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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME
activiry, participants will be able to:

W Recognize the imaging appearances of
the most used components of thoracic
aorta repairs.

B Characterize repairs of the ascending
aorta.

B Understand the appearances of aortic
arch repairs.

See rsna.org/learning-center-rg.

While many of the classic open surgical repairs are still used to
repair the ascending aorta, management of the aortic arch has be-
come more complex via implementation of newer open surgical
and endovascular techniques. Furthermore, techniques are often
combined in novel repairs or to allow extended anatomic cover-
age. As such, a framework that rests on understanding the expected
postoperative appearance is necessary for the diagnostic radiologist
to best interpret CT studies in these patients. After reviewing the
imaging appearances of the common components used in proxi-
mal aortic repair, the authors present a structured approach that
focuses on the key relevant questions that diagnostic radiologists
should consider when interpreting CT studies in these patients. For
repair of the ascending aorta, this includes determining whether the
aortic valve has been repaired, whether the sinuses of Valsalva have
been repaired, and how the coronary arteries were managed, when
necessary. In repairs that involve the aortic arch, the relevant con-
siderations relate to management of the arch vessels and the distal
extent of the repair. In focusing on these questions, the diagnostic
radiologist will be able to identify and describe the vast majority of
repairs. Understanding these questions will also facilitate improved
understanding of novel repairs, which often use these basic building
blocks. Finally, complications—which typically involve infection,
noninfectious repair breakdown, hemorrhage, problems with endo-
grafts, or disease of the remaining adjacent aorta—will be identifi-
able as deviations from the expected postoperative appearance.

Online supplemental material is available for this article.

©RSNA, 2021 - radiographics.rsna.org

Introduction
Over the past several decades, techniques for repair of the ascend-
ing aorta and aortic arch (proximal aortic repair) have evolved and
become increasingly complex and diversified. Many of the classic
repair techniques are still used, although they are continually modi-
fied, improved on, and used in conjunction with newer techniques
and devices to produce novel repairs. Patients treated with these
procedures will inevitably undergo CT as part of routine follow-up
and evaluation for suspected complications. As such, the diagnostic
radiologist has a pivotal role in postoperative evaluation and manage-
ment of patients who have undergone proximal aortic repair.

As with all patients who have undergone a surgical procedure,
interpretation of these studies requires a fundamental understanding
of the expected postoperative appearance. This begins with recogniz-
ing the imaging appearance of the most used components—or “nuts
and bolts”—of proximal aortic repairs. From there, an organized
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TEACHING POINTS

B At CT, when the vessel a felt ring encircles is viewed along its
long axis, the felt ring will appear as focal small hyperattenu-
ating structures along its periphery. If an orthogonal plane or
volume-rendered image is created perpendicular to the ves-
sel at the level of the felt ring, the ring nature of this rein-
forcement will be confirmed. Identifying felt rings is helpful
in determining the extent of open grafts, given that they are
frequently used to reinforce anastomoses.

B At CT, patients who have undergone composite graft aortic
replacement have findings of a graft that begins at the valve
plane and extends cranially. These grafts are typically tubular
and may have folds or bends in them to accommodate their
course in the mediastinum. When felt rings are used, there will
be only a distal felt ring, which allows distinction of a compos-
ite graft from a supracoronary graft. The normal anatomy of
the sinuses of Valsalva will be absent, and the coronary arteries
will be anastomosed.

B When the coronary artery harvested with the modified Bentall
technique is reimplanted on the aorta, postoperative CT will
demonstrate the larger trumpetlike origin, which is typically
reinforced with surrounding felt after it is sutured to produce
what is termed a coronary button.

B |n endovascular repairs, the arch vessels may be managed us-
ing the chimney or snorkel technique, in which stent-grafts
are deployed within the arch vessels that then run alongside
an endovascular graft deployed in the aortic arch. Some en-
dovascular stent-grafts specifically designed for the aortic arch
have fenestrae or uncovered portions that communicate with
the arch vessels or allow deployment of stents from the arch
vessels into the lumen of the endovascular graft.

B |n all elephant trunk variations, the CT appearance will be
similar, with (a) findings of open surgical repair of the proxi-
mal aorta with managed arch vessels (island, debranching, or
four-branched surgical graft) and (b) an endovascular stent
extending into the distal aspect of the open graft.

assessment that focuses on key questions can
be used to characterize repairs of the ascending
aorta and aortic arch. Once the expected post-
operative appearance of repairs of the ascending
aorta and aortic arch is understood, unexpected
imaging findings concerning for complications
will be identifiable.

Nuts and Bolts

Surgical Grafts

Grafts used in open surgical proximal thoracic
aorta repairs are typically made of synthetic
polyethylene (Dacron; DuPont) (1-3). Rarely,
aortic homografts procured from a human donor
are used; this is uncommon given the increased
complexity of these operations and the frequent
failure of these types of grafts (4—7). Grafts can
be used to replace aortic tissue only or be fash-
ioned directly into a valvular prosthesis, which
may be mechanical or bioprosthetic. A surgi-
cal graft fashioned into a valvular prosthesis is
termed a composite graft (1).
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Synthetic aortic grafts can be identified at
noncontrast CT by their hyperattenuating ap-
pearance in comparison with the native aorta,

a finding that may be difficult to perceive at
postcontrast imaging owing to the adjacent blood
pool (Fig 1). Potential mimics of a hyperattenu-
ating surgical graft include (@) circumferential
calcification and (b) relative hyperattenuation of
the wall in comparison with the blood pool in
patients with anemia.

Aortic grafts can also be identified by their non-
anatomic appearance. Grafts are less pliable than
the native aorta and—instead of having a smoothly
curved morphology—typically have a straighter
configuration with accompanied angulations. As
such, they are often more redundant than would
be expected of the native aorta and may even
produce folds. Identifying graft folds is important
because when viewed only on axial images, they
may simulate an intimomedial flap (8) (Fig 2).

Aortic grafts also lack normal anatomic land-
marks. This is particularly relevant in identifying
aortic root repairs, as almost all grafts that extend
to the aortic valve plane will be straight and not
demonstrate the waist of the sinotubular junction
or normal sinuses of Valsalva. Additionally, subtle
caliber changes at the interface with the native
aorta and the presence of reinforcement material
can be used to define the extent of aortic grafts.
Multiplanar reconstructions are useful in char-
acterizing the nonanatomic nature of grafts by
depicting their extent, the presence of folds, and
the absence of normal anatomic landmarks.

