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Abstract

In superior vena cava syndrome (SVCS), one or more of the major veins are occlused or deeply stenosed. In these cases. Venous blood
from the head, neck, chest and upper limbs regularly reaches brachiocephalic veins and the right atrium through collateral vessels. Several
angiographic and echocardiographic studies have reported that in the left brachiocephalic venous stenosis venous blood, instead of flowing
toward the superior vena cava and taking the compensation circles to reach the heart, reverses its flow direction through the jugular and
then the cerebral veins.

In the venous system, flows direction is always centripetal one-way, and a completed flow inversion is possible only in presence of venous
stenosis associated with a compensatory circle. Thus, we are here hypothesizing that in SVCS inversion of flows into a jugular vein, already

clearly described in the literature, is due to the presence of a compensatory circle that finally connects the superior vena cava to the inferior
vena cava.

Given that jugular and cerebrospinal veins join with full-channel connections to become a single conduit, we hpothesized that the “new”
compensatory circle, deriving from the hemodynamic consequences of SVCS, may include the entire cerebrospinal venous system. This
hypothesis is corroborated by the current knowledge on the cerebrospinal venous system: it is a unique, valveless, bidirectional flow circuit
that freely communicates with superior and inferior vena cava.

In the SVCS, venous blood coming from the head, neck and upper extremities may not descend towards the brachiocephalic vein, as ex-
pected from literature, but reverses its flow direction towards the jugular vein and the cerebral spinal venous system, to reach the inferior
vena cava.This means that constantly, in the SVCS, part of venous blood coming from the head, neck and upper limbs must cross the brain
and the spinal cord to finally reach the right atrium, and that there is a direct contact between the venous blood of the superior vena cava
and the cerebrospinal venous system. The continuous passage of venous blood from the superior cava system into the cerebrospinal circu-
lation opens new perspectives in understanding the etiopathogenesis of many neurodegenerative diseases. In vena cava stenosis then, the
cerebrospinal circle is subjected to an increase both in pressure and in volume overload, thus creating the possibility that infections, emboli
or tumors migrate directly from the peripheral tissues to the brain through the venous route (as already demonstrated in literature).

From 2010 to now we have operated for plastic enlargement with patches of saphenous vein, 120 patients with congenital stenosis of the
superior vena cava system. These compassionate interventions were undertaken as the “last therapeutic chance” of improving a series of
severe and invalidating symptoms, completely non-responsive to each and all clinical practise therapy recommended by updated guidelines,
and possibily depending on this blood flow inversion in SVCS.

Here we are reporting the angiographic findings of the first two patients with vena cava stenosis. In one we describe the inversion of flow
from the site of the obstruction towards the cerebrospinal circle, and in the other we describe the passage of venous blood from peripheral
tissues to the cerebrospinal circle.
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Introductio

It is thought that in the presence of a significant stenosis of
the superior vena cava, the cerebrospinal venous circle nor-
mally flows into the jugular veins and brachiocephalic veins
and, by means of the superior intercostal veins and the mam-
mary veins, it reaches the azygos system and superior-inferi-
or vena cava [1-5].

Recent studies have demonstrated that in the presence of
a stenosis of the brachiocephalic or jugular veins, venous
blood can invert the direction of its flow and move towards
the cerebrospinal circle. As generally agreed, there is a ve-
nous reflux when the circle inversion exceeds 0.88 sec.

The cause of the reflux has been attributed to increased cen-
tral venous pressure [6-10]. On this matter, the Scientific
Community still assumes that in the venous system a coun-
tercurrent flow is not possible, the direction of the flows be-
ing always monodirectional and centripetal (such as a postu-
late). On the contrary, the cerebrospinal venous system, due
to the absence of valves, is considered as single circuit with a
bidirectional flow.

