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ABSTRACT
Background
Lower limb peripheral arterial disease (PAD) is a type of cardiovascular disease where the blood vessels that carry the blood to the legs
are hardened and narrowed. The most severe manifestation of PAD is critical limb ischaemia (CLI). This condition results in symptoms
of intractable rest pain, non-healing wounds and ulceration, gangrene or both. PAD affects more than 200 million people worldwide and
approximately 3% to 5% of people aged over 40 have PAD, rising to 18% in people over 70 years of age. Between 5% to 10% of symptomatic
PAD patients will progress to CLI over a five-year period and the five year cumulative incidence rate for asymptomatic patients with PAD
deteriorating to intermittent claudication is 7%, with 21% of these progressing to CLI. Treatment options include angioplasty, bypass or
amputation of the limb, when life or limb is threatened. People with CLI have a high risk of mortality and morbidity. The mortality rates
during a surgical admission are approximately 5%. Within one year of surgery, the mortality rate rises to 22%. Postoperative complications
are as high as 30% and readmission rates vary between 7% to 18% in people with CLI.
Despite recent advances in surgical technology, anaesthesia and perioperative care, a proportion of surgical patients have a suboptimal
recovery. Presurgery conditioning (prehabilitation) is a multimodal conditioning intervention carried out prior to surgery using a
combination of exercise, with or without nutritional or psychological interventions, or both. The use of prehabilitation is gaining
momentum, particularly in elderly patients undergoing surgery and patients undergoing colorectal cancer surgery, as a means of
optimising fitness to improve the prognosis for people undergoing the physiological stress of surgery. People with PAD are characterised
by poor mobility and physical function and have a lower level of fitness as a result of disease progression. Therefore, prehabilitation may
be an opportunity to improve their recovery following surgery. However, as multimodal prehabilitation requires considerable resources,
it is important to assess whether it is superior to usual care.
This review aimed to compare prehabilitation with usual care (defined as a preoperative assessment, including blood and urine tests).
The key outcomes were postoperative complications, mortality and readmissions within 30 days of the surgical procedure, and one-year
survival rates.
Objectives
To assess the effectiveness of prehabilitation (preoperative exercise, either alone or in combination with nutritional or psychological
interventions, or both) on postoperative outcomes in adults with PAD undergoing open lower limb surgery.
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Search methods
The Cochrane Vascular Information Specialist searched the Cochrane Vascular Specialised Register, CENTRAL, MEDLINE, Embase, CINAHL,
World Health Organization International Clinical Trials Registry Platform and ClinicalTrials.gov trials register to 25 September 2019.
Selection criteria
We considered all published and unpublished randomised controlled trials (RCTs) comparing presurgery interventions and usual care.
Primary outcomes were postoperative complications, mortality and readmission to hospital within 30 days of the surgical procedure.
Data collection and analysis
Two review authors independently reviewed all records identified by the searches conducted by the Cochrane Vascular Information
Specialist. We planned to undertake data collection and analysis in accordance with recommendations described in the Cochrane
Handbook for Systematic Reviews of Interventions.
Main results
We found no RCTs that met the inclusion criteria for this review.
Authors' conclusions
We found no RCTs conducted to determine the effects of prehabilitation on mortality or other postoperative outcomes when compared to
usual care for patients with PAD. As a consequence, we were unable to provide any evidence to guide the treatment of patients with PAD
undergoing surgery. To perform a randomised controlled trial of presurgery conditioning would be challenging but trials are warranted
to provide solid evidence on this topic.

PLAIN LANGUAGE SUMMARY
Presurgery exercise-based conditioning interventions (prehabilitation) in adults with peripheral arterial disease, having leg
surgery
Background
Lower limb peripheral arterial disease (PAD) is a type of cardiovascular disease where the blood vessels that carry the blood to the legs
are hardened and narrowed. Its most severe state (critical limb ischaemia (CLI)), results in symptoms of pain when resting, non-healing
wounds and ulceration, gangrene or both. PAD affects more than 200 million people worldwide and approximately 3% to 5% of people
aged above 40 have PAD, rising to 18% in people above 70 years of age. Of those who show symptoms of PAD, between 5% and 10% will
progress to CLI over a five-year period. Of those with PAD with no symptoms, 7% will go on to develop symptoms of cramping in the legs
when walking and of these patients, 21% will progress to CLI within five years. The treatment options include using a balloon or stent
(a device that sits in the artery) to open it up and allow the blood to flow (angioplasty), taking a vein from the opposite leg or arm and
attaching it to the artery above and below the blocked artery (bypass), or removal of the limb (amputation), when the life of the patient is
at risk due to infection. People with CLI have a high risk of death and worsening health.
Despite recent advances in surgical technology, anaesthesia, and care during and after surgery, a number of surgical patients have a poor
recovery. Presurgery conditioning (prehabilitation) is carried out prior to surgery and includes exercise with a nutritional or psychological
intervention or both. Exercise consists of aerobic training, such as walking, running or swimming (ideally three to five times a week)
and training to build muscle and strength, using weights or resistance bands (ideally two times a week). The nutritional intervention
includes eating or drinking a protein supplement daily, after training or with meals, to improve the effects of any training. Psychological
interventions may include breathing exercises, meditation, mindfulness, coping techniques or cognitive behavioural therapy, with an aim
to reduce the anxiety of having surgery.
Presurgery conditioning has become popular in bowel surgery and for elderly patients undergoing an operation. It is used as a means of
improving the condition of the patient as a way to reduce complications during and after surgery. People with PAD have difficulty walking
and doing their daily living activities and as a result are often very unfit. They therefore have the potential to improve their recovery during
and after surgery from presurgery conditioning. However, as presurgery conditioning requires a big commitment from both the hospital
and the patient, it is important to know how presurgery conditioning compares to usual practice (preoperative assessment, including
blood and urine tests and information about the operation) for reducing the number of deaths or postoperative complications, or both.
Study characteristics and key results
We performed a review of the literature (current up to 25 September 2019) to determine whether prehabilitation was associated with
reduced complications and death after surgery. We identified no randomised controlled trials on this topic.
Certainty of the evidence
We found no studies undertaken to address our objectives; therefore we were not able to assess the certainty of the evidence.
Presurgery exercise-based conditioning interventions (prehabilitation) in adults undergoing lower limb surgery for peripheral arterial
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Conclusion
We found no evidence to determine if presurgery conditioning is better than usual care in reducing the number of deaths or postoperative
complications. Although presurgery conditioning trials are difficult to do with people with lower limb peripheral arterial disease,
randomised controlled trials are needed to provide solid evidence on this topic.
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BACKGROUND
Description of the condition
Lower limb peripheral arterial disease (PAD) is a type of
cardiovascular disease in which the blood vessels (arteries) that
carry blood to the legs are hardened and narrowed, or blocked
by build-up of fatty plaques on the arterial wall (atherosclerosis)
(Hiatt 2001). The most common symptom of PAD is intermittent
claudication (IC). This is muscle pain, fatigue, or discomfort in
the calves, thighs, or buttocks that occurs during exercise and
is relieved by rest. It occurs because there is an inability to
match blood flow to demand and results in a lack of oxygen
supply. People with IC often have a reduction in their physical
activity, walking capacity, and quality of life. Risk factors for
developing PAD and contributing to a decline in health can
be described as non-modifiable (including race, gender and
age) or as modifiable (including smoking, diabetes mellitus,
hypertension and high cholesterol). Current treatment for PAD
is focused on preventing cardiovascular events, symptom relief,
restoring mobility, improving functional ability, and improving
overall quality of life. Early treatment options include risk
factor management using pharmacotherapy, supervised exercise,
smoking cessation, weight management, and surgical procedures
(Norgren 2007).
However, PAD can be a progressive disease. Approximately 10%
to 20% of people with PAD will have disease progression and 5%
to 10% will develop critical limb ischaemia (CLI) (NICE 2012). CLI
is characterised by intractable rest pain, non-healing wounds and
ulceration, or gangrene, or both. The treatment option, when the
limb is threatened or symptoms become unbearable, is in the first
instance angioplasty. If this is unsuccessful or not possible due to
anatomical variations or calcification of lesions, then progression
may be to an open bypass procedure or amputation of the affected
limb (Norgren 2007). People with IC benefit from supervised
exercise programmes, to manage their claudication symptoms
(Lane 2017). These supervised programmes are a crucial treatment
option to manage PAD symptoms and prevent progression to a
surgical procedure. However, people with CLI are often unable
to manage the type of exercise offered in these programmes
and so surgical intervention becomes the only option available.
This difficulty with undertaking structured exercise then results in
people with CLI being unable to maintain their physical fitness due
to their disease progression and management of lifestyle factors,
which in turn puts them at greater risk of poorer outcomes after
surgery. Therefore, this Cochrane Review intended to focus only on
prehabilitation conducted to optimise people prior to undergoing
an open surgical intervention for PAD, and not exercise performed
for symptomatic benefit.
Prevalence and impact
PAD affects more than 200 million people worldwide and is a
common cause of vascular morbidity (Fowkes 2013). Total disease
prevalence is approximately 3% to 5% of people aged above 40,
rising to 11% to 18% in people above 70 years of age (Selvin 2004).
Of those with symptomatic PAD, 5% to 10% will progress to CLI
over a five-year period (NICE 2012), and the five year cumulative
incidence rate for asymptomatic patients with PAD deteriorating to
intermittent claudication is 7% with 21% of these progressing to
CLI (Sigvant 2016). The annual incidence of CLI is estimated at 220
to 3500 per 1 million people, with a prevalence of approximately
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1% of the population (Nehler 2014; Norgren 2007). People with
PAD carry a high risk for surgical intervention, which may result
in poor outcomes in mortality, morbidity, and length of hospital
stay. Identified risk factors of poor surgical outcome in vascular
patients include age, chronic obstructive pulmonary disease,
coronary artery disease, inflammatory biomarker high sensitivity Creactive protein, smoking, functional decline, and poor nutritional
status (Ambler 2015; Hasanadka 2011; Luo 2016; Owens 2012).
Surgical outcomes for vascular procedures have an in-hospital
postoperative mortality rate of 2.8% to 5% (Waton 2017), but
this can be as high as 22% for bypass, below knee and above
knee amputation procedures (Fortington 2013). Postoperative
complication rates range from 14% in the UK, 19.9% in the USA,
and up to 30% in Europe. Readmission rates vary between 7%
and 18% (Fortington 2013; Kazaure 2016; Kehlet 2016; Waton 2017;
Zhang 2014). A recent review that examined the surgical outcomes
of bypass surgery for chronic lower limb ischaemia found that
surgical outcomes did not reach statistical difference between type
of procedure for mortality (P = 0.16), patency (P = 0.92), and
amputation rates (P = 0.15). However, the review did find a higher
risk of complications (odds ratio (OR) 1.57, 95% CI 1.09 to 2.24, P
= 0.01) in patients with CLI compared to patients with IC (Antoniou
2017). Patients with CLI are also at greater risk of cardiac events due
to the higher prevalence of atherosclerosis in other cardiovascular
vessel beds (Farber 2016), indicating that the severity of the disease
results in a poorer prognosis for patients with CLI.

