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SUMMARY The neurological complications secondary to embolism from atrial myxoma are
reviewed. A patient with intracranial and skeletal metastases is described to emphasise the
malignant potentiality of this tumour. A classification of atrial myxoma metastases is presented.

Atrial myxomas are well-known primary tumours
of the heart (Prichard, 1951; Heath, 1968; Hardin
et al., 1974). Patients usually present in one of
three ways: (1) embolic manifestations, (2) cardiac
failure, (3) fever, weight loss, malaise accompanied
by raised erythrocyte sedimentation rate (ESR),
anaemia, and abnormal serum proteins (Green-
wood, 1968; Peters et al., 1974). Forty-five per
cent of reported cases presented with embolic
manifestations, half of them with cerebral involve-
ment (Sylverman et al., 1962; Greenwood, 1968;
Peters et al., 1974). Only recently has it been
recognised that we face not only local recurrence
of the tumour (Gerbode et al., 1967; Bahl et al.,
1969; Read et al., 1974; Dang and Hurley, 1976)
but distant mycotic aneurysms, caused by tumour
invasion of vessel walls, long after the atrial
myxoma itself has been removed (New et al.,
1970). More recently metastases, presenting as
mass lesions, have been reported (Pianov and
Kauglova, 1972; Kimbrell and Kaasa, 1973; Read
et al., 1974). In reviewing the literature we have
found no reported cases with an intracranial
metastasis acting as a mass lesion.

Case report

A 44 year old white woman (SM) was admitted to
hospital in May 1976 for evaluation of three
months of severe left sided headache and vomiting
after an episode of unexplained unconsciousness.

Eight years before admission, she suffered her
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third stroke in four years characterised by a right
hemiplegia and aphasia. The cardiac examination
was very suggestive of a left atrial myxoma. The
haemoglobin level was 7.2 gm/dl, and she had
elevations of the a-2 and y globulins, alkaline
phosphatase concentration, and ESR. Skeletal
radiographs revealed lytic lesions with sclerotic
margins in many bones. A large left atrial mass
was identified echocardiographically and with
cardiac catheterisation. At operation, a 60X30X
20 mm myxoma was removed, leaving the inter-
atrial septum intact. A biopsy of the left iliac crest
was taken at the site of a lytic lesion; only aseptic
necrosis was seen. The hemiplegia improved, and
she was discharged.
Four years later she was evaluated for per-

sistent anaemia. The physical examination revealed
a systolic ejection murmur, mild residual right
spastic hemiparesis, and minimal aphasia. The
haemoglobin level was 8.5 gm/dl and ESR 54
mm/hr. She still had increased y globulins. The
lytic lesions of the skeleton were larger and the
borders more sclerotic; the patient declined to
undergo another biopsy. A brain scan showed
increased blood flow to the right hemisphere and
increased uptake of pertechnicate in the right
parietal area, corresponding to a cranial lytic
lesion. Iron deficiency was identified and therapy
begun. She remained unchanged until 1976.

Physical examination showed a lethargic woman.
Bilateral papilloedema, a right hemianopia, right
upper motor neurone facial weakness, and right
spastic hemiplegia were noted. The carotid arteries
had good pulsation and were without bruits. A
cardiac systolic ejection murmur was audible; no
diastolic sounds were heard. The haemoglobin
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level was 12.6 gm/dl and the ESR 43 mm/hr. _
Alpha-2 globulins were slightly increased in the
serum. The cardiac silhouette and lung fields were
normal radiographically. An echocardiogram failed
to reveal recurrence of tumour. The electroen-
cephalogram displayed diffuse delta activity over
the left hemisphere. A mass deep within the left
temporal area was outlined by pertechnicate brain
scan and computerised tomography (Fig. 1). A _
carotid angiogram demonstrated progressive nar-'
rowing of the left internal carotid artery beginning
20 mm distal to its origin, with complete occlusion ..
just distal to the origin of the ophthalmic artery. .
The right carotid injection revealed cross filling of -
the left side and a large avascular left temporal
lobe mass shifting the midline structures to the
right (Fig. 2). Bone scan showed multiple areas of ...
increased uptake of diphosphonate in the skull,
axial skeleton, and long bones which corresponded°
to the lesions seen radiographically. At operation,
an encapsulated mass (40X30X30 mm) was found
protruding into the left lateral ventricle of the
brain. The mass originated from a stalk attached
to the glomus of the choroid plexus. After com-
plete excision of the mass, there was rapid
improvement in the hemiparesis and level of
consciousness. At present, though with detectable Fig. 2 AP right-carotid angiography showing cross
neurological deficits, she is totally independent, filling of the left carotid system with elevation c/the
The 18 g tumour was smoothly outlined, soft, left middle cerebral artery indicating a left temporal

and spongy. Histologically, there was an intricate lobe mass Also note the lytic lesion in the calvarium.
system of large, almost sinusoidal blood vessels

surrounded by sleeves of myxomatous tissue with
occasional connective tissue support (Fig. 3).
Masses of faintly staining mucinous material were
present. The nuclei were uniformly small and
without mitoses.

