The Vertebral Venous Plexus as a Major Cerebral
Venous Outflow Tract
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Cerebral venous outflow in rhesus monkeys an-
esthetized with halothane has been studied by
angiographic techniques. The effects of body po-
sition and pressure within the airway have been
studlcd. With (he monkey supine, injection of

i into the superior

ittal sinus itted visualization of the verte-
bral plexus and intemnal jugular veins bilaterally.
Pressure on the airway decreased the amount of
contrast medium appearing in the vertebral plexus
and the superior vena cava and caused engorge-
ment of the intemnal jugular veins. With the anj-
mal erect, almost all contrast medium flowed
through the vertebral plexus, with the jugular
veins barely visible. \With pressure applied to
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in erect man.! It was further theorized that
the vertebral venous plexus might provide tgle
means for cerebral circulatory compensativn
with the sudden assumption of the upri
position.

The experiments reported here have b-n
conducted in an attempt to examine this ln'~
pothesis.
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Methods

Rhesus monkeys varying in weight from"’G
to 10 kg were anesthetized with 0.5 mg,’kgml
phencyclidine hydrochloride (Sernylan), lhgr
traclk intubated, and anesthesia maintaingd

the airway, therc app d to be grade flow
from the vertcbral veins into the internal jugular,
subclavian and axillary veins. The vertebral
plexus was well outlined as far down as the
seventh thoracic vertebra and the density of the
upper cervical vertebrae increased. These studies
demonstrate that the vertebral venous plexus is an
important cercbral venous outflow tract in the
supine position, and in the erect position it np-
pears to be the major v of exit of b
blood. (Key words: Vertebral venous plexus;
Jugular veins; Cerebral venous blood flow.)

Ix 1963 one of us suggested that the jugular
veins are not always the principal avenue for
escape of blood from the brain and that the
vertebral venous plexus might be a drainage
route of significant proportion, particularly
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with 0.5-1.0 per cent halothane in 4 to a‘%l
oxygen/min, using a nonrebreathing syste&
Under ascptic conditions a catheter was mtm-
duced into the sagittal sinus through a blkr
hole in the skull or into a jugular vein occlud@l
below the point of insertion. Preliminary s

ies were directed toward finding suitable rndxo-
Jogic conditions for visualization of the \erg-
bral plexus. The use of an image amplil
with magnetic-tape recording and portal
still x-ray films did not provide optimal cof-
trast and definition. Other technical difficul-
ties encountered which prevented clear vxs&»
alization of the vertebral venous plexus 1@-
cluded catheters too small to allow rap®
injection and contrast media too dilute to %
seen clearly. Finally, insertion of a 17-gau;
plastic catheter into the superior sagittal smns
and injection of 5 to 10 ml of a radiopaque cow
trast medium, 60 per cent diatrizoate meth)g‘-
glucamine solution (Renografin-60, Squiblg)
enabled us to visualize the vertebral plex@s
clearly. Still films taken in the radiology dg-
partment, using the equipment ordinarily used
for head and skull x-rays, gave the desir
quality of picture. Twenty-three experiments
in nine monkeys have been completed. Off
last seven experiments have consisted solely &f
injection of diatrizoate methylglucamine into
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Fic. 1. Anteroposterior x-rays of the head and upper thorax of the monkey in the supine position.
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Fic. 2. Anteroposterior x-rays of the head and upper thorax of the monkey in the upright position.
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Fic. 3 (above and right). Left lateral x-rays of
the head and thorax of the monkey in the erect
position.
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the superior sagittal sinus through a large-bore
catheter, with both jugular veins untouched.
During each experiment studies were car-
ried out with the monkey in two positions,
supine and erect, with lateral and/or antero-
posterior §lms being taken. A control film was
obtained of each position, after which contrast
medium was injected with ambient airway
pressure and with positive airway pressure
maintained at 10 and at 30 mm Hg.

Results

The experiments demonstrated two major
cerebral outflow tracts: the jugular veins and
the vertebral venous plexus. Although the
emissary veins are reputed to play some part
in cerebral venous drainage, we saw little evi-
dence of this.

Once the technique was perfected, results
were consistent. In order best to demonstrate
these, we have selected a series of x-rays from
one animal (figs. 1, 2, and 3). .

Figure 1A shows the control xray of the
upper thoracic and cervical regions and skull
of a 10kg monkey. The animal lay quietly
in the supine position with the head in the
anteroposterior position. Outlines of the endo-
tracheal tube are visible. The x-ray in figure
1B was taken immediately at the conclusion
of injecting 10 ml of contrast medium into the
sagittal sinus, at a rate of 1 ml/sec. The ani-
mal was breathing quietly and there was no
pressure on the airway. The internal jugular
veins are clearly visible bilaterally, as is the
upper portion of the vertebral venous plexus
draining into the vertebral veins which empty
into the internal jugular veins. Some anasto-
moses are visible between the two sides of the
vertebral plexus at the three uppermost verte-
brae. .