Description of the intervention
Prehabilitation is a multimodal conditioning intervention carried
out prior to surgery. It consists of exercise, with or without
nutritional care or a psychological intervention, or both (Minnella
2017). Prehabilitation is proposed as a means to enhance functional
capacity with the intention to reduce postoperative morbidity and
improve postsurgical recovery.
Exercise
Exercise includes regular physical activity that is incorporated into
a structured programme with the specific goal of improving fitness.
The exercise programme should include aerobic and strength
training, and a flexibility component to encourage improvements
in both functional reserve and the musculoskeletal system.
Ideally, patients should engage in aerobic exercise three to five
days per week, and strength training at least two days per
week for between 30 and 60 minutes as recommended by the
American College of Sports Medicine (Pescatello 2014). However,
prehabilitation exercise programmes vary in frequency, intensity,
type and time principles. The exercise intervention should be
overseen or delivered, or both, by either an exercise specialist or
physiotherapist, and should commence up to 12 weeks prior to
surgery, and be continued until the surgery date.
Nutritional care
Nutritional supplementation has three main functions: (i) to
provide energy to enable the completion of aerobic exercise;
(ii) to facilitate muscle repair; and (iii) to adapt and support
the postoperative catabolic response to surgery. People who
are malnourished have diminished protein and stored glycogen
reserves that help to combat the metabolic stress of surgery
(Gillis 2015). Carbohydrate supplementation may facilitate the
completion of an exercise session via facilitation of supplementary
protein. Protein supplementation helps to facilitate muscle repair
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and adaptation, with 1.2 g to 1.5 g protein/kg demonstrated to
support the postoperative catabolic response to surgery (Braga
2009). A dietician should oversee the nutritional status of patients
and can prescribe the required dose for each individual patient.
Psychological interventions
The primary aim of a psychological intervention is to reduce the
anxiety and emotional burden of having surgery. A number of
psychological characteristics such as mood, anxiety, health beliefs,
and expectations have been suggested to influence postsurgery
outcomes (Levett 2016). Psychological interventions, such as
relaxation techniques, breathing exercises or meditation, as well as
mindfulness, coping strategies and cognitive behavioural therapy,
may all play a role in anxiety reduction (Powell 2016). An
appropriately trained healthcare professional should deliver all
psychological therapies.

How the intervention might work
People undergoing major surgery, who have poor cardiorespiratory
reserve levels due to low levels of fitness, may be at a higher
risk of morbidity and mortality due to the elevated inflammatory
response invoked by surgery. This response results in an increased
demand in oxygen consumption in the postoperative period, which
puts the body under additional stress (Le Roy 2016). Improving the
fitness of a patient prior to surgery may aid the body to withstand
this trauma, and providing nutritional supplementation may help
patients to overcome the metabolic stress or facilitate any exercise
training effects, or both. In addition, any surgical procedure is
associated with an increased anxiety state in patients about their
impending operation and ability to recover. Therefore this period
may provide an ideal window of opportunity to engage patients in
activities to aid their recovery by reducing their emotional distress.
This may be achieved through proactively engaging the patients in
the preparation prior to their surgery (Carli 2010).
Exercise
Research shows that regular exercise increases aerobic capacity,
antioxidant capacity, insulin sensitivity, and the ratio of lean body
mass to body fat (Pierson 2001). Poor fitness scores preoperatively
increase the chance of dying within 30 days postsurgery or at
least result in a significantly longer stay in hospital with a greater
chance of complications in cardiac and abdominal surgery (Cook
2001; Playforth 1987). A review of exercise interventions prior to
abdominal and cardiac surgery found that prehabilitation resulted
in fewer complications, shortened length of stay, improvements
in health-related quality of life (QoL), and a mediation in the
decline of functional disability (Carli 2005). Functional capacity
reflects the underlying physiological reserve and provides an
insight into a person’s ability to withstand the physiological stress
of major surgery (Levett 2016). Engaging in physical activity prior
to surgery has the potential to enhance physiological reserve
and facilitate postoperative recuperation (Carli 2015). Measures
of exercise tolerance may indicate an ability to withstand the
increased oxygen demand after surgery. Peak oxygen consumption
of less than 15 mL.min-1.kg-1 and anaerobic threshold of less
than 11 mL.min-1.kg-1 have been associated with increased
postoperative complications after major thoracic and abdominal
surgery (Le Roy 2016). Similarly, values of 16.6 mL.min-1.kg-1
and 11.8 mL.min-1.kg-1 have been found to be predictive of
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postoperative complications in abdominal aortic aneurysm repair
patients (Barakat 2015).
Nutritional care
The primary goal of nutrition therapy is to optimise the nutrient
stores preoperatively and to compensate for the catabolic response
of surgery postoperatively. Current evidence highlights the role
of whey protein in combating the inflammatory response (Yalçin
2006), and carbohydrate in avoiding insulin resistance and
postoperative hyperglycaemia (Gupta 2016). The European Society
for Clinical Nutrition and Metabolism recommends 1.2 g to 1.5
g protein/kg for surgical patients (Braga 2009). Whey protein
is associated with an increase in protein synthesis, and plays
a role in oxidative stress defence by increasing the content
of intracellular stores of the antioxidant glutathione (GSH).
GSH neutralizes reactive oxygen species (ROS), which aids the
blunting of the inflammatory processes characteristic of the stress
induced by surgery (Yalçin 2006). In a randomised controlled
trial (RCT), colorectal cancer patients given a whey protein
supplement of 10 g to 20 g a day, in combination with an
exercise training programme for four weeks, demonstrated an
improved functional performance postsurgery compared with
controls (Gillis 2014). In addition, major surgical trauma results in
a transient reduction of insulin sensitivity leading to an increase
in glucose production, a decrease in tissue uptake of glucose,
and glycogen synthesis due to hyperglycaemia, which significantly
increases the risk of postoperative complications in patients
undergoing cardiopulmonary bypass (Doenst 2005). In previous
studies, preoperative ingestation of carbohydrates, given between
12 hours and two weeks prior to surgery, demonstrated a significant
reduction in insulin resistance (Bilku 2014). This reduction of
insulin resistance after cardiac surgery, has shown to be associated
with a decreased risk of postoperative complications, independent
of diabetic status (Sato 2010). Nutritional supplementation may
therefore support a faster recovery from the metabolic stress of
surgery, or improve the exercise training effect, or both.
Psychological interventions
Psychological stress induces a physiological response where the
body's sympathetic nervous system is activated due to the
release of hormones, adrenaline and noradrenaline. This causes
an increase in heart rate, blood pressure, and respiratory rate
and reduces the peripheral blood flow due to vasoconstriction.
This process, if sustained for long periods, can have deleterious
effects on people with PAD (Aquarius 2006), where the peripheral
blood flow is already compromised and patients are at a higher
risk of cardiac complications (Barakat 2015). Several studies have
identified that anxiety and depression can affect postoperative
outcomes, such as wound healing in cancer and general
surgical procedures (Cohen 2011; Munafo 2001; Walburn 2009).
Potential mechanisms for these interventions vary depending
on the intervention used. Cognitive interventions aim to reduce
negative emotions and thoughts related to the surgical process
by either changing negative thoughts or refocusing attention
elsewhere. Relaxation interventions aim to make an individual feel
more relaxed, both psychologically and physiologically. Providing
information about what is expected can have the potential to
reduce anxiety by helping the patient to know what is normal
when they undergo surgery (Powell 2016). All of these types of
coping strategies can aid people's ability to tolerate or eliminate
psychological stress and its potentially deleterious consequences.
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Why it is important to do this review

