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Objective: To develop a contextually tailored walking rehabilitation protocol for Chinese patients with lower extremity arterio-
sclerosis obliterans (ASO), providing evidence-based theoretical and practical guidance for clinical nursing.

Background: Lower extremity ASO is a prevalent chronic vascular disease with rising incidence, high morbidity, and mortality.
Exercise interventions effectively improve patients’ walking ability, and supervised walking programs are promising, yet standardized
clinical guidelines remain lacking.

Methods: An evidence-based protocol was developed via systematic review of domestic and international literature. A preliminary
draft was refined through two rounds of Delphi consultations with 20 multidisciplinary experts (vascular surgery, nursing, rehabilita-
tion). Statistical analysis of expert agreement finalized the standardized protocol.

Results: Both rounds achieved a 100% response rate. Expert authority coefficients were 0.918 (Round 1) and 0.945 (Round 2).
Coefficients of variation ranged 0.00-0.21 (Round 1) and 0.00-0.10 (Round 2). Kendall’s concordance coefficients were 0.131 and
0.339 (p<0.05), indicating significant consensus. The final protocol includes 5 primary, 13 secondary, and 40 tertiary indicators.
Conclusion: This Delphi-derived standardized walking rehabilitation protocol addresses gaps in current guidelines and provides an
evidence-based foundation for standardized Lower extremity ASO interventions.
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Introduction

Lower extremity arteriosclerosis obliterans (ASO) is an ischemic vascular disease caused by atherosclerosis. Its core
pathological mechanism is that atherosclerotic plaques gradually form, accumulate and continuously enlarge in the intima
of lower extremity arteries, leading to progressive stenosis of the vascular lumen. In severe cases, complete occlusion can
occur, thereby blocking blood flow to the lower extremities and causing ischemia and hypoxia in the lower extremity
tissues.! According to global epidemiological data estimates, the number of people affected by this disease worldwide
has reached 236.6 million,” with approximately 45.3 million cases in China alone.** The annual prevalence rate is
10.7%, and this rate is expected to continue to rise with the acceleration of the global aging process.”® This disease is
characterized by a high incidence rate, high amputation rate and high mortality rate.” Intermittent claudication is a typical
clinical symptom, and about one-third of patients will present with this manifestation.** The limb pain and weakness
caused by ischemia and hypoxia will further lead to the decline of lower extremity motor function and a significant

decrease in the quality of life of patients.'”
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If not properly managed, lower extremity arteriosclerosis obliterans (ASO) can advance to total arterial blockage,
resulting in critical limb ischemia and eventual tissue death. These advanced cases often necessitate costly surgical
procedures, placing substantial pressure on healthcare resources.'' Exercise-based interventions have demonstrated efficacy
in preserving ambulatory function and alleviating functional limitations in individuals with lower extremity ASO.'*'? The
therapeutic benefits of exercise are attributed to several physiological adaptations: promoting capillary proliferation and
enhancing peripheral circulation; restoring endothelial function and redistributing blood flow more efficiently; boosting
mitochondrial efficiency and skeletal muscle oxidative capacity; modulating muscle fiber characteristics to counteract
atrophy from inactivity; and suppressing systemic inflammation, potentially slowing or reversing disease progression.'*
Supervised exercise programs have been shown to significantly enhance walking performance and overall well-being in these

15:16 yet their widespread adoption is hindered by barriers including financial constraints, limited insurance

patients,
reimbursement, and logistical challenges such as travel difficulties.'” Home-based walking exercise (HB-WE) presents
a practical and cost-effective solution, enabling patients to engage in structured, monitored physical activity within their own
environment.'® With the national “14th Five-Year Plan” highlighting the need for improved health literacy and chronic illness
management, greater emphasis has been placed on optimizing care strategies for lower extremity ASO.'® Recently, there has
been a growing shift toward delivering exercise rehabilitation in community or home settings, supported by digital tools that
facilitate real-time monitoring and guidance throughout the training process.*

Although the clinical benefits of walking exercise rehabilitation have been well established in current research,
a standardized and universally accepted intervention protocol remains lacking. Significant variations exist across studies
regarding key parameters such as exercise intensity, duration, monitoring metrics, and safety limits, which complicates
direct comparison of findings and restricts widespread clinical implementation. Moreover, patients with lower extremity
arteriosclerosis obliterans exhibit considerable heterogeneity. Variables including age, disease progression, coexisting
conditions, and overall physical status can greatly influence the suitability and effectiveness of specific exercise
regimens. Traditional literature reviews are often insufficient to capture the complexity and individualized requirements
inherent in real-world clinical settings. To address these challenges, the Delphi method—an approach grounded in
multidisciplinary expert consensus—offers a structured, iterative process characterized by anonymity, controlled feed-
back, and statistical aggregation of opinions.”' This method enables the integration of practical insights and evidence
from specialists in fields such as vascular surgery, rehabilitation medicine, and nursing, thereby reducing individual bias
and enhancing the reliability of the resulting recommendations. By leveraging this approach, the study aims to synthesize
existing evidence and clinical expertise to develop a robust, evidence-based framework for walking exercise rehabilita-
tion tailored to patients with lower extremity arteriosclerosis obliterans. The ultimate goal is to support functional
preservation and promote standardized, effective disease management.

Methods
Design

The Delphi method typically involves conducting multiple rounds of questionnaires with a group of recognized experts.
This study was divided into two key phases: (1) the preliminary research phase, in which an evidence-based nursing
framework was utilized to develop a draft version of the walking exercise rehabilitation program for patients with lower
extremity arteriosclerosis obliterans, while referencing the “Expert Consensus on Chinese Exercise Prescription
(2023)”;*% (2) the Delphi expert consultation phase, during which a Delphi questionnaire was designed based on the
initial draft and underwent two rounds of surveys to achieve consensus among experts. The study followed the
recommendations outlined in the Consensus on Reporting of Delphi Studies (CREDES)* (see Supplementary
Table 1), Figure 1 presents the flowchart of the Delphi process.

