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Summary. The angiographic findings in a case of
metastatic meningeal carcinomatosis and a case of pri-
mary meningeal sarcomatosis are presented. The presence
of focal arterial narrowing at the base of the brain and/or
over the cerebral convexities, with or without a com-
municating hydrocephalus, may be the important clues
to a diagnosis of diffuse meningeal involvement by tumor.
In a patient who presents with bizarre and poorly localiz-
ing signs and symptoms, when the cerebrospinal fluid
analysis does not fully support a diagnosis of meningitis
or subarachnoid hemorrhage, and when there is nothing
in the history to suggest drug abuse or a systemic collagen
disease, the angiographic findings may point to an un-
expected diffuse meningeal tumor.

Angiographie cerebrale des sarcomatose et carcinomatose
meningees

Résumé. Les auteurs rapportent les données angio-
graphiques dans lun cas de carcinomsatose méningée
métastatique et dans un cas de sarcomatose méningée
primitive. La présence de sténoses artérielles localisées &
la base du cerveau et/ou au niveau des convexités céré-
brales avec ou sans hydrocéphalie communicante peuvent
représenter des signes importants en faveur d’un envahis-
sement tumoral méningé diffus. Chez un malade présen-
tant une symptomatologie atypique et mal localisée,

Primary cerebral meningeal sarcomatosis or men-
ingeal carcinomatosis can be extremely difficult to
diagnose before autopsy. The main purpose of this
paper is to report some angiographic observations
which may, in the context of the clinical findings,
provide clues to the correct diagnosis. A brief review of
some pertinent pathological and clinical features along
with differential diagnostic possibilities will be pre-
sented.

Material

During the last few years we have performed
cerebral angiography on four patients who, at autopsy,
had either primary sarcomatosis or metastatic car-
cinomatosis involving the cerebral meninges. One pa-
tient with each type of lesion will be presented in de-
tail.

* Presented at the Eleventh Annual Meeting of the
American Society of Neuroradiology, Boston, Massachu-
setts, April 26—28, 1973.

** This study was supported in part by a Special
Fellowship in Neuroradiology (R.E.L.), 5 F11 NS02476-
02, from the National Institute of Neurological Diseases
and Stroke.

lorsque ’examen du liquide céphalo-rachidien ne parle pas
franchement en faveur d’une méningite ou d’une hémor-
ragie méningée et lorsque 'anamnése n’évoque aucune
intoxication exogéne ni collagénose, les données angio-
graphiques peuvent faire découvrir une tumeur méningée
diffuse.

Cerebrale Angiographie bei meningealer Sarkomatose
und Karzinomatose

Zusammenfassung. In der vorliegenden Arbeit werden
die angiographischen Befunde eines Falles einer metasta-
tischen meningealen Karzinomatose und eines Falles einer
priméren meningealen Sarkomatose geschildert. Dabei
148t sich besonders die umschriebene arterielle GefédfBein-
engung an der Basis des Gehirns und/oder iiber den Kon-
vexitdten beobachten. Dieser Befund kann mit einem
Hydrocephalus communicans kombiniert sein. Wenn bei
einem Patienten merkwiirdige und schlecht lokalisierbare
neurologische Symptome vorliegen, wenn durch die Li-
quoruntersuchung die Diagnose einer Meningitis oder
einer Subarachnoidalblutung nicht gesichert werden kann
und wenn bei dem Patienten auch kein Drogen-Abusus
besteht, ist bei den beschriebenen angiographischen Ver-
dnderungen an eine diffuse meningeale Tumorabsiedlung
zu denken.

Report of Cases

Case 1. This 50 year old female was admitted to another
hospital in May 1970 with a two month history of frontal
headache, blurred vision, unsteady gait, nausea and
vomiting. Bilateral optic atrophy, nystagmus, diplopia on
right lateral gaze, a partial right homonymous hemianopia,
and ataxia of the right arm and leg were said to have been
present at that time. A lumbar puncture revealed normal
pressure. Spinal fluid examination showed normal pro-
tein and glucose, a nonreactive VDRL, no red blood cells,
25 leukocytes per mm3, (15 polymorphonucleocytes and
10 monocytes), and negative culture. Angiography de-
monstrated hydrocephalus and an incidental arterioveno-
us malformation of the scalp without an intracranial
component.

