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1. Introduction

Mass screening is claimed for finding a disease in which symptoms are not yet occurred.
The indication for such an examination is given if the early detection of the disease allows
treatment with lower morbidity and mortality than treatment at an advanced stage. In
addition, the long-term prognosis of the patients must be considered. Screening makes only
sense if the overall mortality of a specific population can be diminished by the diagnostic
and therapeutic measures. In assessing the screening for an asymptomatic abdominal aortic
aneurysm (AAA) that has to be treated surgically to avoid the rupture of the AAA with its
associated high fatality rate, the expected extension of life should be weighed against the
risk of surgery. It must be ensured that the untreated disease would progress to rupture of
the AAA with fatal outcome. The benefits of screening and subsequent prophylactic
operation must be contrasted its risk and cost. It is the objective of the following remarks to
outline the value of screening for AAA on the basis of studies on the prevalence of AAA,
risk of rupture, and the results of surgical treatment. Meanwhile, two different approaches
are available for the treatment of AAA, open repair and endovascular aneurysm repair
(EVAR). The considerations for prophylactic repair of AAA must therefore also include
morbidity and mortality of the two interventions and the evaluation of cost-benefit ratio.
This will be shown in the following.

2. Prevalence of abdominal aortic aneurysm and mortality rate

Generally, an AAA is considered to be present when the minimum anterioposterior diameter
of the aorta reaches 3.0 cm (Hirsch et al.,, 2006). The prevalence of AAA depends on various
risk factors, as advancing age, family history, male gender, and tobacco use. According to the
ACC/AHA guidelines (Hirsch et al., 2006) the prevalence of AAA 2.9 to 4.9 cm in diameter
ranges from 1.3 % for men aged 45 to 54 years up to 12.5 % for men 75 to 84 years of age.
Comparable prevalence figures for women are 0% and 5.2 %, respectively. Scott et al., 1995
reported in men and women aged 65-80 years a prevalence rate of 4 % overall and 7.6 % of
men. Vardulaki et al., 1999 observed in two different areas the prevalence of AAA ranging
between 5.3 % and 8% and between 6.18% and 9.88 %, respectively, in men aged between 65
and 79 years. In the Multicentre Aneurysm Screening Study (MASS) the prevalence in men
aged 65-74 years was 4.9% (Ashton et al., 2002). In these studies the AAA was defined as an
aortic diameter > 3cm. If clinically important aneurysms are only taken into account (AAA
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measuring > 4 cm in diameter) the indicated prevalence would be lower. Van Walraven et al.,
2010 identified the prevalence of incidental AAA during imaging for other reasons. In 79,121
abdominal images 812 incidental AAA with a mean diameter of 4.0 cm (1% of all studies) were
detected in patients with a mean age of 74 years. Lederle et al., 1997 reported the results of
ultrasonography screening for AAA in 73,451 US veterans who were 50 to 79 years of age and
had no history of AAA. The infrarenal aortic diameter was at least 4 cm in 1031 patients (1.4%),
368 patients (0.5%) had an AAA of 5 cm or larger. Smoking was the factor most closely
associated with AAA in this study. In men who never smoked the prevalence of AAA 4 cm or
larger was 0 % (patient age 50 to 59 years) and 0.8% (patient age > 75 years), respectively. The
corresponding figures for men who smoked were 0.9 % and 2.7 %, respectively. A second
cohort study of the Department of Veterans Affairs medical centers (Lederle et al., 2000)
including 52,745 subjects aged 50 to 79 years confirmed the findings previously reported and
supported the hypothesis that AAA is primarily a smoking-related disease. In this study AAA
of 4.0 cm or larger were detected in 613 participants (1.2%). The excess prevalence associated
with smoking accounted for approximately 75% of all AAA of 4.0 cm or larger. Smoking as a
very strong risk factor for AAA was also proven by the Tromse study (Forsdahl et al., 2009).
When subjects who reported to have never been a daily smoker were compared with those
who currently were smoking 20 cigarettes or more, the latter group had a > 13 times increased
risk of an incident AAA during follow-up. In the women's health initiative, an observational
study involving 161,808 postmenopausal women, too, a strong positive association between
smoking and clinically important AAA was found (Lederle et al., 2008). The prevalence
defines the number of AAA present in a specific population during a particular point in time.
This does not mean that these subjects will die of a ruptured aneurysm. Vardulaki et al., 1999
estimated the prevalence of AAA reaching around 10 % of the population at an age of 74 years,
nevertheless in the year 1997 ruptured AAA caused not more than approximately 2.1 % of all
deaths in men and 0.75 % of all deaths in women over the age of 65 in England and Wales.
These data have not changed in the last 10 years; on the contrary, the mortality rate might be
even decreasing. In the year 2009, 2415 men, 72.4 % of them being > 75 years old, and 1239
women, 71.8 % of them being > 80 years old, died of ruptured AAA in England and Wales
(Office for National Statistics, 2011). In addition, 402 men and 184 women died of AAA
without mention of rupture. With reference to 238,062 deaths in men and 253,286 in women, in
2009 therefore merely 1% of all deaths in men and 0.49 % in women were caused by ruptured
AAA in England and Wales. Including the insufficiently defined cases, AAA caused 1.18% of
all deaths in men and 0.56 % in women. In men 65 years of age or older, ruptured AAA caused
1.24 % of deaths and 1.45%, respectively, including the insufficiently defined cases. For the
USA, 2,423,712 deaths are reported in the year 2007, including 12,986 deaths caused by all
kinds of aortic aneurysms and dissections, not only AAA. 58.7 % of these patients were 75
years of age or older. These were 0.53% of all deaths, and 0.58% of the deaths in men and
women over the age of 64 years, respectively (Xu et al., 2010). The small percentage of deaths
due to AAA and the relatively old age of the population dying of ruptured AAA demonstrate
the impossibility to increase significantly the median life expectancy of the total population by
an untargeted mass screening for AAA (Dimick & Upchurch, 2003) and call for more
sophisticated strategies, also for financial reasons.