Figure 1C was obtained about ten minutes
later, following injection of 10 ml of diatrizo-
ate methylglucamine and during the mainte-
nance of 10 mm Hg pressure on the airway
via the breathing bag. In comparison with
figure 1B, both jugulars are more prominent,
and the external jugular veins are faintly vi-
sible. The vertebral plexus is less well out-
lined, not visible on the right. There is less
contrast medium in the superior vena cava.
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Figure 1D represents the effect of 30-mmy
Hg positive airway pressure recorded abou€
ten minutes after figure 1C, following injecs:
tion of 10 ml of contrast medium. Both inters
nal jugular veins appear more distended and®
the right vertebral plexus is again visible. Th&
anastomoses between the two sides of thg
vertebral plexus are quite dense at the levef
of the upper two cervical vertebrae. -

The above series of radiographs were re$
peated with the animal maintained in the upy
right position on a board. Figure 24 is thes
control x-ray and 2B the xray obtained ims
mediately following injection of 10 ml of conZ:
trast medium into the sagittal sinus. Com@
pared with figure 1B, the left internal jugula®
vein is invisible and the right only faintly
visible. The vertebral plexus is more clearly
outlined bilaterally and there is less contrasf
medium in the superior vena cava. There i
increased density of the bony substance of thé
uppermost cervical vertebrae.

Figure 2C shows the effect of 10-mm H
airway pressure. The right internal jugular
vein is more visible and the right externa
jugular vein has become apparent, althoug}
faintly so. Neither the left external nor th
left internal jugular vein is apparent. Th
vertebral plexus is clearly apparent bilaterally:
The density of the beny substance of all the
cervical vertebrae is increased. The contras]
between figures 2C and 1C is striking.

Figure 2D demonstrates the effect of 30-mnyg
Hg airway pressure. Now both internal jugu®
lar veins can be seen, although faintly. Ther@l
is evidence of retrograde flow from the verteS
bral veins into both of these vessels. Littl&
contrast medium is apparent in the superiog
vena cava, but retrograde flow into the righg
subclavian and axillary veins can be seeng
The vertebral plexus is well outlined down 1§
the seventh thoracic vertcbra. The density of
the vertebral bony substance is increased comg
pared with figure 2C. é

The final series of x-rays was similar to thg
second series, but made from the lateral as®,
pect with the animal erect. Figure 3A is the
control.  Close inspection reveals the positioR,
of the catheter in the sagittal sinus. Figur®3
3B followed injection of the contrast mediurkd
without pressure on the airway. The passage
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of nearly all the contrast medjum down the
vertebral plexus is apparent. The retropharyn-
geal plexus of veins is also clearly visible.
Figure 3C was made with 30-mm Hg pres-
sure on the airvay. There is some increase in
flling of the jugular veins. The density of the
vessels within the bony canal has increased.
Some of the posterior cervical plexus of veins
can be seen faintly.
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So far, we have dealt with the monkey, fog
obvious reasons. Recent extensive anatomic diss.
sections of human cadavers (Cardoso, White2
house, and Eckenhoff, unpublished data) hav@
shown a close relationship between the verteZ’
bral venous plexus of man and the data ob3
tained from the monkey. There is, thereforg;
little reason to doubt that what we have sees
in the monkey is applicable to man. Should
the opportunity to investigate this in a pa
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Discussion

These experiments demonstrate visually that
blood flows from the brain by two major
routes and that the volume of blood leaving
the brain by either route is variable, depend-
ing upon body position, intrathoracic pres-
sure, and perhaps other factors as yet unde-
fined. Although it has been generally assumed
that the jugular veins are the only significant
source of cerebral venous drainage, it is now
apparent that the vertebral venous plexus is
always functional in accommodating cerebral
venous outflow and, furthermore, in the up-
right position, may be far more important
than the jugular vessels.

The existence of the vertebral plexus has
been known since the 1820’s. Bock, in 1823,2
and Breschet, in 1828-32,3 published anatomic
atlases which quite accurately describe the
anatomy of the plexus. It remained for Bat-
son,*3 a century later, to describe one of the
pathophysiologic functions of the system and
to define the ramifications of the plexus in
greater detail. Batson suggested the plexus as
an avenue by which pelvic tumor or infection
could be transmitted directly to the brain.
This plexus is a valveless, thin-walled, dis-
tensible system of veins, and blood is free to
flow in any direction, influenced only by pres-
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tient present itself, we see no reason why
venograms of this system might not be ol
tained safely.

We have confined our investigation of t}ug
venous system to a study of cerebral blood
outflow. However, there are many addxhonag
physiologic implications of the vertebral ve!’.
nous plexus, some of which are of import t(g
the anesthesiologist.5 These include: 1) £
principal determinant of cerebrospinal flui
volume and pressure; 2) a role in determxmngi
doses of spinal anesthetics in the parturientg
3) the basis for an explanation for post-lum
bar-puncture headache; 4) a source of exces=
sive bleeding in patients undergoing opemi\\’
tions on the spine and suboccipital region; 5)&
a source of air embolization to heart and brairtS
during operations upon the spine or skull; 6)@
an explanation for maintenance of ndequzltqg
cerebral blood flow during deliberate hypo2
tension with head-up tilt. We are in\'stigatg
ing these possibilities.
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