The patient became progressively more confused and
lethargic during the succeeding few weeks. A repeat lum-
bar puncture revealed a pressure of 360 mm CSF. A
ventriculoatrial shunt was inserted on May 29, 1970 with
improvement in the patient’s level of consciousness and a
decrease in the headache.

Confusion, lethargy, nausea, and vomiting became
prominent again during July, and the patient was ad-
mitted to the University of Michigan Medical Center on
July 28, 1970. She was afebrile, disorientated, and had
nuchal rigidity, bilateral optic atrophy, generalized mus-
cular weakness and atrophy, and diffusely hypoactive re-
flexes. The rest of the physical findings were unchanged
from the previous hospitalization.

Multiple lumbar punctures were performed during her
hospital course, with the CSF protein constantly rising to



Fig. 1. Case 1. (a and b). Left carotid angiography. The AP view (a) shows focal areas of narrowing of the distal
internal carotid artery and the proximal anterior and middle cerebral arteries (arrowheads). The lateral view
(b) also shows narrowing of the distal internal carotid artery (lowest arrowhead) and segmental narrowing of the
anterior cerebral artery and its branches within the frontal portion of the interhemispheric fissure (arrow-
heads). (¢ and d). Right carotid angiography. The anteroposterior (c¢) and lateral (d) views show changes very
similar to those on the left (arrowheads). The areas of segmental narrowing of the anterior cerebral artery
branches in b and d can best be appreciated by comparison with the caliber of more distal parts of the same
branches
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a peak of 750 mg %. The glucose fell to a low of 20 mg 9%,
A few monocytes were present but multiple cultures for
bacteria, fungi, and TB, and multiple CSF cytological
examinations were consistently negative. A %mMT¢ brain
scan on July 28 was negative.

Complete cerebral angiography on July 29 failed to
demonstrate an intracranial mass lesion. Circulation time
was slightly increased. There was moderate dilatation of
the lateral ventricles. The left carotid angiogram showed
multiple areas of vascular irregularity and narrowing in-
volving not only the arteries at the base of the brain, but
also more peripheral branches, particularly within the
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At autopsy, gross examination of the brain revealed
thick, cloudy leptomeninges around. the brain stem, at the
base of the cerebrum, and within the sylvian and inter-
hemispheric fissures (Fig. 3a). Histologically, there was
diffuse infiltration of the leptomeninges by sarcoma, with
perivascular extension (Fig. 3b). Microscopic examination
of the cerebral vessels themselves showed extensive spread
of neoplasm within the adventitia (Figs. 3¢ and d). A
thorough search was made throughout the rest of the
brain, especially the cerebellum and the spinal theca, and
throughout the rest of the body, but no tumor was found
outside the cerebral leptomeninges and contiguous few

Fig. 2. Case 1. Left vertebral angiography. Anteroposterior (a) and lateral (b) views show foci of irregular narrowing
of the basilar artery (large arrowheads) and of the posterior cerebral arteries, both proximally and peripherally
(small arrowheads)

interhemispherie fissure in. the frontal region (Figs. 1a and
b). The right carotid angiogram showed similar findings
(Figs. 1c and d). The left vertebral angiogram demonstrat-
ed marked irregularity of the basilar artery, and irregular
narrowing of both posterior cerebral arteries, both prox-
imally and further peripherally (Figs. 2a and b).

There was never any eclinical indication of a sub-
arachnoid hemorrhage, nor were there consistent clinical
findings to suggest an infectious process. The possibility
of meningeal carcinomatosis was suggested because of the
angiographic features in correlation with the clinical
findings. However, the patient was treated for a possible
fungal or tuberculous meningitis but he deteriorated pro-
gressively and expired one month later.

millimeters of cerebral cortex. This was considered to be a
primary leptomeningeal sarcomatosis.

Case 2. This 60 year old female had a long history of
a mass in the right breast. On February 26, 1971 she gave
a three to four week history of headaches and blurred
vision. Physical examination revealed a large, ulcerating
mass in the right breast and enlarged right axillary nodes,
as well as masses in the left breast and axilla. Neurological
examination was normal except for the finding of bilateral
papilledema. During the subsequent week the patient
gradually became less alert. By March 3, 1971 she was
semicomatose and had generally hypoactive reflexes and
nuchal rigidity. The patient was afebrile during the entire
period.



