of the Short Form-36)18 as a 

patient-based anchor.  Yet, the clinical anchor in our study complied not only with the 

recommendations of Revicki et al (a correlation r  ≥0.30 with the PRO instrument) 11, but also 

with the more stringent recommendations of Turner et al (correlation ≥ 0.5 between anchor 

and PRO change scores). 19 This adds to the belief that the clinical anchor was appropriate.  

Furthermore, the sample size of 127 patients was relatively small and as a result of this 

small sample, only 7 patients were in the clinical anchor category “worse”. We are aware 

that formally we had to exclude this MID estimate for “worse”, since we failed to meet the 

a priori criterion of at least 10 subjects in each adjacent, clinically distinct anchor category. 
15 However, we have performed this study to explain the MID concept applied in PAD for 

the first time and to avoid confusion we choose to still mention this MID estimate.  Data on 

measurement precision of a Qol instrument are needed to determine true differences in 
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scores. Precision can be determined by recording test-retest reliability, in patients with an 

unchanged disease status. Although test-retest studies have been done for the VascuQol, 

these expressed the reliability as intraclass correlation coefficients. There are no data on 

systematic differences between VascuQol results on different occasions. These data are 

important to distinguish between true effects or natural variation in measurement.

CONCLUSION

PRO measures show the patients’ perspective on the impact of disease and treatment. 

Although PRO measures are frequently applied in patients with PAD, no previous study has 

applied the concept of MID in such patients to define clinically important changes rather 

than statistically significant changes in Qol. In this study we showed how an MID can be 

assessed by using both an anchor and distribution-based approach. Although the traditional 

approach showed that in patients with CLI on average the Qol significantly improved, the 

MID approach showed that on an individual level 60% to 68% of the patients showed an 

important benefit. We hope that our study will result in more research on the assessment of 

the MID for different PRO measures in patients with PAD, since expression of changes in Qol 

by means of the MID seems to provide better insight in clinically important changes than 

statistical significance.
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In this thesis, different aspects have been explored on the treatment and patient-reported 

outcomes(PROMs) of patients with different stage of peripheral arterial disease (PAD). 

The first part of this thesis focuses on treatment and PROMs in patients with Intermittent 

Claudication (IC); the second part is about PROMs after treatment in patients with Critical 

Limb Ischemia (CLI).

Part I: Intermittent Claudication (IC)

Due to potential cultural and linguistic differences, a PROM should be formally validated 

before put to clinical use in a new country.  Therefore, in chapter 2 we conducted a 

prospective study to assess the reliability and validity of the Dutch version of the Vascular 

Quality of Life questionnaire (VascuQol, measuring quality of life(Qol)) and the Academic 

Medical Center Linear Disability Score (ALDS, measuring functional status (FS)) in patients 

with stable IC. First, we determined both internal consistency reliability (expressed as 

Cronbach’s α coefficient) and test-retest reliability (expressed as intraclass correlation 

coefficient (ICC)). Second, construct validity for the VascuQol and ALDS was determined by 

calculating spearman correlations between related domains of the SF-36. Internal reliability 

consistencies were, respectively, good and excellent for the total scores of VascuQol, SF-36, 

and ALDS (Cronbach’s α > 0.85) and test-retest reliability was excellent for the total VascuQol 

scores and for the ALDS (ICC > 0.90). Spearman correlations between VascuQol, ALDS, and 

SF-36 domains varied from r = 0.34–0.79. In conclusion, our study showed that the Dutch 

VascuQol and the ALDS are reproducible, valid, and reliable for the evaluation of Qol and FS 

in patients with IC and are applicable in a research setting.

Despite the increasing application of PROMs in research settings, in daily practice the ankle 

brachial index (ABI) and limited walking distance are still considered important outcome 

measures with regard to decision making for (invasive) treatment of IC. In chapter 3 we 

investigated the relationship between walking distances estimated by the patient, on the 

corridor and on a treadmill, and the Walking Impairment Questionnaire (WIQ) in patients 

with IC due to peripheral arterial disease. The median patients’ estimated, corridor, and 

treadmill MWD were 200, 200, and 123, respectively (P < .05). Although the median patients’ 

estimated and corridor maximum walking distances were not significantly different, there 

was a difference on an individual basis. The correlation between the patients’ estimated 

and corridor MWD was moderate (r = 0.61; 95% confidence interval [CI] 0.42-0.75) and the 

correlation between patients’ estimated and treadmill MWD was weak (r = 0.39; 95% CI 0.15-

0.58). Respective correlations for the pain-free walking distance were comparable. 
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The patients’ estimated MWD was moderately correlated with WIQ total score (r = 0.63; 95% 

CI 0.45-0.76) and strongly correlated with WIQ distance score (r = 0.81; 95% CI, 0.69-0.88). The 

correlation between the corridor MWD and WIQ distance score was moderate (r = 0.59; 95% 

CI 0.40-0.74). We concluded that patients’ estimated walking distances and on a treadmill do 

not reflect walking distances in daily life. Instruments that take into account the perceived 

impairment, such as the WIQ, might help to better guide and evaluate treatment decisions, 

but further research is needed to define their role. 

In Chapter 4 we presented a systematic review of studies regarding the relative effectiveness 

of Percutaneous Transluminal Angioplasty (PTA), (supervised) exercise therapy (S)ET or their 

combination to provide recommendations for treatment of patients with IC. We included 

eleven of 258 articles identified (reporting data on eight randomized clinical trials). One 

trial included patients with isolated aorto-iliac artery obstruction, three trials studied those 

with femoro-popliteal artery obstruction and five included those with combined lesions. 

Two trials compared PTA with advice on ET, four PTA with SET, two PTA plus SET with SET 

and two PTA plus SET with PTA. Although the endpoints in most trials comprised walking 

distances and QoL, pooling of data was impossible owing to heterogeneity. Generally, the 

effectiveness of PTA and (S)ET was equivalent, although PTA plus (S)ET improved walking 

distance and some domains of QoL scales compared with (S)ET or PTA alone. Thus, it seemed 

that patients benefitted most from the combination of PTA and SET, although this was not 

observed for all outcomes. It might that PTA gives patients a head start for an effective SET, 

reflected by a better increase in walking distance; however this did not improve QoL more 

than SET or PTA alone. 

Thus the evidence base for treatment of IC with either SET or PTA proved to be not solid. 

And although PTA of an iliac artery obstruction is an attractive and effective treatment with 

4-year patency rates of 70%, SET can also effectively improve pain-free walking distance. 

Nevertheless, specifically in patients with iliac artery obstruction the benefit of SET is unclear. 

Therefore in chapter 5, we presented the design of a multicenter randomised controlled 

trial including 400 consecutive patients with IC, who will be randomly assigned to PTA (with 

additional stent placement on indication) or SET. The aim of our study is comparing clinical 

effectiveness and cost-effectiveness of SET and PTA as treatment for IC due to an iliac artery 

obstruction to determine the optimal treatment strategy. Primary outcomes are maximum 

walking distance and health-related Qol measured using the disease-specific VascuQol 

instrument after 1 year. 
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Secondary outcomes are pain-free walking distance, functional status, generic Qol, 

complications related to each of the interventions, additional interventions, treatment 

failures and costs (cost-effectiveness and cost-utility) after 1 year. Based on the results of 

this proposed large study we intend to implement well-founded adjustments of existing 

guidelines on the treatment of iliac artery occlusive disease.

Part II: Critical Limb Ischemia (CLI)

In accordance with patients suffering IC, PROMs such as Qol and FS are as important and 

increasingly recognized in patients with CLI. Previously, construct and clinical validity of the 

ALDS, a sophisticated instrument to measure FS in terms of ADL, had been proven in patients 

with CLI. Thus far, no longitudinal studies had been performed to evaluate changes in FS 

with the ALDS in patients who were treated for CLI. Therefore, in chapter 6 we evaluated 

changes in FS with the ALDS and in Qol with the VascuQol 6 and 12 months after treatment. 

We studied 150 patients (96 men [64%]), in who the primary treatment was endovascular 

in 98 (65.3%), surgical in 36 (24%), conservative in 11 (7.3%), or a major amputation in five 

(3.3%). The ALDS was completed by 112 patients after 12 months. At that time, the median 

ALDS score had increased by 10 points (median, 83; range, 12-89; P =.001) in patients who 

achieved limb salvage, which corresponds with more difficult outdoor and indoor activities. 

In patients with a major amputation, the median ALDS score decreased by 14 points (median, 

55; range, 16-89; P =.117) after 12 months, which corresponds with domestic activities only. 

