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The superior vena cava (SVC) is the largest central systemic vein in
the mediastinum. Imaging (ie, radiography, computed tomography
[CT], magnetic resonance [MR] venography, and conventional
venography) plays an important role in identifying congenital vari-
ants and pathologic conditions that affect the SVC. Knowledge of
the basic embryology and anatomy of the SVC and techniques for
CT, MR imaging, and conventional venography are pivotal to accu-
rate diagnosis and clinical decision making. Congenital anomalies
such as persistent left SVC, partial anomalous pulmonary venous
return, and aneurysm are asymptomatic and may be discovered
incidentally in patients undergoing imaging evaluation for associ-
ated cardiac abnormalities or other indications. Familiarity with
congenital abnormalities is important to avoid image misinterpreta-
tion. Acquired abnormalities such as intrinsic and extrinsic stric-
tures, fibrin sheath, thrombus, primary neoplasms, and trauma can
produce mild narrowing to complete occlusion, the latter leading to
SVC syndrome. Each imaging modality plays a role in evaluation of
the SVC, helping to determine the site, extent, and cause of patho-
logic conditions and guide appropriate management. Commonly
performed interventional procedures for fibrin sheath and benign
and malignant strictures include low-dose thrombolytic infusion,
fibrin sheath disruption, venous angioplasty, and stent placement.
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Introduction
The superior vena cava (SVC) carries deoxygenated venous blood
from the upper half of the body to the right atrium. Congenital vari-
ants of the SVC can be incidental, may be associated with cardiac
anomalies or syndromes, and may first be identified at imaging
performed for venous access or other purposes. The causes of ac-
quired abnormalities can be intrinsic or extrinsic. Imaging plays an
important role in diagnosis and management of various conditions
that affect the SVC. Doppler ultrasonographic (US) evaluation of
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TEACHING POINTS

B Persistent left SVC should be suspected when a dilated coro-
nary sinus is seen at cross-sectional imaging.

B There is a high incidence of sinus venosus atrial septal defect
in patients with right upper lobe PAPVR.

B The most common focal granulomatous form of fibrosing
mediastinitis is caused by idiopathic proliferation of fibrous
tissue in response to Histoplasma capsulatum antigen stimula-
tion.

B Fibrin sheath occlusion is suspected when a well-positioned
CVC fails to function normally, and occlusion is confirmed at
conventional catheter venography.

B |nfection and thrombosis are the most common complica-
tions of long-standing CVCs or implantable central venous
devices.

the SVC is limited because of the poor acoustic
window, and direct visualization of the SVC is
better obtained at computed tomography (CT)
or magnetic resonance (MR) imaging. Contrast
agent—enhanced venography with use of digital
subtraction is reserved for interventional proce-
dures and when CT and MR imaging findings
are nondiagnostic.

In this article, we review the imaging of
congenital variants and intrinsic and extrinsic
diseases that affect the SVC. Concise discussion
of techniques for CT, MR imaging, and conven-
tional venography; imaging pitfalls; and interven-
tional procedures is included.

Embryology
Knowledge of embryology helps in understand-
ing congenital malformations of the SVC. In
the 5th week of fetal life, three paired cardinal
veins drain the body of the embryo. The anterior
cardinal veins drain the cephalic portion of the
embryo, whereas the posterior cardinal veins
drain the caudal portion, into short paired com-
mon cardinal veins that eventually empty into the
sinus venosus (Fig 1a). Formation of the vena
cava system is characterized by the appearance
of anastomoses between the left and right sides
so that blood from the left side is directed to the
right side (Fig 1b). The proximal right anterior
cardinal vein, right common cardinal vein, and
right horn of the sinus venosus form the normally
positioned SVC on the right side of the middle
mediastinum. The right posterior cardinal vein
forms part of the azygos vein. On the left side,
part of the left anterior cardinal vein forms the
left superior intercostal vein and the adjacent left
brachiocephalic vein, whereas the rest of the an-
terior cardinal vein regresses to form the ligament
of Marshall. The posterior cardinal vein regresses,
and the left horn of the sinus venosus forms the
coronary sinus. Detailed discussion of SVC em-
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Figure 1. Diagrams show embryologic development of the
SVC. The embryologic components are shown in the same
shades of blue as their adult counterparts. (a) Paired anterior
(ANT), posterior, and common cardinal veins drain into the si-
nus venosus in the 5th week of embryologic development.
(b) The right anterior cardinal vein caudal to the anastomo-
sis between the right and left brachiocephalic veins (RT BCV,
LT BCV), along with the right common cardinal vein and right
horn of the sinus venosus, forms the normal right SVC. The
right posterior cardinal vein forms part of the azygos vein (AZY-
GOUS V). Part of the left anterior cardinal vein forms the left
superior intercostal vein and adjacent left brachiocephalic vein.
The left common cardinal vein regresses to form the ligament
of Marshall. The left posterior cardinal vein regresses, whereas
the left horn of the sinus venosus forms the coronary sinus. RA =
right atrium. (Fig 1 courtesy of Anthony Zagar, BFA, University
of Alabama at Birmingham, Birmingham, Ala.)

bryology can be found in the excellent review by
Baldwin and Dees (1).

Anatomy
The SVC is formed by the confluence of the
right and left brachiocephalic veins. It courses
along the right middle mediastinum, with the
trachea and ascending aorta on its left, and
drains into the right atrium. The mean length
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Figure 2. Diagram shows the major thoracic veins. The inter-
nal jugular veins and subclavian veins join on each side to form
the right and left brachiocephalic veins (Rt BCV, Lt BCV), which
join to form the SVC. The azygos vein enters posterolaterally
into the distal SVC. Some of the tributaries of the brachioce-
phalic veins are also shown: the right and left internal mam-
mary veins (Rt IMV, Lt IMV), pericardiophrenic veins (PCPVs),
right and left superior intercostal veins (Rt SIV, Lt SIV), and
inferior thyroid vein (/TV). (Courtesy of Anthony Zagar, BFA,
University of Alabama at Birmingham, Birmingham, Ala.)

of the SVC is 7.1 cm * 1.4, and its maximum
diameter in adults is 2.1 cm % 0.7 (2). By using
data from electrocardiography (ECG)-gated
CT angiography, Lin et al (3) have demon-
strated that the SVC is often irregular in shape
on cross-sectional images. They have suggested
a normal range for the major axis (1.5-2.8 cm)
and minor axis (1-2.4 cm) and have demon-
strated that an SVC area of less than 1.07 cm?
is an accurate threshold for SVC obstruction or
compression.

