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Abstract: Considerable progress has been made in the management of diseases of the thoracic and

abdominal aorta over the past decades, ranging from advances in open repair to the advent of minimally

invasive endovascular techniques. Along with this comes an equivalent rise in imaging necessity for these

patients, both in preoperative planning and postoperative surveillance. With the growing complexity and

diversity of vascular procedures and techniques, it is essential to have a solid understanding of the imaging

features and postoperative complications of these procedures to avoid imaging pitfalls. This review is an

attempt to define the normal postoperative appearance and important complications of various open and

endovascular surgical techniques of the thoracic and abdominal aorta.
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Introduction

Imaging plays an increasingly important role in the
postoperative management of aortic disease, especially
as surgical techniques become increasingly complex.
Surgical approach can widely differ between the thoracic
and abdominal aorta, including open and endovascular
techniques. To properly evaluate the postoperative aorta,
adequate understanding of the anatomy, surgical technique,
expected computed tomography (CT) appearance, and
potential complications are all essential. In this article,
thoracic and abdominal aortic repair techniques will be
described, including normal postoperative appearance and
complications.

Imaging protocol

CT angiography (CTA) is the gold standard for the
evaluation of the postoperative aorta due to precise
anatomic definition and dynamic contrast visualization.
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The core protocol is variable depending on institutional
preferences but commonly involves three phases:
precontrast, arterial phase and delayed phase enhancement.
The arterial phase evaluates for anatomy of vascular
structures, as well as for common complications including
extravasation and pseudoaneurysm. The precontrast phase
allows for problem solving by avoiding mimics of contrast
opacification. Finally, delayed images are often critical for
evaluation of slow leaks.

Protocols can vary widely by institution and are often
tailored to answer specific questions based on the surgery
performed. For example, electrocardiogram (ECG) gating
can be critical for the evaluation of the aortic root and
coronary artery ostia. Protocols can involve prospective
or retrospective gating (1), with accompanying differences
in radiation dose. Ultrafast nongated techniques can help
reduce motion artifact and intravenous contrast dose.
Postprocessing 3D volume rendering can often help with
defining aortic anatomy and stent location.

One consequence of the rising popularity of endovascular
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Figure 1 MRA for evaluation of postoperative aorta in a 72-year-old male with progressively enlarging aneurysm sac status post EVAR for

abdominal aortic aneurysm. (A) Pre- and (B) post-contrast MRA of the aneurysm sac demonstrating type II endoleak (white arrow); (C)

outside CTA performed at this same level with decreased conspicuity of the endoleak. Delayed imaging was not performed. MRA, magnetic

resonance angiography; CTA, computed tomography angiography; EVAR, endovascular aneurysm repair.

repair of the aortic pathology is the need for routine
yearly surveillance imaging, in contrast with open repair
techniques where no routine imaging is required. Yearly
CTA exams can impart a significant radiation burden over
a lifetime, prompting exploration of radiation reduction
techniques. For example, dual energy imaging can obviate
the need the precontrast imaging due to generation of
a virtual noncontrast image (2), while simultaneously
exaggerating vessel contrast enhancement through the
generation of low kVp images. Another issue with CTA
exams is the need for intravenous contrast administration,
which can be difficult in patients with renal impairment.
Patients with low glomerular filtration rate (GFR) often
require hydration or creative techniques involving ultrafast
low dose contrast studies.

Magnetic resonance angiography (MRA) is a viable
alternative for a variety of aortic imaging (Figure I).
However, in the evaluation of the postoperative patient,
metallic stent grafts and other materials can obscure fine
details that are often essential in postoperative assessment.
Other important issues with MRA imaging include inability
to assess stent patency, poor spatial resolution, nephrogenic
systemic fibrosis (NSF) in renal failure patients, and inability
to detect wall calcification (3). Although gadolinium based
agents are the agent of choice in many protocols, there
are a variety of non-gadolinium based agents which can be
utilized in vascular imaging (4).