VascuQol scores improved significantly in all separate domains for the limb salvage group (P 

< .001). All VascuQol scores, except for the activity and social domains, increased significantly 

after amputation. Our study confirmed the clinical validity of the ALDS in patients treated 

for CLI and shows that it is a valuable and sophisticated instrument to measure changes in 

functional status in these patients. With regard to daily clinical practice, the ALDS might help 

to inform patients on the expected level of performance of daily activities since the ALDS 

expresses FS more precisely than gross measures such as ambulation and residential status. 

Although PROMs are frequently recorded in patients with PAD to determine change in Qol as 

measure of effectiveness of treatment, the interpretation of such outcomes may be difficult. 

The interpretation of scores on these questionnaires is hampered by the lack of a definition 

as to what amount of change or difference in scores constitutes a clinically meaningful 

change or difference. For example, is a statistically significant mean difference of 0.44 from 

the baseline score, relevant for an individual patient? For that reason, in chapter 7 we 

introduced a novel method, the minimally important difference (MID). 
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This is the first study to illustrate the MID concept in patients with PAD.  Determination of 

the MID enabled us to better express the proportion of patients who clinically benefitted or 

deteriorated after treatment and our results suggested a plausible range within which the 

MID for the VascuQol in patients treated for CLI could probably fall.  We used Qol outcomes 

of patients treated for CLI and applied two different MID approaches (anchor-based and 

distribution-based) to express clinically important benefit or deterioration rather than 

statistically significant differences or changes in PRO scores.  The VascuQol sum scores 

improved from 3.0 (range 1.1-5.9) at baseline to 4.0 (range 1.2-6.7) at 6 months (P< 0.001). The 

MID on the VascuQol sumscore indicating a clinically important change determined with the 

anchor based method was 0.36, and with the distribution based method was 0.48. On an 

individual level, depending on the method of determining the MID, this resulted in 60% to 

68% of the patients with an important benefit. Expression of changes in Qol by means of the 

MID provided better insight in clinically important changes than statistical significance. 

IMPLICATIONS FOR CLINICAL PRACTICE

Use of PROMS 

This thesis has shown that PROMs, such as the Dutch version of the Vascular Quality of Life 

Questionnaire (VascuQol) and the Academic Medical Center Linear Disability Score (ALDS) 

both have good clinimetric properties and can be used in a research setting involving 

patients with PAD. Both VascuQol and ALDS have to be seen as different evaluation tools, 

since a Qol instrument is not designed to express the level of functioning, but to evaluate the 

patient’s perception thereof. Therefore, the ALDS (as a more patient-specific FS instrument), 

is a complement to a Qol instrument. For patients with Intermittent Claudication (IC), a 

PROM measuring the perceived walking impairment, such as the WIQ, can also be valuable 

in evaluating treatment decisions. Furthermore, knowledge of a minimally important 

difference (MID), can help clinicians to assess the perceived benefit of a certain treatment 

based on individual patient improvement in daily clinical practice. Consequently, patients 

can be informed on the likelihood of important benefit or deterioration after a specific 

treatment.

It would be interesting to use and interpret these PROMs for evaluating the effect of 

treatment in daily clinical practice and consequently optimising care. Previously this has 

been advocated as a means of assessing and monitoring the effectiveness of different 

interventions or health care policies in clinical practice, as opposed to clinical trials.1 
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In addition, suggestions have been made that combined outcomes of PROMs can be used 

to compare care quality between different institutions or regions,2 which could also be 

important for health care insurance companies or policy makers. Furthermore, PROMs 

can be used to inform patients about the possible benefits of treatment, either as part of 

shared decision making or potentially as part of patients’ decision tools. In the consultation 

room, examining patient PROMs data before treatment can provide a basis for discussing 

treatment options with patients. Unfortunately, little is known on the effect on choice 

of treatment of providing patients with data on Qol from clinical trials. We only found 

that Appleby and Devlin reported on an abstract of Brundage et al regarding ‘patients’ 

judgments about the value of Qol information when considering lung cancer treatment 

options.3

On the other hand, Fritz and Dugas questioned whether physicians were interested in the 

Qol of their patients.4 They found that approximately two-third of the physicians looked 

into PRO data in daily clinical practice. Thus, PROMs could also be used by clinicians as part 

of routine patient assessment and management, especially for a chronic condition such as 

PAD. Measured again at subsequent visits, PROMs can help evaluate progression of PAD as 

well as the effects of treatment. Completion of a PROM instrument might in itself contribute 

to helping patients to feel cared for, and the information provides a structured basis for 

patients’ discussions with their clinician. PROMs data can be collected during each patient 

contact or can be completed at home. Touch-screen computers and other electronic means 

of collecting PROMs outcomes offer potential for improving how PROMs data are collected 

and used in clinical practice.5 For now, we can state that there is a growing interest in using 

PROMS as benchmark for quality of care. But at this stage, it is important to know whether 

differences in Qol are indeed relevant to the patient.

Treatment of Intermittent Claudication (IC)

Regarding the most optimal treatment for patients with IC, our systematic review showed 

that the superiority or inferiority of Supervised Exercise Therapy (SET) over Percutaneous 

Transluminal Angioplasty (PTA) has not yet been demonstrated, leaving both treatments 

suitable options, irrespective of the level of arterial obstruction. It might be that a 

combination of PTA and exercise (SET or exercise advice) is superior to exercise or PTA alone, 

but this has not been confirmed yet. However, at the moment of publishing our systematic 

review the results of three studies were still awaiting. 
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The results of these studies showed us that although PTA and SET and a combination hereof 

were equally effective, SET was the most cost-effective first-line treatment. Mazari et al found 

that PTA, SET, and PTA plus SET were all equally effective in improving walking distance 

and Qol after 12 months for patients with IC due to femoro-popliteal disease. 6 Yet, SET was 

the most cost-effective first-line treatment for IC, and when combined with PTA was more 

cost-effective than PTA alone.7 Fakhry showed that after approximately 7 years of follow-

up SET-first or PTA-first treatment strategies were equally effective in improving functional 

performance and QoL in patients with IC with combined aorto-iliac and femoropopliteal 

disease.8 However the substantially higher number of invasive interventions in the PTA-first 

group supported a SET-first treatment strategy. 

Regarding IC resulting from an iliac artery obstruction, Murphy et al investigated the 

relative effectiveness of optimal medical care, SET, and PTA+stent to relieve intermittent 

claudication.9 They concluded that at 6-months follow-up, supervised exercise improved 

walking distance on a treadmill better, and that FS and most domains of disease-specific Qol 

improved more after stenting. Unfortunately they included a smaller sample than originally 

planned and an unbalanced distribution of concomitant femoropopliteal disease might 

possibly have biased their results. We have to await the results from our initiated SUPER 

study to have a final answer on the most optimal treatment for patients with IC due to an iliac 

artery obstruction.

CRITICAL REMARKS

In order for PROMs to be used in and be useful to clinical practice, previous data on Qol 

outcomes must be easy accessible to clinicians and the instruments themselves should 

be completed easily by the patient. This makes the selection of the PROMs to be used 

challenging. Thus, the PROMs must be supported by clear evidence of reproducibility, 

validity and reliability. 

Although our study showed that the Dutch VascuQol and the ALDS are reproducible, valid, 

and reliable for the evaluation of Qol and FS in patients with IC, we have little information 

on the test-retest reliability. The reason is that no more than half of the patients consented 

to a second interview, thus it would be very interesting to know more about the test-retest 

reliability of these instruments. Furthermore, although we have shown that the ALDS is also 

useful for a longitudinal study and has measured changes in functional status in patients 

with CLI, we have no information on patients with IC. 
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We hope the SUPER study will provide us with more information on this subject. 

Our study comparing walking distances estimated by the patient, on the corridor and on 

a treadmill and the Walking Impairment Questionnaire (WIQ) in IC showed that patients’ 

estimated walking distances and on a treadmill do not reflect walking distances in daily 

life.  Furthermore, it showed that instruments that take into account the perceived walking 

impairment, such as the WIQ, may help to better guide and evaluate treatment decisions. 

Unfortunately we did not apply the WIQ in the SUPER study, which could also have been 

interesting. Still, we did apply the ALDS, which will give us more comprehensive information 

on change in different activities of daily life after treatment. 

Moreover, our systematic review and the more recently published studies showed that SET 

was found the most (cost-) effective first-line treatment, nevertheless SET programmes were 

very heterogeneous. Thus, though we know that SET is an effective treatment, the most 

ideal SET programme is not yet known. For example, adding of motivational interviewing 

techniques could support SET programmes.10 These techniques could be used to deliver 

the intervention, asking open questions, prompting the claudicant to make self-motivating 

statements and evaluations of their own walking behaviour and aiming the patients to 

move to a point where they have expressed motivation or intention to change their walking 

behaviour.  Another aspect in the overall treatment of patients with PAD is the integration 

of psychological care equivalent to cardiac rehabilitation.11 This might be a valuable 

complement, since it has been shown that patients with PAD have depressive symptoms, 

which is associated with reduced walking distance. These depressive symptoms, together 

with a type D personality could for example influence outcomes and perhaps the compliance 

in SET programmes.12,13 Nevertheless, we did not study Qol in subgroups of PAD patients with 

or without type D personality nor investigated whether the patients suffered from depressive 

symptoms.

