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CT Demonstration of the Extracardiac Anastomoses of 
the Coronary Veins in Superior Vena Cava or Left 
Brachiocephalic Vein Obstruction
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CT scans in four cases of chronic superior vena cava or left brachiocephalic vein obstruction demonstrate a systemic-to-
cardiac collateral venous pathway through anastomoses between the pericardial branches of systemic veins and the pre-
sumed adventitial veins of the ascending aorta and pulmonary trunk. These adventitial veins then drain into tributaries of 
the anterior cardiac veins or ventricular coronary veins.
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INTRODUCTION

In superior vena cava (SVC) obstruction, venous return to 
the heart is maintained through collateral venous pathways 
in the thorax and abdomen. The major intrathoracic 
veins involved are the azygos-hemiazygos system, the 
paravertebral venous plexus, and the internal thoracic and 
pericardiacophrenic veins. These veins communicate with 
other systemic, portal and pulmonary veins, and any or all 
of them can form alternate routes for venous return when 
SVC obstruction develops slowly (1, 2).

The following study reports the computed tomographic 
(CT) findings in four cases of SVC or left brachiocephalic 
vein (LBCV) obstruction demonstrating a systemic-to-
cardiac venous pathway through anastamoses at the 

pericardial attachment to the great arteries.

CASE REPORTS

During routine reporting of CT scans replace by the chest 
from March to October 2010, our attention was attracted by 
particular venous collaterals around the great arteries of the 
heart in four cases of chronic SVC or LBCV obstruction.

Case 1
A 70 year old male, with metastatic renal cell carcinoma 

and SVC syndrome, underwent a CT angiogram for suspected 
pulmonary embolism (PE). The scan showed a large nodal 
mass occluding the SVC above and below the azygos arch. 
The lower third of the LBCV was also occluded. No evidence 
of PE was found.

Case 2
A 71 year old male, with metastatic lung carcinoma, 

underwent a CT angiogram for suspected PE. Metastatic 
adenopathy almost completely occluded the SVC above and 
below the azygos arch. No evidence of PE was found.

Case 3
A 70 year old male with acute chest pain underwent a CT 

angiogram for suspected PE. The scan showed evidence of 
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remote aortocoronary bypass and surgical ligation of the 
LBCV. Only the upper half of the LBCV was opacified by IV 
contrast. No evidence of PE was found.

Case 4
A 66 year old male with treated lung carcinoma, 

underwent a routine CT scan. The scan revealed stable 
findings, including catheter-related thrombosis of the lower 
third of the LBCV.

All studies were performed on GE Lightspeed 64-detector 
CT scanners. In cases 1-3, a pulmonary embolism protocol 

was followed. Patients received a bolus of 55 mL of non-
ionic contrast followed by 35 mL of saline flush through 
the antecubital veins of the left arm at a rate of 4.5 mL/
s. The scan delay was predetermined by a test bolus (20 
mL) using the pulmonary trunk as the region of interest. 
In case 4, 90 mL of non-ionic contrast were administered 
intravenously through the left arm at a rate of 2 mL/s using 
a scan delay of 65 seconds. Scans were obtained using 1.25 
mm collimation at 0.9 mm intervals through the thorax in 
cases 1-3; in case 4, the study was obtained with 5 mm 
collimation at 4 mm intervals and reconstructed at 1.25 x 