Ultrasonography (US) has been evaluated for its utility
in the postoperative monitoring of abdominal aortic
aneurysms (AAA). A systematic review demonstrated poor
sensitivity for the detection of endoleak using color duplex
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ultrasound after endovascular repair of AAA, although
this sensitivity did increase with use of ultrasound contrast
agents (5).

Anatomy

The aorta is often characterized by section and can be
anatomically divided into the thoracic and abdominal
aorta at the diaphragmatic hiatus. The thoracic aorta is
broadly divided into the ascending aorta, aortic arch, and
descending aorta (6). The ascending aorta begins at the
aortic valve to the level of the pulmonary artery bifurcation,
and contains the sinuses of Valsalva where the coronary
arteries originate. The aortic arch gives rise to three major
vessels: the brachiocephalic trunk (which further branches
into the right common carotid and subclavian arteries),
left common carotid and left subclavian arteries. Variant
anatomy occurs in approximately 30% of patients, with
a common origin of the brachiocephalic trunk and left
common carotid (sometimes referred to as “bovine arch”)
being most common (7). The descending aorta gives rise
to the intercostal arteries, bronchial arteries, and superior
phrenic arteries among others. The anterior spinal arteries
deserve special mention as branches of the intercostal
arteries. They supply the anterior spinal cord and can lead
to spinal cord ischemia in endovascular stent repair of the
descending thoracic aorta.

The abdominal aorta branches include inferior phrenic
arteries, suprarenal arteries, visceral arteries (celiac axis,
superior mesenteric artery, and inferior mesenteric artery),
renal arteries and lumbar arteries before bifurcating into
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Aortic zone Location

Zone 0 Proximal to the innominate artery origin

Zone 1 Distal to the innominate but proximal to the left common carotid artery origin

Zone 2 Distal to the left common carotid origin but proximal to the subclavian artery

Zone 3 <2 cm from the left subclavian artery without covering it

Zone 4 >2 cm distal to the left subclavian artery but within the proximal half of the descending thoracic aorta (T6)
Zone 5 Starts in the distal half of the descending thoracic aorta but proximal to the celiac artery
Zone 6 Celiac origin to the top of the superior mesenteric artery

Zone 7 Superior mesenteric artery origin, suprarenal aorta

Zone 8 Covers at least one renal artery

Zone 9 Infrarenal

Zone 10 Common iliac

Zone 11 External iliac

the left and right common iliac arteries. The medial sacral
artery also arises at this point.

In endovascular planning, a separate classification is used
to section the aorta based on landing zones for proximal and
distal attachments (7uble 1) (8). Proximal attachments are
classified as Zone 0 to 5, with distal attachments classified as
Zone 4 to 11 (9).

Thoracic aorta

The most common indications for surgical intervention of
the thoracic aorta include elective aortic aneurysm repair
or urgent acute aortic syndromes including dissection,
pseudoaneurysm and intramural hematoma (10). Acute
aortic syndromes involving the ascending aorta and arch
are repaired much more urgently due to risk of involving
the pericardium, coronary arteries, and great vessels. For
elective aneurysm repair, the general threshold size is
typically 5.5 cm although there are indications at smaller
sizes in preexisting connective tissue disease and familial
syndromes (e.g., Marfan’s or bicuspid aortic valve) (11).
Other indications include rapid sac growth of >0.5 cm/year
or symptomatic aneurysm (e.g., aortic insufficiency, chest
pain) (10) (Table 2)

Ascending aorta

The surgical approach to aortic repair varies of a wide range
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of factors including anatomy, anatomic extent of disease,
age, prior surgeries and need for long-term anticoagulation
(10,12-14). A primary consideration in surgical planning
involves assessing the extent of disease in determining
whether to involve the aorta valve, coronary sinuses,
coronary arteries and/or arch vessels (15).

