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INTRODUCTION

The dynamics of an elevated cerebral
venous pressure and its effect on cerebro-
spinal fluid (CSF) pressure have been stud-
ied in considerable detail in the past [1, 4,
11, 14, 15]. However, controversy still ex-
ists over the relationships between these
pressures. As early as 1887 Falkenheim and
Naunyn [5] observed that venous occlusion
at the right atrium resulted in a rise in intra-
cranial pressure (ICP). Queckenstedt [13]
in 1916 demonstrated the clinical impor-
tance of the relationship between cerebral
venous pressure and ICP. The results of the
previous studies have varied; some showing
ICP consistently greater than cerebral ve-
nous pressure and others showing the re-
verse to be true.

More recently, investigators have con-
cerned themselves principally with the ef-
fects of primary elevation of ICP on the
sagittal sinus wedge pressure and cerebral
blood flow (CBF) [ 4, 10, 12, 14]. There
have been few reports concerning primary
elevation of cerebral venous pressure and its
effect upon CBF and ICP. Also, no reports
are available on the effects of marked (over
30 mm Hg) elevations of cerebral venous
pressure. For this report, a series of experi-
ments were performed on the primate to
determine the effect on ICP of a primary
elevation of cerebral venous pressure. Dur-
ing each experiment the cerebral venous
pressure was raised slowly to the systemic
arterial pressure (SAP) while the effect on
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CBF was investigated. The pial vessels
were observed directly through a water-
tight window as part of the experiment.

METHODS

Tracheostomies were performed on eight
Rhesus monkeys weighing S to 7 kg, that
had been anesthetized with ketamine. The
animals were ventilated with a constant
volume respirator to maintain stable blood
gases. Carotid blood flow was monitored
by placing an electromagnetic flow probe
around one common carotid artery after
the ipsilateral external carotid artery had
been ligated. When total CBF measure-
ments were desired, the opposite carotid
and both vertebral arteries were temporarily
occluded. The ICP was monitored by the
method of Gosch and Kindt [8].

A large bore polyethylene catheter was
inserted into the inferior vena cava through
one femoral vein. A variable speed roller
pump was used to pump blood in a retro-
grade direction from the inferior vena cava
into one jugular vein at the base of the skull.
A catheter was placed in the opposite jugular
vein to the base of the skull to monitor
Jugular bulb wedge pressure. This pressure
was taken as a reflection of the cerebral
venous pressure. The jugular bulb wedge
pressure and sagittal sinus pressure were
compared in this preparation. Measure-
ments obtained demonstrated that these
pressures were nearly equal quantitatively,
and that pulsations were synchronous. A
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small craniectomy was performed and a
water-tight lexan window was inserted with
the inner aspect of the window fitting
smoothly with the inner table of the skull.
Using this window we were able to directly
observe and photograph pial vessels with an
operating microscope at 40x magnifica-
tion. An additional trephine was placed on
the opposite side of the skull so that ICP
could be temporarily elevated by infusing
artificial CSF into the subdural space. Pulse
rate and SAP were continuously monitored
throughout the experiment.

The ICP and CBF, as reflected by internal
carotid flow, were monitored continuously
while the cerebral venous pressure was
raised. Both the qualitative and quantitative
relationships between these entities were
examined in detail. Control studies at nor-
mal cerebral venous pressure were made
during which the ICP was primarily elevated
by infusing artificial CSF into the subdural
space. Steady-state conditions were not
usually achieved during the primary eleva-
tions of cerebral venous pressure or ICP

JOURNAL OF SURGICAL RESEARCH: VOL. 26, NO. 2, FEBRUARY 1979

except at the beginning of the experimental
runs. Brain swelling and decompensation of
the preparation occurred when cerebral ve-
nous pressure or ICP were maintained at an
elevated level for any long period. The data
obtained was thus in the form of dynamic
curves of changes in CBF or ICP as the
cerebral venous pressure was elevated.
Curves that were representative of the
changes observed during the multiple ex-
perimental runs were reproduced (Figs. 1
and 2).

The pial vessels were observed directly
through the cranial window. The reactions
of the pial vessels to an elevated cerebral
venous pressure, as well as to an elevated
ICP, were photographed and compared.
Correlation of the observed vascular changes
was made with the measured CBF.

RESULTS

Pumping the venous blood in a cephalad
direction proved to be a simple method of
adjusting and monitoring the cerebral ve-
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FiG. 1. An example of the acute effects of a primary elevation of cerebral venous pressure on ICP and
SAP. Note the Cushing response produced by the marked elevations in cerebral venous pressure and

ICP.
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nous pressure at any desired level. We saw
no evidence of compromise in cardiovas-
cular function even when the CVP was
raised to arterial pressure levels. A high
cerebral venous pressure and ICP were
maintained for only 2- to 3-min intervals
to avoid brain damage and decompensation.

The data from our experiments demon-
strate the effect of an elevated cerebral ve-
nous pressure on the cerebral circulation
and ICP. The relationships between cere-
bral venous pressure, ICP, and SAP are il-
lustrated in Fig. 1. Elevation of cerebral
venous pressure triggered a prompt and si-
multaneous rise in ICP. Pulsations of both
pressures appeared synchronous and rela-
tively equal in intensity. During this part
of the experiment, ICP fluctuated but re-
mained within 5% of the venous pressure
level. When cerebral venous pressure was
elevated to higher levels, approaching
SAP, a Cushing response was initiated with
associated elevation in SAP and slowing of
the pulse [2].

The relation between cerebral venous
pressure and CBF is demonstrated in Fig. 2.
When cerebral venous pressure was ele-
vated there was again a simultaneous in-
crease in ICP. With an elevation in cere-
bral venous pressure to 75 mm Hg, CBF
remained constant; however, with a more
pronounced elevation in cerebral venous
pressure approaching SAP, there was a pre-
cipitous drop in CBF. Reduction of cerebral
venous pressure to control levels produced
a rapid rise in CBF, initially exceeding con-
trol values (see Fig. 2).