Fig. 1. CT angiogram of 70 year old male with metastatic renal cell carcinoma and obstruction of superior vena cava.
A. Transverse image through thorax at level of upper limit of pericardium shows occlusion of superior vena cava by metastatic adenopathy (*) and 
extensive network of venous collaterals (long white arrows) in mediastinum. Note early opacification of pulmonary vein (curved white arrow) in 
left lung through systemic-to-pulmonary venous anastomoses (not shown) across pleural thickening (short white arrow) and probable adhesions 
from remote left lower lobectomy. A, B. Pericardial veins (arrowheads in A) at anterior aspect of ascending aorta and pulmonary trunk are 
continuous with small vessels (arrows in B) along intrapericardial portions of great arteries. C. At root of ascending aorta and base of pulmonary 
trunk, collateral vessels (black arrows) spread along left coronary artery (arrowhead) and its branches and drain into anterior interventricular vein 
(white arrows). Latter also receives collateral vessel (curved arrow) directly from left lateral wall of pulmonary trunk. D. Slightly more inferiorly, 
collateral vessel (long white arrow) drains into left coronary vein (short white arrow). On right, collateral branches (black arrows) pass anteriorl 
or posteriorl to right coronary artery (arrowhead) on their way to right atrial appendage (RAA). E. At lower level, there is early opacification of 
left coronary vein (short white arrow), and focal collections of contrast are present in wall of right atrial appendage (arrowheads). Collateral 
vessel (black arrow) posterior to right coronary artery (curved arrow) made loop inferiorly (not shown) before emptying into right auricular wall 
(black arrowhead). Collateral vessel situated anterior to coronary artery in D drained into wall of appendage more anteriorly (white arrowhead). P 
= pericardium
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1.25 mm. 
The CT scans of the first three patients showed an 

extensive network of venous collaterals in the upper 
mediastinum, particularly around the aortic arch and 
pericardium. These collateral vessels included pericardial, 
esophageal, bronchial and mediastinal branches of the left 
brachiocephalic, left vertebral, left pericardiacophrenic, left 
internal thoracic or superior intercostal veins. The collateral 
vessels also communicated with the azygos-hemiazygos, 

phrenic and, in two cases, pulmonary veins. In the fourth 
patient, the scan showed a collateral venous network 
joining the left and right inferior thyroid veins in the upper 
mediastinum and lower neck that communicated with the 
paravertebral venous plexus and gave rise to several small 
mediastinal and pericardial branches.

At the union of the pericardium with the ascending aorta 
and pulmonary trunk, pericardial branches were noted to be 
in continuity with small vessels distributed along the walls 

Fig. 2. CT angiogram of 71 year old male with metastatic lung carcinoma and obstruction of superior vena cava.
A. Transverse image through thorax at level of upper limit of pericardium (P) shows almost complete occlusion of superior vena cava (curved 
white arrow) by metastatic adenopathy (*) and associated venous collaterals (straight white arrows) in anterior mediastinum. A, B. Pericardial 
branches (arrowheads in A) at anterior aspect of ascending aorta are continuous with small epicardial vessels in aortopulmonary groove (straight 
black arrow in B) and along pulmonary trunk anteriorly (curved black arrow in B). C. At level of left coronary artery (black arrowhead), collateral 
vessels from lateral wall of pulmonary trunk (curved black arrow) and within posterior aspect of aortopulmonary groove (feathered black arrow) 
could not be followed further due to image-degrading pulsation artifacts. Vessel (straight black arrow) in anterior aspect of aortopulmonary 
groove descends towards right atrium. D. More inferiorly, collateral vessel (black arrows) from anterior aspect of aortopulmonary groove (straight 
black arrow C) passes posterior to calcified right coronary artery (white arrowhead) before connecting with right atrial appendage (RAA).
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Fig. 3. CT angiogram of 70 year old male with acute chest pain and remote aortocoronary bypass and surgical ligation of left 
brachiocephalic vein.
A. Transverse image through thorax at level of aortic arch shows narrowed end of left brachiocephalic vein (curved white arrow) just before 
occlusion by two surgical clips (curved black arrow). There is extensive network of venous collaterals (straight white arrows) in mediastinum. 
B, C. Pericardial veins (arrowheads in B) around great arteries are continuous with small vessels (black arrows in C) along intrapericardial 
segments of ascending aorta and pulmonary trunk. Pericardium (P) was not seen anteriorly and was thin laterally. D, E. At base of great arteries, 
there is early opacification of left coronary vein (short white arrow in E) by collateral vessels (black arrows) from lateral wall of pulmonary trunk 
and posterior wall of ascending aorta. Collateral vessel from anterior wall of aorta gives off branches that accompany right coronary artery (curved 
white arrow) on their way to right atrial appendage (RAA). Black arrowhead in D points to left coronary artery. F. More inferiorly, collateral vessel 
(upper black arrow) contacts anterior surface of right atrial appendage. F, G. Collateral vessel along anterior wall of ascending aorta (lower black 
arrow in F and arrow in G) descends to aortic root where it forms loop posteriorly and connects with anterosuperior wall of left atrium (arrowheads). 
Image in G is reformatted CT image of chest in oblique sagittal plane. RA = right atrium, LA = left atrium, Ao = ascending aorta
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of the intrapericardial segments of the great arteries in all 
patients (Figs. 1-4). These vessels measured 1.5-2.5 mm in 
diameter and extended to the root of the ascending aorta 
and base of the pulmonary trunk where they crossed the 
coronary arteries. The vessels crossing the right coronary 
artery drained into the right atrial appendage (all cases), 
and those crossing the left coronary artery drained into the 
anterior interventricular and left coronary veins (cases 1 
and 3). In the second case, tiny collateral vessels on the 
left could only be traced to the level of the left coronary 
artery due to image-degrading pulsation artifacts; we 
assume that these veins also drained into the great cardiac 
vein (Fig. 2C). The collateral vessels that crossed the right 
coronary artery joined the anterior aspect of the right 
atrial appendage. In case 1, focal collections of contrast 
measuring about 5 x 8 mm were noted in the wall of the 
appendage where the collateral vessels fended (Fig. 1E).

