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   Introduction 

 Abdominal aortic aneurysms (AAA) affect 
approximately 5 % of men and 1 % of women over 
the age of 60 years, and multiple epidemiological 
studies indicate that the incidence is increasing 
despite improved medical management of certain 
risk factors  [  1  ] . Weakening of the aortic wall due 
to systemic and local pathology combined with a 
genetic predisposition results in progressive wall 
stress and aneurysm dilation. Most AAAs remain 
asymptomatic and undetected, and unfortunately 
without intervention, rupture may occur  [  2  ] . In the 
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  Abstract 

 Nearly two decades after the  fi rst successful endovascular aortic repair 
(EVAR), steady advancements in device technology, deployment tech-
niques, and imaging capabilities have allowed this treatment modality to 
replace traditional open aortic repair as the treatment of choice for patients 
undergoing elective abdominal aortic aneurysm (AAA) repair. EVAR now 
accounts for greater than half of all AAA repairs; however, certain chal-
lenges to EVAR remain including anatomic limitations and graft durabil-
ity. These limitations are now being addressed with new technology and 
deployment modalities. Surveillance and surgical repair remain the pri-
mary focus of therapy for AAA, and this chapter aims to discuss develop-
ments in disease surveillance, interventional techniques, and the evolution 
of endograft devices for EVAR.  
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USA, AAAs are estimated as the tenth most com-
mon cause of mortality and are responsible for 
approximately 2 % of all deaths  [  3  ] . 

 Since the  fi rst open AAA repair nearly 60 years 
ago, surveillance and surgical repair of AAAs 
remain the mainstay of therapy, with maximum 
aneurysm diameter between 5 and 5.5 cm the 
accepted threshold for repair in average risk 
patients  [  4  ] . It has been nearly two decades since 
Parodi and colleagues pioneered the  fi rst success-
ful endovascular aortic aneurysm repair (EVAR) 
in humans, and with steady advances in device 
technology, deployment techniques, and imaging 
capabilities, this treatment modality has now 
replaced open aortic repair as the treatment of 
choice for patients undergoing elective AAA 
repair  [  5  ] . This evolution has been buoyed by 
large, randomized controlled trials that compared 
morbidity and mortality rates for EVAR vs. open 
AAA repair and demonstrated superior outcomes 
for EVAR (Table  1.1 )  [  6–  10  ] .  

 EVAR now accounts for more than half of all 
AAA repairs, and despite the favorable clinical 
outcomes and patient demand for this less inva-
sive approach to AAA repair, certain challenges 
to EVAR including anatomic limitations and 

graft durability remain and limit its potential 
applicability to some patients  [  11  ] . These limita-
tions are now being addressed with new technol-
ogy and deployment techniques. This chapter 
aims to discuss recent advances in the diagnosis 
and management of AAAs including develop-
ments in diagnosis and surveillance, EVAR 
devices and techniques, and medical manage-
ment of AAAs.  

   Latest Developments in Diagnosis 
and Screening 

 Indications for open aortic repair were originally 
derived from the calculated risk of rupture rates 
based on aneurysm diameter, and this remains the 
mainstay of diagnosis and treatment algorithms 
for AAA. In a review published by the Society 
for Vascular Surgery, compiled data from multi-
ple studies demonstrates very little risk of rupture 
for AAAs less than 5 cm in diameter. Once an 
AAA grows beyond 5.5 cm, however, the increase 
in annual rupture risk rises exponentially to 9.4 % 
 [  12 ,  13  ] . Therefore, current practice mandates 
elective repair for all symptomatic aneurysms 
and AAAs greater than 5.5 cm in diameter  [  4  ] . 

   Aneurysm Screening and Imaging 

 Ultrasonography (US) is the preferred diagnostic 
technique for screening of AAAs as it detects the 
presence of an aneurysm at low cost with sensi-
tivity and speci fi city approaching 100 %  [  14 ,  15  ] . 
Computed tomography (CT) surpasses US in 
reproducibility but its use for routine screening 
and surveillance should be limited due to radia-
tion exposure and expense  [  16  ] . While serial CT 
scanning of AAAs has demonstrated a marginal 
shortening in proximal neck length and a small 
increase in neck diameter as the aneurysm grows 
during surveillance  [  17–  19  ] , early screening with 
CT instead of US fails to capture more patients 
anatomically suitable for EVAR. Therefore, many 
centers forgo CT evaluation until the aneurysm 
size approaches the indications for repair, and CT 
should be primarily used as an imaging modality 

   Table 1.1    Open vs EVAR: randomized trials   

 Endpoint 
 DREAM 
 [  6,   10  ]  

 EVAR-1 
 [  7,   8  ]   OVER  [  9  ]  

  N   345  1,082  881 

 30-day mortality (%) 

  Open  4.6  4.7  2.3 

  EVAR  1.2*  1.7*  0.2* 

 Secondary intervention Rate (%) 

  Open  N/A  1.7  9.2 

  EVAR  5.1*  10.4 

 Long term survival (%) 

  Open  69.9  54  90.2 % 

  EVAR  68.9 (mean 
6.4 years) 

 54 (at 8 
years) 

 93 % (mean 
1.8 years) 

  * P  < 0.05,  N  patients evaluated,  DREAM  Dutch Rando-
mized Endovascular Aneurysm Management trial,  EVAR-
1  United Kingdom Endovascular Aneurysm Repair trial, 
 OVER  Open Versus Endovascular Repair trial (Veterans 
Affairs Cooperative Study Group)  



51 Infrarenal Aortic Aneurysms: New Technologies

for preoperative planning to evaluate the mor-
phology of the AAA, iliofemoral access charac-
teristics, device sizing, and also to detect 
anomalous or unusual arterial anatomy. 