Open surgical aortic repair can be performed
with the inclusion technique or interposition
technique. The inclusion technique, originally
described by Bentall and De Bono (9), was
introduced as a method to control bleeding and
prevent graft leaking. In this technique, the na-
tive aorta is incised and then sutured around the
graft, creating a potential space between the na-
tive aorta and the graft material. Accumulation of
blood or fluid in the perigraft space can have the
unintended consequence of producing tension
on the anastomosis, thereby increasing the risk
of pseudoaneurysm formation (10). At CT, this
potential space may not normally be visible, but
if the native aorta was calcified, it may be seen
surrounding the graft itself (Fig 3).

With advancements in graft technology and
surgical technique, the inclusion technique has
largely been replaced by the interposition tech-
nique, in which the diseased aorta is excised and
replaced with an interposition graft. Despite the
lack of a surgically created potential space—as
seen with the inclusion technique—interposition
grafts may also have a potential space surround-
ing them owing to the presence of residual aortic
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Figure 1. Elephant trunk repair
in a 24-year-old man. The repair
was performed with a Dacron
graft (DuPont) replacing the as-
cending aorta and an endovascu-
lar stent in the descending aorta.
(a) Axial noncontrast CT image
shows that the graft has a mildly
hyperattenuating wall (arrows).
(b) On a corresponding contrast-
enhanced image, the graft is not
identifiable.

Figure 2. Synthetic graft fold in a
71-year-old man with an open sur-
gical graft of the ascending aorta.
(a) Axial CT image shows a linear
area of hypoattenuation (arrow)
in the ascending aortic portion of
the graft. (b) Oblique multiplanar
reconstruction shows that the find-
ing in a is a fold (arrow) due to
redundancy in the graft. Intimo-
medial flaps do not occur in an
open graft because it is a synthetic
tube and not native aorta. Open
grafts have a straighter and more
angulated morphology than that
of the native aorta; this morphol-
ogy can produce folds that simu-
late intimomedial flaps.

tissue, adhesions, or resolved hematoma. On oc-
casion, this material can calcify and be detectable
at CT (2,11,12).

In addition to being used in repair of the tho-
racic aorta, synthetic vascular grafts can also be
used to reconstruct the arch vessels. Grafts used
to reconstruct the arch vessels can be individual
or have multiple limbs with joined proximal por-
tions that attach to the aorta. Carotid-carotid and
left carotid-subclavian grafts can also be fash-
ioned to connect the arch vessels to each other in
a sequential or “daisy chain” configuration (13).

When used in conjunction with an endovas-
cular thoracic aorta stent, left carotid-subclavian
grafts are often accompanied by occlusion of the
proximal left subclavian artery origin to prevent
endoleaks. Occlusion of the left subclavian artery
can be performed surgically but is more often
accomplished with an endovascular approach

radiographics.rsna.org

via placement of vascular occluders and plugs
(14-16). Occluding devices are easily identifi-
able at CT as disk- or dumbbell-shaped hyper-
attenuating structures that work by promoting
thrombogenesis (Fig 4).

Aside from being used in primary vascular
repair, short side grafts are often used for pur-
poses of cardiopulmonary bypass cannulation.
These grafts can be fastened to the aorta or,
when the aorta is not suitable, to more periph-
eral vessels such as the axillary, innominate, or
subclavian artery. In some cases, an ascending
aortic graft may have a small side branch for
vascular access built into it that can be used for
cardiopulmonary bypass after the distal anasto-
mosis is complete.

At postrepair imaging, side-branch grafts can
have variable configurations. Their distal mar-
gins can be tapered or square, and there is often
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Figure 3. Axial CT image shows a composite graft repair of
the ascending aorta using the inclusion technique. Calcified
material surrounding the graft (white arrows) corresponds to
the native inclusion aorta wrapped around the graft. Note the
felt reinforcement (black arrow), which is partially included
along the undersurface of the aortic arch.

Figure 4. Oblique coronal maximum intensity projection
(MIP) CT reconstruction in a patient with an endovascular
stent-graft across the subclavian artery origin. To prevent back
filling of the excluded aorta, an occluder device (blue arrow)
was placed at the origin of the left subclavian artery. The left
subclavian artery was revascularized using a surgical graft (yel-
low arrows) from the left common carotid artery (white ar-
rows). The surgical graft can be identified by its regularly re-
peating folds.

suture material, felt, or clips at their apex to close
them. Knowledge of the imaging appearance of
side-branch grafts is essential to prevent mis-
identification as a pseudoaneurysm (17) (Fig 5).
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Reinforcements: Felt Rings, Pledgets,
Sutures, and Clips

Felt rings and pledgets, typically made of tetra-
fluoroethylene, are used to seal and reinforce
potential points of failure, which include vascular
access sites and anastomoses between the graft
and native aortic tissue. Felt rings and pledgets are
readily identifiable as hyperattenuating structures
at both noncontrast and contrast-enhanced CT.
As would be inferred from their name, felt rings
are linear structures that can be used to encircle
the aorta and are of particular value in reinforc-
ing suture lines. At CT, when the vessel a felt ring
encircles is viewed along its long axis, the felt ring
will appear as focal small hyperattenuating struc-
tures along its periphery. If an orthogonal plane or
volume-rendered image is created perpendicular
to the vessel at the level of the felt ring, the ring
nature of this reinforcement will be confirmed.
Identifying felt rings is helpful in determining the
extent of open grafts, given that they are frequently
used to reinforce anastomoses (2,3) (Fig 6).

Felt pledgets are used primarily to reinforce
vascular access sites and—Ilike felt rings—appear
at CT as small round or oblong hyperattenuating
structures. They are typically positioned along the
ascending aorta or major branch vessels, either
directly apposed to the outer wall of the aorta or at
the tip of side-branch grafts used for cannulation
(Fig 7). Felt can also be used to reinforce other
access sites, including those used for left ventricle
or pulmonary vein cannulation (2,3,17).

Surgical sutures are often used to reinforce vas-
cular access sites, side-branch grafts, and anasto-
moses and appear at CT as thin hyperattenuating
linear structures. Sutures can also be fastened
to suture anchors. Recognizing suture anchors,
which are most often small hook-shaped linear
structures, can be particularly helpful in detect-
ing the presence of a bioprosthetic aortic valve
replacement, as the leaflets themselves will not be
identifiable, since they are native human tissue. In
addition, some surgeons may use metallic auto-
mated “suture fasteners” such as the Cor-Knot
(LSI Solutions) to secure valvular anastomoses;
at CT, these appear as foci of metallic attenuation
along the rim of a valvular anastomosis (Fig 8).

