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Cardiothoracic surgical procedures with and without cardiopulmonary 
bypass are becoming more commonly performed as surgical techniques 
improve and the population ages. Changes related to cardiopulmonary 
bypass are often depicted at routine postoperative computed tomographic 
(CT) studies performed for various reasons. The purpose of this article is 
to present knowledge critical to the accurate postoperative evaluation of 
the patient who has undergone cardiopulmonary bypass. This article will 
review the surgical technique for cardiopulmonary bypass, as well as the 
associated normal and abnormal postoperative imaging findings. Com-
mon cannulation sites used for cardiopulmonary bypass include the as-
cending aorta, axillary artery, right atrium, superior vena cava, and infe-
rior vena cava. Normal postoperative findings related to cardiopulmonary 
bypass include (a) felt pledgets, which are used to reinforce cannulation 
sites; (b) oversewn side grafts; and (c) oversewn graft side branches. 
These normal postoperative findings can be mistaken for abnormalities. 
Abnormal postoperative findings related to cardiopulmonary bypass in-
clude pseudoaneurysm formation at cannulation sites, aortic dissection, 
and seroma formation. An awareness of normal and abnormal postop-
erative CT findings related to cardiopulmonary bypass is critical for all 
radiologists who interpret chest CT studies, to help prevent unnecessary 
further evaluation and to help direct prompt treatment when warranted.

Introduction
Cardiopulmonary bypass is a surgical technique that temporarily supports or replaces 
the function of the heart and lungs during various cardiothoracic surgical procedures, 
such as coronary artery bypass surgery, cardiac valve surgery, thoracic aorta surgery, 
and thoracic organ transplantation. This bypass technique requires cannulation of 
large systemic veins to drain deoxygenated venous blood into a cardiopulmonary 

Basics of Cardiopulmonary 
Bypass: Normal and Ab-
normal Postoperative CT 
Appearances1

SA-CME

See www.rsna 
.org/education 

/search/RG

LEARNING 
OBJECTIVES 
FOR TEST 3

After completing this  
journal-based SA-

CME activity, partic-
ipants will be able to:

 ■ Explain the basics 
of cardiopulmonary 
bypass.

 ■ Identify normal 
postoperative CT 
findings related to 
cardiopulmonary 
bypass.

 ■ Describe abnor-
mal postoperative 
CT findings related 
to cardiopulmonary 
bypass.

Abbreviation: PTFE = polytetrafluoroethylene

RadioGraphics 2013; 33:63–72 • Published online 10.1148/rg.331115747 • Content Codes:   
1From the Divisions of Thoracic Imaging (A.H.E.), Cardiovascular Imaging (P.S.), and Thoracic and Cardiovascular Surgery (E.E.R.), Cleveland 
Clinic, 9500 Euclid Ave, Hb6, Cleveland, OH 44195; the Divisions of Thoracic Imaging and Intervention (C.C.W.), Cardiovascular Imaging (S.A.), 
and Cardiac Surgery (A.C.), Massachusetts General Hospital, Boston, Mass; and the Division of Cardiothoracic Imaging, Emory University Hospi-
tal, Atlanta, Ga (B.P.L.). Recipient of a Certificate of Merit award for an education exhibit at the 2010 RSNA Annual Meeting. Received September 
2, 2011; revision requested November 9 and received July 30, 2012; accepted September 10. For this journal-based SA-CME activity, the authors 
C.C.W., S.A., and E.E.R. have disclosed financial relationships (see p 72); all other authors, the editor, and reviewers have no relevant relationships 
to disclose. Address correspondence to A.H.E. (e-mail: ahelsherief@gmail.com).

©RSNA, 2013 • radiographics.rsna.org



64 January-February 2013 radiographics.rsna.org

bypass machine (heart-lung machine or pump-
oxygenator), which then returns oxygenated blood 
to the circulation via an arterial conduit. Cardio-
pulmonary bypass provides the surgeon with a 
stable and relatively bloodless surgical field while 
maintaining adequate tissue perfusion.

The purpose of this article is to present knowl-
edge critical to the accurate postoperative evalua-
tion of the patient who has undergone cardiopul-
monary bypass. In this article, the various routes 
for cannulation for cardiopulmonary bypass are 
discussed and illustrated. Then the normal com-
puted tomographic (CT) imaging appearances 
related to cardiopulmonary bypass are presented, 
followed by the postoperative complications asso-
ciated with cardiopulmonary bypass that can be 
detected with CT.