 Asymptomatic patients who should be 
screened for AAA include those with risk factors 
including increasing age, male gender, white 
race, long history of smoking, personal or family 
history of AAA or other vascular aneurysms, 
hypertension, atherosclerotic disease, and hyper-
cholesterolemia  [  4 ,  20  ] . Frequency of surveil-
lance for patients with AAA depends on aneurysm 
size, with 12-month intervals for AAA 3.5–
4.4 cm in diameter and 6-month intervals for 
AAA 4.5–5.4 cm in diameter  [  21  ] . These recom-
mendations are based primarily on  fi ndings from 
the UK Small Aneurysm Trial which also showed 
that growth rate was greatest among smokers, 
lowest in patients with a lower ankle-brachial 
index and diabetes, and was unaffected by lipids 
and blood pressure. A recent European meta-
analysis has demonstrated a signi fi cant decrease 
in aneurysm-related mortality and a 50 % reduc-
tion in the number of emergency operations for 
ruptured AAA after 3–5 years of US screening 
 [  22  ] . Additionally, a multicenter study in the 
United Kingdom by Kim et al. found sustained 
cost-effectiveness and improved survival rates in 
male patients participating in a 7-year US screen-
ing program  [  23  ] . Recognizing these develop-
ments, the USA implemented the Screening 
Abdominal Aortic Aneurysms Very Ef fi ciently 
(SAAAVE) Act in 2007, which provides Medicare 
coverage of screening US for men 65–75 years of 
age who have ever smoked or men and women 
who have a family history of AAA  [  24  ] .  

   Repair of Small AAA 

 Whether patients bene fi t from prophylactic repair 
of smaller aneurysms (i.e., 4–5 cm range) has been 
an area of much debate. Two randomized prospec-
tive clinical trials, the United States Aneurysm 
Detection and Management Study (ADAM) and 
the United Kingdom Small Aneurysm Trial 
(UKSAT), have determined surveillance alone 
every 3 or 6 months for AAA 4.0–5.4 cm in 

 diameter is as effective as elective open surgical 
repair in reducing mortality risk. Most patients, 
however, did eventually require intervention as 
demonstrated by a 10-year follow-up report in 
which 74 % of patients from the surveillance 
cohort had undergone surgical repair  [  12 ,  25–  28  ] . 

 Despite the lack of evidence to support early 
open repair of small AAA, an endovascular 
approach may offer additional bene fi ts. Smaller 
AAAs may be more anatomically amenable to 
EVAR, and in fact, studies have shown AAAs 
less than 5.5 cm in diameter have longer infra-
renal necks, less angulation, less tortuosity, and 
longer iliac landing zones than larger aneurysms 
 [  18 ,  29  ] . In a prospective clinical series of 206 
patients, Arko et al. found no signi fi cant differ-
ence in proximal neck diameter, but that larger 
aneurysms (>6 cm) had 27 % shorter and 15 % 
more angulated proximal necks than smaller 
aneurysms (<5 cm)  [  30  ] . Furthermore, two ran-
domized clinical trials were initiated to evalu-
ate EVAR outcomes vs. surveillance for small 
AAAs: (1) the European-based Comparison of 
Surveillance vs. Aortic Endografting for Small 
Aneurysm Repair (CAESAR) trial and (2) the 
United States’ Positive Impact of Endovascular 
Options for Treating Aneurysm Early (PIVOTAL) 
trial  [  31–  33  ] . 

 The CAESAR trial enrolled 360 (of a planned 
740) patients before the trial ended prematurely 
due to lack of funding and delay in patient enroll-
ment. There was no difference in mortality 
between EVAR and surveillance at 3 years, but a 
surprising 58.2 % of patients required repair even 
at this short surveillance interval  [  34  ] . The 
PIVOTAL trial results demonstrated that in the 
728 (of a planned 1,050) patients with AAA 
(4–5 cm) randomized to receive EVAR vs. ultra-
sound surveillance, mortality did not differ (4.1 % 
in each group) at a mean follow-up of 20 months. 
Aneurysm-related death and time to rupture were 
negligible (0.6 %) in both groups, and this led to 
the early discontinuation of enrollment in the 
study. The patients in the surveillance arm under-
went a rigorous schedule of ultrasound or CT 
scan every 6 months, and nearly one third of this 
group subsequently underwent repair  [  33  ] . The 
number of patients in this study who “crossed 
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over” from the surveillance to the treatment arm 
is consistent with the other large randomized con-
trolled trials comparing early vs. late repair, with 
crossover rates ranging from 27 to 60 %  [  35  ] . 