Early aortic root replacement involved concurrent
replacement of the aortic valve, either with a mechanical
or tissue valve. Aortic root replacement was first
described in 1964 by Wheat et /. which involved graft
replacement of the aortic valve and the ascending aorta
distal to the coronary ostia (16). Through this method,
complications from manipulating the native coronary ostia
are avoided. However, proximal native aortic dissection or
pseudoaneurysms are recognized complications (17).

The Bentall procedure involves complete composite
replacement of the proximal aorta with re-implantation
of the coronary arteries (18). Several modifications have
been made to this technique, including the “button
Bentall” technique where buttons of coronary ostia are
anastomosed (14), Currently, the “button Bentall” is the
preferred approach for aortic root repair.

The Cabrol procedure (Figure 2) is an uncommon
alternative where a side to side anastomosis to a prosthetic
conduit is achieved for the left and right coronary arteries (19).
Indications for the Cabrol procedure include dissection
extension into the coronary ostia or inadequate/inadequate
surgical mobilization of the coronary ostia for the button
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Anatomic location

Procedure

Special considerations

Ascending aorta

w/aortic valve

Valve sparing

Aortic arch
Arch only

Involving
descending aorta

Descending thoracic

Endovascular

Open
Abdominal
Endovascular

Open

Wheat procedure (12) (spares nondiseased coronary ostia)

Classic Bentall (13) (reimplantation of coronary arteries end-to-end)
Button Bentall (reimplantation with anastomosis of ostial “buttons”)

Cabrol procedure (14) (similar to button Bentall with prosthetic conduits
anastomosed to coronary arteries)

Cabrol shunt (periprosthetic shunt to right atrium to drain anastomotic leakage)

Ross procedure/pulmonary autograft (15) (replacement with native pulmonary
valve and pulmonary artery)

Yacoub (16) (remodeling of valve)

David (17) (reimplantation of valve)

Debranching with simple graft anastomosis (individually or as an island)

Two-stage procedure: (|) elephant trunk (18); (Il) open replacement or endovascular

stent

With coverage of left subclavian, followed by carotid-subclavian bypass
Snorkel or chimney graft to preserve left subclavian artery

With or without intercostal reimplantation

Dissection/aneurysm of native
proximal aorta

Preferred

Suitable for young patients

Risk for spinal cord ischemia

Preferred

Figure 2 Post-operative imaging of Cabrol procedure in a 44-year-old man. Axial CT angiogram shows a patent left coronary limb [white

arrows in (A,C)] and patent right coronary limb [red arrows in (B,C)].
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Figure 3 Postoperative imaging following Ross procedure in a 71-year-old man with a history of bicuspid aortic valve stenosis, presented

with symptomatic progressive pulmonic stenosis. (A) Coronal CT angiogram, after Ross procedure 16 years earlier, demonstrates dilatation

of the pulmonic autograft, which measured 4.8 cm at sinus of Valsalva; (B) coronal CT angiogram shows calcification (white arrow) of the

cadaveric homograft used to reconstruct the pulmonary artery.

Bentall technique (15,20).

In patients with relatively normal aortic valves, valve-
sparing root replacement is a consideration. Advantages
include avoidance of lifelong anticoagulation and improved
flow dynamics. The Yacoub (21,22) and David techniques
(23,24) are described which can involve re-implantation of
the native valve or remodeling of the sinuses of Valsalva to
enable suturing of the native valve.

Finally, biologic autografts involving use of the native
pulmonary artery and pulmonary valve to replace the aortic
valve can be considered, typically in younger patients
allowing for improved hemodynamics, known as the Ross
procedure (Figure 3). A homograft valve replaces the native
pulmonic valve. This procedure is especially favorable for
younger patients to better optimize flow dynamics (25).

Broadly, grafts can be placed either through an
interposition graft or much commonly an inclusion graft.
The interposition graft is placed by complete resection of
the diseased aorta and proximal and distal anastomosis. In
contrast, the inclusion graft is placed in the retained disease
aorta, leaving a peri-graft space that ideally thromboses
closed. In the event of delayed thrombosis and continued
hemorrhage, techniques such as the Cabrol shunt have been
employed which involve creating a shunt to drain peri-graft
hemorrhage into the right atrium (26,27).

