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STUDENT CATEGORY

Should the threshold for elective AAA repair be raised to 7 centimetres?

Hailey Rees, University of Dundee

An abdominal aortic aneurysm (AAA) is a degenerative condition
caused by the abnormal dilatation of the abdominal aorta." In the
UK, there is a prevalence of 1.3% of men with an AAA over the age
of 65 years, and a death rate of 3,000 patients every year.>® As the
mortality from a ruptured abdominal aortic aneurysm approaches
80-90%, the single goal of elective surgical repair is the prevention
of this complication.* In contemporary UK practice, a national
screening programme facilitates the identification of patients with
an abdominal aortic aneurysm and has been demonstrated to
reduce deaths from aortic aneurysm rupture.®° In current practice,
aortic diameter remains the primary trigger to consider elective
repair with the “threshold” for elective aneurysm repair in
asymptomatic aneurysms being an aortic diameter of 5.5cm and
above.?® Whilst this “threshold” is based on a series of randomised
control trials (including UK Small Aneurysm Trial and Aneurysm
Detection and Management Trial),”® which demonstrated reduced
risk of rupture and patient mortality, it remains (to an extent)
arbitrary. This is due to limited data comparing the effects of
surveillance in aortic diameters >5.5cm to that of surgical
intervention, and whether the risk of aneurysm rupture is significant
enough to warrant surgical repair at smaller diameters.® Therefore,
it comes into question whether or not the current repair threshold
by studious default should be raised to larger diameters such as
that of 7cm.

In current literature, determining the risk of AAA rupture in
correlation with pre-operative aortic diameter has proven to be
significantly challenging.® The general consensus within clinical
practice is an increasing aortic diameter would increase a patient’s
risk of rupture and mortality.® Whilst this remains true, it is important
to consider the relative risk of rupture with increasing diameter and
whether this risk is significant enough to justify operative
management at larger diameters. Grima et al., aimed to determine
the relationship between mean diameter of intact AAAs (IAAA) for
elective repair with rupture rates (rAAA) in 9 different countries6.

This incorporated a wide variation in mean aortic diameter, most of
which, beyond the recommended threshold (u = 6.2cm in males,

J = 5.9cm in females).® Results found no statistical significance
between reported mean iIAAA diameter and rAAA repair rate. A
meta-analysis by Parkinson et al, investigated untreated aneurysms
in patients declared unfit for surgical repair with percentage risk of
rupture per year. It was concluded that cumulative risk of rupture
was 3.5% in aneurysms 5.5-6.0cm in diameter, 4.1% between
6.1-7.0cm, and 6.3% for >7.0cm. Despite showing a generalised
increase in rupture rate with increasing diameter, the rupture rates
were lower than which is commonly reported in literature.™
However, determining at which size the rupture risk is significant
enough remains unclear. Reported by Lo et al, the size of an AAA
at point of rupture in male patients was 7.9cm and for females,
7.1cm." Retrospectively, such studies demonstrate the relative risk
of rupture in patients with aortic diameters above the
recommended threshold could be managed conservatively under
surveillance without surgical intervention. This is due to the lack of
statistically significant relationships between high rupture rates in
larger aneurysms and the low mortality rates in aneurysms
measuring 6.1-7.0cm.

Evidence to the contrary deems mortality risk of larger
aneurysms too great for the clinical threshold to be raised above
5.5cm. A retrospective study by Noronen et al, analysed mortality
rates in patients with aneurysms that met elective repair criteria but
not operative criteria.® Of the 798-patient cohort, they found with
increasing aneurysm diameter, there was a decrease in cumulative
survival more so in aneurysms sized >6.1cm. Furthermore, the
median time of aneurysm rupture reduced by 50% when aortic
diameter reached >6.1cm demonstrating a more probable
likelihood of rupture in larger aneurysms.® It has also been
commonly reported in many studies that patients with an AAA are
likely to die from other causes, than they are by aneurysm rupture.
Noronen et al, further analysed causes of death in accordance with
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aortic diameter as shown in Figure 1.° Independent of aortic

diameter, the leading cause of death was that of aneurysm rupture.

Therefore, it could be suggested that elective repair in larger

aneurysms would provide significant benefit to patients and reduce
mortality secondary to rupture. By reducing disease burden through

early intervention when diameters meet current guidance, the
likelihood of rupture is reduced before the risk poses too great a
threat or deemed surgically untreatable.

