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By applying the technique of transverse-section radionuclide scanning to
cisternography, the structure and relationships of the basal cisterns and
other subarachnoid spaces of the brain can be visualized more clearly and
with more detail than is possible with routine imaging techniques. The
ability of this method to separate overlapping areas of radioactivity ensures
improved definition of space-occupying processes within the basal cisterns.
In the evaluation by cisternography of patients with hydrocephalus and
dementia, the transverse-section images clearly separated various normal
and abnormal patterns, whereas the routine cisternogram images were

equivocal.
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Radionuclide cisternography has the unique abil-
ity to show gross abnormalities of the circulation
and reabsorption of cerebrospinal fluid (CSF). The
main application of this method has been the pro-
vision of criteria distinguishing patients with demen-
tia due to such irreversible processes as cerebral
atrophy from the potentially treatable group with
symptomatic occult hydrocephalus (/-3). Less at-
tention has been directed to fine structural details
in these studies since the anatomy of the CSF com-
partments around the brain strains the spatial reso-
lution of conventional radionuclide imaging (4).

Transverse-section radionuclide imaging, by sepa-
rating confusing overlapping images, has already
been shown to provide better information about
failure of the blood-brain barrier than ordinary
scanning (5,6). The extension of these principles to
transmission scanning by the introduction of com-
puterized axial transverse scanning has clearly shown
the advantages of this mode of brain examination
(7-9).

Our project sought to determine the feasibility of
adding transverse-section scanning to ordinary radio-
nuclide cisternography and to define the details of
anatomy of the basal cisterns, the subarachnoid
spaces, and the intracerebral ventricles of normal and
abnormal patients.

924

MATERIALS AND METHODS

In this study, 15 patients underwent both conven-
tional and transverse-section radionuclide cisternog-
raphy. Thirteen of these were being evaluated for
possible obstructive hydrocephalus and dementia,
but we included two patients with suspected CSF
rhinorrhea. Also, a number of patients proved ulti-
mately not to have hydrocephalus.

Conventional radionuclide cisternography in these
patients followed the intrathecal injection through
a lumbar puncture of 0.5-1.0 mCi of '"'In-DTPA
in a volume of 1-2 ml. Multiple views with the scin-
tillation camera (Picker Dynacamera 2C or Searle
Radiographics Pho/Gamma III) were obtained at 2,
6, and 24 hr and, if indicated, at 24-hr intervals up
to 96 hr.

Transverse-section scans were performed at 6 and
24 hr using the Mark 111 scanner (10). Each patient
underwent multiple-section studies at different levels,
usually with the section plane parallel to the or-
bitomeatal line. Section levels were chosen either
by direct observation of rectilinear scans on the
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Mark III display, or by reference to the orbitomeatal
line. Each section scan required from 2.5 to 20 min
for completion, depending on the concentration of
activity in the CSF. After processing of the trans-
verse-section scan data (/1), each transverse section
produced a cross-sectional image of the radioactivity
in a 1-cm-thick slice of the head at a known level.
A series of these scans is then taken at 1-cm inter-
vals to examine the larger volume of brain under
study systematically.

RESULTS

Representative studies selected from the group
of patients examined during this project are shown
in this section,

Normal cisterns. Figure 1, right, illustrates the
normal appearance of section scans through the
basal cisterns at 6 hr after injection, when the activity
in the basal cisterns is greatest. There is little activity
in the overlying superficial CSF pathways. Notice
(A) the clear display of the cisternal anatomy, un-
hindered by superposition of adjacent radioactivity;
(B) the symmetry of these normal structures; (C)
the configuration and location of the related cisterns
and their communicating pathways; and (p) the ab-
sence of activity in the regions of the lateral ven-
tricles.

Section 1a, the highest level, is taken through the
superior extent of the quadrigeminal plate cistern
and shows activity in the structures just above the
tentorial incisura. This level at this time shows the
earliest ascent of radionuclide from the infratentorial
to the supratentorial pathways. No significant activity
appears over the convexities; only the quadrigeminal
plate region, the sylvian fissures, and the sagittal
sinus regions are seen.

Section 1b is made through the deepest portion of
the cistern of the quadrigeminal plate. The transverse
section clearly shows the individual cisterns at this
level, where the supratentorial and infratentorial
compartments overlap.

