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Radioisotopes have been used in the study of the
cerebrospinal fluid (CSF) since Sweet and Locksley
(7) first used 131I-albumin to determine the forma

tion, flow, and reabsorption of CSF in man. Since
that time, cisternographic techniques using radio-
nuclides have been used to evaluate CSF dynamics
in conditions ranging from the detection of CSF
rhinorrhea (2) to communicating hydrocephalus
(3). Recent work has shown that abnormalities in
the flow of CSF occur following subarachnoid hem
orrhage (4). These usually take the form of dimin
ished movement of 131I-albumin around the cerebral

hemispheres and, in some cases, the occurrence of a
communicating low-pressure hydrocephalus. The eti
ology of the diminution in flow following the sub-
arachnoid hemorrhage has not been well studied
although one might suspect it to be due to adhesions
from an accompanying arachnoiditis. The purpose of
this paper is to further (5) describe changes seen
on the radioisotope cisternogram following an acute
cerebrovascular occlusive (CVA) episode.

MATERIALS AND METHODS

A total of 11 patients with acute CVAs were
studied with cisternography. The diagnosis of a
CVA was made on the basis of clinical evidence and
the finding of a normal spinal fluid cell count. Cis
ternography was performed according to the method
described by Ashburn and DiChiro (6). In some
patients, brain scans were performed 2 hr after the
intravenous injection of 15 mCi of "9mTcO4~, either

simultaneously with the cisternogram, or at some
time during the course of the patient's hospitaliza-
tion. In some patients, the 99mTcO4~ was injected

as a bolus into a large vein in the antecubital fossa,
and rapid sequence imaging was performed over the
head. This is referred to in the Results section as a
cerebral perfusion study.

RESULTS

Table 1 gives the clinical and laboratory data per
tinent to the 11 patients on whom cisternography

was performed. Seven of the eleven patients had ab
normalities in the flow pattern of the tracer. In three,
these changes were marked, i.e., no tracer movement
around the affected cerebral hemisphere was detected.
In three cases, the flow was decreased as shown
by an easily distinguished difference in the count
ing rate over the two hemispheres, yet some counts
were discernible on the affected side. In one patient,
minimal changes were observed in which a true
abnormality could be seen in the flow of the tracer
over both hemispheres, yet the difference in counting
rate was less than in the group described as having
decreased flow. Four patients had normal cisterno-
grams. All three of the patients with marked changes
on the cisternogram had abnormal brain scintiphotos,
and two of these had abnormal cerebral perfusion
studies. The three patients classified as having de
creased CSF tracer flow also had abnormal brain
scintiphotos, and one of these three had a normal
perfusion study. The single patient with minimal
changes on cisternography had a normal brain scin-
tiphoto and an abnormal perfusion study which
became normal on restudy 6 days later. Three of the
four patients with normal cistemograms had normal
brain scintiphotos, and the remaining patient had a
technically unsatisfactory study. Two of these pa
tients had normal perfusion studies; the other two
patients were not studied by this method.

Figure 1 shows a comparison of a normal cis
ternogram and the abnormal study obtained in Pa
tient 1. The abnormal areas are marked with arrows.

Figure 2 (Patient 11) shows diminished flow of
tracer material around the left hemisphere at 4 hr.
These changes are still visible at 24 hr. The brain
scan was markedly positive in a middle cerebral
distribution.

Figure 3 (Patient 10) shows markedly diminished
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flow of the tracer around the left cerebral hemisphere
at 8, 18, 44, and, to a slight extent, even 68 hr. The
cerebral perfusion study revealed diminished tracer
activity on the left in both arterial and venous phase.
The brain scan shows an area of increased uptake
also on the left; however, the changes seen are not
as striking as those on the cisternogram and cerebral
perfusion studies.