3. Risk of rupture

The statements about the natural course of the disease and the risk of rupture are mainly
based on the results of the randomized studies that compared immediate repair with
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surveillance for small AAA (Lederle et al., 2002; UK Small Aneurysm Trial Participants,
1998, 2002). The evidence report prepared for the Agency for Healthcare Research and
Quality (AHRQ) analyzed these and further observational studies (Wilt et al., 2006). They
came to the conclusion that the annual risk of rupture is 1% or lower for AAA less than 5.5
cm. The 1-year risk of rupture increases with aneurysm size and may exceed 10% in
individuals with AAA > 6cm. For AAA that attain a size of > 8 cm, the risk may exceed 25 %
at 6 months. Female sex, higher mean arterial blood pressure, current smoking, and poor
lung function increase the risk of aneurysm rupture in addition to the size of initial AAA
diameter (UK Small Aneurysm Trial Participants, 1999, 2002). A systematic review of the
literature concluded that the rupture rate of small AAA with a diameter range 3.0-5.5 cm
amounts to 0 to 1.61 ruptures per 100 person-years (Powell et al., 2011). These authors
criticized that most studies have been poorly reported and did not have clear ascertainment
and diagnostic criteria for aneurysm rupture. The inaccurate assessments of the risk of
rupture might be due in part to the bimodal growth pattern of AAA observed by A.R.
Thompson et al., 2010. They found nearly 50% of all aneurysms never progressing to
surgery and rupture. Conversely, adjusted annual growth rates of at least 2 mm significantly
predicted AAA-related events. In addition, medical treatment may influence the growth rate
of AAA. Schlgsser et al., 2008 reported for small AAA (initial AAA diameter between 3.0
and 5.5 cm) a rupture rate of 0.9 % per patient-year corresponding to the data mentioned
above. The mean expansion rate of AAA was 2.5 mm / year in this study. Patients using
lipid-lowering drugs had a 1.2 mm/ year lower AAA growth rate compared to non-users.

4. Treatment recommendations

In the absence of symptoms related to an aneurysm, the threat that the aneurysm will
rupture is the major consideration. The treatment recommendations have to regard on the
one hand the natural course of the disease, the risk of rupture, and the life expectancy of the
patient, and on the other hand the morbidity and mortality of the prophylactic surgical
intervention. The ACC/AHA guidelines give the following treatment recommendations
(Hirsch et al.,, 2006): - Patients with AAA measuring 4.0 to 5.4 cm in diameter should be
monitored by ultrasound or CT scans. - Patients with AAA measuring 5.5 cm or larger
should undergo repair to eliminate the risk of rupture. - Intervention is not recommended
for asymptomatic AAA measuring less than 5.0 cm in men or less than 4.5 cm in women. -
Repair can be beneficial in patients with AAA measuring 5.0 to 5.4 cm in diameter. This
latter recommendation is not based on the results of the trials that were cited (Lederle et al.,
2002; UK Small Aneurysm Trial Participants, 2002). Both trials reported no benefit from
repair of AAA less than 5.5 cm in diameter or in any subgroup of patients defined by
aneurysm diameter at entry, a finding that directly refutes the ACC-AHA recommendation,
for which no alternative justification is presented (Lederle et al., 2006). Survival was not
improved by elective repair of AAA smaller than 5.5 cm compared with surveillance, even
when operative mortality was low (Lederle et al., 2002; UK Small Aneurysm Trial
Participants, 1998, 2002). In the UK Small Aneurysm Trial, even after 12 years of follow-up
mortality in the surgery and surveillance groups actually did not differ (63.9% and 67.3 %,
respectively) (Powell et al., 2007). A Cochrane review also found no overall benefit for early
surgery of small AAA (4.0 to 5.5 cm) (Ballard et al., 2008). Here are the indications for
endovascular aneurysm repair (EVAR) currently the same as for open repair. Under the
hypothesis that the perioperative risk might be lower with EVAR compared to open repair,
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the PIVOTAL study has sought to determine whether EVAR for AAA measuring 4 to 5 cm
in diameter compared to surveillance might be of benefit (Ouriel et al., 2010). Among
patients randomized to treatment, 89% underwent aneurysm repair. Among patients
randomized to surveillance, 31 % underwent aneurysm repair during the course of the
study. Significant differences with respect to aneurysm rupture or aneurysm-related death
could not be detected between both groups after a mean follow-up of 20 + 12 months. EVAR
and rigorous surveillance appeared to be equally safe alternatives for patients with small
aneurysms, at least in the short-term run.

