
Vol.:(0123456789)1 3

https://doi.org/10.1007/s11886-022-01662-z

PERIPHERAL VASCULAR DISEASE (WS JONES, SECTION EDITOR)

Contemporary Management of Abdominal Aortic Aneurysms

Kofi B. Quaye1 · Neena Pack1 · Timothy Wilson‑Byrne1 · Chandler A. Long1 

Accepted: 17 December 2021 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract
Purpose of Review Abdominal aortic aneurysms (AAA) can carry extremely high mortality rates and most will only pre-
sent with symptoms with impending rupture. We present an overview of management of this disease process starting with 
screening, to medical management, surveillance and treatment options currently available, as well as those being studied 
for future use.
Recent Findings Screening has been proven to reduce the mortality rate. There still remains a paucity of data to support 
medical therapies to help mitigate the rate of aneurysm growth and prevent rupture. However, on the topic of repair, there 
have been advancements in endovascular devices which have broadened the scope of treatment for patients with anatomy 
not amenable to standard endovascular repair or those who are not suitable candidates for open surgical repair.
Summary Appropriate surveillance, risk factor modification, and operative repair, when indicated, are the cornerstones of 
contemporary management of AAAs. Advancements in endovascular technologies have allowed us to treat more patients. 
Further research is warranted on non-operative medical therapies.
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Introduction

The natural history of abdominal aortic aneurysms (AAAs) 
can carry mortality rates upwards of 88% after rupture and in 
2017 was the etiology of more than 9900 deaths in the USA 
[1, 2]. The management of AAAs has evolved significantly 
from the pioneering efforts of proximal ligation with Cooper 
and Matas, and arterial wrapping championed by Poppe [3]. 
Most aneurysms only present with symptoms with impend-
ing rupture. Outside of this, it is essentially a silent disease 
making early diagnosis and management critical to the goal 

of rupture prevention. Appropriate surveillance, risk factor 
modification, and operative repair, when indicated, are the 
cornerstones of contemporary management of AAAs.

Background

Aneurysms can be defined as any abnormal dilatation 
greater than 50% of normal arterial diameter. They are fur-
ther defined by their morphology as fusiform, concentric 
saccular, or eccentric saccular. While the average aortic size 
varies by location of the aorta and by gender, the abdominal 
aorta has classically been viewed to have a normal diameter 
less than 3 cm [4]. The precise mechanism of aneurysmal 
degeneration is complex and not fully elucidated, but gen-
eral understanding involves smooth muscle apoptosis and 
degeneration of the media [5].

The most feared complication of AAAs is rupture as it can 
lead to immediate mortality through rapid exsanguination 
into the retroperitoneal space and peritoneal cavity. The Law 
of Laplace articulates the relationship between wall stress, 
diameter, and pressure, suggesting that increased aneurysm 
size leads to increased risk of rupture due to increased wall 
stress placed on the already damaged endothelium [6].
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The prevalence of AAAs ranges from 4 to 8% in screen-
ing studies, affecting predominantly males [7, 8]. Some risk 
factors for the development of AAA include advanced age, 
male gender, presence of other arterial aneurysms, family 
history, as well as hypertension and smoking which are the 
most modifiable risk factors for development.

Screening

Early detection plays a critical role in reducing the associ-
ated mortality of AAAs due to the dramatically reciprocal 
survival outcomes observed after elective repair compared 
to that after rupture. The Multicenter Aneurysm Screen-
ing Study (MASS) is a commonly referenced multicenter 
randomized control trial including 67,770 patients which 
concluded that ultrasound screening for AAAs in men ages 
65 to 74 leads to a reduction in number of deaths related to 
AAA after 10 years [9].

The US Preventive Task Force recommends a one-time 
screening with duplex ultrasound for all men ages 65 to 
75 who have a smoking history and selectively to those of 
the same age who have never smoked [10]. While they cite 
insufficient evidence to offer screening to women, the Soci-
ety of Vascular Surgery (SVS) carries broader recommenda-
tions in both gender and age. They recommend a one-time 
screening ultrasound to both men and women ages 65 to 75 
with a history of smoking, those over the age of 75 with a 
history of smoking, but in good health, as well as those over 
the age of 65 with a first-degree relative with an AAA [11•]. 
It should be noted that the latter two groups carry weaker 
recommendations with lower quality of evidence.