The unusual course of a collateral vessel from the anterior 
wall of the ascending aorta is demonstrated in Figure 3F, G. 

After descending along the wall of the aorta to the aortic 
root, the vessel made a loop posteriorly and connected with 
the anterosuperior wall of the left atrium.

Fewer than four or five intrapericardial vessels 
communicated with pericardial veins. The vessels, except for 
a single channel in case 4, ramified and intercommunicated 
as they descended towards the base of the great arteries. 
Figure 4 shows the single vessel in case 4; it coursed along 
the left lateral wall of the ascending aorta and drained 
into the right atrial appendage after passing under the 
right coronary artery. A common finding among all patients 
was the presence of at least one collateral channel along 
the wall of the ascending aorta located close to the 
aortopulmonary groove.

DISCUSSION

The various collateral venous pathways associated with 
SVC obstruction have been reported by several authors 
(1, 2). The findings from this study demonstrate yet 
another collateral pathway through anastomoses between 
extracardiac and cardiac veins at the pericardial attachment 
to the great arteries. While the existence of widespread 
anastamoses of extracardiac arteries with the coronary 
arterial bed has been recognized since 1786 (3), little 
could be found in the English literature on systemic-cardiac 
connections on the venous side of the circulation. Baroldi 
and Scomazzoni (4), in their monograph on the coronary 
circulation published in 1965, briefly mention the presence 
of very small anastomoses between coronary and systemic 
veins in normal hearts. According to these investigators, the 
anastomoses are found at the pericardial reflections around 
the pulmonary veins, the venae cavae, and the ascending 
aorta and pulmonary trunk, similar to the extracardiac 
anastomoses of the coronary arteries.

In 1965, Clarke (5, 6) obtained microradiographs of the 
mural vessels of the normal human ascending aorta and 
pulmonary trunk following the injection of micropaque 
into the coronary sinus post mortem. He found a network 
of longitudinal venous channels, measuring 100-140 µm 
in diameter, in the adventitial layers of both arteries 
that received branches from the media and drained into 
tributaries of the ventricular coronary veins. In addition, 
cross anastomoses between the adventitial veins of the 
ascending aorta and pulmonary trunk were observed across 
the aortopulmonary groove.

