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Abstract

Chronic limb-threatening ischemia (CLTI) causes significant morbidity with profound negative 

effects on health-related quality of life. As the prevalence of peripheral artery disease and diabetes 
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continue to rise in our aging population, the public health impact of CLTI has escalated. Patient-

reported outcome measures (PROMs) have become common and important measures for clinical 

evaluation in both clinical care and research. PROMs are important for the measurement of 

clinical effectiveness and cost effectiveness and for shared decision-making on treatment options. 

However, the PROMs used to describe the experience of patients with CLTI are heterogeneous, 

incomplete, and lack specific applicability to the underlying disease processes and diverse 

populations. For example, certain PROMs exist for patients with extremity wounds, and other 

PROMs exist for patients with pain, and still others exist for patients with vascular disease. 

Despite this multiplicity of tools, no single PROM encompasses all of the components necessary 

to describe the experiences of patients with CLTI. This significant unmet need is evident from both 

published reports and contemporary large-scale clinical trials in the field. In this systematic review, 

we review the current use of PROMs for patients with CLTI in clinical practice and in research 

trials and highlight the gaps that need to be addressed to develop a unifying PROM instrument for 

CLTI. (J Vasc Surg 2022;75:1762–75.)

Keywords

Peripheral artery disease; Chronic limb-threatening ischemia; Critical limb ischemia; Amputation; 
Patient reported outcome; Decision aid; Decision tool; Surgical decision; Surgical decision-
making; Shared decision-making

Peripheral artery disease (PAD) is estimated to affect more than 200 million individuals 

around the globe, with an incidence increasing owing to aging, diabetes, lifestyle, and 

environmental factors.1 The most severe manifestation of PAD is chronic limb-threatening 

ischemia (CLTI; also referred to as “critical limb ischemia” or CLI), where severe vascular 

insufficiency leads to disabling pain, wounds, and gangrene of the lower limb. CLTI incurs 

significant mortality, morbidity, and negative effects on physical function and health-related 

quality of life (HRQoL). Patients with CLTI often have other significant comorbidities and 

are at increased risk for both mortality and major amputation (each estimated at 22% at 1 

year).2,3 The management of these patients is multimodal, often requiring medical therapy, 

analgesics, wound care, revascularization, and associated surgical procedures such as minor 

and major amputation. Frequently multiple providers are involved in the care of patients 

with CLTI. Decision-making for individual patients with CLTI is a complex balance of 

estimated risks and benefits, inadequately informed by high-quality evidence. Recent and 

ongoing clinical trials are attempting to address this evidence gap, while contemporary 

practice guidelines promote greater standardization in evaluation and treatment.4–8

Patient-reported outcome measures (PROMs) have become an essential component of 

scientific evaluation of medical practice.9,10 Although once limited to QoL instruments 

pursued only in the context of large clinical trials, PROMs now are commonplace in the 

treatment of many disease processes and have become a critical element of the evaluation 

of clinical practice and the value of care.11–16 PROMs may be used to measure clinical 

and cost-effectiveness of treatment strategies, and to help guide shared decision-making. In 

certain treatment settings, such as transcatheter aortic valve replacement, the use of patient 
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decision support has been discussed as a necessary adjunct for payer reimbursement, and 

similar directions may lie ahead for PROMs.

However, no single validated PROM exists for patients with CLTI. Many different 

phenotypes exist within the spectrum of CLTI, such as neuropathic ulcers among patients 

with diabetes and varying degrees of PAD, in contrast with smokers with distal tissue 

loss specifically attributable to severe arterial insufficiency. Each patient has a different 

presentation, risk of limb loss, risk/benefit for treatment, and a different potential impact on 

their HRQoL. This clinical heterogeneity is the central tenet that underlies the challenge of 

developing a unifying PROM for CLTI. Other factors contribute to this challenge as well, 

including the complexity inherent in instrument development and the resource investment 

required by the stakeholders involved in the care of patients with CLTI.