5. Perioperative mortality after endovascular and open repair of AAA

The evidence report prepared for the AHRQ (Wilt et al., 2006) compared EVAR with open
repair in patients who were medically fit for open repair. The pooled 30-day mortality was
1.6 % for EVAR vs. 4.7 % for open repair of AAA. This may lead to the conclusion that
endovascular repair is preferable to open repair with respect to the 30-day operative
mortality. The conclusion is based mainly on the results of the EVAR 1 trial (Greenhalgh et
al., 2004) and the DREAM study (Prinssen et al.,, 2004), which found a perioperative
mortality for EVAR vs. open repair of 1.6% vs. 4.6%, and 1.2% vs. 4.6%, respectively. Later
on, an additional 170 patients were enrolled in the EVAR 1 trial, with mortality at 30 days
after surgery of 1.8% in the endovascular repair group and 4.3 % in the open repair group
(United Kingdom EVAR Trial Investigators, 2010a). Also in the Veterans Affairs
Cooperative Study, EVAR resulted in fewer perioperative deaths than open repair (0.5 % vs.
3.0%) (Lederle et al., 2009). In patients 67 years of age or older, a study with 22,830 matched
patients in each cohort described a perioperative mortality after EVAR of 1.2 % vs. 4.8 %
after open repair. The reduction in mortality with EVAR increased with patient age (2.1%
difference for patients 67 to 69 years old to 8.5% for those 85 years of age or older)
(Schermerhorn et al., 2008). Additional information provides a systematic review and meta-
analysis of the literature including 28,862 patients. In this review, the pooled estimate for
operative mortality with EVAR was 3.3% (95% confidence interval 2.9 to 3.6%) (Franks et al.,
2007). In reverse, a meta-analysis considering 115,273 elective open AAA repairs mentioned
a mean mortality rate of 5.56 %, with a significant relationship between higher surgeon
caseload and lower mortality (E.L.Young et al., 2007). After all, the German national registry
comprising 10,163 elective open repairs of AAA performed in 131 hospitals reported an
overall perioperative mortality rate of 3.2% (Eckstein et al., 2007).

5.1 Long-term outcome after endovascular and open repair of AAA

Long-term outcome after aneurysm repair depends on the patient’s age, his risk factors and
comorbidities. In the UK Small Aneurysm Trial, the death rate in these patients was about
twice that in the general population matched for age and sex (Powell et al., 2007). Others
found the long-term survival after elective AAA open repair similar to that in the general
population, with a survival rate of 50.7 % and 31.5 % at 10 and 15 years after surgery. The
main cause of death was cardiovascular disease (18.2%), followed by cancer (14.5%) (Vega
de Céniga et al., 2010). In the Swedish Vascular Registry, crude long-term survival at 10
years after elective AAA repair was 33.8% for women and 40.4 % for men (Mani et al., 2009).
Excluding AAA repair-related mortality, defined as death within 90 days after surgery,
relative survival at 10 years after repair was 53.6 % for women and 72.2 % for men. Two
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randomized trials compared the long-term outcome after endovascular vs. open repair of
AAA. In the UK EVAR 1 trial, after a median follow-up of 6.0 years 260/626 (41.5 %)
patients had died in the EVAR group compared with 264/626 (42.2%) in the open repair
group (United Kingdom EVAR Trial Investigators, 2010a). 76 of these 524 deaths were
aneurysm related, 5.8% in the EVAR and 6.4% in the open repair group. This means that the
early benefit of lower operative mortality in the EVAR group was completely lost in the
longer term, with substantially higher aneurysm-related mortality in the EVAR group than
in the open repair group during follow-up. In the DREAM study, too, no differences were
seen between both procedures in total mortality or aneurysm-related mortality in the long-
term run. Six years after randomization, the cumulative overall survival rates were 69.9% for
open repair and 68.9 % for endovascular repair (De Bruin et al., 2010). In patients considered
to be physically ineligible for open repair of AAA the survival rates are distinctly lower. In
the EVAR 2 trial those patients were randomly assigned to undergo EVAR or to have no
intervention (United Kingdom EVAR Trial Investigators, 2010b).The mean age of the
patients was 76.8 £ 6.5 years, the mean aneurysm diameter was 6.7+ 1.0 cm. After a median
follow-up of 3.1 years, death from any cause was seen in 145/197 (73.6%) patients of the
EVAR group and in 160/207 (77.3%) of the no repair group. Thus, EVAR as compared with
no intervention did not lead to an improvement in overall survival, although the aneurysm-
related mortality was significantly reduced by the intervention. (The overall aneurysm-
related deaths were 25/197 (12.7%) in the EVAR group and 53/207 (25.6%) in the no repair

group).

