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veins were compressed separately and pressures were recorded.
Normal saline was then infused into the spinal subarachnoid space
with a Harvard infusion pump at a rate sufficient to elevate CSFP
to approximately 600 mm of water in two to five minutes. The
rate and volume of saline infusion were recorded. Following saline
subarachnoid infusion, the pressure was allowed to return to pre-
infusion levels. To test ventricular-spinal subarchanoid communi-
cation, two cc indigo carmine were injected into the lateral ventricle
and the color of the fluid obtained from the spinal needle was noted.
Superior sagittal sinograms were then performed on 28 out of 30
patients by injecting four cc of 60 per cent Conray over a period
of two seconds and taking serial radiographs every two seconds
for 12 seconds. As a final procedure, pneumoencephalography or
ventriculography (depending on communication) was done,

Rcsults

Resting pressure in the superior sagittal sinus (SSVP) exceed-
ed CSFP in one third of all patients and, in another third, SSVP
equalled CSFP. In only the remaining one third did normal pressure
relationships exist; i.e., CSFP greater than SSVP.

The rise in SSVP with jugular compression corresponded to
radiographic configuration of the sagittal and tranverse sinuses
in 27 of 28 cases. Bilateral transverse sinus filling was demonstra-
ted by sinography in 18 patients, although in some the sinuses were
slightly asymmetrical. Among the remaining ten sinograms with
filling of only one transverse sinus, the right was visualized in
seven studies and the left in three studies.

Injection of saline into the spinal subarachnoid space (into the
opposite lateral ventricle in two cases) produced a parallel rise in
SSVP and CSFP in ten patients. Figure 1 exemplifies all cases
with parallel pressure rises. The SSVP (top tracing) and CSFP
(ventricular, bottom tracing) begin at 110 and 130 mm of water
respectively. Saline was infused into the lumbar subarachnoid space
at a rate of 3.1 cc per minute. SSVP and CSFP reach 700 and 720
mm of water while the differential pressure (middle tracing) re-
mains near zero. Nine of the ten patients with parallel pressure
changes had an associated myelomeningocele, and only two pa-
tients with myelomeningocele demonstrated a non-parallel pressure
relationship.

In 20 patients, SSVP remained near baseline values as CSFP
rose during saline subarachnoid infusion. The amplitude of ve-
nous pulsations did increase in proportion to the rise in CSFP. Fi-
gure 2 illustrates the non-parallel pressure change. SSVP and
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Daniel and Strich® demonstrated the abnormalities of the pos-
terior fossa occurring with Arnold-Chiari malformation. The
attachment of the tentorium may be so low that it often appears-
to spring from the margin of the foramen magnum, the transverse
sinus running near the margin of the foramen magnun. The frequ-
ency of the Arnold-Chiari malformation accompanying lumbar
myelomeningocele approaches 100 per cent. This abnormality of
the transverse sinus was demonstrated in the sinograms of all of
our cases with myelomeningoceles. Such a structural deformity
of the sinuses might make them liable to kinking or collapse by
extrinsic pressure from cerebrospinal fluid or by the ectopic ce-
rebellar tissue accounting for a parallel rise in CSFP and SSVP.
We also demonstrated abncrmal venous communications between
the transverse sinus and extracranial veins in three cases, sug-
gesting that a partial block occurs near the jugular foramen. The
development of abnormal venous communication could account for
the lack of parallel pressure rise in the one child with myelome-
ningocele. This child was 19 months old and at this age adequate
venous collateral might have developed.

It was impossible to equate pressure rise with rate or volume
of saline infusion, head size or cortical mantle thickness.

Sagittal sinus emptying time was prolonged in the children
with myelomeningoceles, especially with elevated SSVP. Only la-
ter in the study was the procedure standardized to measure ve-
nous sinus emptying time.

Recently we have confirmed the dynamic nature of this block
by performing sagittal sinography before (Figure 7) and after
(Figure 8) elevation of CSFP. With increased intracranial pres-
sure, the abnormal sinus collapses and collateral circulation be-
comes evident.

Summary

We have shown that sagittal sinus venous pressure is frequently
elevated in cases of infantile hydrocephalus. Of more importance, we
found that increasing intraventricular pressure is accompanied by a
parallel rise in sagittal sinus venous pressure, almost exclusively in
children with myelomeningoceles. This rise in pressure is probably
related to a dynamic block of the malpositioned transverse sinuses
accompanying the Arnold-Chiari malformation. We suspect a struc-
tural obstruction of the venous sinus, not related to intracranial