Cannulation Routes  
for Cardiopulmonary Bypass

Venous Cannulation
The purpose of venous cannulation is to drain 
systemic deoxygenated blood into a cardiopulmo-
nary bypass machine. Central venous cannulation 
for cardiopulmonary bypass is usually accom-
plished by cannulation of the right atrial append-
age, the lateral wall of the right atrium, the supe-
rior vena cava, or the inferior vena cava (1–3). At 
times, venous cannulation for cardiopulmonary 
bypass can be done peripherally, by cannulation 
of the femoral or iliac vein (1–3).

The two basic approaches for central venous 
cannulation are cavoatrial (two-stage) cannula-

tion (Fig 1a) or bicaval cannulation (Fig 1b) 
(1–3). Cavoatrial (two-stage) cannulation in-
volves cannulation of the right atrium through 
a single incision in the right atrial appendage or 
the lateral wall of the right atrium (Fig 1a). The 
narrowed distal end of the cavoatrial cannula is 
threaded into the inferior vena cava and receives 
blood from the inferior vena cava, and the wider 
proximal portion of the cannula has side holes 
designed to rest within the right atrium, thus 
receiving blood from the superior vena cava and 
coronary sinus. Bicaval cannulation involves 
cannulation of the superior vena cava and the 
inferior vena cava (Fig 1b). Superior vena cava 
cannulation can be accomplished with a direct 
incision into the superior vena cava or the right 
atrial appendage, and inferior vena cava cannu-
lation can be accomplished with a direct incision 
into the inferior vena cava or the posteroinferior 
portion of the lateral wall of the right atrium. 
Some surgeons may place both the superior 
vena cava cannula and the inferior vena cava 
cannula through a single incision in the right 
atrial appendage. The choice of the approach for 
central venous cannulation is influenced by the 
planned operation.

Arterial Cannulation
The purpose of arterial cannulation is to return 
oxygenated blood from the cardiopulmonary by-
pass machine to the circulation. Arterial cannula-
tion for cardiopulmonary bypass is usually accom-
plished by cannulation of the distal ascending aorta 
near the origin of the brachiocephalic trunk (Fig 2) 
(1–3). Alternative anatomic sites available for arte-
rial inflow include the femoral artery, axillary ar-

Figure 1. Two basic ap-
proaches for central venous 
cannulation. (a) Drawing 
shows cavoatrial (two-stage) 
cannulation: cannulation of 
the right atrial appendage. 
(b) Drawing shows bicaval 
cannulation: cannulation of 
the superior vena cava and 
the inferior vena cava. (Re-
printed, with permission, 
from the Cleveland Clinic 
Center for Medical Art and 
Photography.)
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tery, transverse aortic arch, brachiocephalic trunk, 
subclavian artery, external iliac artery, and left ven-
tricular apex (1–3). The choice of the anatomic site 
is influenced by the planned operation and the dis-
tribution of atherosclerotic disease, so as to avoid 
the embolization of atheromatous debris and the 
creation of an intimal flap. In patients with severely 
atheromatous aortas, type A aortic dissections, or 
thoracic aortic aneurysms, the right axillary artery 
has become the preferred arterial inflow site. Can-
nulation at this site is most often achieved with the 
use of a prosthetic graft conduit sewn to the artery 
in an end-to-side fashion (4). Axillary or femoral 
arteries may be used as arterial cannulation sites in 
repeat sternotomy, emergency surgery, minimally 
invasive surgery, and robotic cardiac surgery.

Venting and De-airing
When the heart is arrested or is fibrillating, dis-
tention of the ventricles may occur as a result 
of returning blood, an occurrence that is det-
rimental to subsequent contractility. The right 
ventricle is protected from distention by venous 
cannulation, whereas the left ventricle is not. The 
left ventricle can become distended from blood 
leaking across an insufficient aortic valve, which 
becomes especially problematic in a patient 
whose aorta cannot be clamped (eg, an emer-
gency requiring hypothermic circulatory arrest). 
Therefore, venting is often used to prevent dis-
tention of the left ventricle (1–3). Venting can be 
achieved with cannulation of (a) the aortic root 
or the midportion of the ascending aorta, (b) the 
left ventricular apex, (c) the left atrium or left 
ventricle via the right superior pulmonary vein, or 
(d) the pulmonary artery (Fig 3) (1–3).