 Most of the surveillance patients in PIVOTAL 
who crossed over to intervention did so due to an 
enlarging aneurysm  [  33  ] . However, 11 % cited 
anxiety as the primary reason for pursuing treat-
ment. Other studies have documented much 
higher rates: in the ADAM and UKSAT trials, as 
many as 26 and 23 % of patients requested early 
treatment due to “symptoms” or “increased anxi-
ety,” respectively  [  35  ] . The role that quality of 
life measures play in appropriate treatment selec-
tion remains an area of investigation. In summary, 
current recommendations provided by the Society 
for Vascular Surgery state that for aneurysms in 
the range of 4.0–5.4 cm, surveillance followed by 
selective repair is recommended for older males 
with signi fi cant comorbidities; some young 
healthy patients, particularly women, may see 
bene fi t from early repair between 5.0 and 5.4 cm 
 [  4  ] . Future long-term data on these patients 
should help elucidate the bene fi t vs. risk ratio for 
small aneurysm EVAR.   

   Development in EVAR Devices 

 Stent grafts are classi fi ed based on body charac-
teristics (i.e., tube vs. bifurcated, unibody vs. 
modular), means of deployment (i.e., self-
expanding vs. balloon-in fl ated), and mode of 
 fi xation (i.e., active vs. passive). They are pro-
duced from a combination of stainless steel, 
cobalt chromium, or nickel alloys with a durable 
graft material such as Dacron or PTFE  [  36  ] . The 
ideal aortic stent graft is hemostatic, user-
friendly, and contains a low-pro fi le delivery sys-
tem which is  fl exible when maneuvering yet rigid 
enough to resist kinking. The graft material must 
be thin to facilitate a lower pro fi le yet maintain 
low porosity and demonstrate strength and dura-
bility. Finally, the metal frame supporting the 
graft must provide a high column strength and 
durability, maintain resistance to external com-
pression, corrosion and fatigue, and importantly, 
be radiopaque  [  37  ] . 

   Current FDA-Approved Devices 

 The aforementioned requirements, combined 
with the stringent scrutiny of the Food and Drug 
Administration, have led to only 6 of 16 devices 
developed in the past two decades achieving 
approval, one of which was taken off the market 
in March 2001  [  38  ] . Current Food and Drug 
Administration (FDA)-approved EVAR devices 
and their characteristics are listed in Table  1.2 . 
Due to potential problems with distal attachment 
site failure, all current devices are bifurcated 
endografts which allow for distal attachment at 
the level of the iliac arteries. Unibody bifurcated 
grafts (i.e., the Powerlink, Endologix, Irvine, CA) 
are placed as a whole, requiring subsequent 
retraction of the second iliac limb via contralat-
eral access. Modular bifurcated grafts are com-
posed of a main body with a short contralateral 
limb and provide customized intraoperative 
deployment  [  39  ] .  

 The AneuRx (Medtronic, Santa Rosa, CA) 
bifurcated, modular stent graft is composed of a 
nitinol frame and polyester graft material and 
contains no barbs or hooks for main body attach-
ment. Bilateral femoral or iliac access is required 
for the main body and contralateral limb through 
a 21-French (F) and 16–19-F catheter, respec-
tively. The device is currently in its sixth genera-
tion and has the largest cumulative clinical 
experience, with greater than 80,000 endopros-
theses deployed worldwide as of 2010. Though 
the Aneuryx device has certain favorable charac-
teristics such as the potential to treat the smallest 
aortic diameter, concerns for a higher risk of 
device migration remains due to the lack of an 
active proximal  fi xation mechanism  [  39  ] . The 
Talent (Medtronic, Santa Rosa, CA) abdominal 
stent graft is a modular, bifurcated stent of similar 
material that was designed to treat a larger range 
of aortic and iliac diameters, extending its indica-
tions to include AAA with aortic necks from 18 
to 32 mm and iliac arteries from 7 to 22 mm in 
diameter. Long-term follow-up data of the most 
recent generation Talent graft demonstrates com-
parable results to other stent grafts, and its use in 
AAA with short necks (10–15 mm) has provided 
encouraging results at 5-year follow-up  [  40 ,  41  ] . 
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 The Excluder (W.L. Gore, Flagstaff, AZ) graft 
is also a bifurcated, modular stent graft com-
posed of a nitinol frame and PTFE graft mate-
rial with active  fi xation facilitated by anchoring 
barbs. Delivery of the main body and contralat-
eral limbs is made through 18-F and 12-F sheaths 
for the standard diameter grafts. A signi fi cant 
advantage of this device is its relatively low 
pro fi le,  fl exibility, and uncomplicated deploy-
ment system. The  fi rst-generation Excluder graft 
has been implicated in a substantial percentage 
of patients demonstrating aneurysm growth; 
however, later modi fi cations of the graft with 
addition of a lower permeability membrane has 

demonstrated success in arresting AAA expan-
sion and facilitating AAA sac regression  [  39 ,  42  ] . 
Furthermore, the latest version of this device (C3 
delivery system) incorporates a unique feature 
for added deployment control which allows the 
surgeon/interventionalist to partially deploy and 
reposition the device. This feature may prove to 
revise EVAR techniques altogether and certainly 
will expand the anatomic inclusion criteria for 
most operators. 

