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inTroDucTion To The uK naTional 
screening programme
First introduced in selected UK regions in 2009, the 
national abdominal aortic aneurysm screening programme 
(NAAASP) is now offered to all men aged 65 years, regis-
tered with a general practitioner.1 The original UK-based 
multicentre aneurysm screening study (MASS) demon-
strated the effectiveness of one-time ultrasound screening 
in men aged 65–74  years, with an associated relative risk 
reduction on abdominal aortic aneurysm (AAA)-related 
mortality at 7 and 10 years.2,3 A 2007 Cochrane review 
collating results from the four UK, Australian and Danish 
randomised controlled studies confirmed the benefits of a 
screening programme in men.4

BacKgrounD anD eviDence
The evidence supporting AAA screening in men originates 
from four randomised controlled trials performed between 
1991 and 2004.

The first randomised controlled trial, the Chichester 
study, identified 15,775 men and women registered with 
a general practitioner from a single area (Chichester, UK), 
randomising them to aortic screening or standard care from 
1988–1991.2,5,6 Aortas between 3–4.4 cm were re-imaged 
annually, and those 4.5–5.9 cm every 3 months. Criteria for 
surgery included AAA ≥6 cm, symptomatic AAA (pain) 
and growth of ≥1 cm year–1. The MASS trial3 randomised 
67,770 men aged 65–74 from Oxford, Portsmouth, 
Winchester and Southampton (UK) between 1997–1999. 
Threshold for surgery was lower (5.5 cm).7 The Western 
Australia study invited 41,000 men aged 65 to 79 years for 
screening, identified from the electoral roll (Perth).8 Unlike 
the UK trials, ongoing management was at the discretion of 
patients’ general practitioners.

The Viborg trial recruited 12,628 men (aged 65–73 years) 
between 1994 and 1998 using residential records for 
a single county (Viborg, Denmark).9 Patients with 
an aortic measurement of ≥3 cm were offered annual 
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The UK screening programme began in 2009, and has now been expanded around the UK. Long-term follow-up of the 
original cohorts continues to demonstrate significant benefits for abdominal aortic aneurysm (AAA)-related and all-cause 
mortality, and results from the first 5 years of the formal screening programme have demonstrated similar success. Ultra-
sound scanning is an effective and safe screening tool for the detection of AAA, although a variety of measurement proto-
cols are employed internationally. Key challenges for the future of the programme relate to declining incidence of screen 
detected aneurysms. Recent publications have demonstrated a UK incidence of only 1.34%, compared to 4.9–7.2% of men 
invited for screening in the original trials. Work into increasing engagement amongst the target group, and expanding 
screening to siblings and women is underway to address this issue. This review describes the evidence behind the screening 
programme, its justification in addressing AAA as a significant health problem and discusses some of the potential devel-
opments in the future.
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screening, and those ≥5 cm were offered surgical repair. Mean 
follow-up was 5.1 years, and like the MASS study, data for both 
screening and subsequent intervention was gathered to estimate 
cost- effectiveness.10,11

All four trials analysed results on an intention-to-treat basis; 
however, the Viborg trial only gathered data for in hospital 
deaths. A recent pooled analyses confirmed significant reduc-
tions in AAA-related mortality and incidence of rupture.12 
This did not only relate to events around the time of screening; 
benefits were seen up to 15-year follow-up, with a reduction in 
AAA-related mortality and rupture rates

Based on extrapolation of results from these first screening 
trials, a detection rate of at least 4.5% in men was anticipated.13 
However published data from the first 5-year results of the 
NAAASP found a fall in UK incidence to 1.34%,14 thought to 
reflect reduced rates of smoking and improved medical therapy.

aaa as an imporTanT healTh proBlem
AAA is defined as a full thickness dilatation of the abdom-
inal aortic diameter of ≥×1.5, measured in the anteroposterior 
plane. In men, this is taken to mean 3 cm or greater. Around 
85% of aortic aneurysms occur within the infra-renal segment 
of the abdominal aorta.15 The most common risk factors for 
AAA include smoking, hypertension, hypercholesterolemia, 
increasing age and family history, in common with other cardio-
vascular disease. Other risks, such as connective tissue disorders 
are much less common, and associated with AAA in younger 
patients.16