Aortic arch

The degree of arch involvement dictates the surgical
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approach to repair. Isolated arch involvement only requires
arch graft repair with re-implantation of the arch vessels
either individually, as an island or a peninsula.

For more extensive aortic repairs involving the aortic
arch and ascending or descending aorta, the elephant trunk
procedure is performed (28-31). The two-step procedure
first involves graft repair of the ascending aorta and arch.
The native arch is removed with debranching of the great
vessels followed by reimplantation into the graft. The distal
edge of the graft is left unattached and free to dangle in
the descending aorta in preparation for the second step.
Subsequently, a second graft can be attached to the dangling
piece either through an open or endovascular approach (32).

Endovascular repair

Thoracic endovascular aortic repair (TEVAR) is
an alternative to open surgical management for the
descending thoracic aorta repair, which won Federal Drug
Administration (FDA) approval in 2005 (33). In contrast
to open repair, TEVAR uses a retrograde approach
through the femoral arteries to place a stent graft into the
descending thoracic aorta. There are currently four FDA
approved stent graft materials [Nitinol, stainless steel,
polytetrafluoroethylene (PTFE), polyester] (34).

Rigorous preprocedural imaging is required to define
anatomy and evaluate for adequate access, stent graft size,
and placement, which is beyond the scope of this review.
In cases where is no adequate landing zone >2 cm from
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the origin of the left subclavian artery, a decision can be
made to intentionally cover the origin of the left subclavian
(35,36). In patients with a dominant left vertebral system
or incomplete Circle of Willis, revascularization of the
left subclavian to carotid bypass should be performed
preoperatively to minimize the risk of stroke (37). Routine
revascularization of the left subclavian artery, however, has
not been shown to be beneficial in a meta-analysis (30).

Alternatives to this include use of a fenestrated graft
or chimney and snorkel techniques to maintain antegrade
arterial flow (38).

Abdominal aorta

AAA are the most common indication for abdominal aortic
surgery, first described in 1952 (39). Rupture carries a
high mortality rate (over 50%) with over 13,000 deaths
per year in the United States (40). The prevalence of AAA
is approximately 10% in individuals over 65 and often
asymptomatic. The US Preventive Services Task Force
(USPSTF) has published guidelines regarding routine
screening in men over age 65, which were updated in
2014 (41). A recent study demonstrated increased screening
appropriateness following these updates (42). Current
USPSTF guidelines are being updated for 2019, with
tentative research draft plans investigating the benefit
of screening asymptomatic adults aged 50 and older.
Indications for surgical treatment include AAA >5.5 cm,
rapid expansion >1 cm in 1 year, infection and other
complications.

Endovascular repair

The discovery of endovascular aneurysm repair (EVAR)
has transformed the management of AAA. From 2000 to
2010, EVAR use has rapidly grown from 5.2% to 74% of
all AAA repairs (43), largely in part due to improvement in
30-day outcomes including declines in all-cause mortality,
surgical site infection, pneumonia and sepsis (32).
Nevertheless, endograft repair carries its own complications
and thus routine surveillance is required to confirm graft
stability. Current guidelines include imaging surveillance at
1 and 12 months after surgery, followed by annual routine
imaging (44).

The stent graft is composed of a delivery system, main
body device, and iliac extensions. Bifurcating iliac limbs are
most commonly used except in cases of severe unilateral
iliac stenosis or in cases of ruptured aneurysm with need for
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expeditious control of hemorrhage. There are eight stent
grafts available in the United States, which vary in degree of
structural support (Nitinol or stainless steel) throughout the
graft. Grafts are usually made of polyester (e.g., Dacron) or
PTFE (45).

In cases where the visceral and renal arteries are involved,
aortic stent grafts with fenestrations or branches are used to
preserve flow (32,46). These fenestrations or branches are
then covered with a bridging stent to create a seal.