To better understand the current landscape of PROMs for patients with CLTI, we conducted 

a systematic review of published studies in the field. This work involved first identifying 

each PROM and outlining the specific domains measured within the PROM. Second, we 

detailed how each PROM or group of PROMs has been used in studies of patients with CLTI 

over time. Finally, we outline how the frameworks created by these efforts may help point 

the way toward the development of a unified, validated PROM for CLTI.

METHODS

On January 14, 2019, a multidisciplinary group of clinicians, scientists, regulatory experts, 

and patients met in Washington, DC, convened by Vascular Cures (a 501(c)3 nonprofit 

foundation in Redwood City, CA) to discuss the current state of PROMs for patients with 

PAD. After these discussions, the group agreed that a contemporary review of the available 

PROMS for patients with CLTI was needed and a working group effort was launched.

We performed a systematic literature review of PROMs used in studies of patients with 

CLTI. A simple search strategy was designed and executed as outlined below. Our search 

spanned publications from 1990 to the end of calendar year 2020, and were limited to 

English articles on PUBMED with a searchable abstract.

Search terms.

• “critical limb ischemia” OR “chronic limb threatening ischemia” and

• “quality of life”

(any field, PUBMED, English language)

This search strategy was supplemented by abstract review and discussion among the authors 

of other studies known to have used a PROM in a population of patients with CLTI. A 

similar project convened by this group addressed claudication, and thus we limited this effort 

to critical limb ischemia.

Our initial search strategy initially identified 337 studies. Two authors reviewed the studies 

along with the HRQoL measures used within the study. Subsequently, members of the study 

team read each abstract identified in the search strategy. We kept only those studies that 
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(1) outlined a clinical series or group of patients with a CLTI diagnosis, and (2) had a 

QoL measure described within the abstract and body of the article. Studies that did not 

meet these criteria after review were not included (Appendix 1, online only). Studies that 

specifically commented on patients with critical limb ischemia, but also studied patients 

with claudication, were included with this review.

Once we had established our final study database, we took two key steps. First, we recorded 

the individual PROMs encountered across each study; these elements are outlined in Table I. 

Second, we then determined how these PROMs were used, individually and in combination, 

within the described research studies (Fig 1 and Appendix 2, online only).

A PRIMSA 2020 Checklist was completed after the conclusion of the systematic review, 

in accordance with Journal of Vascular Surgery guidelines. The review was registered with 

the PRISMA site at the National Institute for Health Research in the United Kingdom 

(PROSPERO Registration Number 265034). All participants at the VascularCures PROM-

PAD working group reviewed the study goals and protocol (Appendix 3, online only).

RESULTS

Number of studies identified in our systematic review.

We identified a total of 337 studies for inclusion. After review, from these 337 studies we 

formed our final selection of 99 individual publications, with the criteria that each study 

evaluated patients with CLTI and reported a PROM or a HRQoL metric. These studies were 

published between 1992 and 2020 and used more than 20 different established or derived 

PROMs or QoL measures (Appendix 2, online only).

Components of current PROMs in CLTI.

Table I summarizes six of the most used PROM instruments for patients with CLTI. Many 

of these assessment tools consider some aspects of CTLI, and their impact on HRQoL. 

For example, the WOUND-QoL PROM, developed in 2014, is a short assessment tool 

designed to capture many of the aspects of QoL that are affected by chronic wounds and 

was compiled from a review of three other existing wound evaluation tools to simplify 

this difficult assessment process.17 While it considers the effects of tissue loss and the 

pain associated with the wound, it is less precise in describing the effects on ambulatory 

function. There is a single question directly related to mobility (“Does the wound limit you 

in moving about?”), and similarly the impact of the wound on patient families and caregivers 

is only briefly explored. However, an advantage of WOUND-QoL when compared with its 

predecessors is that it is short—only 17 items in a short two-page questionnaire.