The Formulation of the Initial Draft of the Walking Training Program for Patients with
ASO of the Lower Extremities

This Delphi study was undertaken to develop a standardized nursing care protocol for walking-based rehabilitation in patients
with lower extremity ASO. The initial pool of candidate items was derived from a comprehensive evidence synthesis on the topic
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Figure | Flow chart of Delphi process to reach consensus.

(see Supplementary Table 2), which systematically evaluated one clinical guideline, one expert consensus document, one

randomized controlled trial, and twelve systematic reviews, resulting in the identification of 35 core evidence-based statements.
The methodological quality of the synthesis was appraised using the JBI Levels of Evidence and Grades of Recommendation
(2014) framework,>* yielding an overall assessment of “moderate” quality. A detailed account of the methodology and findings
will be published in the forthcoming manuscript. These 35 evidence-derived statements were subsequently integrated with the
“Chinese Expert Consensus on Exercise Prescription (2023)” to formulate a final set of 38 candidate items for inclusion in the
Delphi questionnaire.”” To enhance content validity and clarity, a pre-round consultation was conducted with five domain
experts, including specialists in vascular surgery and sports rehabilitation. Feedback focused on clarifying ambiguous terminol-
ogy, merging overlapping items, and refining the scoring framework. Following iterative revisions based on expert input, all 38
items were retained, as they demonstrated strong conceptual alignment with the core objectives of walking rehabilitation in lower
extremity ASO patients, thereby supporting advancement to the formal Delphi consensus rounds (see Supplementary Figure 1).

Delphi Process

Establish a Research Group

The research team comprises 10 members, including a doctoral-level nursing specialist, the head of the vascular surgery
department, five senior nurses holding associate senior professional titles with expertise in vascular surgery, and three
graduate students majoring in nursing. The team is responsible for the selection of consulting experts, development of the
questionnaire, data collection and analysis, as well as the synthesis and feedback of expert opinions and recommendations.
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Expert Selection Procedure

This study utilized purposive sampling to systematically identify and recruit experts, ensuring the expert panel exhibited
strong professional expertise, broad representativeness, and multidisciplinary diversity. The selection process was
conducted in four sequential phases, as described below.

Phase |: Establishment of Selection Criteria

Prior to candidate identification, a comprehensive and multi-dimensional expert selection framework was developed
based on the research focus—"“Exercise Interventions for Lower Extremity Arteriosclerosis Obliterans”. Inclusion criteria
were established as follows: (1) Professional qualifications: possession of an associate senior title or higher, or a doctoral
degree with at least five years of research experience in vascular surgery or exercise rehabilitation; (2) Academic and
practical background: publication of no fewer than three SCI/SSCI-indexed articles as first or corresponding author in the
relevant field within the past five years, or participation in provincial- or national-level research projects related to
exercise-based rehabilitation for lower extremity arteriosclerosis obliterans; (3) Clinical or professional engagement:
documented involvement in the development of clinical guidelines, industry standards, or academic consensus documents
relevant to the topic; (4) Commitment to participation: demonstrated willingness and capacity to complete all rounds of
the Delphi consultation process and provide timely, constructive feedback. Exclusion criteria included potential conflicts
of interest with the research team or inability to commit to full participation throughout the consultation period.

Phase 2: Development of the Preliminary Candidate Pool

To ensure heterogeneity and reduce selection bias, the initial candidate pool was constructed through three complemen-
tary strategies. First, corresponding authors of the top 20% most-cited publications in the target area over the past five
years were identified through systematic searches in PubMed, Web of Science, and CNKI. Second, experienced clinicians
were nominated by the Vascular Surgery Committee of the Provincial Medical Association based on their clinical
leadership and expertise. Third, researchers with prior collaboration in related studies were included to leverage existing
academic networks. This approach resulted in a preliminary pool of 51 eligible candidates.

Phase 3: Two-Stage Screening and Validation

The screening process comprised two stages. The first stage—eligibility review—included independent assessment by
members of the research team, who evaluated each candidate’s academic credentials, professional titles, publication
history, and research project involvement using verified institutional records and authoritative academic databases.
Candidates who did not meet the inclusion criteria were excluded, yielding a refined list of 38 qualified individuals.
The second stage—representativeness optimization—included categorization of the remaining candidates by primary
professional domain (clinical practice, academic research, or health policy/industry management) and geographic region.
Proportions were adjusted to achieve balanced representation: 50% clinical practitioners, 30% academic researchers, and
20% professionals in policy or industry roles, thereby ensuring diverse stakeholder perspectives. Inter-rater reliability
was assessed using the Kappa statistic, which yielded a value of 0.81, indicating substantial agreement among evaluators.

Phase 4: Formal Invitation and Final Confirmation

Formal invitations were distributed via Email to the 38 shortlisted candidates. Each invitation package included the
research protocol, detailed consultation procedures, and an informed consent form, clearly outlining the study objectives,
participant rights and responsibilities, and confidentiality measures to safeguard the anonymity of responses. Following
a one-week response period, 20 experts provided written confirmation of participation, constituting the final expert panel.
All members remained actively engaged throughout the consultation process with no attrition, ensuring methodological
consistency, data integrity, and robustness of the expert consensus outcomes.

Formulate a Letter of Inquiry and Questionnaire

Building upon the preliminary draft, the research team developed a structured questionnaire to evaluate the walking
exercise program for patients with lower extremity ASO. The instrument consists of five principal sections: an
introductory overview, expert demographic and professional background information, assessment of the importance of
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each indicator, evaluation of experts’ familiarity with the subject matter, and a rationale section for justifying individual
ratings. The significance of each indicator was assessed using a 5-point Likert scale, ranging from 1 (“very unimportant™)
to 5 (“very important).>> Additionally, an open-ended feedback section was incorporated to enable specialists to provide
suggestions for refinement and improvement.