Due to the direct communication with the jugular vein at
one end and the azygos vein at the opposite extreme, we
hypothesized that the cerebrospinal venous system behaves
like a compensatory circuit that connects the superior cava
with the inferior cava and that the flow direction is regulat-
ed by pressure gradients at its ends. In case of stenoses of
the left brachiocephalic vein or jugular veins, blood flows
from the point of stenosis to the cerebrospinal circle and to
the azygos vein. In the presence of a stenosis of the azygos
vein, the blood flow cannot arrive, as usual, into the superior
vena cava but must reverse the flow direction and must pass
through the spinal and cerebral circulation to reach the su-
perior vena cava.

This means that in left brachiocephalic or in giugular veins
stenosis, venous blood coming from the head, neck must

cross the veins of the cerebrospinal system and the azygos
vein to reach the heart, and that the cerebrospinal venous
system represents the first and most important compensato-
ry collateral pathway.

To confirm this hypothesis, we are here describing the angio-
graphic pattern of two patients with significant stenosis of the
superior vena cava system. After the patients were repeatedly
administered contrast agents at various sites, we were able to
trace the passage of peripheral venous blood, from the point
where the stenosis was, toward the cerebrospinal circle.

Clinical Cases
First Case

A sixty-seven-year-old female weighing 63 kg recently un-
derwent reconstructive surgery because of an ascending aor-
ta aneurism. During the time that the left brachiocephalic
trunk was isolated from the aortic arch, a tear took place at
the junction point of the vena cava that was repaired with
direct suture. During the post-operative period, a stenosis of
the brachiocephalic vein was suspected because of edema of
the left superior extremity, together with swelling of the neck.

Angiographic examination was carried out through the right
femoral vein. An injection of 15 ml of iodinated contrast
agents (lomeprol 300 mg/ml) made it possible to visualize
the superior vena cava and the brachiocephalic trunk, as well
as the right jugular vein, which appeared free from obstruc-
tion and with a normal centripetal flow. A second injection
into the left brachiocephalic vein uncovered a dense stenosis
corresponding to its junction in the superior vena cava. The
contrast medium, which was injected immediately after the
stenosis, did not drain into the intercostal veins, but inverted
its direction and moved prevalently into the left internal jug-
ular vein and into the cerebral circle. It was also noted that
even the non-contrasted blood coming from the left subcla-
vian vein also showed a preferential flow towards the jugular
vein and the cerebral circle diluting the contrast medium. A
third injection in the third proximal part of the jugular vein
found a scarce outflow in the centripetal direction; instead,
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the reflux towards the cerebral venous system was evident
and prevalent. In this projection, moreover, the non-con-
trasted blood coming from the subclavian vein is clearly seen
flowing into the jugular vein and into the cerebral circle.

Second case

The patient was a fifty-two-year-old male with a “collar of
stokes” edema, turgor of the jugular veins, congestion of the
face and the conjunctiva, and marked venous circle of the
thorax. An echocolorDoppler examination revealed vena
cava thrombosis due to precedent positioning of a central
venous catheter and reflux in the right jugular vein. An injec-
tion of contrast medium in the right basilic vein confirmed
that there was a stenosis of the superior cava vein, above the
junction of the azygos vein. Once the contrast liquid reached
the subclavian vein, it flew prevalently into the right jugular
vein and cerebral veins, instead of into the superior intercos-
tal vein and azygos vein, as has been described in the litera-
ture.

In both cases, the angiographic examination carried out after
surgical elimination of the stenoses showed normalization of
the blood flow direction from cerebral venous circle to supe-
rior vena cava.

Discussion

The SVC syndrome results from obstruction of the SVC or
its major tributaries by intraluminal occlusion or by extrinsic
compression or invasion from malignant and benign diseas-
es. The severity of the symptoms depends on the degree of
narrowing of the superior vena cava, the speed of the onset of
the narrowing and the development on the collateral vascu-
lar system. The interruption of the normal venous blood flow
from the vena cava to the heart causes an increased venous
pressure (20 to 40 mmHg). (1.2) In the SVCS, venous blood
coming from the head, neck, shoulders and arms cannot di-
rectly reach the right atrium, and blood flow is redirected
through the collateral circulation, in order to bypass the ob-
struction and restore the venous return. There are four pos-
sible collateral systems which were first described in 1949 by
Mclntire and Sykes: the azygos veins, the internal thoracic
veins, the vertebral venous system and the external thoracic
vein [2, 3].