Other instruments have different characteristics. For example, the PADQOL instrument is 

longer, with 38 individual components, and includes domains related to fear or uncertainty.18 

Other measures are especially brief and focus only on function, such as the Walking 

Impairment Questionnaire, which has 14 components, and assesses only the individual’s 

perception of their walking ability,19 The Walking Impairment Questionnaire has been 

broadly used in PAD research but most commonly in studies of intermittent claudication 

rather than CLTI.
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Use of PROMs in CLTI studies over time.

Next, we examined the temporal patterns of PROM use in CLTI studies. As shown in Fig 

1, the number of studies of patients with CLTI that report a PROM or QoL measure have 

increased exponentially in recent years. Studies of patients with CLTI reporting a PROM 

were uncommon in the 1990s and early 2000s, with fewer than five studies published per 

year before 2004. After 2004, the number of studies of patients with CLTI reporting a 

PROM increased and numbered nearly 10 studies per year for nearly all years from 2010 and 

thereafter.

Most studies in the early years, namely, between 1992 and 2002, used a single PROM 

(Appendix 2, online only). However, the number of studies which used multiple PROMs 

has increased over time, as shown in Appendix 2 (online only) and Fig 1. In Fig 1, we 

outline how commonly these measures were used over time, and how commonly multiple 

components were part of the scaling assessment effort for a PROM. The number of different 

PROMs used across the studies in each year is represented by the size of the circles in Fig 1 

and conveys the increasing incidence of multiple PROM use apparent in review of Appendix 

2 (online only). Although the size of the circles indicates the number of studies found which 

used a PROM, there is certainly heterogeneity in terms of how central the PROM element 

was in each study.

By 2020, 20 different studies using 10 different PROMs were published to communicate 

QoL information among patients with CLTI. The most commonly used PROMS were the 

World Health Organization Quality of Life BREF measure, the VascuQoL measure, the 

Short Form measures (SF-6, SF-8, SF-12, and SF-36), and the EQ-5D measures. These 

instruments have all been used collectively to describe the domains that affect patients 

with CLTI. There are other measures that are less commonly used, such as the Center 

for Epidemiological Studies Depression Scale, the Geriatric Depression Scale, and the 

Nottingham Health Profile. In total, more than 20 different measurement scales have been 

used to characterize PROMs for patients with CLTI.

Finally, there are several trials studying patients with CLTI which that either currently 

recruiting patients or have recently completed their enrollment (Table II). These trials 

generally have a limb-related primary outcome, such as major adverse limb event-free 

survival. However, all have incorporated QoL assessments in one form or another. BEST-

CLI uses the EQ-5D measure, and BASIL-2 incorporates the European Quality of Life 5 

level questionnaire, in addition to the SF-12, and other generic tools. Other studies, such 

as the Swedish Drug Elution Trial in Peripheral Artery Disease (SWEDEPAD-2), assess 

HRQoL with the VascuQoL-6, a disease-specific HRQoL instrument.

DISCUSSION

Summary of existing PROMs in CLTI.

Our comprehensive review demonstrates that the existing repository of PROMs for patients 

with CLTI is heterogeneous and lacks consistency, adequate validation, and complete 

coverage of all the domains of interest for CTLI patients. Unlike patients with claudication, 

where technology and patient avidity for HRQoL assessment for symptom abatement has 
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been a recent emphasis in both regulatory and other trials, PROMs in patients with CTLI 

have been much less well-studied. Given the inherent heterogeneity of CLTI and the 

challenges in measuring these outcomes in complex patients, a major task lies ahead in 

developing a uniform, validated approach for PROM collection in CLTI. Further, keeping 

the ability to make comparisons with broader, more generic measures may be helpful in 

contextualizing CLTI in comparison with other diseases. Our review demonstrates that this 

task still lies ahead for those who care for patients with CLTI, despite some progress in 

expanding the pool of potential instruments over the last two decades.