Conducting Delphi Surveys

This study implemented a two-round Delphi method to systematically gather and refine expert opinions through the use
of anonymous questionnaires. To preserve the independence and objectivity of individual responses, experts remained
unidentified to one another, and direct interaction among participants was prohibited; all communication was facilitated
exclusively through the research team. Following the acquisition of formal informed consent from each expert, the
questionnaires were distributed electronically via email. After dissemination, the principal investigator conducted
personalized follow-up communications with each participant to clarify the study objectives, provide comprehensive
instructions for questionnaire completion, and resolve any uncertainties regarding specific items. Experts were requested
to return their completed evaluations by Email within a two-week period. The retention of candidate indicators in both
rounds was determined according to predefined consensus criteria: a mean importance rating of at least 4.0 on a 5-point
Likert scale,”” a coefficient of variation below 0.25, and agreement from no less than 75% of the expert panel.’*?” To
prevent the premature or unjustified removal of potentially significant indicators, any item meeting the statistical criteria
for exclusion underwent a rigorous internal evaluation by the research team. Final exclusion was permitted only upon
collective judgment confirming that the indicator had no substantive relevance to the core objectives of walking exercise
programs for patients with lower extremity arteriosclerosis obliterans.

Data Analysis

Data analysis was carried out using Excel 2013 and SPSS version 26.0. Continuous variables are presented as mean =+
standard deviation, whereas categorical variables are summarized as frequencies and percentages. Expert participation
was assessed based on the questionnaire response rate, and expert authority was quantified using the authority coefficient
(Cr), calculated as Cr = (Cs + Ca) / 2, where Cs denotes the degree of familiarity with the subject matter and Ca
represents the rationale underlying expert judgment.”® A Cr value of >0.70 was considered to reflect adequate reliability,
thereby ensuring the trustworthiness and consistency of the expert consultation results and establishing a solid foundation
for the development of the evaluation framework.”® The level of agreement among experts was examined through
Kendall’s coefficient of concordance (W), which ranges from 0 to 1, with values approaching 1 indicating higher levels
of consensus. Statistical significance was defined as p < 0.05. This statistical result confirms substantial agreement within
the expert panel regarding the selected indicators, thus strengthening the construct validity of the indicator system. In this
study, only indicators that achieved a mean score of at least 4 from a minimum of 75% of the participating experts were
included in the final framework.

Result

Results of Expert Consultation Letters

Basic Information of the Expert

A panel of twenty experts was recruited from ten provinces and municipalities directly under the jurisdiction of
China’s Central Government, including Shanxi, Beijing, Chongqing, Henan, Fujian, Heilongjiang, Inner Mongolia,
Hebei, Shandong, and Hubei. The experts’ ages ranged from 35 to 57 years, with a mean age of 45.15 + 6.24
years. Their professional experience in vascular surgery or sports rehabilitation varied between 15 and 37 years,
with a mean of 23.75 + 8.61 years. The expert panel comprised 3 medical specialists, 5 sports rehabilitation
specialists, and 12 nursing specialists. With regard to professional titles, 18 held associate senior or full senior
titles, while 2 held intermediate-level titles. Detailed demographic characteristics of the participants are presented
in Table 1.
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Table | General Information of Experts in Two
Rounds of Consultation

Characteristic (n=20) n (%)

Age (years)

<40 3 (15.00)
40~50 14 (70.00)
>50 3 (15.00)
Profession titles

Senior Professional Title 6 (30.00)
Associate senior professional title 14 (70.00)

Educational background

Doctor 3 (15.00)
Master’s degree 8 (40.00)
Undergraduate degree 9(45.00)
Professional experience(years)

15~20 10 (50.00)
21~30 5 (25.00)
>30 5 (25.00)

Degree of Expert Activism and Expert Authority

Two rounds of questionnaire surveys were administered, with 20 questionnaires distributed and fully retrieved in each
round, resulting in a 100% effective recovery rate for both rounds. In the first round, 10 experts (50% of the total) offered
six suggestions, demonstrating a high level of expert participation and engagement. The authority coefficients for the first
round were Cs = 0.92, Ca = 0.915, and Cr = 0.918, whereas in the second round, these values improved to Cs = 0.94, Ca
=0.95, and Cr = 0.945, confirming the consistently strong credibility of the expert panel.

Degree of Harmonization of Expert Advice

In the first round of expert consultation, the coefficient of variation ranged from 0.00 to 0.21, and in the second round, it
further narrowed to between 0.00 and 0.10. The Kendall’s coefficient of concordance in the first round was 0.131 (32 =
143.628, P < 0.001), and it significantly increased to 0.339 (x2 = 386.38, P < 0.001) in the second round. These results
indicate that the expert opinions were consistent.

Establishment of a Walking Exercise Rehabilitation Program for Patients with ASO of the Lower Extremities
In the initial phase of the Delphi survey, expert panels systematically reviewed the preliminary version of the walking
exercise program designed for patients with lower extremity arteriosclerosis obliterans. This assessment covered 5
primary indicators, 13 secondary indicators, and 38 tertiary indicators. A total of 11 expert suggestions were collected
during this initial phase. The research team subsequently reviewed and refined these recommendations, as detailed in
Table 2. Following these refinements, the questionnaire for the second round of expert consultation was developed. In the
subsequent Delphi phase, all project indicators reached consensus under the guidance of predefined criteria. Ultimately,
the finalized framework consisted of 5 primary indicators, 13 secondary indicators, and 40 tertiary indicators, as
presented in Table 3.