FUTURE DIRECTIONS 

Use of PROMs 

Although we have attained new information on the use of different PROMs in PAD and 

applied another concept (the MID) regarding interpretation of results from PROMs, many 

questions are still unanswered. Numerous instruments have been developed measuring Qol 

in patients with PAD, yet little attention seems to be taken to the real patient’s perspective. 

For example, the VascuQol asks patients questions on how they have been affected by 
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poor circulation to their legs regarding different domains and classifies the answers in the 

frequency of symptoms, the degree of limitation or the degree of discomfort. Yet, they 

do not ask the patients’ opinion on this frequency or limitation or discomfort. What is the 

patients’ own judgement; is he satisfied with this limitation or does he feel very disabled? In 

general, it seems most of these widely used measures are not really patient centred. Future 

research should be performed to identify the available PROMs for PAD and investigate the 

content and properties of these instruments. 

In addition to PROMs, patient-reported experience measures (PREMs) can provide useful 

indications of patients’ perspective on their care, since PREMs reflect experience of the 

process rather than the outcome of care.3 It is possible for a patient to have a satisfactory 

experience of a service or treatment, but a poor clinical outcome. Clinicians should consider 

offering a range of options to enable patients to reflect their opinions regarding clinical 

services or interventions. Regarding interpretation of outcomes it is necessary to gain more 

experience with the concept of a MID, that can also be applied to other PROMs for PAD in 

different patient cohorts and in different and cross-cultural hospital settings. Furthermore, 

the MID will also be useful in the planning of new studies, as sample size calculations can 

be better based on the magnitude of an expected difference that patients and investigators 

consider clinically important. 

Treatment of Intermittent Claudication (IC)

As has been stated before, regarding the most optimal treatment for patients with IC, SET 

remains first-line treatment. Nevertheless Fakry et al found that in the PTA group less patients 

who had IC due to an aorto-iliac obstruction underwent a secondary intervention compared 

with patients with IC due to a femoro-popliteal obstruction.8 This confirms the higher long-

term patency rate for PTA of aorto-iliac compared with femoro-popliteal obstructions. Given 

this high patency rate and relative ease of endovascular aorto-iliac procedures, patients with 

IC due to an aorto-iliac obstruction may still be considered for PTA-first treatment. We hope 

the SUPER study will give us a definite answer to this question.
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NEDERLANDSE SAMENVATTING EN ALGEMENE DISCUSSIE

In dit proefschrift werden verschillende aspecten onderzocht ten aanzien van de 

behandeling en patiënt-gerapporteerde uitkomstmaten (PROMs) bij patiënten met perifeer 

arteriëel vaatlijden (PAV). Het eerste deel van het proefschrift is gericht op behandeling en 

PROMs bij patiënten met claudicatio intermittens (CI); het tweede deel gaat over PROMs na 

behandeling bij patiënten met kritieke ischemie (KI).

Deel I: Claudicatio intermittens (CI)

Als gevolg van potentieel culturele en taalkundige verschillen, dient een PROM formeel 

gevalideerd te worden voordat deze klinisch kan worden toegepast in een andere taal. 

Daarom hebben we in hoofdstuk 2 een studie uitgevoerd om de betrouwbaarheid 

en validiteit te beoordelen van de Nederlandse versie van de Vascular Quality of Life 

questionnaire (VascuQol, meet kwaliteit van leven (Kvl)) en de Academic Medical Center 

Linear Disability Score (ALDS, meet functionele status (FS)) in patiënten met stabiele 

CI. Hiervoor bepaalden we zowel interne consistentie (uitgedrukt als Cronbach’s alpa 

coëfficiënt) en test-hertest betrouwbaarheid (uitgedrukt als intraclass correlatiecoëfficiënt 

(ICC)).

Daarnaast werd de constructvaliditeit voor de VascuQol en ALDS bepaald door berekening 

van spearman correlaties tussen verwante domeinen van de SF-36. Interne consistentie 

was, respectievelijk, goed en uitstekend voor de totale scores van VascuQol, SF-36, en ALDS 

(Cronbach’s alpa > 0.85) en test-hertest betrouwbaarheid was uitstekend voor de totaal 

scores van de VascuQol en voor de ALDS (ICC > 0.90). Spearman correlaties tussen VascuQol, 

ALDS, en de SF-36 domeinen varieerde ( r = 0.34–0.79). Hieruit concludeerden we dat de 

Nederlandse VascuQol en de ALDS reproduceerbaar, valide en betrouwbaar zijn voor de 

evaluatie van Kvl en FS bij patiënten met CI en toepasbaar in klinisch wetenschappelijk 

onderzoek.

Ondanks de toenemende toepassing van PROMs in klinisch wetenschappelijk onderzoek, 

worden in de dagelijkse praktijk de enkel-arm index (EAI) en loopafstand nog steeds 

beschouwd als belangrijke uitkomstmaten met betrekking tot de besluitvorming voor 

behandeling van CI. In hoofdstuk 3 onderzochten we de relatie tussen de loopafstand 

geschat door de patiënt, de werkelijke loopafstand op de gang en op een loopband en 

gemeten met de Walking Impairment Questionnaire (WIQ) bij patiënten met CI. 
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De mediane geschatte loopstand, loopafstand op de gang, en loopband waren 200, 

200 en 123, respectievelijk (P < .05) Hoewel de mediane geschatte loopafstand en de 

mediane loopafstand op de gang niet significant verschillend waren, was er een verschil op 

individuele basis.

De correlatie tussen de patiënt geschatte en maximale loopafstand op de gang was matig(r 

= 0.61; 95% betrouwbaarheidsinterval (BI) 0.42-0.75) en de correlatie tussen patiënt geschatte 

en loopafstand op de loopband was zwak (r = 0.39; 95% BI 0.15-0.58). Respectieve correlaties 

voor de pijnvrije loopafstand waren vergelijkbaar. De patiënt geschatte loopafstand was 

matig gecorreleerd met de WIQ totale score (r = 0.63; 95% BI 0.45-0.76) en sterk gecorreleerd 

met WIQ afstand score (r = 0.81; 95% BI 0.69-0.88). De correlatie tussen de loopafstand op 

de gang en WIQ afstand score was matig (r = 0.59; 95% BI 0.40-0.74). We concludeerden 

dat de door de patiënt geschatte loopafstand en de loopafstand op een loopband niet 

de werkelijke loopafstand weerspiegelt. Instrumenten die rekening houden met de door 

de patiënt ervaren belemmering in loopafstand, zoals de WIQ, kunnen helpen om betere 

behandelingsbeslissingen te maken en deze te evalueren, maar verder onderzoek is nodig 

om hun rol te definiëren.

In hoofdstuk 4 presenteerden we een systematische review van studies met betrekking tot 

de relatieve effectiviteit van percutane transluminale angioplastiek (PTA), (gesuperviseerde) 

looptraining (S)ET of hun combinatie om aanbevelingen te geven voor de behandeling 

van patiënten met CI. We konden elf van de geïdentificeerde 258 artikelen includeren (acht 

gerandomiseerde studies).

Eén studie includeerde patiënten met een geïsoleerde aorto-iliacale obstructie, drie 

includeerden die met femoro-popliteale obstructies en vijf die met gecombineerde laesies. 

Twee studies vergeleken PTA met advies over ET, vier PTA met SET, twee PTA plus SET met 

SET en twee PTA plus SET met PTA. Hoewel de eindpunten in de meeste studies bestonden 

uit loopafstanden en Kvl, was poolen van de data onmogelijk als gevolg van heterogeniteit. 

In het algemeen was de effectiviteit van PTA en (S)ET gelijk, hoewel na PTA plus (S)ET de 

loopafstand en sommige domeinen van KvL schalen meer verbeterden dan na (S)ET of 

PTA alleen. Dus het leek dat de combinatie van PTA en SET het meest effectief was, hoewel 

dit niet voor alle resultaten waargenomen werd. Het zou kunnen dat PTA patiënten een 

voorsprong geeft voor een meer effectieve SET, weerspiegeld in een toename van de 

loopafstand, maar dit werd niet gezien in een toename van Kvl vergeleken met SET of PTA 

alleen. 
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Dus het bewijs dat SET dan wel PTA een betere behandeling is voor CI is niet solide. En 

hoewel PTA van een iliacale obstructie een aantrekkelijke en effectieve behandeling is met 

4 jaar patency rates van 70%, kan SET de pijnvrije loopafstand ook effectief verbeteren. 

