Prehabilitation exercise therapy before elective abdominal aortic aneurysm repair
Fenton, Candida; Tan, Audrey R.; Abaraogu, Ukachukwu Okoroafor; McCaslin, James E.
Published in:
Cochrane Database of Systematic Reviews
DOI:
10.1002/14651858.CD013662.pub2
Publication date:
2021
Document Version
Publisher's PDF, also known as Version of record
Link to publication in ResearchOnline

Citation for published version (Harvard):
Fenton, C, Tan, AR, Abaraogu, UO & McCaslin, JE 2021, 'Prehabilitation exercise therapy before elective
abdominal aortic aneurysm repair', Cochrane Database of Systematic Reviews, no. 7, CD013662, pp. 1-49.
https://doi.org/10.1002/14651858.CD013662.pub2

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

Take down policy
If you believe that this document breaches copyright please view our takedown policy at https://edshare.gcu.ac.uk/id/eprint/5179 for details
of how to contact us.

Download date: 29. Nov. 2022

Cochrane
Library
Cochrane Database of Systematic Reviews

Prehabilitation exercise therapy before elective abdominal aortic
aneurysm repair (Review)
Fenton C, Tan AR, Abaraogu UO, McCaslin JE

Fenton C, Tan AR, Abaraogu UO, McCaslin JE.
Prehabilitation exercise therapy before elective abdominal aortic aneurysm repair.
Cochrane Database of Systematic Reviews 2021, Issue 7. Art. No.: CD013662.
DOI: 10.1002/14651858.CD013662.pub2.

www.cochranelibrary.com

Prehabilitation exercise therapy before elective abdominal aortic aneurysm repair (Review)
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

Cochrane

Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

TABLE OF CONTENTS
HEADER.........................................................................................................................................................................................................
ABSTRACT.....................................................................................................................................................................................................
PLAIN LANGUAGE SUMMARY.......................................................................................................................................................................
SUMMARY OF FINDINGS..............................................................................................................................................................................
BACKGROUND..............................................................................................................................................................................................
OBJECTIVES..................................................................................................................................................................................................
METHODS.....................................................................................................................................................................................................
Figure 1..................................................................................................................................................................................................
Figure 2..................................................................................................................................................................................................
RESULTS........................................................................................................................................................................................................
Figure 3..................................................................................................................................................................................................
Figure 4..................................................................................................................................................................................................
DISCUSSION..................................................................................................................................................................................................
AUTHORS' CONCLUSIONS...........................................................................................................................................................................
ACKNOWLEDGEMENTS................................................................................................................................................................................
REFERENCES................................................................................................................................................................................................
CHARACTERISTICS OF STUDIES..................................................................................................................................................................
DATA AND ANALYSES....................................................................................................................................................................................
Analysis 1.1. Comparison 1: Exercise versus usual care (no exercise), Outcome 1: 30-day mortality..............................................
Analysis 1.2. Comparison 1: Exercise versus usual care (no exercise), Outcome 2: Cardiac complications.....................................
Analysis 1.3. Comparison 1: Exercise versus usual care (no exercise), Outcome 3: Pulmonary complications...............................
Analysis 1.4. Comparison 1: Exercise versus usual care (no exercise), Outcome 4: Renal complications........................................
Analysis 1.5. Comparison 1: Exercise versus usual care (no exercise), Outcome 5: Need for re-intervention..................................
Analysis 1.6. Comparison 1: Exercise versus usual care (no exercise), Outcome 6: Postoperative bleeding...................................
ADDITIONAL TABLES....................................................................................................................................................................................
APPENDICES.................................................................................................................................................................................................
HISTORY........................................................................................................................................................................................................
CONTRIBUTIONS OF AUTHORS...................................................................................................................................................................
DECLARATIONS OF INTEREST.....................................................................................................................................................................
SOURCES OF SUPPORT...............................................................................................................................................................................
DIFFERENCES BETWEEN PROTOCOL AND REVIEW....................................................................................................................................

Prehabilitation exercise therapy before elective abdominal aortic aneurysm repair (Review)
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

1
1
2
4
7
8
8
10
11
12
14
15
19
20
20
21
26
34
35
36
36
37
37
38
38
41
47
47
47
47
47

i

Cochrane

Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

[Intervention Review]

Prehabilitation exercise therapy before elective abdominal aortic
aneurysm repair
Candida Fenton1, Audrey R Tan2, Ukachukwu Okoroafor Abaraogu3,4, James E McCaslin5
1Usher Institute of Population Health Sciences and Informatics, University of Edinburgh, Edinburgh, UK. 2Institute of Health Informatics

Research, University College London, London, UK. 3Department of Physiotherapy and Paramedicine, School of Health and Life Sciences,
Glasgow Caledonian University, Glasgow, UK. 4Department of Medical Rehabilitation, University of Nigeria, Nsukka, Nigeria. 5Northern
Vascular Centre, Freeman Hospital, Newcastle upon Tyne, UK

Contact address: Candida Fenton, Candida.Fenton@ed.ac.uk.
Editorial group: Cochrane Vascular Group.
Publication status and date: New, published in Issue 7, 2021.
Citation: Fenton C, Tan AR, Abaraogu UO, McCaslin JE. Prehabilitation exercise therapy before elective abdominal aortic aneurysm
repair. Cochrane Database of Systematic Reviews 2021, Issue 7. Art. No.: CD013662. DOI: 10.1002/14651858.CD013662.pub2.
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

ABSTRACT
Background
An abdominal aortic aneurysm (AAA) is an abnormal dilation in the diameter of the abdominal aorta of 50% or more of the normal
diameter or greater than 3 cm in total. The risk of rupture increases with the diameter of the aneurysm, particularly above a diameter of
approximately 5.5 cm. Perioperative and postoperative morbidity is common following elective repair in people with AAA. Prehabilitation
or preoperative exercise is the process of enhancing an individual’s functional capacity before surgery to improve postoperative outcomes.
Studies have evaluated exercise interventions for people waiting for AAA repair, but the results of these studies are conflicting.
Objectives
To assess the effects of exercise programmes on perioperative and postoperative morbidity and mortality associated with elective
abdominal aortic aneurysm repair.
Search methods
We searched the Cochrane Vascular Specialised register, Cochrane Central Register of Controlled Trials, MEDLINE, Embase, CINAHL
(Cumulative Index to Nursing and Allied Health Literature), and Physiotherapy Evidence Database (PEDro) databases, and the World Health
Organization International Clinical Trials Registry Platform and ClinicalTrials.gov trials registers to 6 July 2020. We also examined the
included study reports' bibliographies to identify other relevant articles.
Selection criteria
We considered randomised controlled trials (RCTs) examining exercise interventions compared with usual care (no exercise; participants
maintained normal physical activity) for people waiting for AAA repair.
Data collection and analysis
Two review authors independently selected studies for inclusion, assessed the included studies, extracted data and resolved
disagreements by discussion. We assessed the methodological quality of studies using the Cochrane risk of bias tool and collected results
related to the outcomes of interest: post-AAA repair mortality; perioperative and postoperative complications; length of intensive care unit
(ICU) stay; length of hospital stay; number of days on a ventilator; change in aneurysm size pre- and post-exercise; and quality of life. We
used GRADE to evaluate certainty of the evidence. For dichotomous outcomes, we calculated the risk ratio (RR) with the corresponding
95% confidence interval (CI).
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Main results
This review identified four RCTs with a total of 232 participants with clinically diagnosed AAA deemed suitable for elective intervention,
comparing prehabilitation exercise therapy with usual care (no exercise). The prehabilitation exercise therapy was supervised and hospitalbased in three of the four included trials, and in the remaining trial the first session was supervised in hospital, but subsequent sessions
were completed unsupervised in the participants’ homes. The dose and schedule of the prehabilitation exercise therapy varied across the
trials with three to six sessions per week and a duration of one hour per session for a period of one to six weeks. The types of exercise
therapy included circuit training, moderate-intensity continuous exercise and high-intensity interval training.
All trials were at a high risk of bias. The certainty of the evidence for each of our outcomes was low to very low. We downgraded the certainty
of the evidence because of risk of bias and imprecision (small sample sizes). Overall, we are uncertain whether prehabilitation exercise
compared to usual care (no exercise) reduces the occurrence of 30-day (or longer if reported) mortality post-AAA repair (RR 1.33, 95% CI
0.31 to 5.77; 3 trials, 192 participants; very low-certainty evidence). Compared to usual care (no exercise), prehabilitation exercise may
decrease the occurrence of cardiac complications (RR 0.36, 95% CI 0.14 to 0.92; 1 trial, 124 participants; low-certainty evidence) and the
occurrence of renal complications (RR 0.31, 95% CI 0.11 to 0.88; 1 trial, 124 participants; low-certainty evidence). We are uncertain whether
prehabilitation exercise, compared to usual care (no exercise), decreases the occurrence of pulmonary complications (RR 0.49, 95% 0.26
to 0.92; 2 trials, 144 participants; very low-certainty evidence), decreases the need for re-intervention (RR 1.29, 95% 0.33 to 4.96; 2 trials,
144 participants; very low-certainty evidence) or decreases postoperative bleeding (RR 0.57, 95% CI 0.18 to 1.80; 1 trial, 124 participants;
very low-certainty evidence). There was little or no difference between the exercise and usual care (no exercise) groups in length of ICU
stay, length of hospital stay and quality of life.
None of the studies reported data for the number of days on a ventilator and change in aneurysm size pre- and post-exercise outcomes.
Authors' conclusions
Due to very low-certainty evidence, we are uncertain whether prehabilitation exercise therapy reduces 30-day mortality, pulmonary
complications, need for re-intervention or postoperative bleeding. Prehabilitation exercise therapy might slightly reduce cardiac and renal
complications compared with usual care (no exercise). More RCTs of high methodological quality, with large sample sizes and long-term
follow-up, are needed. Important questions should include the type and cost-effectiveness of exercise programmes, the minimum number
of sessions and programme duration needed to effect clinically important benefits, and which groups of participants and types of repair
benefit most.

PLAIN LANGUAGE SUMMARY
Exercise before planned surgery for abdominal aortic aneurysm
Background
The abdominal aorta is a major blood vessel in the body that carries blood from the heart to the major organs in the chest and abdomen.
An abdominal aortic aneurysm (AAA) is a balloon-like bulge of the aorta. If an AAA grows to over 5.5 cm in diameter (the length from one
side to the other), the chance of the AAA rupturing (bursting) is increased. Ruptured AAAs cause death unless surgery is carried out soon
after the event to repair the rupture. Surgery is recommended for people with AAAs bigger than 5.5 cm in diameter or who have pain due to
the AAA, to decrease the risk of rupture and death. Complications following planned surgery for AAA are common. Exercise before surgery
for AAA could help people make a better recovery from surgery. At the moment we do not know if exercise before surgery will help people
make a better recovery after AAA surgery. We found only a few trials which looked at whether exercise before AAA surgery helps people
make a better recovery, so more trials are needed before we can be certain the exercise helps.
Study characteristics and key results
We searched the literature on 6 July 2020, and we found four trials that included 232 participants with AAA who were on a waiting list
for AAA surgery. The trials randomly assigned participants into two groups, one with exercise before surgery and another with usual care
(no exercise before surgery, participants maintained normal physical activity). The types of exercise included circuit training, moderateintensity continuous exercise and high-intensity interval training. In three of the four trials, the participants in the exercise group were
supervised by healthcare professionals in hospital when they did their exercise sessions. In the other trial, the first exercise session was
supervised in hospital, and the following sessions were completed by the participants on their own in their own homes. The number and
length of the exercise sessions was different in the trials. Some exercise sessions took place three times a week and some took place six
times a week. In some trials participants exercised for one week and some trials' participants exercised for six weeks before their surgery.
Limited information from a small number of trials showed that exercise before AAA surgery might slightly reduce heart and kidney
complications after surgery, compared to no exercise (usual care) before AAA surgery. We are uncertain whether exercise before AAA surgery
reduces death within 30 days of AAA surgery, lung complications, the need for further treatment or bleeding after surgery, compared to
no exercise before AAA surgery. There was little or no difference between the exercise and usual care groups in length of intensive care
unit stay, length of hospital stay and quality of life. None of the studies reported information for the number of days participants were on
a ventilator and change in AAA size before and after exercise.
Prehabilitation exercise therapy before elective abdominal aortic aneurysm repair (Review)
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Certainty of the evidence
The certainty of the evidence is low or very low because of the way the studies were designed (risk of bias), and small number of people
in the trials. Larger, well-designed trials are needed in order to increase our confidence in any benefits of exercising before AAA surgery
for reducing complications.
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Exercise compared to no exercise for adults with clinically diagnosed AAA deemed suitable for elective repair

Outcomes

Anticipated absolute effects*
(95% CI)
Risk with usual
care (no exercise)

30-day mortality

Study population

Follow-up: 30 days

21 per 1000

Perioperative and postoperative
complications: cardiac complications

Study population
226 per 1000

Follow-up: 3 months
Perioperative and postoperative
complications: pulmonary complications

Perioperative and postoperative
complications: renal complications
Follow-up: 3 months
Perioperative and postoperative:
need for re-intervention
Follow-up: 3 months

192
(3 RCTs)

⊕⊝⊝⊝
VERY LOW a,b

RR 0.36
(0.14 to 0.92)

124
(1 RCT)

⊕⊕⊝⊝
LOW c,d

RR 0.49
(0.26 to 0.92)

144
(2 RCTs)

⊕⊝⊝⊝
VERY LOW d,e

RR 0.31
(0.11 to 0.88)

124
(1 RCT)

⊕⊕⊝⊝
LOW c,d

RR 1.29
(0.33 to 4.96)

144
(2 RCTs)

⊕⊝⊝⊝
VERY LOW a,e

81 per 1000
(32 to 208)

143 per 1000
(76 to 268)

65 per 1000
(23 to 185)

Study population
42 per 1000

RR 1.33
(0.31 to 5.77)

Comments

28 per 1000
(6 to 120)

Study population
210 per 1000

Certainty of
the evidence
(GRADE)

54 per 1000
(14 to 207)

4

Cochrane Database of Systematic Reviews

Follow-up: 7 days - 3 months

№ of participants
(studies)

Risk with exercise

Study population
292 per 1000

Relative effect
(95% CI)

Trusted evidence.
Informed decisions.
Better health.

Patient or population: adults with clinically diagnosed AAA deemed suitable for elective repair
Setting: hospital
Intervention: exercise
Comparison: usual care (no exercise)

Cochrane

Summary of findings 1. Exercise compared to no exercise for adults with clinically diagnosed AAA deemed suitable for elective repair
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SUMMARY OF FINDINGS

Study population

Follow-up: 72 hours
Length of ICU stay (days)

See comments

⊕⊝⊝⊝
VERY LOW a,c

-

147

⊕⊝⊝⊝
VERY LOW f,g

Two studies reported on length of
ICU stay, but we could not evaluate
this in a meta-analysis. Neither of the
studies found a clear difference between the exercise and usual care
groups in length of ICU stay.

