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A B S T R A C T

Background

Abdominal aortic aneurysm (AAA) is an abnormal dilatation of the infradiaphragmatic aorta that is equal to or greater than 30 mm

or a local dilatation of equal to or greater than 50% compared to the expected normal diameter of the artery. AAAs rarely occur in

individuals under 50 years of age, but thereafter the prevalence dramatically increases with age, with men at a six-fold greater risk of

developing an AAA than women. 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.

There is evidence that the risk of rupture increases as the aneurysm diameter increases from 50 mm to 60 mm. People with AAAs

over 55 mm in diameter are therefore generally referred for consideration of repair, as the risk of rupture exceeds the risk of repair.

The traditional treatment for AAA is open surgical repair (OSR) which involves a large abdominal incision and is associated with a

significant risk of complications. Two less invasive procedures have recently become more widely used: endovascular aneurysm repair

(EVAR) and laparoscopic repair. EVAR is carried out through sheaths inserted in the femoral artery in the groin: thereafter, a stent

graft is placed within the aneurysm sac under radiological image guidance and anchored in place to form a new channel for blood flow.

Laparoscopic repair involves the use of a laparoscope which is inserted through small cuts in the abdomen and the synthetic graft is

sewn in place to replace the weakened area of the aorta. Laparoscopic AAA repair falls into two categories: hand-assisted laparoscopic

surgery (HALS), where an incision is made to allow the surgeon’s hand to assist in the repair; and total laparoscopic surgery (TLS). Both

EVAR and laparoscopic repair are favourable over OSR as they are minimally invasive, less painful, associated with fewer complications

and lower mortality rate and have a shorter duration of hospital stay.

Current evidence suggests that elective laparoscopic AAA repair has a favourable safety profile comparable with that of EVAR, with low

conversion rates as well as similar mortality and morbidity rates. As a result, it has been suggested that elective laparoscopic AAA repair

may have a role in treating those patients for whom EVAR is unsuitable.

Objectives

To assess the effects of laparoscopic surgery for elective abdominal aortic aneurysm repair.

The primary objective of this review was to assess the perioperative mortality and operative time of laparoscopic (total and hand-assisted)

surgical repair of abdominal aortic aneurysms (AAA) compared to traditional open surgical repair or EVAR. The secondary objective

was to assess complication rates, all-cause mortality (> 30 days), hospital and intensive care unit (ICU) length of stay, conversion and

re-intervention rates, and quality of life associated with laparoscopic (total and hand-assisted) surgical repair compared to traditional

open surgical repair or EVAR.

1Laparoscopic surgery for elective abdominal aortic aneurysm repair (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

mailto:lindsay.robertson@nuth.nhs.uk
mailto:lindsay.robertson@ed.ac.uk


Search methods

The Cochrane Vascular Information Specialist (CIS) searched the Specialised Register (last searched August 2016) and CENTRAL

(2016, Issue 7). In addition the CIS searched trials registries for details of ongoing or unpublished studies. We searched the reference

lists of relevant articles retrieved by electronic searches for additional citations.

Selection criteria

Randomised controlled trials and controlled clinical trials in which patients with an AAA underwent elective laparoscopic repair (total

laparoscopic repair or hand-assisted laparoscopic repair) compared with either open surgical repair or EVAR.

Data collection and analysis

Studies identified for potential inclusion were independently assessed for inclusion by at least two review authors.

Main results

One randomised controlled trial with a total of 100 male participants was included in the review. The trial compared hand-assisted

laparoscopic repair with EVAR and provided results for in-hospital mortality, operative time, length of hospital stay and lower limb

ischaemia. The included study did not report on the other pre-planned outcomes of this review. No in-hospital deaths occurred in

the study. Hand-associated laparoscopic repair was associated with a longer operative time (MD 53.00 minutes, 95% CI 36.49 to

69.51) than EVAR. The incidence of lower limb ischaemia was similar between the two treatment groups (risk ratio (RR) 0.50, 95%

confidence interval (CI) 0.05 to 5.34). The mean length of hospital stay was 4.2 days and 3.4 days in the hand-assisted laparoscopic

repair and EVAR groups respectively but standard deviations were not reported and therefore it was not possible to independently test

the statistical significance of this result. The quality of evidence was downgraded for imprecision due to the inclusion of one small study;

and wide confidence intervals and indirectness due to the study including male participants only. No study compared laparoscopic

repair (total or hand-assisted) with open surgical repair or total laparoscopic surgical repair with EVAR.

Authors’ conclusions

There is insufficient evidence to draw any conclusions about effectiveness and safety of laparoscopic (total and hand-assisted) surgical

repair of AAA versus open surgical repair or EVAR, because only one small randomised trial was eligible for inclusion in this review.

High-quality randomised controlled trials are needed.

P L A I N L A N G U A G E S U M M A R Y

Laparoscopic surgery for abdominal aortic aneurysm

Background

An abdominal aortic aneurysm (AAA) is an abnormal widening of the abdominal aorta, the main artery supplying blood to the organs

in the abdomen and lower part of the body. Between 4% and 7% of men over 65 years of age have an AAA, but it is less common in

women. Aneurysms over 55 mm in diameter carry a high risk of rupture which can lead to death; approximately 60% of people with a

ruptured AAA die before reaching hospital. People with AAAs over 55 mm are generally referred for repair, as the risk of rupture exceeds

the risk of repair. There are three methods of repairing an AAA: surgery, endovascular aneurysm repair (EVAR) and laparoscopic repair.