 The Zenith Flex (Cook Inc., Bloomington, IN) 
endoprosthesis provides suprarenal  fi xation with 
an uncovered proximal stent and  fi xation barbs 
and is available in a wide range of sizes. Due to 

   Table 1.2    Current FDA approved EVAR devices   

 AneuRx  Excluder  Zenith  Powerlink  Talent 

 Manufacturer  Medtronic 
(California, 
USA) 

 WL Gore and 
Associates 
(Arizona, USA) 

 Cook (Indiana, 
USA) 

 Endologix 
(California, 
USA) 

 Medtronic 
(California, 
USA) 

 FDA device 
approval 

 Sept. 1999  Nov. 2002  May 2003  Oct. 2004  Apr. 2008 

 Stent material  Nitinol  Nitinol  Stainless steel  Cobalt chro-
mium alloy 

 Nitinol 

 Graft material  Polyester  PTFE a   Polyester  PTFE  Polyester 

 Proximal 
 fi xation 

 Infrarenal  Infrarenal  Suprarenal  Infrarenal  Infrarenal 

 Proximal 
 fi xation 
mechanism 

 Radial force and 
column strength 

 Anchors and 
radial forces 

 Hooks and 
suprarenal stent 

 Anchors on 
bifurcation 

 Radial force and 
column strength 

 Modularity  Modular 
bifurcated 

 Modular 
bifurcated 

 Modular 
bifurcated 

 Bifurcated 
unibody 

 Modular 
bifurcated 

 Main body size 
(mm) 

 D 20–28, L 135 
and 165 

 D 23–31, 
L 120, 140, 160, 
180 

 D 22-36 b , 
L 82, 96, 111, 
125, 140 

 D 22-34 c , 
L 120, 135, 140, 
155, 175 

 D 22–36, 
L 140, 155, 170 

 Iliac limb size 
(mm) 

 D 12–24, L 85, 
115, 135 

 D 12–20, L 100, 
120, 140 

 D 8–24, L 37, 
54, 71, 88, 105, 
122 

 D 13–25, L 55, 
65, 70, 88 

 D 8–24, L 75, 
95, 105 

 Delivery sheath size (F) 

  Main body  19, 21  18  18, 20, 22  19, 21  22, 24 

   Contralateral 
limb 

 16–19  12  14, 16  9  20, 18 

   Conversion 
device 

 No  No  Yes  No  Yes 

   D  diameter,  L  length 
  a Polytetra- fl uoroethylene 
  b For 36 mm diameter length includes 95, 113, 131, 149 mm 
  c The 34 mm device is a separate component  
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its ferromagnetic exoskeleton, this stent is unsafe 
for magnetic resonance (MR) imaging. 
Deployment is staged, with partial deployment of 
the main body preceding the barbed suprarenal 
 fi xation stent, and is completed with contralateral 
iliac limb followed by full release of the main 
body. Additional steps include removal of the top 
cap, adding the ipsilateral iliac limb, and in fl ating 
the balloon to secure sealing. The Zenith Flex 
provides  fl exibility with suprarenal  fi xation to 
abrogate stent migration and for the potential 
treatment of AAAs with shorter necks. The 
Powerlink device has been available since 2004 
and is a unibody, bifurcated, self-expanding stent 
graft with infrarenal and suprarenal extensions 
available. Its deployment from a distal to proxi-
mal fashion, with  fi xation of the aortic bifurca-
tion preceding suprarenal  fi xation, has the 
potential to prevent device migration and subse-
quent endoleak. Graft migration rates vary from 
4.2 to 7 % and limb occlusion rates ranged from 
1 to 2 %, with improvement once primary deploy-
ment at the aortic bifurcation was implemented 
 [  43–  45  ] . A distinct advantage is the low-pro fi le 
(9F) contralateral limb. 

 While all FDA-approved devices have unique 
features, little signi fi cant difference in EVAR 
outcomes, including endoleak, device migra-
tion, and graft occlusion rates, have been 
de fi nitively determined  [  46  ] . The following sec-
tion describes newer technology currently pend-
ing FDA approval in the USA but that may be 
available in Europe and elsewhere. These devices 
are considered “next-generation” devices aimed 
at expanding the anatomic inclusion criteria for 
EVAR.  