Medical Management

Once the diagnosis of an AAA is made, either through a 
screening ultrasound or as an incidental finding on another 
imaging study, medical management to help reduce the risk 
of aneurysm growth and rupture becomes paramount. The 
two main modifiable risk factors for this are smoking and 
hypertension. While there is strong evidence that demon-
strates smoking increases the risk of aneurysm development 
and growth, there have been no studies that have proven 
the degree of efficacy of smoking cessation’s effect on the 
mitigation of growth once an aneurysm is present [12, 13].

Similarly, despite the wealth of evidence that hyperten-
sion is strongly associated with aneurysm development, a 
2019 meta-analysis found no difference in the growth rate 
of aneurysms between patients with hypertension and those 
without [14]. The limitation of this study is that the deter-
mination of which patients were in the hypertension cohort 
versus non-hypertension cohort appears to be based solely 

on a diagnosis. This does not confirm that the patients in the 
hypertension group had adequate control of their blood pres-
sure, nor does it rule out undiagnosed hypertension patients 
being present in the non-hypertension cohort. Thus, it is still 
our practice to recommend smoking cessation and manage-
ment of hypertension with lifestyle modifications and anti-
hypertensive medications when indicated in patients with 
aneurysmal disease.

There are currently no medications that have been proven 
to reduce the rate of growth or prevent rupture. While there 
has been some data that supports this concept in non-human 
subjects, this has not been reproducible in humans. Data 
recently published from a randomized clinical trial demon-
strated no benefit in reducing the rate of aneurysm growth 
in patients treated with doxycycline [15]. An observational 
study found no association between aneurysm growth 
in patients taking beta blockers, angiotensin-converting 
enzyme (ACE) inhibitors and angiotensin II receptor block-
ers (ARBs), though there was a negative association found 
in patients with a concomitant diagnosis of diabetes mel-
litus [16]. Further research is warranted to investigate other 
non-invasive medical therapies to treat aneurysmal disease.

Surveillance and Treatment Indications

Regular surveillance is required to monitor for aneurysm 
growth. This follow-up is critical in rupture prevention as the 
risk of presenting emergently with a rupture was six times 
higher in patients who have gaps in their surveillance [17]. 
Intervals vary based on AAA size with current guidelines 
recommending surveillance imaging every 3 years for aneu-
rysms between 3.0 cm and 3.9 cm, every 12 months for those 
between 4.0 cm and 4.9 cm, and every 6 months for those 
between 5.0 cm and 5.4 cm [11•], Evidence has shown that 
smaller aneurysms grow slower than larger aneurysms with a 
median growth rate of 1.9 mm per year for aneurysms under 
4 cm, 2.7 mm per year for those between 4.0 cm and 4.5 cm, 
and 3.5 mm per year for aneurysms measuring 4.6 cm or 
greater [18].

As aneurysms increase in size, the risk for rupture 
increases as well. Respectively, aneurysms measuring 4 cm 
to 5 cm carry an annual rupture risk of 0.5 to 5%, 5 to 6 cm 
with 3 to 15% risk, 6 to 7 cm with 10 to 20% risk, 7 to 8 cm 
with 20 to 40% risk, and aneurysms measuring greater than 
8 cm carry an annual rupture risk of 30 to 50% [19]. Rapid 
growth of an aneurysm is defined by an increase in size of 
0.5 cm within 6 months or 1 cm within 12 months. If there 
is evidence of rapid growth, or an aneurysm reaches the size 
of 5.5 cm in males or 5.0 cm in females, elective repair is 
recommended. The difference in threshold size for repair 
between genders is due to the increased risk for rupture 
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in women, notwithstanding the smaller size of the normal 
abdominal aorta in women [20].