Generic QoL assessment tools, such as the EQ5-D and SF-12, are often used to characterize 

QoL and patient reported outcomes in CLTI (Fig 1; Appendix 2, online only). Simple, 

established measurement tools have certain advantages. The EQ-5D, developed in 1987, 

has been used in thousands of research studies, is short and efficient, and focuses on 

five domains: mobility, self-care, usual activities, pain and discomfort, and anxiety and 

depression. However, although it has a long track record and it is simple, many researchers 

believe it lacks the specificity necessary to understand the treatment pathways encountered 

by patients with CLTI. This lack of specificity is not unique to the EQ-5D or the SF-12. This 

limitation also exists in vascular instruments such as the VascuQoL, which is not calibrated 

to the type of limitations experienced by patients with CLTI. Similar weaknesses are also 

present in other measures such as PADQOL. The growing realization that no one satisfactory 

CLTI measure exists, we believe, is the reason underlying the growth in the number of 

measures used over time as shown in Fig 1.

Why the current tools are too generic for use in CLTI.

As outlined elsewhere in this article, the gaps in existing PROMs for patients with CLTI 

are related to specificity and the spectrum of symptoms encountered by patients facing 

this disease. The need for discrimination in these PROMs is vital, because any of the new 

treatments that will be tested in CLTI require a careful assessment of any treatment effect. 

Such treatments include the full range of medical, biologic, regenerative, revascularization, 

and nonrevascularization interventions currently available or under development for CLTI. 

Capturing these treatment effects will be difficult, if not impossible, if the assessment tools 

are too general in nature and do not fully explore the domains of PROMs. Detecting a 

signal of a treatment effect will require more precise assessment of domains, and assessment 

of other domains not measured by these tools. By designing more precise and descriptive 

PROMs with more relevant domains calibrated to the treatment effects likely to be seen in 

these patients, we will both better understand individual treatment effects, as well as better 

evaluate existing and new therapies in clinical trials. A sample of currently enrolling trials 

studying patients with CLTI and incorporating PROMs is shown in Table II.

How stakeholders can work to advance PROMs in CLTI.

The VascularCures Foundation has a dedicated interest in partnering with researchers, 

patients, and investigators who are committed to a better understanding of treatment 

outcomes in PAD. By convening a multidisciplinary group of clinician-scientists, 

researchers, patients, regulatory experts, and industry partners to perform comprehensive 
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review, we hope to develop a broad foundation which will provide solid footing for the 

emergence of a widely applicable, validated set of PROMs in CLTI.

PROMs for patients with CLTI will need to inform decisions affecting individuals, groups, 

and, most important, patients with CLTI. These discussions will be beneficial to inform 

patient decision-making when individuals consider treatment options. Further, PROMs will 

be needed when treatments are compared across different groups in clinical trials.20–23 

Finally, the overall impact of systematic treatment of the comorbidities which often 

occurs concomitantly with CLTI, such as diabetes and smoking, may have small impact 

at the individual level. However, when examining small changes in QoL using accurate 

tools, differences may be detectable in large populations if the measures are precise 

and reproducible. Finally, ensuring that stakeholders contribute broadly from different 

populations will help to ensure that these new measures translate outcomes across race, 

ethnicity, sex, gender, and socioeconomic status.

The benefits of a unifying PROM for CLTI.

Despite the challenges of developing unifying PROMs for patients with CLTI, the benefits 

of a single systematic approach are obvious. Interoperability across research studies, ease 

of comparison of treatment effects, and clear clinical communication are only a few of the 

reasons why a single CLTI PROM would improve clinical care. However, achieving this 

goal would require a consistent definition of CLTI, and consistent measures to assess its 

impact, even across different patient populations.

In addition to having wounds with varying etiologies, patients with CLTI experience 

differing journeys that have a variable impact over time. Like congestive heart failure, CLTI 

is a chronic, disabling disease and recurrent exacerbations are common. Clinical events, 

often measured in survival analysis fashion, fail to fully capture the patient’s trajectory. 