The azygos vein is a major tributary that
travels along the right anterior borders of the
thoracic vertebrae up to the level of the carina
and then traverses the middle mediastinum,
arching over the right tracheobronchial angle
to drain posteriorly into the distal SVC. Apart
from the azygos vein, there are no major tribu-
taries of the SVC. However, a few mediastinal,
esophageal, and pericardial veins may drain
directly into the SVC (4). Some of the im-
portant mediastinal veins and tributaries are
depicted in Figure 2. The brachiocephalic veins,
their tributaries, and the mediastinal venous
plexus serve as collateral venous pathways and
become identifiable at imaging in cases of SVC
obstruction. These tortuous veins include the
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Figure 3. Normal position of the SVC at radiography. Frontal
chest radiograph in a 41-year-old man shows the normal SVC
interface (arrowheads) and the terminal portion of the azygos
vein (arrow).

azygos—hemiazygos—accessory hemiazygos sys-
tem, mediastinal venous plexus, diaphragmatic
venous plexus, lateral thoracic and superficial
thoracoabdominal venous plexus, and abdomi-
nal venous collaterals (5).

Imaging Modalities

Chest Radiography

On frontal radiographs, the SVC forms an in-
terface along the upper right mediastinal border
that fades above the medial end of the clavicle
(Fig 3). A widening of this interface suggests
SVC dilatation or a mediastinal mass in this
location, such as lymphadenopathy, broncho-
genic cyst, or malignancy arising from the lung,
pleura, or trachea. A round or oval opacity at the
right tracheobronchial angle marks the terminal
portion of the azygos vein and is an important
landmark for detection of central line malposi-
tion. Abnormal dilatation of the azygos vein can
be seen as a secondary sign of central venous
obstruction or a congenital anomaly such as in-
terruption of the inferior vena cava with azygos
continuation.

Frontal and, when obtained, lateral radio-
graphs are the primary imaging tools used to
evaluate normal positioning of central venous
catheters (CVCs) and peripherally inserted
central catheters (PICCs). Often these images
provide the first clue to an SVC anomaly (Fig 4).
The U.S. Food and Drug Administration recom-
mends placing the tip of the CVC within the
SVGC, 2 cm from the cavoatrial junction, to avoid
cardiac perforation, arrhythmias, and catheter-
induced thrombus formation (6). On the basis of
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Figure 4. Persistent left SVC at radiography. Frontal chest ra-
diograph in a 35-year-old man after placement of a right PICC
shows the catheter (arrow) crossing the midline and traversing
the left mediastinum in a persistent left SVC.

a retrospective analysis of radiographs and CT
images, Dulce et al (7) have demonstrated that
the tip of the CVC can be placed in the extra-
pericardial portion of the SVC by using 85% of
the distance from the sternoclavicular junction
to the carina or by placing the CVC 9 mm above
the carina. The 2001 Kidney Disease Outcomes
Quality Initiative clinical practice guidelines (8)
recommend that tunneled hemodialysis catheter
tips be positioned at the junction of the SVC and
right atrium or in the right atrium, and nontun-
neled catheter tips be positioned in the SVC

or at the junction of the SVC and right atrium.
Mahlon and Yoon (2) studied CT images in 112
subjects (seven men and seven women from
each decade of life between the ages of 20 and
99 years) and demonstrated that positioning the
CVC tip 4 cm below the carina results in place-
ment near the superior cavoatrial junction (Fig
5). Retained catheter or implantable cardioverter-
defibrillator lead fragments and, rarely, calcified
fibrin sheath and calcified thrombus can also be
identified on chest radiographs (Fig 6).

Computed Tomography

Nonenhanced CT.—Nonenhanced CT images
can demonstrate SVC duplication, narrowing,
and enlargement; CVC position; and calcifica-
tions along the SVC that could be caused by
calcified thrombi, fibrin sheaths, or retained
catheter or implantable cardioverter-defibrillator
lead fragments.

radiographics.rsna.org
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Figure 5. Anatomic landmarks for positioning of an upper
extremity—placed CVC. The junction of the SVC and right
atrium lies about 4 cm below the level of the carina. (Courtesy
of Anthony Zagar, BFA, University of Alabama at Birmingham,
Birmingham, Ala.)
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Figure 6. Calcified fibrin sheath at radiography. Frontal ra-
diograph in a 57-year-old woman with end-stage renal disease
and a long history of multiple CVC placements shows inter-
rupted linear calcifications (arrowheads) along the right inter-
nal jugular vein and SVC, findings consistent with a calcified
retained fibrin sheath. Note the left subclavian CVC (arrow)
with its tip in the mid SVC.

Contrast-enhanced CT.—The SVC can be stud-
ied during routine contrast-enhanced chest CT.
Dedicated contrast-enhanced CT protocols for
optimum enhancement of the SVC have been
described in the literature and are summarized
in Table 1 (3,9-12). In our experience, routine
contrast-enhanced CT of the chest, performed
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Table 1: Contrast-enhanced Chest CT Protocols for Optimum SVC Enhancement

Iodinated Contrast

Injection Agent Volume and Acquisition
Protocol Concentration Flow Rate Delay Source Comments
Routine Weight based (1 2 ml/sec 40-60 sec Bae et al Contrast agent volume
ml /kg; iodine (9), Bae overestimation in
concentration, (10) obese patients; vol-
350 mg/mL) ume adjusted to body
surface area is more
appropriate
Single-phase 120 mL (iodine 3 mL/sec 60 sec Lin et al Higher contrast agent
concentration, 3 volume than neces-
350 mg/mL) sary in lean patients
180-200 mL, 2-3 ml/sec 20-40 sec after Kim et al Access may be difficult
1:2 blend of completion of 1y in an affected upper
iodine (370 injection (bilat- extremity
mg/mL) with eral injection
0.9% normal duration, 50
saline; injected sec; unilateral
bilaterally or in injection dura-
a diseased upper tion, 60 sec)
extremity only
Biphasic dual Weight based 3 mL/sec Bolus tracking American Preferably lower extrem-
injection (for (iodine con- for optimum College of ity injection or split-
evaluation of centration, 350 enhancement Radiology  ting of the contrast
Glenn shunt mg/mL) of Fontan practice volume for simultane-
and Fontan circuit and param- ous upper and lower
circulation) pulmonary eter (12) extremity injection;
circulation use pressure injectors

in adults and older
children; use hand
injection in infants
and younger children;
delayed second-phase
CT scan is recom-
mended if there is
suboptimal enhance-
ment at first scan