Discussion
The Necessity of Constructing a Walking Exercise Rehabilitation Program for Patients
with ASO of the Lower Extremities

At present, a substantial number of randomized controlled trials and systematic reviews conducted both domestically and
internationally have focused on walking exercise rehabilitation for lower extremity ASO. This underscores the ongoing
global interest among medical professionals in this area. However, there remains a lack of consensus regarding the
optimal duration, intensity, and frequency of such rehabilitation exercises. A notable trend in exercise therapy for patients
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Table 2 Modification Suggestions and Discussion Results of the First Round of Expert Consultation

Serial Inquiry for Revision Suggestions Result

Number

| It is suggested that the third-level indicator “Exercise suitability: patients with lower extremity arteriosclerosis Adopt
obliterans; patients after vascular reconstruction” be refined to “Exercise suitability: patients with lower extremity
arteriosclerosis obliterans (Fontaine stage I-Ill); patients one day after vascular reconstruction”. (Expert |, 4, 18).

2 The third-level indicator, “Should the patient experience discomfort symptoms, such as chest tightness or cold sweats, | Adopt
they must immediately discontinue exercise,” is proposed to be revised as “Upon experiencing discomfort symptoms,
including chest tightness or cold sweats, patients should promptly stop exercising and adjust their specific plan in
accordance with the FITT-VP principles of the exercise prescription” (Experts 4, |1).

3 The third-level indicator, “When a patient engages in exercise for the first time, individualized guidance should be Adopt
provided within the hospital’s exercise rehabilitation room to ensure their safety,” is proposed to be revised as
“During a patient’s initial exercise session in the hospital’s rehabilitation area, personalized support should be offered
to safeguard their well-being” (Expert 5).

4 It is proposed to incorporate an additional third-level indicator: “Upon the patient’s discharge, ensure that the Adopt
exercise environment is even, unobstructed, and devoid of any apparent safety hazards.” (Experts 12, 19).

5 It is suggested that the “6-minute walking distance” be included as a supplementary indicator in the third-level Adopt
indicators for evaluating the disease progression outcome. (Expert |5, 20)

6 It is suggested that “skin temperature and pain assessment intensity” be included as a third-level indicator, as an Not
important component (Expert 2). adopted

Table 3 Walking Exercise Program for Patients with ASO of the Lower Limbs

Indicator

Mean * SD

cv

Proportion of Full
Scores (%)

|.Evaluation

1.1 Patient Screening

1.1.1 Eligible participants for exercise: Patients with lower extremity arterial sclerosis obliterans
classified as Fontaine stages | to lll, as well as individuals who underwent revascularization
surgery 24 hours prior

1.1.2 Contraindications for exercise: Acute coronary syndrome within 48 hours; cardiac
instability identified during assessment or examination; congestive heart failure; recent acute
thrombophlebitis or embolic events (pulmonary or systemic); active endocarditis; acute
myocarditis or pericarditis; acute aortic dissection; symptomatic severe aortic stenosis; systemic
illness accompanied by fever; uncontrolled hypertension (resting systolic blood pressure 2

180 mmHg or diastolic blood pressure = 110 mmHg); uncontrolled sinus tachycardia (resting
heart rate > 120 beats per minute); third-degree atrioventricular block without pacemaker
support; inadequately controlled diabetes mellitus; significant blood pressure reduction (>

20 mmHg) with associated clinical symptoms

1.1.3 Scenarios requiring cardiac screening before participating in sports training include:

a documented history of coronary artery disease, a recorded history of severe arrhythmias or
atrial fibrillation, congenital heart conditions, or any clinical symptoms and electrocardiogram
findings suggestive of possible heart disorders

1.2 Pre-exercise Assessment

1.2.1 Perform a 6-minute walk test to evaluate the functional capacity of the patient’s lower limbs
1.2.2 Before initiating the exercise, determine the patient’s target heart rate. Specifically, when
the patient experiences pain due to claudication during walking, record their heart rate and
instruct them to cease activity and rest. Perform this measurement three times, then compute
the average heart rate to identify the heart rate corresponding to the onset of claudication pain.
Subsequently, establish the target heart rate range. (For example, if the patient reports a heart
rate of 100 beats per minute at the onset of claudication pain during the evaluation test, set the

exercise heart rate zone to 96—104 beats per minute)

5.00 + 0.00
5.00 £ 0.00
4.85 + 0.37

4.90 £ 0.31

4.90 £+ 0.31

4.90 £+ 0.31
5.00 + 0.00
4.80 £ 0.41

0.00
0.00
0.08

0.06

0.06

0.06
0.00
0.09

100
100
85

90

90

90
100
80

(Continued)
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Table 3 (Continued).

Indicator Mean * SD CV | Proportion of Full
Scores (%)

|.3 Post-exercise Evaluation 495 +0.22 0.05 95
1.3.1 Evaluate the patient’s degree of fatigue and tolerance after engaging in physical activity to 4.90 + 0.31 0.06 90
facilitate dynamic adjustment of the exercise intensity

1.3.2 Inquire into the difficulties encountered by the patient during exercise, provide appropriate 5.00 + 0.00 0.00 100
solutions, and adjust the exercise regimen as needed

2 Exercise plan 5.00 + 0.00 0.00 100
2.1 Exercise frequency 4.85 + 0.37 0.08 85
2.1.1 Exercise at least three times a week. 5.00 + 0.00 0.00 100
2.2 Exercise time 4.80 + 0.41 0.09 80
2.2.1 Exercise for at least 30 minutes each time 4.90 £ 0.31 0.06 90
2.2.2 Duration of exercise: At least 12 weeks 4.90 + 0.31 0.06 90
2.3 Exercise intensity 4.85 £ 0.37 0.08 85
2.3.1 Engage in a |5-minute walk at the intensity level that induces the onset of limping pain, 4.85 + 0.37 0.08 85

followed by a 2-minute rest period. Subsequently, resume walking for an additional |15 minutes
2.3.2 During each walking session, modulate the exercise intensity to maintain heart rate within 4.85 £ 0.37 0.08 85
the predetermined target range
2.4 Precautions for Exercise 4.80 £ 0.41 0.09 80
2.4.1 It is advisable to avoid exercising on an empty stomach and refrain from consuming large 4.85 + 0.37 0.08 85
meals immediately before or after exercise sessions
2.4.2 Opt for soft and comfortable attire, and ensure that footwear and socks are appropriately 4.80 + 0.41 0.09 80
fitted to minimize the risk of falls
2.4.3 Following the patient’s discharge, ensure that the exercise environment is level, 4.80 + 0.41 0.09 80
unobstructed, and free from any significant safety risks
2.4.4 If the patient experiences symptoms of discomfort, such as chest tightness or cold sweats, 4.85 + 0.37 0.08 85
they should cease exercise immediately and adjust the specific plan according to the FITT-VP
principle outlined in the exercise prescription