⊕⊝⊝⊝
VERY LOWg,h

Three studies reported on length of
hospital stay, but we could not evaluate this in a meta-analysis. One study
reported shorter hospital stay for the
exercise group and two studies reported no clear difference between
the exercise and usual care groups.

64 per 1000
(20 to 203)

(2 RCTs)

Length of hospital stay (days)

See comments

-

212
(3 RCTs)

Number of days on a ventilator

See comments

-

-

-

No studies reported number of days
on a ventilator

QoL

See comments

-

53

⊕⊕⊝⊝
LOWi

One study reported QoL. The study
found little or no difference between
the exercise and usual care group
participants.

Follow-up: 12 weeks

(1 RCT)

Trusted evidence.
Informed decisions.
Better health.

124
(1 RCT)
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113 per 1000

RR 0.57
(0.18 to 1.80)
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Perioperative and postoperative complications: postoperative
bleeding

*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).
AAA: abdominal aortic aneurysm;CI: confidence interval; ICU: intensive care unit; QoL: quality of life; RCT: randomised controlled trial;RR: risk ratio

aThe 95% CI includes no effect, and includes default values for appreciable harm (i.e. CI > 1.25), appreciable benefit (i.e. CI < 0.75), or both; the optimal information size was not

5

met (i.e. sample size < 2000 participants); therefore, we downgraded the certainty of evidence by 2 levels for imprecision.
bHigh overall risk of bias due to lack of blinding of outcome assessors, selective reporting, selection bias, attrition bias and/or other bias (Barakat 2016; Dronkers 2008; Tew 2017);
therefore, we downgraded the certainty of evidence by 2 levels for methodological limitations.
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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.

Cochrane

Trusted evidence.
Informed decisions.
Better health.

downgraded the certainty of evidence by 1 level for methodological limitations.
dThe optimal information size was not met (i.e. sample size < 2000); therefore, we downgraded the certainty of evidence by 1 level for imprecision.
eHigh overall risk of bias due to lack of blinding of outcome assessors, selective reporting, selection bias, attrition bias and/or other bias (Barakat 2016; Dronkers 2008); therefore,
we downgraded the certainty of evidence by 2 levels for methodological limitations.
fHigh overall risk of bias due to lack of blinding of outcome assessors, selective reporting, selection bias, and/or attrition bias (Barakat 2016; Richardson 2014); therefore, we
downgraded the certainty of evidence by 2 levels for methodological limitations.
gUnable to assess imprecision due to the way the studies report the outcome; therefore, we downgraded the certainty of evidence by 1 level.
hHigh overall risk of bias due to lack of blinding of outcome assessors, selective reporting, selection bias, attrition bias and/or other bias (Barakat 2016; Richardson 2014; Tew
2017); therefore, we downgraded the certainty of evidence by 2 levels for methodological limitations.
iHigh overall risk of bias due to selective reporting, attrition bias and other bias (Tew 2017); therefore, we downgraded the certainty of evidence by 2 levels for methodological
limitations.
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BACKGROUND
Description of the condition
An abdominal aortic aneurysm (AAA) is defined as an abnormal
dilation in the diameter of the abdominal aorta of 50% or more of
the normal diameter or greater than 3 cm in total (NICE 2020). Most
AAAs are asymptomatic and are frequently discovered incidentally
during imaging or clinical examination for other conditions (Brown
2012). As well as having many risk factors in common with
atherosclerosis (including tobacco smoking, advanced age, male
sex, and hypertension), genetic factors and family history are likely
to influence the development of abdominal aneurysms (Blanchard
2000; Larsson 2009; Lederle 1997).
The natural history of AAA is expansion (which in some cases causes
the aneurysm to become symptomatic) and eventually, acute
rupture. In the case of acute rupture, the classical presentation is
the triad of sudden, severe abdominal or back pain (or both), a
pulsatile abdominal mass and haemodynamic collapse. Mortality
among people presenting with a ruptured aneurysm is high
(particularly if the rupture occurs out of hospital), and even for
those who do make it to hospital and undergo emergency surgery,
mortality is approximately 35% (Gunnarsson 2016; Schermerhorn
2012; Sweeting 2015).
The average annual progression in diameter of small aneurysms
(≤ 5.5 cm) is estimated to be between 2.0 and 3.0 mm/year,
while progression is greater for aneurysms with a larger initial
diameter (Bown 2013; Moll 2011). The risk of rupture increases with
the diameter of the aneurysm, particularly above a diameter of
approximately 5.5 cm (Powell 2008; Powell 2011).
Previously, the prevalence of AAA has been reported to range from
1.3% in women aged 65 to 80 years to between 4% and 7.7% in
men aged 65 to 80 years (Ashton 2002; Ashton 2007; Lindholt 2005;
Nordon 2011; Norman 2004; Scott 2002). The annual incidence of
AAA in Western populations has been estimated at between 0.4%
and 0.67% (Forsdahl 2009; Lederle 2002; Nordon 2011; Vardulaki
1999), but may be lower for Asian populations (Spark 2001). More
recent evidence suggests that AAA incidence is decreasing, most
likely because of a reduction in tobacco smoking and improvement
in cardiovascular disease risk factor management (Anjum 2012).
The current prevalence rates are closer to 1.5% for men aged 65 and
0.7% for women over 60 years old (Jacomelli 2016; Svensjö 2014;
Ulug 2016). There has also been discussion on the importance of
the 'subaneurysmal' aorta (diameter 2.5 cm to 2.9 cm), since twothirds of these will become aneurysmal over a period of five years
(Wild 2013).
In asymptomatic people in whom AAA is suspected clinically, a
definite diagnosis can be made using abdominal ultrasound to
measure the diameter of the aneurysm (Moll 2011). More detailed
information regarding the anatomy and relation to renal and
visceral vessels can be obtained from computerised tomography
(CT) scanning, if required. In the case of aneurysmal rupture,
emergency CT scanning is widely used to confirm the diagnosis
and enable the planning of aneurysm repair. Following trials
of ultrasound screening, screening programmes to reduce male
mortality from AAA have been recommended (Cosford 2007;
LeFevre 2014). An example is the UK screening programme in which
an ultrasound is offered to all men in their 65th year. A very similar

Cochrane Database of Systematic Reviews

programme is effective in Sweden, whereas screening is focused on
older male smokers in the USA.
Because the risk of rupture is low in small AAA (≤ 5.5 cm),
management is usually non-surgical, using regular ultrasound
monitoring to screen for expansion of the aneurysm as well
as modifying general cardiovascular risk factors, in particular
smoking cessation (Bown 2013; Brewster 2003; Filardo 2015;
Hirsch 2006; Moll 2011). National guidelines from the European
Society of Vascular Surgery (ESVS) and from the American
College of Cardiology (ACC) and American Heart Association (AHA)
recommend that: when an AAA reaches a diameter of ≥ 5.5 cm
(men) or ≥ 5.2 cm (women), demonstrates rapid expansion, or
becomes symptomatic (regardless of size), the risk of rupture
exceeds the risk of surgical repair and the individual should
be referred to a vascular surgeon for consideration of surgical
intervention (Hirsch 2006; Moll 2011). Medical therapies to reduce
aneurysm growth rates remain unproven and are not widely
used in clinical practice (Rughani 2012). There are two main
options for surgical intervention: open surgical repair (OSR) and
endovascular aneurysm repair (EVAR). OSR involves replacement
of the affected section of the aorta with a graft that is sutured in
place. EVAR involves the insertion of an intraluminal stent, via a
catheter introduced in a distal artery (e.g. femoral artery). Although
OSR has a higher 30-day mortality than endovascular stenting
(3.0% versus 0.6%, respectively) (Waton 2018), EVAR is prone to
endoleak (some blood flow still remaining in the aneurysm cavity)
in the long term, which requires regular follow-up to detect and
possible further surgery to treat (Greenhalgh 2010; Paravastu 2014;
Patel 2016; Prinssen 2004). Complications of AAA repair include
cardiac complications, respiratory complications, limb ischaemia
and renal failure. People undergoing OSR are more susceptible to
these complications than those undergoing EVAR (Waton 2018).
The choice of which surgical intervention to undertake is usually
made on an individual basis, taking into account perioperative
comorbidities (in particular, cardiac and respiratory conditions)
and the individual risk of rupture. The anatomy of the aneurysm is
also important because EVAR grafts are only suitable for particular
anatomical configurations.

Description of the intervention
The majority of people with indications for elective AAA repair are
older adults (Forsdahl 2009; Howard 2015; Kent 2010; Li 2013),
who often present with multiple comorbidities (Mousa 2016). In
addition to a common history of smoking (Jahangir 2015; Salzler
2015), and a sedentary lifestyle, these people tend to have lower
fitness levels compared to their age-matched controls (Myers
2014). Significant perioperative metabolic and cardiopulmonary
challenges are associated with AAA repair (OSR or EVAR), which
requires the individual undergoing the procedure to have a good
level of fitness to withstand the stress. There is evidence that level
of fitness is associated with important postoperative morbidity and
mortality rates in people undergoing AAA repair (Moran 2016). For
instance, Grant and colleagues reported a 1.4 x higher three-year
(86.4% vs 59.9%) post-AAA repair survival for people with zero or
one sub-threshold cardiopulmonary exercise test value compared
with those with three sub-threshold test values (Grant 2015).
Exercise therapy is a prescribed and planned physical activity
that aims to improve, maintain, or decrease the rate of decline
of physical capacity and function, as well as overall health
and well-being. In people with cardiovascular disease who are

Prehabilitation exercise therapy before elective abdominal aortic aneurysm repair (Review)
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

7

Cochrane

Library

Trusted evidence.
Informed decisions.
Better health.

not undergoing surgery, exercise therapy has been shown to
be beneficial in improving fitness and reducing morbidity and
mortality risks (Boden 2014). Evidence also supports the use
of preoperative or prehabilitation exercise therapy to improve
recovery, as well as to reduce postoperative complications
and length of hospital stay following cardiovascular surgeries
(Hoogeboom 2014). This includes interventions for vascular
conditions (Aherne 2015). Exercise therapy for cardiovascular
conditions is safe, with the rate of adverse events ranging from
one per 49,565 patient-hours of exercise training in cardiac patients
(Pavy 2006), to one per 10,340 patient-hours in peripheral arterial
disease (Gommans 2015). Few data are available regarding exercise
testing in people with AAA disease. Myers 2011 found that people
with AAA had a slightly higher incidence of hyper- and hypotensive
responses to exercise than age-matched referrals, but no serious
events related to the cardiopulmonary exercise tests occurred
during the study period.

How the intervention might work
Undergoing surgery promotes an inflammatory response, which
increases the demand for oxygen consumption (Barakat 2015).
Exercise improves cardiorespiratory fitness, which improves
oxygen delivery to local tissue (Smith 2009), and is also associated
with anti-inflammatory mechanisms (Petersen 2005). Older 2013
hypothesised that increased lactate production due to lower
levels of cardiorespiratory fitness may contribute to postoperative
complications, as the body has a reduced ability to metabolise
lactate postoperatively.
Optimal fitness potentially provides people with the ability to
withstand the metabolic and cardiopulmonary stress associated
with surgery. Improved cardiovascular and respiratory fitness, and
the potential benefit of improved response to surgery-related
stress, may benefit people undergoing AAA repair (Grant 2015;
Prentis 2012; Thompson 2011).

Why it is important to do this review
Perioperative and postoperative complications are common
following elective repair in people with AAA. For instance, the
estimated prevalence of morbidity is 28% following open AAA repair
and 12% following EVAR (Giles 2010). There is a growing interest
in the role of prehabilitation or preoperative exercise therapy for
people with AAA undergoing elective repair. Three previous reviews
have been conducted on the impact of exercise in people with
AAA (Kato 2019; Pouwels 2015; Wee 2019). However, these reviews
focused on heterogeneous populations with or without indications
for surgery. The outcomes of prehabilitation or preoperative
exercise therapy for people undergoing AAA repair is unclear from
these reviews. If prehabilitation exercise decreases complications
and the length of hospital stay, there are benefits for participants
in terms of increased quality of life and reduced re-intervention, as
well as potential cost savings. We performed a systematic review
to synthesise evidence about the impact of exercise therapy prior
to repair on mortality and morbidity in individuals with AAA. We
also evaluated the impact of different forms of exercise therapy, and
investigated whether the effect of exercise therapy is influenced
by the subsequent type of repair. The findings of this review will
provide evidence to help aid decision making and inform practice,
with the aim of reducing the perioperative and postoperative
complications reported after OSR AAA repair.
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OBJECTIVES
To assess the effects of exercise programmes on perioperative
and postoperative morbidity and mortality associated with elective
abdominal aortic aneurysm repair.

METHODS
Criteria for considering studies for this review
Types of studies
We included randomised controlled trials (RCTs) that compared
exercise therapy with usual care (no exercise) before elective
abdominal aortic aneurysm (AAA) repair.
Types of participants
We included participants aged 18 years and older, of either
sex, with clinically diagnosed AAA deemed suitable for elective
intervention (open surgical repair (OSR) or endovascular aneurysm
repair (EVAR)). We included all types of AAA: infrarenal; juxtarenal;
and suprarenal. We did not apply restrictions on the size of the
aneurysm. We excluded studies that only involved participants
undergoing emergency repair. If a study included both elective
and emergency participants, we extracted data for the elective
participants only, if the trial reported these separately.
Types of interventions
We included any prehabilitation exercise before elective AAA
repair, provided that the trial compared it against usual care
(no exercise therapy). The exercise therapy could be in hospital,
community or home-based settings. We included, but were not
limited to, variations of exercise therapy, such as circuit training,
moderate-intensity continuous exercise, high-intensity interval
training, and inspiratory muscle training. We included upper
limb and lower limb exercises, as well as both aerobic and
strength training programmes. We included studies that combined
exercise with other interventions (e.g. psychological counselling,
structured education or behaviour change interventions), if both
the exercise and no exercise study arms received the same
additional interventions. We included multi-arm studies that
compared exercise with no exercise and other interventions if data
were available for the exercise versus no exercise comparison.
We included both supervised and unsupervised exercise, and did
not limit exercise to any frequency, duration, or intensity, but did
take these variations into account in the meta-analysis. This review
also considered performing subgroup analysis of supervised versus
unsupervised exercise if data were available.
We defined a supervised exercise therapy group as one in which
participants underwent a programme of exercise delivered and
formally supervised by a trained health professional. We defined an
unsupervised exercise therapy group as one in which participants
received advice to exercise without supervision (with or without
a predetermined exercise regimen or logbook), or received advice
to exercise on their own, with regular contact and exercise
support from trained personnel (structural home-based exercise
programme). We defined a no exercise group as one in which
the participants maintained normal physical activity. We aimed to
analyse supervised and unsupervised therapy where possible.