Surgical clips are of varying sizes but are typi-
cally made of metal. As such, they are very hyper-
attenuating at CT. They appear as straight and
well-marginated hyperattenuating structures that
can produce some beam-hardening artifact and are
often thicker and straighter than sutures. Surgical
clips have various purposes in thoracic aorta repair,
including occluding vessels for hemostasis and
closing side-branch grafts used for cannulation.

When a question arises as to whether a high-
attenuation finding at CT represents one of
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Figure 5. Cannulation sites. (a) Side-branch graft in a 67-year-old woman after supracoronary aortic repair for dissection (not
shown). Axial CT image shows a squared-off side-branch graft (white arrow) from the innominate artery (blue arrow). A felt pled-
get is seen at the tip (yellow arrow); there is also felt reinforcement (green arrows) at the junction with the innominate artery.
(b) Cannulation graft in a 65-year-old man after proximal aortic repair. Axial CT image shows a tapered cannulation graft along
the right anterolateral aorta with a hyperattenuating suture at its apex (arrow). (c) Side-branch graft in a 70-year-old man after
proximal aortic repair. Axial noncontrast CT image shows the hyperattenuating wall (yellow arrows) of a side-branch graft used to
cannulate the aorta for bypass. The end of the side graft has a small amount of felt at its tip (blue arrow).

Figure 6. Felt ring in a 65-year-
old man after proximal aortic re-
pair. (a) Axial CT image shows
hyperattenuating structures (ar-
rows) along the wall of the aorta.
(b) Perpendicular-plane CT image
through these structures shows
that they represent a circumferen-
tial felt ring (arrows). Felt rings are
used to reinforce anastomoses;
therefore, identifying them can
help define the margins of a surgi-
cal graft.

the described reinforcement materials, blood,
extravasated contrast material, or a pseudoaneu-
rysm, comparison with prior studies or perform-
ing a noncontrast examination can be crucial

for definitive identification. In addition, careful
review of operative notes may be helpful for
determining the intended placement of reinforce-
ment materials.

Endovascular Stent-Grafts

Endovascular stent-grafts are composed of an in-
ner metallic skeleton often made of nitinol, which
is readily identifiable at CT with hyperattenuating
struts. While the metal skeleton is porous, it may
be completely or partially covered with nonporous
polyester graft material. The polyester graft mate-

rial cannot be seen at CT, although a minority of
stent-grafts have circumferential metallic rings that
define the proximal and distal ends.

Some stent-graft systems include multiple pieces
to accommodate the length of the aorta. Other
stent-graft systems specifically designed for the
aortic arch may contain fenestrae or built-in side
branches to accommodate the arch vessels (18,19).
Multiplanar reconstructions, maximum intensity
projections (MIPs), and volumetric reconstructions
are often of particular value in depicting endovas-
cular stent-graft anatomy (20-22) (Fig 9).

Repair Techniques
The treatment approach to repair of the ascend-
ing aorta and aortic arch depends on patient
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characteristics, the specific pathologic condi-
tion encountered, and the anatomic extent of
the needed repair. Repair of the ascending aorta
alone is typically accomplished via open surgery.
Repairs involving the aortic arch are more com-
plicated because of the great vessels and may use
combinations of surgical and endovascular tech-
niques, often in staged procedures. To interpret
postoperative studies after repair of the ascending
aorta or aortic arch, the radiologist must under-
stand the most common repair techniques and
their expected imaging appearances. The follow-
ing sections review these repairs, with specific
attention directed to imaging features and the
essential questions that distinguish the repairs to
allow identification.

Zonal Anatomy

Aortic zones are used to describe the extent of
the thoracic aorta that is repaired and the land-
ing sites for endovascular stents when they are
used. The Criado and Ishimaru classification
systems for the thoracic aorta are similar and are
shown in Figure 10 (23-25). In the Criado sys-
tem, which is adopted by the Society for Vascu-
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Figure 7. Felt pledgets in a
40-year-old woman after open
surgical proximal aortic repair.
(a, b) Axial contrast-enhanced (a)
and noncontrast (b) CT images
show a hyperattenuating struc-
ture (arrow) consistent with a felt
pledget along the left anterolateral
aspect of the aorta. (c, d) Axial
contrast-enhanced (c¢) and non-
contrast (d) CT images inferior to
a and b show an additional pledget
(arrow) along the left posterolateral
aspect of the aorta. As shown here,
felt pledgets can have different
shapes. They are used liberally in
open surgical repairs of the proxi-
mal aorta to control hemostasis,
provide reinforcement, and seal
off access sites. Awareness of felt
pledgets prevents confusion with
pseudoaneurysms. Although not
typically required, noncontrast ac-
quisitions can be used to confirm
the presence of a hyperattenuating
pledget.

lar Surgery, zone 0 involves the ascending aorta
and the origin of the innominate artery. Zone

1 spans the origin of the left common carotid
artery, and zone 2 spans the origin of the left
subclavian artery. Zone 3 extends from the dis-
tal aspect of the left subclavian artery through
the first 2 cm of the descending aorta, with zone
4 extending distally.

Zone 3 of the Criado system presents a par-
ticular challenge for stent deployment, given that
most endovascular stents require a 2-cm landing
zone distal to the left subclavian artery to provide
an adequate seal while avoiding coverage of the
left subclavian artery during deployment. The
Ishimaru system differs in that zone 3 extends
from the distal aspect of the left subclavian artery
to a border at the end of the curvature of the
aortic arch (23,24,26).

Ascending Aorta (Zone 0)

Although new endovascular devices are being de-
veloped specifically for use in the ascending aorta,
open surgery is currently used to manage almost
all repairs of zone 0 (27-29). In describing a repair
of the ascending aorta, the first relevant question is
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Figure 8. Automatic suture fasteners in a
65-year-old man after valve-sparing ascend-
ing aorta repair. Axial CT image shows metallic
hyperattenuating structures (arrows) about the
aortic annulus. These are Cor-Knot (LSI Solu-
tions) automatic suture fasteners, which are used
as a faster alternative to hand tying.

radiographics.rsna.org

Figure 9. Endovascular stent-grafts in a
54-year-old man after combined proximal and
descending aortic repair. Oblique sagittal MIP
CT reconstruction shows the nitinol struts of the
stent-grafts to advantage. In the mid descend-

whether the aortic valve has been repaired. Aortic
valve repair can be achieved with a metallic or
bioprosthetic valve, the former identifiable by
hyperattenuating leaflets at CT and the latter hav-
ing leaflets of native tissue attenuation but poten-
tially accompanied by a ring scaffolding or suture
anchors.