Surgery involves making a large cut in the abdomen, after which the abdominal aorta is exposed and opened and a synthetic graft (tube)

is sewn in place to replace the weakened area of the aorta. EVAR involves making a cut in the groin area, after which a stent graft is

inserted in collapsed form and opened inside the aneurysm under x-ray guidance and held in place with a stent. Laparoscopic repair or

’keyhole’ AAA surgery is carried out by making very small cuts in the patient’s abdomen, after which a fine telescope (a laparoscope) is

inserted through these cuts and the synthetic graft is sewn in place. The benefits of EVAR and laparoscopic repair are that they require

smaller incisions, are less painful, have fewer complications, a lower mortality rate and shorter hospital stay than surgical repair. Current

evidence suggests that EVAR is the preferred approach for AAA repair. However laparoscopic AAA repair has been suggested as a safe

and effective alternative in treating those patients for whom EVAR is unsuitable. This review aimed to assess the effects of laparoscopic

surgery for abdominal aortic aneurysms.

Study characteristics and key results

One randomised controlled trial (current until August 2016), studying 100 male participants and comparing hand-assisted laparoscopic

repair with EVAR, was included in this review. No in-hospital deaths occurred during the study. The trial showed that hand-assisted
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laparoscopic repair took longer to perform than EVAR but there was no difference in the number of patients with reduced blood flow

to the leg following either treatment.

Quality of evidence

At present, there is a lack of randomised controlled trials examining the comparative effectiveness and safety of laparoscopic repair of

AAA. The quality of the available evidence was imprecise due to the inclusion of one small study and wide confidence intervals; and

indirect because the study includes male participants only.

Conclusions

Further research is required before conclusions can be made.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Hand-assisted laparoscopic repair compared to EVAR for elective abdominal aortic aneurysm repair

Patient or population: People undergoing elect ive abdominal aort ic aneurysm repair

Setting: Hospital

Intervention: Hand-assisted laparoscopic AAA repair

Comparison: EVAR

Outcomes Anticipated absolute effects∗ (95% CI) Relative effect

(95% CI)

of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Risk with EVAR Risk with hand-as-

sisted laparoscopic re-

pair

In-hospital mortality see comment Not est imable 100

(1 RCT)

⊕⊕©©

LOW 12

0 part icipants died

while in hospital in this

study

Operat ive t ime (min-

utes)

The mean operat ive

t ime was 125 minutes

The mean operat ive

t ime was 53 minutes

longer

(36.49 longer to 69.51

longer)

- 100

(1 RCT)

⊕⊕©©

LOW 12

Major complicat ions -

lower limb ischaemia

(up to 12 months)

Study populat ion RR 0.50

(0.05 to 5.34)

100

(1 RCT)

⊕⊕©©

LOW 12

40 per 1000 20 per 1000

(2 to 214)

Long-term complica-

t ions (12 months or

longer if reported)

see comment outcome not reported

All-cause mortality/ sur-

vival (> 30 days)

see comment outcome not reported
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Length of ICU stay

(days)

see comment outcome not reported

Overall length of hospi-

tal stay (days)

The mean length of hos-

pital stay was 3.4 days

The mean length of hos-

pital stay was 4.2 days

Not est imable 100

(1 RCT)

⊕⊕©©

LOW 12

Standard devia-

t ions around the mean

length of hospital stay

were not reported

*The risk in the intervention group (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its

95%CI).

CI: conf idence interval; EVAR: endovascular repair; ICU: intensive care unit ; RR: risk rat io

GRADE Working Group grades of evidence

High quality: we are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate quality: we are moderately conf ident in the ef fect est imate: the true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: our conf idence in the ef fect est imate is lim ited: the true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: we have very lit t le conf idence in the ef fect est imate: the true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 Risk of bias was unclear for detect ion bias in the included studies but we did not consider it suf f icient enough to downgrade

the quality of the evidence
2 Quality of evidence was downgraded for imprecision due to the inclusion of one small study and wide conf idence intervals

and indirectness due to the study including male part icipants only
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B A C K G R O U N D

Description of the condition

Abdominal aortic aneurysm (AAA) is an abnormal dilatation of

the infradiaphragmatic aorta that is equal to or greater than 30

mm (Sakalihasan 2005; Wanhainen 2008); or a local dilatation of

equal to or greater than 50% compared to the expected normal

diameter of the artery (Johnston 1991).

AAAs rarely occur in individuals under 50 years of age (Lederle

2000a), but thereafter the prevalence dramatically increases with

age, with men at a six-fold greater risk of developing an AAA than

women (Pleumeekers 1995; Scott 2002).

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 2000b; Nordon 2011;

Vardulaki 1999); however more recent evidence suggests that AAA

incidence is decreasing, most likely because of a reduction in to-

bacco smoking (Anjum 2012).