60-75 seconds after injecting contrast agent into
a peripheral vein, achieves excellent uniform
enhancement of the SVC. Assessment of the SVC
at chest CT angiography performed to assess the
pulmonary artery, aorta, and coronary arter-

ies may be impaired by streak artifacts due to
dense contrast material in the SVC and mixing
artifacts due to nonenhanced blood from con-
tralateral veins and the azygos vein, which can
mimic a thrombus (Fig 7). Streak artifacts can
be minimized by using diluted contrast material
and vascular window settings (window level, 100
HU; window width, 600-700 HU) with manual
adjustment as deemed appropriate by the reader.
To minimize mixing artifacts, additional delayed
acquisition at 60 seconds with limited z-axis
coverage over the SVC is often useful when SVC
thrombus is a clinical concern (Fig 7b).

Patients with congenital heart disease, espe-
cially those with single-ventricle physiology, are
surviving into adulthood because of the Fontan
procedure. The Fontan procedure directs the
systemic venous return to the pulmonary arter-
ies without passing through a ventricle. The
first step is the hemi-Fontan procedure with
Glenn shunt, which is performed by creating
an anastomosis between the SVC and the right
pulmonary artery. Further, the inferior vena
cava flow is diverted to the pulmonary arter-
ies by the creation of an extracardiac conduit,
intracardiac tunnel, or atriopulmonary con-
nection (13). Beyond the perioperative period,
thromboembolic events carry substantial risk
for mortality 15 years after surgery (14). At CT
angiography in these patients, inhomogeneous

contrast enhancement of the pulmonary arteries
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Figure 7. Pitfalls of contrast-enhanced early venous phase CT angiography of the SVC. (a) Axial early venous phase image shows
pacer leads (arrows in a and b) and adjacent filling defects (arrowhead) in the SVC. (b) Axial delayed phase image obtained at 75
seconds shows homogeneous enhancement of the SVC. The filling defects caused by mixing artifact are no longer seen.

a.

b.

Figure 8. Thrombus at delayed phase CT angiography. A 29-year-old man with complex congenital
heart disease with a single-inlet left ventricle underwent an extracardiac Fontan procedure with a Glenn
shunt and fenestration in the first decade of life. He then presented with recurrent episodes of shortness
of breath. CT venography was performed after injection of contrast agent through an inferior extremity—
placed peripheral venous catheter. (a) Coronal reformatted CT angiogram shows inhomogeneous en-
hancement of the Fontan circuit (thin arrows) and a nonenhanced Glenn shunt (thick arrow). (b) Coronal
delayed phase reformatted CT angiogram obtained at 3 minutes shows homogeneous enhancement and
aneurysmal dilatation of the Fontan conduit (arrow) with eccentric thrombi (arrowhead).

is inevitable because of complex hemodynamic
circulation, and the American College of Radi-
ology has suggested guidelines for scan optimi-
zation (12) (Table 1) (Fig 8).

MR Venography

MR venography has been shown to be equally
sensitive and specific compared with conven-
tional venography to evaluate central venous
obstruction (15). Gadolinium-enhanced MR
venography (gadobenate deglumine [MultiHance;
Bracco Diagnostics, Milan, Italy], 0.1-0.2 mmol/
kg) can include static high-resolution first-pass,
time-resolved, or steady-state acquisitions. At

our institution, we inject one-third of the total
amount of contrast agent for time-resolved MR
venography and two-thirds of the total amount
of contrast agent for high-resolution MR venog-
raphy. The SVC can also be evaluated by using a
blood pool-specific contrast agent (gadofosveset
trisodium, 0.03 mmol/kg). MR angiography with
this contrast agent has been used to evaluate the
aorta, coronary arteries, left atrium, and thoracic
vasculature, including the SVC (16,17). Imag-
ing includes initial first-pass contrast-enhanced
MR angiography, followed by high-resolution,
free-breathing, and ECG- and respiratory-gated
steady-state MR angiography with use of a naviga-
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Figure 9. SVC stenosis at contrast-enhanced MR ve-
nography. A 58-year-old man underwent peripheral run-
off contrast-enhanced MR venography with blood pool-
specific contrast agent (gadofosveset trisodium [Ablavar;
Lantheus Medical Imaging, North Billerica, Mass]). Cor-
onal steady-state MR venogram obtained at 3 minutes
shows severe stenosis of the upper SVC (arrow).

tor sequence (Fig 9). In patients with chronic
renal disease (estimated glomerular filtration rate
<30 ml/min/1.73 m?), nonenhanced MR venog-
raphy is performed alone (18). Tomasian et al (19)
have demonstrated that use of a free-breathing
navigator-assisted three-dimensional (3D) steady-
state free precession (SSFP) sequence (Fig 10) is
optimal for evaluating the SVC as compared with
gadolinium-enhanced MR angiography. In our
experience, ECG-gated SSFP cine MR imaging in
the axial and coronal planes is useful in evaluating
the SVC lumen and wall and adjacent mediastinal
structures. In patients with a prior Glenn shunt or
Fontan procedure, no specific protocol modifica-
tion is required for MR angiography with blood
pool-specific contrast material. Multiple acquisi-
tions can be performed until adequate enhance-
ment of the Fontan and pulmonary circulation is
achieved. In our experience, high-resolution 3D
MR angiography performed in the pulmonary an-
giographic phase, followed by 1- and 3-minute ac-
quisitions, is adequate (Fig 11). Two-dimensional
phase-contrast MR imaging is important in pa-
tients with cavopulmonary connections to identify
a flow-limiting anastomotic stricture or differential
blood flow in the right and left pulmonary arteries.
Table 2 provides a summary of the different MR
imaging sequences used for SVC evaluation.