A patient with an ischemic ulcer will have severe pain and wounds, but these symptoms 

often abate rapidly after revascularization treatments. Another patient, such as one with a 

neuropathic ulcer, may have a more indolent course with fewer pain symptoms but frequent 

infections and recurrences. A facile and agile PROM for CLTI would reflect these changes 

over time and the impact of treatments on the overall course. It would enable researchers 

to better measure the burden of this chronic, disabling disease and the value of defined 

strategies of care.

PROMs for CLTI would help to raise public awareness for CLTI and its treatments.

Unlike many other disease processes such as cancer, heart disease, and obesity, CLTI 

remains poorly understood by the lay public.24–26 Few messages exist to inform public 

awareness about CLTI. Moreover, given the complexity of the disease process and its 

predilection for affecting patients of lower socioeconomic status, there has been little interest 

in the dissemination of messages about the prevention and treatment of CLTI.27,28 An 

important goal in the development of PROMs for patients with CTLI is to improve public 

awareness. A single PROM for CLTI would ease communication to the public and lay press 

and help to convey messages to support the development of treatments for all stages of the 

disease.
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Potential domains measured in a novel PROM for CLTI.

The working group held extensive discussions and a brief Delphi processes to establish 

a preliminary list of key domains that would be considered in future work aimed at 

establishing a PROM specifically derived for assessment in patients with CLTI. This process 

included direct input from several patients. Several domains came to the fore: pain, mobility, 

wounds, patient and family support systems, psychological and mental health, and a patient-

level experience measure related to overall social impact and QoL (Fig 2).29–31 The group’s 

consensus was that each of these domains contributed in a distinct way toward QoL for 

patients with CLTI, and a PROM focused on this effort would need to adequately capture 

these elements.21,32–40 Finally, making certain a tool that could be completed accurately by 

a family member would also be a key contribution.

After extensive discussion to identify these domains, the group then discussed what steps 

would be next in formulating a validated and unifying CLTI instrument. As shown in 

Fig 3, the steps include initial data collection from focus groups, qualitative interviews to 

pilot survey design, and testing to final production and validation. Each of these steps can 

be a lengthy process involving patients at every juncture, a considerable task given the 

comorbidity profile of most patients with CLTI.

A pathway forward.

These qualitative experiments—further exploration of the domains in focus groups and 

qualitative interviews, construction of differing types of survey structures, and testing 

of the newly derived instruments for validity—will be the important next steps forward. 

Retrospective studies evaluating the literature and measures described to date, prospective 

studies collecting qualitative information and categorizing the domains precisely, and 

measure development and validation will need to be supported by pilot projects and grants, 

with the goal of arriving at a usable PROM for patients with CLTI to provide accurate 

patient-reported outcome assessment in both clinical and research settings.

We anticipate this process will evolve in a manner reflected by the US Food and 

Drug Administration Roadmap to Patient-Focused Outcome Assessment in Clinical 

Trials (Appendix 4, online only).41 Divided into three parts, this outline describes how 

understanding the condition, conceptualizing the benefit, and assessing the treatment 

outcomes can be an effective pathway toward developing these measures. Key terminology 

and domains would also need to be defined a priori as part of this process. Although 

the focus of the US Food and Drug Administration efforts are measures to be used in 

clinical trials, these measures can also likely translate into real-world practice. The creation 

of a measure that can reflect quality would help to orient outcome assessment in variety 

of research and quality assessment forums.42 An example in heart failure research is the 

Kansas City Cardiomyopathy questionnaire, which helped not only in clinical trial outcome 

assessment, but in quality comparisons across care systems as well.43

Choosing these pilot projects will be an effort undertaken by VascularCures and other 

stakeholders convened for this forum. Broader support from specialty societies and national 

funding agencies such as the Agency for Healthcare Research and Quality and the National 
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Institutes of Health is sorely needed. By collaborating with experts from vascular surgery, 

vascular medicine, podiatry, wound care, endocrinology, qualitative science, survey design, 

and clinical research, investigators will have a broad range of critique and insight to develop 

the best possible measures.