Types of participants

The prevalence of PAD has risen by 23% in the decade between
2000 and 2010 and is set to increase in the future in light
of an aging population and an increase in the prevalence of
diabetes in Western societies (Fowkes 2013). Despite advances in
surgical technology, anaesthesia, and perioperative care, which
has made surgery safer and more effective, a proportion of patients
undergo surgery with a suboptimal recovery (Carli 2015). Since
2000, several studies have described the role of prehabilitation
exercise therapy (Arthur 2000; Carli 2010; Dronkers 2010; Hulzebos
2006; Lemanu 2013; Santa Mina 2014; Valkenet 2011), exercise
and nutrition (Carli 2005), exercise and psychological interventions
(Bruns 2016), and all three components (Li 2013), with varying
degrees of effectiveness in elderly patients undergoing general
surgery and patients undergoing colorectal cancer surgery. While
there has been much work in this area in recent years, the specific
interventions (modality of exercise, exercise prescription, extent of
supervision of exercise, choice of nutritional supplements, where
used, and duration of intervention) vary widely between studies
of prehabilitation in other patient groups, making it difficult to
undertake any meaningful analyses (Bolshinsky 2018; Hijazi 2017).

We intended to include all participants aged 18 years and older,
diagnosed with PAD Fontaine Classifications II, IIA, IIB, III, and
IV, or Rutherford Class 2 to 6, diagnosed by a clinician using a
combination of general and systemic examination and diagnostic
tools (ankle brachial pressure index, toe pressure index, Doppler
scan), who were undergoing lower limb surgery. We intended to
include all open surgical bypass procedures including, but not
limited to, supra and infrainguinal bypass and major amputations,
including below, through, and above knee.

Currently there are no systematic reviews examining the evidence
for the effectiveness of prehabilitation (including exercise with or
without nutritional and psychological therapy) in patients with PAD
undergoing lower limb surgery, or its effectiveness on reducing
mortality and morbidity. People with PAD typically have poor
mobility and physical function, which limits the diversity of exercise
interventions possible. Thus, we believe a systematic review of this
population is timely and appropriate. This Cochrane Review aimed
to assess the evidence for prehabilitation in lower limb vascular
surgery and support future directions for research. As the PAD
patient pathway is complicated further by the changing status of
otherwise stable PAD with presentations of acute limb ischaemia
(ALI), it is essential to know if, and for whom, prehabilitation
would be of benefit. Vascular surgeons could then make informed
decisions about the best management for their patients, and would
be equipped with a strategy to improve outcomes for those patients
undergoing a surgical procedure. Additionally, a review of this kind
could aim to synthesize evidence to identify relevant components
of a prehabilitation programme that could be standardized to
enable a meta-analysis to be undertaken in the future.

OBJECTIVES
To assess the effectiveness of prehabilitation (preoperative
exercise, either alone or in combination with nutritional or
psychological interventions or both) on postoperative outcomes in
adults with PAD undergoing open lower limb surgery.

METHODS
Criteria for considering studies for this review
Types of studies
We intended to include all RCTs and quasi-RCTs on prehabilitation
interventions with an exercise component or in combination with
a nutritional or psychological component (together or separately)
compared to control (standard treatment). Any methods of
randomisation were eligible and we intended to take into account
any differences in methodological quality in the intended analysis.

Types of interventions
We intended to include studies that compared any form of
preoperative exercise alone, or in combination with nutritional or
psychological interventions, or both, with standard care. Standard
care was defined as a preoperative assessment and relevant
preparation prior to surgery, which may have included blood and
urine tests and giving information on what will happen before,
during, and after the operation.
Preoperative or prehabilitation exercise included any intervention
which was designed to improve fitness up to 12 weeks prior
to the surgical procedure as an inpatient or outpatient. The
exercise intervention was not limited to any type and could
have included individual or group, facility or home-based, or a
combination thereof but was only for the purpose of improving
fitness for people listed for surgery. There are likely to be
variations of frequency, intensity, type and time principles used
in different prehabilitation exercise programmes so we allowed
for this variation when considering the inclusion of studies in this
review. Exercise interventions that were designed for improving
intermittent claudication (IC) symptoms only were excluded. We
also excluded studies that compared the effectiveness of different
types of training, such as aerobic versus strength training, unless
they also had a standard care arm.
Preoperative nutritional interventions included any intervention
aimed at improving the nutritional status of individuals prior to
surgery. We had planned to include protein supplementation or
carbohydrate loading, or both, prior to surgery; or whey protein
supplementation to support exercise training.
Psychological interventions included any technique aimed at
reducing the anxiety and stress of undergoing a surgical procedure.
Interventions could have included inspiratory muscle training
or breathing exercises, relaxation, meditation, visualisation or
cognitive behavioural therapy, and smoking cessation. The
smoking cessation intervention had to be part of a psychological
intervention, and was only included if it was part of a
prehabilitation programme to prepare the person listed for surgery.
Types of outcome measures
Primary outcomes
• 30-day mortality: defined as all-cause death occurring within 30
days of the surgical procedure
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• Postoperative complications
* Non-fatal cardiovascular events including myocardial
infarction, heart failure, or stroke
* Pulmonary complications: including hypoxia, atelectasis,
pneumonia, and respiratory failure
* Haemorrhage
* Surgical site infection (SSI)
* Any other complications not specified above
• Readmission within 30 days of the surgical procedure
* Major adverse limb events (MALE), including amputations or
major re-intervention
* Any other cause related to surgery

• Embase Ovid (from 1974 onwards) (searched 25 September
2019)
• CINAHL Ebsco (from 1982 onwards) (searched 25 September
2019)

Secondary outcomes

The Information Specialist searched the following trials registries
on 30 September 2019.