The adventitia of the ascending aorta and pulmonary 

Fig. 4. Reformatted CT image of chest, in oblique coronal 
plane, of 66 year old male with catheter-related thrombosis (*) 
of left brachiocephalic vein (short white arrow). Level shown 
is through ascending aorta and innominate artery. At pericardial 
attachment to ascending aorta (black arrowhead), there is continuity 
between pericardial vein (long white arrow) and longitudinal vessel 
(long black arrow) along intrapericardial portion of ascending aorta 
near aortopulmonary groove (white arrowhead). Vessel passes posterior 
to right coronary artery (curved black arrow) before draining into right 
atrial appendage (not shown). Pericardial vein in question was branch 
of venous plexus joining left (curved white arrow) and right inferior 
thyroid veins. P = pericardium
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trunk is fused with the fibrous pericardium whose 
venous drainage is via the pericardiacophrenic veins and 
the pericardial branches of mediastinal, bronchial and 
esophageal veins. Therefore, the adventitial layer of the 
great arteries at the level of the pericardial reflections 
serves as an entry-point to the coronary circulation for 
extracardiac veins. The collateral vessels observed along 
the intrapericardial segments of the ascending aorta and 
pulmonary trunk in the present cases most likely correspond 
to the adventitial venous channels described by Clarke, 
albeit significantly enlarged from collateral flow.

The collateral vessels crossing the left coronary artery 
are then tributaries of the anterior interventricular and left 
coronary veins (7). More inferiorly, the left coronary vein 
then joins the oblique vein of the left atrium to mark the 
beginning of the coronary sinus. Likewise, the collateral 
vessels crossing the right coronary artery probably represent 
tributaries of the anterior cardiac veins that drain the 
inter-aortopulmonary region and the conus arteriosus. The 
anterior cardiac veins have been shown to drain directly 
into the right atrium or indirectly, through intramural 
tunnels that open into the right atrium (8, 9). We could 
not determine whether these presumed anterior cardiac 
veins emptied directly into the lumen of the right atrial 
appendage or whether they entered vascular channels 
within its walls. The focal mural collections of contrast 
observed in the right atrial appendage in one patient are at 
least suggestive of these intramural vascular tunnels (Fig. 
1E).

The unusual course of a collateral vessel from the anterior 
wall of the ascending aorta to the anterosuperior wall of the 
left atrium, observed in one patient (Fig. 3F, G), suggests 
a possible connection between adventitial veins (and the 
vasa vasorum) of the great arteries and the left atrium. 
Whether this vein drained directly into the left atrial lumen 
or connected with the epicardial veins of the left atrium (9) 
remains unknown.

It is conceivable that in some of the present cases, 
anastomoses between systemic and cardiac veins had 
developed through adhesions around the large arteries 
near the pericardial attachments. However, there was 
no radiological evidence of pericardial thickening in any 
patient, and only a small pericardial effusion was present in 
cases 1 and 2.

Natural systemic-cardiac venous anastomoses in normal 
subjects are unimportant and virtually closed their 

function is to enlarge in systemic venous obstruction. The 
extent and capacity of natural anastomoses in patients 
with SVC obstruction would depend on their number 
(likely determined at birth) and on the relative resistance 
to collateral blood flow. As long as the larger venous 
collaterals remain patent, the amount of blood flow 
redirected to the right atrium through these extracardiac 
anastomoses would most likely be relatively small, as 
demonstrated in our patients. In certain types of Fontan 
procedures for congenital heart disease, such as the total 
cavopulmonary connection for tricuspid atresia, systemic 
veins could conceivably decompress through systemic-
cardiac anastomoses into the common atrium. However, the 
resulting right-to-left shunt might not be insignificant in 
patients who have persistent cyanosis despite prior ligation 
or embolization of other more common venous collaterals 
that are known to develop in these patients (10).
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