Figure 4 shows the results of cisternography, cere
bral perfusion study, and brain scan in Patient 8.
The patient was having Jacksonian seizures involving
the left side of her body at the time of the first per
fusion study, brain scan, and cisternogram. Minimal
changes in the cisternogram were noted over the
right hemisphere on both the 6- and 22-hr study.
The cerebral perfusion study performed on May 20,
1971, showed diminished perfusion of the left cere

bral hemisphere which returned to normal by May
26. The brain scan was normal. The patient's clinical

course indicated a right cerebral lesion, and the
significance of the diminished perfusion to the left
hemisphere on the pertechnetate perfusion study is
unknown.

DISCUSSION

The classical description of the propagation of
CSF (7) has been that it is forced from the ventricles
by a filtration pressure, swept along by the ciliary
movements of ependymal cells, and reabsorbed at
the venous sinuses by the relatively lower venous
pressure. The role played by these forces is poorly
understood; however, it does appear that arterial
pulsation within the intracranial blood vessels exerts
a force in propagation of the CSF (8). Since the
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normal propagating force of CSF flow is not well
understood, the etiology of the cisternogram changes
noted in our patients with CVA are likewise not
well understood. Rudd, et al (4) and Williams,
et al (9) have shown that abnormal flows of
CSF can occur following a subarachnoid hemor
rhage. Of the nine patients reported by Rudd, all
had abnormal flow of CSF with ventricular filling
and/or diminished or absent movement of the tracer
over the cerebral convexities. It was the feeling of
these investigators that the abnormalities observed
were possibly related to arachnoiditis and fibrosis
secondary to the blood in the subarachnoid space.
Further, all of the patients in their study had had
craniotomies before the cisternogram studies, and
the possibility of an iatrogenic etiology of the cis-
ternographic findings cannot be ruled out.

All of our patients had CVA disease (none had
craniotomies); therefore iatrogenic fibrosis or arach
noiditis could not account for the changes noted in
our patients' cisternograms. The effect of diminished

arterial pulsation on the side of the lesion as an
etiology of the cisternographic findings is unknown.
The most attractive explanation is diminished re
gional CSF flow secondary to edema of the brain
following the occlusion. This possibility must be
strongly considered since brain edema occurs follow
ing an occlusion of an intracerebral vessel (70).
Cerebral edema has been reported to occur within
a few hours following the infarcÃ¬and may last for
several days. This being the case, a patient with an
acute cerebral infarcÃ¬might be expected to develop
an abnormal cisternogram which would presumably
return to normal if performed months later. Further
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FIG. 1. Comparison of cislernograms in normal patient (bot
tom) and that of patient with well-documented right hemispheric
CVA (top). Patient 1: Note markedly decreased flow around right
hemisphere following occlusion (arrows).

FIG. 3. Abnormal cisternogram involving left cerebral hemi
sphere (Patient 10). Abnormality is present for 68 hr. Note abnor
malities on left (arrows) in perfusion study and brain scintiphotos.

FIG. 2. Abnormal cisternogram (Patient 11) in left middle cere
bral artery distribution (arrows). Brain scan is positive in same area.

work must be performed before this information can
be ascertained. The relationship between lesions
noted on the brain scans, cerebral perfusion studies,
and the cisternogram has not become evident yet
and will have to await further studies.

SUMMARY

Eleven patients with acute CVA disease were
studied for evidence of abnormal flow of CSF fol
lowing the intrathecal injection of 181I-albumin.
Seven patients had unequivocally abnormal cisterno-
grams consisting of diminished flow of tracer while
four had normal cisternograms. The clinical material
is presented and possible etiologies discussed.

FIG. 4. Minimal changes (arrows) are noted on cisternogram
over right cerebral hemisphere (Patient 8). Cerebral perfusion study
is initially abnormal (arrow) on left, but reverts to normal 6 days
later. Brain scan is normal.
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Although the role of the CSF in maintaining nor
mal cerebral metabolism and function has not been
established, one might consider the possibility that
even temporary alteration in CSF flow in the region
of cerebral ischemia may affect the clinical outcome
in the patient with acute stroke.
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