Risk of AAA begins to rise around the age of 50 in men in whom 
it is significantly more common (ratio of approximately 4:1), and 
later in women. AAA is usually asymptomatic until it ruptures, 
although pain in the abdomen or lower back can represent a rapidly 
enlarging or mycotic aneurysm, which should be considered 
for emergency repair. Aneurysm-related and all-cause mortality 
following ruptured AAA remains high (up to 80%),17 a combi-
nation of pre-hospital death and failure to survive to discharge. 
Recent published analysis calculated a pooled risk of rupture of 
3.5% for AAA 5.5–6 cm, 4.1% for 6.1–7 cm and 6.3% for AAA 
≥7 cm,18 with risk accumulating over time. This has decreased over 
time; previously  AAA ≥6 cm carried a rupture risk of  14.1% in 
men and 22.3% in women,suggesting changes in patient behaviour 
could contribute  to a reduction in AAA-related mortality.19 The 
average risk of rupture in women with AAA of between 5–5.9 cm 
is up to four times as high as in men, hence ongoing debate and 
suggestions that repair should be considered once diameter reaches  
5 cm in women.

Although the screening programme in the UK is active, many 
men are still referred with an incidental finding of AAA 
following investigations for pathology such as prostate cancer. 
The National Vascular Registry (the vascular services quality 
improvement programme that collates and publishes outcomes 
for all major vascular procedures) suggests over half of patients 
are referred to a vascular surgeon over the age of 65 via channels 
other than the screening programme.20

suiTaBle screening TesT
Ultrasound imaging can reliably visualise the aorta in 99% of 
individuals,21 and has been validated against reconstructed 
three-dimensional CT imaging of the aorta with the benefits of 
being non-invasive, non-ionising and not requiring nephrotoxic 
contrast use.22,23 Ultrasound was utilised in all of the major AAA 
screening trials, and supported the significant body of literature 
concluding that AAA screening using ultrasound was time-effi-
cient, inexpensive and accurate.21,24–29

The method at which the aorta is measured is still under 
considerable debate. The three most widely recognised tech-
niques for measuring the aorta with ultrasound are inner-to-
inner (ITI), outer-to-outer (OTO) and leading edge-to-leading 
edge (LELE).30 The UK NAAASP employs the ITI method 
used in the MASS trial. Hartshorne et al showed ITI gave less 
inter and intra observer variability compared to OTO when 
performed by screening technician (reproducibility coefficient 
0.3 vs 0.42 cm) (Figure 1).31

The threshold for diagnosis of AAA is currently set at an infra-
renal aortic diameter of 30 mm. The threshold for referral to 
a vascular surgeon for consideration of treatment is based on 

Figure 1.A transverse image of an AAA from Hartshorne et 
al demonstrating the inner to inner measurement used in 
the NAAASP.31 The aortic diameter is measured in the anter-
oposterior plane. The straight arrows indicate the position of 
the inner anterior and inner posterior wall. The angle arrows 
indicate the position of the outer anterior and outer posterior 
wall. The asterisk indicates an area of mural thrombus on the 
posterior wall. The authors have shown this to demonstrate 
the importance of not placing the posterior inner wall calliper 
on the inner border of the thrombus. AAA, abdominal aor-
tic aneurysm; NAAASP, national abdominal aortic aneurysm 
screening programme.
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the outcomes of the UK small aneurysms trial, which clearly 
demonstrated a shift toward benefit of surgical intervention 
at 55 mm.32 Data has also failed to demonstrate longer-term 
mean survival benefits of early surgery for patients with AAA 
smaller than 5.5 cm.33