Conventional Venography.—Conventional
venography has the advantage of demonstrating

Sonavane et al

Figure 10. SVC thrombus at nonenhanced MR imag-
ing. A 47-year-old woman with end-stage renal disease
and clinical concern for central venous stenosis under-
went nonenhanced ECG- and respiratory-gated 3D
SSFP MR imaging. Coronal MR image shows a CVC (ar-
rows) in the SVC, with an eccentric low-signal-intensity
filling defect (arrowhead) consistent with thrombus in
the cranial portion of the SVC.

7

the location and extent of strictures, collateral
pathways, endoluminal thrombus, tumor pro-
liferation, the hemodynamic significance of the
lesion, and any congenital variants that should

be considered when planning stent placement.
Uniplanar or biplanar superior venacavograms
are routinely obtained. Superior venacavography
is performed with simultaneous bilateral injection
of 25 mL of a nonionic contrast medium into the
basilic, cephalic, or antecubital vein through an
18- to 20-gauge peripherally inserted intravenous
catheter. Digital subtraction is usually required to
adequately visualize the SVC. Nonenhanced in-
flow from other central veins should not be mis-
taken for thrombus or other filling defects. When
puncture of an arm vein is difficult because of
edema, carbon dioxide (CO,) phlebography may
be performed, with hand injection of 60 mL of
CO, into a small hand vein to localize a larger,
more proximal vein for puncture. One of the ma-
jor advantages of conventional arm venography is
an ability to proceed directly to an intervention if
an abnormality amenable to treatment is found.

Doppler US and Echocardiography

Indirect evidence of central venous obstruction is
evidenced by monophasic waveforms or lack of
normal respiratory phasicity in the brachiocephalic,
internal jugular, or subclavian veins at Doppler US
and echocardiography. However, direct visualiza-
tion of the SVC at Doppler US is challenging
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Figure 11. Thrombus within Fon-
tan circulation at contrast-enhanced
MR venography in a 29-year-old
man who previously underwent an
extracardiac Fontan procedure with
a bidirectional Glenn shunt (thin
arrow) for hypoplastic left heart
syndrome. Coronal delayed phase
MR venogram obtained 3 minutes
after gadofosveset trisodium (Abla-
var) administration shows uniform
enhancement of the Fontan circuit
(thick arrow) and a nonocclusive

radiographics.rsna.org

thrombus (arrowhead).

because of overlying bones and air-filled lungs.

A limited role for Doppler US in evaluation of

the proximal SVC with use of suprasternal and
right supraclavicular window settings has been
described, with few studies found in the literature
(20). Byrd and Linden (21) performed quantitative
analysis of flow velocities in the SVC and showed
that the ratio of expiratory systolic to diastolic flow
velocity in the SVC was high in patients with car-
diac tamponade compared with in healthy subjects
and patients with constrictive pericarditis.

Congenital Variants

Persistent Left SVC

Persistent left SVC is the most common congeni-
tal thoracic venous anomaly. The prevalence of this
anomaly is less than 0.5% of the general popula-
tion, with a prevalence of up to 10% in patients
with congenital heart disease (22). The right SVC
may be normal, small, or absent, with or without
an anterior communicating vein also known as a
bridging vein. The incidence of congenital cardiac
anomalies is increased with absence of the right
SVC; these anomalies include atrial septal defect,
ventricular septal defect, tetralogy of Fallot, bicus-
pid aortic valve, aortic coarctation, mitral atresia,
and cor triatriatum (23). The cause of persistent
left SVC is persistence of the left anterior cardi-
nal vein, left common cardinal vein, and left horn
of the sinus venosus. Often the first clue to this
anomaly is the unexpected course of a CVC along
the left mediastinal contour, as seen on a frontal

radiograph (Fig 4).The left SVC arises from the
confluence of the left subclavian and jugular veins
and traverses caudally, lateral to the aortic arch.

In the midportion, the vessel lies anterior to the
left hilum and then traverses along the ligament
of Marshall to drain into the right atrium via a di-
lated coronary sinus (Fig 12). Persistent left SVC
should be suspected when a dilated coronary sinus
is seen at cross-sectional imaging. Other causes

of dilated coronary sinus include right ventricular
failure, right atrial hypertension, severe pulmonary
hypertension, tricuspid regurgitation, a coronary
arteriovenous fistula draining into the coronary si-
nus, and cardiac tamponade. Rarely, persistent left
SVC can be accompanied by abnormal commu-
nication with the left atrium at the level of the left
atrial appendage or the coronary sinus, creating a
small right-to-left shunt (Raghib syndrome) (Fig
13) (24).The latter is also known as an unroofed
coronary sinus or a coronary sinus atrial septal
defect. Patients usually are asymptomatic, and

the condition is detected incidentally at imaging.
Rarely, it can lead to systemic embolization, with
the patient presenting with symptoms of stroke
and brain abscess.

Persistent left SVC may cause difficulty in
placement of pacemakers, implantable cardio-
verter-defibrillator leads, and Swan-Ganz catheters
because of the narrow opening from the coronary
sinus to the right atrium. However, technical
advances have allowed successful lead positioning
with excellent long-term results (25). The CVC
placement in the left SVC may be mistaken for ar-
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Table 2: Protocols for Nonenhanced and Contrast-enhanced MR Venography for SVC Evaluation
Band-
Enhancement Section Flip Field width
and Sequence Thickness TE/TR Angle of View (Hz/
Type Orientation (mm) (msec) (degrees) Matrix (mm) pixel) NSA
Nonenhanced
SSFP Axial, coronal, 6* 1.5/3.5 60 200 x 160 350-420 125  0.75
sagittal
T1-weighted Axial, short 6% 1.8/3.8 90 256 x 256  350-420 62.5 1
3D SPGR axis
T2-weighted Axial, short 6* 41/1791 90 256 x 256 350 62.5 1
axis
Phase- Perpendicu- 6 2.9/4.7 192 x 128 350 31.25 1
contrast lar to flow
direction
Contrast-
enhanced
MR angio- Coronal 1.6 1.4/3.9 30 224 x 224 320-420 62.5 0.5
graphy
Time- Coronal 2.6 1.1/3.1 25 256 x 192 320420 62.5 0.5
resolved
3D GRE Axial 4t 1.9/3.9 12 320 x 160  320-420 83.3 0.75
Contrast-en-
hanced, blood
pool-specific
Steady-state Coronal 1* 1.4-2.4/4— 30 368 x 368 320-500 2
7.5
Note.—GRE = gradient-recalled echo, NSA = number of signals acquired, SPGR = spoiled gradient-recalled
echo, TE/TR = echo time/repetition time.
*Section gap = 0 mm.
TSection gap = 2 mm.