   Next-Generation Devices: Expanding 
the Anatomic Inclusion Criteria 

 EVAR requires certain aortoiliac anatomic crite-
ria for adequate aneurysm exclusion and preven-
tion of complications. On-label use of current 
FDA-approved devices would limit EVAR ana-
tomical inclusion criteria to AAAs with a 10–15-
mm infrarenal neck length, aortic diameter 
 £ 32 mm, angulation <60°, and 7-mm iliac access 

diameter  [  4  ] . Mounting experience with the cur-
rent devices, recognized need to expand therapy, 
and patient demand for this less invasive approach 
to AAA repair have driven industry to develop 
novel “next-generation” devices that either 
improve on the current prototypes or expand the 
anatomic inclusion criteria (Fig.  1.1 ). The most 
frequent anatomic features limiting potential 
EVAR are short and angulated proximal aortic 
necks  [  47  ] . The Anaconda (Vascutek, Terumo, 
Inchinnan, Scotland) and Aor fi x (Lombard 
Medical, Oxfordshire, UK) stent grafts are 
designed to address AAAs with hostile neck 
anatomy, and both are currently in phase II US 
clinical trials.  

 The Anaconda is a unique tri-modular, reposi-
tionable stent graft composed of woven polyester 
with multiple independent ring stents that pro-
vide device  fl exibility. The main body size ranges 
from 19.5 to 34 mm for treatment of AAA from 
16 to 32 mm in diameter. The Anaconda graft can 
be employed in AAAs with highly angulated 
proximal necks due to a saddle shape of the prox-
imal stents: the apex of the convexity lies anteri-
orly-posteriorly and the concavity lies laterally. 
Fixation relies on the radial forces of two over-
lapping proximal components and four pairs of 
hooks, and during the implantation phase, the 
stents spread and  fl atten, moving proximally, 
therefore requiring adequate distance from the 
takeoff of the renal arteries. Two-year follow-up 
in patients with the Anaconda graft has shown no 
correlation of clinical or technical success or sur-
vival with degree of angulation of the proximal 
necks and no incidences of graft migration. Rates 
of proximal endoleak remain relatively high at up 
to 14 %  [  48–  50  ] . 

 Introduced in Europe in 2004, the Aor fi x stent 
graft is a bifurcated or aorto-uni-iliac device 
developed with increased  fl exibility in order to 
acquire greater seal in proximal necks angulated 
greater than 45°. Four double hooks at the proxi-
mal end enhance  fi xation, and during deploy-
ment, pushrods maintain positioning of the 
proximal end of the graft and upon completion, 
the stent graft has a “ fi sh-mouth” shape. Initial 
midterm results in a few small trials from Europe 
have demonstrated acceptable results in hostile 
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neck anatomy, and results from the larger US 
PIVOTAL trial are pending  [  51 ,  52  ] . 

 Iliac artery anatomy must facilitate passage of 
the stent graft delivery system, and iliac tortuosity, 
calci fi cation, and size are all potential limitations 
to EVAR. Even with adequate preoperative imag-
ing and planning, 8–15 % of patients have iliac 
anatomy unsuitable for EVAR  [  53 ,  54  ] . Women 
and patients of Asian ancestry represent two par-
ticularly problematic populations for iliofemoral 
access  [  4 ,  55 ,  56  ] . Two novel devices that have a 
reduced pro fi le to address access challenges, 
while maintaining characteristics of durability 
and  fl exibility, are the Endurant (Medtronic, Santa 
Rosa, CA) and Ovation (TriVascular, Santa Rosa, 
CA) stent grafts. 

 The Endurant is Medtronic’s next-generation 
device which, similar to the Aneuryx and Talent 
devices, is composed of a nitinol polyester fabric 
and nitinol frame but also incorporates a suprare-
nal stent with barbs for active  fi xation. The device 
is highly  fl exible, designed to treat challenging 

neck anatomy, and also reduces the delivery 
pro fi le to 18–20-F outer diameter. It has been 
approved in Europe since 2008 and has been 
recently approved in the USA. The TriVascular 
Ovation stent graft is a tri-modular, suprarenal 
device composed of nitinol stents encapsulated in 
PTFE and maintains the smallest pro fi le of any 
device (14–15-F outer diameter delivery system). 
This device also has a novel seal technology 
which features two in fl atable rings in the proxi-
mal seal zone that are  fi lled with a polymer to 
enhance aortic wall apposition. The TriVascular 
device recently received its CE mark in Europe 
and is currently in a phase II nonrandomized 
multicenter trial in the USA.   

   Advances in EVAR Techniques 

 As medical device companies forge ahead with 
signi fi cant research and development of next-
generation devices, physicians have gained 

  Fig. 1.1    Next-generation devices. ( a ) The Anaconda 
(Vascutek, Terumo, Inchinnan, Scotland); ( b ) the Endurant 
(Medtronic, Santa Rosa, CA); ( c ) the Ovation (TriVascular, 

Santa Rosa, CA); ( d ) the Aor fi x (Lombard Medical, 
Oxfordshire, UK)       
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signi fi cant experience with EVAR techniques 
over the past decade. While feasibility of this 
technology remains limited by some anatomical 
constraints, certain challenges such as dif fi cult 
iliac access, hostile proximal aortic neck anat-
omy, and associated iliac aneurysms can be man-
aged with currently available devices and some 
appropriate technical maneuvers. 