The development of an AAA is often multifactorial, with a change

in the composition of the collagen and elastin matrix in the ar-

terial wall attributed to atherosclerosis and inflammation of the

aortic wall (Shah 1997). Aside from age and sex, the main well-

established modifiable risk factor is cigarette smoking, with smok-

ers having a two- to three-fold increased risk of AAA compared to

non-smokers (Lederle 1997; Lederle 2003). There is an apparent

genetic correlation, with aneurysms tending to occur more fre-

quently in close relatives of people who have suffered an AAA, but

a mode of inheritance has not been demonstrated (Ballard 1999).

The natural progression of AAA can vary considerably between

individuals (Ernst 1993), with subsequent variation in presenta-

tion ranging from no symptoms to symptoms such as groin, back,

or abdominal pain. Findings upon physical examination include

pulsating abdominal masses, and co-existing aneurysmal popliteal

or femoral arteries, and bruits. As the dilatation is often asymp-

tomatic, the AAA can expand to such an extent that it ruptures,

which is a surgical emergency. Approximately 60% of people with

ruptured AAA die before reaching hospital (Ballard 1999), and

even when it is possible to perform an emergency open surgical

repair, the mortality rate remains high, at between 35% to 70%

(Veith 2003). Newer techniques such as endovascular aneurysm

repair have been shown to be more cost-effective in the emergency

setting but do not confer a greater chance of survival (Sweeting

2015).

The decision to repair an AAA is made on an individual basis,

balancing the risk of treatment against the risk of aneurysm rup-

ture. There is evidence that the risk of rupture increases as the

aneurysm diameter increases from 50 mm to 60 mm (Brewster

2003). People with an AAA over 55 mm in diameter are therefore

generally referred for consideration of repair, as the risk of rupture

exceeds the risk of repair. Elective open surgical repair has a mor-

tality of just over 5% (Bush 2006). Aneurysms below or equal to

55 mm are termed small AAAs and are at a low risk of rupture.

Despite the improved mortality rates for elective versus emergency

aneurysm repair, the management of patients with small AAAs

is one of surveillance, whereby the AAA is routinely monitored

for growth through ultrasound imaging (Filardo 2015). However,

women with a small AAA have a higher rupture rate than men, so

that a lower threshold (52 mm) is suggested (Brewster 2003).

Description of the intervention

The traditional treatment for AAA is open surgical repair (OSR):

the abdominal aorta which lies in the retroperitoneum is exposed

and the aneurysm is clamped and opened; then a prosthetic graft

is anastomosed proximally to the normal aorta and distally to

the dilated aorta and the clamps are released with the return of

normal blood flow. OSR involves a large abdominal incision and

is associated with a significant risk of complications including

myocardial infarction, arrhythmias, bleeding, injury to the bowel,

limb ischaemia, embolus, infection, and kidney damage (Badger

2014). The 30-day mortality associated with open repair of AAA

in the UK Small Aneurysm Trial was 5.8% (TUKSAT 1998), and

reported rates range from 2% to 7% in otherwise fit individuals

(Paravastu 2014).

A less invasive procedure known as endovascular aneurysm repair

(EVAR) has recently become widely used. EVAR is carried out

through sheaths inserted in the femoral artery in the groin. A mod-

ular covered stent graft is placed within the aneurysm sac, under

radiological image guidance. The graft is manipulated into place

using guidewires and anchored in place to form a new channel

for blood flow (Parodi 1991). The aneurysm is excluded from in-

side to prevent further expansion and possible rupture. EVAR is

favourable over OSR, as it is minimally invasive compared to major

abdominal surgery of OSR. EVAR procedures are less painful and

have a shorter recovery time and therefore a shorter duration of

hospital stay (Paravastu 2014). Furthermore, in EVAR the blood

flow to organs and the lower limbs is not disrupted to the same

extent as in OSR, there are fewer respiratory side effects, and less

blood is lost during the procedure (Paravastu 2014).

A third treatment for AAA is laparoscopic repair of AAA. There

are two well-described methods of laparoscopic repair of AAA.

The first is hand-assisted laparoscopic surgery (HALS), where an

incision is made to allow the surgeon’s hand to assist in the repair.

The second, and more challenging technically, is total laparoscopic

surgery (TLS) (NICE 2007). Both procedures require a laparo-

scope inserted through the abdominal wall via access ports and

an induction of a pneumoperitoneum with further access ports.

Laparoscopic instruments are used to dissect and clip the lum-

bar arteries and the inferior mesenteric artery (NICE 2007). The

areas above and below the aneurysm are clamped, the sac of the
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aneurysm is cut open, any thrombus is removed, and a prosthetic

vascular graft is anastomosed to both sides of the aorta. The pos-

terior parietal peritoneum or aneurysm sac is then closed over the

graft (NICE 2007).

Hand-assisted laparoscopic surgery

This is generally performed with the patient supine and the use

of a mini-laparotomy incision at the midline for the placement of

the laparoscopic port. A further incision is made (7 cm to 9 cm) in

an appropriate position as determined by preoperative imaging, to

allow the non-dominant hand of the surgeon to be introduced into

the abdominal cavity. A seal and pneumoperitoneum is created.