Open repair

Endovascular repair has largely replaced open due to
multiple trials demonstrating perioperative and 30-day
improvements in mortality and morbidity. Indications
for open repair include unfavorable anatomy (suprarenal/
juxtarenal AAA), excessive vessel tortuosity, small caliber
vessels, horseshoe kidney, and inability to comply with
post EVAR surveillance. However, given the prospective
cumulative radiation dose needed for lifelong surveillance
after endovascular repair, open repair can be advocated in
younger patients under 65 (47). Grafts include polyester
(e.g., Dacron), PTFE and autogenous vein.

Normal CT postoperative appearance following
open repair

The aortic repair graft can often appear indistinguishable
from the native aortic wall on postcontrast imaging.
However, the precontrast phase often demonstrates a slightly
hyperattenuating aortic graft. In inclusion grafts, there is
often peripheral thrombosis of the excluded perigraft space.
In the immediate postoperative study, homogeneous, low-
density perigraft fluid is a common finding and represents
postoperative seroma (48). This fluid can persist for up to a
year following repair before slowly shrinking. Other causes
of low attenuation material surrounding the graft include
granulation tissue, omentum or bovine pericardium (49).

A small amount of air can be seen in the perigraft space in
the immediate postoperative study. One study demonstrated
resolution of periprosthetic air within 3 months (50). In
the absence of fever, laboratory abnormalities, or clinical
symptoms, even a large amount of air surrounding the
graft can be normal (Figure 4). However, a superimposed
infection can be difficult to exclude based on imaging
appearance alone, and should be raised in the appropriate
clinical context (50).

Aortic grafts can be covered by strips of felt or felt

Cardiovasc Diagn Ther 2018;8(Suppl 1):545-S60
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Figure 4 Postoperative CT in a 58-year-old man, after ascending thoracic aorta and aortic arch replacement. (A) Axial and (B) coronal CT

angiogram demonstrates air and fluid (arrows) adjacent to the ascending thoracic aorta. The locules of air and soft tissue thickening are also

seen along the anterior chest wall [arrows in (C)]. These findings were attributed to postoperative changes, and the patient was discharged

afterwards.

Figure 5 A 5-cm saccular pseudoaneurysm in a 79-year-old man after ascending aortic graft repair. (A) Axial and (B) coronal CT angiogram

shows a 5-cm extraluminal contrast arising from proximal inferior margin of aortic arch (white arrows); (C) coronal volume-rendered CT

angiogram demonstrates the pseudoaneurysm (arrow). Also note the graft dissection in (A).

pledgets can be used to for structural support. Felt is
hyperdense on CT and can mimic the appearance of
contrast extravasation; noncontrast images are invaluable to
exclude contrast leaks or pseudoaneurysm.

Graft-related complications of open repair

There is no formal consensus on the timing of imaging
follow-up for open repair of the thoracic or abdominal
aorta. Late complications are infrequently and inconsistently
reported due to lack of routine follow-up.

Anastomotic pseudoaneurysm

The incidence of anastomotic pseudoaneurysms (Figure 5)
is not definitively known due to the absence of routine
postoperative imaging. However, in AAA repair, anastomotic
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pseudoaneurysm represents the most commonly reported
late graft complication, with reported incidence ranging
from 4.6% to 9.4% of AAA repair (51,52). Infection is
an important cause of pseudoaneurysm that can lead to
further erosion, thrombosis or rupture. These are typically
treated with re-do conventional open repair, although
endovascular stenting is an option in suitable candidates (53).
However, graft infection is a common complication of redo
endovascular repair.