Emergence of the COVID-19 pandemic profoundly affected
services supplied by the UK National Health Service. This led to

substantial delay in elective AAA repairs.’? New guidance by the UK

National Joint Vascular Implementation Board came to light to

postpone elective AAA procedures and re-evaluated the diameter
threshold for repair.’® This decision involved balancing risks around

COVID-19 and operative mortality, with rupture risk.™
Recommendations published were to delay elective repair by 12
months in aneurysms measuring 5.5-6.0cm, and 6 months if
6.0-7.0cm."? McGuinness et al, evaluated through probabilistic
sensitivity analysis, the potential harm delayed AAA repair could
have on patients.'5 This study reported a probability of survival

increase with immediate operative management in aneurysms sized

5-6.9 cm, compared with delayed repair. Moreover, aneurysms

>7cm reported similar, however the survival probability distribution
was lower compared to aneurysms of 5-6.9cm.™ Therefore, a delay
in elective repair of aneurysms could pose increasing risk of harm to
patients with larger aneurysms. However, reported aneurysm sizes
met both the current threshold criteria for elective repair and larger.

Evidently, despite surgical interventions improving probability of
survival, patients were living with much larger aneurysms before
repair, and showing increasing benefit of surgical management at
these diameters.

It could be argued that had there been no delay in surgical
intervention, this could further improve probability survival at

Figure 1 Causes of death in reference to aortic diameter.
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smaller aneurysm sizes. It is important however, to put this
probability into perspective and quantify the risk larger aneurysms
at 7cm have on mortality. Kim et al, evaluated the impact delayed
services had on patient mortality and the change of elective
threshold to 7cm during the pandemic.' This study noted a delay of
1 year for elective repair contributed a modest increase in mortality
of 0.4% compared to two years, where mortality increased to 1.9%
(Figure 2). The risk of rupture increased in a similar fashion
exhibiting a 0.7% increase in mortality after one year and 3.1% at
two years (Figure 2).1? This established patients could potentially
live under surveillance at larger diameters with a relatively low risk
of rupture and mortality, but within a shorter time period of 2 years.
Another consideration is the post-operative risk of elective
repair and whether operative management at the recommended
threshold is causing patients more harm than good. Comparing
effects of surveillance versus elective repair of aneurysms <5.5.cm
as demonstrated by the UKSAT, ADAM, CAESAR and EVAR 2
trials, researchers could not demonstrate any benefit for early
elective repair when compared with surveillance alone.""816.17
Such literature provided evidence to support the current threshold.
Despite this, there is limited evidence to support elective repair over
surveillance in larger aneurysms closer to that of 7cm. Whilst
patients undergoing operative management are at risk of
complications such as infection or haemorrhage, the EVAR 1 trial
demonstrated that EVAR exhibited inferior late survival benefit
compared with OAR." Patients with larger aneurysms of >6.0cm
also tend to be older, have reduced surgical fithess and
unfavourable neck anatomy.'® Zarins et al, investigated the effects
of EVAR after a 5-year period in both small (<5.0cm) and large
(>6.0cm) aneurysms. Results of this study found patients with

Figure 2 Change in outcome (%) over varying time at an
increased 7cm threshold.
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larger aneurysms, showed an increased risk of aneurysm rupture
and mortality, surgical conversion and suffered more aneurysm-
relate deaths post-EVAR compared to the small aneurysm cohort.™
Whilst this in hindsight would favour the recommended threshold, it
could be argued that increasing this threshold to 7cm would
prolong the incidence of post-operative complications as this would
be offered further down the line. However, finding the balance
between surgical fithess of a patient, with the benefits of surgical
repair against mortality and rupture rates is difficult to quantify.

Considering factors discussed, the implications larger
aneurysms could have on patient’s lives remains challenging. It
comes into question whether patients are undergoing unnecessary
operative repair at smaller diameters. Such parameters could
increase risk of secondary repairs and complications compared to
monitoring when the risk of rupture is not as high as previously
thought. However, many patient factors have to be carefully
considered when clinicians offer elective repair. More research is
required to establish long-term effects of surveillance and repair in
larger aneurysms to support a change in threshold. This would
provide evidence to build risk assessment criteria by incorporating a
patient’s clinical risk factors with their risk of mortality over varying
time.
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Should the threshold for elective AAA repair be raised to 7 centimetres?

Faraaz Khan, Thames Valley

Introduction

Determining the threshold for elective AAA repair is a balance
between rupture risk with likely mortality and elective operative risk.
Repair options include open surgical repair (OSR) and more
recently endovascular aortic repair (EVAR). The clinical landscape
of AAA is ever changing with decreased rates of ruptured AAA
(rAAA) and improved operative outcomes. As such the balance
between surveillance and intervention must be reassessed over
time with particular focus on whether intervention only improves
AAA-related mortality and not all-cause mortality which is especially
pertinent in an aging population. In parallel, we may begin to
observe a shift away from a single metric to ensure inclusivity to all
patient demographics and strive for personalised medicine.