The table is then tilted to the right and the abdominal bowel loops

are pushed away from the midline. Further laparoscopic ports are

inserted to allow dissection of the aortic neck. The exposure of the

aorta and the procedure follows much the same process as the open

AAA repair. Once the proximal and distal anastomosis sites are

exposed and dissected, the abdomen is deflated and the proximal

clamps applied. Thereafter the aneurysm is opened and the distal

back bleeding is stopped using occlusive balloons (such as a Fog-

arty catheter). The lumbar vessels are ligated using sutures in the

standard fashion. The proximal anastomosis is performed using

long but standard instruments with the mini-laparotomy incision

being auto-retracted and moved cranially to allow visualisation.

Following successful proximal anastomosis, the distal anastomoses

(either single in a tube graft or bifurcated in a ’Y’ graft) are per-

formed. If the anastomosis is at the level of the external iliac then

an oblique suprainguinal incision is required. The peritoneum is

then irrigated, closed, and the mini-laparotomy incision closed

(Ferrari 2006)

Total laparoscopic surgery

This is performed through a transperitoneal left retro-renal ap-

proach. The patient is placed in a dorsal decubitus position with

appropriate support and straps. A pneumoperitoneum is induced

using a Veress needle. Multiple laparoscopic ports are inserted to

allow the mobilisation of the left lateral colonic border, the kidney

and spleen, so that they drop medially towards the patient’s right

side. The aorta is exposed and the left renal artery by fixation of

the left kidney under traction sutures. The aorta is dissected and

exposed from the iliac to the renal arteries taking care to ligate

lumbar arteries and isolate the left ureter. The clamp is placed via

the laparoscopic trocars on the proximal aorta, and the aortic wall

is held under tension by a suture to allow opening of the aorta.

The iliac arteries are then clamped using laparoscopic clamps. A

longitudinal arteriotomy is then made in the aorta on the left side

and thrombus evacuated. A tied tube graft is then sutured into

the proximal neck. Next the distal anastomosis is performed after

evacuating any new clot in the graft. Sutures and ties are performed

intracorporally and the ports removed under vision with release of

the pneumoperitoneum (Javerliat 2006)

How the intervention might work

Current evidence suggests that EVAR is the preferred approach

for AAA repair in suitable candidates, due to shorter hospital stay

and lower perioperative morbidity and mortality rates, as opposed

to an open surgical approach. Evidence also suggests that elective

laparoscopic AAA repair has a favourable safety profile comparable

with that of EVAR, with low conversion rates as well as similar

mortality and morbidity rates (Ahmed 2014). As a result, it has

been suggested that elective laparoscopic AAA repair may have a

role in treating those patients for whom EVAR is unsuitable.

Why it is important to do this review

There is currently no meta-analysis of the literature to help

guide evidence-based recommendation for laparoscopic surgery

for AAA. The aim of this review is to study the benefits and harms

of laparoscopic surgery in people with AAA, by critical appraisal

and meta-analysis of the existing literature.

O B J E C T I V E S

To assess the effects of laparoscopic surgery for elective abdominal

aortic aneurysm repair.

The primary objective of this review was to assess the perioperative

mortality and operative time of laparoscopic (total and hand-as-

sisted) surgical repair of abdominal aortic aneurysms (AAA) com-

pared to traditional open surgical repair or EVAR. The secondary

objective was to assess complication rates, all-cause mortality (>

30 days), hospital and intensive care unit (ICU) length of stay,

conversion and re-intervention rates, and quality of life associated

with laparoscopic (total and hand-assisted) surgical repair com-

pared to traditional open surgical repair or EVAR.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs). If we had found

no trials of this sort, we would also have considered controlled

clinical trials (CCTs). We excluded case reports, case series, and

retrospective studies. We applied no limitation on the language of

publication or country.
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Types of participants

People of any age undergoing elective repair of an AAA.

Types of interventions

Laparoscopic repair (total laparoscopic repair or hand-assisted la-

paroscopic repair) compared with either open surgical repair or

EVAR.

We considered the following comparisons.

1. Laparoscopic repair (total or hand-assisted laparoscopic

repair) versus open surgical repair.

2. Laparoscopic repair (total or hand-assisted laparoscopic

repair) versus EVAR.

Types of outcome measures

Primary outcomes

1. 30-day or in-hospital mortality.

2. Operative time (minutes).

Secondary outcomes

1. Major complications (e.g. myocardial infarction, stroke,

renal failure, respiratory failure, bowel ischaemia, lower limb

ischaemia, pneumonia, infection) up to 12 months.

2. Long-term (12 months or longer if reported) major

complications.

3. All-cause mortality/survival (> 30 days).

4. Length of ICU stay (days).

5. Overall length of hospital stay (days).

6. Open conversion rates (conversion of the repair from a

primarily laparoscopic approach to a total open surgical

approach, inferring difficulty or complications).

7. Re-intervention rates and device-related complications.

8. Minor complications (e.g. haematoma, wound infection).

9. Completion of repair (successful completion of the

anastomosis and repair by the intended method i.e. starting as a

laparoscopic repair and completing this laparoscopically).

10. Quality of life.

Search methods for identification of studies

Electronic searches

The Cochrane Vascular Information Specialist (CIS) searched the

following databases for relevant trials:

• The Cochrane Vascular Specialised Register (searched 10

August 2016).

• The Cochrane Central Register of Controlled Trials

(CENTRAL; 2016, Issue 7) in the Cochrane Library (searched

10 August 2016).

See Appendix 1 for details of the search strategy used to search

CENTRAL.