Prehabilitation exercise therapy before elective abdominal aortic aneurysm repair (Review)
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

8

Cochrane

Library

Trusted evidence.
Informed decisions.
Better health.

Types of outcome measures
Primary outcomes
• 30-day (or longer if reported) mortality post-AAA repair
• Perioperative and postoperative complications (cardiac,
pulmonary, renal, infection, re-intervention, postoperative
bleeding). We defined perioperative complications as those
occurring after enrolment, including preoperative events, whilst
postoperative complications were defined as those occurring
within one to 30 days (or longer if reported) post-AAA repair.
Secondary outcomes
•
•
•
•
•

Length of intensive care unit (ICU) stay
Length of hospital stay
Number of days on a ventilator
Change in aneurysm size pre- and post-exercise
Quality of life (QoL), assessed using validated physical summary
score scales such as Short Form 12 (SF-12) Health Survey
(Ware 1996), Medical Outcomes Study (MOS) 36-Item ShortForm Health Survey (SF-36) (Ware 1992), and Assessment of
Quality of Life (AQoL) instruments (AQoL-8D, 7D, 6D or 4D)
(Hawthorne 1999).

Cochrane Database of Systematic Reviews

• MEDLINE (Ovid MEDLINE Epub Ahead of Print, In-Process & Other
Non-Indexed Citations, Ovid MEDLINE Daily and Ovid MEDLINE)
(1946 onwards; searched 6 July 2020);
• Embase Ovid (from 1974 onwards; searched 6 July 2020);
• CINAHL EBSCO (Cumulative Index to Nursing and Allied Health
Literature; from 1982 onwards searched 6 July 2020);
• PEDro (Physiotherapy Evidence Database), University of Sydney
(searched 6 July 2020).
We modelled search strategies for other databases on the search
strategy designed for MEDLINE. Where appropriate, we combined
these with adaptations of the highly sensitive search strategy
designed by Cochrane for identifying randomised controlled
trials 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.
We also searched the following trials registries on 6 July 2020:
• ClinicalTrials.gov (clinicaltrials.gov);
• World Health Organization International Clinical Trials Registry
Platform (who.int/trialsearch).

We reported these outcomes at the last follow-up presented by the
included studies. We also aimed to report on adherence to exercise,
if the included studies presented this.

Searching other resources

Search methods for identification of studies

Data collection and analysis

Electronic searches

Selection of studies

We conducted systematic searches of the following databases for
randomised controlled trials and controlled clinical trials without
language, publication year or publication status restrictions:

We identified and excluded duplicates and collated multiple
reports of the same study. Three of the review authors (CF, UA, AT)
independently screened the titles and abstracts from the search
results, identifying those to be retrieved for full-text review. Two of
the review authors (UA, AT) independently screened the full texts
and identified studies for inclusion. We resolved any disagreement
by discussion until we reached a consensus. Where necessary, we
consulted a fourth review author (JM). We illustrated the study
selection process in a PRISMA flow diagram (Figure 1) (Liberati
2009). We listed all articles excluded after full-text assessment in
the 'Characteristics of excluded studies' table, and provided the
reasons for their exclusion.

• the Cochrane Vascular Specialised Register via the Cochrane
Register of Studies (CRS-Web) (searched 6 July 2020);
• the Cochrane Central Register of Controlled Trials (CENTRAL;
2020, Issue 6) via the Cochrane Register of Studies Online
(CRSO);

We examined the included study reports' bibliographies to identify
other relevant articles.
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Figure 1. PRISMA flow diagram
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We used Cochrane’s Screen4Me workflow to help assess the search
results. We used two Screen4Me components: known assessments
(a service that matches records in the search results to records
that have already been screened in Cochrane Crowd and been

Cochrane Database of Systematic Reviews

labelled as 'an RCT' or as 'Not an RCT') and the RCT classifier (a
machine learning model that distinguishes RCTs from non-RCTs).
The Screen4Me process is shown in Figure 2.

Figure 2. Screen4Me summary diagram

Data extraction and management
Three review authors (CF, UA, AT) independently extracted relevant
population and intervention characteristics, outcome data, and
risk of bias components from the included studies using a standard
data extraction form, which we piloted on one study in the review.
We entered data into Review Manager 5 (Review Manager 2020).
We resolved any disagreement about data extraction by discussion,
and consulted a fourth review author (JM) when necessary.

• Incomplete outcome data (attrition bias)
• Selective outcome reporting (reporting bias)
• Other sources of bias
We judged the overall risk of bias of a study to be ‘high', if we
judged trials to be ’unclear’ or ‘high risk’ in one or more risk of bias
domains.
Measures of treatment effect

Assessment of risk of bias in included studies

Dichotomous outcomes

Two review authors (UA, AT) assessed the risk of bias for all included
studies, using the Cochrane risk of bias tool, described in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011). We judged the risk of bias in the following seven domains to
be low, high or unclear.

We calculated risk ratios (RR) for dichotomous data, with 95%
confidence intervals (CI).

•
•
•
•

Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)

Continuous outcomes
If studies measured continuous outcomes on the same scale,
we planned to compare the mean difference (MD) in change
scores. If studies used different scales to measure the same
continuous outcomes, we planned to calculate the standardised
mean difference (SMD). We used 95% CIs for all continuous data.
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We planned to narratively describe skewed data reported as
medians and interquartile ranges.
Unit of analysis issues
We considered each participant as the unit of analysis in the
randomised trials. In RCTs with a parallel design, we took multiple
treatment arms into account, when relevant, to avoid double
counting. For trials that considered multiple interventions in the
same group, we analysed only the partial data of interest.
Dealing with missing data
We analysed the available data and contacted trial authors
to request missing data (such as the number of screened or
randomised participants, lack of data regarding intention-to-treat
(ITT) analyses, or data on as-treated or per-protocol analyses)
in order to perform our analyses as thoroughly as possible. We
reported dropout rates in the Characteristics of included studies
table, and used ITT analysis. Where possible, we planned to use
the Review Manager 5 calculator to calculate missing standard
deviations (SD) using other data from the trial, such as CIs. Where
this was not possible, and we considered the missing data to
introduce serious bias, we planned to use a sensitivity analysis
to explore the impact of including such studies in the overall
assessment of results.
Assessment of heterogeneity
We inspected forest plots visually to consider the direction and
magnitude of effects, and the degree of overlap between CIs. We
quantified inconsistency among the pooled estimates using the I2
statistic (I2 = ((Q - df)/Q) × 100%, where Q is the Chi2 statistic and 'df'
represents the degree of freedom) (Higgins 2021). This illustrates
the percentage of the variability in effect estimates that results
from heterogeneity rather than sampling error (Higgins 2021). If we
identified substantial heterogeneity (I2 > 50%), we reported it and
explored possible causes by prespecified subgroup analysis.
Assessment of reporting biases
We planned to assess the presence of publication bias and other
reporting bias using funnel plots, if we identified sufficient studies
(more than 10) for inclusion in the meta-analysis (Higgins 2021).
Data synthesis
We performed statistical analysis using RevMan 5 software
(Review Manager 2020). We undertook meta-analyses where it
was meaningful to do so, i.e. if the included studies' treatments,
participants, and underlying clinical questions were similar enough
for pooling to make sense. We summarised the data for each study
in a forest plot, and presented 95% CI for all summary estimates.
We planned to report data narratively if it was not appropriate to
combine data in a meta-analysis.
We performed meta-analyses according to the recommendations
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2021). We considered a fixed-effect model where we found
no substantial heterogeneity (I2 < 50%). We planned to use a
random-effects model if we found substantial heterogeneity (I2 >
50%).

Cochrane Database of Systematic Reviews

Subgroup analysis and investigation of heterogeneity
We performed subgroup analyses to investigate possible reasons
for heterogeneity. Where data were available, we planned to carry
out subgroup analyses based on:
• participants age (≤ 80 versus > 80 years) as the over 80s are
known to have higher rates of complications (Sonesson 2018);
• type of repair (OSR versus EVAR);
• type of exercise therapy (e.g. aerobic versus isometric;
supervised versus unsupervised).
Sensitivity analysis
We aimed to conduct sensitivity analyses to establish whether
findings were robust by limiting the analyses to studies with low risk
of bias in the selection bias domain, the detection bias domain or
both. Additionally, where missing data were thought to introduce
serious bias, we aimed to explore the impact of including such
studies in the overall assessment of results. However, due to the
limited data available this was not possible.
Summary of findings and assessment of the certainty of the
evidence
We created Summary of findings 1 to provide the key information
presented in the review for the exercise versus no exercise
comparison, using GRADEpro software (GRADEpro GDT). We
included the following outcomes, which are of most clinical
relevance:
• 30-day (or longer if reported) mortality post-AAA repair;
• perioperative and postoperative complications (cardiac,
pulmonary, renal, infection, re-intervention, and postoperative
bleeding);
• length of ICU stay;
• length of hospital stay;
• number of days on a ventilator;
• QoL.
We assessed the certainty of the evidence for each outcome as high,
moderate, low or very low, based on the five GRADE considerations
of risk of bias, inconsistency, indirectness, imprecision, and
publication bias, using the GRADE approach (Atkins 2004). We
based the tables on methods described in Chapters 11 and 12 of
the Cochrane Handbook for Systematic Reviews of Interventions,
and will justify any departures from the standard methods (Atkins
2004; Higgins 2021). Two review authors (UA, AT) independently
judged the certainty of the evidence and, if required, resolved
any disagreements by consensus or discussion with a third review
author (CF). We justified all decisions to downgrade the evidence
using footnotes and we made comments to aid the reader's
understanding of the review where necessary.

RESULTS
Description of studies
Results of the search
The search identified a total of 1030 search results, which was
reduced to 762 after removing duplicates (Figure 1). In assessing
the studies, we used Cochrane’s Screen4Me workflow to help
identify potential reports of randomised trials. The results of
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the Screen4Me assessment process are shown in Figure 2. The
Screen4Me assessment process excluded seven records by Crowd
Known Assessments and 241 records by RCT Classifier. Of the
remaining 514 records, we assessed 487 records as not relevant
based on title/abstract screening.
We assessed 27 full-text articles for eligibility; we included four
studies (nine records), excluded 17 studies (17 records) with
reasons and identified one ongoing study.
Included studies
See Characteristics of included studies.
We included four trials with a total number of 232 participants
(Barakat 2016; Dronkers 2008; Richardson 2014; Tew 2017).
Two trials included fewer than 50 participants (Dronkers 2008;
Richardson 2014), one had 53 participants (Tew 2017), and another
included 136 participants (Barakat 2016). Richardson 2014 did not
specify the number of participants per study arm.
Inclusion and exclusion criteria varied between the included
studies, but trials typically excluded people with severe disabling
disorders limiting mobility, contraindications to exercise testing or
training, BMI < 20 or > 40 kg/m2, serious comorbidities that would
compromise an exercise programme or make it impractical; people
whose AAA was not infrarenal; people under 18 or over 80 years old;
and people requiring expedited repair. No trials took a multimodal
approach.
All four trials compared exercise versus usual care, but one trial
did not describe the components of the usual care implemented
(Richardson 2014). In the remaining three trials, usual care
components varied. One trial described usual care as a ‘standard
treatment’ in which participants were "clearly instructed to
continue with their normal lifestyle, and avoid any additional,
unsupervised exercises" (Barakat 2016). Another trial described
usual care as an evidence-based medical optimisation, without
providing further details (Tew 2017). Lastly, Dronkers 2008 reported
usual care as a programme of diaphragmatic breathing, deep
breathing inspirations with the aid of incentive spirometer, and
coughing and ‘forced expiratory technique' (FET) done one day
before surgery.
Exercise regimens implemented in the included trials also varied,
although most studies implemented at least two sessions weekly
for a minimum of two weeks prior to surgery (Barakat 2016;
Dronkers 2008; Tew 2017). However, one trial implemented a
regimen of a submaximal cycling exercise at a moderate intensity
implemented for three consecutive days, with the last session
completed 48 hours before surgery (Richardson 2014). Types of
exercise included circuit training, moderate-intensity continuous
exercise and high-intensity interval training. Similarly, exercise
intensity in included trials comprised a range of lower, moderate
and high intensity programmes. Three trials specified complete
supervision of exercise (Barakat 2016; Richardson 2014; Tew 2017),
but in the trial by Dronkers 2008, one session per week was
supervised, while the remaining five sessions per week were
unsupervised. Programme duration of treatment generally fell
within three days to six weeks. More details of the exercise regimens
are provided in the Characteristics of included studies table.
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Richardson 2014 included participants who underwent OSR.
Barakat 2016 and Tew 2017 included participants who underwent
either EVAR or OSR. One trial did not document the type of repair
participants received (Dronkers 2008).
The included trials assessed a range of outcomes using varied
outcome measures. Three trials assessed post-repair mortality and
documented mortality within 30 days (Barakat 2016; Tew 2017),
or 35 days (Dronkers 2008), post-repair. One trial additionally
assessed mortality at 12 weeks post-repair (Tew 2017). All four
trials assessed at least one postoperative complication, but the
range of postoperative complications and methods of assessment
reported in individual trial results showed considerable variation.
One trial reported data on postoperative cardiac complications,
pulmonary complications and renal complications (Barakat
2016). Barakat 2016 also reported postoperative complications
as a composite endpoint of cardiac, pulmonary, composite
and renal complications. One trial reported on atelectasis
as a postoperative pulmonary complication (Dronkers 2008).
Richardson 2014 and Tew 2017 reported the use the postoperative
morbidity survey (POMS) to report postoperative complications.
Three trials assessed length of hospital stay (Barakat 2016;
Richardson 2014; Tew 2017), whilst two trials assessed length of
critical care stay (Barakat 2016; Richardson 2014), and need for
intervention (Barakat 2016; Dronkers 2008). One trial each assessed
postoperative bleeding or transfusion of more than four units
(Barakat 2016), exercise-related adverse events, health-related
QoL, and adherence to exercise (Tew 2017).
Excluded studies
We excluded a total of 17 studies from this review, based on
full-text assessment (Bailey 2018; Barakat 2014; Gunasekera
2014; Hayashi 2016; Lo Sapio 2014; Myers 2010; Myers 2014;
NCT00349947; NCT01234610; NCT02097186; NCT02292927;
NCT02767518; NCT02997618; NCT03985202; Takeuchi 2016; Tew
2012; UMIN000028237). The reasons for exclusion included:
• studies investigated participants with small aneurysm without
indication for repair (Bailey 2018; Gunasekera 2014; Myers 2010;
Myers 2014; NCT00349947; NCT01234610; NCT02997618; Tew
2012);
• studies were not RCTs (Hayashi 2016; NCT02292927;
NCT03985202; UMIN000028237);
• studies implemented an intervention not of relevance to this
review (Lo Sapio 2014; NCT02097186);
• studies focused on participants with thoracic aneurysm
(NCT02767518; Takeuchi 2016);
• study focused on outcomes of fitness before surgery (Barakat
2014).
Details of all excluded studies are given in the Characteristics of
excluded studies table.
Ongoing studies
We identified one study as ongoing (NCT04169217). This study is
detailed within the Characteristics of ongoing studies table.