Air embolism is a potential complication of 
cardiopulmonary bypass. De-airing (removal of 
air) can be accomplished with various maneu-
vers, including shaking the heart and placing a 
needle in the left ventricular apex (1–3). Vent 
lines can also be used for removal of intracar-
diac air (1–3).

Figure 2. Drawing shows several routes of 
cannulation: arterial cannulation of the distal 
portion of the ascending aorta, antegrade car-
dioplegia cannulation, retrograde cardioplegia 
cannulation, and bicaval venous cannulation. 
IVC = cannula into inferior vena cava, SVC = 
cannula into superior vena cava. (Reprinted, 
with permission, from the Cleveland Clinic 
Center for Medical Art and Photography.)

Figure 3. Drawing shows various left ventricular 
venting routes, with cannulation of the aortic root 
or the midportion of the ascending aorta (A), can-
nulation of the left ventricular apex (B), cannulation 
of the left atrium or the left ventricle via the right 
superior pulmonary vein (C), and cannulation of the 
pulmonary artery (D). (Reprinted, with permission, 
from the Cleveland Clinic Center for Medical Art 
and Photography.)
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Figure 5.  Axial nonenhanced CT image of a patient 
who had undergone cardiopulmonary bypass with 
cavoatrial (two-stage) cannulation shows a high-attenua-
tion felt pledget (arrow) at the cannulation site of the 
right atrial (RA) appendage. This high-attenuation focus 
can be confused with focal pericardial calcification. The 
high-attenuation structure at the center of the image is a 
mechanical aortic valve prosthesis. LA = left atrium, 
LV = left ventricle, RV = right ventricle.

Figure 4. Photograph shows several PTFE felt 
pledgets, which are made of synthetic fabric material, 
and a thread for suturing that has a pledget attached. 
PTFE felt pledgets are often used as buttresses under 
sutures to reinforce suture sites and reduce the tear-
ing of vessels.

Cardioplegia
To cause asystole, a cardioplegic solution is of-
ten infused into the coronary circulation. This 
procedure creates a relatively immobile surgical 
field while reducing metabolic requirements and 
protecting the myocardium from damage. This 
cardioplegic solution may be delivered (a) through 
a small cannula inserted into the aortic root or 
the midportion of the ascending aorta, which is 
also known as antegrade cardioplegia (Fig 2); 
(b) through a cannula inserted into the coronary 
sinus, which is also known as retrograde car-
dioplegia; or (c) through the combination of both 
cannulas (1–3).

Normal CT Appearances  
after Cardiopulmonary Bypass

Felt Pledgets
The holes created by cannulas are closed with 
stitching or suturing, which may then be rein-
forced with prosthetic material such as polytetra-
fluoroethylene (PTFE) felt pledgets (Fig 4) (3). 
Not all surgeons use felt pledgets at cannulation 
sites; the decision to use felt pledgets depends 

on the surgeon and the site of cannulation. This 
hemostatic technique is most often used in el-
derly patients (ie, those >80 years old), who have 
fragile tissue. The use of felt pledgets increases 
susceptibility to local bacterial seeding (5).

At CT performed with or without the admin-
istration of contrast material, felt pledgets are 
depicted as high-attenuation material at a cannu-
lation site (Figs 5–8) (6). It is important to distin-
guish this normal postoperative imaging finding 
from the appearance of calcified atherosclerotic 
plaque, a contrast leak, a calcified mediastinal 
lymph node, or pericardial calcification. In con-
trast to atherosclerotic plaques, felt pledgets are 
located on the extraluminal surface of the vessels. 
Differentiating between a felt pledget and a focal 
contrast leak can be difficult on contrast mate-
rial–enhanced images because the CT attenu-
ation of a felt pledget measured in Hounsfield 
units can be similar to that of contrast-enhanced 
blood. This difficulty can be resolved with exami-
nation of the nonenhanced CT images, on which 
the felt pledget remains hyperattenuating (Fig 9). 
Familiarity with the cannulation sites used during 
cardiopulmonary bypass helps to avoid misiden-
tifying a felt pledget as a calcified mediastinal 
lymph node or as a pericardial calcification.
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Figure 8. Axial nonenhanced CT image of a 
patient who had undergone cardiopulmonary 
bypass with left ventricular (LV) venting through 
the right superior pulmonary vein (RSPV) shows 
a high-attenuation felt pledget (arrow) at the 
venting cannulation site of the RSPV. LA = left 
atrium, RA = right atrium, RV = right ventricle.