Surveillance intervals are set at arbitrary timeframes based 
on less robust evidence, with the assumption that larger AAA 
should be surveyed more frequently. The NAAASP surveil-
lance programme has recently reviewed its protocols and is set 
to change, based on data from the RESCAN study  showing a 
mean rate of growth of 1.28–2.44 mm year–1 for AAA between 
30–44 mm, and 3.61 mm year–1 for AAA of 50 mm. It is therefore 
certain that screening intervals within NAAASP will increase to 
optimise the current service.34

furTher invesTigaTion anD paTienT 
paThway
The UK NAAASP standard operating procedure dictates that 
on detection of a threshold-sized aneurysm (ITI AP diameter of 
5.5 cm or greater on ultrasound) referral to a vascular surgeon 
should be made. All referrals from the screening programme 
should be assessed in a vascular outpatients' department within 
2 weeks. Aneurysms of over 7 cm on screening should be seen in 
the next available outpatient clinic.35

Confirmatory diagnostic re-imaging should be undertaken at 
this stage. This takes the form of CT angiogram (CTA). Recon-
struction of CT images allows assessment of aortic and aneu-
rysm morphology.36 MRI/MRA confers the same anatomical 

information as CTA. Benefits of MRA include negating the 
need for ionising radiation exposure and iodine-based intrave-
nous contrast. MRA is more susceptible to image degradation 
secondary to movement artefact due to the need for the patient 
to lie still for a prolonged period during scanning.36

Digital subtraction angiography has now been superseded by 
CTA/MRA in the initial assessment of AAA. However it does 
still play a crucial role in the dynamic assessment of endovas-
cular aneurysm repair (EVAR) suspected to be suffering from 
endoleak.37

All of these combined with global assessment of the patient suit-
ability for surgical intervention including anaesthetic assessment 
by a specialist vascular anaesthetist and discussion at an AAA 
multidisciplinary team meeting will influence choice of interven-
tion discussed with patients.38 If surgical or endovascular inter-
vention is to be undertaken this should be completed within 8 
weeks of referral from the screening programme.35

generally accepTeD TreaTmenT
Broadly speaking there are two surgical options for AAA repair 
(Figure 2). Open surgery requires laparotomy and exposure of 
the aneurysm, proximal and distal control using arterial clamps, 
and sewing in a synthetic graft to healthy artery to completely 
replace the diseased segment. EVAR describes endovascular 
surgery, in which a fabric covered component stent graft is 
deployed within the aneurysmal component of the aorta to 
create an impermeable seal proximally and distally in unaffected 
areas of the vessel (most commonly a non-diseased infra-renal 

Figure 2.Techniques used for repair of infra-renal AAA.16 (a) Open repair. Once inflow and outflow are controlled the aneu-
rysm sac is opened and a synthetic graft is sutured in place onto normal aorta. (b) EVAR. A covered stent graft is inserted 
into the AAA via the common femoral arteries and is anchored to the normal aorta above the aneurysm and in the iliac arter-
ies below, either by radial force from the spring mounted fabric, or supra-renal fixating hooks. Newer generation stent grafts 
have also been introduced that use aortic sealing technology. AAA, abdominal aortic aneurysm; EVAR, endovascular aneurysm  
repair.

http://birpublications.org/bjr


4 of 7 birpublications.org/bjr Br J Radiol;91:20170306

BJR  Benson et al

section of the aorta proximally, and the common iliac arteries 
distally). Access is obtained via the common femoral arteries in 
the vast majority of cases.

Treatment outcomes for patients followed-up from the first 
5  years of the screening programme showed a mortality rate 
of only 0.8% following elective surgery.39 The most recent UK 
NVR data for all patients undergoing elective AAA repair, has 
shown a mean in hospital mortality of 3% for open repair and 
0.4% for EVAR.20 However, surgical risk is rarely decided by 
the surgeon alone, and is made on a case by case basis. Quality 
improvement initiatives run by the Vascular Society of Great 
Britain have led to the development of several recommendations 
with respect to the patient pathway including: all elective patients 
should undergo review in a multidisciplinary setting including 
a surgeon and radiologist to ascertain suitability for EVAR, all 
patients should undergo standard pre-operative assessment such 
as Cardiopulmonary Exercise testing, and review by an experi-
enced anaesthetist.