The threshold of 5.5 cm and 5.0 cm in men and women, 
respectively, has held up to further evaluation in the era of 
endovascular repair. We still do not see any survival benefit 
of repairing smaller aneurysms. Both the Aneurysm Detec-
tion and Management Veterans Affairs Cooperative Study 
(ADAM) and the UK Small Aneurysm Trial (UKSAT) dem-
onstrated that there was no benefit noted for repair of aneu-
rysms smaller than 5.5 cm [21, 22]. This was also seen in 
the Comparison of Surveillance Versus Aortic Endografting 
for Small Aneurysm Repair Trial (CAESAR) that examined 
endovascular repair of smaller aneurysms [23]. Again, in all 
these trials, an early survival disadvantage to the operative 
group due to the risks of surgery versus surveillance was 
noted. However, UKSAT noted survival curves of the sur-
veillance group and the operative group of aneurysms under 
5.5 cm eventually crossed at the 3-year mark [24].

Aside from patients with evidence of rapid growth or 
those who eventually reach the threshold size for repair, 
there are several other indications for treatment regardless 
of the aneurysm size. These include patients presenting 
with rupture or symptoms concerning for impending rup-
ture, those with thromboembolic events secondary to mural 
thrombus within the aneurysm, patients experiencing mass 
effect and compression of vital structures in the abdomen, 
or those with fistulization and hemorrhage into other hol-
low viscus structures (i.e. bowel, ureter, etc.). There are two 
types of treatment available — open repair and endovascular 
aortic repair (EVAR). The decision to pursue one over the 
other can be impacted by a variety of factors including the 
indication to treat, anatomy, concomitant comorbidities, and 
patient preference.

Patients presenting with rupture or impending rupture 
should be treated with the most expedited repair modality 
possible, understanding that not every facility will have end-
ovascular capabilities readily available. It is recommended 
that all hospitals have a protocol in place to streamline man-
agement and treatment of ruptured AAA patients with a goal 
of door-to-OR time less than 90 min [11•].

Open Repair

Overview

Prior to the advent of endovascular repair, open repair was 
the only modality available for the treatment of AAAs. 
This entails accessing the abdominal aorta through either 
a midline transperitoneal approach or left retroperitoneal 
exposure, and replacement of the diseased segment with 
either a prosthetic or homograft conduit. The graft is sewn 
to non-diseased aorta proximal to the aneurysmal segment. 

A beveled anastomosis can be used to preserve the native 
visceral vessels for aneurysms that extend into this region. 
For those that involve a significant portion of, or the entire 
visceral segment, individual visceral bypasses may be indi-
cated. The location of the distal anastomosis can also vary 
depending on the caudal extent of aneurysmal disease. For 
aneurysms that terminate within the abdominal aorta, a tube 
graft may be used with the distal anastomosis being placed 
just proximal to the aortic bifurcation. For aneurysms that 
abut or entail the bifurcation, or in patients with concomitant 
iliac aneurysms, a bifurcated graft may be used with the dis-
tal anastomoses being placed in the distal iliac or proximal 
femoral system. The redundant aneurysm sac is repurposed 
to provide full coverage of the graft, serving as a biologic 
barrier to reduce the risk of aortoenteric fistula formation.

Outcomes

To fully elucidate the outcomes of open AAA repair, it 
should be noted that multiple patient risk factors and intra-
operative techniques must be considered. The SVS, through 
use of the Vascular Quality Initiative (VQI), has outlined 
risk factors that one must be cognizant of when assessing 
overall perioperative morbidity and mortality. These include 
patient risk factors of advanced age, chronic obstructive pul-
monary disease (COPD), renal dysfunction and prior aortic 
surgery, as well as operative risk factors of suprarenal or 
supraceliac proximal clamp placement [11•].

Historically, mortality rates from elective openAAA 
repair have been as high as 8%, but contemporary analy-
ses demonstratemortality rates from 2% to 5% in multi-
institutional studies as outlined in Table 1 [25–33]. These 
findings are similar to the open arms found in the large 
randomized controlledtrials comparing open versus endo-
vascular aortic repair [34–36].