Current practice and evidence

The European Society of Vascular Surgery (ESVS) published
guidance on the management of AAA, including the indications for
elective repair (Table 1)."

Table 1 ESVS guidelines summarised for elective AAA repair.

Recommendation Class of Level of
Evidence Evidence
22 AAA diameter > 5.5cm in men | A
23 AAA diameter > 5.0cm in women Ilb ©
24 Rapid AAA growth > 1cm/year lla (
25  Symptomatic AAA | ©

The thresholds established for elective intervention in men are
founded on the results of four clinical trials. With comparison to
surveillance for aneurysms <5.5cm in diameter, the UKSAT and
ADAM trials evaluated OSR. The CAESAR trial and PIVOTAL study
evaluated EVAR.?® A review concluded that none of the trials
individually or collectively found a significant difference in outcomes
between surveillance or intervention for long term survival or quality
of life. Based on lack of clinical benefit and greater cost of
intervention over surveillance the minimum threshold for men has
since been well-established at 5.5cm for elective repair.

The origin of the 5.5cm threshold for men originates from
studies from the early 2000s that found that the rAAA rate was
associated with AAA diameter and importantly, a high AAA-related
mortality rate for patients with an AAA diameter >5.5cm (Table 2).6
Notably, the mortality rate in patients with an AAA diameter of
5.5-5.9cm (9.4%) was approximately 10-fold higher than that of
patients with an AAA diameter of 4.0-5.5cm as reported in the

JOURNAL OF VASCULAR SOCIETIES GREAT BRITAIN & IRELAND

Table 2 Data extracted from Lederdle 2002 where probable
rupture rate included definite and likely cause of death being
a rAAA.

AAA Rupture Rate

Initial AAA Diameter 12 months
55-59cm 9.4%
6.0-6.9 cm 10.2%
(6.5-6.9 cm) (19.1%)

>7.0cm 32.5%

UKSAT and ADAM trial. However, this is not an accurate
comparison as the patient demographics are unequal, for example
co-existing incidence of hypertension (66.2% vs 40%), and the
clinical trials excluded patients not fit for surgery.

A review of 11 studies found much lower rAAA rates by AAA
diameter in patients unfit for surgery in contrast to earlier reports
such as the ADAM trial (Table 3).>" It is likely the rupture rate has
decreased over the past few decades likely due to changing patient
demographics and better management of comorbidities (Table 3).8
As the rupture rate and risk of AAA-related mortality is seemingly
lower than that of non-AAA related causes, this calls into question
whether the current elective threshold should be increased. One
of the included studies monitored the progress of patients turned
down for elective AAA repair over 10 years. There was little
difference in the rate of rupture and non-rupture related death in
patients with an AAA of 5.5-5.9cm while differences were noticed in
patients with an AAA >6¢cm by 6 months.®

Table 3 Data extracted from Parkinson 2015 and ADAM trial
(AAA diameter groups have been matched to be closely related
between the different studies)

Incidence of Death
from non-AAA

Ruptured AAA Incidence by Diameter

Initial AAA Yearly ADAM  EUROSTAR related cause
Diameter Rupture Trial Registry
Rate 1997 2000
55-6.0cm 3.5% 9% 3.3% 9.9%
6.1-7.0cm 41% 10% 9.4% 8.9%
>7.0cm 6.3% 33% 24% 12.3%

Whether outcomes of elective repair are dependent on
aneurysmal size will also influence the threshold for elective repair.
A retrospective study found that those with smaller aneurysms
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(<5.5cm) were more likely to survive at the 1 year (93% vs 88%)
and 6 year (64% vs 47%) timepoints even after adjusting for age
and sex.'® Multiple reports of comparisons of elective repair for
outcomes of small (<5.5cm) or large AAAs and have found reduced
odds for all-cause mortality, in addition to freedom from
complications for small aneurysms.'"-'* This collection of evidence
suggests that the decision to increase the elective repair threshold
is not only dependent on risk of rupture but also the differing clinical
outcomes when operating on larger aneurysms.

Contrastingly, improvements in perioperative management of
elective and rAAA repair would allow for a decrease or increase in
the elective threshold respectively. Improvements in repairing
rAAAs could mean that patients can be kept under surveillance for
longer to reach a higher elective threshold in the knowledge that if a
rupture did occur the likelihood of success is acceptable. Patient
post-op and perioperative mortality post emergency rAAA repair
has decreased significantly, based on data from the NSQIP
database over the 2005-2011 period.™ It is possible the increased
widespread use of EVAR and new techniques have contributed to
this shift. A retrospective study of 152 rAAA and 467 elective AAA
repair patients found that rAAA patients had a significantly higher
30 day mortality rate (32.9% vs 3.4%) but after this period a similar
change in survival rate over time (Table 4).'® Improvements to
perioperative outcomes in rAAA repair, specifically to match that of
elective AAA repair would suggest increasing the elective repair
threshold. However, it still remains that around half of patients with
rAAA do not make it to hospital for emergency repair.!”