3 Monitoring and Management 5.00 + 0.00 0.00 100
3.1 Exercise Monitoring 4.70 + 0.47 0.10 70
3.1.1 Develop a WeChat official account and establish a WeChat group focused on walking 4.80 + 0.41 0.09 80
exercises, delivering reminder notifications to participants at 9:00 AM and 4:00 PM each day

3.1.2 Patients maintain an exercise journal to document the status of task completion 4.85 + 0.37 0.08 85
3.1.3 Nursing staff will carry out telephone follow-up assessments twice weekly to monitor the 4.80 + 0.41 0.09 80

patient’s recovery progress
3.1.4 While engaging in physical exercise, patients utilize a wearable fitness device to maintain 5.00 + 0.00 0.00 100
their heart rate consistently within the predetermined target range
3.2 Sports Management 4.80 £ 0.41 0.09 80
3.2.1 During the patient’s initial exercise session, personalized guidance will be provided in the 5.00 + 0.00 0.00 100
hospital’s rehabilitation facility to ensure their safety

3.2.2 Relevant articles and video materials pertaining to exercise are regularly shared within the 4.90 + 0.31 0.06 90
WeChat group
3.2.3 Patients are encouraged to exchange their exercise experiences within the WeChat group 4.90 + 0.31 0.06 90

and are reminded to maintain a consistent log of their daily exercise activities
3.2.4 Regularly summarize progress and provide constructive feedback to patients, offer 5.00 + 0.00 0.00 100
recognition for their efforts, boost their confidence, and encourage greater initiative in

maintaining an exercise routine

3.2.5 Create detailed activity profiles for patients to systematically document their entire 4.95 + 0.22 0.05 95

exercise journey

4 Health education 5.00 £ 0.00 0.00 100

4.1 Patient health education 4.85 + 0.37 0.08 85
(Continued)
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Table 3 (Continued).

Indicator Mean £ SD CV | Proportion of Full
Scores (%)

4.1.1 By reviewing medical records and engaging in face-to-face consultations with patients, 4.15 £ 0.37 0.09 15

healthcare providers can identify the underlying causes of the disease and deliver targeted health

education

4.1.2 Healthcare providers should explain to patients that insufficient postoperative physical 5.00 + 0.00 0.00 100

activity and inadequate self-management may result in accelerated disease progression and

vascular restenosis, potentially leading to severe complications such as gangrene or amputation.

This explanation aims to enhance the patient’s awareness of the potential risks and encourage

proactive management of their condition

4.1.3 By distributing educational materials to patients, healthcare providers can inform them 5.00 + 0.00 0.00 100

about the principles of walking exercise training and its benefits for managing lower extremity

ASO, including alleviating limb ischemia symptoms, reducing limb pain, promoting functional

recovery, and improving quality of life. This approach aims to foster patient confidence in their

rehabilitation process

4.1.4 Following the completion of a physical activity assessment, healthcare providers will 5.00 + 0.00 0.00 100

distribute physical activity guidance manuals and exercise diaries to patients to support their

rehabilitation process

4.1.5 Healthcare providers should enhance patient education regarding exercise plans and 475 £ 0.44 0.09 75

precautions by utilizing exercise manuals, video guidance, and other resources, while

collaboratively establishing exercise goals with patients to promote adherence and optimal

outcomes

4.1.6 Following discharge, instruct patients to report their daily exercise completion status in the 4.75 £ 0.44 0.09 75

designated WeChat group, facilitating continuous monitoring and support

4.1.7 Provide patients with psychological support and reinforce their confidence in maintaining 4.80 £ 0.41 0.09 80

long-term training adherence

4.2 Health education for caregivers 4.10 £ 0.31 0.08 10

4.2.1 Provide caregivers with informational brochures and exercise guidebooklets, thereby 4.75 £ 0.44 0.09 75

instructing them on the benefits of walking exercises for patients, the significance of offering

family psychological support, and their critical role in supervising and assisting patients with

completing daily exercise routines

4.2.2 Assist patients and their families in establishing a secure and exercise-friendly environment 4.80 + 0.41 0.09 80

4.2.3 Inform caregivers about exercise precautions. In the event that patients experience 5.00 + 0.00 0.00 100

discomfort, cease exercise immediately, contact healthcare professionals, and promptly reassess

and adjust the exercise intensity as needed

5 Effect Evaluation 5.00 + 0.00 0.00 100

5.1 Disease Progression Outcome 4.90 + 0.31 0.06 90

5.1.1 Ankle-brachial index 4.90 + 0.31 0.06 90

5.1.2. Transcutaneous oxygen partial pressure 4.90 + 0.31 0.06 90

5.1.3 6-minute walking distance 5.00 + 0.00 0.00 100

5.2 Patient self-report 4.75 + 0.44 0.09 75

5.2.1 Chinese Version of the Walking Impairment Questionnaire 5.00 + 0.00 0.00 100

5.2.2 Vascular Quality of Life Questionnaire 5.00 = 0.00 0.00 100

with lower extremity ASO is the implementation of community- or home-based exercise training programs, comple-

mented by the use of information technology to monitor the entire exercise process.”” Although significant progress has

been made in recent years regarding exercise training recommendations, additional robust scientific evidence is still

needed to further optimize and standardize clinical practices.’® Therefore, the development of a well-designed and

scientifically grounded walking exercise rehabilitation program is critical for effectively addressing limb dysfunction in

patients with lower extremity ASO.
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The Walking Exercise Rehabilitation Program for Patients with ASO in the Lower