Niettemin, speciaal bij patiënten met een iliacale obstructie is het voordeel van SET 

onduidelijk. Daarom presenteerden we in hoofdstuk 5 de opzet van een multicenter 

gerandomiseerde gecontroleerde studie waarbij 400 opeenvolgende patiënten met CI 

geincludeerd zullen worden, die willekeurig worden geloot voor PTA (met extra stent 

plaatsing op indicatie) of SET. Het doel van onze studie is het vergelijken van (kosten)

effectiviteit van SET versus PTA als primaire behandeling bij patiënten met CI met een iliacale 

obstructie om zo de meest optimale behandelstrategie te bepalen. Primaire uitkomstmaten 

zijn maximale loopafstand en Kvl gemeten met behulp van de ziekte-specifieke VascuQol 

na 1 jaar. De secundaire uitkomstmaten zijn pijnvrije loopafstand, FS, algemene Kvl, 

complicaties gerelateerd aan elk van de interventies, extra interventies, behandelfalen en 

kosten na 1 jaar. Op basis van de resultaten van deze voorgestelde grote studie denken wij 

een goede basis te hebben voor nieuwe richtlijnen betreffende de behandeling van CI bij 

een iliacale obstructie.

Deel II: Kritieke Ischemie (KI)

In overeenstemming met patiënten die lijden aan CI, zijn PROMs zoals Kvl en FS net zo 

belangrijk en worden ook steeds meer toegepast bij patiënten met KI. Eerder werden reeds 

de construct en klinische validiteit aangetoond  van de ALDS bij patiënten met KI. Tot nu 

toe was er echter nog geen longitudinaal onderzoek uitgevoerd bij patiënten met KI om 

veranderingen in FS aan te tonen gemeten met de ALDS. 

Daarom evalueerden we in hoofdstuk 6 veranderingen in FS gemeten met de ALDS en in 

Kvl gemeten met de VascuQol 6 en 12 maanden na behandeling. We includeerden hiervoor 

150 patiënten (96 mannen [64%]), bij wie de primaire behandeling endovasculair was in 98 

(65,3%), chirurgisch in 36 (24%), conservatief in 11 (7,3%), of een grote amputatie in vijf (3,3%) 

patiënten. De ALDS werd voltooid door 112 patiënten na 12 maanden. Op dat moment, was 

de gemiddelde score van ALDS gestegen met 10 punten (mediaan 83; range 12-89; P <.001) 

bij patiënten die hun been behielden, wat overeen kwam met het uitvoeren van moeilijke 

activiteiten zowel binnens- als buitenshuis. Bij patiënten na een grote amputatie daalde de 

mediane ALDS Score met 14 punten (mediaan 55; range 16-89; P =.117) na 12 maanden, wat 

overeen kwam met het uitvoeren van alleen huishoudelijke activiteiten. 
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De VascuQol scores waren aanzienlijk verbeterd in alle afzonderlijke domeinen voor 

de groep die hun been behielden(P <.001). Daarnaast waren alle VascuQol scores, met 

uitzondering van het activiteit en sociale domein, aanzienlijk gestegen na amputatie. Onze 

studie bevestigt de klinische validiteit van de ALDS bij patiënten behandeld voor KI en toont 

aan dat de ALDS een waardevol en verfijnd instrument is voor het meten van veranderingen 

in FS. Met betrekking tot de dagelijkse klinische praktijk, zou de ALDS kunnen helpen om 

patiënten te informeren ten aanzien van het verwachte niveau van uitvoeren van dagelijkse 

activiteiten. 

Hoewel PROMs vaak worden toegepast bij patiënten met PAV, kan de interpretatie van 

uitkomsten van deze PROMs moeilijk zijn. De interpretatie van de scores wordt belemmerd 

door het ontbreken van een maat voor hoeveel verschil in score een daadwerkelijk klinisch 

zinvolle verandering weergeeft. Bijvoorbeeld, is een statistisch significant gemiddeld 

verschil van 0.44 van de basisscore, voldoende voor een individuele patiënt? Om die reden, 

introduceerden we in hoofdstuk 7 een nieuwe methode, het minimaal belangrijke verschil 

(MID). Dit is de eerste studie die het MID-concept toepast bij patiënten met PAV. Bepaling 

van de MID stelde ons in staat het percentage van patiënten te bepalen die klinisch een 

zinvolle verbetering of verslechtering na behandeling lieten zien. Daarnaast toonden onze 

resultaten een bereik waarbinnen de MID voor de VascuQol bij patiënten behandeld voor 

KI waarschijnlijk zou kunnen vallen. We gebruikten hiervoor de resultaten van patiënten 

die behandeld werden voor KI en pasten twee verschillende MID bepalingen toe (anker 

en distributie-gebaseerd). Hierbij werd bepaald of de patiënten een klinisch belangrijke 

verbetering of verslechtering lieten zien ten opzichte van een statistisch significant verschil. 

We zagen dat de VascuQol som score verbeterde van 3.0 (range 1.1-5.9) voor behandeling 

naar 4.0 (range 1.2-6.7) op 6 maanden (P < .001) na behandeling. De MID vastgesteld met 

de anker gebaseerde manier was 0.36, en met de distributie gebaseerde manier 0.48. 

Op individueel niveau, afhankelijk van beide methodes voor het bepalen van de MID, 

resulteerde dit in 60% tot 68% van de patiënten die een klinisch belangrijke verbetering 

lieten zien. Concluderend lijkt de MID methode een beter inzicht te geven in klinisch 

relevante verschillen dan de traditionele significante verschillen in scores.

IMPLICATIES VOOR DE KLINISCHE PRAKTIJK

Toepassing van PROMS 

Dit proefschrift heeft aangetoond dat PROMs, zoals de Nederlandse versie van de VascuQol 

en ALDS, goede clinimetrische eigenschappen hebben en kunnen worden gebruikt in 
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onderzoek bij patiënten met PAV. Zowel de VascuQol als de ALDS moeten echter worden 

gezien als verschillende evaluatie-instrumenten, omdat een Kvl instrument niet ontworpen 

is om de mate van functioneren uit te drukken, maar om de perceptie van de patiënt 

omtrent dit functioneren te evalueren. Daarom is de ALDS (als een meer patiënt specifiek FS 

instrument), een aanvulling op een Kvl instrument. Voor patiënten met CI kan een PROM die 

een door de patiënt ervaren belemmering meet, zoals de WIQ, een waardevolle aanvulling 

zijn om behandelingsbeslissingen te evalueren. Bovendien kan kennis van een minimaal 

belangrijk verschil (MID), clinici helpen om het vermeende voordeel van een bepaalde 

behandeling te evalueren. Bijgevolg, kunnen patiënten beter worden geïnformeerd over 

de waarschijnlijkheid van een klinisch belangrijke verbetering of verslechtering na een 

specifieke behandeling.

Het zou interessant zijn om deze PROMs te gebruiken en te interpreteren bij de evaluatie 

van het effect van de behandeling in de dagelijkse klinische praktijk en derhalve de zorg 

te optimaliseren. Eerder is dit gedaan als evaluatiemethode om de doeltreffendheid van 

verschillende interventies of beleid van de gezondheidszorg in de klinische praktijk te 

inventariseren.1  Bovendien is er reeds gesuggereerd dat gecombineerde resultaten van 

PROMs kunnen worden gebruikt voor het vergelijken van zorgkwaliteit tussen verschillende 

instellingen of regio’s, 2 wat ook belangrijk kan blijken voor verzekeringsmaatschappijen 

of beleidsmakers in de gezondheidszorg. Bovendien kunnen PROMs worden gebruikt om 

patiënten te informeren over de mogelijke voordelen van een behandeling, als onderdeel 

van gedeelde besluitvorming of potentieel als onderdeel van besluitvorming van patiënten 

zelf. In de spreekkamer, kunnen reeds bekende uitkomsten van  PROMs een basis bieden 

voor het bespreken van behandelmogelijkheden met patiënten. Helaas is er weinig bekend 

over het effect op de keuze van behandeling als patiënten eerder worden voorzien van 

gegevens over Kvl. Alleen vonden we dat Appleby en Devlin rapporteerden over  een 

abstract van Brundage et al. over het oordeel van patiënten van de waarde van informatie 

over Kvl bij de behandeling van longkanker. 3

Aan de andere kant, ondervroegen Fritz en Dugas artsen of zij geïnteresseerd waren in 

de Kvl van hun patiënten.4 Zij vonden dat ongeveer twee-derde van de artsen keken naar 

PROM uitkomsten in de dagelijkse klinische praktijk. Dus, PROMs kunnen ook worden 

gebruikt door clinici als onderdeel van routinematige evaluatie, voornamelijk voor een 

chronische aandoening zoals PAV. Indien opnieuw gemeten bij latere bezoeken, kunnen 

PROMs niet alleen helpen evalueren of er progressie is van PAV maar ook effecten van 

behandeling inventariseren. Het invullen van een PROM kan bijdragen aan het feit dat  de 
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patiënt zich gehoord voelt, en de informatie biedt een gestructureerde basis voor patiënten 

in het overleg met hun arts. PROMs uitkomsten kunnen worden verzameld tijdens elk 

patiënt contact of thuis worden ingevuld. Touchscreen computers en andere elektronische 

middelen voor het verzamelen van PROMs resultaten kunnen potentieel voor verbetering 

zorgen in hoe PROMs gegevens worden verzameld en gebruikt in de klinische praktijk.5 

Vooralsnog kunnen we stellen dat er een groeiende interesse is in het gebruik van PROMS als 

maatstaf voor de kwaliteit van de zorg. In dit stadium is het echter belangrijk om te weten of 

verschillen in Kvl inderdaad relevant zijn voor de patiënt.