The Cochrane Vascular Specialised Register is maintained by the

CIS and is constructed from weekly electronic searches of MED-

LINE Ovid, Embase Ovid, CINAHL, AMED, and through hand-

searching relevant journals. The full list of the databases, journals

and conference proceedings which have been searched, as well as

the search strategies used, are described in the Specialised Register

section of the Cochrane Vascular module in the Cochrane Library

(www.cochranelibrary.com).

The CIS searched the following trial registries (10 August 2016)

for details of ongoing and unpublished studies using the terms

’laparoscopic AND aneurysm’;

• ClinicalTrials.gov (www.clinicaltrials.gov).

• World Health Organization International Clinical Trials

Registry Platform (www.who.int/trialsearch).

• ISRCTN Register (www.isrctn.com/).

See Appendix 2 for details of the search strategies used.

Searching other resources

We searched citations within identified studies. We planned, if

needed, to contact authors of relevant papers by email to identify

any unpublished randomised controlled trials.

Data collection and analysis

Selection of studies

Two review authors (LR, SN) independently reviewed the results of

all searches to identify potentially eligible articles. The two review

authors (LR, SN) discussed each study to confirm eligibility for

inclusion in the systematic review, excluding those not fulfilling

the criteria as described in Criteria for considering studies for this

review and stating the reasons for exclusion in the review.

Data extraction and management

Two review authors (LR, SN) independently extracted from each

study information about the study characteristics, participants, in-

terventions, duration of follow-up, and outcome parameters us-

ing standardised forms. We extracted data on the following items,

where available.

1. Study design.

2. Number of study participants.

3. Details of participants, including age, sex, diameter of AAA,

diagnosis (clinical or ultrasound), and presence of co-morbidities.

4. Stratification of low- and high-risk patients defined by co-

morbidities, Vascular Physiological and Operative Severity Score

for the enUmeration of Mortality and Morbidity (V(p)-Possum)

or Glasgow Aneurysm Score (GAS) where appropriate.
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5. Interventions, including type of repair, adverse events

(major and minor), and length of hospital stay.

6. Outcome measures as stated above.

7. Length of follow-up.

Assessment of risk of bias in included studies

Two review authors (LR, SN) independently assessed the design

and execution of each study according to the following crite-

ria: random sequence generation; allocation concealment of treat-

ment; blinding of participants, personnel, and outcomes; incom-

plete outcome data; selective outcome reporting; and other sources

of bias in accordance with Cochrane’s tool for assessing risk of bias

(Higgins 2011). We judged the studies as either low risk of bias,

high risk of bias, or unclear (due to either lack of information or

uncertainty over the potential for bias). We resolved any disagree-

ments by consensus between the two review authors.

Measures of treatment effect

We assessed dichotomous data using risk ratios (RRs) with 95%

confidence intervals (CIs). We analysed continuous outcomes us-

ing mean differences (MDs) with 95% CIs where the scales were

the same; and where scales were different but outcome measured

was the same, we planned to use the standardised mean difference

(SMD) with 95% CIs.

Unit of analysis issues

We did not include cross-over trials. The individual participant

was the unit of analysis.

Dealing with missing data

Where information was missing, we contacted the authors of the

relevant study. If unsuccessful, we planned to exclude the data

from the meta-analysis but report it in the review. We intended

to include outcome measures in this systematic review only if it

was the intention of the study authors to perform the necessary

assessments in all randomised participants. When fewer than 50%

of the participants in a study had an acceptable follow-up for

a particular outcome measure, we planned on not reporting the

results of this outcome measure due to the associated high risk of

attrition bias.

Assessment of heterogeneity

It was intended that if the included studies were comparable with

regard to age, sex, treatment, and used outcome definitions, we

would perform a pooled analysis. We planned on assessing het-

erogeneity with the use of forest plots; and by a formal statistical

test for heterogeneity, the I² statistic. Substantial heterogeneity was

defined as I² greater than 50% (Higgins 2011). We planned on

exploring possible causes of heterogeneity and taking appropriate

measures.

Assessment of reporting biases

If more than 10 studies had been included in a meta-analysis, we

would have constructed a funnel plot to graphically ascertain the

existence of publication bias (Higgins 2011).

Data synthesis

We entered the data into the Cochrane Review Manager 5 soft-

ware (Review Manager 2014), and analysed them according to the

guidelines of the Cochrane Handbook for Systematic Reviews of In-

terventions (Higgins 2011). We planned to use a fixed-effect model

where no substantial heterogeneity was found and a random-ef-

fects model if heterogeneity (I² greater than 50%) was found.

Subgroup analysis and investigation of heterogeneity

We planned on performing subgroup analysis according to the

following.

• Age.

• Gender.

• Body mass index > 30 kg/m².

• Diabetes.

• Type of laparoscopic repair (total or hand-assisted).

• Previous cardiopulmonary co-morbidities such as ischaemic

heart disease, myocardial infarction, or chronic obstructive

pulmonary disease (COPD) as determined by a preoperative

cardiopulmonary exercise test (CPEX).

• Participants at high risk of complications, identified where

possible using well-validated and reliable scoring systems such as

the GAS, V(p)-Possum, or other tests.

We intended to examine heterogeneity for these by visual inspec-

tion of forest plots and the I² test.