Risk of bias in included studies
An overall summary of bias present within each of the included
studies is presented in Figure 3 and Figure 4 (see also the
Characteristics of included studies table).
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Figure 3. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 4. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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concealment and were at low risk of selection bias (Barakat 2016;
Tew 2017). The remaining two did not provide details on random
sequence generation and allocation concealment (Dronkers 2008;
Richardson 2014), other than stating that a sealed and numbered
envelope was used (Dronkers 2008).
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Blinding

Effects of interventions

We considered blinding of participants not practically possible as
the nature of exercise-based studies involved an activity versus
usual care. To standardise our approach, we scored all trials as
having low risk of bias secondary to participant blinding.

See: Summary of findings 1 Exercise compared to no exercise for
adults with clinically diagnosed AAA deemed suitable for elective
repair
30-day (or longer if reported) mortality post-AAA repair

Included trials may have an additional risk of bias as outcome
assessors may not be blinded to the group to which a participant
was randomised. One trial indicated that an investigator blinded
to group allocation assessed the outcomes, so we judged this
to be at low risk of detection bias (Tew 2017). Dronkers 2008
reported that a blinded radiologist assessed the main study
outcome (postoperative pulmonary complications; atelectasis).
The remaining two trials did not report whether outcome assessors
were blinded; we deemed these to be at unclear risk of detection
bias (Barakat 2016; Richardson 2014).
Incomplete outcome data
One trial reported that there were no participants lost to followup (Barakat 2016). We judged one trial to be at unclear risk of bias
because only a few participants were assessed on day one and two,
and the study report did not explain the reason for this (Dronkers
2008). We judged one trial to be at high risk of bias because
the study abstract stated that 23 participants were enrolled, but
the clinical trial registry (posted after the trial was completed)
stated that 21 participants were enrolled (Richardson 2014). In
addition, Richardson 2014 did not report how many participants
were allocated to each study arm. The remaining trial had an
attrition rate of over 20%, had a small sample size and did not
implement ITT analysis; we judged this to be associated with a high
risk of bias (Tew 2017).
Selective reporting
The trial by Dronkers 2008 reported all outcomes, so we judged this
trial to be at low risk of reporting bias. We deemed two studies to
be at high risk of bias. In the first study, the trial protocol stated that
the participants’ destination would be recorded (i.e. ward or critical
care), but the final study report did not present this information
(Tew 2017). Similarly, the study report did not include the duration
of critical care stay (Tew 2017). In the second study, the trial
protocol indicated that they would measure quality of life scores,
but the study paper did not report this. The trial also reported
Acute Physiology and Chronic Health Evaluation II (APACHE II)
scores, reoperation, and postoperative bleeding, which were not
outcomes listed in the protocol (Barakat 2016). One study had an
unclear risk of reporting bias, as the trial protocol was registered on
clinicaltrials.gov after the study was complete (Richardson 2014).
Other potential sources of bias
Two studies were at low risk of other bias (Barakat 2016; Richardson
2014). We labelled the other two studies as having a high risk of bias,
as participants in the intervention group were significantly older
than the participants in the control group (70 ± 6 years versus 59 ± 6
years, respectively; P = 0.001) (Dronkers 2008), or the study was not
powered to detect the effect size or clinically important difference
(Tew 2017).

Three trials with 192 participants reported on the occurrence of 30day (or longer if reported) mortality post-AAA repair (Barakat 2016;
Dronkers 2008; Tew 2017). There was no statistical heterogeneity
between studies (I2 = 0%, P = 0.55), therefore we used a fixedeffect model. Overall, we are uncertain whether prehabilitation
exercise reduces the occurrence of 30-day (or longer if reported)
mortality post-AAA repair (RR 1.33, 95% CI 0.31 to 5.77; 3 trials, 192
participants; very low-certainty evidence; Analysis 1.1).
We investigated different types of repair (OSR, EVAR and any AAA
surgery) (see Analysis 1.1 and Table 1). These are summarised
below. No differences were detected by the test for subgroup
differences (P = 0.55).
Richardson 2014 reported four deaths 30 days post-OSR in the usual
care group and no deaths in the exercise group, but did not specify
the number of participants in each study arm.
Open surgical repair
One study reported on participants who underwent OSR (Barakat
2016). We are uncertain whether prehabilitation exercises reduces
the occurrence of 30-day (or longer if reported) mortality post-AAA
repair compared to usual care (RR 0.50, 95% CI 0.05 to 5.29; 1 trial,
78 participants; very low-certainty evidence; Analysis 1.1).
Endovascular aneurysm repair
One study reported on participants who underwent EVAR (Barakat
2016). We are uncertain whether prehabilitation exercises reduces
the occurrence of 30-day (or longer if reported) mortality post-AAA
repair compared to usual care (RR 3.00, 95% CI 0.13 to 70.02; 1 trial,
46 participants; very low-certainty evidence; Analysis 1.1).
Any AAA repair
Two studies reported on participants who underwent AAA
repair which was not specified (Dronkers 2008; Tew 2017).
We are uncertain whether prehabilitation exercises reduces the
occurrence of 30-day (or longer if reported) mortality post-AAA
repair compared to usual care (RR 3.00, 95% CI 0.14 to 65.90; 2 trials,
68 participants; very low-certainty evidence; Analysis 1.1).
Perioperative and postoperative complications: cardiac
complications
One trial with 124 participants reported on the occurrence of
cardiac complications (Barakat 2016). Overall, prehabilitation
exercise may decrease the occurrence of cardiac complications
compared to usual care (RR 0.36, 95% CI 0.14 to 0.92; 1 trial, 124
participants; low-certainty evidence; Analysis 1.2).
We investigated different types of repair (OSR and EVAR) (see
Analysis 1.2 and Table 1). These are summarised below. No
differences were detected by the test for subgroup differences (P =
0.94).
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Open surgical repair
One study reported on participants who underwent OSR (Barakat
2016). Prehabilitation exercise may have little or no difference in
the occurrence of cardiac complications compared to usual care
(RR 0.36, 95% 0.13 to 1.04; 1 trial, 78 participants; low-certainty
evidence. Analysis 1.2).
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to usual care (RR 0.31, 95% CI 0.11 to 0.88; 1 trial, 124 participants;
low-certainty evidence; Analysis 1.4).
We investigated different types of repair (OSR and EVAR) (see
Analysis 1.4 and Table 1). These are summarised below. No
differences were detected by the test for subgroup differences (P =
0.36).

Endovascular aneurysm repair

Open surgical repair

One study reported on participants who underwent EVAR (Barakat
2016). We are uncertain whether prehabilitation exercises reduces
the occurrence of cardiac complications compared to usual care
(RR 0.33, 95% CI 0.04 to 2.97; 1 trial, 46 participants; very lowcertainty evidence; Analysis 1.2).

One study reported on participants who underwent OSR (Barakat
2016). Prehabilitation exercise may have little or no difference in the
occurrence of renal complications compared to usual care (RR 0.25,
95% 0.08 to 0.82; 1 trial, 78 participants; low-certainty evidence;
Analysis 1.4).

Perioperative and postoperative complications: pulmonary
complications

Endovascular aneurysm repair

Two trials with 144 participants reported on the occurrence of
pulmonary complications (Barakat 2016; Dronkers 2008). Moderate
statistical heterogeneity (I2 = 15%, P = 0.31) was detected, but this
did not meet the predetermined threshold requiring a randomeffects model (50%), so we used a fixed-effect model. Overall,
we are uncertain whether prehabilitation exercise decreases the
occurrence of pulmonary complications compared to usual care
(RR 0.49, 95% 0.26 to 0.92; 2 trials, 144 participants; very lowcertainty evidence; Analysis 1.3).
We investigated different types of repair (OSR, EVAR, and any AAA
surgery) (see Analysis 1.3 and Table 1). These are summarised
below. No differences were detected by the test for subgroup
differences (P = 0.31).
Open surgical repair
One study reported on participants who underwent OSR (Barakat
2016). No clear difference in the occurrence of pulmonary
complications was detected between the exercise and usual care
groups (RR 0.78, 95% 0.32 to 1.88; 1 trial, 78 participants; very lowcertainty evidence; Analysis 1.3).
Endovascular aneurysm repair
One study reported on participants who underwent EVAR (Barakat
2016). We are uncertain whether prehabilitation exercises reduces
the occurrence of pulmonary complications compared to usual
care (RR 0.11, 95% 0.01 to 1.95; 1 trial, 46 participants; very lowcertainty evidence; Analysis 1.3).
Any AAA repair
One study reported on participants who underwent AAA repair
which was not specified (Dronkers 2008). We are uncertain whether
prehabilitation exercises reduces the occurrence of pulmonary
complications post-AAA repair compared to usual care (RR 0.38,
95% CI 0.14 to 1.02; 1 trial, 20 participants; very low-certainty
evidence; Analysis 1.3).
Perioperative and postoperative complications: renal
complications
One study with 124 participants reported on the occurrence of renal
complications (Barakat 2016). Overall, prehabilitation exercise may
reduce the risk of the occurrence of renal complications compared