terial, mediastinal, or pleural placement on a fron-
tal chest radiograph (Fig 4). A dilated coronary
sinus, especially with an absent right SVC, can
cause stretching of the arteriovenous node and the
bundle of His; cardiac arrhythmias such as atrial
and ventricular fibrillation have been reported
(26). Persistent left SVC is a relative contraindica-
tion to performance of retrograde cardioplegia
during coronary artery bypass grafting, which may
be ineffective because of inadequate myocardial
perfusion (27). If there is communication between
the left SVC and left atrium with substantial shunt
or risk of embolization, ligation of the left SVC
can be performed in the presence of a right SVC
and an adequately sized bridging vein. However,
reimplantation of the left SVC to the right atrium
is needed if the bridging vein is absent or inad-
equate (28). Therefore, knowledge of this congeni-
tal anomaly and its associations is important for
future cardiovascular procedures.

Right Upper Lobe Partial

Anomalous Pulmonary Venous Return
Partial anomalous pulmonary venous return
(PAPVR) is a condition in which one or more

pulmonary veins drain into the systemic venous
system or right atrium rather than the left atrium.
During embryonic development, early atresia or
malposition of the central pulmonary vein while
the pulmonary-splanchnic venous connections
are still patent leads to this anomaly (29). Right
upper lobe PAPVR is a subset of this condition
in which the right upper lobe pulmonary vein
drains directly into the SVC, with a prevalence of
0.5%-0.7% in the general population (30).

There is a high incidence of sinus venosus
atrial septal defect in patients with right upper
lobe PAPVR. Pediatric studies suggest a high
association of right upper lobe PAPVR with
sinus venosus atrial septal defect in 80%—-90% of
patients (29), whereas a recent study in adults by
Ho et al (31) showed a moderate association of
47% (Fig 14). Sinus venosus atrial septal defect
is difficult to detect at transthoracic echocar-
diography because of its cephalic location. CT
angiography is an excellent modality for anatomic
depiction because of its higher spatial resolution.
Phase-contrast MR imaging provides information
on the degree of left-to-right shunt by use of flow
quantification. In symptomatic patients, surgical
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Figure 12. Inadvertent place-
ment of a CVC within the left SVC
in a 41-year-old man with persis-
tent left SVC. (a-d) Axial contrast-
enhanced CT images show the left
SVC (arrowhead in a—c) as follows:
coursing in a craniocaudal direc-
tion lateral to the aortic arch (a),
anterior to the left pulmonary ar-
tery (arrow in b), in the left atrio-
ventricular groove along the liga-
ment of Marshall (c), and draining
into the coronary sinus (arrow in
d). (e) Oblique sagittal contrast-
enhanced 3D volume-rendered
CT image shows the course of the
left SVC (arrowheads) relative to
the left pulmonary artery (thick
arrow) and coronary sinus (thin
arrow).

correction is performed, with the anomalous vein
or veins anastomosed to the left atrium and the
atrial septal defect repaired. CT angiography or
MR angiography depicts the number of anoma-
lous pulmonary veins, which varies from single to
multiple veins, and provides important informa-
tion for preoperative planning.

SVC Aneurysm

SVC aneurysm is an extremely rare asymptomatic
entity that may be found incidentally at imaging
performed for other indications (Fig 15). Causes
include congenital weakness in the SVC wall or
absence of the longitudinal muscle layer in the tu-
nica adventitia (32). There are no strict size criteria
for diagnosis, and saccular and fusiform types have
been described. Posttraumatic or postoperative (eg,
after a Glenn shunt or Fontan procedure) causes
have also been reported (Fig 8) (33,34). Manage-
ment of SVC aneurysm is undefined and contro-
versial. Management of the saccular type typically
involves surgical resection to avoid complications
of rupture, thrombus formation with or without
pulmonary thromboembolism, and compression of
surrounding structures (35). Fusiform aneurysms
are managed conservatively because the risk for
these complications is much less; no cases of aneu-
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rysm enlargement, rupture, or pulmonary thrombo-
embolism have been reported in the literature.

Acquired Abnormalities
Stricture

Stricture results from an abnormality in the SVC
wall that leads to luminal narrowing. Strictures can
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Figure 13. Persistent left SVC and
Raghib syndrome in a 31-year-old
man. Oblique sagittal 3D volume-
rendered image from contrast-
enhanced MR angiography shows
the persistent left SVC (arrow-
heads) communicating with the
left atrium at the level of the left
atrium appendage (thin arrow).
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result from intrinsic or extrinsic factors. Intrinsic
causes include long-standing CVCs, transvenous
pacemakers, and postoperative or postradiation ef-
fects. Long-standing CVCs can cause intimal irri-
tation and inflammation, leading to intimal hyper-
plasia (36). Severe narrowing and/or occlusion can
give rise to SVC syndrome, which is characterized
by swelling of the upper extremities, neck, and
face secondary to impaired venous return. SVC
syndrome from an SVC stricture most frequently
results from a CVC placed for long-term hemodi-
alysis in patients with end-stage renal disease (Fig
16) (37,38). Extensive venous collaterals develop
to bypass the obstructed segment. Raptopoulos
(39) has described four major patterns of venous
collaterals seen in SVC obstruction (Fig 17). The
CT grade roughly correlates with the severity of
clinical findings (39).

The extrinsic causes of SVC stricture are
compression from mediastinal masses, malig-
nancies, and fibrosing mediastinitis. The SVC

Thick arrow = ascending aorta.