Discussion

Our patient had multiple cerebral embolic episodes
before the diagnosis of the atrial myxoma. The
mass lesion found in the left lateral ventricle was
most probably caused by embolisation to the
choroid plexus. The location of this metastasis in
the choroid plexus, a site generally free of other
metastatic tumours, remains baffling.
The bone lesions in our patient have been en-

larging since 1968 when they were first -noticed
(Fig. 4). A bone biopsy sample (iliac crest) in 1968
revealed aseptic necrosis only. It is cle'ar that in
the left scapula at least, there is now a large ex-

Fig. 1 Computed tomiography after intravenous pansile "soap bubble" lesion, evidence of extra-
administration of iodinated contrast material showing vascular proliferative growth. Many of the other
area of increased density in the left temporoparietal bone lesions have increased in size as well, surely
area. Note the enlarged ventricles whiulh are shif ted' not to be expected in an infarct.
from left to right. Although atrial myxomas have been known for
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Fig. 3 Blood vessel full of erythrocytes. Neoplastic
cells in perivascular crownlike arrangement, embedded
in partly precipitated mucinous matrix. H and E,
original magnification X250.

many years (Prichard, 1951), it has only recently
been recognised that distant metastases may not
become evident until many years after removal
of the primary lesion (Heath and Mackinnon,
1964; New et al., 1970; Read et al., 1974). All
metastases have been haematogenous.
Although a classification of atrial myxoma

metastases has its limitations, the following is
offered as a working hypothesis:
1. Metastasis, intraluminal only-(a) symptomatic
(infarct); (b) asymptomatic.
2. Metastasis with vessel wall invasion-(a) occlu-
sion of vessel, gradual; (b) aneurysm formation.
3. Metastasis with vessel wall transgression-(a)
asymptomatic; (b) mass lesion effect.
4. Local cardiac recurrence-(a) at original site;
(b) at different site.

SYMPTOMATIC METASTASES
The incidence of clinically important embolisation
from left atrial myxomas may be as high as 45%,
with involvement of the brain in half the cases

(Sylverman et al., 1962; Greenwood, 1968; Peters
et al., 1974). In reviewing the literature, we found
19 patients (Sylverman et al., 1962; Joynt et al.,
1965; Burton and Johnston, 1970; Price et al.,
1970; New et al., 1970; Yarnell et al., 1971; Stein-

metz et al., 1973; Thompson and Simmons, 1974)
with demonstrated symptomatic arterial occlusion
(necropsy, 14; surgery, 4; both 2) (see Table).
Four patients had extracranial arterial embolis-

ation. Three were operated on for removal of the
embolus. One patient had the embolus removed
from the right internal carotid artery in the neck
with improvement of left hemiparesis. All three
patients were discharged, two with mild deficits,
and one with complete recovery.

Fifteen patients had cerebral emboli. The neuro-
logical deficit was sudden in nine, with hemiplegia
or hemiparesis in seven. In the other six cases
neurological deterioration was gradual. Neurologi-
cal symptoms never cleared completely, and all 15
patients with cerebral emboli died. Death was
attributed to the neurological disease in 13 cases.
The two cases of vertebrobasilar occlusion both
underwent necropsy; both also had involvement
of the carotid system.

ASYMPTOMATIC METASTASES
In the same group of patients, other asymptomatic
vascular occlusions were seen in 14 (kidney, seven;
spleen, four; liver, two; adrenal, one) at necropsy.
In one case, a renal biopsy demonstrated an oc-
cluded vessel. Bone infarcts after vascular occlu-
sions have been asymptomatic but are typical in
radiographs (Kimbrell and Kaasa, 1973; Read et
al., 1974). In our patient, the bone lesions have
been documented since 1968 (Maroon and Camp-
bell, 1968; Nasser et al., 1972) and still have not
become symptomatic.

METASTASES WITH GRADUAL OCCLUSION OF THE
VESSEL
We found two patients with histological proof of
vessel wall invasion resulting in narrowing and sub-
sequent occlusion (Price et al., 1970; Steinmetz et
al., 1973). The vessel narrowing was mainly caused
by intimal thickening by the myxomatous tissue.
The narrowing of the vessel and subsequent occlu-
sion were incidental findings at necropsy. Intra-
mural myxomatous tissue without significant
change in the lumen was also seen (Price et al.,
1970).

METASTASES WITH ANEURYSM FORMATION
Seven patients with mycotic intracranial an-
eurysms were found (Stoane et al., 1966; Burton and
Johnston, 1970; New et al., 1970; Price et al., 1970;
Patte et al., 1973; Castaigne et al., 1975; Damasio
et al., 1975). The aneurysms were multiple in all
patients. In one patient (Castaigne et al., 1975),
angiography of the abdominal organs showed two
further aneurysms in the "external region of the
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Fig. 4 Radiographs of left scapula showing marked progression of lytic lesion initially seen in 1968 (arrows)
to the large expansile "soap-bubble" lesion seen in 1976 (open arrow head). Also note lytic areas in left
humerus (a).