• Survival at one year for all types of surgery
• Amputation-free survival in revascularisation procedures
• Changes in fitness or functional capacity, or both,
preintervention and postintervention (measured by VO2Peak,
ventilatory anaerobic threshold (VAT), grip strength, or
submaximal exercise tests)
• Changes in psychological health presurgery and postsurgery
(measured by validated questionnaires such as the hospital
anxiety and depression scale, coping questionnaires, or
psychological components in quality of life (QoL) scores)
• Changes in health-related QoL scores presurgery and
postsurgery (measured by validated questionnaires such as the
Short Form (SF) 36, SF12, or disease-specific tools such as the
Vascular Quality of Life (VascuQoL).
• Patient adherence and acceptability of exercise, nutritional,
and psychological programmes (prehabilitation programmes)
as reported by the study investigators
• Adverse events related to prehabilitation interventions
• Length of hospital stay
For all outcomes, we intended to include the time points reported
by the individual studies. Clinically relevant time points were
baseline (presurgery), postintervention, and postsurgery at 30
days, three, six, and 12 months. We also planned to present
outcomes that we did not include in any meta-analyses, in narrative
form.

Search methods for identification of studies
We used no restrictions on language or publication status.
Electronic searches
The Cochrane Vascular Information Specialist conducted
systematic searches of the following databases for RCTs and quasiRCTs without language, publication year or status (published,
unpublished, in press, or in progress) restriction.
• Cochrane Vascular Specialised Register via the Cochrane
Register of Studies (CRS-Web) (searched 30 September 2019)
• Cochrane Central Register of Controlled Trials (CENTRAL; 2019,
Issue 8) in the Cochrane Register of Studies Online (CRSO)
• MEDLINE (Ovid MEDLINE® Epub Ahead of Print, In-Process &
Other Non-Indexed Citations, Ovid MEDLINE® Daily and Ovid
MEDLINE®) (from 1946 onwards) (searched 25 September 2019)

The Information Specialist modelled search strategies for other
databases on the search strategy designed for CENTRAL. Where
appropriate, they were combined with adaptations of the highly
sensitive search strategy designed by Cochrane for identifying
RCTs and controlled clinical trials (as described in the Cochrane
Handbook for Systematic Reviews of Interventions Chapter 6,
Lefebvre 2011). Search strategies for major databases are provided
in Appendix 1.

• World Health Organization International Clinical Trials Registry
Platform (who.int/trialsearch)
• ClinicalTrials.gov (clinicaltrials.gov)
Searching other resources
We planned to search the reference lists of all included studies'
citations and contact authors of included studies for further
information of unpublished studies. As we identified no RCTs
eligible for inclusion, we sought to review the non-randomised
studies. We also did not identify any non-randomised studies.

Data collection and analysis
Selection of studies
Two review authors (JP, SP) independently reviewed the titles and
abstracts of each study to identify those that met the inclusion
criteria. We retrieved the full-text articles of the studies identified
as potentially relevant by at least one of the review authors.
The same two review authors independently screened the fulltext articles retrieved for inclusion or exclusion. We resolved any
disagreements by discussion and therefore consultation with a
third review author was unnecessary. We recorded the selection
process and completed a Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) flow diagram.
Data extraction and management
We planned for two review authors (JP, SP) to independently extract
data from the eligible studies using an adapted data extraction
form provided by Cochrane Vascular. We intended to resolve any
disagreements by discussion and, if necessary, consult a third
review author (AH). One review author (JP) was to enter the
extracted data into Review Manager 5 (RevMan 2014). A second
review author (SP), was to check for accuracy and consistency
against the data extraction sheets.
We planned to extract data from each included study on the
following.
•
•
•
•
•
•

Lead author, date
Study participant inclusion/exclusion criteria
Country where the research was conducted
Participants' gender and age
Study design, randomisation processes, allocation concealment
Recruitment rates
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• Descriptions of interventions (type, length, adherence)
• Intervention settings (home, hospital, gym) and resources
required (expertise and numbers of staff)
• Number of participants in each trial arm, withdrawals, dropouts,
and loss to follow-up
• Length of follow-up
• Outcome measures and times outcomes were assessed
• Funding source(s)
Assessment of risk of bias in included studies
We planned for two review authors (JP, SP) to independently
assess the risk of bias in each study using the criteria below, as
recommended by the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011).
•
•
•
•
•
•
•

Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective outcome reporting (reporting bias)
Other sources of bias

We intended to judge each criterion with a score of either low,
high, or unclear risk of bias and to provide a statement to support
each judgement. We planned to resolve any disagreements with
discussion with a third review author (AH). We planned to contact
any study authors should further information be required for the
‘Risk of bias' assessment and assess the likely magnitude and
direction of bias and whether it was likely to impact on the findings
using sensitivity analyses (see Sensitivity analysis). We intended to
present ‘Risk of bias' results using a ‘Risk of bias' graph and a ‘Risk
of bias' summary.
Measures of treatment effect
Dichotomous data
We planned to analyse the data based on the number of the
events and the number of people assessed in the intervention and
comparison groups for dichotomous outcomes. We intended to
use these to calculate the risk ratio (RR) or odds ratio (OR) and
associated 95% confidence intervals (CIs) to reflect uncertainty of
the estimate of effect.
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Unit of analysis issues
We intended for randomised individual participants to be the unit
of analysis.
Dealing with missing data
We intended to perform all analyses using an intention-to-treat
approach, where we would have analysed all participants and
their outcomes within the groups to which they were allocated,
regardless of whether they received the intervention. We planned
to contact study authors to request any missing data. We intended
to report the levels of loss to follow-up and assess whether this was
a potential source of bias.
Assessment of heterogeneity
We planned to assess the degree of heterogeneity by visual
inspection of forest plots and by using the Chi2 test for
heterogeneity. We intended to assess heterogeneity of the overall
results for the main outcomes using the Chi2, I2 and Tau2 statistics,
according to the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011). We intended to regard statistical
heterogeneity as substantial if the I2 statistic value was > 50%,
but we aimed to have interpreted this value in light of the
size and direction of effects and the strength of the evidence
for heterogeneity based on the P value in the Chi2 test for
heterogeneity, also known as Q statistic. Statistically significant
heterogeneity would have been assumed if the Chi2 was greater
than or exceeded the df (degrees of freedom) and the P value was
< 0.05. If we had detected heterogeneity, we aimed to explore the
possible reasons for it.
Assessment of reporting biases
We intended to investigate publication bias using funnel plots if 10
or more studies are included in a meta-analysis, as recommended
by the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011). We also aimed to evaluate time lag bias, duplicate
publication bias, location bias, citation bias and language bias to
assess any effects on the results of the review.
Data synthesis

We planned to analyse data based on the mean and standard
deviation (SD) and to calculate the mean difference (MD) with
corresponding 95% CIs for continuous outcome measures. We
intended to use standardised mean difference (SMD) with 95% CIs
to combine data from trials that measure the same outcome using
different scales (Higgins 2011).

We planned to perform statistical analyses using Review Manager
5 (RevMan 2014). We intended to use fixed-effect meta-analyses
for synthesising data if it was reasonable to assume that trials
were estimating the same underlying treatment effect. If there
was clinical heterogeneity, sufficient to expect that the underlying
treatment effects differed between trials, we planned to use
random-effects meta-analyses and produce an overall summary
where the mean treatment effect was clinically meaningful. If we
had identified clinical, methodological, or statistical heterogeneity
across the included trials sufficient to cause concerns, we would
not have reported pooled results from the meta-analysis but would
instead have used a narrative approach to the data synthesis.

Time-to-event data

Subgroup analysis and investigation of heterogeneity

We planned to use survival analysis to report time-to-event data
and the intervention effect was to be expressed as a hazard ratio
(HR) and associated 95% CIs guided by the methods used and
described by Parmar 1998 and Tierney 2007.

We intended to perform the following subgroup analyses.