The introduction in the vascular diagnostics of angiogra-
phy, TAC, echocardiography and MRI has brought new
knowledge on the flow’s direction that contrast much with

the literature extablishments. In a patient whith marked ob-
struction to the flow at the region of the left brachiocephalic
vein, injected a rapid intravenous bolus (1 ml) of 99mTcso-
dium pertechnetate into the left antecubital vein. What he
observed and described is that the tracer, instead of flowing
towards compensatory circles to reach the azygos vein or in-
ferior vena cava, rose into the internal jugular vein and then
the cerebral veins. Subsequently, numerous angiographic
studies have reported that in the left brachiocephalic venous
stenosis, there is a reversed flow in the left internal jugular
and in cerebral vein [5-8].

Even with the use of ecocolor Doppler, in SVC syndrome
studies of the flow in the jugular and cerebral veins have
shown that there is an inversion of flow direction towards the
jugular veins (JVR). Found a cutoft value for the duration of
the detected retrograde flow during VM, to differentiate be-
tween a physiologic jugular venous reflux and a true IJVVIL.
This value is equal to or greater than 0.88s. Continuous JVR
has been reported in patients with central venous obstruc-
tion as in the mediastinal masses, aortic aneurysm and cen-
tral venous thrombosis (superior vena cava syndrome). iden-
tified a new nosological vascular model defined as chronic
cerebrospinal venous insufficiency (CCSVI), characterized
by more strictures/obstructions affecting the internal jugular
veins (IJV) and the azygous vein [9-11]. Zamboni hypothe-
sized that once the cerebral venous flow reaches the point of
stenosis, due to the high resistance encountered, it reverses
direction, reaches the cerebral venous circulation and re-
turns to the heart mainly through the collateral cervical cir-
cles. Assuming that in the venous circulation, the direction
of the flows is always centripetal and monodirectional and
that a countercurrent flow is possible only in collateral ve-
nous circles, we hypothesized that the inversion of the flow
in the jugular vein should be associated with the presence of
a collateral circle able to connect the superior vena cava with
the inferior vena cava. We believe that this collateral circu-
lation can be represented by the same cerebrospinal venous
system. This hypothesis is validated by current knowledge
of the anatomy and physiology of the cerebrospinal venous
system that is considered a unique, valveless, bidirectional
flow circuit that freely communicates with both superior and
inferior vena cava.

Before the 18th century, the vertebral venous plexus (VVP)
was not investigated and was largely ignored by anatomists
and physicians. Demonstrated the continuity of the CSVS
from the pelvis to the cranium and established that retro-
grade flow from the VVS into the brain was possible because
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of the lack of venous valves. In living humans, Anderson and
Diodrast similarly demonstrated that contrast material in-
jected into the VVS reached the intracranial venous sinuses
and the internal cerebral veins in a retrograde fashion [12,
13].

Used Doppler to measure cerebral blood flow and ultrasound
to measure the cross-sectional area of the internal jugular
vein in healthy human in the supine and standing positions,
before and during a Valsalva maneuver. Unlike the other ve-
nous systems, the direction of the cerebral venous flow is not
centripetal but dynamic and varies with posture and respira-
tory acts. When standing, the jugular veins are collapsed and
venous eftflux from the brain occurs through the VVS, in the
supine position the internal jugular veins are the main route
of venous exit from the whole head. This has to be considered
in the understanding of how works the intracranial pressure
and flux regulation of venous blood from the brain to the
vena cava [14].