Sensitivity analysis

We planned on performing a sensitivity analysis by excluding stud-

ies at high risk of selection, performance, detection, attrition, and

reporting bias.

Summary of findings table

We presented the main findings of the review results concerning

the quality of evidence, the magnitude of effect of the interven-

tions examined, and the sum of available data for outcomes - 30-

day or in-hospital mortality, operative time, major complications

up to 12 months, long-term (12 months or longer if reported) ma-

jor complications, all-cause mortality/survival (> 30 days), length

of ICU stay, and overall length of hospital stay - in a ’Summary of

findings’ table, according to Higgins 2011 and Atkins 2004. Since
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we planned to assess different comparisons of interventions, we

intended developing a ’Summary of findings’ table for each com-

parison. We used the GRADEpro (GRADEproGDT) software (

www.guidelinedevelopment.org/) to assist in the preparation of

the ’Summary of findings’ table.

R E S U L T S

Description of studies

Results of the search

See Figure 1

Figure 1. Study flow diagram.
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Included studies

One randomised controlled trial with 100 male participants was el-

igible for inclusion in the review (Veroux 2010); it compared hand-

assisted laparoscopic repair with EVAR. Although the primary

outcome of the study was perioperative sexual dysfunction, the

study also measured in-hospital mortality, operative time, length

of hospital stay and the major complication incidence of lower

limb ischaemia (Veroux 2010).

Excluded studies

One study comparing laparoscopic versus open AAA repair was

withdrawn before enrolment and therefore excluded from this re-

view (NCT00821145).

Risk of bias in included studies

See Figure 2 and Figure 3.

Figure 2. 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 3. Risk of bias summary: review authors’ judgements about each risk of bias item for each included

study.

Allocation

The included study was judged to be at low risk of selection

bias as the study authors reported that randomisation codes were

computer-generated and sealed envelopes labelled with participant

numbers were used and only opened when a participant was ad-

mitted to AAA repair.

Blinding

The included study did not report whether participants were

blinded to treatment. However, we judged that the study outcomes

and outcome measurements reported by the included study were

not likely to have been influenced by lack of blinding and there-

fore classified this study as low risk of performance bias. The study

authors did not report whether outcome assessors were blinded to

treatment and we therefore judged this study to be at unclear risk

of detection bias.

Incomplete outcome data

The included study had no missing outcome data and was there-

fore judged to be at low risk of attrition bias.

Selective reporting

The included study reported all pre-specified outcomes and was

therefore judged to be at low risk of reporting bias.
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Other potential sources of bias

The included study appeared to be free from other sources of bias.

Effects of interventions

See: Summary of findings for the main comparison Hand-

assisted laparoscopic repair compared to EVAR for elective

abdominal aortic aneurysm repair

Laparoscopic repair (total or hand-assisted) versus

open surgical repair

We identified no studies which compared either total or hand-

assisted laparoscopic repair with open surgical repair of AAA.

Laparoscopic repair (total or hand-assisted) versus

endovascular aneurysm repair

We identified one study which compared hand-assisted laparo-

scopic repair with EVAR. There were no cases of in-hospital mor-

tality and the incidence of the major complication ’lower limb

ischaemia’ was similar between the two treatment groups (rela-

tive risk (RR) 0.50, 95% CI 0.05 to 5.34). Hand-assisted laparo-

scopic repair was associated with longer operative time than EVAR

(mean difference (MD) 53.00 minutes, 95% CI 36.49 to 69.51).

The study reported mean length of hospital stay as 4.2 days and

3.4 days in the hand-assisted and EVAR groups respectively, but

standard deviations for the mean length of hospital stay were not

reported and therefore it was not possible to independently test

the statistical significance of this result. The study did not report

on the other outcomes of this review (major complications other

than lower limb ischaemia, long-term major complications, all-

cause mortality/survival (> 30 days), length of ICU stay, open con-

version rates, re-intervention rates, device-related complications,

minor complications, completion of repair and quality of life).

We identified no studies which compared total laparoscopic repair

with EVAR.

D I S C U S S I O N

Summary of main results

We identified one randomised controlled trial with a total of 100

male participants which fulfilled the eligibility criteria for inclusion

in this review (Veroux 2010).

Laparoscopic repair (total or hand-assisted) versus

open surgical repair

We identified no studies which compared either total or hand-

assisted laparoscopic repair with open surgical repair of AAA.

Laparoscopic repair (total or hand-assisted) versus

endovascular aneurysm repair

We identified one study which compared hand-assisted laparo-

scopic repair with EVAR. There were no cases of in-hospital mor-

tality and the incidence of the major complication ’lower limb

ischaemia’ was similar between the two treatment groups. Hand-

assisted laparoscopic repair was associated with a longer operative

time than EVAR. The study reported mean length of hospital stay

but standard deviations for the mean duration were not reported

and therefore it was not possible to independently test the statis-

tical significance of this result. The study did not report on the

other outcomes of this review (major complications other than

lower limb ischaemia, long-term major complications, all-cause

mortality/survival (> 30 days), length of ICU stay, open conver-

sion rates, re-intervention rates and device-related complications,

minor complications, completion of repair and quality of life).

We identified no studies which compared total laparoscopic repair

with EVAR.