134

a

R.E. Latchaw et al.: Cerebral Angiography in Meningeal Sarcomatosis and Carcinomatosis

Fig. 8. Case 1. Coronal section of the brain (a) demonstrates meningeal infiltration at the base extending into

the sylvian fissures (open arrows) and within the pericallosal cistern (arrowhead). Microscopic section of cortex

adjacent to the sylvian fissure (b) shows perivascular infiltration of sarcoma. Microscopic view of a coronal sec-

tion through the mesencephalon (¢) demonstrates infiltration by sarcoma of the leptomeninges surrounding the

brainstem, particularly well seen in the interpeduncular fossa (closed arrow), and involvement of multiple vessels

including the basilar artery (open arrow). A high power view of the wall of the basilar artery (d) shows extensive
tumor infiltration of the adventitia

A skeletal survey on March 1 demonstrated destruc-
tion of the left pedicle of the third lumbar vertebra. A
9¥mTc brain scan on March 2 was normal. Complete cere-
bral angiography two days later showed no evidence of a
localized intracranial expansion. There was moderate
hydrocephalus which appeared to be on a ‘“pressure”
basis. Left carotid angiography revealed slight narrowing
of the supraclinoid portion of the internal carotid artery,
and irregular narrowing of the middle and anterior cere-

bral arteries (Figs. 4a and b). Similar changes on the right
were seen on right carotid angiography. Vertebral angio-
graphy was normal.

Because there was no definite clinical evidence of
meningitis and no source of subarachnoid hemorrhage was
found at angiography, the possibility of meningeal
carcinomatosis was raised in this patient with a large
ulcerated breast mass.

When a ventriculoatrial shunt was inserted on. March
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5, the intraventricular pressure was 350 mm of ventricular
fluid. No abnormal cells were found in the ventricular
fluid and cultures were negative. The patient improved
markedly and continued to do well for another year. She
was treated with several chemotherapeutic agents ad-
ministered orally and parenterally.

She was rehospitalized on February 9, 1972 for pro-
gressive confusion and meningismus. The opening pressure
on lumbar puncture was 50 mm CSF. Fluid analysis
showed a protein of 384 mg 9, glucose of 70 mg % and
adenocarcinoma cells.

The patient expired on February 24, 1972. At autopsy,
gross examination of the brain revealed hydrocephalus
and a widespread pink-to-tan thickening of the lepto-
meninges, particularly at the base of the brain. Microscop-
ic examination demonstrated metastatic adenocarcino-
ma infiltrating the leptomeninges, perivascular spaces,
and superficial cerebral cortex. Of particular interest, in
view of the angiographic findings, was gross and microsco-
pic evidence of direct involvement of the walls of both
large and small cerebral arteries (Figs. 5 and 6). There was
no localized intracranial metastatic neoplastic mass ex-
cept for a small nodule in the hypothalamus. The cellular
characteristics of the infiltrating meningeal tumor were
identical to the primary breast neoplasm.

Discussion

Pathology
Diffuse involvement of the meninges by neoplastic
growth without localized tumefaction is rare [1, 5, 7,
13]. In most instances, diffuse tumors of the meninges

are the result of spread from gliomas, particularly
medulloblastomas, although most intracranial tumors
can produce widespread meningeal involvement [1, 5,
13].

Primary diffuse meningeal sarcomatosis rarely oc-
curs and can be difficult to diagnose even at autopsy,
both with respect to gross detection and the exclusion
of extrameningeal origin [1 13, 22]. The extensive
neoplastic tissue may be so thin that it cannot be re-
cognized grossly, or it may be several millimeters
thick, especially at the base of the brain [1, 13].
Greyish-white flecks are sometimes seen within the
diffusely thickened arachnoid which may lead to a
mistaken diagnosis of tuberculosis [1]. Hydrocephalus
may result from obstruction to the flow of cerebro-
spinal fluid [13]. Microscopically, there is frequently
extensive spread of tumor along perivascular spaces
deep into the cerebral sulci and occasionally some in-
filtration into the superficial layers of the cerebral
cortex [1, 13, 22].