   Dealing with Challenging Iliac 
Artery Access 

 As previously mentioned, a substantial propor-
tion of potential EVAR candidates has iliac artery 
anatomy not ideally suited for delivery of large-
pro fi le devices. Frequently encountered problems 
such as excessive vessel calci fi cation, occlusive 
disease, and tortuosity may be overcome with 
adjunctive procedures such as iliac artery balloon 
angioplasty, endoluminal conduit construction 
(endoconduit), buddy wire techniques, external 
iliac artery straightening via manual extracorpo-
real compression or even retroperitoneal dissec-
tion and traction, and, occasionally, iliofemoral 
bypass conduit construction. 

 For patients with small diameter external iliac 
arteries (i.e., <7 mm), one should use the lowest 
possible pro fi le device, and at times, the use of 
components from different manufacturers may 
be necessary to achieve aneurysm exclusion with 
the minimum pro fi le. Several maneuvers may 
facilitate passage through small, calci fi ed ves-
sels including placement of mineral oil on the 
outer sheath (though the advent of hydrophilic 
sheaths makes this less necessary), sequential 
vessel expansion with gradual dilators, and bal-
loon angioplasty. When performing balloon 
angioplasty, only the smallest pro fi le necessary to 
facilitate passage of the main body of the graft is 
needed (usually an 8 mm balloon), and this ves-
sel segment can often be covered with the stent 
graft or an adjunctive self-expanding stent fol-
lowing device deployment. Though more com-
monly needed for thoracic EVAR (TEVAR), an 
endoconduit may occasionally be the best option 
for safe delivery of the endograft  [  57 ,  58  ] . In this 
scenario, a covered stent or a contralateral limb 

of the device (greater radial force) is deployed in 
the ipsilateral external and common iliac artery 
in a primary fashion, and the graft is then bal-
loon dilated to facilitate passage of the device 
(Fig.  1.2 ).  

 Extremely tortuous iliac vessels may be 
dif fi cult to cross with a stiff wire, even when 
attempting exchange through a catheter, and in 
these scenarios, a “buddy wire” technique may 
be helpful. In this case, leaving a  fl oppy wire and 
catheter in the proximal thoracic aorta will often 
provide enough stability to advance a stiff wire 
through a separate catheter which will straighten 
the tortuous iliac and facilitate passage of the 
device into the aorta. One must be mindful of the 
potential complications caused by the change in 
anatomical con fi guration after vessel straighten-
ing, including upward (i.e., cephalad) torque and 
device migration, and iliac limb kinking and 
occlusion.  

   Management of the Hostile Aortic Neck 

 As mentioned previously, the most frequent ana-
tomic features limiting potential EVAR are short 
and angulated proximal aortic necks, and there is 
no substitute for length with respect to preventing 
endoleak and potential device migration  [  59  ] . 
Greater neck length provides increased seal 
potential, and one of the best ways to maximize 
seal is optimizing graft positioning. This is facili-
tated by the use of preoperative 3D imaging for 
case planning with intraoperative magni fi cation 
and appropriate adjustment of the  fl uoroscopy 
image intensi fi er to facilitate placement of the 
device as close to the renal arteries as possible. 
Future EVAR procedures may be enhanced by 
the use of novel imaging systems such as the 
Artis zeego (Siemens, Erlangen, Germany) which 
is the  fi rst robotically controlled multi-axis imag-
ing system that provides simultaneous angiogra-
phy and large volume 3D DynaCT imaging 
capacity (Fig.  1.3 ).  

 Another technique to maximize the proximal 
seal zone, termed the “endo-wedge,” places wires 
into the renal artery via a proximal brachial 
approach and takes advantage of the proximal 
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scalloped 4 mm of the Excluder device to maxi-
mize seal and achieve aneurysm exclusion  [  60  ] . 
For persistant proximal endoleaks, other options 
include placement of zero-extension aortic cuffs 
and/or balloon-expandable Palmaz (Cordis 
Corporation, Miami Lakes, FL) stents.  

   Iliac Artery Aneurysms 

 AAA-associated common iliac artery aneurysm 
occurs in 35 % of patients evaluated for EVAR, 
and these aneurysms may prevent a suitable seal 
zone in the distal common iliac artery  [  61 ,  62  ] . 

  Fig. 1.3    Artis zeego multi-axis imaging system. Artis zeego multi-axis imaging system (Siemens, Erlange, Germany)       

  Fig. 1.2    Endoconduit for challenging iliac access. ( a ) 
Primary stent graft placement followed by balloon angio-
plasty of a circumferentially calci fi ed stenosis at the iliac 

artery bifurcation; ( b ) balloon angioplasty of the common 
and small diameter external iliac arteries; ( c ) completion 
angiogram demonstrating endoconduit       
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For aneurysms that require unilateral extension 
to the external iliac artery for adequate seal, 
coil embolization of the ipsilateral hypogastric 
artery to prevent endoleak is generally safe  [  4 , 
 53 ,  62  ] . While erectile dysfunction and buttock 
claudication may occur in up to 40 % of patients, 
symptoms usually improve with time  [  63–  65  ] . 
Bilateral iliac aneurysms present a greater chal-
lenge because bilateral coil embolization, even 
in a staged fashion, is not as well tolerated as 
unilateral embolization  [  65 ,  66  ] . Options in this 
setting include internal iliac artery bypass, endo-
vascular repair with an iliac branched device 
(IBD), or endovascular repair using a “snorkel” 
technique (Fig.  1.4 ). This later approach is attrac-
tive because it can be performed with the current 
commercially available devices, but its durability 
remains unknown.    