Section 1c is 2 cm below the previous section and
shows more of the structures in the posterior fossa
and along the floor of the anterior fossa. At this
level the configuration of the midline activity changes.
Instead of activity in the sagittal sinus region, we
see midline activity anteriorly, in the interhemi-
spheric region where the falx cerebri meets the floor
of the anterior fossa. The posterior border of this
activity reaches the lamina terminalis. Activity in the
sylvian fissure passes into the midline cisternal struc-
tures, showing the origin of these cisterns along the
horizontal portions of the middle cerebral arteries.
The cisterns of the middle cerebral arteries merge
with the parasellar cisterns, which are prominent at
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FIG. 1. Tronsverse-section anatomy of normal basal cisterns.
Level of each transverse section is shown by horizontal line in
accompanying diagram. (CA) Cisterna ambiens; (CM) cisterna magna;
(Cpa) cerebellopontine angle; (IH) interhemispheric; (Ip) interpedun-
cular; (Lcc) lateral cerebellar; (LS) lateral sinus; (LT) lamina ter-
minalis; (MCA) cistern of middle cerebral artery; (Ps) parasellar
cisterns; (QP) quadrigeminal plate cistern; (S) parasagittal; (Syl)
sylvian cistern; (Va) vallecula.

this level while barely visible in the level above. The
more posterior activity in the midline is within the
interpeduncular cistern. The weak activity extending
posteriorly and laterally from the parasellar region
is within the cisterna ambiens. Finally, activity is seen
in the posterior fossa in the lateral cerebellar cisterns,
the cisterna magna, and a small amount of activity
in the most caudal region of the quadrigeminal plate
cistern. A characteristic distinction between the su-
pratentorial and infratentorial sections is seen at their
interface; this is the configuration of the midline
activity. While the supratentorial section shows the
more posteriorly located rostral cistern of the quad-
rigeminal plate, this disappears in the infratentorial
section, whereas the more caudal and anteriorly lo-
cated parasellar and interpeduncular cisterns become
more prominent. These features are better shown in
Section 1d.

The lowest section here, Fig. 1d, is made through
the center of the posterior fossa through the activity
lateral to the cerebellar hemispheres, the cisterna
magna and vallecula, and the cerebellopontine an-
gles. This section shows most clearly the union of the
many basilar cisternal compartments. Here the cis-
ternal and CSF pathways along the undersurface of
the brain stem come together at the interpeduncular
and parasellar cisterns. This activity extends su-
periorly into the cisterns of the middle cerebral
arteries, the sylvian cisterns, and the circular cisterns.
Communication rostrally with the olfactory sulcus
and interhemispheric and sagittal cisterns can also be
seen. Finally, CSF anterior to the brain stem along
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FIG. 3. In conventional 6-hr cisternogram penetration is seen
into right and left lateral ventricles (RLV and LLV) and third and
fourth ventricles. Some activity is present in basal cisterns (BC).

the clivus communicates with the CSF activity over
the cerebellar hemispheres.

Normal cisterns in delayed scans. Section scans at
24 hr after injection differ considerably from the
earlier versions. The major activity is now distributed
about the convexity and in the sagittal sinus region,
and no significant activity is noted within the basal
cisterns (Fig. 2). In the normal patient, no activity
will be seen in the regions of the lateral ventricles.

Ventricular penetration. In adult patients with
hydrocephalus and dementia, the most common ab-
normality observed on the cisternogram is the ap-
pearance of radioactivity in the cerebral ventricles.
This is almost never seen in normal patients (12).
The following examples illustrate the value of sec-
tion scanning in distinguishing those patterns asso-
ciated with ventricular penetration of the tracer.

Early scans. The conventional 6-hr scans of a
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FIG. 2. Normal cisternogram at 24 hr
shows only convexity (Conv) and parasagit-
tal (S) activity. Horizontal lines through
right lateral and anterior views of cisterno-
gram show level of section. (A) Section
views of cisternogram through basal cis-
tern. (B) Transverse section through lateral
ventricles.