Figure 14. PAPVR detected at
CT angiography in a 39-year-old
man who underwent a workup
for pulmonary hypertension.
Axial (a) and oblique sagittal (b)
images show a right upper lobe
PAPVR draining at the junction of
the SVC and right atrium (RA) (ar-
rowhead), with communication
between the right and left atrium
(LA) at the same level (arrow).
The findings are consistent with
sinus venosus atrial septal defect.

is situated in the middle mediastinum and is
surrounded by mediastinal fat and lymph nodes.
The pleura and lung lie along the right side,
whereas the trachea and ascending aorta are on
the left. Enlargement of any of these structures,
such as from lymphadenopathy or ascending
aortic aneurysm, can cause extrinsic compres-
sion of the SVC (Fig 18). The most common
cause of SVC obstruction is malignancy. The
tumors most commonly responsible for com-
pression or invasion of the SVC are small cell
and non-small cell lung cancers, lymphoma,
metastatic lymphadenopathy from intrathoracic
and extrathoracic malignancies, and tracheal
malignancies (40,41).

Fibrosing mediastinitis is also known as medi-
astinal fibrosis or sclerosing mediastinitis. It is an
infiltrative disorder characterized by encasement
of the mediastinal viscera (42), with successive in-
volvement of the SVC, pulmonary veins, bronchi,
and pulmonary artery. Two types that have been
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Figure 15. SVC aneurysm in a 52-year-
old woman with no signs of cardiac failure
or central venous obstruction. Coronal
contrast-enhanced reformatted chest CT
image shows fusiform aneurysmal dilata-
tion of the upper mid SVC (arrow) mea-
suring 3.0 cm in diameter, with a normal-
caliber lower SVC (arrowhead).

Figure 16. Intrinsic SVC stricture
in a 55-year-old woman. Coro-
nal (a) and axial (b) contrast-en-
hanced maximum intensity projec-
tion chest CT images show a CVC
(placed via the right internal jugular
vein) causing severe wall thicken-
ing, stricture, and complete occlu-
sion of the proximal SVC (arrow in
a). Multiple chest wall and medias-
tinal venous collaterals (arrowhead
in b) are seen draining through the
hemiazygos (HAZ) and azygos (AZ)
venous systems.

described are the focal granulomatous form (80%
prevalence) and the diffuse nongranulomatous
form (20% prevalence) (43). The most common
focal granulomatous form of fibrosing mediastini-
tis is caused by idiopathic proliferation of fibrous
tissue in response to Histoplasma capsulatum anti-
gen stimulation (42—-44) (Fig 19). Dystrophic
calcifications may be seen in the mediastinal
lymph nodes or soft tissue, as well as calcified
hepatic and splenic granulomas on limited upper
abdominal images. In patients with H capsula-
tum infection, the risk for developing fibrosing
mediastinitis is less than one in 20,000 patients
(44).The focal granulomatous form can also be
caused by other fungal infections, tuberculosis, or
sarcoidosis.

The diffuse form is from idiopathic soft-tissue
infiltration of the mediastinal viscera and dem-
onstrates smooth lobulated contours at imaging.
Associated calcifications are uncommon. There is
an association with other autoimmune phenom-
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ena, such as retroperitoneal fibrosis, orbital pseu-
dotumor, systemic lupus erythematosus, Riedel
thyroiditis, and immunoglobulin G4 (IgG4)-re-
lated disease, and with use of methysergide (for
migraine prophylaxis).

Chest CT is a commonly performed and useful
modality in the evaluation of this entity. MR imag-
ing is equivalent to CT for depicting mediastinal
and hilar lymphadenopathy. However, CT better
depicts calcification, while MR angiography better
depicts vascular and pericardial involvement. Im-
aging should be tailored to answer a specific clini-
cal question and guide biopsy. Fluorodeoxyglucose
(FDG) positron emission tomography (PET)
can show variable activity, and therefore it is not
routinely performed to depict fibrosing mediasti-
nitis (45). Because it may not always be possible to
differentiate fibrosing mediastinitis from infiltrative
malignancies such as lung cancer, metastasis, or
lymphoma at imaging, tissue diagnosis is essential.
The medical treatment is controversial; suggested
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Chest wall
collaterals

Normal la Ib I 1 1\
Figure 17. Anatomic levels of SVC obstruction. Diagrams show the normal SVC and various levels of SVC obstruction (brown shad-
ing): grade la, mild; grade Ib, moderate narrowing without collaterals; grade Il, obstruction above the azygos arch, with the azygos
vein serving as a partial collateral; grade lll, obstruction below the azygos arch; and grade IV, obstruction at the azygos arch. IVC =

inferior vena cava. (Courtesy of Anthony Zagar, BFA, University of Alabama at Birmingham, Birmingham, Alabama.)

options include a 12-week course of itraconazole
and corticosteroid therapy (46). Symptomatic vas-
cular or airway narrowing is treated with balloon
angioplasty and stent placement, with surgical
repair rarely performed (47,48).

Fibrin Sheath

A fibrin sheath is a heterogeneous matrix of cells
and debris containing variable amounts of throm-
bus, endothelial cells, and collagen that forms
around most hemodialysis catheters by the end of
the 1st week of placement. When the sheath pro-
gresses to involve the catheter tip, the catheter may
malfunction because the sheath partially blocks
the holes, acting as a one-way valve. Fibrin sheath
occlusion is suspected when a well-positioned
CVC fails to function normally, and it is con-
firmed at conventional catheter venography (49).
A retrospective study by Krausz et al (50) showed
a relatively low prevalence (13.6%) of retained
fibrin sheath after removal of a long-standing
CVC.The remnants were calcified in nearly half
of cases. After removal of the catheter, the sheath
tends to remain in the vein instead of attaching to
the catheter (Fig 6) (50). At CT, it can be seen as

Figure 18. SVC stricture caused
by extrinsic compression. (a) Axial
contrast-enhanced chest CT im-
age in a 42-year-old woman shows
metastatic lymphadenopathy (ar-
row) from a germ cell tumor, a
finding causing moderate com-
pression of the SVC (arrowhead).
(b) Axial contrast-enhanced chest
CT image in a 72-year-old man
shows an ascending aortic an-
eurysm (arrow) from a Stanford
type A dissection, a finding caus-
ing severe compression of the SVC
(arrowhead).

a linear, irregularly shaped, calcified or noncalci-
fied, continuous or discontinuous low-attenuation
structure within a central vein.