Table 4 Survival rate over time in patients treated with intact
or rAAA

Survival rate 3 year 5 year
Intact AAA 78% 65%
rAAA 48% 41%

Studies have reported conflicted results for the use of use of
antiplatelets and beta blockers to benefit survival in elective
repair.'8'9 Statin use however has been shown to reduce elective
AAA operative risk and improve long term survival.?® However, there
is no evidence of medical intervention that can prevent AAA
growth.?" Further improvements to elective outcomes may indicate
a decrease in threshold would be appropriate.

National screening

UK and Sweden screening programmes invite men over 65 years
old for an ultrasound assessment using a 5.5cm threshold. While
the Chichester (UK) study did not find a significant decrease in AAA
related mortality, the Sweden screening programme did so
successfully.?2® A 2014 review of 4 screening studies in different
locations found that AAA screening did not reduce all cause
mortality at any time point in the 15 years of data collection
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available.>* However, when additional follow up data from the
Western Australia trial was subsequently included there was small
but significant reduction in all cause mortality (RR 0.986) and AAA-
related mortality.?> NHS AAA screening is cost effective with a
reported £7370 per quality-adjusted life-year (QALY) gain which is
comfortably within the NICE threshold.?®?” However, with
decreasing AAA prevalence, methods to maintain cost-effectivness
such as lengthening surveillance intervals has been evaluated but it
is unclear if the marginal benefit is sufficient to change clinical
practice.?® Increasing the elective repair threshold would likely
decrease cost of elective surgeries but at the expense of an
increased rAAA rate.

Demographic pitfalls of current practice

A major limitation of the studies discussed in this article is that their
patient demographic is predominantly western men. The RESCAN
meta-analysis found that women have up to 4 times increased
likelihood for rAAA compared to men and at a smaller average
diameter (5.0 vs 6.0cm).?°30 The AAA diameter is also inferior to
the aortic size index (ASI, a ratio between AAA diameter and body
surface area) for women in predicting rAAA.3! The ASI for women is
higher than that of men for both intact and rupture AAA repair.
Therefore, the discussion regarding thresholds for elective repair in
women should be expanded to use a more appropriate metric.
\Women have a significantly higher mortality than men following
elective AAA repair and are less likely to be eligible for EVAR %23
Due to lack of data, it is not possible to clearly determine the risk of
rAAA in women stratified by AAA diameter or ASI and so further
studies are required to inform future practice.®® Similarly, current
thresholds may not be appropriate for ethnic minorities who
experience increased incidence of perioperative and postoperative
complications.®¢37 It is unclear whether this is due to socioeconomic
factors such as access to high volume vascular centres or genetic
factors that could account for increased incidence of comorbidities.
Nonetheless, recognising these differences would include
considering increasing the threshold of elective AAA repair in these
demographics.

Personalised thresholds

A step towards personalised medicine in AAA has included the
British Aneurysm Repair (BAR) Score, a multivariate model for
elective AAA repair by OSR or EVAR (Table 5).% It provides an
estimate of the risk of in-hospital mortality based on data from the
National Vascular Database. The Aneurysm Repair Decision Aid

Table 5 Risk of in-hospital mortality post elective AAA repair.

Age Female Sex Serum Creatinine > 120
Cardiac Disease Abnormal ECG Previous aortic surgery
or stent
White Cell Count Serum sodium AAA diameter

ASA grade Type of Repair
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(ARDA) is another tool that uses patient data from the RESCAN
project with an aim to inform if elective AAA repair is optimal for an
individual patient.*° It takes into consideration factors such as
advancing age, AAA growth and comorbidities. The broad
recommendations of this tool suggest earlier repair in younger and
fitter patients and in contrast surveillance in elderly patients with
comorbidities. These multifactorial tools, if validated, will likely
replace individual scores such as the AAA diameter for determining
if elective AAA repair is appropriate.

Conclusions

The elective threshold would be best considered on a case-by-case
basis. Population-based analysis has provided strong
recommendations but widespread applicability is questionable.
Furthermore, the changing landscape of AAA incidence and repair
means the conclusions of older studies must be reconsidered. The
use of a more sophisticated scoring system will likely replace the
single metric of AAA diameter but in the interim it is unlikely the
threshold will be increased to as high as 7cm from 5.5cm but trials
should be carried out to evaluate alternative thresholds.
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