One study reported on participants who underwent EVAR (Barakat
2016). We are uncertain whether prehabilitation exercises reduces
the occurrence of renal complications compared to usual care (RR
1.0, 95% CI 0.07 to 15.04; 1 trial, 46 participants; very low-certainty
evidence; Analysis 1.4).
Perioperative and postoperative complications: need for reintervention
Two trials reported on the need for re-intervention (Barakat
2016; Dronkers 2008). There was minimal statistical heterogeneity
between the studies (I2 = 28%, P = 0.24), so we used a fixed-effect
model. We are uncertain whether prehabilitation exercise reduces
the need for re-intervention compared to usual care (RR 1.29, 95%
0.33 to 4.96; 2 trials, 144 participants; very low-certainty evidence;
Analysis 1.5).
We investigated different types of repair (OSR, EVAR, and any AAA
surgery) (see Analysis 1.5 and Table 1). These are summarised
below. No differences were detected by the test for subgroup
differences (P = 0.24).
Open surgical repair
One study reported on participants who underwent OSR (Barakat
2016). We are uncertain whether prehabilitation exercises reduces
the need for re-intervention compared to usual care (RR 0.67, 95%,
CI 0.12 to 3.77; 1 trial, 78 participants; very low-certainty evidence;
Analysis 1.5).
Endovascular aneurysm repair
One study reported on participants who underwent EVAR (Barakat
2016). There were no events in either of the arms (46 participants;
low-certainty evidence; Analysis 1.5).
Any AAA repair
One study reported on participants who underwent AAA repair
which was not specified (Dronkers 2008). We are uncertain whether
prehabilitation exercises reduces the need for re-intervention postAAA repair compared to usual care (RR 5.00, 95% CI 0.27 to 92.62; 1
trial, 20 participants; very low-certainty evidence; Analysis 1.5).
Perioperative and postoperative complications: postoperative
bleeding
One trial with 124 participants reported on the occurrence
of postoperative bleeding requiring transfusion (Barakat 2016).
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Overall, we are uncertain whether prehabilitation exercises reduces
the occurrence of postoperative bleeding compared to usual care
(RR 0.57, 95% CI 0.18 to 1.80; 1 trial, 124 participants; very lowcertainty evidence; Analysis 1.6).
We investigated different types of repair (OSR and EVAR) (see
Analysis 1.6 and Table 1). These are summarised below.
Open surgical repair
One study reported on participants who underwent OSR (Barakat
2016). We are uncertain whether prehabilitation exercises reduces
the occurrence of postoperative bleeding compared to usual care
(RR 0.57, 95% CI 0.18 to 1.80; 1 trial, 78 participants; very lowcertainty evidence; Analysis 1.6).
Endovascular aneurysm repair
One study reported on participants who underwent EVAR (Barakat
2016). There were no events in either of the arms (46 participants;
low-certainty evidence; Analysis 1.6).
Length of intensive care unit (ICU) stay
Two studies reported on length of critical care stay (Barakat 2016;
Richardson 2014).
Barakat 2016 reported length of critical care stay as the median
number of days, with the interquartile range (IQR). For exercise
group participants, length of critical care stay was 1.0 days (IQR 1.0
to 2.0) compared to 2.0 days (IQR 1.0 to 2.0) for usual care group
participants (P = 0.85). For EVAR participants in the exercise group,
the median length of critical care stay was not reported. The study
paper gave the IQR as 1.0 to 1.0 days for the EVAR exercise group
participants. For the EVAR participants in the usual care group, the
median length of critical care stay was 1.0 (IQR 1.0 to 1.0). Barakat
2016 reported no clear differences between the exercise and usual
care groups (P = 0.21) for participants undergoing EVAR. For OSR
exercise group participants the length of critical care stay was 2.0
days (IQR 1.0 to 3.0), and for the OSR usual care group participants
the length of critical care stay was 2.0 days (IQR 1.0 to 2.3). Barakat
2016 reported no clear differences between the exercise and usual
care groups (P = 0.74).
Richardson 2014 reported length of stay in the intensive care unit
(ICU) for OSR participants as six days in the usual care group
compared with five days in the exercise group. For the for high
dependency unit (HDU), the length of stay was three days for the
usual care group and two days for the exercise group, with no clear
differences between the groups. Richardson 2014 did not report
number of participants per study arm.
Length of hospital stay
Three studies reported on length of stay in hospital (Barakat 2016;
Richardson 2014; Tew 2017).
Barakat 2016 reported length of hospital stay as a median number
of days with the IQR and P values for differences between the
exercise and usual care groups. For exercise group participants,
length of hospital stay was 7.0 days (IQR 5.0 to 9.0), compared to
8.0 days (IQR 6.0 to 12.3) for usual care group participants (P =
0.025). For EVAR participants, the length of hospital stay was 4.0
days (IQR 3.0 to 6.0) compared to 5.0 days (IQR 4.0 to 9.0) in the
EVAR usual care group participants (P = 0.013). For OSR exercise
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group participants, the length of hospital stay was 8.5 days (IQR 7.0
to 10.0) compared to 9.0 days (IQR 7.5 to 13.5) for OSR control group
participants (P = 0.14).
Tew 2017 reported that "The unadjusted median duration of
hospital stay was 7 (IQR 4.5–8.5) days in the exercise group and 6
(IQR 4–8) days in the control group (48 participants)."
Richardson 2014 reported that the total length of stay in hospital
for participants in the usual care group was 13 days, and for the
exercise group it was 11 days (P > 0.05). However, they did not report
the number of participants per study arm.
Number of days on a ventilator
No studies reported on number of days on a ventilator.
Change in aneurysm size pre- and post-exercise
No studies reported on change in aneurysm size.
Quality of life
One study (Tew 2017), reported quality of life (QoL) and used
the EQ-5D, EQ-VAS and SF-36 measures. The EQ-5D measure
comprises five dimensions: mobility; self-care; usual activities;
pain/discomfort; and anxiety/depression (scores 0 to 1, 0 being as
bad as dead, 1 being full health). The EQ-VAS score records the
participant’s self-rated health on a vertical visual analogue scale,
(scored 0 to 100, 0 'The worst health you can imagine’, 100 ‘The
best health you can imagine’). The 36-Item Short Form Survey
(SF-36) measure consists of eight scores covering physical and
mental health, (scored 0-100, 0 equivalent to maximum disability,
100 equivalent to no disability). The SF-36 PH and SF-36 MH are
the physical function (PF) and mental health (MH) subscales of the
SF-36 scale.
After five weeks, the mean EQ-5D utility score was 0.864 for the
exercise group and 0.796 for the usual care group (difference 0.068,
95% CI 0.00 to 0.14). The mean EQ-VAS score was 81.9 for the
exercise group and 75.8 for the usual care group (difference 6.1, 95%
CI -0.3 to 12.6). The mean SF-36 PF score for the exercise group was
49.6, and for the usual care group it was 49.9 (difference -0.3, 95%
CI -2.7 to 2.1). The mean SF-36 MH score was 54.6 for the exercise
group and 55.1 for the usual group (difference -0.5, 95% CI -3.3 to
2.3).
After 12 weeks, the mean EQ-5D utility score was 0.84 for the
exercise group and 0.76 for the usual group (difference 0.08, 95%
CI 0.00 to 0.15). The mean EQ-VAS score for the exercise group was
79.6, and it was 74.4 for the usual care group (difference 5.2, 95%
CI -1.7 to 12.0). The mean SF-36 PF score was 49.4 for the exercise
group and 46.5 for the usual care group (difference 2.9, 95% CI 0.4
to 5.4). The mean SF-36 MH score was 55.6 for the exercise group
and 55.0 for the usual care group (difference 0.6, 95% CI -2.4 to 3.6).
Adherence to exercise
Tew 2017 defined participants as adherent if they completed at
least 75% of the main-phase sessions (at least nine of 12 sessions),
plus all weekly maintenance sessions if surgery was delayed.
Tew 2017 reported that 17/27 participants randomised to exercise
achieved the adherence criterion (63%, 95% CI 35% to 81%).
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DISCUSSION
Summary of main results
This review identified four RCTs with a total of 232 participants
who had clinically diagnosed AAA deemed suitable for elective
intervention. The RCTs compared prehabilitation exercise therapy
with usual care (no exercise). We deemed all trials to be at high
overall risk of bias. The certainty of the evidence for our outcomes
was low to very low.
The prehabilitation exercise therapy was supervised and hospitalbased in three of the included trials (Barakat 2016; Richardson
2014; Tew 2017). In the other trial (Dronkers 2008), the first
session was supervised in hospital but subsequent sessions were
completed unsupervised in the participants’ homes. The dose and
schedule of the prehabilitation exercise therapy varied across the
trials, with three to six sessions per week and a duration of one hour
per session for a period of one to six weeks. The types of exercise
therapy included circuit training, moderate-intensity continuous
exercise and high-intensity interval training. The trials had different
approaches to their control groups. Barakat 2016 advised those in
the control group to "continue with their normal lifestyle, and avoid
any additional, unsupervised exercises", Dronkers 2008 provided
the control group with instruction on breathing techniques one day
prior to surgery, and two trials did not provide details for the control
group (Richardson 2014; Tew 2017).
Due to very low-certainty evidence, we are uncertain
whether prehabilitation exercise therapy reduces 30-day
mortality, pulmonary complications, need for re-intervention or
postoperative bleeding. Prehabilitation exercise therapy might
slightly reduce cardiac and renal complications compared with no
exercise. These results are summarised in Summary of findings 1.
We deemed all trials to be at high overall risk of bias, so it is highly
likely that our results overestimate benefit and underestimate
harm.
None of the included trials reported data for the secondary
outcomes that could be analysed in a meta-analysis. However, we
have reported evidence narratively for length of ICU stay, length of
hospital stay, and quality of life. None of the studies reported data
for the number of days on a ventilator, or change in aneurysm size
pre- and post-exercise. One study reported adherence to exercise
outcomes.
There were insufficient data to perform subgroup analyses based
on participants’ age or type of exercise therapy. Tests for subgroup
differences showed no evidence of a difference between groups
based on the type of AAA repair.
Our main results are summarised in Summary of findings 1. The
results of the subgroup analyses are summarised in Table 1.

Overall completeness and applicability of evidence
We searched for RCTs irrespective of language, publication
year, publication type and publication status. We also searched
ClinicalTrials.gov and the World Health Organization International
Clinical Trials Registry Platform to identify ongoing trials or any that
had not yet been published.
There was an insufficient number of trials to assess reporting bias
using funnel plots for any of the stated outcomes. None of the
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included trials reported data for the secondary outcomes that
could be analysed in a meta-analysis. Data for length of ICU stay,
length of hospital stay, and quality of life were reported narratively.
None of the studies reported data for the number of days on a
ventilator, and change in aneurysm size pre- and post-exercise. The
minimal data for secondary outcomes combined with the low and
very low certainty of the outcomes means that the findings should
be interpreted with caution.
This review assessed clinically-relevant postoperative outcomes,
such as mortality and perioperative/postoperative complications,
and did not consider postintervention evaluation to assess the
health benefit of prehabilitation exercise therapy and how this may
have affected postoperative outcomes.
The conclusions of this review are based on a limited number
of RCTs. There is a need for high quality RCTs to provide more
conclusive evidence on the effectiveness of prehabilitation exercise
therapy before AAA repair. Additionally, future studies should
investigate the influence of prehabilitation exercise therapy on the
secondary outcomes described previously.

Quality of the evidence
We used the GRADE approach to assess the certainty of evidence
of each predefined outcome (Atkins 2004). The GRADE assessments
showed that the evidence ranged from very low certainty to low
certainty. Accordingly, there is a high risk that future trials may
overturn the results of the current review. The reasons for the
GRADE assessments are described below and in the footnotes of
Summary of findings 1 for the included studies' results at longest
available follow-up.
The lack and quality of the reporting of the methods in the majority
of the included trials made it difficult to assess their risk of bias.
We judged the overall risk of bias in all the trials to be ‘high risk’,
as we judged these trials to be ’unclear’ or ‘high risk’ in one or
more risk of bias domains. These studies had limitations including
lack of reporting of random sequence generation, lack of blinding
of outcome assessors, selective reporting, attrition bias, or other
bias. For risk of bias, we downgraded by one level if 50% or less of
the included trials had a high overall risk of bias, and by two levels
if more than 50% of the included trials had a high overall risk of
bias. However, for outcomes where Barakat 2016 was the only study
contributing data, we only downgraded by one level as the main
methodological limitation for this study was lack of reporting on
whether outcome assessors were blinded, and we did not deem this
significant enough to downgrade by two levels. For a summary of
risk of bias, see Figure 4.
The degree of variability between three trials included in the
meta-analyses was never greater than 50%, which suggests
that substantial heterogeneity was not a concern. Therefore, we
assessed the risk of inconsistency as not serious.
We assessed the degree of imprecision in the results and
downgraded by one level if the number of events was too low
to calculate a precise effect estimate, or if the 95% CIs included
both no effect and appreciable harm and appreciable benefit. This
was evident in all of the results, and therefore we downgraded
results for serious concerns (one level) or very serious concerns
(two levels).
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There was no risk of indirectness for any of the included studies, so
we did not downgrade any of the outcomes for this domain. We did
not detect a risk of publication bias, so did not downgrade any of
the outcomes for this.

Potential biases in the review process
Strengths
The review was conducted according to the recommendations of
the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2021). We followed the peer-reviewed published protocol
(Fenton 2020), which predefined participants, interventions,
comparisons, and outcomes, with the intention of avoiding
biases during review preparation. We performed a comprehensive
literature search to identify published and unpublished studies
according to our prespecified inclusion and exclusion criteria.
We located full-text publications of all included trials and, where
possible, conducted meta-analysis using available data from these
trials. We assessed outcomes at last follow-up presented by the
included studies. We thoroughly assessed risk of bias for each trial
to assess the risks of systematic errors (’bias’) (Higgins 2021), and
assessed the certainty of the evidence according to GRADE (Atkins
2004; Higgins 2021).
Limitations
Our review has some limitations. Although we contacted authors
for missing data or trial information, we obtained a poor response.
Any literature searches hold the risk of missing items, e.g.
limitations by number of databases, and limits due to search terms
and filters.

Agreements and disagreements with other studies or
reviews
This is the first Cochrane Review on prehabilitation exercise for
postoperative outcomes in AAA. The results are consistent with
other previous non-Cochrane reviews (Barakat 2014; Pouwels 2015;
Wee 2019), although these reviews reported on heterogeneous
populations with or without indications for surgery and did not
employ RoB and GRADE. This review adds to the body of literature,
which has highlighted the dearth of good-quality evidence
supporting prehabilitation exercise for postoperative outcomes in
AAA. The evidence is also in line with a recent National Institute for
Health and Care Excellence (NICE) guideline (NICE 2020), and the
European Society for Vascular Surgery (ESVS) 2019 clinical practice
guidelines on the management of abdominal aorto-iliac artery
aneurysms (Wanhainen 2019). These guidelines considered that
the evidence on preoperative exercise interventions was not robust
enough to support a recommendation on prehabilitation exercise
for postoperative outcomes in individual with AAA undergoing
elective surgical repair.

AUTHORS' CONCLUSIONS
Implications for practice
We are uncertain whether prehabilitation exercise therapy
reduces 30-day mortality, pulmonary complications, need for reintervention or postoperative bleeding, due to very low-certainty
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evidence from this review. Although there was evidence that
prehabilitation exercise therapy might slightly reduce cardiac
and renal complications compared with no exercise, all trials
were at high overall risk of bias so it is likely that our results
overestimate benefit and underestimate harm. The quantity of
randomised controlled trials (RCTs) was limited, the overall sample
size was relatively small, and the methodological limitations
and imprecision of the included RCTs meant that we judged
the certainty of this evidence to be low to very low. Therefore,
this review could not find sufficient evidence of the benefit of
prehabilitation exercise on postoperative outcomes for people with
unruptured large-size abdominal aortic aneurysm (AAA) in whom
surgery is planned. The overall evidence from available trials was
insufficient for us to draw conclusions.

Implications for research
We were only able to include four studies in this review, with
a small overall sample size. More RCTs of high methodological
quality and with large sample sizes are needed to provide
sufficient evidence for the benefit of prehabilitation exercise on
postoperative outcomes in people with large AAA planned for
repair. The body of evidence is small and the certainty of evidence
is low. However, some NHS hospitals provide prehabilitation
exercise programmes for people with AAA undergoing elective
repair as part of research projects. Therefore, research into
the effectiveness of these programmes is needed to inform
funding decisions. Important questions should include the type
of exercise programmes, the minimum number of sessions and
the programme duration needed to effect clinically important
benefits, and which groups of people and types of repair benefit
most. It will also be important to understand cost-effectiveness of
prehabilitation, including preoperative exercise programmes, for
improving outcomes for people who are having repair of an AAA.
Previous research is limited to short-term outcomes, and trials
with long-term follow-up are required to understand both the
short-term and longer-term benefits. Both perioperative morbidity
and mortality outcomes, postoperative complications, need for
intervention, cardiovascular events, quality of life, and adverse
effects are important outcomes and should be reported. Future
trials should also report other outcomes, including length of ICU
stay, length of hospital stay, number of days on a ventilator,
quality of life, and adherence to exercise. Finally, outcomes should
be standardised and reporting should be done in a manner
that is analysable, as reporting composite outcomes makes it
difficult to establish specific benefits (or harms) associated with the
intervention.
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CHARACTERISTICS OF STUDIES
Characteristics of included studies [ordered by study ID]
Barakat 2016
Study characteristics
Methods

Study design: single-centre, prospective RCT
Number of participants: 136 people were randomised
Exclusions post-randomisation: 12 participants (6 from each group) withdrew from the study before operative interventions as their procedures were cancelled or postponed
Losses to follow-up: no participants were lost to follow-up
Intention-to-treat analysis: study authors report ITT analysis was performed but that 12 participants (6
in each group) withdrew because their procedures were cancelled or postponed.
Duration/dates study conducted: September 2009 to January 2014

Participants

Country: UK
Setting: tertiary vascular surgical centre
Age: 73.4 (SD 7.2); intervention = 73.8 (6.5), control = 72.9 (7.9)
Sex: 111 men and 13 women
Inclusion criteria: people scheduled for elective open or endovascular repair; older than 18 years; AAA ≥
5.5 cm in maximum diameter; able to give informed written consent
Exclusion criteria: presence of factors that may limit exercise participation, such as; severe musculoskeletal disorders; those requiring expedited or urgent aneurysm repair; thoracic aortic aneurysms

Interventions

Intervention group (and sample size): n = 62
Supervised exercise group. Hospital-based exercise classes, carried out 3 times a week, for 1-hour duration, in the physiotherapy gym, for 6 consecutive weeks. The scheduled exercise program was for a
total of 6 consecutive weeks immediately preceding the intended operation date. Each exercise class
consisted of the following: 5-minute warm up and stretching, cycle ergometer against moderate resistance for 2 minutes, heel-raise repetitions for 2 minutes, knee extensions against resistance repetitions
for 2 minutes, dumbbells biceps/arm curls repetitions for 2 minutes, step-up lunges repetitions for 2
minutes, knee bends (bodyweight) repetitions for 2 minutes, and 5 minutes for cool down and stretching. Between each of the exercise stations, participants either walked around the gym or on a treadmill,
or rested for 2 minutes before moving on to the next exercise.
Control group (and sample size): n = 62
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Standard treatment, i.e. "Patients allocated to the control group were clearly instructed to continue
with their normal lifestyle, and avoid any additional, unsupervised exercises"
Outcomes

Primary outcome: composite endpoint of cardiac, pulmonary, and renal complications
Secondary outcome: 30-day mortality; lengths of hospital and critical care stay; Acute Physiology and
Chronic Health Evaluation II (APACHE II) scores; reoperation; postoperative bleeding

Notes

The authors did not receive any funding.
Declaration of interest study authors: "No competing interests have been declared."