Extremities Is Scientifically Sound and Reliable

From the perspective of expert selection, this study engaged a multidisciplinary panel of professionals representing 10
provinces and municipalities across China, including specialists in vascular surgery, nursing, healthcare management, and
scholars in sports rehabilitation. This diverse disciplinary composition effectively minimizes potential biases arising from
domain-specific viewpoints and ensures a balanced integration of clinical applicability and rehabilitation expertise within
the proposed framework. All participating experts held associate senior or higher professional titles and had an average
of over 15 years of practical experience in their respective fields. Their contributions therefore reflect not only extensive
frontline clinical experience but also a comprehensive understanding of established diagnostic guidelines and rehabilita-
tion requirements, thereby providing a strong authoritative foundation for the validity of the core components of the
protocol. With regard to the consultation process, the 100% response rate achieved in both rounds of the Delphi survey
reflects a high level of expert engagement and strong recognition of the research focus—standardizing walking exercise
rehabilitation for patients with lower extremity arteriosclerosis obliterans—a critical issue given the current absence of
uniform training protocols in clinical practice. The continuous increase in the authority coefficient and the progressive
reduction in the coefficient of variation across rounds indicate a trend toward increasing consensus among experts. Initial
variations in opinion were systematically addressed through iterative feedback and anonymous revision cycles.
Importantly, the significant improvement in Kendall’s coefficient of concordance demonstrates substantial agreement
on the importance ratings assigned to each protocol item. This convergence of opinions is not indicative of mere
consensus for consensus’ sake, but rather represents a rigorous, evidence-informed judgment derived from careful
consideration of key factors such as clinical feasibility, patient safety, and practical implementation. In sum, the resulting
walking-based rehabilitation protocol is methodologically robust and offers a reliable basis for future standardization,
clinical application, and broader dissemination.

Content Analysis of the Walking Exercise-Based Rehabilitation Program for Patients
with Lower Extremity ASO

For patients with lower extremity ASO, systematic assessment before and after walking training is critical to ensuring
patient safety and maximizing rehabilitation outcomes. This approach not only adheres to established clinical practice
principles but also aligns with the evolving emphasis on precision-based rehabilitation strategies within the lower
extremity ASO management domain. Current clinical guidelines recommend that individuals intending to engage in high-
intensity physical activity or those identified as having elevated cardiovascular risk should undergo comprehensive
cardiovascular risk evaluation prior to initiating any structured exercise program.”’ Pre-exercise health and risk assess-
ment entails the integration of multiple clinical and behavioral factors—including habitual physical activity levels,
symptom presentation, history of cardiovascular and metabolic comorbidities, and anticipated exercise intensity—
enabling a shift away from generalized recommendations toward individualized, evidence-informed care planning.®'
This study places particular emphasis on evaluating exercise endurance and determining personalized target heart rate
thresholds prior to the initiation of walking therapy, reflecting a commitment to tailored intervention design. Given the
variable extent of peripheral vascular involvement among lower extremity ASO patients, inter-individual differences in
exercise tolerance are substantial. The use of non-individualized or empirically derived training protocols may lead to
adverse events such as intensified claudication symptoms or cardiac rhythm disturbances. By quantitatively assessing
aerobic capacity and establishing patient-specific heart rate targets, this method facilitates proactive risk stratification
based on objective physiological parameters, thereby reducing the incidence of exercise-related complications. Moreover,
in light of ongoing scholarly debate regarding optimal exercise intensity for individuals with lower extremity ASO,***
this protocol directly addresses a pivotal clinical challenge: achieving an appropriate balance between therapeutic benefit
and patient safety. The primary objective is to improve peripheral perfusion and functional capacity while avoiding undue
cardiovascular strain. Existing research indicates that maintaining exercise heart rate within the range corresponding to
the onset of claudication pain may enhance walking performance and aerobic endurance.** To operationalize this
principle, the present study implements a standardized procedure in which the target heart rate zone is determined by
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calculating the mean heart rate recorded at the onset of claudication during three repeated treadmill trials.* This iterative
measurement approach improves data reliability, while constraining the target zone near the claudication threshold
ensures adequate training stimulus without exceeding safe physiological limits through controlled intensity regulation.
The strong consensus among expert reviewers regarding this component highlights its clinical relevance and practical
applicability. It successfully addresses the fundamental challenge of standardizing and quantifying exercise intensity in
a manner that is both individualized and reproducible, while reinforcing patient safety through systematic risk assess-
ment. Consequently, this framework provides a robust, scientifically grounded model for the standardized and safe
delivery of walking-based rehabilitation programs for patients with lower limb ASO.