The second relevant question is whether the
sinuses of Valsalva have been repaired. Patients
who have undergone ascending aorta repair
that begins distal to the sinuses of Valsalva have
a supracoronary repair. Supracoronary repairs
have the important advantage of not requiring
reimplantation of the coronary arteries (30).
Recognizing a supracoronary repair at CT re-
quires identifying the anatomic configuration of
the native sinuses of Valsalva and the coronary
arteries, and that the repair begins at or above the
sinotubular junction.

In a supracoronary repair, graft interfacing
with the native aorta can be readily identified by
the proximal felt ring, when present, as well as
the redundant nonanatomic configuration. A dis-
tal felt ring in zone 0 may also be seen if repair of
the arch was not performed. When a patient has
combined surgery involving supracoronary repair
and aortic valve replacement, this is known as the
Wheat procedure (30,31) (Fig 11).

When an ascending aortic repair involves the
sinuses of Valsalva, two major classes of tech-
niques can be used: those that replace the native
aortic valve and those that do not, otherwise
known as valve-sparing surgeries. Surgeries that
replace the aortic valve use a composite graft,

ing aorta, a second stent with overlapping struts
is present (arrows). This was placed to treat an
endoleak.

Figure 10. Oblique sagittal MIP CT image shows
the aortic zones as defined by Criado et al (25).

which includes a mechanical or bioprosthetic
valve fashioned into an ascending aortic graft.
At CT, patients who have undergone compos-
ite graft aortic replacement have findings of a
graft that begins at the valve plane and extends
cranially. These grafts are typically tubular and
may have folds or bends in them to accommo-
date their course in the mediastinum. When felt
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rings are used, there will be only a distal felt ring,
which allows distinction of a composite graft
from a supracoronary graft. The normal anatomy
of the sinuses of Valsalva will be absent, and the
coronary arteries will be anastomosed (Fig 12).

Valve-sparing procedures were developed to
allow repair of the ascending aorta below the
level of the sinotubular junction while preserving
the flow dynamics of the native aortic valve and
avoiding the need for lifelong anticoagulation
(32-36). The most common type of valve-sparing
procedure is the David repair and its derivatives.
In David-type repairs, the native aorta is excised
and replaced with a graft in which the native aor-
tic valve is resuspended. Of note, the aortic graft
used in David repairs is typically sutured below
the valve insertion, thus preventing further dilata-
tion of the aortic root (37).

In David I repairs, the graft has a standard
straight tubular configuration. In the T. David-V
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Figure 11. Supracoronary re-

pairs. (a) Supracoronary repair in

SUPRACORONARY 5 57.year-old man. Coronal CT
REPAIR image shows the repair, which is
defined by felt rings at the sino-
tubular junction (blue arrows)
and in the distal ascending aorta
(green arrows). (b) Diagram of a
supracoronary repair shows the
proximal (blue arrow) and distal
(green arrow) felt rings. (c) Supra-
coronary repair in a 62-year-old
woman. Oblique sagittal CT image
shows the repair, which is defined
by felt rings at the sinotubular
junction (blue arrows) and in the
distal ascending aorta (green ar-
rows). A mechanical aortic valve
(black arrow) was placed at the
same time, a combined surgery
known as the Wheat procedure.
(d) Diagram of the Wheat pro-
cedure shows the supracoronary
repair, which is defined by proxi-
WHEAT mal (blue arrow) and distal (green
arrow) felt rings, as well as the

mechanical aortic valve (black

coronary arteries.

S PROCEDURE
arrow). Supracoronary repairs
are advantageous in that they do
not require reimplantation of the
-~
d.

technique, a larger graft is used, which is cinched
down at the annulus and neo—sinotubular junction
(38). In the Demers-Miller or Stanford modifica-
tion, two grafts are used, one smaller-caliber graft
superiorly and a larger-caliber graft inferiorly.
These modified techniques used to enlarge the
graft at the root have the potential benefits of
preserved flow dynamics and decreased contact

of the leaflets with the graft, thus preserving valve
durability (38).

At CT, David repairs will have only a distal
felt ring, when present (39). In David I proce-
dures, the graft will be relatively straight and
tubular, while in the modified procedures it will
have a subtle flare; in the two-graft Demers-
Miller or Stanford modification, a reinforcing
ring may be seen proximally at the neo—sinotu-
bular junction. The sinuses of Valsalva are not
individually reconstructed, and the coronary
arteries will be reimplanted. The aortic valve will
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Figure 12. Composite graft repair of the ascending
aorta with modified Bentall-type coronary artery anas-
tomosis in a 49-year-old man. (a) Oblique coronal CT
image shows the composite graft, which is defined by
the mechanical aortic valve proximally (black arrow)
and a felt ring distally (green arrows). The nonanatomic
nature of the graft is evident, with its straight portions
and associated acute angulation, lack of a normal waist
at the sinotubular junction, and lack of normal sinuses
of Valsalva. The coronary arteries were attached with a
modified Bentall technique using a Carrel patch (blue
arrow) and surrounding felt reinforcement (white ar-
rows). (b) Oblique axial CT image at the level of the
left main coronary artery anastomosis shows the Carrel
patch (blue arrow) and surrounding felt reinforcement
(white arrows). (c¢) Diagram of a composite graft of
the ascending aorta shows a correlative distal felt ring
(green arrow) and mechanical valve (black arrow). Also
shown are diagrams of classic Bentall coronary anas-
tomoses with tubular proximal portions versus flanged
modified Bentall coronary anastomoses.

be native, although suture anchors may be seen
proximally (Fig 13).

In the older but still occasionally encountered
Yacoub repair, the native aorta is resected with
the aortic valve left in place (32,40). The aorta
is reconstructed with a scalloped graft that re-
creates neo—sinuses of Valsalva and attaches distal
to the valve insertions and above the valve plane.
At CT, the Yacoub repair has some of the same
features as the valve-sparing David repair, includ-
ing a native aortic valve, reimplanted coronary
arteries, and a distal felt ring. The Yacoub repair
can be distinguished on the basis of the charac-
teristic appearance of the neo—sinuses of Valsalva
and their distinct nonanatomic features, which
are larger than would be expected and often have
a sharp angulation at the neo—sinotubular junc-
tion (41-43) (Fig 14).