Figure 6. Axial nonenhanced CT images of a patient who had undergone cardiopulmonary bypass with 
bicaval cannulation show high-attenuation felt pledgets at the two cannulation sites. (a) Image obtained 
at the level of the superior vena cava (SVC) shows a high-attenuation felt pledget (arrow) at the site of 
cannulation of the SVC. Ao = aorta, MPA = main pulmonary artery. (b) Image obtained at the level of 
the inferior vena cava (IVC) shows a high-attenuation felt pledget (arrow) at the site of cannulation of the 
right atrium (RA) (posteroinferior portion of the lateral wall of the right atrium). These high-attenuation 
foci can be confused with calcified mediastinal lymph nodes or focal pericardial calcifications. LA = left 
atrium, LV = left ventricle, RV = right ventricle.

Figure 7.  Axial nonenhanced CT image 
of a patient who had undergone cardiopul-
monary bypass with arterial cannulation via 
the distal portion of the ascending aorta. 
A high-attenuation felt pledget (arrow) 
is depicted as a high-attenuation focus at 
the arterial cannulation site in the distal 
portion of the ascending aorta. This high-
attenuation focus can be confused with 
focal calcified atherosclerotic plaque or fo-
cal pericardial calcification. Note that the 
high-attenuation focus is located external to 
the aortic wall.
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Figure 10. Drawing shows right axillary artery can-
nulation with the side-graft technique. (Reprinted, with 
permission, from the Cleveland Clinic Center for Medi-
cal Art and Photography.)

Oversewn Axillary Side Graft
Axillary artery cannulation may be used when 
the ascending aorta cannot be cannulated be-
cause of severe atherosclerosis, ascending aortic 
aneurysms, or ascending aortic dissections. Two 
basic approaches for axillary artery cannulation 
are used: direct cannulation and side-graft can-
nulation (Fig 10). Side-graft cannulation is the 
preferred approach for axial artery cannulation 
because this technique is less commonly associ-
ated with damage to the brachial plexus and the 
axillary artery, including axillary artery stenosis 
(3,4). Normal postoperative CT imaging findings 
after axillary side-graft cannulation may include a 
large metallic clip at the base of the side graft and 
a residual stump from the oversewn side graft 
(Fig 11). This residual stump may be mistakenly 
identified as a pseudoaneurysm.

Oversewn Side  
Branch of Aortic Arch Graft
A four-branched aortic arch graft can be used 
in aortic arch replacement; three branches are 
used for arch-vessel reimplantation, and one side 
branch is used for a perfusion cannula. An arte-
rial perfusion cannula is placed through the side 
branch to allow antegrade systemic perfusion after 

the distal graft anastomosis is complete (Fig 12) 
(7). Normal postoperative CT imaging findings in 
a patient who has undergone aortic arch replace-
ment with a four-branched aortic arch graft may 
include a residual stump from the oversewn side 
branch (Fig 13). This residual stump may be mis-
takenly identified as a pseudoaneurysm.

With the increasing use of selective antegrade 
brain perfusion and hybrid techniques for arch 
repair, a host of branched graft configurations are 
available for these complex reconstructions. It is 
not uncommon for the extraneous limbs of these 
multibranched grafts to be oversewn or clipped if 
unused, possibly leaving behind a residual stump.

Figure 9. Axial nonen-
hanced (a) and contrast-
enhanced (b) CT images of a 
patient show the appearance of 
a felt pledget (arrow) before 
and after contrast administra-
tion. Both images show high-
attenuation material along the 
extraluminal surface of the 
distal portion of the ascending 
aorta. Differentiation between 
a felt pledget and contrast 
extravasation can be difficult 
on contrast-enhanced images 
because the CT attenuation 
of a felt pledget measured 
in Hounsfield units may be 
similar to that of contrast-
enhanced blood.
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Figure 12. Drawing shows a four-
branched aortic arch graft: three branches 
for arch-vessel reimplantation and one side 
branch for placement of an arterial perfu-
sion cannula. (Reprinted, with permission, 
from the Cleveland Clinic Center for Medi-
cal Art and Photography.)