Overall completeness and applicability of
evidence

At present, there is no randomised controlled trial evidence re-

garding the efficacy and safety of laparoscopic repair compared

with open surgical repair of AAA. Furthermore there is exception-

ally limited randomised controlled trial evidence on laparoscopic

repair compared with EVAR. Only one study on a total of 100

male participants met the inclusion criteria for this review (Veroux

2010). Furthermore, the study looked at mortality, operative time,

length of hospital stay and lower leg ischaemia as its secondary

outcomes. Other outcomes of interest for this review, such as long-

term major complications, all-cause mortality (> 30 days), conver-

sion and re-intervention rates, device-related complications and

quality of life, were not studied and, therefore, remain unknown.

Quality of the evidence

The only study included in this review was judged to be at low risk

of bias for all domains except for detection bias where the risk was

unclear due to insufficient information to permit a judgement of

low or high risk.

For all outcomes, the quality of the evidence was downgraded to

low due to the inclusion of only one study with a small sample

size and wide confidence intervals. Furthermore, as the study only
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included males, the quality of the evidence was downgraded fur-

ther due to indirectness.

Potential biases in the review process

None of the authors have any commercial or other conflict of in-

terest. The Cochrane Vascular Information Specialist performed

a comprehensive search of the literature; and review authors se-

lected studies in accordance with recommendations provided in

the Cochrane Handbook for Systematic Reviews of Interventions (

Higgins 2011). We resolved disagreements by discussion.

Agreements and disagreements with other
studies or reviews

To date, no other systematic review has assessed the efficacy and

safety of laparoscopic repair of AAA.

Ahmed 2014 conducted a review to determine how elective la-

paroscopic abdominal aortic aneurysm (AAA) repair compares to

endovascular aneurysm repair (EVAR) in terms of survival. Eight

papers (five prospective studies, one retrospective study, one RCT

and one systematic review) were deemed to be the best available

evidence. The RCT included by Ahmed 2014 was also the only

RCT included in our Cochrane Review (Veroux 2010). Ahmed

2014 concluded that laparoscopic AAA repair is just as safe as

EVAR, with similar mortality and morbidity rates and length of

hospital stay.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

There is insufficient evidence to draw any conclusions about ef-

fectiveness and safety of laparoscopic repair of AAA versus open

surgical repair or EVAR, because only one small randomised trial

was eligible for inclusion in this review.

Implications for research

This review highlights the gap in evidence for the use of laparo-

scopic repair of AAA. Future randomised controlled trials are re-

quired.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Veroux 2010

Methods Study design: single centre prospective randomised trial

Length of follow-up: 2 years

Dates of study: May 2006 to May 2008

Location: Italy

Setting: hospital

Participants Number: 100: HALS 50, EVAR 50.

Age, mean years: HALS 61.2 years, EVAR 69.6 years.

Sex: male.

Ethnic group: not stated.

Inclusion criteria: men undergoing elective repair of AAA who did not have preoperative

sexual dysfunction according to International Index of Erectile Function (IIEF)

Exclusion criteria: emergency repair of ruptured aneurysm, juxtarenal aneurysm repair,

previous prostate surgery and preoperative sexual dysfunction (class I and II) according

to International Index of Erectile Function (IIEF)

Diameter of AAA: HALS 5.9 ± 1.8 cm, EVAR 5.7 ± 2.1 cm.

Diagnosis of AAA: not stated.

Co-morbidities: chronic obstructive pulmonary disease: HALS 17, EVAR 24; coronary

artery disease HALS 9, EVAR 8; acute myocardial infarction HALS 6, EVAR 7

Low/high risk patients: not stated.

Interventions Intervention 1: hand-assisted laparoscopic surgery (HALS).

Intervention 2: endovascular aneurysm repair (EVAR).

Outcomes Primary: incidence of sexual dysfunction and retrograde ejaculation

Secondary: perioperative mortality, leg ischaemia, duration of surgery (minutes) and

length of hospital stay (days)

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Randomisation codes were gener-

ated using a validated computer method,

placed in sealed envelopes, each labelled

with a patient number, and opened at pa-

tient admission for AAA repair”

Allocation concealment (selection bias) Low risk Quote: “Randomisation codes were placed

in sealed envelopes, each labelled with a pa-

tient number, and opened at patient admis-

sion for AAA repair”
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Veroux 2010 (Continued)

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk No blinding, but review authors judged

that outcomes and outcome measurements

are not likely to be influenced by lack of

blinding

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Insufficient information to permit judge-

ment of low or high risk of detection bias

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing outcome data.

Selective reporting (reporting bias) Low risk The study protocol is not available but it

is clear that the published report includes

all expected outcomes, including those that

were pre-specified

Other bias Low risk Study appears to be free from other sources

of bias.

AAA: abdominal aortic aneurysm

cm: centimetres

EVAR: endovascular assisted repair

HALS: hand-assisted laparoscopic repair

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

NCT00821145 Study was withdrawn prior to enrolment
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D A T A A N D A N A L Y S E S

Comparison 1. Hand-assisted laparoscopic repair vs EVAR

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 In-hospital mortality 1 100 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

2 Operative time (minutes) 1 100 Mean Difference (IV, Fixed, 95% CI) 53.0 [36.49, 69.51]

3 Major complications 1 100 Risk Ratio (M-H, Fixed, 95% CI) 0.5 [0.05, 5.34]

3.1 Lower limb ischaemia 1 100 Risk Ratio (M-H, Fixed, 95% CI) 0.5 [0.05, 5.34]

Analysis 1.1. Comparison 1 Hand-assisted laparoscopic repair vs EVAR, Outcome 1 In-hospital mortality.