Potential barriers to design and implementation of PROMs in CLTI.

The group convened agreed that many challenges would be present in pursuing these tasks 

(Table III). These challenges will range from surmounting logistical challenges of PROM 

design with frail vascular patients to determining the optimal length and reproducibility of 

a survey instrument in both research and clinical settings. However, the group agreed that 

a single measure was the optimal goal, and that careful diligence toward this goal would 

be the primary pathway forward. Further, the group agreed that post-design assessment of 

feasibility, content validity, repeatability, and implementation would be necessary metrics 

of success. In other words, if the tool is ultimately so complex that it could not be used 

in practice, then this exercise would be in vain. As such, engagement with experts in 

implementation science would likely follow construction of the final PROM instruments to 

facilitate their dissemination.

CONCLUSIONS

The existing tools used to measure PROMs in patients with CLTI are limited, and a single 

better PROM for CLTI is needed. Unlike patients with intermittent claudication, where 

recent data have focused on more consistent measures of patient symptoms, patients with 

CLTI demonstrate different challenges and significant clinical heterogeneity. In patients with 

CLTI, there has been greater use of less precise measures, and many studies have resorted to 

a multiplicity of measures to evaluate patient reported outcomes. Development of a single, 

validated PROM for patients with CLTI will undoubtedly necessitate multidisciplinary 

efforts, time and investment from many stakeholders. We unequivocally aim for this measure 

to be a collaborative effort across all specialty groups who care for patients with CLTI. 

However, the return on this investment will be a more focused and precise way to measure 

treatment effects and progress in the care of the growing number of patients afflicted with 

CLTI.

In 2019 Vascular Cures convened the Working Group on Patient-Reported Outcome 

Measures in PAD to address shortcomings in outcomes measures in PAD and CLTI. A 

multidisciplinary group of clinicians, scientists, regulatory experts, payers, industry leaders 

and patients came together over two years to drive consensus on the current state of 

outcome measures in claudication and chronic limb-threatening ischemia and identify 

priority projects to meaningfully advance the field for the benefit of all stakeholders.

Vascular Cures is a national nonprofit organization committed to reducing death and 

disability from vascular diseases by advancing patient-centered research, catalyzing 

breakthrough collaborations and empowering individuals on their vascular health journeys. 

Vascular Cures would like to thank all Working Group participants for their contribution 

to the discussion and final articles and acknowledge the industry sponsors who made 

this important work possible: Abbott Vascular, Amgen, Bayer, Boston Scientific, Cook 
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Medical, Gore, Janssen (J&J), and Medtronic. Further, the authors wish to acknowledge 

Victor Aboyans, Julie Prillinger (Abbott), Ebony Dashiell (FDA) and Michael Jaff (Boston 

Scientific) for their comments and critiques of the article.
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Fig 1. 
Number of chronic limb-threatening ischemia (CLTI) studies reporting a Patient-reported 

Outcome Measure (PROM), by year.
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Fig 2. 
Key terminology and domains in chronic limb-threatening ischemia (CLTI) Patient-reported 

Outcome Measure (PROM) development.
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Fig 3. 
Steps in developing a chronic limb-threatening ischemia (CLTI) Patient-reported Outcome 

Measure (PROM).
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Table III.

Barriers to the design and implementation of Patient-Reported Outcomes (PROMs) for chronic limb-

threatening ischemia (CLTI)

Challenge or barrier to measure development Questions

Overall purpose Are the measures clinically justified? Are the measures clinically applicable?

Measure format Are the questions comprehensible and simple?

Are the directions for usage clear?

Is the survey thorough?

Face validity Are the questions aimed at the right thing (ie, QoL)?

Content validity Have important variables/questions been omitted?

Have unsuitable variables/questions been included?

Are appropriate score ranges used for questions?

Ease of use How much time and effort are required to obtain and organize data (i.e., answer the survey)?
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