Graft occlusion

Occlusion of the aortic graft remains a rare complication.
Conrad er 4l. demonstrated four graft occlusions out of 152
open repairs (51). The Dutch Randomized Endovascular
Aneurysm Repair (DREAM) trial demonstrated only
three occlusions of 178 open repairs (54). Thrombus
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Figure 6 Stent graft dehiscence in a 75-year-old man with history of ruptured abdominal aortic aneurysm following open aortic repair,

presented with back pain after open aortic repair. (A) Axial non-contrast CT shows large amount of hyperdense fluid (arrow) at mid

retroperitoneal region and moderate amount of hemoperitoneum; (B) axial CT angiogram shows a large abdominal aortic aneurysm,; (C) axial

and (D) coronal CT angiogram demonstrates extraluminal contrast material (arrows) at right side of the inferior anastomotic site.

appears as low-density material within a graft limb, with
lack of opacification on delayed imaging. Once identified,
graft thrombosis can be treated endovascularly with a
thrombectomy catheter.

Graft dehiscence

Contrast extravasation at the anastomosis is pathognomonic
of graft dehiscence and can be identified even years after
the surgery (Figure 6). One study found the average time
interval of dehiscence at over 5 years following surgery (55).
Early detection is crucial to discontinue anticoagulation,
trigger evaluation by the surgeon and subsequent graft
repair. The operative mortality of re-do surgeries exceeds
the primary surgery and ranges from 13% to 41% (56).

Graft infection

Infection of the graft is a significant complication that
should be raised in the event fever, elevated white blood cell
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count and elevated inflammatory markers. On CT, graft
infection will appear as new fat stranding of hypodense
collections surrounding the graft. If untreated, graft
infections can lead to pseudoaneurysm or rupture. The
incidence of graft infection after open surgery ranges from
0.2% to 2% (53,57). The presence of air in the excluded
perigraft space should raise concern gas forming organism.
Treatment requires removal of the infected graft material.

Aortoenteric fistula

Upper gastroesophageal bleeding and shock should prompt
workup for possible aortoenteric fistula with CTA and
endoscopy. The incidence of aortoenteric fistula ranges
from 0.3% to 2.5% (58,59) and can be identified by gas
in the excluded aneurysm sac. In contrast to infection,
tethering of adjacent bowel should raise concern for
fistulation. Mortality of aortoenteric fistulas approaches
50% (60) and can be treated either by open or endovascular
repair.

Cardiovasc Diagn Ther 2018;8(Suppl 1):545-S60
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Figure 7 An 83-year-old female with type IA endoleak. (A) Axial CT angiogram image shows contrast material outside stent-graft but within

aneurysm sac (arrow), indicating endoleak at the proximal attachment; (B) coronal reformatted CT image shows contrast material outside

the graft (arrow); (C) digital subtraction angiography (DSA) demonstrating type IA endoleak (arrow).

Figure 8 A 91-year-old man with type II endoleak. (A) Axial CT angiogram demonstrates small contrast material outside the stent-graft at

the level of proximal neck of infrarenal abdominal aortic aneurysm, arising from patent IMA (arrow); (B) coronal reformatted CT angiogram

shows contrast material (arrow) outside the stent-graft, but within the aneurysm sac. IMA, inferior mesenteric artery.

General complications of endovascular repair
Endoleak

The primary objective of postoperative surveillance after
endovascular repair is for the detection of endoleak,
which is reported to occur in approximately 20-50% of
patients. Endoleak is defined as persistent blood flow
within the excluded aneurysm sac, which is detected
on CTA as contrast opacification, often on delayed
imaging (44). Endoleak can occur at any time point, from
intraoperatively to years following the procedure. As it is
often asymptomatic, failure to detect an endoleak can lead
to progressive aneurysm expansion and rupture. Thus,
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°,
EX4

lifelong imaging surveillance is mandatory.