Continuous data

• Severity of ischaemia where participants had a Fontaine score of
III or IV or a Rutherford score of 4 to 6
• Type of surgical procedure
• Combinations of interventions used
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• Location of where the intervention was delivered (home, gym,
or hospital)
Sensitivity analysis
We intended to repeat the analyses including high-quality trials
only. For this review, we planned to classify trials that we judged
as being at low risk of bias for sequence generation and allocation
concealment as high-quality trials (Higgins 2011). We also intended
to repeat these analyses with quasi-RCTs, which would have
allowed us to further investigate any effects of including data from
quasi-RCTs on the combined results.
Summary of findings and assessment of the certainty of the
evidence
Based on the methods described in Chapter 11 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011),
we intended to present the findings of this review in a ‘Summary
of findings' table. We planned to present results for the main
comparisons of the review and for the following outcomes, which
we considered to be of the greatest clinical relevance to both
patients and health professionals.
•
•
•
•
•

30-day mortality
Postoperative complications
Readmission within 30 days
Survival at one year for all types of surgery
Changes in fitness or functional capacity,
preintervention and postintervention

or

• Changes in psychological health presurgery and postsurgery
• Changes in health-related quality of life (QoL) scores presurgery
and postsurgery
For each assumed risk cited in the table(s), we planned to provide
a source and rationale. We intended to prepare the table using
the GRADE profiler (GRADEpro GDT 2015). We intended to use
the GRADE approach to assess the certainty of the evidence
as high, moderate, low, or very low based on the risk of bias,
inconsistency, indirectness, imprecision, and publication bias
(Atkins 2004; Higgins 2011). If meta-analysis was not possible, we
planned to present the results in a narrative ‘Summary of findings'
table format. Please see Table 1 for an example ‘Summary of
findings' table.

RESULTS
Description of studies
Results of the search
The PRISMA flow chart in Figure 1 shows the number of studies
assessed. The search strategy identified 14,597 references. After
removal of duplicates, we screened 10,788 records by title and
abstract. We obtained the full text for two references for further
investigation. We excluded two studies (Gohil 2013; NCT02767895),
and noted the reason in the Characteristics of excluded studies
table.

both,
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Figure 1. Study flow diagram.

Included studies

DISCUSSION

We identified no eligible studies for inclusion.

Summary of main results

Excluded studies

We found no randomised controlled trials that evaluated the effects
of prehabilitation including preoperative exercise, either alone or
in combination with nutritional or psychological interventions or
both, on postoperative outcomes in adults with PAD undergoing
open lower limb surgery versus usual care.

Of the two full texts examined (Gohil 2013; NCT02767895), we
excluded one study as it did not address the review question
and therefore did not meet the inclusion criteria. We excluded
the other study because we were unable to ascertain any details
of revascularisation despite attempts to contact the principal
investigator.
(See Characteristics of excluded studies).

Risk of bias in included studies
We did not include any eligible studies in this review.

Effects of interventions
Unfortunately, we could not include any eligible studies in this
review. Therefore, we were unable to assess the effects of
interventions on outcomes.

Overall completeness and applicability of evidence
We identified no completed randomised controlled trials (RCTs)
or cohort studies that compared the effects of prehabilitation
versus usual care on postoperative outcomes in patients with
PAD undergoing lower limb surgery. We did identify one study
registered on the ClinicalTrials.gov registry: a pilot trial to
ascertain the feasibility and acceptability of recruiting people
to a healthy behaviour program, including increasing physical
activity, reducing stress and promoting healthy behaviours for
four weeks prior to surgery (NCT02767895). The primary outcomes
were the feasibility and acceptability of participation including
screening, and recruitment to the trial. Secondary outcome
measures included whether there was an increase in physical
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activity and quality of life prior to surgery. The key inclusion
criteria for participants were documented lower extremity PAD,
being sedentary, and able to walk at least a block. Participants with
any signs of CLI were excluded. This study recruited seven patients
in just over a year and was terminated without any results due to
lack of recruitment and resources. Despite attempts to contact the
principal investigator, we could not ascertain any further details.
There are a number of potential reasons why recruitment to this
trial was challenging. Firstly, the trial excluded all participants
with any signs of CLI, therefore the pool of available patients was
vastly narrowed. Typically, in the UK, revascularisation surgery
is only undertaken in people with IC if symptoms are so severe
that it is limiting activities of daily living; therefore the majority
of patients will be presenting with CLI (NICE 2012).The study
investigators possibly chose to exclude patients with CLI because
the exercise component was geared towards a walking intervention
and patients with CLI often find walking difficult due to wounds,
pain and swelling. Therefore, future trials need to consider and
include upper body exercise to enable patients with CLI to take part,
thus widening the eligible patient population.
Secondly, the programme offered to participants was self-directed
with no support other than through the information contained on
the study's website. It has been demonstrated that unsupervised
exercise programmes result in lower physical activity engagement,
and a resultant decrease in muscular endurance and cardiovascular
health, compared to supervised programmes (Fennell 2016).
Furthermore, in a recent qualitative review of people's experience
of living with PAD, the authors found that people lacked an
understanding of how to effect important behaviour change (e.g.
walking exercise) to reduce their risk of PAD disease progression
(Abaraogu 2018) and fewer than half the people with IC were
able to discuss the benefits of regular exercise (Harwood 2017).
This finding supports the assumption that prehabilitation may
not be an intervention that people with PAD would consider
they could manage without support. Therefore, unsupervised
programmes may be futile. Programmes that offer participants
support, education about the benefits of exercise, and supervision
are required.
Undertaking a randomised controlled trial (RCT) to assess
the benefits of prehabilitation in the PAD population presents
challenges due to the natural history of the condition. In the
UK, surgery is not routinely performed on people with IC unless
symptoms are severely limiting lifestyle and angioplasty has failed
or is unsuitable (NICE 2012). For those who have progressed
to CLI, greater than 50% of these people present as medical
emergencies requiring surgical treatment to save either life or
limb in a time-critical period. Therefore, this raises several key
challenges for undertaking prehabilitation research trials. Firstly, it
may be difficult to identify suitable patients, in a timely way, for
prehabilitation to be undertaken. People are, in the first instance,
scheduled for an angioplasty and if this is unsuccessful, they often
proceed to a bypass procedure during the same admission. This
means that people would need to be approached and recruited to
prehabilitation even though they may only undergo an angioplasty.
Secondly, in order to achieve adequate power, the trial will need to
be multi-centred and will require considerable resources with full
engagement of other major vascular centres. Thirdly, the exercise
intervention needs further development as lower body exercise
may not be feasible in all patients with PAD. Arm ergometry has
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been shown to improve the walking capacity of patients with IC
through a combination of systemic and local skeletal adaptations
(Treat-Jacobson 2009). However, programmes containing arm
ergometry need further exploration to determine: the frequency,
intensity, and duration of exercise to establish what people with
PAD can manage; if patients adhere to the exercise regime; and
if vascular centres typically have the equipment available for this
type of training.
In light of the above issues raised, we recommend that future trials
should begin with a feasibility trial or pilot RCT. This would enable
refinement of both the exercise intervention and the recruitment
pathway. It would also facilitate an understanding of the feasibility
of vascular centres being able to deliver as well as engage with
prehabilitation interventions. This information should help to pave
the way for future trials studying the effectiveness of presurgery
conditioning interventions in the PAD population.

Quality of the evidence
We are unable to assess the certainty of the evidence in the absence
of eligible studies included in this review.

Potential biases in the review process
The Cochrane Information Specialist conducted a comprehensive
search of the literature, and two review authors reviewed all of
the references independently. We resolved any disagreement by
discussion limiting any bias.

Agreements and disagreements with other studies or
reviews
We found no other reviews or non-randomised studies of
presurgery conditioning programmes using exercise alone or in
combination with nutrition and/or psychological interventions in
PAD patients having lower limb surgery.

AUTHORS' CONCLUSIONS
Implications for practice
We identified no randomised controlled trials (RCTs) that sought
to determine the effects of presurgery conditioning programmes
on mortality and other postoperative outcomes when compared
to usual care for people with peripheral arterial disease (PAD).
Despite the purported benefit in other clinical populations, we
cannot currently recommend a specific prehabilitation programme
for people with PAD undergoing a revascularisation or amputation
procedure.

Implications for research
There are no RCTs from which we can draw conclusions about this
review question. An attempt has been made but was terminated
due to a difficulty with recruitment and resources. Therefore
we recommend recruiting people with intermittent claudication
with lifestyle limiting symptoms, for whom a supervised exercise
programme did not work, and people with critical limb ischaemia
(CLI). Although there will be some challenges to executing a
complex intervention and identifying patients within a suitable
timeframe, RCTs are needed to determine if preconditioning
patients prior to surgery improves patient outcomes. In light
of the above issues raised, we recommend that future trials
should begin with a feasibility trial or pilot RCT. This would
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enable the refinement of both the exercise intervention and
the recruitment pathway. 'Conventional' exercise prehabilitation
programmes based on walking, running or cycling may not be
possible for people with CLI and therefore interventions, such
as arm ergometry, need to be personalised and tailored to the
individual patient's limitations. This approach will also facilitate
an understanding of the feasibility of vascular centres being able
to deliver as well as engage with prehabilitation interventions. It
will also ensure that future trials considering the effectiveness and
economic impact of prehabilitation in people with PAD can be
achieved.
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CHARACTERISTICS OF STUDIES
Characteristics of excluded studies [ordered by study ID]
Study

Reason for exclusion

Gohil 2013

Not a randomised controlled trial and participants did not meet the inclusion of exercise for preparation prior to surgery.