All surgeries that repair the sinuses of Valsalva
require coronary reimplantation. How the coro-

CLASSIC BENTALL

b.

COMPOSITE
ASCENDING
AORTIC GRAFT

MODIFIED BENTALL

nary arteries were managed is the third relevant
question for describing an ascending aortic repair.
Understanding the expected imaging appearance
of reimplanted coronary arteries is important,

as it can aid in confirming that the sinuses of
Valsalva have been repaired (when the extent of
repair is unclear) and help prevent misidentifica-
tion of the normal postoperative appearance as
disease (42-44).

The Bentall technique is most commonly
used and involves end-to-side anastomosis of the
coronary artery to the aortic graft. In the clas-
sic Bentall technique, the coronary arteries are
excised and directly reimplanted onto the graft.
At CT, the proximal portions of coronary arteries
repaired with the classic Bentall technique will
be relatively cylindrical and may be only slightly
larger at their origins.

In current practice, the classic Bentall tech-
nique has been modified, with a collar of normal
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Figure 13. Valve-sparing David repairs. (a) David | repair of the ascending aorta in a 56-year-old man. Oblique coronal CT
image shows a straight ascending aortic graft with a distal felt ring only (green arrows) and absence of the normal sinotubular
junction and sinuses of Valsalva. The native aortic valve (yellow arrow) is present. The coronary artery anastomosis is also shown
(white arrow). (b) Diagram of the David | repair shows its single felt ring (green arrow) and absence of normal anatomic fea-
tures. (c) David-V Stanford modification repair in a 59-year-old woman. Oblique coronal CT image shows the distal felt ring
(green arrow), distal graft (black arrow), and subtly larger proximal graft (blue arrows). (d) Diagrams of David repair modifica-
tions. Left: In the David V modification (mod), a suture (orange arrow) is used to cinch the proximal graft. Green arrow = distal
felt ring. Right: In the Demers-Miller/Stanford modification (mod), two grafts are used: a smaller-caliber distal graft (black arrow)
and a larger-caliber proximal graft (blue arrow). This results in a subtle caliber change between the grafts.

DAVID | REPAIR

a. b.

04

DAVID V MOD. DEMERS-MILLER/STANFORD MOD.

aorta excised around the coronary artery to
fashion a flanged or trumpetlike configuration;
this procedure, in which the proximal aspect

of a vessel is harvested with a small portion of
aorta, is known as a Carrel patch and reduces
tension and kinking on the coronary anastomo-
sis (41,45). The modified Bentall technique is
preferred because it decreases operative time as
well as overall morbidity and mortality, limiting
complications such as excessive bleeding and
subsequent development of unroofed coronary
arteries or pseudoaneurysms.

When the coronary artery harvested with the
modified Bentall technique is reimplanted on
the aorta, postoperative CT will demonstrate
the larger trumpetlike origin, which is typically
reinforced with surrounding felt after it is sutured
to produce what is termed a coronary button (46)
(Fig 12). While there is no threshold size criterion
for an abnormal modified Bentall coronary os-
tium, all reported cases of modified Bentall coro-

C.

nary artery pseudoaneurysms have exceeded 10
mm in diameter and enlarged over time (47,48).

In patients in whom the proximal coronary
arteries or aorta are not suitable for creating
an anastomosis, most often because of athero-
sclerotic disease or damage from a dissection,
the Cabrol technique can be used, which allows
utilization of more distal portions of the coro-
nary arteries to create the anastomosis (49,50).
In the Cabrol technique, a synthetic graft or
transposed vessel is fashioned as a conduit and
typically attached to the anterior aspect of the
aorta (50). To extend to the left coronary arter-
ies, the conduit most often has a retroaortic
course, although it can have a course anterior to
the aorta as well (51).

It is important to recognize a Cabrol conduit
so that it is not mistaken for the false lumen of
an aortic dissection (Fig 15). In certain circum-
stances, the Bentall and Cabrol techniques can
both be used in the same patient for different
coronary arteries. These can also be combined
with traditional coronary artery bypass grafts if
they are needed.

Frequently, composite grafts of the ascending
aorta are generically referred to by the type of
coronary anastomosis procedure performed. For
example, patients who have received a com-
posite graft with Bentall-type coronary artery
anastomosis may be referred to as having under-
gone a “Bentall repair.” We prefer to refer to these
repairs as “composite grafting of the ascending
aorta with a Bentall-type coronary anastomosis,”
thereby avoiding confusion with valve-sparing
procedures that also use the Bentall and Cabrol
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Figure 14. Valve-sparing Ya-
coub repair in a 28-year-old man.
(a) Oblique sagittal CT image
shows nonanatomic bulbous neo—
sinuses of Valsalva (green arrow),
a sharp near-90° angle at the neo-
sinotubular junction (blue arrow),
and a redundant graft of the tubu-
lar ascending aorta (yellow arrow),
which has straight portions and an
acute angle deviating to the left.
(b) Axial CT image at the level of
the right coronary anastomosis
shows the Carrel patch morphol-
ogy (arrow) used in the modified
Bentall technique. (c) Oblique
axial CT image inferior to b shows
the bulbous reconstructed neo-si-
nuses of Valsalva. (d) Diagram of
the Yacoub repair shows the scal-
loped graft (green arrow), which e

often produces bulbous neo-si- : : #f‘\ YACOUB
nuses of Valsalva, with a sharp -t REPAIR
angle at the neo-sinotubular junc-
tion (blue arrow).

CABROL
CORONARY
ANASTOMOSIS

a. b.

Figure 15. Cabrol coronary artery anastomosis in a 56-year-old man after composite aortic graft repair. (a) Oblique
axial CT image shows the Cabrol coronary conduit for the left anterior descending and circumflex coronary arter-
ies, which arises from the right anterior aspect of the aortic graft and takes a retroaortic course (yellow arrows).
Understanding the expected appearance of a Cabrol conduit will prevent confusion with an intimomedial flap.
This patient also has a separate Cabrol conduit for the right coronary artery (white arrow). (b) Diagram of a Cabrol
coronary artery anastomosis shows the retroaortic course of the conduit (yellow) as it courses toward the left-sided
coronary arteries.
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Ascending Aortic Repairs

Aortic valve replaced

Sinus of valsalva repaired?

¥ @

Wheat procedure Mechanical valve

(supracoronary + AV)

No coronary
reimplantation

Native aortic valve

$ | &

Sinus of valsalva
repaired?