Review: Laparoscopic surgery for elective abdominal aortic aneurysm repair

Comparison: 1 Hand-assisted laparoscopic repair vs EVAR

Outcome: 1 In-hospital mortality

Study or subgroup HALS EVAR Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Veroux 2010 0/50 0/50 Not estimable

Total (95% CI) 50 50 Not estimable

Total events: 0 (HALS), 0 (EVAR)

Heterogeneity: not applicable

Test for overall effect: not applicable

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours HALS Favours EVAR
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Analysis 1.2. Comparison 1 Hand-assisted laparoscopic repair vs EVAR, Outcome 2 Operative time

(minutes).

Review: Laparoscopic surgery for elective abdominal aortic aneurysm repair

Comparison: 1 Hand-assisted laparoscopic repair vs EVAR

Outcome: 2 Operative time (minutes)

Study or subgroup HALS EVAR
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Veroux 2010 50 178 (39) 50 125 (45) 100.0 % 53.00 [ 36.49, 69.51 ]

Total (95% CI) 50 50 100.0 % 53.00 [ 36.49, 69.51 ]

Heterogeneity: not applicable

Test for overall effect: Z = 6.29 (P < 0.00001)

Test for subgroup differences: Not applicable

-100 -50 0 50 100

Favours HALS Favours EVAR

Analysis 1.3. Comparison 1 Hand-assisted laparoscopic repair vs EVAR, Outcome 3 Major complications.

Review: Laparoscopic surgery for elective abdominal aortic aneurysm repair

Comparison: 1 Hand-assisted laparoscopic repair vs EVAR

Outcome: 3 Major complications

Study or subgroup HALS EVAR Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Lower limb ischaemia

Veroux 2010 1/50 2/50 100.0 % 0.50 [ 0.05, 5.34 ]

Total (95% CI) 50 50 100.0 % 0.50 [ 0.05, 5.34 ]

Total events: 1 (HALS), 2 (EVAR)

Heterogeneity: not applicable

Test for overall effect: Z = 0.57 (P = 0.57)

Test for subgroup differences: Not applicable

0.001 0.01 0.1 1 10 100 1000

Favours HALS Favours EVAR
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A P P E N D I C E S

Appendix 1. CENTRAL search strategy

#1 MESH DESCRIPTOR Aortic Aneurysm 100

#2 MESH DESCRIPTOR Aortic Aneurysm, Abdominal 417

#3 MESH DESCRIPTOR Aortic Aneurysm, Thoracic 52

#4 aort*:TI,AB,KY 6589

#5 (juxta renal):TI,AB,KY 0

#6 juxtarenal:TI,AB,KY 3

#7 (juxta renal or juxtarenal ):TI,AB,KY 3

#8 (pararenal or para renal ):TI,AB,KY 4

#9 (suprarenal or supra renal):TI,AB,KY 23

#10 (short neck* or shortneck*):TI,AB,KY 9

#11 (visceral aortic segment):TI,AB,KY 0

#12 thorac*:TI,AB,KY 8787

#13 abdominal:TI,AB,KY 19758

#14 #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR

#12 OR #13

32813

#15 aneur?sm*:TI,AB,KY 2525

#16 #14 AND #15 1038

#17 (JRAAA or JRAAAs or PAAA or PAAAs or TAAA or TAAAs

or JPAA or JPAAs or SRA or SRAs or SRAA or SRAAs):TI,

AB,KY

69

#18 ((aort* near3 (ballon* or dilat* or bulg* or expan*))):TI,AB,

KY

77

#19 #1 OR #2 OR #3 OR #16 OR #17 OR #18 1142

#20 MESH DESCRIPTOR Laparoscopes EXPLODE ALL

TREES

99
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(Continued)

#21 MESH DESCRIPTOR Laparoscopy EXPLODE ALL

TREES

4149

#22 laparosc*:TI,AB,KY 8960

#23 #20 OR #21 OR #22 8960

#24 #19 AND #23 10

Appendix 2. Trial registries searches

ClinicalTrials.gov

4 studies found for: laparoscopic AND aneurysm

World Health Organization International Clinical Trials Registry Platform

3 studies found for: laparoscopic AND aneurysm

ISRCTN Register

2 studies found for: laparoscopic AND aneurysm

C O N T R I B U T I O N S O F A U T H O R S

LR: drafted the protocol, selected studies for inclusion and wrote the review.
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D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

We have amended the title to reflect the objective of the review more accurately. For completeness and clarity we have also provided

further details regarding the primary and secondary outcomes.

I N D E X T E R M S

Medical Subject Headings (MeSH)

Aortic Aneurysm, Abdominal [∗surgery]; Elective Surgical Procedures [adverse effects; ∗methods]; Endovascular Procedures [adverse

effects; ∗methods]; Laparoscopy [adverse effects; ∗methods]; Length of Stay; Operative Time; Randomized Controlled Trials as Topic

MeSH check words

Humans; Male
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