Many of these patients have significant baseline comor-
bidities and thus perioperative complications are inevitable. 
In an analysis of Medicare claims data comparing endovas-
cular versus open repair of AAAs, Schermerhorn et al. found 
that of the 22,830 patients who had undergone open repair, 
9.4% sustained a postoperative myocardial infarction (MI) 
and 10.9% suffered acute renal failure with 0.5% needing 
dialysis [30]. The rate of acute renal failure and need for 
dialysis increases up to 20% and 3.5%, respectively, for those 
with aneurysms involving the visceral segment [37]. Colonic 
ischemia is an uncommon, but well-known complication that 
needs to be monitored for as it can be found at a rate of 0.2 
to 6% [38–42].

After AAA repair, patients will still require some degree 
of surveillance. For those treated with open repair, it is 
recommended that a computed tomography angiography 
(CTA) be obtained five years postoperatively. Long term, 
there is the risk of developing anastomotic aneurysms and 
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degeneration of the native aorta adjacent to the graft. These 
can occur at a rate of 1% at 5 years, 5% at 10 years, and 20% 
at 15 years [43, 44].

Endovascular Repair

Overview

Unlike open repair where the aneurysm sac is removed, the 
principal of endovascular repair is based on exclusion of 
the aneurysm sac. This is accomplished by deployment of 
an intraluminal stent graft that seals proximal and distal to 
the aneurysm therefore diverting flow through the graft and 
removing pressure off the sac that could lead to rupture. 
Wire access is first obtained via the bilateral common femo-
ral arteries, either percutaneously or through open exposure. 
Sheaths are placed in the groins through which the stent 
grafts are delivered and subsequently deployed. Balloon 
angioplasty can be utilized to ensure good apposition at the 
proximal and distal landing zones. Completion aortogram is 
performed to identify any endoleaks (Table 2). If a Type I or 
Type III endoleak is identified, those should be addressed at 

that time. If percutaneous access was utilized, these sites are 
closed with a closure device, while open exposures require 
primary repair of the arteriotomy.

Prior to proceeding with endovascular aortic repair, it is 
prudent to obtain multi-dimensional imaging to ensure suita-
ble anatomy. This is often performed with a CTA, specifically 
with thin arterial slices assessing the distal thoracic aorta 
down to the femoral vessels; magnetic resonance angiogra-
phy (MRA) can also be used if there are contraindications to 
the patient obtaining a CTA [45]. Once images are obtained, 
a detailed analysis is performed through a variety of three-
dimensional reconstruction software. In our institution we 
prefer Aquarius TeraRecon© in order to adequately size the 
endograft. Centerline measurements are obtained to ensure 
there is adequate neck length, angle and diameter in the prox-
imal neck, as well as in the distal iliac landing zones. While 
there are several commercially available grafts with varying 
Instructions for Use (IFU) for anatomic criteria, in general 
the proximal neck length should be at least 10 to 15 mm in 
length with an angulation of less than 60° and a diameter of 
16 to 32 mm. For the distal iliac landing zones, a length of 
20 mm and a diameter of 6 to 25 mm is generally acceptable.

For patients treated with endovascular repair, postop-
erative surveillance intervals are more frequent than those 
treated with open repair. A CTA is recommended one month 
postoperatively, followed by a repeat scan 6 months later, 
then annually thereafter. These scans are critical in diag-
nosing endoleaks that may necessitate repair. The imaging 
modality may be switched from CTA to duplex ultrasound 
in the absence of an endoleak or sac expansion, and when 
feasible with the patient’s body habitus [11•].

Outcomes

The most common complication after EVAR is an endoleak 
and this serves as the most frequent indication for reinter-
vention [46]. Rates of endoleaks can vary based on differ-
ences between standards for reporting, follow up intervals 
and study lengths. That being said, it’s widely accepted that 

Table 1  Mortality of elective 
open AAA repair

Authors Publication year Number of 
patients

In-hospital mortality (non-ruptured)