patient with normal-pressure hydrocephalus are
shown in Fig. 3. Almost all of the activity is located
within the ventricular system, although some is seen
inferiorly in the basal cisterns. The persistence of
this pattern beyond 24 hr indicates the presence of
a block in the normal pathways of CSF migration and
absorption and shows the alternate compensatory
pathway of reabsorption through the ventricles.
Figure 4 shows the transverse sections made at
6 hr in the same patient as in Fig. 3. These sections
are keyed in level to the posterior rectilinear scans
at the left. Section 4a passes through the lateral
recesses of the fourth ventricle. Even at this level
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FIG. 4. Transverse-section appearance of activity within ven-
tricular system. (a) Transverse section at level of fourth ventricle
shows activity in fourth ventricle, parasellar cisterns (PS), and cis-
tern of middle cerebral artery (MCA). (b) Transverse section scan
through inferior portion of lateral ventricle shows most of activity
within ventricular system. (c) Transverse section through superior
portion of lateral ventricles.
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most of the activity is in the ventricular system, sepa-
rated from activity in the more anterior and lateral
cisterns. Section 4b is made at a higher level and
shows the inferior portions of the lateral ventricles,
distinguishable from the basal cisterns at this level.
Section 4c¢ shows activity in the uppermost portions
of the lateral ventricles and its failure to ascend into
the adjacent cisterns, sagittal sinus, and the sylvian
fissures. Compare the abnormal appearance of sec-
tions in this figure with the normal 6-hr appearance
in Fig. 1.

The sections of Fig. 4 emphasize what is already
obvious in the ordinary rectilinear views of Fig. 3.
More commonly, the section study clarifies what is
obscure in the rectilinear views; a vertex view can
also help to visualize ventricular penetration. For
example, in the cisternogram illustrated in Fig. 5,
a diagnosis of ventricular penetration, inconclusive
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FIG. 5. scinticisternogram vertex view (top) is contrasted with
transverse sections done at approximately same time. Sections a
through d are made at increasingly higher levels. (Cl) clivus; (M)
medulla; (OG) olfactory groove; (QP Vent) quadrigeminal plate and
fourth ventricle activity.
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in all ordinary views, was clarified by the transverse-
section scans. Note the difficulty of separating the
ventricular radioactivity from other images in the
vertex view, where all levels of structures are super-
imposed in one picture. The four transverse sections
permit positive identification of ventricular filling,
since the otherwise overlapping images of adjacent
cisterns and ventricles are separated in the sections.
Compare these sections to the normal anatomy
shown in Fig. 1. Section 5a passes through the level
of the caudal medullary structures. It clearly shows
activity (A) within the posterior fossa along the
clivus; (B) in region of the cerebellopontine angle;
(c) in the cisterna magna; and (D) in the central
area, which suggests activity either in the fourth ven-
tricle or along the anterior surface of the medulla
and pons. Section 5b is at a higher level and shows
activity in the posterior fossa, the more rostral basal
cisterns, and within the caudal extent of the quad-
rigeminal plate cistern. Section Sc is at the junction
of the supra- and infratentorial compartments. This
section clearly shows ventricular activity. The highest
section, 5d, shows considerable ventricular activity
and some additional activity in the sylvian fissures,
but it is free from the otherwise interfering images
of the basal cisterns.

Figure 6 compares 24-hr rectilinear and sectional
views showing stasis of tracer in the ventricular sys-
tem. As is often the case in delayed scans, the ven-
tricular activity is somewhat obscured because of
diffusion of '1In-DTPA into the brain (13) and the
confusing overlap of activity in the sylvian fissures
and convexities. The transverse sections clearly iden-
tify the ventricular penetration and stasis of radio-
nuclide, which might have been misinterpreted in
those two cases.

Tumor-deformed cisterns. Less commonly, cister-
nography is used to identify tumor location by noting
distortion of adjacent cisterns. These distortions are
subtle at best when one is restricted to ordinary brain
imaging (14,15). Section scanning can improve de-
lineation of the abnormal cisternal boundaries, as
illustrated in the following case.

A 60-year-old man underwent a right suboccipital
craniotomy 1.5 years before for removal of a
right acoustic neuroma. His presenting symptoms
suggested recurrence. Pertechnetate brain imaging
showed abnormal activity in the right posterior
paramedian region (Figs. 7a and 7b), but there was
confusion as to whether the abnormal uptake was
due to recurrent tumor, to persistent postoperative
artifact, or to a combination of both. A subsequent
cisternogram (Fig. 7c) suggested decreased activity
in the cistern of the right cerebellopontine angle. Fig-
ures 7a—7c show what can be accomplished with rou-
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tine brain and cisternal imaging alone, but each of
these examinations was complemented by transverse-
section scanning. In Fig. 7d the transverse-section
pertechnetate scan clearly identifies a round region
of activity in the right cerebellopontine angle, con-
sidered to be recurrent tumor. The section scan after
cisternography (Fig. 7e) shows the corresponding
displacement of activity from the cistern of the right
cerebellopontine angle, with lateral displacement of
the basal cisterns along the floor of the posterior
fossa. This characterizes the lesion as being extra-
axial and within the cerebellopontine angle.