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Low risk

Computer-generated sequence prepared by an independent professional.

Allocation concealment
(selection bias)

Low risk

Randomisation was performed using opaque, sealed, identical envelopes
containing the treatment allocation, according to a computer-generated sequence prepared by an independent professional. Participants were randomised into one of the two groups: the exercise (intervention) group or the
standard treatment (control) group. The randomisation process was witnessed by an independent research professional and was carried out during
the initial visit after obtaining informed consent, but before preoperative assessments and interventions.

Blinding of participants
and personnel (performance bias)
All outcomes

Low risk

Clinicians including consultant surgeons, anaesthetists, department’s medical
and nursing staff, and interventional radiologists were blinded to participant
group allocation.

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Study reported that personnel were blinded, but did not state whether outcome assessors were blinded.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

No participants lost to follow-up

Selective reporting (reporting bias)

High risk

Protocol stated that they would measure quality of life scores, but this was not
reported in the paper. The paper reported APACHE II scores, reoperation, and
postoperative bleeding, which were not outcomes listed in the protocol.

Other bias

Low risk

No evidence of other bias.

Due to the nature of the intervention it is not possible to blind participants and
this score is for personnel.

Dronkers 2008
Study characteristics
Methods

Study design: single-blind randomised controlled trial
Number of participants: 20 people were randomised
Exclusions post-randomisation: there were no exclusions post-randomisation
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Losses to follow-up: intervention = 2 (could not be followed up during the first 7 days after surgery because of acute reoperation for blood vessel occlusion in the leg); control = 2 (dropped out because they
were not registered at the department of physical therapy when they were admitted to hospital and
thus follow-up was not possible)
Intention-to-treat analysis: intervention = 10, control = 10
Duration/dates study conducted: not reported
Participants

Country: The Netherlands
Setting: Gelderse Vallei Hospital
Age, years (SD): intervention = 70 (6), control = 59 (6)
Sex: intervention, women/men = 8/2, control, women/men= 7/3
Inclusion criteria: elective surgery for aneurysm of the abdominal aorta with a scheduled delay until
surgery of at least two weeks (type of surgery not specified); at least one of the following risk factors:
age > 65 years; smoking less than two months before surgery; COPD; and overweight (BMI > 27 kg/m2);
proficient in Dutch; able to perform a valid spirometry test.
Exclusion criteria: cerebrovascular disorders; immunosuppressive treatment < 30 days before the operation neuromuscular diseases; lung surgery in the medical history; cardiovascular instability; treatment by a physical therapist within 8 weeks before elective abdominal aortic aneurysm surgery.

Interventions

Intervention group (and sample size): n = 10
The intervention group took part in a training programme (6 sessions, 6 days a week for at least 2
weeks before surgery) designed to increase the strength and endurance of the inspiratory muscles.
Each session consisted of 15 minutes of inspiratory muscle training; 1 session/week was supervised
by the same physical therapist and the other 5 sessions were unsupervised. The participants were instructed to keep a daily diary during the study and were trained to use an inspiratory threshold-loading
device. The intervention group received care as usual 2 to 3 weeks before surgery, consisting of instruction in (a) diaphragmatic breathing, (b) deep inspirations with the aid of incentive spirometer, and (c)
coughing and ‘forced expiration techniques’ (FET).
Control group (and sample size): n = 10
Care as usual, consisting of instruction in (a) diaphragmatic breathing, (b) deep inspirations with the
aid of incentive spirometer, and (c) coughing and FET. The control group received this usual care one
day before surgery.

Outcomes

Primary outcome: postoperative pulmonary complications (atelectasis); feasibility (occurrence of adverse events during testing or training and participant satisfaction)
Secondary outcomes: postoperative respiratory function (MIP, inspiratory muscle endurance, inspiratory vital capacity); inspiratory muscle strength (MIP at residual volume)

Notes

Funding source not reported.
No conflict of interest declared.

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Unclear risk

Not reported

Allocation concealment
(selection bias)

Unclear risk

Sealed and numbered envelope. However, it was not mentioned if envelope
was opaque.
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Blinding of participants
and personnel (performance bias)
All outcomes

Low risk

Due to the nature of the intervention it is not possible to blind participants and
this score is for personnel. The main postoperative outcome was atelectasis as
diagnosed at the base of X-rays by a blinded radiologist.

Blinding of outcome assessment (detection bias)
All outcomes

Low risk

Main outcome assessed by blinded radiologist.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk

Two participants in control arm dropped out and 2 participants in intervention
arm could not be followed up for the first 7 days after surgery. Methods stated
ITT analysis was used.
Data missing for several participants for each outcome.

Selective reporting (reporting bias)

Low risk

Reported mortality, but was not listed as one of the measured outcomes
"The main outcome measure was postoperative pulmonary complications,
operationalized as atelectasis,"
Secondary outcome measures were postoperative respiratory function determined by MIP, and the inspiratory vital capacity.
All outcomes reported

Other bias

High risk

"Despite randomization, patients in the intervention group were significantly
older than the patients in the control group (70 plus/minus 6 years versus 59
plus/minus 6 years, respectively; P = 0.001)."

Richardson 2014
Study characteristics
Methods

Study design: single-blinded randomised control trial
Number of participants: 23 people were randomised
Exclusions post-randomisation: 0
Losses to follow-up: abstract stated that 23 people were enrolled, but clinical trial registry posted after
trial was complete stated that 21 people were enrolled
Intention-to-treat analysis: NR
Duration/dates study conducted: September 2011 to May 2015

Participants

Country: UK
Setting: Medway Maritime Hospital
Age: NR
Sex: NR
Inclusion criteria: people aged > 18 years; able to give informed consent; able to comply with the study
protocol; undergoing open surgical repair for an asymptomatic perirenal and infrarenal abdominal aortic aneurysm.
Exclusion criteria: people with severe disabling disorders limiting mobility, e.g. severe osteoarthritis;
people undergoing thoracoabdominal aneurysm surgery; people physically unable or unwilling to un-
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dertake maximal cardiopulmonary exercise testing and the other fitness tests; people younger than 18
years of age or older than 80 years of age
Interventions

Intervention group (and sample size): number of participants not reported.
Usual care plus preoperative exercise. Cycled for 60 min at 60% VO2 peak (submaximal cycling exercise
at a moderate exercise intensity) on three consecutive days immediately prior to surgery. During the 60
min of exercise, participants were provided with three equally spaced 3 min rest periods. The last exercise session was completed no more than 48 h prior to the operation.
Control group (and sample size): usual care; number of participants not reported

Outcomes

Postoperative mortality (60-day mortality); length of hospital stay (through study completion, on average up to 60 days postsurgery); postoperative complications as assessed by the POMS (on average
up to 5 days postsurgery) - pulmonary, infectious, renal, gastrointestinal, cardiovascular, neurological,
wound, haematological and pain.

Notes

Funding source and declaration of interests not recorded.

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Unclear risk

Not reported

Allocation concealment
(selection bias)

Unclear risk

Not reported

Blinding of participants
and personnel (performance bias)
All outcomes

Low risk

Care providers blinded. Due to nature of intervention, participants could not
be blinded.

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Not reported

Incomplete outcome data
(attrition bias)
All outcomes

High risk

Abstract stated that 23 people were enrolled, but the clinical trial registry posted after the trial was complete stated that 21 people were enrolled.

Selective reporting (reporting bias)

Unclear risk

Trial protocol was registered on clinicaltrials.gov after the study was completed.

Other bias

Low risk

No evidence of other bias.

No information on the numbers of participants in each study arm.

Tew 2017
Study characteristics
Methods

Study design: multi-centre, parallel-group, two-arm randomised controlled feasibility trial
Number of participants: 53 people were randomised
Exclusions post-randomisation: 3 people in the intervention group did not receive the intervention (declined surgery, n = 2; expedited surgery, n = 1)
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Losses to follow-up: 3 people in the intervention group lost to follow-up, 2 people in the control group
lost to follow-up
Intention-to-treat analysis: intention-to-treat analysis not used, people excluded from analysis in every
outcome.
Duration/dates study conducted: September 2013 to January 2016
Participants

Country: UK
Setting: three teaching hospitals in England
Age, years (SD): exercise group: 74.6 (5.5), control group: 74.9 (6.4)
Sex: 50 men, 3 women
Inclusion criteria: people aged at least 18 years who had been listed, following routine clinical assessment and vascular multidisciplinary team consideration, for an open or endovascular repair of an infrarenal AAA with a diameter of 5.5 cm to 7.0 cm.
Exclusion criteria: refusal or inability to provide informed consent, AAA managed non-operatively, not
an infrarenal aneurysm (juxtarenal, suprarenal or thoracic), infrarenal AAA diameter exceeding 7.0 cm,
emergency AAA repair, contraindication to exercise testing or training, specialist referral required (for
example to cardiology) and BMI below 20 or above 40 kg/m2

Interventions

Intervention group (and sample size): exercise, n = 27
Three hospital-based exercise sessions per week, for the 4 consecutive weeks (weeks 1 to 4; main
phase) immediately preceding their intended operation date (in week 5). Participants whose operation
was delayed beyond week 5 (e.g. owing to lack of availability of a hospital bed) also received a maintenance phase of training (1 exercise session per week). All exercise was undertaken on a cycle ergometer. Each of the first 3 sessions comprised a 10-min warm-up of unloaded cycling, eight 2-min intervals
of high-intensity cycling interspersed with 2-min rest periods of unloaded cycling, and then a 5-min
cool-down of unloaded cycling. In all subsequent sessions, participants had the choice of performing
eight 2-min or four 4-min ‘work’ intervals for the main body of the workout.
Control group (and sample size): usual care, n = 26
Evidence-based medical optimisation

Outcomes

Organ specific morbidity (POMS) (postoperative complications); mortality; duration of critical care;
length of hospital stay; HQoL (SF-36 and EQ-5D); adverse events.
Exercise group only: adherence.

Notes

This study was funded by National Institute for Health Research under its Research for Patient Benefit
(RfPB) Programme (Grant Reference Number PB-PG-1111-26068). No competing interests.

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Low risk

"After baseline assessment, patients will be randomly allocated 1:1 to exercise
or usual care control (no supervised exercise), using minimisation to ensure
balance across trial arms for important prognostic factors." Protocol, page 5
paragraph 2

Allocation concealment
(selection bias)

Low risk

"After baseline assessment, patients will be randomly allocated 1:1 to exercise
or usual care control (no supervised exercise), using minimisation to ensure
balance across trial arms for important prognostic factors. We do not list these
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factors here, to avoid any risk of the staff recruiting patients being able to decipher the allocation sequence." Protocol, page 5 paragraph 2
Blinding of participants
and personnel (performance bias)
All outcomes

Low risk

"All peri-operative care will be at the discretion of the vascular teams (as per
usual practice) who will be blinded to group allocation."
Protocol, page 5 paragraph 2
Due to the nature of the intervention, participants cannot be blinded.

Blinding of outcome assessment (detection bias)
All outcomes

Low risk

Incomplete outcome data
(attrition bias)
All outcomes

High risk

Investigators were blinded to allocation.
Study report page 104, paragraph 3-4
Missing data/participants excluded in every outcome
Although relevant missing outcomes were fairly distributed across groups and
many outcomes had > 20% attrition, the small sample meant that even a small
amount of attrition might cause significant attrition bias. ITT analysis was not
implemented to reduce the attrition bias.
Study report page 104, figure 1

Selective reporting (reporting bias)

High risk

Protocol stated that the participants’ destination would be recorded, i.e. ward
or critical care, but this was not given in the study report. Duration of critical
care stay was also not presented in the study report.
Protocol, page 7 paragraph 4

Other bias

High risk

Small sample size. Study not powered to detect effect size or clinically important difference.

AAA: aortic abdominal aneurysm
APACHE II: Acute Physiology and Chronic Health Evaluation II
BMI: body mass index
COPD: chronic obstructive pulmonary disease
EQ-5D: EuroQol quality of life questionnaire
FET: forced expiration techniques
HQoL: health-related quality of life
ITT: intention-to-treat
MIP: maximal inspiratory pressure
NR: not reported
POMS: Post-Operative Morbidity Survey
RCT: randomised controlled trial
SD: standard deviation
SF-36: short form 36 quality of life questionnaire
VO2: oxygen consumption

Characteristics of excluded studies [ordered by study ID]
Study

Reason for exclusion

Bailey 2018

Compares people with AAA versus healthy adults.

Barakat 2014

No control group; therefore single arm and not eligible.

Gunasekera 2014

Describes participant recruitment and experiences.
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Study

Reason for exclusion

Hayashi 2016

Not an RCT.

Lo Sapio 2014

Compares the effects of two different preoperative cardiac work-up strategies.

Myers 2010

Outcomes pre-surgery.

Myers 2014

Outcomes pre-surgery.

NCT00349947

Outcome is growth rate of AAAs.

NCT01234610

Outcomes measured pre-surgery.

NCT02097186

Intervention is ischaemic preconditioning.

NCT02292927

Not an RCT.

NCT02767518

People with thoracic aneurysm.

NCT02997618

Peak VO2 as measured by CPET.

NCT03985202

Not an RCT.

Takeuchi 2016

Thoracic aortic disease.

Tew 2012

Outcomes measured pre-surgery.

UMIN000028237

Not an RCT.

AAA: abdominal aortic aneurysm
CPET: cardiopulmonary exercise testing
RCT: randomised controlled trial
Peak VO2: peak oxygen uptake

Characteristics of ongoing studies [ordered by study ID]
NCT04169217
Study name

POWER: PrehabilitatiOn Workshop and Mentored Exercise Programme in Patients Having Elective
Aortic Aneurysm Repair (POWER)

Methods

Randomised control trial

Participants

45

Interventions

Group 1: this arm will be subject to a one-off prehabilitation workshop and provided with a prehab
booklet.
Group 2: this arm will be subject to a one-off workshop and provided with a prehab booklet and additional mentoring by means of:
• an educational app;
• push notifications;
• weekly communication with physiotherapy team member.