5.2 Reinterventions and readmissions after endovascular and open repair of AAA

Graft-related complications and reinterventions constitute an argument against
endovascular repair. In the EVARI trial, the overall rates of graft-related complications and
reinterventions were higher by a factor of three to four in the EVAR group than in the open
repair group (United Kingdom EVAR Trial Investigators, 2010a). The rate of complications
for all patients was 12.6 per 100 person-years in the endovascular repair group and 2.5 per
100 person-years in the open repair group. The DREAM study (De Bruin et al.,, 2010)
reported six years after randomization cumulative rates of freedom from secondary
interventions of 81.9% for open repair and 70.4 % for EVAR. After open repair, the most
frequent reintervention was correction of an abdominal incision hernia, whereas EVAR
reinterventions were most often performed because of endograft-related complications, such
as endoleak and endograft migration. The French ACE trial compared EVAR and open
repair in patients with AAA anatomically suitable for EVAR and at low-risk or
intermediate-risk for open surgery (Becquemin et al., 2011). At 3 years of follow-up, there
was no difference in in-hospital mortality or survival, however, the crude percentage of
reinterventions was higher in the EVAR group than after open surgery (16% vs. 2.4%) with a
trend toward a higher aneurysm-related mortality ( 4% vs. 0.7%). In this study, open repair
of AAA proved to be as safe as EVAR in patients with low to intermediate risk factors, but
remained a more durable option. In the two cohorts of Medicare beneficiaries described by
Schermerhorn et al., 2008 late survival was similar after open repair as compared with
EVAR, but late reinterventions related to AAA were more common after EVAR vs. open
repair (9.0% vs. 1.7%). This higher reintervention rate was balanced by an increase in
laparotomy-related reinterventions and hospitalizations after open repair (overall, at 4 years
these interventions occurred in 4.1% of patients in the EVAR group and 9.7 % in the open
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repair group). This research team reported subsequently long-term results without any
change in the conclusion (Giles et al, 2011). Through 6 years of follow-up, overall
reinterventions or readmissions were slightly more common after EVAR vs. open repair (7.6
vs. 7.0/100 person-years). Reinterventions or readmissions accounted for 9.6% of all EVAR
deaths and 7.6% of all open repair deaths in the follow-up period. The difference likely
contributed to the erosion of the perioperative survival benefit of EVAR over time.

5.3 Cost-effectiveness of endovascular and open repair of AAA

A detailed cost analysis of EVAR and open repair was provided in the EVAR 1 trial (United
Kingdom EVAR Trial Investigators, 2010a). The mean cost of the primary aneurysm repair
was £13,019 in the EVAR group and £11,842 in the open repair group. During 8 years of
follow-up, the mean cost of aneurysm-related readmissions was £2,283 in the EVAR group
and £442 in the open repair group. The total average cost of aneurysm-related procedures in
the EVAR group was £3,019 more than in the open repair group. A Health Technology
Assessment (HTA) report analyzed the cost-effectiveness of endovascular repair of AAA in
patients at varying levels of risk on the basis of six published decision models (Chambers et
al., 2009). Both models considered relevant for the decision in the UK concluded that EVAR
was not cost-effective on average compared with open repair at a threshold of £20,000 per
quality adjusted life-year (QALY). Based on the results of this assessment of clinical
effectiveness and cost-effectiveness, open repair should be the treatment of choice for
patients with AAA who have good or moderate fitness. In subgroup analysis, EVAR was
likely to be cost-effective in patients with a poor risk of operative mortality. In patients
considered of very poor fitness or unfit of open repair, EVAR may be cost-effective at a
threshold of £20,000 per QALY up to 77 years in patients with an 8 cm aneurysm, up to 74
years in patients with a 6 cm aneurysm, and up to 71.5 years in patients with a 5 cm
aneurysm. Increasing the threshold to £30,000 per QALY increases the age at which EVAR is
cost-effective by about 2 years. The HTA report (Chambers et al., 2009) besides concluded
that EVAR cannot currently be recommended for the treatment of ruptured aneurysms.
Hayes et al., 2010 came to the opposed argumentation. In their health economic model
EVAR dominated open repair in the base case analysis, with a mean cumulative
cost/patient of £17,422 for EVAR and £18,930 for open repair of acute (ruptured or
symptomatic) AAA. In the emergency setting, EVAR was cost-effective compared with open
repair at a threshold value of £20,000 to 30,000 per QALY.

5.3.1 Cost-effectiveness of surgery vs. surveillance in small aneurysms

Cost was analyzed in the UK Small Aneurysm Trial (Powell et al., 2007). After 12 years of
follow-up, three-quarters of the surveillance group eventually had aneurysm repair.
Estimates suggested that the cost of treatment was 17% higher in the early surgery group
compared with the surveillance group, with a mean difference of £1326. In this trial, most of
the patients underwent open aneurysm repair. Whether EVAR would be more cost effective
in small aneurysms compared with surveillance was analyzed by K.C. Young et al., 2010 in a
Markov model. The model demonstrated that early EVAR for 4.0 cm-5.4 cm AAA led to
fewer QALYs at greater costs when compared with observational management and elective
repair at 5.5 cm. From this data it must be concluded that in patients with small aneurysms
surveillance is more cost effective than early surgery independently of the kind of surgical
procedure.
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6. Mortality of ruptured AAA (rAAA)