A type I endoleak (Figure 7) refers to incompetent seal
at the proximal (1a) or distal (1b) sites, and are the
most concerning type. Type I endoleaks are repaired
upon discovery as they do not typically resolve
spontaneously. Additional grafts may need to be
placed to ensure adequate seal. They are the second
most common endoleak (approximately 10%);

Type 1I endoleaks (Figure 8) represent the vast
majority (over 50% and up to 80% of reported cases)
and result from patent collateral inflow. In the chest,
they can occur from intercostal arteries or backflow
from the left subclavian artery, and in the abdomen,

cdt.amegroups.com Cardiovasc Diagn Ther 2018;8(Suppl 1):545-S60
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Figure 9 A 78-year-old woman with type III endoleak. (A) Axial CT angiogram shows small contrast material (arrow) outside the stent-graft

at level of mid aortic arch; (B) coronal and (C) sagittal reformatted CT images demonstrate contrast material (arrows) outside the stent graft,

but still within the aneurysm sac.

they occur from lumbar, accessory renal or inferior
mesenteric artery collaterals. On CTA, delayed
imaging is required to assess for the presence of type
IT endoleak. Once detected, typically observation
and continued surveillance is recommended as these
often spontaneously resolve. Intervention is indicated
for sac expansion >5 mm, and includes embolization
through transarterial or translumbar approaches (61);

% Type III endoleaks (Figure 9) are rare with
improvements in newer stent grafts but are defined
by leaks in the junction or defects of the stent fabric.
Like type I endoleaks, the type III endoleaks require
treatment with additional stent graft components to
bridge the defect;

% Type IV endoleaks are self-limited and occur with
porosity of the stent graft. They do not require
treatment and typically resolve within days of
graft placement. Type IV endoleaks are important
to recognize as they can obscure a type I or III
endoleak;

% Type V endoleaks, also known as endotension, refer
to continued aneurysmal sac expansion without
demonstrated leak. This phenomenon is poorly
understood.

A unique mimic of endoleak following endovascular
repair occurs with Endologix stent grafts due to their
construction, where the metallic endoskeleton is located
within the graft cover. A rim of contrast outside the
endoskeleton can mimic a type III endoleak but still
remained well contained in the graft, a phenomenon known
as “billowing.” There is no apparent association with
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increased morbidity, mortality or incidence of endoleak
with billowing of Endologix stent grafts (62).

Stent migration and kinking

In addition to endoleaks, CTA is important for detection
of other immediate and delayed complications. Caudal
migration of the stent graft by more than 10 mm can occur
due to excessive over-sizing or tortuous seal zone anatomy.
One study demonstrated >10 mm of stent migration in 2.8%
of patients after TEVAR (63). Device collapse or kinking

can occur and often present with acute aortic occlusion (60).

Aneurysm sac growth

The ultimate goal of surveillance imaging is to detect early
aneurysm sac growth after endovascular repair. Makaroun
et al. found that after TEVAR, there was a 19% rate of
aneurysm sac growth after 5 years (64). For EVAR, Hogg
et al. similarly found a 21% rate of aneurysm sac growth
after 5 years (65). Aneurysm sac growth necessitates a search
for occult endoleak and may lead to surgical intervention.
Failure to properly follow up in these cases can lead to
further sac growth and eventual rupture.

Infection

The imaging findings of infection after endovascular graft
repair are similar to the previously discussed CT findings
after open repair (Figure 10). The DREAM trial noted a
0.6% rate of infections after endovascular repair (54). Foci

Cardiovasc Diagn Ther 2018;8(Suppl 1):545-S60
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Figure 10 A 69-year-old man with peri-graft infection. (A) Axial and (B) coronal CT angiogram show inflammatory reaction (arrows)

surrounding infected stent-graft; (C) axial delayed contrast-enhanced CT at level of stent-graft limbs demonstrates peri-graft inflammation

seen as rim-enhancing collection (arrows). Infected graft was removed, and right axilla femoral bypass graft and femoral-femoral crossover

graft were placed.

Figure 11 A 72-year-old-man with mycotic aneurysm. (A) Axial and (C) coronal contrast-enhanced CT show a 3.4-cm saccular out-

pouching (arrows) arising from anterior aspect of an infrarenal abdominal aortic aneurysm with containing air. Associated aortic wall

thickening and peri-aortic fat stranding is seen; (B) axial contrast-enhanced CT image shows another 3.2-cm out-pouching (white arrow)

arising from left lateral wall of the infrarenal abdominal aortic aneurysm with associated air (red arrow) within the excluded sac, aortic wall

thickening and peri-aortic fat stranding.

of gas bubbles in the aneurysm sac are often suggestive of
gas forming organism (Figure 11).