Behandeling van claudicatio intermittens (CI)

Betreffende de meest optimale behandeling voor patiënten met CI liet onze systematische 

review zien dat de superioriteit of inferioriteit van gesuperviseerde looptraining (SET) 

over percutane transluminale Angioplasty (PTA) nog niet is aangetoond, waardoor beide 

behandelingen geschikte opties zijn, ongeacht het niveau van arteriële obstructie. Het 

kan zijn dat een combinatie van PTA en (gesuperviseerde) looptraining ((S)ET) superieur 

is over looptraining of PTA alleen, maar dit is nog niet bevestigd. Echter, na publicatie van 

onze systematische review werden de resultaten van drie extra studies gepubliceerd. De 

resultaten van deze studies toonde ons dat hoewel PTA en SET en een combinatie daarvan 

even effectief waren, SET de meest kosteneffectieve eerste keus behandeling was.

Mazari FA et al. vonden dat PTA, SET, en PTA plus SET allemaal even effectief waren in het 

verbeteren van loopafstand en Kvl na 12 maanden voor patiënten met CI als gevolg van een 

femoro-popliteale obstructie.6 Echter, SET was de meest kosteneffectieve behandeling voor 

CI, en wanneer deze werd gecombineerd met PTA was dit meer rendabel dan alleen een 

PTA.7 Fakhry toonde dat na ongeveer 7 jaar SET-eerst of PTA-eerst even effectief was in het 

verbeteren van functioneren en Kvl bij patiënten met CI met een gecombineerde aorto-

iliacale en femoro-popliteale obstructie.8 Echter ondersteunde het aanzienlijk hogere aantal 

chirurgische ingrepen in de PTA-eerst groep een SET-eerst behandelstrategie.

Met betrekking tot de patiënten met CI op basis van een iliacale obstructie, onderzochten 

Murphy et al. de effectiviteit van optimale medische zorg versus SET versus PTA + stent.9 

Zij concludeerden bij 6-maanden follow-up,  dat na SET de loopafstand op een loopband 

verbeterde,  maar dat FS en de meeste domeinen van ziekte-specifieke Kvl meer verbeterden 

na stenting. Helaas includeerden ze een kleinere groep dan oorspronkelijk gepland en een 

onevenwichtige verdeling van gepaard gaande femoro-popliteale obstructies kan hun 
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resultaten mogelijk hebben beïnvloed. We moeten wachten op de resultaten van de door 

ons geïnitieerde SUPER studie om een definitief antwoord te kunnen geven wat de meest 

optimale behandeling is voor patiënten met CI als gevolg van een iliacale obstructie.

 KRITISCHE KANTTEKENINGEN

Om PROMs echt toe te passen in de dagelijkse klinische praktijk moeten de reeds bekende 

gegevens van Kvl resultaten gemakkelijk toegankelijk zijn voor clinici, en de instrumenten 

zelf moeten gemakkelijk kunnen worden ingevuld door de patiënt. Dit maakt de selectie 

van de PROMs die hiervoor gebruikt kunnen worden een uitdaging. Deze PROMs dienen 

reproduceerbaar, valide en betrouwbaar te zijn.

Hoewel onze studie toonde dat de Nederlandse VascuQol en het ALDS reproduceerbaar, 

valide en betrouwbaar zijn voor de evaluatie van Kvl en FS bij patiënten met CI, hebben 

we weinig informatie over de reproduceerbaarheid met betrekking tot test-hertest 

onderzoek. De reden is dat in onze studie niet meer dan de helft van de patiënten instemde 

om een tweede keer de vragenlijsten in te vullen. Het zou heel interessant zijn meer te 

weten over de betrouwbaarheid ten aanzien van de test-hertest van deze instrumenten. 

Bovendien, hoewel we hebben aangetoond dat de ALDS ook kan worden toegepast in 

een longitudinale studie en veranderingen in functionele status bij patiënten met KI heeft 

gemeten, hebben we geen informatie over patiënten met CI. We hopen dat de SUPER studie 

ons zal voorzien van meer informatie over dit onderwerp.

Onze studie, waarbij de loopafstanden geschat door de patiënt, op de gang, op een 

loopband en gemeten met de Walking Impairment Questionnaire (WIQ) werden vergeleken, 

toonde aan dat de door de patiënt geschatte loopafstand en de loopafstand op een 

loopband niet de werkelijke loopafstand weerspiegelde. Daarnaast kunnen instrumenten 

die rekening houden met de door de patiënt ervaren belemmering in loopafstand, zoals 

de WIQ, helpen behandelingsbeslissingen te evalueren. Helaas hebben we de WIQ niet 

toegepast in de SUPER studie. Echter kan de ALDS, die ons meer gedetailleerde informatie 

geeft over FS, ons wellicht meer informatie geven ten aanzien verschillende activiteiten van 

het dagelijks leven.

Uit onze systematische review en de meer recent gepubliceerde studies bleek dat SET de 

meest (kosten-) effectieve behandeling is van eerste keus, niettemin blijkt de inhoud van 

SET programma’s zeer heterogeen te zijn. Dus, hoewel we weten dat SET een effectieve 
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behandeling is, is het meest ideale SET programma niet bekend. Het toevoegen van 

motiverende interview technieken kan bijvoorbeeld een nuttige toevoeging zijn aan SET 

programma’s.10 Deze technieken kunnen worden gebruikt voor start van de SET, waarbij 

de patiënt zelf wordt gevraagd om motiverende verklaringen en evaluaties van het eigen 

loopgedrag te maken. Daarbij wordt gestreefd dat patiënten zich zullen ontwikkelen 

naar een punt waarop hun wandelgedrag veranderd zal worden. Een ander aspect in de 

behandeling van patiënten met PAV is de integratie van psychologische zorg gelijk aan 

cardiale revalidatie.11 Dit zou ook een waardevolle aanvulling kunnen zijn, omdat het is 

aangetoond dat patiënten met PAV depressieve symptomen hebben, wat is geassocieerd 

met verminderde loopafstand. Deze depressieve symptomen, samen met een type D 

persoonlijkheid kunnen bijvoorbeeld invloed hebben op resultaten en misschien de 

naleving van SET programma’s.12,13 We hebben echter in ons huidige onderzoek geen 

onderscheid gemaakt tussen subgroepen van PAV patiënten met of zonder type D 

persoonlijkheid noch onderzocht of de patiënten lijden aan depressieve symptomen.

TOEKOMSTIGE RICHTINGEN

Ondanks het feit dat we nieuwe gegevens hebben vergaard over het gebruik van 

verschillende PROMs voor PAV en een ander concept toegepast (de MID)) met betrekking tot 

de interpretatie van de resultaten van PROMs, zijn veel vragen nog steeds onbeantwoord. 

Er zijn zeer veel instrumenten ontwikkeld, waarbij de Kvl van patiënten met PAV wordt 

gemeten, maar er lijkt toch weinig aandacht uit te gaan naar het echte patiënt perspectief. 

Bijvoorbeeld, zo vult een patiënt de VascuQol in, waar wordt gevraagd in welke mate slechte 

circulatie naar de benen de patiënt belemmert met betrekking tot verschillende domeinen 

en classificeert de antwoorden in de frequentie van de symptomen, de mate van beperking 

of de mate van ongemak. Wat de patiënt niet gevraagd wordt, is of de patiënt deze 

frequentie of beperking of ongemak als invaliderend ervaart of dat hij eigenlijk wel tevreden 

is. In het algemeen lijken meer van deze toegepaste instrumenten niet echt patiënt gericht. 

Toekomstig onderzoek moet worden uitgevoerd om de beschikbare PROMs voor PAV te 

identificeren en de clinimetrische eigenschappen te classificeren.

