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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. 

CH
A

PTER 6 · CH
A

N
G

ES IN
 FU

N
C

TIO
N

A
L STATU

S A
FTER TREATM

EN
T O

F CRITIC
A

L LIM
B ISCH

EM
IA

 



Table 1: Characteristics of the total sample (n = 40 (%))
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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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