
EDUCATIONAL REVIEW Open Access

Blood finds a way: pictorial review of
thoracic collateral vessels
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Abstract

In the healthy patient, blood returns to the heart via classic venous pathways. Obstruction of any one of these
pathways will result in blood flow finding new collateral pathways to return to the heart. Although significant
anatomic variation exists and multiple collateral vessels are often present in the same patient, it is a general rule
that the collateral pathways formed are a function of the site of venous blockage. Therefore, knowledge of typical
collateral vessel systems can provide insight in localizing venous obstruction and characterizing its severity and
chronicity. In addition, knowledge of collateral anatomy can be essential in interventional procedural and/or
surgical planning, especially when placing catheters in patients with venous blockage. In this pictorial review, we
provide a systematic approach to understanding collateral pathways in patients with venous obstruction in the
upper body.
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Key points

� Venous obstruction occurs secondary to mass effect,
stenosis, and/or thrombosis.

� No matter the site of obstruction, blood always finds
a way back to the heart via collaterals.

� The pattern of collateral vessels that develop is a
function of the site of obstruction.

� Axillary and subclavian venous obstruction form
collaterals to the ipsilateral shoulder and neck.

� SVC collaterals form as a function of the
obstruction’s position relative to the azygos vein.

Introduction
No matter where venous vessel obstruction occurs,
blood will try to find a way back to the heart. This typic-
ally occurs via changes in direction and/or amount of
flow in preexisting venous collateral flow pathways. Des-
pite significant anatomic variation between patients, the
pattern and extent of collaterals vessels provide clues to
the location, severity, and chronicity of the obstruction.
For example, a chronic and complete blockage of the

axillary vein would be expected to produce significantly
more shoulder collaterals than a partial blockage of the
same vessel that developed over a shorter timeframe.
Therefore, an understanding of the most common ven-
ous collateral pathways can provide the insight necessary
for accurate interpretation of imaging studies. In
addition, this understanding is important when an inter-
vention is needed, especially when placing central ven-
ous catheters. In this pictorial review, we take a
systematic approach in using patterns of collaterals to
localize the source of obstruction in the venous system
of the upper body (Fig. 1).
Clinically, patients with venous blockages often

present with swelling prior to the site of blockage.
Causes of obstruction are varied but can be grouped into
three categories of pathology: extrinsic mass effect, nar-
rowing/stenosis, and intraluminal occlusion/thrombosis
(Fig. 2). In the chest, mass effect via mediastinal or pul-
monary malignancy can physically block venous flow.
Superior vena cava (SVC) syndrome is the prototypical
example of mass effect resulting in venous obstruction
and is well described in the literature [1]. Stenosis or lu-
minal narrowing can develop secondary to radiation,
chronic exposure to indwelling catheters, or sequela of
prior thrombosis [2]. Finally, intraluminal occlusion can
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be a product of trauma, hypercoagulable state leading to
acute thrombus, tumor, or an indwelling catheter.

Normal anatomy
In normal anatomy, the veins of the arm (cephalic, basi-
lic, and brachial veins) all drain into the axillary vein. At
the outer border of the first rib, the axillary vein be-
comes the subclavian vein. The subclavian vein con-
tinues on to receive drainage from the neck. Once the
subclavian vein merges with the internal jugular vein,
the brachiocephalic vein is formed. The brachiocephalic
vein subsequently drains into the SVC. Figure 3 shows
an overview of the normal venous anatomy in the upper
extremities, neck, and chest [3].
The azygos vein is an otherwise unassuming vein

which drains the intercostal system into the lower SVC.
However, the importance of the azygos vein in relation
to the site of obstruction in these thoracic collateral sys-
tems cannot be overstressed. Conceptually, it is import-
ant to note that the azygos system can potentially

connect to the entire venous supply of the body. Block-
ages in one part of the thorax tend to divert at least
some of the flow into the azygos system where it is sub-
sequently rerouted to bypass the blockage. Any blockage
above the azygos vein may be rerouted into the SVC
through the azygos system. However, when the SVC is
blocked at the level of the azygos, blood may only enter
the heart through the inferior vena cava (IVC).