Heikkinen et al., 2002 assessed the mortality of rAAA in a defined geographic area. The
mean annual incidence of rAAA was 6.3/100,000 inhabitants. Out of 221 patients presenting
with rAAA, 82 (37%) died before arriving at hospital. 79.8 % of the admitted patients
underwent emergency surgery. The overall hospital mortality was 63.3 %, including the
nonadmitted cases the cumulative mortality of rAAA was 76.9 %. Similar ratios were
observed by Qureshi et al., 2007. In this study, 48% (225/468) of patients with rAAA died
before surgical repair (including the patients dying in the community). The 30-day
perioperative mortality of rAAA was 43 % (105/243 patients), while overall mortality was
70% (330/468), including the deaths in the community. Filipovic et al, 2007 analyzed
treatment and outcome after emergency hospital admission for rAAA in England. A total of
2463 women and 7615 men were admitted with a primary diagnosis of rAAA (mean age
79.8 and 74.9 years, respectively). Only 60% of patients underwent surgical repair (39.6 % of
women and 66.4% of men). Overall, 75.6 % of women and 61.7 % of men died within 30
days of admission. McPhee et al., 2007 used the Nationwide Inpatient Sample of the USA to
identify 37,016 patients presenting with rAAA between the years 2001 and 2004. In this
analysis, too, women were less likely to undergo surgical intervention compared to men
(59% vs. 70%). For those that underwent repair, women had higher in-hospital mortality
rates than men (43% vs. 36%). A metaanalysis of 116 studies published between 1991 and
2006 and comprising 60,822 patients suggested that overall mortality of open repair for
rAAA was 48.5 % and did not change significantly over the years (Hoornweg et al., 2008).

6.1 Endovascular vs. open repair of ruptured AAA

The question arises whether EVAR might be superior to open surgery for treatment of
rAAA. No randomized trials could be identified so far by a Cochrane review to answer this
issue (Dillon et al., 2007). There was no high quality evidence to support the use of
emergency EVAR in the treatment of rAAA. Nevertheless, these authors assumed that in
selected cases EVAR may be associated with a trend towards reduction in blood loss,
duration of intensive care treatment, and mortality. This assumption is confirmed by a series
of 104 consecutive patients with rAAA, of whom 25 underwent endovascular repair, and 79
open surgery (Ten Bosch et al., 2010). In this study the intraoperative, 30-day, and 6-month
mortality was 4%, 20%, and 28% after EVAR compared with 6.1%, 45.5%, and 54.5% after
open surgery. Davenport et al., 2010 examined the National Surgical Quality Improvement
Program database from the years 2005 to 2007 to compare 30-day multicenter outcomes for
endovascular vs. open repair of rAAA. After adjustment for preoperative mortality risk
factors, the mortality risk was higher for open repair vs. EVAR but did not reach
significance. However, composite 30-day morbidity risk was significantly lower after EVAR
vs. open repair of rAAA. Open repair was associated with increased transfusion
requirements. Veith et al., 2009 argued that EVAR has a lower procedural mortality at 30
days than open repair at least in selected cases and that EVAR is better than open repair for
treating patients with rAAA provided they have favorable anatomy. In this collected
experience with use of endovascular repair in 1037 patients with rAAA overall 30-day
mortality after EVAR was 21.2%. Centers performing EVAR for rAAA whenever possible,
did so in 28% to 79% of their patients, and had a 30-day mortality of 19.7% for 680 EVAR
patients and 36.3 % for 763 open repair patients. In addition, outcome following
endovascular and open repair of rAAA was evaluated by Giles et al., 2009 interrogating the
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Nationwide Inpatient Sample database to identify all repairs between 2000 and 2005 for
rAAA. In the study period, 2323 patients (1794 men; median age 75 years) with rAAA had
endovascular repair, while 26,106 patients (20,311 men; median age 73 years) had an open
procedure. Overall mortality after rAAA repair was 40.8%, 32.6% for endovascular and
41.5% for open repair. Mortality after EVAR was significantly lower than after open surgery
for patients 270 years (36% vs. 47%), but not for those <70 years (24% vs. 30%). McPhee et
al.,, 2009 used the same database for the years 2001- 2006. They as well demonstrated lower
overall in-hospital mortality for EVAR than open repair of rAAA (31.7% vs. 40.7%). The
survival benefit of EVAR over open repair was amplified by institutional volume. Higher
elective open repair as well as rAAA volume increased the mortality advantage for EVAR.

6.2 Long-term outcome after repair of ruptured AAA

In the Swedish Vascular Registry (Mani et al., 2009) the 10-year crude survival after rAAA
repair was 13.2 % in women and 24.9 % in men; the relative survival, excluding AAA repair-
related mortality, was 46% and 68.4%, respectively. Schlosser et al., 2010 have quantified
the age-and gender-specific mortality risks for 1,463 patients hospitalized for rAAA. Mean
age was 79 years in women and 72 years in men. Mortality risks at 28-day, 1-year, and 5-
year increased significantly with age (28-day: from 36 to 91 % in men, and 59 to 92% in
women; 5-year: from 51 to 97% in men and 79 to 96 % in women). In patients aged <80
years, mortality risks were significantly higher in women than in men. Cerebrovascular
disease and previous hospitalization for congestive heart failure were significant predictors
of short- and long-term mortality. It must remain an open question whether a prophylactic
aneurysm repair before rupture would have had a major influence on the life expectancy of
these patients.