' l No coronary
- - reimplantation

Aortic root repair?

Supracoronary
repair

Bentall

Coronary reimplantation

Figure 16. Chart summarizes ascending aortic repairs. AV = aortic valve.

coronary anastomosis procedures but do not
involve replacing the aortic valve. A flowchart
summarizing ascending aortic repairs is shown in
Figure 16.

Aortic Arch and Beyond: Zones 1-4
Repairs involving the aortic arch are typically per-
formed in conjunction with repairs of the ascend-
ing or descending aorta (13). It is important to
note that the proximal extent of these repairs into
zone 0 may be completed with any of the previ-
ously described techniques and can be extended
to the level of the aortic valve. The simplest aortic
arch repair involves extension of a zone 0 repair
to the undersurface (or lesser curvature) of the

Figure 17. Hemiarch repair in
a 48-year-old man. (a) Oblique
sagittal CT reconstruction shows
a felt ring (blue arrows), which
denotes the distal extent of the
graft along the lesser curvature of
the aortic arch, opposite the in-
nominate artery in zone 1 (white
arrow). (b) Diagram shows a
supracoronary-type hemiarch re-
pair, with the beveled or tongue-
shaped distal aspect of the graft
(blue arrow) extending along the
lesser curvature of the aortic arch.

HEMIARCH
\F‘ REPAIR

aortic arch, a procedure often termed a semi-
arch repair (52-55). The grafts used in hemiarch
repairs have a distal portion that is tongue shaped
(or beveled). At CT, the tongue-shaped extension
can be shown to advantage on multiplanar recon-
structions and will typically be reinforced with a
combination of sutures and felt (Fig 17).

Repairs that involve the greater curvature
of the aortic arch add an increased degree of
complexity owing to necessary management of
the arch vessels. While open surgical techniques
are still used, hybrid and even entirely endovas-
cular techniques are being increasingly employed
in modern practice (18,26,27). Of note, arch
repairs using an open surgical technique often
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ISLAND
REPAIR

a. b.

Figure 18. Island patch repair technique of the great vessels in an 80-year-old woman
with underlying chronic aortitis and ascending aortic and aortic arch elephant trunk-type
repair. (a) Oblique sagittal CT reconstruction shows island repair (blue arrows) of the
great vessels (yellow arrows); the island patch is attached to the cranial aspect of the open
elephant trunk aortic graft (green arrows). Note that the island is dilated and heavily calci-
fied, which may have been related to further wall inflammation after the original repair.
A supracoronary felt ring (black arrows) is depicted proximally. (b) Diagram shows island
repair management of the great vessels. Note that if the island does not dilate and there
is no associated reinforcement material, it can be difficult to identify at CT. In this setting,
identifying an island repair relies on recognizing that an open surgical graft has been used
to repair the arch and that the arch vessels are native and without detectable anastomoses.

use a zone 2 repair approach, in which the arch is
replaced to the level of zone 2 and the left subcla-
vian artery is revascularized. Zone 2 repairs are
beneficial, as they decrease the chance of injury
to the left recurrent laryngeal nerve and improve
surgical control of hemostasis (56).

To understand an arch repair at CT, the
reader must determine how the arch vessels were
managed. The “island patch” technique involves
removing some or all of the aortic branch ves-
sels and a portion of surrounding native aortic
tissue en bloc and then reattaching them to an
ovoid hole in a surgically placed open graft. At
CT, the island patch technique can be recognized
by identifying the piggyback nature of the island,
a finding that may be accentuated in patients
who have intrinsic abnormalities of the underly-
ing aortic wall that result in continued dilatation
of the island. Felt or sutures used to attach or
reinforce the island may also be helpful, although
they are often not present (46). In cases where
the contour of the island is difficult to appreciate,
a clue to an island repair is that the native arch
vessels will retain their anatomic features and
may contain atherosclerotic calcifications to the
level of their origins; there will also be no caliber
change to suggest an anastomosis to a tubular
vascular graft (Fig 18).

In the debranching technique, the arch vessels
are connected to longer tubular grafts, which

are then attached to the ascending aorta or an
ascending aorta graft. In many cases, particu-
larly those with proximal attachment of the arch
grafts, accompanying left carotid-left subclavian
and carotid-carotid bypass may be used (13).
At CT, patients who have undergone debranch-
ing procedures can be identified by recognizing
the nonanatomic configuration of the branched
grafts, which typically attach to the more proxi-
mal portion of the graft (57). Caliber changes
and felt reinforcement material at the anastomo-
ses of the arch vessel grafts with the native arch
vessels are also frequently seen.

After debranching of the arch vessels, the
tubular aortic arch can be managed with open
or hybrid repair. Hybrid repairs of the aortic
arch are classified into three types, which are
described in Table 1 (58). Of note, type III hybrid
procedures have the additional advantage of
providing a geometrically advantageous landing
zone for endovascular stent-grafts and can allow
treatment of combined aortic arch and proximal
descending aorta pathologic conditions without
using an elephant trunk graft (Fig 19).

A third strategy for arch vessel management
involves using a prefabricated graft that has
separate extensions for each of the arch vessels.
Using this type of prefabricated graft allows
complete replacement of the native aortic arch.
These grafts typically also contain a fourth side
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Table 1: Types of Hybrid Aortic Arch Repairs with Important Imaging Findings

ing site, who require extended repair of the aortic arch
or descending aorta (open graft can be elephant trunk
type)

Provides improved geometry for endovascular stent de-
ployment (more horizontal configuration of aortic arch)

Type of
Hybrid Aortic
Arch Repair Comments Imaging Findings
I Can be performed without cardiopulmonary bypass Debranched arch vessels
Endovascular stent in arch landing
in zone 0
No open surgical graft
II Can be performed in patients without suitable zone 0 Debranched arch vessels
landing site or who require concomitant zone 0 repair ~ Zone 0 open surgical graft
Endovascular stent in arch landing
in the zone 0 open graft
II1 Can be performed in patients with an inadequate land- Debranched arch vessels

Open surgical graft extending from
zone 0 to zone 1, 2, or 3—may be
elephant trunk type

Endovascular stent in arch landing
in the open graft

a. C.