Overview of collateral imaging
Characterization of collateral vessels is not a common
primary indication for imaging, and collaterals are often
first identified incidentally or after a complication has
occurred. CT angiography is the most commonly used
imaging modality to evaluate collateral pathways. A ven-
ous phase of imaging can be obtained by performing the
diagnostic portion of the scan at 60–90 s post a standard
weight-based dose of intravascular contrast administra-
tion. Benefits of this imaging modality include its super-
ior spatial resolution with the ability to view images

Fig. 1 Our conceptual organization of collateral pathways in the upper body

Fig. 2 Causes of obstruction. a Axial CT image showing complete obstruction of the SVC secondary to extrinsic mass compression (arrow). b
Axial CT image demonstrating SVC narrowing/occlusion (arrow) secondary to chronic indwelling catheter. c Axial CT image demonstrating
intraluminal obstruction of the left axillary vein from a chronic thrombus (arrow)
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using multiplanar reformats and its ability to image
during different phases of contrast enhancement (ven-
ous versus arterial), especially as collateral vessels can
be difficult to appreciate in the absence of contrast. It
is important to note the side of contrast injection
may affect the ability to visualize the obstruction, as
the collateral flow may only be visualized if injected
on the ipsilateral side. Use of diluted contrast during
injection can reduce streak artifact during initial
phase imaging which may otherwise limit visualization
of an area of obstruction or collateral pathways.
Drawbacks to this imaging modality include its radi-
ation exposure, its need for intravenous contrast, and
its limited enhancement of the veins.

Magnetic resonance venography can be considered su-
perior to CT venography in its evaluation of the deep veins
due to its superior contrast side effect profile and lack of ra-
diation exposure (Fig. 4) [4, 5]. Three-dimensional (3D)
gadolinium-enhanced gradient echo (GRE) images create a
dynamic view of the vessels with several acquisitions ac-
quired sequentially, typically beginning in the arterial phase.
If needed for diagnostic interpretation, a selective venous
study can be created by subtracting the early arterial phase
study from the subsequently obtained mixed venous-
arterial phase study. This volumetric approach creates
high-resolution and high signal-to-noise images which can
be then be reconstructed in any imaging plane.

Fig. 3 Review of venous anatomy

Fig. 4 MRI venous imaging. Coronal (a) and sagittal (b) images of
the thoracic venous anatomy in the late arteriovenous phase of
imaging of a MRI scan. The SVC (white arrow), IVC (arrowhead), and
azygos vein (gray arrows) are labeled

Fig. 5 Shoulder/chest wall collaterals. a Schematic image of a subclavian obstruction and pathway for collateral flow. b Coronal CT image in a
53-year-old patient with a right apical lung mass (stage IV lung adenocarcinoma) obstructing the subclavian venous flow (black arrow) due to
mass effect. Extensive shoulder and chest wall collateral formation (white arrows). c Axial CT image in the same patient shows extensive
unnamed shoulder and chest wall collaterals (white arrows)
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Digital subtraction angiography in interventional radi-
ology remains the gold standard for characterization of
collateral pathways with venograms indicated to confirm
suspected venous blockages and provide real-time infor-
mation on collateral filling. The main drawback to this
modality is that it does not provide a detailed look at
what is happening extravascularly, leading to an incom-
plete picture in the evaluation of the blockage.
Finally, venous Doppler ultrasonography is an inex-

pensive readily available technique that is well tolerated
by patients and has no radiation or contrast exposure
which can assist in evaluation of venous pathways. Ven-
ous ultrasonography can be limited by unreachable anat-
omy, poor acoustic windows, patient body habitus, and
skill of the sonographer [6, 7].

Axillary and subclavian obstruction
In the past, axillary and subclavian obstructions were
relatively rare. However, the incidence of such obstruc-
tions has increased proportionately with the increasing
frequency of indwelling subclavian catheter use [8]. Axil-
lary and subclavian obstruction results in collaterals to
the shoulder and neck.