Figure 11. Normal postoperative findings in  
a patient who had undergone cardiopulmonary 
bypass with right axillary artery cannulation  
with the use of the side-graft technique.  
(a, b) Coronal (a) and axial (b) contrast-
enhanced CT images show the expected out-
pouching at the right axillary artery cannula-
tion site (*), a finding that reflects the over-
sewn or tied-off side graft. (c) Nonenhanced 
axial CT image shows a high-attenuation ring 
at the right axillary artery cannulation site, a 
finding often depicted on nonenhanced images 
that reflects the oversewn or tied-off side graft.

Figure 13. Axial 
contrast-enhanced 
CT image of a pa-
tient who had under-
gone thoracic aortic 
aneurysm repair 
(elephant trunk pro-
cedure with endo-
vascular completion) 
shows the expected 
outpouching along 
the aortic arch graft 
(arrow), a finding 
that reflects the over-
sewn side branch. 
This outpouching 
can be confused with 
a pseudoaneurysm. 
Correlation with the 
surgical report is 
needed to avoid this 
confusion.
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Figure 14. Axial (a) and sagittal (b) contrast-enhanced CT images of a patient who had 
undergone lung transplantation with cardiopulmonary bypass show the abnormal out-
pouching of a pseudoaneurysm located along the anterior surface of the midportion of the 
ascending aorta, the cardiopulmonary bypass arterial cannulation site. Abnormal periaortic 
soft tissue is adjacent to the abnormal outpouching.

CT Imaging of Post- 
operative Complications Associ- 

ated with Cardiopulmonary Bypass

Aortic Pseudoaneurysm Aris- 
ing from Aortic Cannulation Site
An aortic pseudoaneurysm arising from the aor-
tic cannulation site is a potentially fatal complica-
tion of cardiopulmonary bypass (8–10). Infec-
tions related to synthetic materials (eg, felt pled-
gets) or concomitant mediastinal infection may 
predispose the patient to formation of a pseudo-
aneurysm. The most frequently isolated pathogen 
in these patients is Staphylococcus aureus (10).

At CT, the imaging findings may include one 
or more of the following: (a) focal saccular out-
pouching, usually with a narrow neck, that con-
tains contrast material and arises from the aortic 
wall at the cannulation site; (b) periaortic soft-tis-
sue stranding or edema; or (c) periaortic gas (Fig 
14) (6,9). Small pseudoaneurysms can be differ-
entiated from normal felt pledgets by reviewing 
the images from nonenhanced CT studies; on 
nonenhanced CT images, pseudoaneurysms will 
show isoattenuation with blood, and pledgets will 
show hyperattenuation (6).

An aortic pseudoaneurysm arising from the 
aortic cannulation site is an urgent or emergent 
surgical priority with associated high operative 
morbidity and mortality, given the high likelihood 
of a coexistent infectious state. The surgical tech-
niques commonly used to treat an infected aortic 
pseudoaneurysm arising from the aortic cannula-
tion site are (a) patch repair with allograft mate-
rial, polyethylene terephthalate fiber (Dacron; 
DuPont, Wilmington, Del), or bovine pericar-
dium; and (b) tube replacement with a Dacron 
prosthesis or a homograft (10).

Aortic Dissection after  
Cardiopulmonary Bypass
Cannulation of an atherosclerotic ascending 
aorta, aortic cross-clamping, and the sandblasting 
effect from a cannula jet can induce formation of 
an aortic dissection (1–3). The incidence of aortic 
dissection after cardiopulmonary bypass has been 
reported to range from 0.16% to 0.35% (11,12). 
A 20% mortality rate has been reported for pa-
tients in whom an aortic dissection is diagnosed 
in the operating room, compared with a 50% 
mortality rate for patients in whom the aortic 
dissection is discovered after the operation (11). 
Intraoperative echocardiography or postoperative 
CT may be used to detect aortic dissection after 
cardiopulmonary bypass (Fig 15).
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Figure 16. Contrast-enhanced CT image of a 
patient who had undergone cardiac valve surgery 
with cardiopulmonary bypass complicated by 
postoperative formation of a pseudoaneurysm 
at the left ventricular apex; the pseudoaneurysm 
was caused by left ventricular de-airing via apical 
needle aspiration. This three-chamber maximum 
intensity projection depicts the abnormal out-
pouching (*) at the left ventricular apex. The api-
cal outpouching shows a narrowed neck orifice, a 
finding compatible with a pseudoaneurysm.