Outcomes

• Feasibility of screening and recruitment: recruitment ratio (time frame: 18 months). Screening:
recruitment ratio of 3:1
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• Participant retention and adherence to 8-week follow-up and blinding (time frame: 8 weeks). Participant wearing activity tracker for greater than 80% of the time. 80% or more attendance to 8week follow-up and 80% or more maintenance of blinding.
• Adherence to trial protocol by comparing weekly physical activity between the three trial groups
(time frame: 18 months). Increase in activity in intervention groups of 30% or more compared to
the control group, as measured by the actiwatch.
Starting date

15 November 2019

Contact information

Heena Bidd heena.bidd@gstt.nhs.uk

Notes
prehab: prehabilitation

DATA AND ANALYSES
Comparison 1. Exercise versus usual care (no exercise)
Outcome or subgroup title

No. of studies

No. of participants

Statistical method

Effect size

1.1 30-day mortality

3

192

Risk Ratio (M-H, Fixed, 95% CI)

1.33 [0.31, 5.77]

1.1.1 Open surgical repair

1

78

Risk Ratio (M-H, Fixed, 95% CI)

0.50 [0.05, 5.29]

1.1.2 Endovascular aneurysm
repair

1

46

Risk Ratio (M-H, Fixed, 95% CI)

3.00 [0.13, 70.02]

1.1.3 Any AAA repair

2

68

Risk Ratio (M-H, Fixed, 95% CI)

3.00 [0.14, 65.90]

1.2 Cardiac complications

1

124

Risk Ratio (M-H, Fixed, 95% CI)

0.36 [0.14, 0.92]

1.2.1 Open surgical repair

1

78

Risk Ratio (M-H, Fixed, 95% CI)

0.36 [0.13, 1.04]

1.2.2 Endovascular aneurysm
repair

1

46

Risk Ratio (M-H, Fixed, 95% CI)

0.33 [0.04, 2.97]

1.3 Pulmonary complications

2

144

Risk Ratio (M-H, Fixed, 95% CI)

0.49 [0.26, 0.92]

1.3.1 Open surgical repair

1

78

Risk Ratio (M-H, Fixed, 95% CI)

0.78 [0.32, 1.88]

1.3.2 Endovascular aneurysm
repair

1

46

Risk Ratio (M-H, Fixed, 95% CI)

0.11 [0.01, 1.95]

1.3.3 Any AAA repair

1

20

Risk Ratio (M-H, Fixed, 95% CI)

0.38 [0.14, 1.02]

1.4 Renal complications

1

124

Risk Ratio (M-H, Fixed, 95% CI)

0.31 [0.11, 0.88]

1.4.1 Open surgical repair

1

78

Risk Ratio (M-H, Fixed, 95% CI)

0.25 [0.08, 0.82]

1.4.2 Endovascular aneurysm
repair

1

46

Risk Ratio (M-H, Fixed, 95% CI)

1.00 [0.07, 15.04]
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Outcome or subgroup title

No. of studies

No. of participants

Statistical method

Effect size

1.5 Need for re-intervention

2

144

Risk Ratio (M-H, Fixed, 95% CI)

1.29 [0.33, 4.96]

1.5.1 Open surgical repair

1

78

Risk Ratio (M-H, Fixed, 95% CI)

0.67 [0.12, 3.77]

1.5.2 Endovascular aneurysm
repair

1

46

Risk Ratio (M-H, Fixed, 95% CI)

Not estimable

1.5.3 Any AAA repair

1

20

Risk Ratio (M-H, Fixed, 95% CI)

5.00 [0.27, 92.62]

1.6 Postoperative bleeding

1

124

Risk Ratio (M-H, Fixed, 95% CI)

0.57 [0.18, 1.80]

1.6.1 Open surgical repair

1

78

Risk Ratio (M-H, Fixed, 95% CI)

0.57 [0.18, 1.80]

1.6.2 Endovascular aneurysm
repair

1

46

Risk Ratio (M-H, Fixed, 95% CI)

Not estimable

Analysis 1.1. Comparison 1: Exercise versus usual care (no exercise), Outcome 1: 30-day mortality
Study or Subgroup

Exercise
Events
Total

1.1.1 Open surgical repair
Barakat 2016
1
39
Subtotal (95% CI)
39
Total events:
1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.58 (P = 0.56)
1.1.2 Endovascular aneurysm repair
Barakat 2016
1
23
Subtotal (95% CI)
23
Total events:
1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.68 (P = 0.49)
1.1.3 Any AAA repair
Dronkers 2008 (1)
1
10
Tew 2017
0
24
Subtotal (95% CI)
34
Total events:
1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.70 (P = 0.49)

Usual care (no exercise)
Events
Total

2

Weight

Risk Ratio
M-H, Fixed, 95% CI

39
39

66.7%
66.7%

0.50 [0.05 , 5.29]
0.50 [0.05 , 5.29]

23
23

16.7%
16.7%

3.00 [0.13 , 70.02]
3.00 [0.13 , 70.02]

10
24
34

16.7%
16.7%

3.00 [0.14 , 65.90]
Not estimable
3.00 [0.14 , 65.90]

96

100.0%

1.33 [0.31 , 5.77]

Risk Ratio
M-H, Fixed, 95% CI

2

0
0

0
0
0

Total (95% CI)
96
Total events:
3
2
Heterogeneity: Chi² = 1.18, df = 2 (P = 0.55); I² = 0%
Test for overall effect: Z = 0.39 (P = 0.70)
Test for subgroup differences: Chi² = 1.18, df = 2 (P = 0.55), I² = 0%

0.01
0.1
Favours exercise

1

10
100
Favours usual care (no exercise)

Footnotes
(1) 35 days
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Analysis 1.2. Comparison 1: Exercise versus usual care (no exercise), Outcome 2: Cardiac complications
Study or Subgroup

Exercise
Events
Total

1.2.1 Open surgical repair
Barakat 2016
4
39
Subtotal (95% CI)
39
Total events:
4
Heterogeneity: Not applicable
Test for overall effect: Z = 1.88 (P = 0.06)
1.2.2 Endovascular aneurysm repair
Barakat 2016
1
23
Subtotal (95% CI)
23
Total events:
1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.98 (P = 0.33)

Usual care (no exercise)
Events
Total

11

Weight

Risk Ratio
M-H, Fixed, 95% CI

39
39

78.6%
78.6%

0.36 [0.13 , 1.04]
0.36 [0.13 , 1.04]

23
23

21.4%
21.4%

0.33 [0.04 , 2.97]
0.33 [0.04 , 2.97]

62

100.0%

0.36 [0.14 , 0.92]

Risk Ratio
M-H, Fixed, 95% CI

11

3
3

Total (95% CI)
62
Total events:
5
14
Heterogeneity: Chi² = 0.00, df = 1 (P = 0.94); I² = 0%
Test for overall effect: Z = 2.12 (P = 0.03)
Test for subgroup differences: Chi² = 0.00, df = 1 (P = 0.94), I² = 0%

0.01
0.1
Favours exercise

1

10
100
Favours usual care (no exercise)

Analysis 1.3. Comparison 1: Exercise versus usual care (no exercise), Outcome 3: Pulmonary complications
Study or Subgroup

Exercise
Events
Total

1.3.1 Open surgical repair
Barakat 2016
7
39
Subtotal (95% CI)
39
Total events:
7
Heterogeneity: Not applicable
Test for overall effect: Z = 0.56 (P = 0.58)
1.3.2 Endovascular aneurysm repair
Barakat 2016
0
23
Subtotal (95% CI)
23
Total events:
0
Heterogeneity: Not applicable
Test for overall effect: Z = 1.50 (P = 0.13)
1.3.3 Any AAA repair
Dronkers 2008
3
10
Subtotal (95% CI)
10
Total events:
3
Heterogeneity: Not applicable
Test for overall effect: Z = 1.93 (P = 0.05)

Usual care (no exercise)
Events
Total

9

Weight

Risk Ratio
M-H, Fixed, 95% CI

39
39

41.9%
41.9%

0.78 [0.32 , 1.88]
0.78 [0.32 , 1.88]

23
23

20.9%
20.9%

0.11 [0.01 , 1.95]
0.11 [0.01 , 1.95]

10
10

37.2%
37.2%

0.38 [0.14 , 1.02]
0.38 [0.14 , 1.02]

72

100.0%

0.49 [0.26 , 0.92]

Risk Ratio
M-H, Fixed, 95% CI

9

4
4

8
8

Total (95% CI)
72
Total events:
10
21
Heterogeneity: Chi² = 2.36, df = 2 (P = 0.31); I² = 15%
Test for overall effect: Z = 2.21 (P = 0.03)
Test for subgroup differences: Chi² = 2.33, df = 2 (P = 0.31), I² = 14.1%
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Analysis 1.4. Comparison 1: Exercise versus usual care (no exercise), Outcome 4: Renal complications
Study or Subgroup

Exercise
Events
Total

Usual care (no exercise)
Events
Total

1.4.1 Open surgical repair
Barakat 2016
3
39
Subtotal (95% CI)
39
Total events:
3
Heterogeneity: Not applicable
Test for overall effect: Z = 2.29 (P = 0.02)
1.4.2 Endovascular aneurysm repair
Barakat 2016
1
23
Subtotal (95% CI)
23
Total events:
1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)

12

Weight

Risk Ratio
M-H, Fixed, 95% CI

39
39

92.3%
92.3%

0.25 [0.08 , 0.82]
0.25 [0.08 , 0.82]

23
23

7.7%
7.7%

1.00 [0.07 , 15.04]
1.00 [0.07 , 15.04]

62

100.0%

0.31 [0.11 , 0.88]

Risk Ratio
M-H, Fixed, 95% CI

12

1
1

Total (95% CI)
62
Total events:
4
13
Heterogeneity: Chi² = 0.84, df = 1 (P = 0.36); I² = 0%
Test for overall effect: Z = 2.19 (P = 0.03)
Test for subgroup differences: Chi² = 0.84, df = 1 (P = 0.36), I² = 0%

0.01
0.1
Favours exercise

1

10
100
Favours usual care (no exercise)

Analysis 1.5. Comparison 1: Exercise versus usual care (no exercise), Outcome 5: Need for re-intervention
Study or Subgroup

Exercise
Events
Total

Usual care (no exercise)
Events
Total

1.5.1 Open surgical repair
Barakat 2016
2
39
Subtotal (95% CI)
39
Total events:
2
Heterogeneity: Not applicable
Test for overall effect: Z = 0.46 (P = 0.65)
1.5.2 Endovascular aneurysm repair
Barakat 2016
0
Subtotal (95% CI)
Total events:
0
Heterogeneity: Not applicable
Test for overall effect: Not applicable

23
23

1.5.3 Any AAA repair
Dronkers 2008
2
10
Subtotal (95% CI)
10
Total events:
2
Heterogeneity: Not applicable
Test for overall effect: Z = 1.08 (P = 0.28)

3

Weight

39
39

85.7%
85.7%

Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

0.67 [0.12 , 3.77]
0.67 [0.12 , 3.77]

3

0

23
23

Not estimable
Not estimable

0

0

10
10

14.3%
14.3%

5.00 [0.27 , 92.62]
5.00 [0.27 , 92.62]

72

100.0%

1.29 [0.33 , 4.96]

0

Total (95% CI)
72
Total events:
4
3
Heterogeneity: Chi² = 1.38, df = 1 (P = 0.24); I² = 28%
Test for overall effect: Z = 0.37 (P = 0.72)
Test for subgroup differences: Chi² = 1.35, df = 1 (P = 0.24), I² = 26.1%
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Analysis 1.6. Comparison 1: Exercise versus usual care (no exercise), Outcome 6: Postoperative bleeding
Exercise
Events
Total

Study or Subgroup

Usual care (no exercise)
Events
Total

1.6.1 Open surgical repair
Barakat 2016
4
39
Subtotal (95% CI)
39
Total events:
4
Heterogeneity: Not applicable
Test for overall effect: Z = 0.96 (P = 0.34)
1.6.2 Endovascular aneurysm repair
Barakat 2016
0
Subtotal (95% CI)
Total events:
0
Heterogeneity: Not applicable
Test for overall effect: Not applicable

23
23

7

Weight

39
39

100.0%
100.0%

Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

0.57 [0.18 , 1.80]
0.57 [0.18 , 1.80]

7

0

23
23

Not estimable
Not estimable

0

Total (95% CI)
62
Total events:
4
Heterogeneity: Not applicable
Test for overall effect: Z = 0.96 (P = 0.34)
Test for subgroup differences: Not applicable

62

100.0%

0.57 [0.18 , 1.80]

7
0.01
0.1
Favours exercise

1

10
100
Favours usual care (no exercise)

ADDITIONAL TABLES
Table 1. Summary of findings for subgroups
Exercise compared to no exercise for adults with clinically diagnosed AAA deemed suitable for elective repair
Patient or population: adults with clinically diagnosed AAA deemed suitable for elective repair
Setting: hospital
Intervention: exercise
Comparison: usual care (no exercise)
Outcomes

Anticipated absolute effects*
(95% CI)
Risk with
usual care
(no exercise)

Open surgical repair

Follow-up: 30
days

51 per 1000

26 per 1000
(3 to 271)

Endovascular aneurysm repair
0 per 1000
(0 to 0)

Any AAA repair
0 per 1000

№ of participants
(studies)

Certainty
of the evidence
(GRADE)

RR 0.50
(0.05 to
5.29)

78
(1 RCT)

⊕⊝⊝⊝
VERY LOW

RR 3.00
(0.13 to
70.02)

46
(1 RCT)

RR 3.00

68

(0.14 to
65.90)

(2 RCTs)

Risk with exercise

30-day mortality

0 per 1000

Relative
effect
(95% CI)

0 per 1000

Comments

a,b

⊕⊝⊝⊝
VERY LOW

There were no deaths in the
usual care (no exercise) group.

a,b
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(0 to 0)
Perioperative
and postoperative complications: cardiac
complications
Follow-up: 3
months

Perioperative
and postoperative complications: pulmonary
complications
Follow-up: 3
months

Open surgical repair
282 per 1000

102 per 1000
(37 to 293)

Endovascular aneurysm repair
130 per 1000

43 per 1000
(5 to 387)

Open surgical repair
231 per 1000

180 per 1000
(74 to 434)

Endovascular aneurysm repair
174 per 1000

19 per 1000
(2 to 339)

Any AAA repair
800 per 1000

304 per 1000

RR 0.36
(0.13 to
1.04)

78
(1 RCT)

⊕⊕⊝⊝
LOW a,d

RR 0.33
(0.04 to
2.97)

46
(1 RCT)

⊕⊝⊝⊝
VERY LOW

RR 0.78
(0.32 to
1.88)

78
(1 RCT)

RR 0.11
(0.01 to
1.95)

46
(1 RCT)

RR 0.38

20

(0.14 to
1.02)

(1 RCT)

RR 0.25
(0.08 to
0.82)

78
(1 RCT)

⊕⊕⊝⊝
LOW a,d

RR 1.00
(0.07 to
15.04)

46
(1 RCT)

⊕⊝⊝⊝
VERY LOW

RR 0.67
(0.12 to
3.77)

78
(1 RCT)

not estimable

46

RR 5.00

20

(0.27 to
92.62)

(1 RCT)

RR 0.57
(0.18 to
1.80)

78
(1 RCT)

a,b

⊕⊝⊝⊝
VERY LOW
a,b

⊕⊝⊝⊝
VERY LOW
a,b

⊕⊝⊝⊝
VERY LOW
be

(112 to 816)
Perioperative
and postoperative complications: renal complications
Follow-up: 3
months

Perioperative
and postoperative complications: need for
re-intervention
Follow-up: 3
months

Open surgical repair
308 per 1000

77 per 1000
(25 to 252)

Endovascular aneurysm repair
43 per 1000

43 per 1000
(3 to 654)

Open surgical repair
77 per 1000

52 per 1000
(9 to 290)

Endovascular aneurysm repair
See comments
Any AAA repair
0 per 1000

0 per 1000

a,b

⊕⊝⊝⊝
VERY LOW
a,b

(1 RCT)

⊕⊕⊝⊝
LOW a,d

There were no events in either
of the arms.