Visceral organ ischemia

Other complications to note include end organ ischemia
from the graft seal. Bowel ischemia is an important early
complication from coverage of the visceral arteries and
poor collateral flow (Figure 12). Bowel wall thickening
with associated fat stranding in a vascular distribution in
the postoperative setting is a strong indicator for bowel
ischemia. Ultee et 4/. noted a 1.6% incidence of bowel
ischemia following elective repair and 15.2% rate after
ruptured repair (66). Other solid organs such as the kidneys
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and spleen can demonstrate infarction related to ischemia
from stent coverage (Figure 13). If the stent graft extends
to or above the level of the renal arteries, care must be
taken to ensure adequate perfusion to the kidneys in the
postoperative setting. Renal artery ischemia can occur either
from stent coverage of the renal arteries or embolization of
cholesterol plaques (67).

Femoral artery injury

Other important complications to note involve anatomy not
directly involving the graft itself. These include evaluation
of groin hematomas (68) and pseudoaneurysms at the
femoral access sites for sources of bleeding (Figure 14).

Cardiovasc Diagn Ther 2018;8(Suppl 1):545-S60



S56 Li et al. Postoperative imaging of the aorta

e

FD eI %

K "

—

Figure 12 Bowel ischemia in a 90-year-old woman after endovascular infrarenal abdominal aortic repair for 6 days. (A) Axial and (B) coronal
CT angiogram show circumferential wall thickening at descending colon with pericolonic fat stranding (arrows); (C) the IMA was filled with
contrast supplied by the endoleak (red arrow); (D) axial delayed contrast-enhanced CT reveals splenic infarction at anterior pole (arrow).
IMA, inferior mesenteric artery.

A

Figure 13 A 75-year-old woman with occlusion of the right renal artery stent and renal infarction. (A) Coronal CT angiogram demonstrates
no contrast opacification in the right renal artery stent (arrow); (B) coronal volume rendered CT angiogram shows non-visualized right
renal artery and right kidney at distal to renal artery stent (arrow); (C) axial CT angiogram show delayed corticomedullary phase of the
right kidney as compared with the left kidney and mild atrophy of the right kidney; (D) axial delayed contrast-enhanced CT shows delayed
excretory function of the right kidney.
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Figure 14 A right groin hematoma in a 73-year-old man after insertion of catheter via the right femoral artery for endovascular repair of
type B aortic dissection, presented with progressive right groin pain and swelling. (A) Axial CT demonstrates a 6.4-cm hyperdense lesion
(52 HU) at the right groin (arrows); (B) axial CT angiogram shows a small focus of extraluminal contrast (arrow); (C) axial delayed contrast-

enhanced CT shows no expansion of the contrast (arrows). HU, Hounsfield unit.

Unidentified hematomas are also at risk for superinfection. 4. Oliveira IS, Hedgire SS, Li W, et al. Blood pool contrast
agents for venous magnetic resonance imaging. Cardiovasc

Diagn Ther 2016;6:508-18.

Conclusions 5. Sun Z. Diagnostic value of color duplex ultrasonography
Knowledge of increasingly complex normal appearances in the follow-up of endovascular repair of abdominal aortic
of the postoperative aorta is essential for detection of aneurysm. ] Vasc Interv Radiol 2006;17:759-64.
complications and avoidance of imaging pitfalls. As 6. Celikyay ZR, Koner AE, Celikyay F, et al. Frequency
further advances are made in surgical techniques and graft and imaging findings of variations in human aortic arch
prostheses, reliable imaging will become increasingly anatomy based on multidetector computed tomography
important in the future. data. Clin Imaging 2013;37:1011-9.

7. Layton KF, Kallmes DF, Cloft HJ, et al. Bovine aortic arch
variant in humans: clarification of a common misnomer.
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