Akkersdijk et al. [25] 1994 1289 6.8%
Bradbury et al. [26] 1998 1515 6.1%
Dardik et al. [27] 1999 2335 3.5%
Bayly et al. [28] 2001 933 7.3%
Rigberg et al. [29] 2006 12,406 3.8%
Schermerhorn et al. [30] 2008 22,830 4.8%
Teixeira et al. [31] 2016 3530 2.7%
Latz et al. [32] 2021 957 4.6% for juxtarenal; 9.5% for supra-

renal; 14.7% for type IV TAAA 
Sharma et al. (33) 2021 3078 4.1% 30 day

Table 2  Types of endoleaks

Type Definition

Type I IA – Leak from inadequate the proximal seal of graft
IB – Leak from inadequate the distal seal of graft
IC – Leak at the distal seal of side branch graft

Type II Leak into aneurysm sac from branch collateral vessels
Type III IIIA – Leak from separation or inadequate seal of 

overlapping modular components
IIIB – Leak from a tear of defect in the fabric
IIIC – Leak from the junction between aortic graft 

and side branch graft
Type IV Leak into the aneurysm sac due to the porosity of the 

graft fabric/material
Type V Aneurysm sac growth with of evidence of endoleak
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Type II endoleaks are the most common with a rate of up 
to 20% of patients being diagnosed on a postoperative CTA 
[47, 48]. These only require repair if they are contributing 
to residual sac size growth. The natural history of Type II 
endoleaks tends to be more benign compared to Type I or 
Type III endoleaks which are found to occur at a lower rate 
[49]. Interestingly, a meta-analysis of 28,862 patients who 
had undergone EVAR found a pooled estimate of 10.5% of 
patients that had developed a Type I endoleak over the life-
time of their follow up [50]. Other complications from EVAR 
include graft limb occlusion which can impact up to 7.2% 
of patients and stent graft migration which has previously 
been found to occur in 8.6% of patients after EVAR, though 
it should be noted that patients with less favorable proximal 
landing zone anatomy and those treated with older generation 
stent grafts were at higher risk [51, 52]. Similar to the rate of 
endoleaks, reintervention rates also vary greatly between stud-
ies. Wanken et al. performed a systematic review and meta-
analysis of 32,126 patients who had undergone endovascular 
repair and found reintervention rates of 19% at 5 years, 30% 
at 10 years and 35% at 14 years [53•]. When stratified by 
year, these rates improved with later implantation dates, likely 
reflective of advancements with newer stent grafts.

Several landmark studies have demonstrated favorable 
30-day mortality rates with EVAR including the Endovascu-
lar Aneurysm Repair Trial 1 (EVAR-1) at 1.7%, the Dutch 
Randomized Endovascular Aneurysm Management Trial 
(DREAM) at 1.2%, and the Lifeline Endovascular Registry 
at 1.7% [34, 36, 54]. One recent meta-analysis found a higher 
pooled estimate of 30-day mortality at a rate of 3.3% [50]. 
Multiple randomized controlled trials comparing survival in 
open repair versus endovascular aortic repair demonstrated 
that endovascular repair reduces perioperative mortality [35, 
55, 56]. However, a recent meta-analysis which included these 
landmark trials, found the early EVAR group advantage was 
eroded progressively and by 3 years after aneurysm repair, 
aneurysm‐related mortality was five times higher in the EVAR 
group, mainly due to secondary rupture or reinterventions [57].

Advancements in Endovascular Repair

Juxtarenal and paravisceral abdominal aortic aneurysms 
were previously precluded from endovascular repair due to 
coverage of visceral vessels and insufficient proximal and 
distal landing zones. Furthermore, there is data to support 
that aggressive use of infrarenal devices in patients with 
hostile landing zone anatomy results in worse outcomes [58, 
59]. To that end, the advent of commercially available fenes-
trated endografts has allowed for an endovascular approach 
to complex aortic pathologies such as aneurysms with short 
aortic neck length and visceral involvement.

In the US, there is currently only one FDA-approved 
commercially available fenestrated endograft which is 

manufactured by Cook Medical (Bloomington, Indiana). 
These grafts are custom designed to patient specific anat-
omy and thus require meticulous preoperative planning. The 
use of three-dimensional reconstruction software, such as 
Aquarius TeraRecon©, is critical as it allows for exacting 
measurements of the distance between the visceral vessels, 
their diameters, and radial orientation. While there are limi-
tations to the number, location, and size of the fenestrations, 
as well as the maximal angulation of the aorta, such grafts 
are becoming increasingly more utilized. These custom 
endografts often require several weeks to produce, and thus 
are not readily available in emergent situations. The reader 
is directed to other sources for detailed understanding of 
the complexity of implantation of such endografts [60, 61].