Thrombus
SVC thrombus can be bland or tumor throm-
bus. Infection and thrombosis are the most
common complications of long-standing CVCs
or implantable central venous devices (37).
Thrombus is difficult to identify at nonenhanced
CT. However, at contrast-enhanced CT, it is
seen as a central or eccentric nonenhancing
filling defect in the SVC, usually in relation to a
CVC or pacer lead. Radiologists must recognize
artifacts resulting from dense contrast material
in the SVC that can mimic or obscure throm-
bus. Thrombosis of the SVC can cause second-
ary complications such as obstruction, infection,
and pulmonary embolism. Removal of the CVC
or pacer lead, treatment of infection, and antico-
agulation therapy in appropriate clinical situa-
tions are performed.

Tumor thrombus involving the SVC is usually
the result of direct invasion by an adjacent ma-
lignancy arising from the lungs (ie, small cell and
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Figure 19. SVC stricture caused
by fibrosing mediastinitis in a
49-year-old woman with pro-
gressive shortness of breath. Cor-
onal (a) and axial (b) contrast-
enhanced chest CT images show
extensive areas of soft-tissue
attenuation in the right paratra-
cheal, right hilar, and subcarinal
regions and areas of dystrophic
calcification (arrowhead in a),
with marked extrinsic compres-
sion and narrowing of the mid
SVC (arrow in a). Moderate nar-
rowing of the right pulmonary
artery (arrow in b) is also seen.

Figure 20. SVC tumor thrombus
found at follow-up imaging in a
63-year-old man with advanced
lung adenocarcinoma. Axial con-
trast-enhanced chest CT image
shows a lung mass (arrows) invad-
ing the mediastinum, with a large
intraluminal enhancing tumor
thrombus in the SVC (arrowhead)
causing severe luminal narrowing.
Contrast agent is seen in the pat-
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ent portion of the SVC.

non—small cell carcinoma) (Fig 20), mediastinum
(ie, lymphoma or metastasis), pleura, or trachea.
Hematogenous spread of malignant tumors to
the SVC is rare, whereas it is more common in
the inferior vena cava. In our experience, per-
forming nonenhanced and gadolinium-enhanced
MR imaging helps in identifying bland thrombus.
As opposed to bland thrombus, tumor thrombus
often shows heterogeneous contrast enhancement
at MR imaging and increased uptake at FDG
PET/CT. Tumor thrombus is generally larger and
lobulated and is associated with an adjacent mass
or wall invasion.

Primary Neoplasms

SVC Lipoma or Extension of Lipomatous Hyper-
trophy of the Interatrial Septum.—Lipomatous
hypertrophy of the interatrial septum is typically
asymptomatic, with a prevalence of 1%—-8%, and
consists of embryologic brown fat (51). Some of
the hypertrophied fat may extend along the distal
SVC for a variable distance and can rarely cause
SVC obstruction with impaired venous return
or atrial arrhythmia (52). CT and MR imaging
show a dumbbell-shaped area of fat attenuation
sparing the fossa ovalis, with minimal enhance-

ment after administration of intravenous contrast
material (Fig 21). This entity can be confused
with an intra-atrial lipoma or liposarcoma.

Primary SVC Sarcoma or Leiomyosarcoma.—As
mentioned before, the most common SVC ma-
lignancy is a metastasis. Primary SVC sarcomas
are rare tumors, with leiomyosarcoma being the
most common (53). Thoracic leiomyosarcoma
can arise from the smooth muscles of the medi-
astinum, lung parenchyma, bronchial structures,
or pulmonary vasculature (53,54). Leiomyosar-
comas of the blood vessels are rare malignant tu-
mors originating from the smooth muscle cells of
the media, most frequently from the great veins
(54).They are locally aggressive neoplasms that
manifest in patients after middle age and typi-
cally metastasize to the lungs and liver (53). At
imaging, they are seen as a well-defined, smooth
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Figure 21. Incidentally found SVC lipomas in two different patients. Axial contrast-enhanced
chest CT image (a) and T1-weighted ECG-gated spin-echo MR image (b) show an area of fat
attenuation (arrow) causing moderate extrinsic compression and narrowing of the caudal SVC
(arrowhead), a finding consistent with SVC lipoma. In both patients, this was an extension of

lipomatous hypertrophy of the interatrial septum.

or lobulated, homogeneously or heterogeneously
enhancing mass that expands the parent vessel
(Fig 22). Contrast enhancement can help distin-
guish this entity from bland thrombus.

Trauma

Traumatic injury of the SVC is an extremely

rare entity and typically results from penetrat-
ing trauma rather than blunt trauma. Its true
prevalence is not known because many of these
patients succumb shortly after injury. SVC injury
can also occur from iatrogenic trauma during
placement of a CVC or stent or during balloon
angioplasty for strictures (55-57). It is usually
seen at the junction of the SVC and right atrium
because of the relative mobility at this hinge point
and results in a contained mediastinal hematoma
(Fig 23). Hemopericardium with pericardial
tamponade physiology may also be encountered,
depending on whether the injury site is intra- or

Figure 22. Primary SVC
neoplasm in a 61-year-old
woman. Axial  contrast-
enhanced chest CT im-
age shows an intraluminal,
lobulated, enhancing filling
defect in the mid distal SVC
causing moderate luminal
dilatation (arrow). Medias-
tinal lymphadenopathy (ar-
rowhead) is also seen. Biopsy
revealed leiomyosarcoma.

extrapericardial (55-57). Conservative manage-
ment is possible in select patients with hemody-
namic stability and absent pericardial tamponade
or active contrast agent extravasation at CT
angiography (58). Open surgical repair requires
median stenotomy (58). Iatrogenic rupture of
the SVC during interventional procedures can
be managed with temporary balloon occlusion or
stent graft placement (58).