   Percutaneous EVAR 

 Percutaneous EVAR (PEVAR) is emerging as a 
feasible approach to endograft repair of AAA, 
particularly with advancements in both deliv-
ery and closure device technology  [  67  ] . EVAR 
device delivery systems range in size from 18 to 
24 Fr and generally require external and common 
iliac artery diameters to be at least 7 mm  [  68  ] . 
Typically this is accessed via a femoral cutdown 
procedure in which an oblique incision is made in 
the groin to expose the femoral artery and ensure 
secure closure of the arteriotomy. Complications 
contributed to the groin wound, include pain, 
paresthesias, lymphoceles, wound infection, 
and scarring, which may greatly impact future 
interventions via the groin  [  69  ] . In keeping with 
the minimally invasive approach, percutaneous 
access for EVAR has been used to minimize these 
postsurgical complications and promote earlier 
ambulation and shorter procedure time. 

 The ideal candidate for PEVAR is a nonobese 
patient with noncalci fi ed femoral arteries >7 mm 
in diameter. Femoral access is obtained through 
an ultrasound-guided puncture in the common 
femoral artery at least 1 cm proximal to the origin 
of the profunda femoris artery  [  67  ] . Some authors 
note successful PEVAR in suboptimal femoral 
artery anatomy, including obese patients and 
those with heavily calci fi ed femoral arteries  [  70  ] . 
The procedure is performed using a “pre-close” 
technique in which the arteriotomy sutures are 
placed prior to placement of the large-diameter 
sheath or delivery catheter. This can be achieved 
with off-label use of one Prostar XL (Abbott 
Vascular, Abbott Park, Ill) or two Perclose 
Proglide (Abbott Vascular, Abbott Park, Ill) per-
cutaneous closure devices, and safe closure of 
femoral artery defects as large as 24F has been 
demonstrated  [  71  ] . 

 Several moderate-sized single center studies 
have been published demonstrating acceptable 
outcomes with PEVAR (Table  1.3 ). A prospective, 
randomized controlled pilot study by Torsello 
et al. compared percutaneous closure with the 
10-F Prostar XL to conventional cutdown tech-
nique. In one patient (of 30 total), conversion to an 
open groin incision was necessary due to bleeding 

  Fig. 1.4    “Snorkel” technique for EVAR. Medical illus-
tration of completed percutaneous repair of aorto-bi-iliac 
aneurysm using the branched-graft “snorkel” technique       
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after Prostar device deployment, and three devices 
initially failed (one due to needle de fl ection off 
calci fi ed arterial wall, two due to failure of needles 
to grasp the arterial wall in obese patients), yet a 
second device was deployed without complication 
in all three cases. Postoperative arterial thrombo-
sis occurred in one patient from each study group; 
however, mean operative time and time to ambula-
tion were signi fi cantly shorter in the percutaneous 
closure group  [  69  ] .   

   Aneurysm Surveillance Following 
EVAR 

 Postoperative surveillance is required after EVAR 
to detect and monitor potential complications 
such as endoleak or endotension, persistent  fl ow 
inside the aneurysm sac. Endoleak is the most 
commonly detected complication of EVAR  [  85 , 
 86  ] . While the gold standard for post-EVAR sur-
veillance currently relies on contrast-enhanced 
CT at 1, 6, and 12 months postoperatively with 
subsequent annual follow-up, other less invasive 
imaging modalities as well as protocols are 
emerging  [  86 ,  87  ] . 

 Color duplex US (CDUS) is frequently used 
for post-EVAR surveillance, but its potential 
limitations included high false-negative and 
false-positive results due to re fl ection from 
the metallic graft, calci fi cations, slow- fl owing 
endoleaks, and obesity. Recent prospective stud-
ies have shown contrast-enhanced US (CEUS) 
to be superior to CDUS and a successful alter-
native to contrast-enhanced CT with the advan-
tage of no additional radiation exposure  [  86  ] . 
CEUS relies on contrast agents composed of 
microbubbles which resonate upon interrogation 
with ultrasound and the recent introduction of 
second-generation agents has greatly improved 
their diagnostic accuracy. Advantages of CEUS 
over CT include increased detection capability 
despite high attenuation caused by extensive 
calci fi cation and, occasionally, increased sensi-
tivity to slow- fl owing leaks  [  85  ] . 