Naast PROMs, kunnen uitkomstmaten met betrekking tot patiënt gerapporteerde ervaringen 

(PREMs) meer informatie geven over het perspectief van de patiënt over de ondergane 

behandeling, omdat PREMs de ervaring van het proces weergeven in tegenstelling tot het 
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resultaat van de behandeling.3 Zo is het mogelijk dat de behandeling voor de patiënt een 

bevredigende ervaring was, maar dat er klinisch geen goed resultaat is verkregen.

Clinici zouden moeten overwegen om een scala van opties aan te bieden om patiënten beter 

advies te kunnen geven met betrekking tot behandelopties en uitkomsten. Met betrekking 

tot de interpretatie van resultaten is het noodzakelijk om meer ervaring te krijgen met het 

MID concept. De MID kan worden toegepast op andere PROMs voor PAV in verschillende 

patiënt cohorten en in verschillende centra. Bovendien, kan de MID ook nuttig blijken bij de 

planning van nieuwe studies, zoals bij groepsgrootte berekeningen om een verwacht verschil 

aan te tonen die patiënten en onderzoekers klinisch belangrijk achten.

Behandeling van claudicatio intermittens (CI)

Zoals al eerder is aangegeven met betrekking tot de meest optimale behandeling voor 

patiënten met CI, blijft SET de behandeling van eerste keus. Toch vonden Fakry et al dat in 

de PTA groep minder patiënten die CI hadden op basis van een aorto-iliacale obstructie 

een secundaire interventie onderging in vergelijking met patiënten met CI op basis van een 

femoro-popliteale obstructie.8 Dit bevestigt de hogere patency rates voor PTA van het aorto-

iliacale traject in vergelijking met het femoro-popliteale traject. Gezien deze hoge patency 

rates en de goede toegankelijkheid van een endovasculaire procedure voor een aorto-

iliacale obstructie kan bij patiënten met CI als gevolg van een aorto-iliac obstructie een PTA 

behandeling als eerste keus zeker worden overwogen. Wij hopen dat de SUPER studie ons 

uiteindelijk een concreet antwoord zal geven op deze vraag.
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Appendix 2

SUPER Study Investigators:

(Frans FA [ Department of Surgery and Radiology], Bipat S [Department of Radiology], 

Reekers JA [Department of Radiology], Legemate DA [Department of Surgery], Koelemay 

MJW [Department of Surgery] Academic Medical Centre Amsterdam).

SUPER Study collaborators:

Writing committee

(Dijkgraaf MGW [Clinical Research Unit], De Haan RJ [Clinical Research Unit] Academic 

Medical Center Amsterdam); (Engelbert RHH, Van Egmond MA, Poelgeest A [Department of 

Rehabilitation, Amsterdam Medical Center, Amsterdam and University of Applied Sciences, 

Education of Physiotherapy, Amsterdam]);(Geleijn E [Department of Physiotherapy] VU 

Medical Center Amsterdam); (van der Voort SSEM, Honing B [Department of Physiotherapy]; 

Tergooiziekenhuizen Hilversum en Blaricum).

Participating centres (local investigators):

(De Vries JPPM [Department of Surgery], Vos JA [Department of Radiology] ; Sint Antonius 

Ziekenhuis Nieuwegein), (De Nie AJ [Department of Surgery], Kamphuis A [Department of 

Radiology]; Rode Kruis Ziekenhuis Beverwijk), (Vahl AC [Department of Surgery], Montauban 

van Swijndregt AD [Department of Radiology]; Onze Lieve Vrouwe Gasthuis Amsterdam), 

(Vermeulen EGJ [Department of Surgery], Van Kelckhoven BJ [Department of Radiology]; 

Kennemer Gasthuis Haarlem), (Van der Vliet JA [Department of Surgery], Schultzekool LJ 

[Department of Radiology] ; University Medical Centre Nijmegen St. Radboud), (Willems M 

[Department of Surgery], De Bruine JHD [Department of Radiology]; Flevoziekenhuis Almere), 

(Hoksbergen A [Department of Surgery], Lely R[Department of Radiology]  ; VU Medical 

Centre Amsterdam), (Hollander EJF [Department of Surgery],  Pels Rijcken T [Department 

of Radiology]; Tergooiziekenhuizen Hilversum en Blaricum), (Buscher HCJL [Department 

of Surgery], Slis HW [Department of Radiology]; Gelre Ziekenhuizen Apeldoorn), (Elsman 

BHP[Department of Surgery]; Aarts JCNM[Department of Radiology]); Deventer Ziekenhuis), 

(Reijnen MMPJ[Department of Surgery]; van Oostayen JA [Department of Radiology],  

Rijnstate Hospital Arnhem), (Van Nieuwenhuizen RC [Department of Surgery], Wüst AFJ 

[Department of Radiology]; Sint Lucas Andreas Ziekenhuis Amsterdam),(Nio D [Department 

of Surgery], van de Rest HJM [Department of Radiology]; Spaarne Ziekenhuis Hoofddorp), 

(Van den Broek ThAA [Department of Surgery];Moolhuijzen A [Department of Radiology]; 

Waterland Ziekenhuis Purmerend)
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Data Safety Monitoring Committee:

Chair: Buskens CJ [Department of Surgery], Academic Medical Centre Amsterdam

Voting Members: (Zeebregts CJ [Department of Surgery], University Medical Centre 

Groningen), (de Bie RA [Department of Epidemiology & Institute for Education], Maastricht 

University Medical Centre), (van Overhagen H [Department of Radiology] Hagahospital, The 

Hague).
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DANKWOORD

Terugkijkend op 4 jaar onderzoek, hebben heel veel mensen direct en indirect bijgedragen aan dit 
proefschrift. Dank voor jullie support. 

Medisch wetenschappelijk onderzoek doen we voor de patiënt. Dus zonder alle patiënten met perifeer 
vaatlijden die hebben deelgenomen  aan de verschillende studies was dit proefschrift er nooit geweest.  Alle 
patiënten, heel veel dank voor het invullen van de lange vragenlijsten en het lopen op de gang in het AMC.

Mijn promotor, Prof. Dr. J. A. Reekers, beste Jim, jouw enthousiasme en drive zijn bewonderenswaardig! Altijd 
weer een ander en vernieuwend idee en natuurlijk ook jouw inzet om ons als jouw promovendi onderzoek 
te laten doen of er nou subsidie is of niet. Ik bewonder de wijze waarop jij  de klinische werkzaamheden, de 
wetenschap en je organisatorische verplichtingen weet te combineren en dan ook nog tijd hebt om een 
boek te schrijven over hoe we beter kunnen presenteren. Veel dank voor de begeleiding en motiverende 
gesprekken.

Mijn promotor, Prof. Dr. D.A. Legemate, beste Dink, ook al was je wat meer op de achtergrond; je 
betrokkenheid was er niet minder om. Niet alleen je kritische beoordeling van mijn stukken maar ook je 
interesse in de persoon, tijdens een praatje na de researchbespreking  of een autorit naar Nijmegen, maken je 
tot een goede begeleider. Veel succes met je nieuwe functie als hoofd van de afdeling Heelkunde. Ik kijk uit 
naar mijn opleidingstijd in het AMC. 

Mijn co-promotor, Dr. M.J.W. Koelemay, beste Mark, waar moet ik beginnen? Betere en gezelligere 
begeleiding had ik me niet kunnen wensen. Niet alleen alle input en uitgebreide hulp op wetenschappelijk 
gebied , maar ook tijdens de ups en downs met betrekking tot “ons project SUPER studie”.  De tripjes alleen 
al waren onvergetelijk. Een ritje naar Nijmegen en Deventer in de sneeuw met een oude Volvo zonder 
winterbanden, een lekke band in een nieuwe Volvo tijdens een ritje naar Haarlem en werkbespreking op een 
terras in Maaskantje. Ondanks jouw drukke programma als vaatchirurg maakte je altijd tijd voor me vrij. Ik 
hoop dat nog veel onderzoekers mogen beschikken over jouw prettige manier van werken en begeleiding.

Mijn co-promotor, Dr. S. Bipat, beste Shandra, als eerste denk ik aan jou gevleugelde uitspraak “liever een 
flapuit dan helemaal geen mening!” Natuurlijk helemaal mee eens. Jij bent het boegbeeld van de research 
op de afdeling radiologie. Zo kordaat, energiek en een enorm grote hulp voor alle regeldingen tijdens een 
promotietraject en dan ben je ook nog erg gezellig. Jouw schakelfunctie tussen onderzoekers en begeleiders 
maken dat uiteindelijk alles op zijn pootjes terecht komt. Daarnaast, als Mark niet kon vond jij het ook wel 
leuk om een keer op pad te gaan. Veel dank voor de fijne tijd op G1!