SVC Interventional Procedures

Fibrin Sheath Management

Current treatment strategies for fibrin sheath include
low-dose thrombolytic infusion, fibrin sheath disrup-
tion by use of angioplasty or an internal snare ma-

neuver, and catheter exchange. Low-dose thrombo-
lytic infusion is usually performed on an outpatient

basis and involves recombinant tissue plasminogen
activator (r-TPA) infusion over 3 hours, with 30-,
60-, and 90-day patency rates of 67%, 61%, and
51%, respectively (59). Fibrin sheath disruption can
be performed with use of balloon angioplasty (Fig

24) (60). However, the internal snare maneuver is an
effective and inexpensive alternative and involves use
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Figure 23. SVC trauma. Axial contrast-
enhanced chest CT image in a 58-year-man
after a motor vehicle collision shows a con-
tained mediastinal hematoma (arrowheads),
with a few foci of active contrast agent ex-
travasation (thin arrow) seen anterior to the
distal SVC (thick arrow). At exploratory sur-
gery, an injury at the junction of the SVC and
right atrium was detected and repaired.

a. b.
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Figure 24. Balloon angioplasty for fibrin sheath management in a 54-year-old man with malfunction of a
tunneled dialysis catheter in the right internal jugular vein. (a) Digitally subtracted venogram obtained with
contrast agent injected through a partially retracted dialysis catheter shows a linear contrast agent-filled track
(arrow) extending distally beyond the catheter tip (arrowheads), a finding consistent with retained fibrin sheath.
(b) Fluoroscopic image shows treatment of the lesion with balloon venoplasty (arrowheads). (c) Digitally sub-
tracted SVC cavogram obtained after angioplasty shows disruption of the fibrin sheath and restored SVC patency.

of a glidewire that is folded at its middle to form a
loop and then inserted through the dialysis catheter.
This maneuver has a 6-week patency rate of 100%
(61). Over-the-wire catheter exchange is another
alternative and was reported to be superior to fibrin
sheath stripping using an external snare via the trans-
femoral artery, with 1- and 4-month patency rates
of 71% and 21%, respectively, for catheter exchange
versus 31% and 0%, respectively, for external-snare
fibrin sheath stripping (62).

Fibrin sheath stripping with an external snare
is reserved for cases where previous measures
failed to disrupt a persistent fibrin sheath
(62,63). A loop snare inserted via the femoral
artery is used to grasp the caudal end of the
catheter. The snare is then withdrawn, stripping
off the fibrin sheath (62,63). If the fibrin sheath
is treated appropriately, there is no increase in
complications such as thrombosis or infection
after subsequent catheterization compared with
in patients with no fibrin sheath (60).

Venous Angioplasty

and Stent Placement

Venous angioplasty and intravascular stents have
been used to reestablish patency in patients with
benign SVC stenosis or occlusion. Balloon an-
gioplasty is the mainstay of treatment, whereas
bare metal and covered stents are reserved for
use in patients after failed angioplasty, which
usually occurs because of an elastic lesion.
These interventions are predominantly used to
alleviate severe symptoms of arm, neck, and fa-
cial swelling by restoring patency to the central
venous drainage.

The traditional treatment of malignant SVC
stenosis or obstruction is radiation therapy, che-
motherapy, or a combination of both. Treatment
is effective in 90% of cases; however, clinical
results might not appear for several days, and
the recurrence rate is around 20%, even when
the maximum permissible dose of radiation is
used (40,41). Stent placement in the SVC for
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Figure 25. Stent placement for SVC stricture in a 67-year-old man with a history of
end-stage renal disease, multiple CVC placements, and known SVC stenosis who was
referred for endovascular treatment. (a) SVC cavogram shows catheter-induced severe
focal stenosis in the mid SVC (arrow). (b) SVC cavogram shows placement of a self-ex-
panding bare metal stent (arrowheads) that was used to successfully treat the stenosis.

malignant stenosis or obstruction has a high
technical success rate of 76%-86% and provides
immediate and sustained symptomatic relief
that lasts until death in patients with terminal
malignancy and a short life expectancy of 3—6
months. It also restores central venous access
for administration of chemotherapy. Technical
failure is usually associated with SVC occlu-
sions and primarily with bilateral innominate
vein occlusion (64,65). Generally, there is poor

Figure 26. SVC stent with tumor
ingrowth in a 63-year-old man
with a history of SVC syndrome
secondary to metastatic small cell
carcinoma treated with stent place-
ment and chemotherapy. Coronal
contrast-enhanced chest CT im-
age shows stent occlusion (arrow)
caused by tumor ingrowth.

long-term patency for subclavian and brachioce-
phalic venous stents. SVC stents in patients with
malignant SVC syndrome have a slightly better
long-term patency, with primary and secondary
patency rates of 88% and 95%, respectively, at
5.4 months (66). The stents of choice are bare
metal stents (Fig 25). Covered stents may be
placed in cases of malignant tumor invasion to
prevent tumor ingrowth.

Complications of stent placement in the SVC
include stent migration, venous perforation,
pulmonary edema secondary to a rapid increase
in venous return to the heart, acute thrombosis,
compression of adjacent nerves causing recur-
rent laryngeal nerve paralysis, and restenosis
secondary to neointimal hyperplasia or tumor
growth (Fig 26).

SVC Filter Placement

In most patients, deep venous thrombosis of the
lower extremity is the primary source of pulmo-
nary embolism. However, it is now recognized
that pulmonary embolism complicates upper
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Figure 27. SVC filter in a
55-year-old man with bilat-
eral upper extremity venous
thrombosis and contraindi-
cations to anticoagulation
therapy. Frontal fluoro-
scopic image shows appro-
priate positioning of an SVC
filter (arrow).

extremity deep venous thrombosis in 12%-16%
of cases (67). There have also been several re-
ports of fatal pulmonary embolism due to upper
extremity deep venous thrombosis (68). Limited
indications for SVC filter placement include
patients with massive acute upper extremity deep
venous thrombosis in whom anticoagulation ther-
apy has failed or is contraindicated. Currently,
there is no Food and Drug Administration—ap-
proved SVC filter, and inferior vena cava filters
are used in selected patients. Several studies have
shown that filters can be placed safely in the SVC
and are effective for prevention of pulmonary em-
bolism in patients with upper extremity venous
thrombosis (Fig 27) (69,70). Complications of
SVC filter placement include thrombosis, SVC
perforation, aortic perforation, cardiac tampon-
ade, and pneumothorax.

Conclusion
The SVC is an important structure in the evalu-
ation of the mediastinal vasculature. This article
provides a guide for thorough imaging assess-
ment of the SVC, with descriptions of common
congenital and acquired SVC abnormalities.
Radiologists who interpret chest and cardiac im-
aging studies must recognize the imaging appear-
ances of SVC variants and pathologic conditions
that can point to the underlying cause of disease
and potentially guide treatment.
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