The pial vessels were directly observed
while cerebral venous pressure was ele-
vated using the method described. The re-
sponse to various levels of cerebral venous
pressure is demonstrated in Fig. 3B. With
moderate elevation (40—60 mm Hg) in cere-
bral venous pressure, pial vessels rapidly
dilated. At higher venous pressures (above
80 mm Hg), there was flattening of the gyri
against the lexan window. Pial vessels
within the sulci remained dilated. Close ob-
servation of these vessels revealed that the
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Fi1G. 2. The effect of elevating cerebral venous pres-
sure on ICP and CBF. The ICP changes directly with
the cerebral venous pressure. CBF is at first maintained
but then falls at high levels of cerebral venous pressure.

blood flow within them had stopped. On a
few occasions, reversal of the flow was ob-
served.

The pial vessels were also observed at
various levels of primary elevation in ICP,
and the response was compared with that
seen when cerebral venous pressure was
elevated (Fig. 3A). With elevation from 40
to 60 mm Hg vasodilatation occurred. With
more pronounced elevation of ICP there
was flattening of the gyri, and cessation of
the blood flow in pial vessels. The response
seen with primary elevation of the ICP was
virtually the same as that seen with a pri-
marily elevated cerebral venous pressure.

DISCUSSION

This experimental study emphasizes the
importance of cerebral venous pressure and
its influence on ICP and CBF. A detailed,
quantitative study by Becht in 1920 demon-
strated the relationship between cerebral
venous pressure and ICP [1]. Based on his
experimental studies he concluded that ‘‘in-
creased venous pressure uncomplicated by
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any marked changes in arterial pressure is
accompanied by an increase in CSF pres-
sure.”” Our experimental data (Fig. 1) agree
with Becht [1] and others [7, 15] that there
is a direct relationship between cerebral
venous pressure and ICP, i.e., changes in
cerebral venous pressure induce a similar
change in ICP which is approximately equal
in intensity.

The etiology for this direct relationship
can be postulated. An accumulation of
blood in the easily distensible cerebral ve-
nous system occurs with an elevated cere-
bral venous pressure. The venous dilatation
is associated with an increased blood vol-
ume within the rigid cranial vault and pro-
duces a rise in the ICP. The arterial inflow
is of such volume and pressure that these
dynamic changes are almost instantaneous.

Ekstrom-Jodal [4] in a detailed mono-
graph demonstrated the presence of auto-
regulation of CBF with elevated cerebral
venous pressure. The cerebral venous pres-
sure was not elevated to high levels with her
model. Our observations (Fig. 2) demon-
strate that with moderate elevations in cere-
bral venous pressure, the CBF remains con-
stant. This steady flow suggests that CBF
can autoregulate to moderate increases
in cerebral venous pressure. More pro-
nounced elevations in cerebral venous pres-
sure lead to a sharp decrease in CBF. This
decrease was likely caused by a reduction
in cerebral perfusion pressure (CPP) below
the level at which autoregulation can com-
pensate. When cerebral venous pressure
was reduced to control levels, there was
a rapid rise in CBF. Initially this rise was
above control values, suggesting reactive
hyperemia.

There has been continued interest in cor-
relating the direct observation of pial vessels
with suspected hemodynamic changes. Fog
[6] directly observed the constriction of pial
vessels during systemic hypertension in
1939. Wolf and Forbes [16] noted dilatation
of pial vessels during gradual elevation of
ICP. This vasodilatation is believed to be
evidence of autoregulation of cerebral blood
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flow induced by raising ICP and the associ-
ated decrease in CPP [9, 17]. Our observa-
tions of vasodilatation during elevated ICP
were similar to those of Wolf and Forbes [16].

There have been few observations of the
pial vessels during primary elevation of cer-
ebral venous pressure [3]. We noted vasodil-
atation of pial vessels with an elevated cere-
bral venous pressure when compared with
controls at normal cerebral venous pres-
sure. This dilatation probably represented
autoregulation of CBF to elevated cerebral
venous pressure. More pronounced eleva-
tions in cerebral venous pressure resulted in
cessation in blood flow. The observed re-
sponse was virtually the same as that seen
with gradual primary elevation of ICP.

The mechanism involved in autoregula-
tion of CBF to an elevated cerebral venous
pressure can be postulated. Ekstrém-Jodal
[4] has suggested that autoregulation to an
elevated cerebral venous pressure is due to
a myogenic response produced by changes
in transmural pressure. In our experiments
a prompt rise in ICP was noted with all
primary elevations of cerebral venous pres-
sure. In this manner, a change in transmural
pressure was produced in the process of
raising cerebral venous pressure. Autoregu-
lation to an elevated cerebral venous pres-
sure may thus have occurred secondarily
through a mechanism identical to that seen
with a primarily elevated ICP [17]. Perhaps
in other instances, such as with an open
skull, an elevated cerebral venous pressure
could affect the CPP and thus the CBF,
without changing ICP.

Under normal circumstances, the cere-
bral venous pressure has little effect on
cerebral hemodynamics. However, the cer-
ebral venous pressure could be an important
factor in certain clinical situations. Eleva-
tions in cerebral venous pressure have been
shown to cause cerebral edema in the pres-
ence of damaged brain [3]. There are some
patients who have borderline regional or
total cerebral perfusion due to such abnor-
malities as arterial insufficiency, increased
ICP, cerebral edema, or a combination of
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these. In such patients, elevation of cere-
bral venous pressure might decrease CPP
enough to lower regional or total CBF to
critical levels.
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