NCT02767895

We were unable to ascertain any details of revascularisation despite attempts to contact the principal investigator therefore did not meet inclusion criteria of being open surgery.

ADDITIONAL TABLES
Table 1. Example Summary of Findings table
Prehabilitation compared with standard care for peripheral arterial disease (PAD)
Patient or population: adults with PAD undergoing lower limb surgery
Settings: hospital
Intervention: prehabilitation1
Comparison: standard care 2
Outcomes

Anticipated absolute effects* (95% CI)
Risk with standard
care

30-day mortality

Study population

Risk with prehabilitation

Relative
effect
(95%
CI)

Number of
participants
(studies)

Certainty of the evidence
(GRADE)

RR
[val-

[value]

[Delete as
appropriate]
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Table 1. Example Summary of Findings table
[value] per 1000

(Continued)

[value] per 1000
([value] to [value])

ue]
([value] to
[value])

([value])

⊕⊝⊝⊝
very low
⊕⊕⊝⊝
low
⊕⊕⊕⊝
moderate
⊕⊕⊕⊕
high

Postoperative
complications 3
(follow-up)

The mean [outcome] ranged
across control
groups from
[value][measure]

The mean [outcome] in the
intervention groups was
[value] [lower/higher]
[(value to value lower/higher)]

[value]
([value])

[Delete as
appropriate]
⊕⊝⊝⊝
very low
⊕⊕⊝⊝
low
⊕⊕⊕⊝
moderate
⊕⊕⊕⊕
high

Readmission

Study population

(within 30 days
of surgery)

[value] per 1000

[value] per 1000
([value] to [value])

RR
[value]
([value] to
[value])

[value]
([value])

[Delete as
appropriate]
⊕⊝⊝⊝
very low
⊕⊕⊝⊝
low
⊕⊕⊕⊝
moderate
⊕⊕⊕⊕
high

One-year survival

Study population
[value] per 1000

[value] per 1000
([value] to [value])

RR
[value]
([value] to
[value])

[value]
([value])

[Delete as
appropriate]
⊕⊝⊝⊝
very low
⊕⊕⊝⊝
low
⊕⊕⊕⊝
moderate
⊕⊕⊕⊕
high

Changes in fitness preintervention and
postintervention

The mean [outcome] ranged
across control
groups from
[value][measure]

The mean [outcome] in the
intervention groups was
[value] [lower/higher]
[(value to value lower/higher)]

[value]
([value])

[Delete as
appropriate]
⊕⊝⊝⊝
very low
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Table 1. Example Summary of Findings table

(Continued)

(follow-up)

⊕⊕⊝⊝
low
⊕⊕⊕⊝
moderate
⊕⊕⊕⊕
high

Changes in
psychological health
presurgery and
postsurgery

The mean [outcome] ranged
across control
groups from
[value][measure]

The mean [outcome] in the
intervention groups was
[value] [lower/higher]
[(value to value lower/higher)]

[value]
([value])

[Delete as
appropriate]
⊕⊝⊝⊝
very low
⊕⊕⊝⊝
low

(follow-up)

⊕⊕⊕⊝
moderate
⊕⊕⊕⊕
high
Changes in
health related QoL scores
presurgery and
postsurgery
(follow-up)

The mean [outcome] ranged
across control
groups from
[value][measure]

The mean [outcome] in the
intervention groups was
[value] [lower/higher]
[(value to value lower/higher)]

[value]
([value])

[Delete as
appropriate]
⊕⊝⊝⊝
very low
⊕⊕⊝⊝
low
⊕⊕⊕⊝
moderate
⊕⊕⊕⊕
high

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the
relative effect of the intervention (and its 95% CI).
CI: confidence interval; QoL: quality of life; PAD: peripheral arterial disease; RR: risk ratio.
GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the
effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the
estimate of effect
1Prehabilitation is a multimodal conditioning intervention consisting of three components, including exercise, psychological, and

nutritional care prior to having a surgical procedure.
2Standard care is a preoperative assessment and relevant preparation prior to surgery, which may include blood and urine tests, and
information given on what will happen before, during, and after the operation.
3Postoperative complications will include non-fatal cardiovascular events (myocardial infarction, heart failure, or stroke), pulmonary
complications (hypoxia, atelectasis, pneumonia, respiratory failure), haemorrhage, and surgical site infection.
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APPENDICES
Appendix 1. Database searches 25 September 2019

Source

Search strategy

Hits retrieved

VASCULAR REGISTER
IN CRS-Web

#1 peripheral arterial disease OR Peripheral Vascular Diseases OR PVD OR Atherosclerosis OR Arteriosclerosis OR Arteriosclerosis Obliterans OR Arterial Occlusive
Diseases AND INREGISTER

916

#2 prehabilitation OR prehab or exercise OR training OR gym OR physical activity
AND INREGISTER
#3 #1 AND #2
CENTRAL

#1 MESH DESCRIPTOR Arteriosclerosis 953

2250

#2 MESH DESCRIPTOR Arteriolosclerosis 0
#3 MESH DESCRIPTOR Arteriosclerosis Obliterans 83
#4 MESH DESCRIPTOR Atherosclerosis 1123
#5 MESH DESCRIPTOR Arterial Occlusive Diseases 836
#6 MESH DESCRIPTOR Intermittent Claudication 849
#7 MESH DESCRIPTOR Ischemia 1658
#8 MESH DESCRIPTOR Peripheral Vascular Diseases EXPLODE ALL TREES 2879
#9 atherosclero* or arteriosclero* or PVD or PAOD or PAD 28755
#10 (((arter* or vascular or vein* or veno* or peripher*) adj3 (occlus* or reocclus* or
re-occlus* or steno* or restenos* or obstruct* or lesio* or block* or harden* or stiffen* or obliter*))):TI,AB,KY 13066
#11 (peripheral adj3 dis*):TI,AB,KY 6047
#12 (claudic* or IC):TI,AB,KY 5036
#13 (isch* or CLI):TI,AB,KY 40070
#14 arteriopathic:TI,AB,KY 7
#15 dysvascular*:TI,AB,KY 25
#16 (leg adj3 (occlus* or reocclus* or re-occlus* or steno* or restenos* or obstruct*
or lesio* or block* or harden* or stiffen* or obliter*)):TI,AB,KY 151
#17 (limb adj3 (occlus* or reocclus* or re-occlus* or steno* or restenos* or obstruct*
or lesio* or block* or harden* or stiffen* or obliter*)):TI,AB,KY 289
#18 (lower adj3 extrem* adj3 (occlus* or reocclus* or re-occlus* or steno* or
restenos* or obstruct* or lesio* or block* or harden* or stiffen* or obliter*)):TI,AB,KY
133
#19 ((iliac or femoral or popliteal or femoro* or fempop* or crural) adj3 (occlus*
or reocclus* or re-occlus* or steno* or restenos* or obstruct* or lesio* or block* or
harden* or stiffen* or obliter*)):TI,AB,KY 1903
#20 MESH DESCRIPTOR Leg 2832
#21 MESH DESCRIPTOR Iliac Artery 160
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(Continued)