7. Screening for AAA

The essential findings regarding screening are subsumed in a Cochrane review on the basis
of four completed randomized controlled studies (Cosford & Leng, 2007). These were
conducted in Chichester, UK (Scott et al., 1995), in the UK (Multicentre Aneurysm Screening
Study) (MASS) (Ashton et al., 2002), in Perth, Western Australia (Norman et al., 2004), and
in Viborg, Denmark (Lindholt et al., 2005). In these trials, 15,775 men and women aged 65 to
80 years (Chichester), 67,800 men aged 65 to 74 years (MASS), 41,000 men aged 65 to 83
years ( Western Australia), and 12,639 men aged 64 to 73 (Viborg) were randomly allocated
to ultrasound screening for AAA or no intervention. The Cochrane review concluded that,
in summary of the results, there was a significant reduction in mortality from AAA in men
aged 65 to 79 years who undergo ultrasound screening ( odds ratio (OR) 0.60; 95%
Confidence Interval (CI) 0.47 to 0.78). There was insufficient evidence to demonstrate benefit
in women (Cosford & Leng, 2007). All-cause mortality was not significantly different
between screened and unscreened groups three to five years after screening (men, OR 0.95;
95% CI 0.85 to 1.07); women, OR 1.06; 95% CI 0.93 to 1.21). This had been expected given the
relative infrequency of AAA as a cause of death. Meanwhile the final results of the
Chichester study have been reported (Ashton et al., 2007) with respect to 6040 men
randomized to ultrasound screening or to the control group. Screening detected an AAA in
170 patients. In the group of men invited for screening, AAA-related mortality was reduced
over a median 15-year follow-up period from 1.8 to 1.6 %, although the results were not
significant for this population size. A mortality benefit from screening men aged 65 to 74
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years for AAA was seen in MASS over 10 years of follow-up (S.G. Thompson et al., 2009). In
this trial 33,883 men were invited to screening and 27,204 (80%) attended. 1334 aneurysms >
3.0 cm were detected at initial scan. Patients were referred to a hospital for possible elective
surgery when the aneurysm reached 5.5 cm, the aneurysm had expanded by 1em or more in
one year, or symptoms attributable to the AAA were reported. Surveillance involved
rescanning: annually for those with AAA diameters of 3.0 - 4.4 cm and every three months
for those with diameters of 4.5 to 54 cm. Over the 10 years of the trial 552 elective
operations took place in the invited group and 226 in the control group. Overall, 155 deaths
related to AAA (absolute risk 0.46 %) occurred in the invited group and 296 (0.87%) in the
control group. Total mortality, however, did not differ significantly between both groups
(30.3 % in the invited group and 30.9% in the control group, respectively), because deaths
from AAA comprised only about 2% of all deaths. A comparable long-term benefit was
observed in the Viborg trial. The relative risk reduction of the screening program in AAA-
related mortality was 66%, but the risk reduction in all-cause mortality amounted merely 2%
(Lindholt et al., 2010). The number needed to screen to save one life was 352 (Lindholt et al.,
2005). Pooled mid-term and long-term effects of screening on AAA-related and total
mortality were examined by Lindholt & Norman, 2008 in a meta-analysis including new
data not considered in the Cochrane review (Cosford & Leng, 2007). Screening offered a
significant mid-term reduction in AAA-related mortality. In addition, all-cause mortality
was reduced after 3 to 5 years, but not significantly. The long-term results showed a
significant reduction in AAA-related mortality and overall mortality. A significantly greater
number of elective operations, and significantly fewer emergency operations were also
noticed in the invited group compared to the controls. An updated meta-analysis of
randomized controlled trials of AAA screening in men aged > 65 years revealed also a
strong trend toward a significant benefit provided by screening. Screening for AAA
showed a reduction in all-cause long-term mortality by 5 per 1000 compared with controls
(number needed to screen to save one life was 217) (Takagi et al., 2010a). The
recommendations of the U.S. Preventive Services Task Force (USPSTF) are consistent with
the results of the studies mentioned. One-time screening for AAA by ultrasonography in
men aged 65 to 75 years who have ever smoked is recommended (grade B
recommendation). No recommendation is made for or against screening for AAA in men
age 65 to 75 years who have never smoked (grade C recommendation). The USPSTF
recommends against routine screening for AAA in women (grade D recommendation) (U.S.
Preventive Services Task Force, 2005). The Society for Vascular Surgery (SVS) greatly
expanded these recommendations (Chaikof et al., 2009) in contrast to the USPSTF. The SVS
recommends one time ultrasound screening for AAA for all men at or older than age 65, or
as early as age 55 years for those with a family history of AAA (Level of recommendation:
strong. Quality of evidence: high). One-time ultrasound screening for AAA is recommended
for all women at or older than 65 years with a family history of AAA or who have smoked
(Level of recommendation: strong. Quality of evidence: moderate). As a direct consequence
of these recommendations the Screen Abdominal Aortic Aneurysms Very Efficiently
(SAAAVE) Act is effective in the USA since January 2007. Medicare beneficiaries have access
to a free, one-time ultrasound screening to check for AAA. The screening will be available
for men who have smoked at least 100 cigarettes during their life, and men and women with
a family history of AAA. On this basis, a total of 2918 veteran males 65 to 75 years of age
(average age, 71 +/- 6 years) were screened for AAA over a 1-year period (Lee et al., 2009).
An AAA was diagnosed in 5.1% (148/2918) of patients. The majority of aneurysms (83%)
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were small (3.0 - 4.4 cm). A clear-cut indication for prophylactic repair (aneurysm diameter
> 5.5 cm) was given in 4.1 % (6/148) of aneurysms and 0.2 % of patients, respectively. The
NHS in the UK also announced an AAA screening program being introduced gradually
across England from spring 2009. Once fully implemented, the program will invite all men
for screening during the year that they turn 65. Depending on the results from the scan
surveillance imaging (follow-up scan) will be offered in a year for patients with an AAA of 3
to 4.4 cm, and in three months for patients with an aortic diameter of 4.5 to 5.4 cm. Men with
a large aneurysm of over 5.5 cm are referred to a consultant vascular surgeon to discuss
treatment (NHS Abdominal Aortic Aneurysm Screening Programme, 2011).