De overige leden van de promotiecommissie wil ik graag hartelijk danken voor de bereidheid dit proefschrift 
op zijn wetenschappelijke waarde te beoordelen. Dank voor het beoordelen van mijn proefschrift Prof. dr. 
R.J. de Haan, Prof. dr. E.S.G. Stroes, Prof. dr. J.A.W. Teijink, Prof. dr. W.P.Th.M. Mali,  Prof. dr. J. de Vries en Prof. dr. 
R.H.H. Engelbert.

Uiteraard wil ik graag de medeauteurs van de verschillende artikelen uit dit proefschrift bedanken.

 Marcel Dijkgraaf, dank voor je hulp met zowel de PRINT als de SUPER studie. Door je heldere uitleg op de 
statistische vragen konden de reviewers alleen nog maar “accepted” aanvinken. 
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Suzanne van Wijngaarden , dank dat ik samen met jou de door jou verrichte studie mocht opschrijven!  
Marjolein Zagers, dank voor alle meters die jij met de patiënten hebt afgelegd op de gang. Pythia Nieuwkerk, 
dank voor je hulp bij het MID artikel, na een aantal constructieve besprekingen is het echt een mooi stuk 
geworden!

Apart wil ik Roos, Anne en Sjoerd bedanken. Roos, mijn voorgangster, dank dat ik jouw PRINT studie mocht 
overnemen en opschrijven. Anne, mijn opvolgster, ik ben blij dat jij het SUPER studie project met zoveel inzet 
en enthousiasme van me hebt overgenomen. Heel veel succes! Sjoerd, niet alleen medeauteur, maar ook een 
hele prettige en betrokken collega. Heb veel respect voor het feit hoe jij je sport met je werk (en dan ook nog 
een master epidemiologie) weet te combineren. Veel succes ook met het afronden van jouw studie.

Een zeer belangrijke rol voor de verschillende studies uit dit proefschrift was weggelegd voor de 
vaatlaboranten van het AMC. Marja, Aart en Ellen, veel dank voor jullie inzet, flexibiliteit, enthousiasme en 
hulp.

Daarnaast wil ik alle vaatchirurgen en interventie radiologen uit het AMC hartelijk danken voor het 
aandragen en behandelen van de patiënten uit de verschillende studies. 

De SUPER studie is een trial die nooit tot stand zou zijn gekomen en nog steeds succesvol draaiende is zonder 
de hulp van velen. Er zijn bijna teveel mensen om te bedanken. Het spijt me als ik iemand vergeet…

Allereerst dank ik het writing committee: Prof. Dr. R.J. de Haan, Dr. M.G.W. Dijkgraaf , Prof. Dr. R.H.H. Engelbert, 
M.A.van Egmond, A. Poelgeest, E. Geleijn, S.S.E.M. van der Voort en B. Honing voor hun multidisciplinaire 
visie op de SUPER studie.

Maarten en Albertina, docenten aan de opleiding fysiotherapie van de Hogeschool van Amsterdam, en 
Ferdinand de Haan, hoofd polifysiek, jullie wil ik graag persoonlijk bedanken voor de fijne samenwerking. De 
SUPER studie heeft meegeholpen om bruggen te slaan. Stap voor stap zorgt polifysiek ervoor dat we samen 
verder komen in zorg voor en kennis over de vaatpatiënt!

Data Safety Monitoring Committee: Dr. C.J. Buskens, Prof. Dr. C.J. Zeebregts, Prof. R.A. de Bie, Dr. H. van 
Overhagen, dank voor jullie ondersteunende rol.

De groeiende groep SUPER studie investigators, zonder jullie geen inclusies. Alle vaatchirurgen en 
interventieradiologen uit de verschillende ziekenhuizen genoemd in de appendix en degenen waarmee het 
netwerk is uitgebreid hartelijk dank voor de tijd die jullie in de studie steken.

En net zo belangrijk al jullie afdelingen vaatlab. Jullie maken de SUPER studie tot een echt succes. Heel veel 
dank voor al jullie inzet!

Alle medewerkers claudicationet, landelijk netwerk looptherapie, dank voor jullie werk en daarmee jullie 
indirecte bijdrage aan de SUPER studie. Alle claudicationet fysiotherapie praktijken die SUPER studie 
patiënten trainen, dank voor  het geven van “de juiste” gesuperviseerde looptraining aan de patiënten.
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Daarnaast iedereen  die aan de website en applicatie van de SUPER studie heeft gewerkt (van mijn oom 
Jeroen tot aan de medewerkers van de ICT en de CRU), heel erg bedankt voor jullie werk, inzet en energie. 

Dan alle onderzoekscollega’s van G1 en G4 die ik in 3 jaar tijd  heb leren kennen. Wat is radiologie en 
chirurgie toch een goede match. Dank voor de gezelligheid tijdens de lunch, afdelingsuitjes, skivakanties,  
G4-ontbijtjes  en last but not least G1- koffie beneden!

G1 matties, 3 jaar onderzoek doen was echt een geweldige ervaring, zo blij dat ik jullie heb leren kennen. 
Manon, de eerste gepromoveerde mattie; wanneer ga je ons weer 1 van die culinaire hoogstandjes laten 
proeven? Joppe, als je thuis ook weer achter je 3 computerschermen gaat zitten is die promotie natuurlijk zo 
binnen, dank voor al je technische hulp. Loes, 2014 gaat een mooi jaar worden, eerst je boekje af en dan ….. 
.Marije, jij komt zo nog. Marjo, surgical BFF, tot ons pensioen een kamertje in Veldhoven! Straks jou promotie, 
hoop dat 3 jaar chirurgie/radiologie combi me tot een uitstekende paranimf gaat maken als ik straks naast je 
sta.

Niet te vergeten de medewerkers van het afsprakenbureau, IT afdeling  en de secretaresses van de afdeling 
radiologie, dank voor jullie flexibiliteit  en hulp.  Annemarie, veel dank voor de assistentie en organisatie 
rondom mijn promotie.

En natuurlijk ook alle secretaresses van de afdeling chirurgie, in het bijzonder Carla, Coos en Els ook dank 
voor jullie hulp rondom het organiseren van een promotietraject en het tijd hebben voor een praatje.

Oud collega’s en bazen uit het Diakonessenhuis in Utrecht, wat vond ik het leuk om bij jullie te werken en 
wist ik zeker dat de chirurgie het was voor mij. Dank hiervoor!

Daarnaast mijn lieve oud collegaatjes Diak-dames, Mariëlle, Anneke en Ingri. Onze levens zijn heel erg 
veranderd sinds onze tijd samen in het Diak. Maar een goede combinatie blijft het, 2 radiologen, een 
orthopeed en een chirurg. Binnenkort weer een hapje en drankje in Amsterdam?

Mijn eerste stappen op onderzoeksgebied waren op Curaçao. We kwamen er zelfs mee op de voorpagina van 
de Amigoe.  Drs. A.E. Maduro, Andre en Dr. S.O. Keli, Sirving dank voor jullie hulp en de fijne begeleiding!

Collega’s en bazen uit het Gelre Ziekenhuis Apeldoorn, wat voelt het goed om samen te werken met zulke 
fijne collega’s. Dank voor jullie flexibiliteit tijdens deze laatste fase van mijn promotie. Vanaf nu nooit meer 
het “boekje” excuus. Ben heel blij dat ik bij jullie de opleiding mag volgen.

Dank al mijn lieve vrienden, 

It’s nice to be important, but it’s more important to be nice. (H.P. Baxxter Januari 1995)

Julio, veel dank voor je interesse, adviezen en steun tijdens mijn onderzoeksperiode en daarvoor. Daarnaast 
wil ik jou familie op Curaçao en in Nederland, je moeder, broers, zussen, neven en nichten, heel erg danken 
voor jullie gastvrijheid, warmte en de fijne vakanties op dushi Korsou.
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Lieve Voorthuizen vriendinnetjes, Anouk en Sanne. We go way back. En ook al zien we elkaar periodes heel 
vaak of soms wat minder vaak, maakt helemaal niet uit. Dat zit wel goed!

Dames ’99 4+, Mijn 4 ‘basis’ vriendinnetjes uit Groningen. Zo langzamerhand wonen we bijna allemaal in een 
andere stad, maar de band door 1 jaar heel hard roeien, vroeg opstaan en rode broeken& roze truitjes blijft 
altijd bestaan. 99 supermooi!

Paardrijvriendinnen en vriend, ik had nooit kunnen denken dat het uur paardrijden op de maandagavond 
tot zulke gezellige avonden en uitjes zouden leiden. Of het nu een duinrit is, een huwelijk, of “op ponykamp”. 
Dank voor jullie verhalen, de heerlijke afleiding en jullie belangstelling voor mijn werk.

Amstellands finest, wat “fine” om deel te mogen uit maken van dit mooie carrousel team. Wat nou, 
paardrijden geen teamsport?! Vorig jaar als reserve al een hele bijzondere ervaring en nu voor vast. Over een 
paar maanden het NK, maar eerst nog heel hard trainen.