This rehabilitation program is founded on the development of tailored guidelines for the timing, frequency, and
intensity of walking exercises specifically designed for individuals with lower extremity ASO. The framework adheres to
the FITT-VP principle—a well-established model in exercise prescription that encompasses six core components:
frequency (F), intensity (I), time (T), type (T), volume (V), and progression (P).° Based on expert consensus derived
from Delphi method consultations, the recommended regimen consists of walking sessions conducted at least three times
per week, each lasting a minimum of 30 minutes, with the overall intervention maintained for no less than 12 weeks."'
Walking is designated as the primary mode of physical activity, and exercise intensity is operationally defined by
maintaining the patient’s heart rate within a pre-established target range throughout each session.* Continuous monitor-
ing and quantitative assessment of physiological responses during exercise are essential for optimizing the balance
between oxygen supply and metabolic demand in ischemic lower limbs. This approach not only reduces the incidence of
intermittent claudication but also supports individualized adjustments through data-informed feedback mechanisms,
thereby enhancing patient confidence and adherence. Such a strategy improves clinical feasibility and facilitates the
attainment of functional rehabilitation goals. With respect to volume (V) and progression (P), the protocol incorporates
an interval-based training structure: patients perform two 15-minute walking bouts at an intensity sufficient to elicit
claudication symptoms, separated by a 2-minute rest period.*” Each 15-minute walking segment ensures adequate
“moderate ischemic stimulus” within the target heart rate zone while avoiding excessive ischemia accumulation
associated with prolonged continuous exertion. The 2-minute recovery interval allows for partial hemodynamic restora-
tion—rebalancing perfusion and tissue oxygen requirements—thereby mitigating pain exacerbation due to sustained
ischemia and enabling transient heart rate reduction, which supports the maintenance of target intensity in subsequent
exercise phases. From a systematic perspective aligned with the FITT-VP framework, the integration of heart rate—guided
intensity control and structured intermittent scheduling addresses two critical dimensions: precision in exercise dosing
and controllability of session duration, with both elements reinforcing one another. From a pathophysiological standpoint
specific to lower extremity ASO, this dual-component design effectively overcomes the limitations inherent in uni-
dimensional approaches—either relying solely on fixed-intensity continuous exercise or employing non-standardized
intermittent patterns without objective metrics. Given the impaired peripheral arterial perfusion characteristic of lower
extremity ASO, prolonged exercise without rest may result in intolerable claudication and early termination of training.
Conversely, intermittent protocols lacking quantifiable intensity benchmarks risk under- or over-exertion due to varia-
bility in subjective perception of symptom onset. In this protocol, the target heart rate serves as a “safe upper threshold”
for exercise intensity. For example, if a patient consistently develops claudication at a heart rate of 100 beats per minute
during preliminary testing, the prescribed target range is set at 96—104 bpm. During each 15-minute walking phase, real-
time heart rate monitoring ensures that exercise intensity remains within this individualized window, achieving the
therapeutic aim of controlled ischemic conditioning. The intervening rest period permits partial cardiovascular recovery,
alleviating ischemic discomfort and minimizing symptom accumulation. This “dynamic regulation with periodic recov-
ery” paradigm closely mirrors the physiological cycle of “ischemia-reperfusion” observed in lower extremity ASO,
effectively reducing claudication-related risks while promoting adaptive vascular and muscular responses. From a clinical
implementation perspective, the combination of quantifiable intensity parameters and standardized temporal structure
enhances both the objectivity and reproducibility of the intervention, thereby improving patient compliance and
scalability across diverse care settings. For healthcare professionals, the target heart rate provides a clear, evidence-
based metric for supervision, while the fixed interval format offers a consistent and easily communicable training rhythm.
Particularly in community or home-based rehabilitation contexts, clinicians can rapidly train patients using
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a straightforward protocol: “target heart rate range + fixed work-rest cycle.” For patients, user-friendly wearable devices

such as wrist-worn monitors or chest strap heart rate sensors enable real-time self-monitoring,?*°

while the predictable
structure of the interval schedule supports autonomous regulation of exercise pace, reducing anxiety related to uncer-
tainty about appropriate effort levels or fear of pain. Collectively, these features address the persistent challenge of
“subjective intensity estimation” in lower extremity ASO rehabilitation and reduce implementation barriers, providing
robust support for the standardized, scalable delivery of supervised exercise therapy.

The monitoring of walking activities in patients with lower limb arterial stenosis or occlusion constitutes a critical
component of their rehabilitation management. A growing body of evidence from recent clinical studies demonstrates
that wearable device—based activity monitoring significantly improves ambulatory function in individuals diagnosed with
lower extremity ASO.***7 With regard to monitoring instrumentation, the research team recommends the use of
wearable fitness trackers during walking exercises to ensure that heart rate remains within a clinically defined target
range. This approach has been rigorously evaluated through expert consultation and has received strong consensus
regarding its clinical feasibility and therapeutic relevance. In addition, structured health education delivered throughout
the intervention period plays a pivotal role in fostering patient adherence. To enhance compliance, the program integrates
a multifaceted support system, including visually enhanced educational materials, video-based instructional modules, and
facilitated peer experience sharing. Patients receive regular, individualized feedback on their progress, supplemented by
motivational reinforcement. Educational content also addresses the potential adverse consequences of physical inactivity,
while caregivers are provided with evidence-based strategies to assist patients in maintaining consistent exercise
adherence.*® The program synergistically combines digital health technologies—such as WeChat group communication
and real-time smart wristband monitoring—with established traditional modalities, including printed educational hand-
outs and telephone follow-ups. This integrated, multimodal framework ensures both methodological rigor and practical
accessibility, rendering it highly appropriate for long-term outpatient and home-based rehabilitation. Future refinements
may involve the incorporation of automated exercise data logging and multilingual educational resources to further
improve scalability and inclusivity.