Figure 19. Type Il hybrid aortic arch repair for
aortic dissection in a 69-year-old man. (a) Oblique
sagittal CT reconstruction shows an open graft re-
placing the ascending aorta and aortic arch (stage
1). The proximal anastomosis of the graft is defined
by a supracoronary felt ring (yellow arrows), and the
distal anastomosis is defined by a felt ring in zone 2
(green arrows). At this point, the arch vessels were
debranched and attached proximally (shown in b
and c). Stage 1 of a type Il hybrid arch repair pro-
vides a geometrically advantageous landing site for
an endovascular stent and does not require an el-
ephant trunk graft. (b, ¢) Oblique sagittal (b) and
volumetric (c) CT reconstructions after stage 2 show
an endovascular stent-graft (blue arrows) deployed
in the open graft; the stent-graft extends into the
descending aorta. Note the proximal felt ring (yel-
low arrow in c), distal felt ring (green arrow in c), TYPE|
debranching Y graft to the innominate and left com-

mon carotid arteries (purple arrow), left carotid to  d.

HYBRID REPAIRS

TYPEII TYPE Il

subclavian bypass (red arrow in c), and left subclavian occluder (white arrow). (d) Diagram shows hybrid repairs of the aortic

arch. See Table 1 for an explanation of the differences in these hybrid repairs.
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4-BRANCHED
AORTIC GRAFT

C.

Figure 20. Four-branched aortic arch graft in a 53-year-old man. (a) Oblique coronal CT reconstruction shows a branched
ascending aortic and aortic arch graft with a felt ring proximally (yellow arrow), as well as individual graft branches for each of the
great vessels (blue arrows). A fourth branch for bypass cannulation was also part of this graft, but was sealed with felt and is not
shown at this obliquity. (b) Sagittal CT reconstruction along the course of the aortic arch grafts shows caliber changes (arrows) at
the anastomoses of the graft branches with the innominate and left common carotid arteries. (c) Diagram shows a single-piece
four-branched aortic arch graft. Note the caliber changes (arrows) at the anastomoses with the great vessels.

branch for cardiopulmonary bypass. At CT, these
prefabricated grafts can be identified by recogniz-
ing anastomoses to the remaining portions of the
arch vessels, which may have caliber changes and
reinforcement material. In addition, the cannula-
tion side branch will typically be occluded by a
surgical clip or a combination of pledgets and su-
tures. The margins of a branched graft will typi-
cally be reinforced with a felt ring at its interface
with the normal aorta (13,59,60) (Fig 20).

Improvements in endovascular techniques, as
well as development of endovascular stent-grafts
suited for the aortic arch, now allow novel repairs
that do not necessarily require open surgery
(61-63). These procedures can be recognized
at imaging by the presence of combinations of
endovascular stent-grafts rather than open grafts
(24). In endovascular repairs, the arch vessels
may be managed using the chimney or snorkel
technique, in which stent-grafts are deployed in
the arch vessels that then run alongside an endo-
vascular graft deployed in the aortic arch (Fig 21)
(64-66). Some endovascular stent-grafts specifi-
cally designed for the aortic arch have fenestrae
or uncovered portions that communicate with the
arch vessels or allow deployment of stents from
the arch vessels into the lumen of the endovas-
cular graft (18,67) (Fig 22). Other newer arch
stent-grafts have branched or multipart configu-
rations and may not require use of separate grafts
for the arch vessels (61,62).

Some repairs terminate in the aortic arch, but
more commonly they are extended into zones 3
and 4. This presents an important surgical issue
in the setting of an open graft, as exposure of

zones 3 and 4 typically requires a lateral tho-
racotomy and hence a separate surgical proce-
dure. Open surgical aortic arch grafts are most
commonly extended distally using the elephant
trunk technique, which was originally a two-
stage procedure (68). Stage I involves a median
sternotomy with open repair of all or part of the
arch or ascending aorta using an elephant trunk
graft. At CT, patients who have undergone only
stage I of an elephant trunk repair will have an
open graft of the aortic arch or ascending aorta,
typically demarcated by felt rings proximally
and also distally at the level of the graft extend-
ing into the lumen of the unrepaired more distal
aorta (69). The arch vessels will have findings
of management with debranching, a branched
graft, or the island patch technique. Most
notably, the elephant trunk graft will be identifi-
able at imaging, extending into the lumen of the
descending aorta as two parallel hypoattenuat-
ing linear structures that may have metallic clips
at their tips (69).

It is important to recognize the appearance of
elephant trunk grafts in patients who have under-
gone only stage I repairs, as the dangling elephant
trunk can be mistaken for an intimomedial flap.
Differentiation can be achieved by identifying the
parallel nature of the walls of the graft as well as
the proximal extent of the graft, which will typi-
cally be defined by reinforcement material or a
subtle caliber change.

In a traditional elephant trunk repair, after a
recovery period, the patient returns for open repair
of the descending aorta, in which a lateral thora-
cotomy is performed to replace the descending
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Figure 21. Endovascular repair of aortic zones 0—4 using the chimney technique in a 55-year-
old man. (a) Oblique sagittal MIP CT reconstruction shows a stent-graft in the ascending aorta
and aortic arch (yellow arrows) (landing in zone 0), with additional stent-grafts in the innominate
and left common carotid arteries (blue arrows). The great-vessel stents are tunneled next to the
aortic graft using the chimney technique. The left subclavian artery is occluded proximally and
revascularized (not shown). (b) CT reconstruction perpendicular to the proximal portion of the
aortic graft shows that the stent-grafts deployed in the innominate and left common carotid
arteries (blue arrow) travel outside the stent in the aorta (yellow arrows). (c) Diagram shows

endovascular aortic arch repair using the chimney technique.

ENDOVASCULAR
AORTIC ARCH REPAIR
(CHIMNEY TECHNIQUE)

C.

aorta with a second open graft, which is anasto-
mosed to the distal aspect of the elephant graft,
resulting in a contiguous repair with graft-to-graft
anastomoses along the course of the ascending
aorta, aortic arch, and descending aorta (68).
While traditional elephant trunk repairs requir-
ing two open surgeries are still occasionally
performed, they have largely been replaced by
hybrid procedures, in which the second stage of
the elephant trunk repair is achieved via deploy-
ment of an endovascular stent inside the elephant
trunk graft; this can be performed at the time of
the initial procedure or after a period of recovery.
The endovascular stent can be placed in a retro-
grade fashion via femoral cannulation or antegrade
through the open graft, aorta, or axillary artery.
These newer antegrade placements of the
stent-graft have several names. The frozen el-
ephant trunk procedure involves antegrade place-

ment of the stent-graft, which is then anchored
(or “frozen”) at its distal deployment site. In the
buffalo trunk procedure, a modified composite
graft incorporating a soft portion for the arch
and an endovascular stent-graft for the descend-
ing aorta is prepared and deployed as a unit
(56,58,70—72). Another variation, the reverse ele-
phant trunk, involves treatment of the descending
aorta first via placement of an endovascular stent
through the transected aorta, followed by con-
struction of the surgical graft to the stent (13).