 CTA will likely remain a necessary post-
EVAR evaluation in order to ensure accurate graft 
anchoring and integrity, post-repair aneurysm 
regression, and visceral vessel patency, but CEUS 
may well serve as an adequate surveillance tool 
and certainly diminish the number of surveillance 
CTs required. 

   Table 1.3    PEVAR: current literature   

 Cases  Sites closed 

 Complications  Conversions  Technical success 

  N  (%)   N  (%)   N  (%) 

 Krajcer and Gregoric  [  72  ]   57  112  13 (12)  1 (0.9)  56 (98) 

 Eisenack et al.  [  74  ]   500  903  35 (3.9)  16 (1.8)  868 (96.1) 

 Jahnke et al.  [  75  ]   70  132  2 (1.5)  2 (2.9)  127 (96.2) 

 Lee et al.  [  76  ]   292  432  24 (8.2)  20 (6.8)  408 (94) 

 Jean-Baptiste et al.  [  77  ]   19  38  3 (19)  2 (11)  35 (92) 

 Starnes et al.  [  78  ]   49  79  2 (4.1)  5 (6.3)  74 (94) 

 Quinn and Kim  [  79  ]   63  100  8 (12.7)  0 (0)  96 (96) 

 Morasch et al.  [  80  ]   47  94  6 (12.7)  7 (7.4)  87 (93) 

 Torsello et al.  [  69  ]   15  27  1 (6.7)  1 (3.7)  25 (93) 

 Rachel et al.  [  81  ]   62  100  3 (3.3)  24 (24)  76 (76) 

 Teh et al.  [  82  ]   44  82  2 (4.5)  12 (14)  70 (85) 

 Howell et al.  [  83  ]   144  144  0 (0)  8 (5.6)  136 (94) 

 Traul et al.  [  84  ]   17  29  0 (0)  10 (35)  19 (66) 

 Haas et al.  [  67  ]   12  13  0 (0)  0 (0)  13 (100) 
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   Cardiomems Sac Pressure Monitoring 

 Intra-aneurysm sac pressure is one of the primary 
determinants of arterial wall stress and subsequent 
aneurysm expansion or shrinkage. The develop-
ment of minimally invasive implantable telemet-
ric sensors such as the FDA-approved EndoSure 
Wireless AAA Pressure Sensor (CardioMems, 
Atlanta, GA) allows for direct measurement of sac 
pressure without the added radiation or contrast 
exposure. The EndoSure sensor responds to 
changes in surrounding pressure by changing 
capacitance, and this resonance frequency is 
detected by an external antenna via radiofrequency 
impulse  [  88  ] . The device is delivered over a super 
stiff guidewire in the contralateral iliac artery dur-
ing EVAR and positioned inside the aneurysm 
sac, held in place by its surrounding wire basket. 
In the Acute Pressure Measurement to Con fi rm 
Aneurysm Sac Exclusion (APEX) trial, the 
EndoSure sensor demonstrated a sensitivity of 
0.939 and speci fi city of 0.800 for the detection of 
type I or III endoleaks when compared to intraop-
erative angiography  [  89  ] . The Cardiomems is an 
exciting new technology and holds the potential to 
signi fi cantly alter our current post-EVAR surveil-
lance protocols, but its exact role in clinical prac-
tice remains to be seen.   

   Medical Management 

 The current medical management of AAA focuses 
on pathophysiologic contributors to aneurysmal 
disease, speci fi cally hemodynamics, in fl ammation, 
and proteolytic enzymes. First-line therapy always 
includes smoking cessation due to its independent 
association with increased aneurysm growth rate 
 [  20  ] . Unfortunately, beta blockade with propra-
nolol has failed to provide conclusive evidence for 
attenuated aneurysm growth rate  [  90 ,  91  ] . Statin 
therapy, despite a lack of association between cho-
lesterol levels and the expansion rate of AAAs, 
remains a promising and important component of 
therapy due to a proposed reduction in C-reactive 
protein levels, matrix metalloproteinase-9 (MMP-
9) concentration, and in fi ltrating in fl ammatory 
cells  [  92–  96  ] . Additionally, tetracycline antibiotics 

such as doxycycline hold much hope for becoming 
a mainstay of treatment due to their ability to 
inhibit MMP activity and attenuate elastin degra-
dation, leading to dose-dependent prevention of 
aneurysm expansion  [  97 ,  98  ] . In summary, when 
combined with US surveillance, optimum medical 
management for patients with small AAA provides 
a continuum of care prior to de fi nitive repair.  

   Conclusion 

 AAAs remain underdiagnosed and a signi fi cant 
killer of the elderly population. Since the 
introduction of EVAR, the incidence of aneu-
rysm-associated deaths has substantially 
decreased, correlating with an increase in 
elective AAA repair and decrease in repair of 
ruptured AAAs. As device technology and 
operative experience continue to improve, 
EVAR-related complications can be expected 
to decrease. Ultimately, improvements in 
AAA detection and advances in medical man-
agement to retard aneurysm growth remain 
the greatest potential for the next breakthrough 
in AAA therapy.      
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