The findings of the walking exercise rehabilitation program developed for patients with lower extremity athero-
sclerotic occlusive disease reveal that expert agreement on two health education-related indicators (4.1.1 and 4.2) is
notably lower compared to other evaluation criteria. This outcome reflects experts’ cautious assessment of the practicality
of these specific interventions and highlights a critical area for refining clinical strategies in walking rehabilitation
education. Specifically, regarding indicator 4.1.1—face-to-face health education—the low level of consensus stems
largely from challenges tied to the real-world context in which walking exercises are performed. As walking serves as
the central intervention in this program and requires long-term adherence for optimal results, its effectiveness hinges on
consistent implementation. However, most patients carry out their walking routines at home, creating logistical barriers
for traditional face-to-face education models. Healthcare providers would need substantial time and personnel to conduct
regular in-person follow-ups, yet limited medical resources and patients’ geographically dispersed locations make
sustained personal contact impractical. In contrast, digital tools such as instant messaging via WeChat groups or feedback
from wearable fitness trackers offer greater immediacy and convenience, making them more adaptable to daily life.
Consequently, experts question the sustainability and efficiency of relying solely on direct consultations. Similarly, the
low rating for indicator 4.2—family-based health education—arises from inherent limitations in family members’
capacity to engage effectively. Caregivers often juggle multiple roles involving employment, household responsibilities,
and patient care, leaving little room for consistent involvement in structured rehabilitation activities. This constraint
undermines the reliability of family-led support in home-based walking programs. Additionally, some relatives may lack
sufficient awareness or hold misconceptions about the importance and methods of walking rehabilitation, further
diminishing confidence among experts in the feasibility of this approach. It is important to emphasize that the reduced
expert endorsement of these two indicators does not imply a rejection of their potential clinical benefits; rather, it
underscores a misalignment between conventional educational approaches and the actual conditions under which patients
perform rehabilitation. To address this gap, the current study enhances the traditional model by incorporating digital
innovations into a comprehensive, multi-channel health education framework: “smart monitoring + online guidance +
telephone follow-up + printed materials.” This hybrid system leverages WeChat platforms to enable continuous
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interaction between healthcare professionals and patients, allowing timely responses to exercise-related inquiries and
partially substituting in-person visits. Data from wearable devices, particularly heart rate monitoring, inform tailored
guidance based on individual performance. Meanwhile, telephone check-ins and physical handouts are retained to ensure
inclusivity for older adults and individuals with limited digital proficiency. By combining these modalities, the proposed
strategy overcomes the shortcomings of isolated face-to-face or family-centered education while accommodating diverse
patient needs, thereby enhancing both the reach and impact of health education in clinical practice.

This study developed a walking rehabilitation program for patients with lower extremity arteriosclerosis obliterans by
incorporating WeChat-based platforms and wearable fitness trackers, thereby improving the timeliness and precision of
intervention delivery. Despite these advancements, several challenges are associated with the use of digital technologies.
Most individuals suffering from this condition are older adults, many of whom possess limited familiarity with digital
tools, making it difficult to operate wearable devices, interpret collected data, or navigate WeChat features. Additionally,
the financial cost of acquiring such devices may create economic strain for certain patients, potentially limiting broad
access and practical implementation across diverse populations. To address these barriers, the study deliberately avoided
overreliance on technology alone. Instead, it implemented a comprehensive, multi-modal intervention framework
combining “smart monitoring, online support, telephone follow-ups, and printed instructional materials.” For elderly
participants or those less comfortable with digital interfaces, personalized phone calls were conducted to assist with
device usage and clarify exercise procedures in a timely manner. A visually oriented, illustrated paper manual was also
provided, detailing key aspects such as exercise duration, intensity levels, and safety guidelines, enabling patients to
easily reference instructions independently. By integrating digital innovation with conventional approaches, this hybrid
model capitalizes on the efficiency of modern tools while ensuring inclusivity through low-tech alternatives, thus
enhancing overall accessibility and ensuring equitable benefits across varied patient demographics.

The evaluation phase incorporates a combination of objective measures, including the ankle-brachial index (ABI), the
6-minute walk test (6(MWT), and transcutaneous oxygen partial pressure (TcPO2), as well as subjective assessment tools
such as the Walking Impairment Questionnaire (WIQ) and the VascuQoL. Following expert consultation, all these
metrics received relatively high importance scores. The ABI quantitatively assesses lower extremity blood flow restric-
tion by comparing the systolic pressures of the ankle and brachial arteries. It is notable for its non-invasive nature,
repeatability, and strong correlation with angiography results.**® TcPO2 reflects tissue oxygen metabolism and can
sensitively detect minor changes in blood flow, making it especially valuable for evaluating ischemic compensation and
predicting outcomes.”® The 6MWT directly quantifies a patient’s functional walking capacity over six minutes, with
results demonstrating a significant inverse relationship to the Fontaine clinical staging.*® For subjective assessments, the
Chinese-adapted WIQ and the VascuQoL were selected due to their cross-cultural validation.>> These tools system-
atically evaluate multidimensional health aspects, such as pain, walking ability, and social functioning, thereby addres-
sing the limitations of purely biomedical indicators and aligning with international standards for vascular disease
evaluation.

Limitations and Future Directions

The rehabilitation monitoring program developed for patients with lower limb arterial stenosis or occlusion, although
systematically structured through clearly defined modules and validated by expert consensus, is subject to several
notable limitations. First, it has not yet undergone rigorous clinical validation; the current rationale is largely based on
theoretical foundations and expert opinion, with limited evidence regarding its applicability to high-risk or complex
patient populations, including older adults, individuals with advanced claudication, and those with multiple comorbid-
ities. Second, critical components related to implementation—such as the technical reliability of wearable monitoring
devices and the procedural fidelity of intervention elements like health education delivery—have not been empirically
tested in real-world settings. To address these gaps, the next phase of research will focus on evaluating the program’s
effectiveness through a randomized controlled trial (RCT). This study will adopt a multicenter design, enrolling
a diverse cohort of patients representing varying disease severities and comorbidity burdens, and will compare
outcomes between the intervention group and those receiving standard care. Primary outcome measures will include
changes in walking capacity, exercise-related safety, and treatment adherence, with the aim of generating robust
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clinical evidence to support the program’s broader adoption and integration into routine vascular rehabilitation
practice.

Conclusion

This study designed a structured walking exercise rehabilitation program for patients with lower extremity arterio-
sclerosis obliterans by integrating evidence-based methodologies and the Delphi technique. The program encompasses
five core components: patient screening, pre- and post-exercise evaluation, exercise monitoring, exercise management,
health education, as well as disease progression outcomes and patient self-reporting. These elements collectively address
13 critical dimensions and provide 40 detailed recommendations. It comprehensively covers the entire process of walking
exercise rehabilitation for ASO patients in the lower extremities. The program is meticulously developed, highly
practical, and operationally feasible, serving as a robust and scientifically grounded framework for vascular surgery
nurses to implement exercise interventions for lower extremity ASO patients. Future efforts will concentrate on applying
this program in clinical practice to assess its efficacy and validity.
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