Shoulder collaterals
Axillary and subclavian blockage most frequently results
in collateral pathways to the ipsilateral shoulder (Fig. 5).
Shoulder collaterals may involve the lateral thoracic vein,
subscapular vein, suprascapular vein, and intercostal
veins. Shoulder collaterals can then bypass the blockage
directly back into the subclavian and axillary system or
drain into the azygos system via the chest wall. Specific-
ally, the costoaxillary veins connect the first to seventh
intercostal veins to the lateral thoracic vein.

Neck collaterals
Collateral pathways also can form to both the anterior
and posterior ipsilateral neck veins. Posterior neck col-
laterals are more common than anterior neck collaterals
and are generally more pronounced (Fig. 6). These pos-
terior collaterals can either cross the neck contralaterally
or bypass the blockage ipsilaterally. They may also drain
directly into the chest wall and the azygos system to re-
turn to the SVC. With anterior neck collaterals, blood
flow commonly crosses over to the patent contralateral
neck (Fig. 7). Vessels involved in the anterior neck col-
laterals include the vertebral vein, internal jugular vein,
external jugular vein, jugular venous arch, and inferior
thyroid vein.

Brachiocephalic obstruction
As will be seen with SVC obstruction above the level of the
azygos vein, blockages that occur in the brachiocephalic
vein will funnel blood flow through the azygos collateral

system and azygos vein into the inferior SVC. Brachioce-
phalic blockages commonly have internal thoracic vein col-
laterals flow with the direction of flow dependent on the
location of the blockage. If the blockage occurs upstream of
the origin of the internal thoracic vein, the internal thoracic
vein returns blood to the downstream brachiocephalic vein
via antegrade flow. If the blockage occurs downstream of
the origin of the internal thoracic vein, flow reverses in the
internal thoracic vein and flow will return to the SVC via
the azygos system (Fig. 8).

Fig. 6 Posterior neck collaterals. Axial CT image showing extensive
unnamed vertebral collaterals (arrows) in a patient with occlusion of
the left brachiocephalic vein

Fig. 7 Anterior neck collaterals. Axial CT image showing the
jugular venous arch (white arrow) assisting in the diversion of
blood flow to the patent contralateral side and an enlarged
inferior thyroid vein collateral (black arrow) in a patient with an
obstructed internal jugular vein
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Superior vena cava obstruction
SVC obstruction presents a substantial physiological
challenge as it involves the final pathway for venous re-
turn of the upper body. Three patterns of collateral ves-
sel formation are observed in SVC obstruction, all
resulting from the location of the blockage relative to
the azygos vein [9, 10]. As detailed in the anatomy sec-
tion, the azygos vein delivers venous return to the infer-
ior SVC and is the only major vein to feed into the SVC
apart from the right and left brachiocephalic veins. As
the azygos system functionally connects in some way to
the entire venous system, its importance in bypassing
SVC obstruction is not surprising.

Blockages above the azygos
A blockage upstream of the azygos vein means that
blood can reenter the SVC below the level of blockage

via a patent azygos vein. Collaterals upstream of the ob-
struction will form to the azygos system and intercostal
veins, funneling the blood flow back into the down-
stream SVC via normal forward flow through the azygos
vein (Fig. 9).

Blockages at the level of the azygos
If the SVC blockage is at the level of the azygos vein,
then there is no physiological pathway for blood to reen-
ter the SVC. Blood must reverse flow in the azygos sys-
tem into the lower venous system and the inferior vena
cava (IVC) (Fig. 10). Many different potential collateral
pathways exist for the blood to enter the IVC. Hepatic
collaterals (draining into the IVC) and collateralized
lumbar veins (connecting to the common iliac veins and
IVC) are two common examples by which blood is
shunted via reverse flow to the patent IVC.