⊕⊝⊝⊝
VERY LOW
be

(0 to 0)
Perioperative
and postoperative complications: postoperative bleeding

Open surgical repair
179 per 1000

102 per 1000
(32 to 323)
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Follow-up: 72
hours

Endovascular aneurysm repair

Cochrane Database of Systematic Reviews

(Continued)

not estimable

46
(1 RCT)

⊕⊕⊝⊝
LOW a,d

There were no events in either
of the arms.

-

101
(2 RCTs)

⊕⊝⊝⊝
VERY LOW

Two studies reported on
length of ICU stay in OSR participants, but we could not
evaluate this in a meta-analysis. Neither of the studies
found a clear difference between the exercise and usual care groups in length of ICU
stay.

See comments
Length of ICU
stay (days)

Open surgical repair

fg

See comments

Endovascular aneurysm repair

-

(1 RCT)

See comments

Length of hospital stay (days)

Open surgical repair

-

-

46
(1 RCT)

See comments

Any AAA repair

101
(2 RCTs)

See comments

Endovascular aneurysm repair

46

-

48
(1 RCT)

See comments

⊕⊕⊝⊝
LOW a,d

One study reported no clear
difference between the exercise and usual care group in
EVAR participants (P = 0.21).

⊕⊝⊝⊝
VERY LOW

Two studies reported no clear
difference in length of hospital stay between exercise and
usual care groups.

fg

⊕⊝⊝⊝
VERY LOW
ad

One study reported shorter
hospital stay for the exercise
group compared with the usual care group for EVAR participants (P = 0.013)

⊕⊕⊝⊝
LOW h

One study reported no clear
difference between exercise
and usual care groups.

Number of days
on a ventilator

See comments

-

-

-

No studies reported number of
days on a ventilator.

QoL

Any AAA repair

-

Follow-up: 12
weeks

53
(1 RCT)

⊕⊕⊝⊝
LOWh

See comments

One study reported QoL. The
study found little or no difference between the exercise and
usual care group participants.

*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).
AAA: abdominal aortic aneurysm;CI: confidence interval; ICU: intensive care unit; OSR: open surgical repair; QoL: quality of life; RCT:
randomised controlled trial; 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.
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a Study did not state whether outcome assessors were blinded; outcomes reported in protocol were not reported in study (risk of reporting

bias) (Barakat 2016); therefore, we downgraded the certainty of evidence by 1 level for methodological limitations.
b The 95% CI includes no effect, and includes default values for appreciable harm (i.e. CI > 1.25), appreciable benefit (i.e. CI < 0.75), or both;
the optimal information size was not met (i.e. sample size < 2000 participants); therefore, we downgraded the certainty of evidence by 2
levels for imprecision.
c High overall risk of bias due to selective reporting, selection bias, attrition bias and/or other bias (Dronkers 2008; Tew 2017); therefore,
we downgraded the certainty of evidence by 2 levels for methodological limitations.
d The optimal information size was not met (i.e. sample size < 2000); therefore, we downgraded the certainty of evidence by 1 level for
imprecision.
e Risk of bias due to selection bias, attrition bias and other bias (Dronkers 2008); therefore, we downgraded the certainty of evidence by
2 levels for methodological limitations.
f High overall risk of bias due to lack of blinding of outcome assessors, selective reporting, selection bias, and/or attrition bias (Barakat
2016; Richardson 2014); therefore, we downgraded the certainty of evidence by 2 levels for methodological limitations.
g Unable to assess imprecision due to the way the studies report the outcome; therefore, we downgraded the certainty of evidence by 1
level.
h High overall risk of bias due to selective reporting, attrition bias and other bias (Tew 2017); therefore, we downgraded the certainty of
evidence by 2 levels for methodological limitations.

APPENDICES
Appendix 1. Search strategies

Source

Search strategy

Hits retrieved

VASCULAR REGISTER IN
CRS

#1 Aortic Aneurysm AND INREGISTER

6 July 2020: 52

(Search date 6 July
2020)

#2 Aneurysm, Ruptured AND INREGISTER
#3 Aorta, Abdominal AND INREGISTER
#4 AAA AND INREGISTER
#5 aneurysm* adj4 (abdom* or thoracoabdom* or thoraco-abdom* or aort*)
AND INREGISTER
#6 aort* adj3 (balloon* or dilat* or bulg*) AND INREGISTER
#7 abdom* adj3 (balloon* or dilat* or bulg*) AND INREGISTER
#8 aneurism* adj4 (abdom* or thoracoabdom* or thoraco-abdom* or aort*)
AND INREGISTER
#9 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8
#10 Exercise AND INREGISTER
#11 Preoperative Care AND INREGISTER
#12 home based train* AND INREGISTER
#13 Interval Train* AND INREGISTER
#14 Physical activit* AND INREGISTER
#15 Physical train* AND INREGISTER
#16 Physical Therap* AND INREGISTER
#17 physiotherapy AND INREGISTER
#18 prehabilitat* AND INREGISTER
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(Continued)

#19 pre-habilitation AND INREGISTER
#20 physical fitness AND INREGISTER
#21 pre-habilitation AND INREGISTER
#22 #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR
#20 OR #21
#23 #9 AND #22
CENTRAL via CRSO

#1 MESH DESCRIPTOR Aortic Aneurysm EXPLODE ALL TREES 766

(Search date 6 July
2020)

#2 MESH DESCRIPTOR Aneurysm, Ruptured EXPLODE ALL TREES 187

6 July 2020: 160

#3 MESH DESCRIPTOR Aorta, Abdominal EXPLODE ALL TREES 330
#4 AAA*:TI,AB,KY 1108
#5 (aneurysm* adj4 (abdom* or thoracoabdom* or thoraco-abdom* or
aort*)):TI,AB,KY 956
#6 (aort* adj3 (balloon* or dilat* or bulg*)):TI,AB,KY 653
#7 (abdom* adj3 (balloon* or dilat* or bulg*)):TI,AB,KY 46
#8 (aneurism* adj4 (abdom* or thoracoabdom* or thoraco-abdom* or
aort*)):TI,AB,KY 3
#9 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 2820
#10 MESH DESCRIPTOR Exercise EXPLODE ALL TREES 23631
#11 MESH DESCRIPTOR Exercise Therapy EXPLODE ALL TREES 13112
#12 MESH DESCRIPTOR Preoperative Care EXPLODE ALL TREES 5817
#13 (home based train*):TI,AB,KY 207
#14 (Interval Train*):TI,AB,KY 2280
#15 (Physical activit*):TI,AB,KY 28514
#16 (Physical train*):TI,AB,KY 1758
#17 (Physical Therap*):TI,AB,KY 9739
#18 Exercis*:TI,AB,KY 97206
#19 physiotherapy:TI,AB,KY 11138
#20 prehabilitat*:TI,AB,KY 288
#21 pre-habilitation:TI,AB,KY 32
#22 (physical fitness):TI,AB,KY 4634
#23 pre-habilitation:TI,AB,KY 32
#24 #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 131201
#25 #9 AND #24 160
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Clinicaltrials.gov
(Search date 6 July
2020)
ICTRP Search Portal
(Database not available
6 July 2020)
Medline (Ovid MEDLINE
Epub Ahead of Print, InProcess & Other NonIndexed Citations, Ovid
MEDLINE Daily and
Ovid MEDLINE) 1946 to
present
(Search date 6 July
2020)

Aortic Aneurysm OR Aneurysm, Ruptured OR Aorta, Abdominal OR AAA | Exercise OR Exercise Therapy OR Preoperative Care OR physical activity OR physiotherapy OR physical fitness OR prehabilitation

6 July 2020: 48

Aortic Aneurysm OR Aneurysm, Ruptured OR Aorta, Abdominal OR AAA | Exercise OR Exercise Therapy OR Preoperative Care OR physical activity OR physiotherapy OR physical fitness OR prehabilitation
1 exp Aortic Aneurysm/

6 July 2020: 327

2 exp Aneurysm, Ruptured/
3 exp Aorta, Abdominal/
4 AAA*.ti,ab.
5 (aneurysm* adj4 (abdom* or thoracoabdom* or thoraco-abdom* or
aort*)).ti,ab.
6 (aort* adj3 (balloon* or dilat* or bulg*)).ti,ab.
7 (abdom* adj3 (balloon* or dilat* or bulg*)).ti,ab.
8 (aneurism* adj4 (abdom* or thoracoabdom* or thoraco-abdom* or
aort*)).ti,ab.
9 or/1-8
10 exp Exercise/
11 exp Exercise Therapy/
12 exp Preoperative Care/
13 "home based train*".ti,ab.
14 "Interval Train*".ti,ab.
15 "Physical activit*".ti,ab.
16 "Physical train*".ti,ab.
17 "Physical Therap*".ti,ab.
18 Exercis*.ti,ab.
19 physiotherapy.ti,ab.
20 prehabilitat*.ti,ab.
21 pre-habilitation.ti,ab.
22 "physical fitness".ti,ab.
23 pre-habilitation.ti,ab.
24 or/10-23
25 9 and 24
26 randomized controlled trial.pt.
27 controlled clinical trial.pt.
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28 randomized.ab.
29 placebo.ab.
30 drug therapy.fs.
31 randomly.ab.
32 trial.ab.
33 groups.ab.
34 or/26-33
35 exp animals/ not humans.sh.
36 34 not 35
37 25 and 36
EMBASE via OVID

1 exp aortic aneurysm/

(Search date 6 July
2020)

2 exp aneurysm rupture/

6 July 2020: 387

3 exp abdominal aorta/
4 AAA*.ti,ab.
5 (aneurysm* adj4 (abdom* or thoracoabdom* or thoraco-abdom* or
aort*)).ti,ab.
6 (aort* adj3 (balloon* or dilat* or bulg*)).ti,ab.
7 (abdom* adj3 (balloon* or dilat* or bulg*)).ti,ab.
8 (aneurism* adj4 (abdom* or thoracoabdom* or thoraco-abdom* or
aort*)).ti,ab.
9 or/1-8
10 exp exercise/
11 exp kinesiotherapy/
12 exp preoperative care/
13 "home based train*".ti,ab.
14 "Interval Train*".ti,ab.
15 "Physical activit*".ti,ab.
16 "Physical train*".ti,ab.
17 "Physical Therap*".ti,ab.
18 Exercis*.ti,ab.
19 physiotherapy.ti,ab.
20 prehabilitat*.ti,ab.
21 pre-habilitation.ti,ab.
22 "physical fitness".ti,ab.
23 pre-habilitation.ti,ab.
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24 or/10-23
25 9 and 24
26 randomized controlled trial/
27 controlled clinical trial/
28 random$.ti,ab.
29 randomization/
30 intermethod comparison/
31 placebo.ti,ab.
32 (compare or compared or comparison).ti.
33 ((evaluated or evaluate or evaluating or assessed or assess) and (compare
or compared or comparing or comparison)).ab.
34 (open adj label).ti,ab.
35 ((double or single or doubly or singly) adj (blind or blinded or blindly)).ti,ab.
36 double blind procedure/
37 parallel group$1.ti,ab.
38 (crossover or cross over).ti,ab.
39 ((assign$ 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.
40 (assigned or allocated).ti,ab.
41 (controlled adj7 (study or design or trial)).ti,ab.
42 (volunteer or volunteers).ti,ab.
43 trial.ti.
44 or/26-43
45 25 and 44
CINAHL via EBSCO

S39 S24 AND S38

(Search date 6 July
2020)

S38 S30 OR S31 OR S32 OR S33 OR S34 OR S35 OR S36 OR S37

6 July 2020: 33

S37 MH "Random Assignment"
S36 MH "Triple-Blind Studies"
S35 MH "Double-Blind Studies"
S34 MH "Single-Blind Studies"
S33 MH "Crossover Design"
S32 MH "Factorial Design"
S31 MH "Placebos"
S30 MH "Clinical Trials"
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S29 TX "multi-centre study" OR "multi-center study" OR "multicentre study"
OR "multicenter study" OR "multi-site study"
S28 TX crossover OR "cross-over"
S27 TX random*
S26 TX trial*
S25 TX "latin square"
S24 S8 AND S23
S23 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
S22 TX pre-habilitation
S21 TX "physical fitness"
S20 TX pre-habilitation
S19 TX prehabilitat*
S18 TX physiotherapy
S17 TX Exercis*
S16 TX "Physical Therap*"
S15 TX "Physical train*"
S14 TX "Physical activit*"
S13 TX "Interval Train*"
S12 TX "home based train*"
S11 (MH "Preoperative Care+")
S10 (MH "Therapeutic Exercise+")
S9 (MH "Exercise+")
S8 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7
S7 TX (aneurism* N4 (abdom* or thoracoabdom* or thoraco-abdom* or aort*))
S6 TX (abdom* N3 (balloon* or dilat* or bulg*))
S5 TX (aort* N3 (balloon* or dilat* or bulg*))
S4 TX (aneurysm* N4 (abdom* or thoracoabdom* or thoraco-abdom* or
aort*))
S3 TX AAA*
S2 (MH "Aorta, Abdominal")
S1 (MH "Aortic Aneurysm+")
PEDro

Aortic Aneurysm OR Aneurysm, Ruptured OR Aorta, Abdominal OR AAA

6 July 2020: 23

(Search date 6 July
2020)
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