Given the relatively new adoption of fenestrated endo-
grafts, multicenter randomized controlled trials regard-
ing their efficacy are limited. Motta et al. evaluated 150 
patients undergoing fenestrated endovascular aortic repair 
(FEVAR) and found an early mortality rate of 2.7% and a 
branch patency rate of 97% at two years [62]. This suggests 
endovascular repair of complex aneurysms is safe and effec-
tive when performed in a high aortic disease volume center. 
Jones et al. published a meta-analysis in 2019 comparing 
short-term and long-term outcomes of FEVAR and open 
repair of juxtarenal aortic aneurysms [63]. Twenty-seven 
studies were identified, involving 2974 patients. Early post-
operative mortality rate following FEVAR was 3.3%, com-
pared with 4.2% after open repair. They found FEVAR to 
have better outcomes of renal insufficiency (16.2% vs 23.8%) 
and major early complication (23.1% vs 43.5%), but noted 
a significantly higher incidence of reintervention (11.1% 
vs 2%) when compared to open repair. This suggests that 
short-term mortality is improved with FEVAR, but questions 
remain about its long-term durability and reintervention rate. 
With the increasing use of fenestrated endografts, more mul-
ticenter and subsequently randomized trials will need to be 
performed to further characterize long-term outcomes, but 
current results do seem promising.

With the initial success of endograft implantation for 
treatment of aortic aneurysms, it is no surprise that a simi-
lar technique has been employed for common iliac, exter-
nal iliac, and internal iliac artery aneurysms. These iliac-
branched endografts, commonly referred to as “IBEs”, have 
been designed exclusively for the treatment of iliac artery 
aneurysms. There is currently only one FDA-approved com-
mercially available device that is manufactured by W. L. 
Gore and Associates (Flagstaff, Arizona). A recent study 
assessing the GORE® EXCLUDER® Iliac Branch Endo-
prosthesis illustrated a primary patency rate of 91% coupled 
with a low reintervention rate of 3% at 1 year [64]. Fur-
ther research is warranted to evaluate long-term efficacy of 
such endografts and the role they may play in mitigating the 
incidence of complications that may be a result of reduced 
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pelvic perfusion, such as gluteal claudication, sexual dys-
function and spinal cord collateralization. The latter is ben-
eficial to patients who have aneurysmal disease elsewhere 
in the aorta who have had or may need further treatment.

Conclusion

Contemporary management of AAAs has evolved over the 
decades with improvements in early detection, routine sur-
veillance, risk profile modification, and advances in repair 
modalities. As a result, the mortality rate associated with 
AAAs has been declining over the past two decades and at a 
faster rate than ever before [65•]. There has been an increase 
in AAA detection with the implementation of screening 
programs. Furthermore, there is evidence supporting even 
broader screening criteria to include women and those with 
first-degree relatives with history of an aneurysm. While the 
technical aspect of open repair remains largely unchanged, 
we have made advancements in perioperative management 
of these patients and the associated complications. The 
area of endovascular repair has seen the greatest amount 
of change as the technology surrounding these endografts 
has evolved rapidly. This has allowed for a wider range of 
patients with complex aortic aneurysms to be eligible for 
endovascular repair than previously allowed. Similar to other 
areas of surgery, trends are moving toward more minimally 
invasive therapeutics. As such, advancements in endovascu-
lar technology will eventually lead to complete endovascular 
solutions for aortic pathology. Ultimately, the goal is to find 
ways to prevent or treat aneurysmal disease non-operatively, 
akin to the way peptic ulcer disease is now prevented and 
treated medically, despite previously requiring surgical inter-
vention. Until this is achieved, continued screening, surveil-
lance, risk factor management and operative repair when 
indicated is paramount in the management of AAAs.
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