Due to its unique anatomical features: single duct, bi-direc-
tional flow, absence of valves, connected to the extremities
with both the superior and the inferior vena cava, it can be
hypothesized that, in the SVC syndrome, the cerebrospinal
venous system behaves like the first and most important
compensatory circle. In the superior vena cava syndrome,
because of the direct communication between the two caval
systems, the presence of a stenosis induces a gradient pres-
sure between the superior vena cava and the inferior vena
cava, this causing an inversion of the flows with a continu-
ous passage of venous blood coming from the head, neck,
shoulders and upper limbs into the cerebrospinal venous
system. And then from it throgh the azygos vein into the in-
ferior vena cava. In the SVC syndrome, therefore, the venous
blood must cross the cerebrospinal venous circles to reach
the heart. Based on this updated and revised knowledge, in
the SVCS the behaviour of the venous flows is completely
different from that described in the literature.

In normal circulation, the blood flows in the brachiocephalic
vein at the confluence of the subclavian vein and the internal
jugular vein, and into other collateral branches represented
by the external thoracic veins and the superior intercostal
veins. In the presence of a SVCS, while the subclavian vein
has a constantly centripetal blood flow, the jugular vein, the
internal mammary vein and the superior intercostal vein re-
verse their flow direction.The jugular veins carries venous
blood, coming from the head and neck and part of the blood
coming from the shoulders and upper limbs to the cerebro-

spinal venous circulation, while the internal mammary veins
and the superior intercostal veins carry the blood from the
brachiocephalic veins to the inferior vena cava.

This hypothesis was confirmed by angiographic examina-
tions of 120 patients with congenital stenosis of internal jug-
ular veins or brachiocephalic veins and undergoing plastic
surgery to widen the point of stenosis, with a patch in saphe-
nous vein or in bovin pericardium. In these patients, the pre-
operative angiographic study documented a constant reverse
flow, from the point of vein stenosis to the cerebrospinal cir-
culation [15, 16].

We are reporting the angiographic description of the first
two operated patient. In the first case, the stenosis was locat-
ed in the cava above the azygos vein. An injection of contrast
liquid in the right basilic vein, once the contrast reached the
vena cava, showed that it did not flow into the brachioce-
phalic vein and then into the superior intercostal vein, as ex-
pected from the literature, but preferentially into the right
jugular vein.

In the second patient with stenosis of the left brachiocephal-
ic vein, repeated injections of contrast medium in different
sites demonstrated a constant flow of venous blood in the left
jugular vein and in the cerebral circle, but not in the inter-
costal veins. It was also shown that the non-contrasted blood
coming from the left subclavian vein did not flow into the
brachiocephalic vein but inverted its flow and drained into
the jugular vein. A second injection in the upper third part
of the left jugular vein showed scarce flow in the centripetal
direction and prevalent amount toward the venous cerebral
system. In this projection, non-contrasted blood coming
from the subclavian flew into the left jugular vein, and not
into the brachiocephalic veins.

In both cases, the angiographic examination carried out af-
ter removing the stenosis showed a complete normalization
of the blood flow, again from the cerebral circle to the su-
perior cava. These two cases, together with agreat amount
of evidence already published in recent years, confirm that
stenosis of the cava system determines a pressure gradient
between the two ends of the cerebrospinal venous circula-
tion with a reversal of the cerebrospinal venous circulationIn
superior vena cava syndromes, then, the continuous outflow
of blood coming from the peripheral tissues into the venous
cerebrospinal circle causes a volume overload which, in as-
sociation with an overload of pressure, may be responsible
of pathological anatomic lesions as well as of yet unknown
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diseases [5-7].

Several neurologic disorders have already been associated
with internal jugular vein reflux, includ—ing: transient global
ischemia, transient blindness, cough headache and primary
exertional headache. It has also been shown that, in caval
syndromes, venous blood from peripheral tissues may rep-
resent a direct vascular pathway for the spread of infections,
emboli, and tumors in the brain Additional investigations
are expected to increase and better define the knowledge of
the damage caused by continuous passage of venous blood
coming from superior vena cava tissues in the cerebrospi-
nal venous circulation. In patients with superior vena cava
stenosis, reaching a better understanding of each particular
clinical pattern associated with each hemodynamic change
in venous circulation might contribute deeply in defining the
pathogenesis of different neurodegenerative syndromes [17-
21].
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