Figure 15.  Axial contrast-enhanced CT 
image of a patient who had undergone 
coronary artery bypass grafting with car-
diopulmonary bypass complicated by post-
operative aortic dissection shows an intimal 
flap, a finding that is in keeping with an 
aortic dissection.

All aortic dissections after cardiopulmonary 
bypass should be repaired surgically as soon as 
possible. Tube-graft replacement of the ascend-
ing aorta is needed if the tear is found within the 
ascending aorta.

Acquired Left Ven- 
tricular Pseudoaneurysm
Acquired left ventricular pseudoaneurysm is most 
often related to myocardial infarction and cardiac 
surgery (13). After cardiac surgery, these acquired 
pseudoaneurysms arise at the ventriculotomy site, 
most commonly at the left ventricular apex, which 
may be cannulated for arterial perfusion, venting, 
or de-airing. With the advent of transcatheter aor-
tic valve replacement with an apical approach, the 
left ventricular apex is also used as an access point 
for aortic valve replacement. CT imaging findings 
in patients with an acquired left ventricular pseu-
doaneurysm may include a left ventricular apical 
saccular outpouching, with the neck of the out-
pouching usually narrower than its body (Fig 16).

Left ventricular pseudoaneurysms have a 
tendency to rupture and therefore often require 
early surgical intervention. Repeat sternotomy 
or thoracotomy is usually performed, and the 
pseudoaneurysm is usually repaired with a patch 

(Dacron patch, bovine pericardial patch, or au-
tologous pericardial patch) or with primary surgi-
cal closure with the use of sutures buttressed with 
PTFE pledgets (14).

Axillary Artery Perigraft  
Seroma after Cannulation
Perigraft seromas have been reported to occur in 
1.7%–2.3% of all graft implantations in vascular 
surgery (15). The deep location of the axillary 
artery contributes to a higher incidence of such 
cannulation-related complications. Seromas often 
develop in areas in which blood products were 
identified immediately after surgery. At CT, a 
perigraft seroma manifests as an organized sub-
cutaneous fluid collection in the axillary region 
around the graft cannulation site (Fig 17).

Treatment options for an axillary artery 
perigraft seroma include conservative, interven-
tional, and surgical options (14). Aspiration can 
be performed with ultrasonographic guidance 
and with strict sterile precautions to prevent 
graft infection (14). Open surgical drainage is 
indicated only when conservative and interven-
tional treatments fail (14).
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Conclusion
Cardiopulmonary bypass is still used for many 
cardiothoracic surgical procedures. Familiarity 
with this surgical technique allows the imager to 
recognize normal and abnormal postoperative 
imaging findings and to promptly and correctly 
diagnose complications.
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In patients with severely atheromatous aortas, type A aortic dissections, or thoracic aortic aneurysms, the 
right axillary artery has become the preferred arterial inflow site. Cannulation at this site is most often 
achieved with the use of a prosthetic graft conduit sewn to the artery in an end-to-side fashion (4). Axillary 
or femoral arteries may be used as arterial cannulation sites in repeat sternotomy, emergency surgery, mini-
mally invasive surgery, and robotic cardiac surgery.
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In contrast to atherosclerotic plaques, felt pledgets are located on the extraluminal surface of the vessels. 
Differentiating between a felt pledget and a focal contrast leak can be difficult on contrast material–en-
hanced images because the CT attenuation of a felt pledget measured in Hounsfield units can be similar 
to that of contrast-enhanced blood. This difficulty can be resolved with examination of the nonenhanced 
CT images, on which the felt pledget remains hyperattenuating (Fig 9). 
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Normal postoperative CT imaging findings after axillary side-graft cannulation may include a large me-
tallic clip at the base of the side graft and a residual stump from the oversewn side graft (Fig 11). This 
residual stump may be mistakenly identified as a pseudoaneurysm.
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Normal postoperative CT imaging findings in a patient who has undergone aortic arch replacement with a 
four-branched aortic arch graft may include a residual stump from the oversewn side branch (Fig 13). This 
residual stump may be mistakenly identified as a pseudoaneurysm.

Page 70
Small pseudoaneurysms can be differentiated from normal felt pledgets by reviewing the images from 
nonenhanced CT studies; on nonenhanced CT images, pseudoaneurysms will show isoattenuation with 
blood, and pledgets will show hyperattenuation (6).