#22 MESH DESCRIPTOR Popliteal Artery 316
#23 MESH DESCRIPTOR Femoral Artery 934
#24 MESH DESCRIPTOR Tibial Arteries 40
#25 ((femor* or iliac or popliteal or fempop* or crural or poplite* or infrapopliteal
or inguinal or femdist* or inguinal or infrainquinal or tibial) adj3 (occlus* or reocclus* or re-occlus* or steno* or restenos* or obstruct* or lesio* or block* or harden*
or stiffen* or obliter*)):TI,AB,KY 2183
#26 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR
#13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR
#24 OR #25 83002
#27 MESH DESCRIPTOR Exercise EXPLODE ALL TREES 22042
#28 MESH DESCRIPTOR Exercise Therapy EXPLODE ALL TREES 12031
#29 (Active living):TI,AB,KY 94
#30 (Active travel):TI,AB,KY 9
#31 (Circuit training):TI,AB,KY 219
#32 (Cross train*):TI,AB,KY 57
#33 Cross-train*:TI,AB,KY 57
#34 (martial art*):TI,AB,KY 172
#35 (Motor activity):TI,AB,KY 4817
#36 (Physical activit*):TI,AB,KY 23968
#37 tennis:TI,AB,KY 923
#38 (Water exercise*):TI,AB,KY 111
#39 (Weight train*):TI,AB,KY 411
#40 Ambulation:TI,AB,KY 2613
#41 Badminton:TI,AB,KY 51
#42 Cycling:TI,AB,KY 4491
#43 Cyclist*:TI,AB,KY 1026
#44 Dance:TI,AB,KY 616
#45 Dancer:TI,AB,KY 29
#46 Dancing:TI,AB,KY 389
#47 Exercis*:TI,AB,KY 85039
#48 Golf*:TI,AB,KY 142
#49 Gymnastic*:TI,AB,KY 276
#50 gym:TI,AB,KY 395
#51 Jogging:TI,AB,KY 369
#52 Judo:TI,AB,KY 55
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(Continued)

#53 Karate:TI,AB,KY 37
#54 Rowing:TI,AB,KY 244
#55 Run:TI,AB,KY 11653
#56 Running:TI,AB,KY 5102
#57 Swim*:TI,AB,KY 1090
#58 Treadmill:TI,AB,KY 7068
#59 Walk*:TI,AB,KY 24409
#60 Weight-training:TI,AB,KY 382
#61 #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37
OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44 OR #45 OR #46 OR #47 OR #48
OR #49 OR #50 OR #51 OR #52 OR #53 OR #54 OR #55 OR #56 OR #57 OR #58 OR #59
OR #60 127776
#62 before:TI,AB,KY 187740
#63 prior:TI,AB,KY 76957
#64 preoperative:TI,AB,KY 28758
#65 pre-op:TI,AB,KY 404
#66 pre-surgical:TI,AB,KY 352
#67 #62 OR #63 OR #64 OR #65 OR #66 270446
#68 #61 AND #67 30304
#69 prehabilit*:TI,AB,KY 194
#70 prehab:TI,AB,KY 37
#71 #68 OR #69 OR #70 30369
#72 #26 AND #71 2250
Clinicaltrials.gov

peripheral arterial disease OR Peripheral Vascular Diseases OR PVD OR Atherosclerosis OR Arteriosclerosis OR Arteriosclerosis Obliterans OR Arterial Occlusive Diseases | prehabilitation OR prehab or exercise OR training OR gym OR physical activity

560

ICTRP Search Portal

peripheral arterial disease OR Peripheral Vascular Diseases OR PVD OR Atherosclerosis OR Arteriosclerosis OR Arteriosclerosis Obliterans OR Arterial Occlusive Diseases | prehabilitation OR prehab or exercise OR training OR gym OR physical activity

178

Medline (Ovid
MEDLINE® Epub
Ahead of Print, InProcess & Other NonIndexed Citations,
Ovid MEDLINE® Daily
and Ovid MEDLINE®)
1946 to present

1 Arteriosclerosis/

2787

2 Arteriolosclerosis/
3 Arteriosclerosis Obliterans/
4 Atherosclerosis/
5 Arterial Occlusive Diseases/
6 Intermittent Claudication/
7 Ischemia/
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8 exp Peripheral Vascular Diseases/
9 (atherosclero* or arteriosclero* or PVD or PAOD or PAD).ti,ab.
10 ((arter* or vascular or vein* or veno* or peripher*) adj3 (occlus* or reocclus* or
re-occlus* or steno* or restenos* or obstruct* or lesio* or block* or harden* or stiffen* or obliter*)).ti,ab.
11 (peripheral adj3 dis*).ti,ab.
12 (claudic* or IC).ti,ab.
13 (isch* or CLI).ti,ab.
14 arteriopathic.ti,ab.
15 dysvascular*.ti,ab.
16 (leg adj3 (occlus* or reocclus* or re-occlus* or steno* or restenos* or obstruct* or
lesio* or block* or harden* or stiffen* or obliter*)).ti,ab.
17 (limb adj3 (occlus* or reocclus* or re-occlus* or steno* or restenos* or obstruct*
or lesio* or block* or harden* or stiffen* or obliter*)).ti,ab.
18 (lower adj3 extrem* adj3 (occlus* or reocclus* or re-occlus* or steno* or restenos*
or obstruct* or lesio* or block* or harden* or stiffen* or obliter*)).ti,ab.
19 ((iliac or femoral or popliteal or femoro* or fempop* or crural) adj3 (occlus* or reocclus* or re-occlus* or steno* or restenos* or obstruct* or lesio* or block* or harden* or stiffen* or obliter*)).ti,ab.
20 Leg/
21 Iliac Artery/
22 Popliteal Artery/
23 Femoral Artery/
24 Tibial Arteries/
25 ((femor* or iliac or popliteal or fempop* or crural or poplite* or infrapopliteal or
inguinal or femdist* or inguinal or infrainquinal or tibial) adj3 (occlus* or reocclus*
or re-occlus* or steno* or restenos* or obstruct* or lesio* or block* or harden* or
stiffen* or obliter*)).ti,ab.
26 or/1-25
27 exp Exercise/
28 exp Exercise Therapy/
29 Active living.ti,ab.
30 Active travel.ti,ab.
31 Circuit training.ti,ab.
32 Cross train*.ti,ab.
33 Cross-train*.ti,ab.
34 martial art*.ti,ab.
35 Motor activity.ti,ab.
36 Physical activit*.ti,ab.
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(Continued)

37 tennis.ti,ab.
38 Water exercise*.ti,ab.
39 Weight train*.ti,ab.
40 Ambulation.ti,ab.
41 Badminton.ti,ab.
42 Cycling.ti,ab.
43 Cyclist*.ti,ab.
44 Dance.ti,ab.
45 Dancer.ti,ab.
46 Dancing.ti,ab.
47 Exercis*.ti,ab.
48 Golf*.ti,ab.
49 Gymnastic*.ti,ab.
50 gym.ti,ab.
51 Jogging.ti,ab.
52 Judo.ti,ab.
53 Karate.ti,ab.
54 Rowing.ti,ab.
55 Run.ti,ab.
56 Running.ti,ab.
57 Swim*.ti,ab.
58 Treadmill.ti,ab.
59 Walk*.ti,ab.
60 Weight-training.ti,ab.
61 or/27-60
62 before.ti,ab.
63 prior.ti,ab.
64 preoperative.ti,ab.
65 pre-op.ti,ab.
66 pre-surgical.ti,ab.
67 or/62-66
68 61 and 67
69 prehabilit*.ti,ab.
70 prehab.ti,ab.
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71 68 or 69 or 70
72 26 and 71
73 randomized controlled trial.pt.
74 controlled clinical trial.pt.
75 randomized.ab.
76 placebo.ab.
77 drug therapy.fs.
78 randomly.ab.
79 trial.ab.
80 groups.ab.
81 or/73-80
82 exp animals/ not humans.sh.
83 81 not 82
84 72 and 83
Embase 1974 to
present