This study shows the advantage of imaging both
the tumor and its effects on adjacent structures and
the use of the section scan to isolate the relevant
images.

DISCUSSION

Computerized axial tomography of the brain (CT-
scanning) has displaced pneumoencephalography
and cerebral angiography in most neuroradiologic
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FIG. 6. Transverse-section scans re-
veal activity within region of ventricles,
which is suspected from rectilinear views
in patient A but obscured by adj t
activity in patient B.

FIG. 7. Recurrent tumor of right cere-
bellopontine angle. (A,B) Intravenous per-
technetate brain scans show abnormal ac-
tivity in right cerebellopontine angle. (C)
Posterior scinticisternogram suggests de-
creased activity in cistern of right cere-
bellopontine angle. (D) Transverse-section
pertechnetate brain scan shows increased
uvptake in right cerebellopontine angle.
(E,F) Transverse-section cisternogram and
accompanying diagram show relationship
of tumor to deformed and displaced cere-
bellopontine angle cistern and anterior
subarachnoid space.

investigations of central nervous system disease, in-
cluding the evaluation of hydrocephalus. However,
radionuclide cisternography remains unique in its
ability to show graphically the physiology of cere-
brospinal fluid circulation, and it remains a valuable
procedure in the preoperative assessment of patients
with dementia and hydrocephalus (16,17). The abil-
ity of the radionuclide transverse-section scan to
overcome some of the difficulties in the interpretation
of the cisternogram has been dealt with in this proj-
ect. With further refinements in technique and in-
creasing clinical experience, and in conjunction with
other tests of CSF function and clinical criteria of
normal-pressure hydrocephalus, better patient selec-
tion can be expected and fewer patients subjected
to the recognized morbidity of CSF shunting (18).

In patients with hydrocephalus and dementia who
show ventricular penetration on cisternography, the
transverse-section scan will provide better visualiza-
tion of the ventricular activity. This has been
achieved when the standard rectilinear scans and
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scinticisternograms have produced equivocal results.
The transverse-section views have provided studies
of diagnostic quality, particularly in such low-count
situations as occur with leakage of radionuclide at
the injection site, with expanded CSF volume leading
to low radionuclide concentration, and with other
factors related to technique and patient idiosyncrasy.
In delayed scans detail is often lost due to diffusion
of the chelated radionuclide out of the CSF and into
the paraventricular tissues and dural spaces, but this
has not been a problem when the transverse-section
scans are viewed because of the improved separation
of adjacent areas of radioactivity. Patients will bene-
fit from the decreasing numbers of repeated pro-
cedures.

Routine radionuclide cisternography has generated
occasional interest as a method of examining the sub-
arachnoid space for space-occupying lesions. Reports
of this application have been concerned with the
infrequent abnormal collections of CSF and gross
displacement or obstruction of adjacent subarach-
noid spaces by local processes. These have included
the demonstration of porencephaly (19), arachnoid
cysts and other cystic lesions of the posterior fossa
in children (20,21), the effect of cerebrovascular
occlusive disease on the adjacent subarachnoid space
(22), subdural hematoma (23), and lesions of the
spinal canal (24).

Recently the application of the cisternogram for
the diagnosis of tumors of the cerebellopontine angle
has been evaluated (14,15). Transverse-section ra-
dionuclide cisternography has provided superior
definition of these lesions because of its ability to
separate the overlapping CSF compartments about
the base of the brain, thus offering a relatively un-
obstructed view of the affected cisterns. The pos-
terior fossa, the brain stem, the superficial regions
of the cerebellar and cerebral hemispheres, and the
adjacent subarachnoid spaces are difficult areas both
for nuclear imaging and for radiographic contrast
examination. This seems to be true also of com-
puterized axial transverse-section transmission scan-
ning. Transverse-section radionuclide cisternography
should provide an additional benign method of ob-
taining useful anatomic information about these
areas, similar in some respects to the information
obtained with pneumoencephalography.
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