In all elephant trunk variations, the CT ap-
pearance will be similar, with (@) findings of open
surgical repair of the proximal aorta with man-
aged arch vessels (island, debranching, or four-
branched surgical graft) and (b) an endovascular
stent extending into the distal aspect of the open
graft. In addition to a felt ring at the proximal
margin of the open surgical graft, a distal felt
ring may be used to reinforce the anastomosis
between the graft and the native distal aorta, with
the elephant trunk portion extending beyond it
(3,58) (Fig 23).

Complications
Some of the most feared complications of ascend-
ing aorta and aortic arch repair, including stroke
and paralysis, do not have associated thoracic CT
findings (52,53). However, imaging does play an
important role in investigation of many postop-
erative complications and is also used in routine
follow-up of these patients. Complications can
largely be divided into findings consistent with
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Figure 22. Endovascular repair of aortic zones 0-4 using a fenestrated endovascular
stent-graft in a 53-year-old man. (a) Oblique sagittal MIP CT reconstruction shows a
fenestrated scalloped graft (yellow arrows) deployed in the aorta and landing in zone
0. The fenestrae (green arrows) can be identified along its greater curvature. Individual
stents from the brachiocephalic and left common carotid arteries (blue arrows) were
tunneled into the aortic graft via direct open cannulation of their respective arteries. An
occluder device (red arrow) is depicted in the proximal left subclavian artery. Owing to
an endoleak, a second stent was deployed in the mid descending aorta during a sub-
sequent procedure (white arrow). (b) CT reconstruction perpendicular to the proximal
aspect of the aortic stent-graft shows the great-vessel stents (blue arrows) within the
fenestrated aortic stent (yellow arrows), allowing differentiation from a chimney-type
repair, as shown in Figure 21. (c) Diagram shows endovascular aortic arch repair using

a fenestrated graft.

breakdown or infection of the repair, complica-
tions affecting the adjacent remaining native
aorta, and complications specific to endografts,
when present. Recognizing complications at CT
primarily relies on identifying deviations from the
expected postoperative appearance. In addition
to understanding the repair itself, the radiologist
must also be aware of expected findings in the
surrounding soft tissues, particularly in assess-
ing for infection and hemorrhage in the recent
postoperative period.

Patients who have undergone ascending aorta
and aortic arch repairs, particularly via open
surgery, will have fluid and hematoma in the
mediastinum weeks after surgery, which may be
related to the repair itself or the treated patho-
logic condition (42,44). Over time, the fluid and
hematoma evolve, typically becoming lower in
attenuation. Gas bubbles—which may be ini-
tially present—should also resolve. As these fluid
collections resolve, they may even develop mild
peripheral thickening or enhancement. In some
situations, they may recur, particularly when
drains are removed (Fig E1).

Indeed, Sundaram et al (43) evaluated 20
patients with postoperative “perigraft low-atten-
uation material” detected at CT and found that
only eight were proved to have infection. As such,
fluid in the mediastinum as well as other compli-

FEENSTRATED
ENDOVASCULAR
AORTIC ARCH REPAIR

cations of repairs, including pseudoaneurysms,
must be considered in the context of the patient’s
clinical presentation and correlated with fever, el-
evated white blood cell (WBC) count, and results
of blood cultures.

In many cases, definitive evaluation is a two-step
process that begins with identifying concerning
imaging findings, which are then investigated with
surgical exploration or percutaneous sampling. In
difficult cases where surgical exploration is consid-
ered high risk or there have been negative aspirates
of fluid, consideration can be given to fluorode-
oxyglucose (FDG) PET/CT or indium 111 WBC
scanning to support or refute the presence of an
active infection. Important complications, support-
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Figure 23. Elephant trunk repairs. (a) Stage | of an elephant trunk repair for aortic dissection in a
63-year-old man. Oblique axial CT reconstruction centered in the proximal descending aorta shows the
relatively parallel walls of the elephant trunk graft (white arrows) extending into the aneurysmal descend-
ing thoracic aorta (yellow arrows). Redundancy at the level of the proximal descending aorta at the distal
graft attachment site (blue arrows) is due to inverted oversewing performed as part of the modified
elephant trunk surgical technique. (b) Reverse elephant trunk repair in a 64-year-old woman. The repair
first involved antegrade placement of an endovascular stent into the transected proximal descending
aorta, followed by debranching of the great vessels and construction of an open surgical ascending aortic
and aortic arch graft to the already deployed stent; this was accomplished in a single surgical procedure.
Oblique sagittal CT reconstruction shows an endovascular stent (white arrows) in the descending aorta
(yellow arrows) and an ascending aortic supracoronary and arch graft (blue arrows) with a proximal felt
ring (green arrow) and a nonanatomic configuration, with straight portions and acute angulation. A felt
ring (orange arrow) is also depicted at the junction of the open and endovascular grafts. (c) Diagram
shows elephant trunk repairs. The hybrid elephant trunk repair can be accomplished in one procedure, in
which open surgical repair of the ascending aorta and aortic arch as well as endovascular stent placement

Marquis et al
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in the more distal aorta are both performed.

HYBRID ELEPHANT
TRUNK REPAIR

STAGE 2

ive CT findings, and potential mimics are sum-
marized in Table 2, with representative examples in
Figures E2-E7 (20,42-44).

Conclusion
Patients who have undergone repair of the
ascending aorta and aortic arch represent an
important challenge for the diagnostic radiolo-
gist. Recognition of the commonly used repair
components is the first step in interpreting CT
studies in these patients. The second step requires

knowledge of the commonly employed repair
techniques and their expected CT appearances.
This is facilitated by a structured approach to the
imaging findings focusing on the key questions
that define the differences between repairs.

Given the use of new and combined tech-
niques, radiologists will frequently need to go
beyond basic knowledge and use operative notes
for complete understanding of complicated cases.
Deviations from the expected imaging appear-
ance are key to identifying postoperative compli-
cations. By using this practical approach, radiolo-
gists will produce relevant interpretations and
facilitate improved communication with surgeons
and other referring clinicians.

Acknowledgments.—Stylized aortic diagrams were created us-
ing BioRender software (hutps://biorender.com/).
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