Fig. 8 Brachiocephalic blockage. a Schematic image of a brachiocephalic obstruction and pathway for collateral flow. b Axial CT image of a 59-year-old
female with a mediastinal tumor demonstrating extrinsic compression of the left brachiocephalic vein (black arrow) before it enters the SVC (white arrow).
c Axial CT image in the same patient showing a dilated azygos vein (gray arrow) draining into the SVC (white arrow). d Axial CT image in a different
patient demonstrates a prominent right internal thoracic vein (dashed arrow) draining into the SVC (white arrow) bypassing a right-sided brachiocephalic
blockage (not pictured)

Fig. 9 Blockage of the SVC above the azygos vein. a Schematic image of a SVC obstruction above the level of the azygos vein and pathway for
collateral flow. b Axial CT image of a 46-year-old male with squamous cell carcinoma (asterisk) causing SVC compression (white arrow) above the
azygos vein due to extrinsic mass effect. c Axial CT image showing a dilated azygos vein (gray arrow) entering into the SVC below the blockage. d
Axial CT image shows contrast enhancement of the SVC downstream of the blockage (white arrow); the dilated azygos vein is also seen (gray arrow)

Marini et al. Insights into Imaging           (2019) 10:63 Page 5 of 8



Fig. 10 Blockage of the SVC at the level of the azygos vein. a Schematic image of a SVC obstruction at the level of the azygos vein and pathway
for collateral flow. b Axial CT image in a patient with a right hilar mass at the level of the SVC/azygous junction, causing the azygos vein (gray
arrow) to become dilated. c Coronal CT image in the same patient demonstrating a prominent azygos vein (gray arrow) shunting blood inferiorly
toward the IVC. d Blood from the azygos system in this patient is eventually shunted through collateral vessels (dashed arrow) into the IVC
(arrowhead) bypassing the SVC blockage at the level of the azygos

Fig. 11 Blockage of the SVC below the azygos vein. a Schematic image of a SVC obstruction at the level of the azygos vein and pathway for
collateral flow. b Coronal CT image shows occlusion of the SVC below the level of the azygos vein (white arrow). c Axial CT image demonstrates
retrograde contrast flow through the azygos vein (gray arrow) from the upper SVC (white arrow). d Axial CT image showing diaphragmatic
collaterals (curved arrow) draining to the IVC (arrowhead) bypassing the inferior SVC blockage below the level of the azygos vein

Fig. 12 Unusual collaterals. a Axial CT image of a patient with numerous unnamed collateral vessels coursing through the mediastinum (white
arrows). b Axial CT scan demonstrates collateral vessels (black arrow) draining into the left pulmonary veins (white arrow)
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Blockages below the azygos
Blockages below the azygos prevent any flow of blood
to the heart via the SVC. However, in this case, blood
will be redirected into the azygous vein and azygous
system in a retrograde manner (Fig. 11). Ultimately,
the blood will form collateral vessels to the IVC as
discussed in the previous category of blockage at the
level of the azygos vein.

Unusual collaterals
It is important to note that we have presented common
collateral pathways in this pictorial review. In reality, col-
lateral pathways demonstrate a great deal of anatomical
variation. Furthermore, uncommon collateral pathways in-
volving the mediastinum and pulmonary vasculature
(among others) have been described and should also be
appreciated if present (Fig. 12) [11]. These pathways are
often a sign of serious pathology and warrant immediate
search for an underlying cause.

Collateral placement of lines
Collateral anatomy is of particular importance in inter-
ventional radiology. In some patients with venous ob-
struction, direct knowledge of collateral vessels may be
necessary to place lines (Fig. 13). While collateral vessels
are often discovered accidentally, interventional radiolo-
gists may also use them intentionally in patients with
less than ideal venous access.

Treatment
Treatment of these conditions involves correcting the
underlying factor responsible for the obstruction. In
some cases, palliative stenting may be attempted,

although this is not always successful (Fig. 14) [12].
Thrombosis of stents is a common complication.