7.1 Aneurysm surveillance/ rescreening

The optimal frequency of aneurysm surveillance has not been defined by randomized
clinical studies. The SVS (Chaikof et al., 2009) recommends the following procedure. Re-
screening patients for AAA is not recommended if an initial ultrasound scan performed on
patients 65 years of age or older demonstrates an aortic diameter of < 2.6 cm (Level of
recommendation: strong. Quality of evidence: moderate). Follow-up imaging at 5-year
intervals is recommended for patients with a maximum aortic diameter between 2.6 and 2.9
cm (Level of recommendation: weak. Quality of evidence: low). Follow-up imaging at 3
years is recommended for patients with an AAA between 3.0 and 3.4 cm (Level of
recommendation: strong. Quality of evidence: low). Surveillance imaging at 12-month
intervals is recommended for patients with an AAA of 35 to 44 cm (Level of
recommendation: strong. Quality of evidence: low). Surveillance imaging at 6-month
intervals is recommended for patients with an AAA of 45 to 54 cm (Level of
recommendation: strong. Quality of evidence: low).

7.2 Cost effectiveness of screening for AAA

The high mortality of rAAA, particularly when the patients who die before surgical repair
are considered and not exclusively the procedure related mortality, certainly favors the
recommendation of prophylactic repair of asymptomatic AAA and therewith a generous
screening. However, the comorbidities of these patients and their age have to be kept in
mind if the efficacy and cost effectiveness of screening and prophylactic surgery should not
be overestimated.The cost effectiveness of ultrasound screening for AAA has been assessed
in several studies. In MASS, the adjusted mean additional cost per patient screened was £
63.4 at 4 years follow-up (Multicentre Aneurysm Screening Study Group, 2002). 47 fewer
deaths related to AAA were observed in the screening group than in the control group at
total additional costs of £ 2.2m. Over 4 years the estimated mean incremental cost
effectiveness ratio for screening was £ 28,400 per life year gained. Because the main costs of
the program (initial screening and elective surgery for those with aneurysm diameter > 5.5
cm) occur early on, whereas the benefit in terms of life years increases over time, the cost per
life year gained was estimated to fall around £ 8000 after 10 years. This estimation was
confirmed later on. The extent of reduction in number of deaths related to AAA in the
invited group led to an estimated incremental cost effectiveness ratio of £ 7600 per life year
gained over the 10 years of the trial (S.G. Thompson et al., 2009). The cost effectiveness of
screening for AAA was also estimated in the Viborg trial. The costs per life year saved were
Euro 9057 after 5 years (Lindholt et al., 2006). In the long-term run screening was found to
be even more cost effective, at a probability above 0.97 for a willingness to pay threshold of
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Euro 5000 (Lindholt et al., 2010). In contrast, the cost effectiveness of screening Danish men
aged 65 for AAA was rejected by Ehlers et al., 2009a. They developed a decision tree and
Markov model to simulate the short-term and long-term effects of screening for AAA. In
this analysis, the incremental cost effectiveness ratio varied from £32,640 to £ 66,001 per
QALY with a mean cost of £43 485. At a willingness to pay threshold of £30,000 the
probability of screening being cost effective was less than 30%. Their study contradicted the
widespread conception that screening for AAA is cheap. A possible reason for the
discrepancy between this study and that by S.G. Thompson et al., 2009 might be that the
MASS results (S.G. Thompson et al., 2009) reflect a sample group screened at age 65-74.
Ehlers et al., 2009a, however, have directly modeled the effects of the current policy of
inviting men aged 65 to participate in a screening program, what is fundamentally different
from a one-time screening of all elderly men (Buxton, 2009; Ehlers et al. 2009b). This latter
approach will benefit from a higher prevalence of AAA and thus show a better cost
effectiveness (Ehlers et al. 2009b). Ehlers et al., 2009a emphasized that ultrasonography may
be cheap on a per person basis, but screening is not just a test but a program. If screening is
to be effective then overall administration of the program, operational planning, a
communication strategy, a quality assurance system, and more are needed. Hoffmann et al.,
2009 assessed routine screening for asymptomatic AAA in high-risk patients in an
emergency department. The sonographers were able to completely visualize and correctly
measure the abdominal aortas of only 71% of patients. AAA ultrasonography performance
varied markedly among sonographers, depending on training and experience (Hoffmann et
al., 2010). Even in a special aortic screening program, out of 2918 patients 9.9 % were
inappropriately screened (Lee et al., 2009). How the quality of ultrasonography influences
the cost effectiveness of screening programs has to be carefully monitored. In all published
decision analytic models of AAA screening, patients with an AAA > 5.5 cm were assumed to
face a constant probability of rupture no matter how many years they have had a large AAA
(Ehlers et al., 2008). If all men are screened in the year that they turn 65 the calculated
number of gained life years due to screening could be overestimated as the age of males
dying of ruptured AAA is well over 65 years (72.4 % of men who died in 2009 of ruptured
AAA in England and Wales were > 75 years old, see above). In MASS, the mean age of the
men who died at 10-year follow-up was 74.7 years in both, invited group and control group,
respectively. These findings did not suggest any major general differences in health care
between the groups as a result of screening (S.G. Thompson et al.,, 2009). In addition,
economic evaluations did not incorporate evidence that the lives of tobacco smokers are
generally shorter than those of the general population (> 90% of patients with AAA have a
history of smoking) (Ehlers et al., 2008). MASS found an association between AAA death
and participation in the AAA screening program, but life-style issues were not controlled.
The gained life years could be due to other things than surgery such as smoking cessation
and further life-style changes (Ehlers et al., 2009b). In this context it should be noted that
statin therapy was not analyzed in the cost effectiveness studies. The use of statins seems to
slow the growth of small aneurysms and to improve freedom from aneurysm repair and
rupture (Schouten et al., 2006; Mosorin et al., 2008; Takagi et al., 2010b). If these results
should be confirmed in randomized studies, the recommendations for small aneurysm
repair would have to be modified and the cost effectiveness of screening would be
diminished. Moreover, the introduction of EVAR could have a negative impact on cost
effectiveness of screening what must be evaluated in the future. Provided that screening
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and/or repair are employed on a much wider scale than occurred in the trials, the ratio of
benefit to harm would be reduced or even reversed. EVAR is assumed to be a moderately
risky procedure, if screening leads to a large increase in elective EVAR in patients whose
AAA would never have ruptured, the expected benefit of screening on AAA-related
mortality may never be realized (Lederle, 2008). Instead screening all men during the year
that they turn 65, a selective screening might be more cost effective. Mani et al.,, 2010
evaluated the long-term outcome and the cost effectiveness of selective AAA screening
among patients referred to the vascular laboratory for arterial examination. An AAA was
detected in 181 of 5924 (3%) patients (mean age 72.8 years), of whom 21.5% underwent
elective repair (perioperative mortality 5.1%) after 7.5 years of follow-up. In this analysis,
screening was cost effective (11,084 Euro/life year gained) which suggests that screening
patients with atherosclerotic disease, rather than the whole population, might be more cost
effective (Greenhalgh, 2004).