Metastases to brain parenchyma from extracranial
sources are frequent, but diffuse involvement of the
meninges, without gross nodules in the parenchyma
and/or meninges, is relatively rare [5, 7, 21]. Although
a variety of primary neoplasms, including melanoma,
may be responsible, most cases are adenocarcinomas
[7]. The primary lesions originate typically in the
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Fig. 4b

Fig. 4. Case 2. Left carotid angiography. The AP view (a)
demonstrates irregular narrowing of the proximal por-
tions of the anterior and middle cerebral arteries (arrow-
heads). The lateral view (b) shows narrowing of the inter-
nal carotid artery just proximal to the posterior com-
municating artery (white arrowheads), and slight segmen-
tal narrowing of proximal anterior cerebral artery
branches compared with distal segments (black arrow-
heads)

Fig. 5. Case 2. View of base of the brain at autopsy. For
orientation: basilar artery — closed black arrows, tip of
uncus — open black arrow, optic chiasm — closed white
arrow, olfactory stalk — open white arrows, proximal
right middle cerebral artery — large curved arrow. The
tip of the right temporal lobe has been resected to de-
monstrate the “encasement’ of middle cerebral artery
branches (arrowheads) in the proximal sylvian fissure
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gastrointestinal tract, particularly the stomach and
colon, or in the breast or lung [3, 5, 7, 11, 21]. 1t is
interesting to note that intracranial metastases from
gastrointestinal neoplasms are infrequent, but the
distribution of the metastases in such cases is often
meningeal [7]. As is true of sarcomatosis, the presence
of meningeal carcinomatosis may not be grossly re-
cognized at autopsy if the layer of neoplastic cells is
thin. However, the gross appearance characteristically
is a hazy grey clouding of the meninges which may be
confined to the base of the brain and may be mistaken
for meningitis [5, 7]. There may be hydrocephalus [3,
5, 7, 21]. The microscopic pattern is similar to that
seen with meningeal sarcomatosis, with frequent ex-
tensive spresd along perivascular spaces [3, 5, 7, 21] and
occasional superficial invasion of cerebral cortex [21].
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7, 13, 21, 22]. Characteristically there is no associated
fever [3, 7, 11]. Lumbar puncture usually will reveal an
elevated and occasionally a markedly elevated CSTF
pressure [1, 3, 5, 7, 11, 13, 21, 22]. Vision often is
affected, and the patient fairly frequently has either
papilledema or optic atrophy [1, 3, 5, 7, 13, 21, 22].

The neoplastic cells of either meningeal sarcoma-
tosis or carcinomatosis may infiltrate cranial and spinal
nerves extensively [1, 3, 5, 7, 11, 21], with symptoms
mimicking polyneuritis [3, 5, 7]. Consistent localizing
neurological findings are unusual [5, 7].

Cerebrospinal fluid analysis ordinarily will show a
mild pleocytosis, low sugar content, and elevated
protein concentration which may reach extremely high
levels [3, 5, 7, 21]. Although cultures are consistently
negative, the nonspecific clinical and laboratory find-

Fig. 6. Case 2. Microscopic section through the wall of the middle cerebral artery demonstrates infiltration of the
adventitia by adenocarcinoma

In our two cases, tumor not only accompanied
small vessels deep into sulei, but actually infiltrated the
adventitia of large muscular arteries (Figs. 3, 5, and 6).

Clinical Features

It is usually very difficult to make a diagnosis of
primary meningeal sarcomatosis before autopsy [13].
It may also be difficult to make an antemortem diagnosis
of meningeal carcinomatosis, particularly if the patient
has no evidence of an extracranial neoplasm [21].
There may be slowly progressive neurological symptoms
pointing to a brain tumor or chronic meningitis, or a
fairly rapid downhill course suggesting a more fulmi-
nant meningitis [3, 5, 7, 11, 13, 21, 22].

The patients may have headache, dementia, a de-
pressed level of consciousness, neurotic or psychotic
behavior, urinary incontinence, or convulsions [1, 3, 5,

ings frequently lead to empirical treatment for men-
ingitis, particularly the tuberculous and fungal varie-
ties, even in the absence of significant fever [3, 7, 11].
This may often be a reasonable approach because of
the possible clinical similarities between tuberculous
meningitis and meningeal spread of tumor and the fact
that tuberculous meningitis may occur without signifi-
cant fever [16].