Summary
Venous obstruction may result from mass effect, sten-
osis, or thrombosis. No matter the cause, blood always
finds a way around blockages to return to the heart. The
path blood takes around blockages is predictable

Fig. 13 Collateral placement of central lines. a Axial CT image demonstrating placement of a central line through the hemiazygous (white arrow)
and azygos vein (gray arrow). b CT scout image showing the tortuous path the line takes through the collateral vessels to the right atrium. c
Interventional venogram of the same patient demonstrating collateral placement of the line

Fig. 14 Thrombosed stent. Axial CT image demonstrating a patient
who has a thrombosed stent within the SVC (arrow)
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depending on the location and size of the obstruction.
Thus, by studying collateral vessels, we can gain insight
into an obstruction’s location and severity. Axillary and
subclavian obstructions form shoulder and neck collat-
erals that can bypass the blockage. Collaterals secondary
to SVC obstruction form in a pattern dependent on the
location of the obstruction relative to the azygos vein. It
is the role of the radiologist to apply knowledge of these
collateral pathways to assist in diagnosis and interven-
tion in patients with venous obstruction.
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IVC: Inferior vena cava; SVC: Superior vena cava

Acknowledgements
We would like to thank Nadezhda Kiriyak, Sarah Klingenberger, and Gwen
Mack for their assistance with the illustrations and figures.

Authors’ contributions
All authors contributed to the collection of the cases and the development/
content of the manuscript. All authors read and approved the final
manuscript.

Funding
The authors state that this work has not received any funding.

Availability of data and materials
Not applicable

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Received: 25 March 2019 Accepted: 14 May 2019

References
1. Katabathina VS, Restrepo CS, Betancourt Cuellar SL, Riascos RF, Menias CO

(2013) Imaging of oncologic emergencies: what every radiologist should
know. Radiographics 33:1533–1553

2. Bhatt DL (2004) Guide to peripheral and cerebrovascular intervention.
Remedica Pub., London

3. Lawler LP, Fishman EK (2003) Thoracic venous anatomy multidetector row
CT evaluation. Radiol Clin North Am 41:545–560

4. Prince MR, Sostman HD (2003) MR venography: unsung and underutilized.
Radiology 226:630–632

5. Butty S, Hagspiel KD, Leung DA, Angle JF, Spinosa DJ, Matsumoto AH (2002)
Body MR venography. Radiol Clin North Am 40:899–919

6. Useche JN, de Castro AM, Galvis GE, Mantilla RA, Ariza A (2008) Use of US in
the evaluation of patients with symptoms of deep venous thrombosis of
the lower extremities. Radiographics 28:1785–1797

7. Chin EE, Zimmerman PT, Grant EG (2005) Sonographic evaluation of
upper extremity deep venous thrombosis. J Ultrasound Med 24:829–838
quiz 839-840

8. Richard HM 3rd, Selby JB Jr, Gay SB, Tegtmeyer CJ (1992) Normal venous
anatomy and collateral pathways in upper extremity venous thrombosis.
Radiographics 12:527–534

9. Okay NH, Bryk D (1969) Collateral pathways in occlusion of the superior
vena cava and its tributaries. Radiology 92:1493–1498

10. Stanford W, Jolles H, Ell S, Chiu LC (1987) Superior vena cava obstruction: a
venographic classification. AJR Am J Roentgenol 148:259–262

11. Kapur S, Paik E, Rezaei A, Vu DN (2010) Where there is blood, there is a way:
unusual collateral vessels in superior and inferior vena cava obstruction.
Radiographics 30:67–78

12. Yu JB, Wilson LD, Detterbeck FC (2008) Superior vena cava syndrome--a
proposed classification system and algorithm for management. J Thorac
Oncol 3:811–814

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Marini et al. Insights into Imaging           (2019) 10:63 Page 8 of 8


	Abstract
	Key points
	Introduction
	Normal anatomy
	Overview of collateral imaging
	Axillary and subclavian obstruction
	Shoulder collaterals
	Neck collaterals

	Brachiocephalic obstruction
	Superior vena cava obstruction
	Blockages above the azygos
	Blockages at the level of the azygos
	Blockages below the azygos

	Unusual collaterals
	Collateral placement of lines
	Treatment
	Summary
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