1 arteriosclerosis/

6745

2 arteriolosclerosis/
3 peripheral occlusive artery disease/
4 atherosclerosis/
5 intermittent claudication/
6 ischemia/
7 exp peripheral vascular disease/
8 (atherosclero* or arteriosclero* or PVD or PAOD or PAD).ti,ab.
9 ((arter* or vascular or vein* or veno* or peripher*) adj3 (occlus* or reocclus* or reocclus* or steno* or restenos* or obstruct* or lesio* or block* or harden* or stiffen*
or obliter*)).ti,ab.
10 (peripheral adj3 dis*).ti,ab.
11 (claudic* or IC).ti,ab.
12 (isch* or CLI).ti,ab.
13 arteriopathic.ti,ab.
14 dysvascular*.ti,ab.
15 (leg adj3 (occlus* or reocclus* or re-occlus* or steno* or restenos* or obstruct* or
lesio* or block* or harden* or stiffen* or obliter*)).ti,ab.
16 (limb adj3 (occlus* or reocclus* or re-occlus* or steno* or restenos* or obstruct*
or lesio* or block* or harden* or stiffen* or obliter*)).ti,ab.
17 (lower adj3 extrem* adj3 (occlus* or reocclus* or re-occlus* or steno* or restenos*
or obstruct* or lesio* or block* or harden* or stiffen* or obliter*)).ti,ab.
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18 ((iliac or femoral or popliteal or femoro* or fempop* or crural) adj3 (occlus* or reocclus* or re-occlus* or steno* or restenos* or obstruct* or lesio* or block* or harden* or stiffen* or obliter*)).ti,ab.
19 leg/
20 iliac artery/
21 popliteal artery/
22 femoral artery/
23 tibial artery/
24 ((femor* or iliac or popliteal or fempop* or crural or poplite* or infrapopliteal or
inguinal or femdist* or inguinal or infrainquinal or tibial) adj3 (occlus* or reocclus*
or re-occlus* or steno* or restenos* or obstruct* or lesio* or block* or harden* or
stiffen* or obliter*)).ti,ab.
25 or/1-24
26 exp exercise/
27 exp kinesiotherapy/
28 Active living.ti,ab.
29 Active travel.ti,ab.
30 Circuit training.ti,ab.
31 Cross train*.ti,ab.
32 Cross-train*.ti,ab.
33 martial art*.ti,ab.
34 Motor activity.ti,ab.
35 Physical activit*.ti,ab.
36 tennis.ti,ab.
37 Water exercise*.ti,ab.
38 Weight train*.ti,ab.
39 Ambulation.ti,ab.
40 Badminton.ti,ab.
41 Cycling.ti,ab.
42 Cyclist*.ti,ab.
43 Dance.ti,ab.
44 Dancer.ti,ab.
45 Dancing.ti,ab.
46 Exercis*.ti,ab.
47 Golf*.ti,ab.
48 Gymnastic*.ti,ab.
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49 gym.ti,ab.
50 Jogging.ti,ab.
51 Judo.ti,ab.
52 Karate.ti,ab.
53 Rowing.ti,ab.
54 Run.ti,ab.
55 Running.ti,ab.
56 Swim*.ti,ab.
57 Treadmill.ti,ab.
58 Walk*.ti,ab.
59 Weight-training.ti,ab.
60 or/26-59
61 before.ti,ab.
62 prior.ti,ab.
63 preoperative.ti,ab.
64 pre-op.ti,ab.
65 pre-surgical.ti,ab.
66 or/61-65
67 60 and 66
68 prehabilit*.ti,ab.
69 prehab.ti,ab.
70 67 or 68 or 69
71 25 and 70
72 randomized controlled trial/
73 controlled clinical trial/
74 random$.ti,ab.
75 randomization/
76 intermethod comparison/
77 placebo.ti,ab.
78 (compare or compared or comparison).ti.
79 ((evaluated or evaluate or evaluating or assessed or assess) and (compare or
compared or comparing or comparison)).ab.
80 (open adj label).ti,ab.
81 ((double or single or doubly or singly) adj (blind or blinded or blindly)).ti,ab.
82 double blind procedure/
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83 parallel group$1.ti,ab.
84 (crossover or cross over).ti,ab.
85 ((assign$ or match or matched or allocation) adj5 (alternate or group$1 or intervention$1 or patient$1 or subject$1 or participant$1)).ti,ab.
86 (assigned or allocated).ti,ab.
87 (controlled adj7 (study or design or trial)).ti,ab.
88 (volunteer or volunteers).ti,ab.
89 trial.ti.
90 or/72-89
91 71 and 90
CINAHL

S86 S71 AND S85

1161

S85 S72 OR S73 OR S74 OR S75 OR S76 OR S77 OR S78 OR S79 OR S80 OR S81 OR S82
OR S83 OR S84
S84 MH "Random Assignment"
S83 MH "Triple-Blind Studies"
S82 MH "Double-Blind Studies"
S81 MH "Single-Blind Studies"
S80 MH "Crossover Design"
S79 MH "Factorial Design"
S78 MH "Placebos"
S77 MH "Clinical Trials"
S76 TX crossover OR "cross-over"
S75 AB placebo*
S74 TX random*
S73 TX trial*
S72 TX "latin square"
S71 S24 AND S70
S70 S67 OR S68 OR S69
S69 TX prehab
S68 TX prehabilit*
S67 S60 AND S66
S66 S61 OR S62 OR S63 OR S64 OR S65
S65 TX pre-surgical
S64 TX pre-op
S63 TX preoperative
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S62 TX prior
S61 TX before
S60 S24 AND S59
S59 S25 OR S26 OR S27 OR S28 OR S29 OR S30 OR S31 OR S32 OR S33 OR S34 OR S35
OR S36 OR S37 OR S38 OR S39 OR S40 OR S41 OR S42 OR S43 OR S44 OR S45 OR S46
OR S47 OR S48 OR S49 OR S50 OR S51 OR S52 OR S53 OR S54 OR S55 OR S56 OR S57
OR S58
S58 TX Weight-training
S57 TX Walk*
S56 TX Treadmill
S55 TX Swim*
S54 TX Running
S53 TX Run
S52 TX Rowing
S51 TX Karate
S50 TX Judo
S49 TX Jogging
S48 TX gym
S47 TX Gymnastic*
S46 TX Golf*
S45 TX Exercis*
S44 TX Dancing
S43 TX Dancer
S42 TX Dance
S41 TX Cyclist*
S40 TX Cycling
S39 TX Badminton
S38 TX Ambulation
S37 TX Weight train*
S36 TX Water exercise*
S35 TX tennis
S34 TX Physical activit*
S33 TX Motor activity
S32 TX martial art*
S31 TX Cross-train*
S30 TX Cross train*
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S29 TX Circuit training
S28 TX Active travel
S27 TX Active living
S26 (MH "Therapeutic Exercise+")
S25 (MH "Exercise+")
S24 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR
S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23
S23 TX ((femor* or iliac or popliteal or fempop* or crural or poplite* or infrapopliteal
or inguinal or femdist* or inguinal or infrainquinal or tibial) n3 (occlus* or reocclus*
or re-occlus* or steno* or restenos* or obstruct* or lesio* or block* or harden* or
stiffen* or obliter*))
S22 (MH "Tibial Arteries")
S21 (MH "Femoral Artery")
S20 (MH "Popliteal Artery")
S19 (MH "Iliac Artery")
S18 (MH "Leg")
S17 TX ((iliac or femoral or popliteal or femoro* or fempop* or crural) n3 (occlus*
or reocclus* or re-occlus* or steno* or restenos* or obstruct* or lesio* or block* or
harden* or stiffen* or obliter*))
S16 TX (lower n3 extrem* n3 (occlus* or reocclus* or re-occlus* or steno* or
restenos* or obstruct* or lesio* or block* or harden* or stiffen* or obliter*))
S15 TX (limb n3 (occlus* or reocclus* or re-occlus* or steno* or restenos* or obstruct* or lesio* or block* or harden* or stiffen* or obliter*))
S14 TX (leg n3 (occlus* or reocclus* or re-occlus* or steno* or restenos* or obstruct*
or lesio* or block* or harden* or stiffen* or obliter*))
S13 dysvascular*
S12 TX arteriopathic
S11 TX isch* or CLI
S10 TX claudic* or IC
S9 TX peripheral n3 dis*
S8 TX ((arter* or vascular or vein* or veno* or peripher*) n3 (occlus* or reocclus* or
re-occlus* or steno* or restenos* or obstruct* or lesio* or block* or harden* or stiffen* or obliter*))
S7 TX atherosclero* or arteriosclero* or PVD or PAOD or PAD
S6 (MH "Peripheral Vascular Diseases+")
S5 (MH "Ischemia")
S4 (MH "Intermittent Claudication")
S3 (MH "Arterial Occlusive Diseases")
S2 (MH "Atherosclerosis")
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S1 (MH "Arteriosclerosis")
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NOTES
We have based parts of the Methods section of this protocol on a standard template established by Cochrane Vascular.
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