8. Conclusion

The available data have proven the benefit of screening with respect to a reduction of AAA-
related mortality. One-time screening for AAA by ultrasonography in men aged 65 to 75
years who have ever smoked is therefore recommended (U.S. Preventive Services Task
Force, 2005). Whether these recommendations should be further extended as suggested by
the Society for Vascular Surgery (Chaikof et al., 2009) is debatable. So far, the risk reduction
in all-cause mortality by screening is small. Changes in the management of ruptured and
non-ruptured aneurysms such as EVAR might have a significant impact on efficiency and
cost effectiveness of screening programs that is not elucidated. Some doubts remain with
respect to the NHS screening program (Johnson, 2008) inviting all men for screening during
the year that they turn 65. At least for smaller aneurysms the risk of rupture is difficult to
estimate. Statins and other new treatments are expected to decelerate the growth of small
aneurysms found by screening. The mortality of prophylactic AAA repair can be greater
than the likelihood of rupture. Operative results of hospitals are central to whether
screening saves or looses lives (Greenhalgh & Powell, 2007). Operative mortality may be
lower with EVAR compared with open repair; however, EVAR comprises frequent follow-
up examinations. In addition, reinterventions which impair patient’s quality of life are more
common after EVAR than after open repair. People who have been screened and found to
have an aorta that is dilated less than 5.5 cm, will be condemned to six monthly or annual
ultrasound examinations to estimate the size of the aneurysm. These people have felt
comfortable as long as they were not informed about the diagnosis; the impact of the
knowledge of the diagnosis on quality of life is scarcely investigated. The demand for
national screening programs concerns not only patients with a possible indication for
operation but also the much greater group of persons in whom the size of the aneurysm is
small and constitutes no indication for treatment (and will never be so). Johnson, 2008
claims rightly, that persons taking the test will need intensive counseling about the possible
consequences that screening might have for their future lives and psychological wellbeing.
The psychological consequences of screening were described by Lindholt et al., 2000.
Quality of life was lower among men with a small AAA compared to the controls and
declined further below control values during the period of conservative treatment.
Diagnosis of an AAA impaired quality of life permanently and progressively in
conservatively treated patients, anything but surprising, since a cohort of patients find it
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intolerable to have what they often describe as a “time bomb inside” them (Johnson, 2008).
As far as cost effectiveness of screening for AAA is concerned, the society in question has to
decide whether £ 7600 up to more than £ 44,000 per life year gained is adequate. In the case
of limited resources it is justified to ask whether the funds should be used for search of an
asymptomatic disease or whether it would be better to invest in prophylactic measures like
smoking cessation. The lack of attention that smoking cessation receives in some primary
and specialist settings is a concern; > 90% of patients with AAA have a history of smoking.
Nicotine replacement therapy and brief counseling by physicians costs around US $ 2000 to
6000 per life year saved compared with no treatment (Lancet, 2009). These caveats
emphasize that costs and outcomes of screening for AAA need to be carefully monitored.
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