cosT efficiency
The initial cost-effectiveness analysis from the Viborg trial demon-
strated significant benefits in terms of prevention of emergency 
hospital admission.40 The calculations and assumptions made in 
the original cost assessments were based on prevalence far higher 
than those found in current practice. The most recent analysis 
performed by the Swedish group in Uppsala used data from the 
MASS follow- up and their own Swedish database to calculate cost 
efficiency.41 They concluded that at current AAA prevalence the 
relative risk reduction of screening is 42% at 13 years. The abso-
lute risk reduction for death from AAA was 15.1/10,000 invited 
men. That is, 530 patients required screening to prevent one death 
from AAA, resulting in a 4.8 life year gain. The incremental cost 
efficiency ratio of Euro per quality-adjusted life year and Euro per 
life year were €14,706 and €11,558 respectively, confirming that 
the programme will remain cost-efficient down to a prevalence of 
0.5%. Taking into account the cost associated with incidental iden-
tification and treatment of AAA in a non-screened control group, 
incidental detection would need to increase by 100% to affect the 
cost benefit of screening.

comparison wiTh inTernaTional 
screening programmes
AAA programmes have been established in the UK, Sweden and 
the USA with fairly consistent design. Each programme is based 
on the same available evidence, and in the current climate, has 
had to undergo significant scrutiny to ensure it is both benefi-
cial to the population and cost-effective for the initiating health 
programme. The largest of all the screening programmes is the 
UKNAASSP,1 whose design follows that of the MASS trial.32 
The UK and Sweden initially invite men in their 65th year for 
a one-off screening ultrasound, whereas the USA programme 
invites men aged 65–75 years with a smoking history.42,43 Inci-
dentally, the USA programme also invites women with a signifi-
cant family history of AAA.

All programmes use ultrasound to screen for AAA with a diam-
eter of ≥30 mm as cut-off; however, the method of measurement 
differs between programmes. The UK uses the (ITI method, the 
Swedish programme uses the LELE method, and the USA does 
not stipulate which measurement is used. To account for possible 
discrepancies, the Swedish programme includes patients with 
sub-aneurysmal aortas (25–29 mm) into a delayed (5-year) 
surveillance. Surveillance intervals vary between programmes 
and are based on aortic measurements (Table 1).

challenges anD conTroversies
The most significant challenge to the AAA screening programmes 
is the declining incidence of AAA in western populations. Prev-
alence of AAA in the seminal trials was between 4.9–7.2%.44,45 
However, prevalence of AAA detection in NAAASP is currently 
only 1.34%,39 in-line with other evidence demonstrating a reduc-
tion in AAA prevalence in western countries.46–49 Due to this, 
various strategies are being investigated to improve uptake and 
AAA detection.

Currently, women are not invited to AAA screening in the UK, 
due in part to a lack of evidence for a benefit in aneurysm-specific 
mortality or cost-effectiveness.50 This is changing, with greater 
interest in studies aiming to investigate screening in women, such 
as the SWAN study (screening women for abdominal aortic aneu-
rysms).51 AAA prevalence is lower in women, with a tendency for 

Table 1.Features of current AAA screening programmes worldwide

Programme Patients Method Threshold for inclusion into 
surveillance Surveillance Schedule Referral to 

surgeon
UK NAAASP Men

65th year
Ultrasound
ITI

30 mm 30–44 mm yearly
45–54 mm 3 months

55 mm

Sweden Men
65th year

Ultrasound
LELE

30 mm
(25–29 mm rescreened at 5 years)

25–29 mm 5 years
30–39 mm 2 years
40–44 mm 1 year

45–50 mm 6 months
50–54 mm 3 months

55 mm

USA Men
65–75 years
Women with significant 
family history

Ultrasound
Not 
specified

30 mm 29–29 mm 5 years
30–34 mm 3 years

35–44 mm 12 months
45–54 6 months

50 mm

ITI, inner-to-inner measurement; LELE, leading edge-to-leading dge; NAAASP, national abdominal aortic aneurysm screening programme.
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