Lieve Club, lieve Mango’s en subdivisie Mango-Amsterdam. Al 13 jaar delen we lief en leed, wat gaat de tijd 
snel ;-). Het boekje is eindelijk klaar, nu als 3e in de rij gepromoveerd en hopelijk straks nog een paar! Dat er 
nog maar heel veel feestjes, baby’s en gezellige avondjes zullen volgen. Cheers!

Pension Riant, das een heel bijzonder pand. En dat niet alleen, die geweldige tijd in Groningen werd gewoon 
voortgezet in Amsterdam. Ook al zien we elkaar niet iedere dag, elke keer voelt alsof het gisteren was. Hoop 
nog heel veel en vaak “praten en lachen”met elkaar!!!

Lieve Curaçao-Kenepa vriendinnen en vrienden, wat hebben we een heerlijke tijd gehad met elkaar op 
het tropische eiland. Uiteindelijk allemaal dokter en in opleiding en bijna allemaal een ander specialisme 
gekozen! Misschien gaan we nog wel een keer een ziekenhuis vullen samen, met aansluitende HAP uiteraard!

Mijn lieve paranimfen, één van de radiologie en één van de chirurgie. Dat kan natuurlijk niet anders…van 
collega tot vriendinnetje, en van vriendinnetje tot collega!

Lieve Marij “paardtje”, wat was je een gezellige collega en ben je een fijne vriendin geworden. Samen fietsten 
we naar het AMC,  stond jij iedere dag met de auto voor de deur toen ik mijn enkel verstuikt had en zat je 
aan mijn bed toen ik 1 nachtje in het ziekenhuis lag na een appendectomie. Je woonde (tot voor kort) om de 
hoek en samen deelden we 3 jaar “lief en leed” op onderzoeksgebied ;-).  Wat heb ik bewondering voor jouw 
doorzettingsvermogen, optimisme en vrolijkheid met al die tegenslagen tijdens jouw onderzoekstraject! 
Nu in opleiding tot radioloog in Dordrecht en volgend jaar sta jij vast en zeker een stralende verdediging te 
doen. Dank dat je mijn paranimf wilt zijn!

Lieve Suus, van huisgenootjes op Curaçao werden we vriendinnetjes, daarna onderzoekscollega’s en nu ook 
samen chirurg in opleiding! Allemaal hele bijzondere perioden en met echte “downs”, maar gelukkig ook veel 
“ups”. Zo fijn om even een uitlaatklep voor elkaar te kunnen zijn tijdens het opzetten van een multicenter trial 
en de uren die je achter een computer doorbrengt. Heb veel respect voor hoe jij dit allemaal, inclusief master 
epidemiologie, hebt weten te combineren. En daarnaast ook nog een betrokken, gezellige, maar bovenal een 
ontzettend lieve vriendin te zijn. Ik kijk er naar uit dat we straks samen in Apeldoorn zitten en ben blij dat je 
op deze bijzondere dag naast me staat!
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Lieve ooms, tantes en neven, veel dank voor jullie interesse in mijn werk en onderzoek!

Chantana, Michiel en Isa-Linde. Wat fijn om familie zo dicht in de buurt te hebben en straks ook nog een klein 
neefje erbij. Lieve Chanty, dank voor al het werk wat je verricht hebt met als resultaat dit prachtige boekje. Blij 
dat ik zo’n zorgzaam, lief en getalenteerd zusje heb!

Jarst en Annemieke, Dank voor het meeleven en jullie belangstelling voor mijn werk. Daarnaast betekenen 
jullie gezelligheid en dat de deur altijd open staat heel veel voor me.

Papa en Diana, Wat hebben we samen al mooie dingen beleefd. Zo fijn dat ik altijd bij jullie terecht kan voor 
adviezen, “een broodje” of gewoon even mijn ei kwijt.

Pap, toen ik geneeskunde ging studeren vroeg je me of ik voor jou de verjongingspil ging uitvinden. Maar 
lieve pap, die heb jij helemaal niet nodig. Ik ken niemand met zoveel energie en passie in alles wat je doet, van 
tennissen tot het handelen van antiek. Ik ben trots dat jij mijn vader bent en hoop dat je nog heel lang van het 
leven kan genieten!

Lieve mama, jij bent zonder twijfel de fijnste moeder die een dochter zich kan wensen. Dank voor je 
onvoorwaardelijke liefde, steun en interesse in alles wat ik doe en dat je er altijd voor me bent.

Hoe verschillend, maar ook zoveel overeenkomsten. Voor mijn lieve broer, voor Jarst.

Je hebt iemand nodig,

eerlijk en oprecht.

Die, als het er op aan komt

voor je bidt en voor je vecht.

Pas als je iemand hebt

die met je lacht en met je grient,

Dan pas kan je zeggen... 

Ik heb een vriend.

(Toon Hermans)
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Figures belonging to chapters



Figure 1 Flow diagram of patient inclusion.
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Figure 2 Median pain-free walking distance (PFWD) and maximum walking distance (MWD).

Figure 3 Distribution of estimated maximum walking distance (MWD) to MWD corridor.
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Figure 1.  Flow diagram of articles included in the Systematic Review

Figure 2.  Results of Maximum Walking Distance in aorto-iliac artery disease per study
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Figure 3.  Results of Initial Claudication Distance in aorto-iliac artery disease per study

Figure 4.Results of Ankle Brachial Index in aorto-iliac artery disease per study
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Figure 5.  Results of Maximum Walking Distance in femoro-popliteal disease per study

Figure 6. Results of Initial Claudication Distance in femoro-popliteal artery disease per study
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Figure 7. Results of Ankle Brachial Index in femoro-popliteal  artery disease per study

Figure 8. Results of Maximum Walking Distance in mixed aorto-iliac and femoro-popliteal artery 

disease per study
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Figure 9. Results of Initial Claudication Distance in mixed aorto-iliac and femoro-popliteal artery 

disease per study

Figure 10. Results of Ankle Brachial Index in mixed aorto-iliac and femoro-popliteal artery disease per 

study
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Figure 1. Eligibility criteria

Figure 2.  Description of Supervised Exercise Therapy (SET)

FIG
U

RES BELO
N

G
IN

G
 TO

 CH
A

PTERS



182

CHAPTER 5

Figure 3. Timeline SUPER study

Figure 4. Primary and secondary outcomes after 1 year
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Figure 1. ALDS scores and corresponding activities

Figure 2. Flow diagram of study
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Figure 3a. Primary and additional interventions

Figure 3b. Details on limb salvage or major amputation
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Figure 4a. ALDS scores baseline, 6 and 12 months after intervention

Figure 4b. VascuQol sumscores baseline, 6 and 12 months after intervention
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Figure 1. Minimally Important Difference

Figure 1a. Flow diagram of study 
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Figure 2. Proportion of patients showing an (un)important benefit or deterloration





1. De AMC Linear Disability Score is een valide en reproduceerbaar instrument om het 
niveau van functioneren te meten van patiënten met perifeer arterieel vaatlijden en is 
zeer geschikt om het effect van interventies te evalueren. (dit proefschrift)

2. Vooralsnog lopen we niet te hard van stapel als we dotteren bij patiënten met 
claudicatio intermittens. (dit proefschrift) 

3. Beslissingen over de behandeling van patiënten met claudicatio intermittens kunnen 
beter gebaseerd worden op de door de patiënt ervaren belemmering in loopafstand dan 
op de loopafstand gemeten op een loopband. (dit proefschrift)

4. Kennis van een minimaal belangrijk verschil (MID), na behandeling van patiënten 
met kritieke ischemie, kan behandelaars een beter inzicht geven in klinisch relevante 
veranderingen dan de traditionele significante verschillen in scores. 
(dit proefschrift)

5. Zowel interventies gericht op verbetering van de perfusie van het been, als amputaties 
hebben een positieve invloed op de kwaliteit van leven van patiënten met kritieke 
ischemie. (dit proefschrift)

6. De meest optimale behandeling voor patiënten met claudicatio intermittens als 
gevolg van een iliacale obstructie is op dit moment nog niet bekend. (dit proefschrift)

7. Wie dikwijls in de spiegel kijkt en zich met schoonheid vleit, die kent de ware 
schoonheid niet maar jaagt naar ijdelheid. (F. van der Laan-Hartzema)

8. Als iets twee keer niet gelukt is, lukt het de derde keer wel.

9. “Three things in human life are important: the first is to be kind; the second is to be 
kind; and the third is to be kind.” (Henry James)
 
10. Wie over elke stap nadenkt, staat zijn hele leven op één been.

Franceline A. Frans 2013

Functional Status and Quality of Life
after Treatment of Peripheral Arterial Disease

STELLINGEN behorend bij het proefschrift