The cytological demonstration of malignant cells in
the CSF is diagnostic [5, 7]. However, the cytology
may not be positive before death, or may not become
positive until late in the course of the disease [21].

Angiography

Cerebral angiography was performed on four pa-
tients who at autopsy had either meningeal sarcoma-
tosis or carcinomatosis. One patient with a final
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pathological diagnosis of a primary undifferentiated
neoplasm of the cerebral meninges had no definite ab-
normality shown by complete cerebral angiography
performed two month before death. Another patient
with an autopsy diagnosis of metastatic breast car-
cinomatosis to the cerebral meninges showed hydro-
cephalus and minimal peripheral cerebral vascular ir-
regularities at angiography ten days before death. The
two cases that have been described in detail had vas-
cular changes which, when correlated with the clinical
findings, suggested the correct diagnosis.

Both cases demonstrated varying degrees of nar-
rowing of the vessels at the base of the brain, particu-
larly of the supraclinoid portions of the internal carotid
arteries and the proximal portions of the anterior and
middle cerebral arteries. Case 1 also showed irregular
narrowing of the basilar artery. Focal narrowing of
more peripheral vessels was also present, particularly
of anterior and posterior cerebral artery branches in
Case 1 (Figs. 1 and 2), and of anterior cerebral artery
branches in Case 2 (Fig. 4). There was direct corre-
spondence between the sites of vascular irregularity
seen angiographically and the areas of tumor infiltra-
tion of the vessel wall demonstrated microscopically.

Differential Diagnosts

The angiographic findings described above are not
specific for meningeal sarcomatosis or carcinomatosis.
Subarachnoid hemorrhage from any one of a variety of
causes may produce arterial narrowing (“spasm”).
When due to bleeding from an aneurysm or arterio-
venous malformation, there is generally no diffieulty in
establishing the correct diagnosis.

Cerebral inflammatory disease, particularly men-
ingitis, may produce arterial changes indistinguishable
from those in our cases of meningeal sarcomatosis and
carcinomatosis [4, 6, 14, 16, 19, 28]. Asscciated angio-
graphic findings, such as arteriovenous shunting and/or
abnormal “staining”, may be seen in inflammatory
conditions and might aid in the differentiation. The
clinical findings, including fever, and CSF abnormal-
ities, including positive culture, are sufficiently char-
acteristic to make differentiation possible in most cases.
Tuberculous meningitis is the inflammatory condition
which presumably could cause the greatest difficulty in
differential diagnosis, not only because it might present
with similar angiographic features (arterial narrowing
most pronounced at the base of the brain) [6, 16] but
also because of the occasional similar clinical picture,
including apyrexia [16].

Atherosclerotic disease may produce vascular ir-
regularities very similar to those seen in our cases.
However, atherosclerotic narrowing is usually of an
eccentric nature, with plaque formation affecting a
portion of the arterial lumen rather than its entire cir-
cumference [15].

Other entities which might demonstrate similar
angiographic findings include cerebral embolization,
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particularly with recanalization, occlusive vascular
diseases in children [8, 26], including those associated
with the neurocutaneous syndromes [9], and sickle-
cell anemia [17, 25]. Drug abuse, particularly with the
amphetamines, has recently been shown to produce
diffuse cerebral vascular changes [23]. The focal areas
of narrowing may appear quite similar to those of our
cases. Microaneurysms and focal areas of dilatation,
seen in some of the patients with drug abuse, were not
seen in our series. Collagen diseases [10, 24, 27], em-
bolic cardiac myxoma [20], radiation arteritis [12] and
meningovascular syphilis [17] also may produce cere-
bral arterial irregularities.

Lastly, arterial irregularities have been described
when there is local invasion of cerebral arteries by
tumor [2, 15, 18]. It has been stated that the distin-
guishing angiographic feature of vascular irregularity
caused by tumor is that the involved vessels will be
confined to the area of the tumor mass [15]. This
agsociation is no doubt most frequent when a tumor
causes irregularity of the cerebral arteries and will
often help in clarifying the diagnosis. However, our
cases demonstrate that multiple areas of vascular ab-
normality may be present with a diffusely spreading
tumor without evidence of tumefaction. As far as we
are aware, this phenomenon has not been reported
previously.
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