Table Reported cases of arterial embolisation

Site Number o] cases

Extracranial (4)
Right cervical internal carotid
Distal aorta, saddle embolus artery
Left brachial artery
Right internal carotid and left brachial

Intracranial (15) Right Left
Middle cerebral artery only 2 0
Multiple vessels in 13 (max 3 vessels)

Intracranial internal carotid 1 2
Anterior cerebral artery 1 3
Middle cerebral artery 13 6
Posterior cerebral artery 0 2
Carotid system as a whole 15 1 1

hepatic dome", and multiple aneurysms of the
superior polar renal artery. In another case (Price
et al., 1970), an aneurysm of the posterior ascend-
ing cervical artery was seen angiographically, and
many systemic arteries had aneurysms at necropsy.
Intracranial aneurysms were seen in both the

anterior and posterior circulation. The middle
cerebral artery was involved in seven patients, the
anterior cerebral artery in four, and the vertebro-
basilar system in four.

In one patient (Stoane et al., 1966) repeat angio-
graphy two months after removal of the atrial
myxoma showed an increase in size of the an-
eurysms. In another patient (New et al., 1970),
there were no neurological symptoms at the time
of removal of the atrial myxoma but three years
later, when speech difficulty had developed,
multiple aneurysms were seen.

Intracranial surgery, with excision of false
aneurysms, was carried out in two patients (Burton
and Johnston, 1970; Price et al., 1970). There was
invasion and proliferation of the myxomatous
tissue, replacing the vessel wall. Both patients died
in the early postoperative period, and at necropsy
both showed similar findings in other vessels.
One patient (Price et al., 1970) presented with

an intracranial haemorrhage, possibly the result
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of rupture of such an aneurysm. The haemorrhage
involved the lentiform nucleus and internal cap-
sule, with intraventricular and subarachnoid exten-
sion at necropsy.

METASTASES WITH VEZSEL WALL TRANSGRESSION
Although intraventricular metastasis of this
peculiar neoplasm and vessel wall involvement
have been known for many years (Ringertz, 1942),
actual transgression beyond the vessel has only
recently been recognised, perhaps first as micro-
scopic collections of myxoma cells in the lepto-
meninges (Price et al., 1970).

In 1972, Pianov and Kauglova diagnosed cu-
taneous masses by biopsy as metastatic myxoma.
An additional two patients have been reported
with metastatic myxoma, to the vertebral bodies
(Kimbrell and Kaasa, 1973) and to multiple bones
and soft tissue (Read et al., 1974). No intracerebral
cases have been reported.

LOCAL CARDIAC RECURRENCE
Recurrence within the heart was not reported until
1967 (Gerbode et al., 1967). Since then 17 cases
with 20 recurrences have been reported (Gerbode
et al., 1967; Bahl et al., 1969; Kelly and Bhagmat,
1972; Walton et al., 1972; Maramhao et al., 1973;
Read et al., 1974; Jugdutt et al., 1975; Dang and
Hurley, 1976). However, results of only a few
long-term studies of atrial myxoma cases have
been published (Croxson et al., 1972; Hardin et al.,
1974; Hedfors and Mogensen, 1974). Reviewing 12
cases of recurrent atrial myxomas, Read et al.
(1974) found that the average time to reoperation
was only 31 months. It appears that the second
lesion grows more rapidly than the primary
tumour.
These 17 recurrent cases all had a primary

myxoma arising from the septum. Of the 20 re-
currences, nine recurred at the interatrial septum
at the same site as the original tumour, seven re-
curred in the same chamber but at different sites,
and five were multiple. One case involved the right
ventricle of the heart instead (Dang and Hurley,
1976). There were four second recurrences. Four-
teen patients who had surgery for recurrences did
well after their surgery in short-term follow-up,
two died in the postoperative period, and one died
three and a half years later from a second recur-
rence (Jugdutt et al., 1975). The causes for the
recurrences had been postulated before (Walton et
al., 1972; Read et al., 1974; Dang and Hurley,
1976) and they include known partial excision,
inadequate resection (septectomy not performed),
implantation of tumour cells, and a growth from
a new atrial or ventricular focus.

In the past, there has been controversy as to
whether atrial myxomas are in fact true neoplasms,
a fact no longer questioned (Ringertz, 1942; Kelly
and Bhagmat, 1972; Ferrans and Roberts, 1973;
Coltart et al., 1975). The malignant potential of
these tumours is not evident in the histology. It
cannot be predicted which, if any, of the cardiac
myxomas will indeed recur locally, or even give
rise to distant metastasis, whether intra- or extra-
vascular. Read et al. (1974) reported a case which
demonstrated larger nuclei, prominent nucleoli,
and even occasional mitoses in the metastatic
tumour.

It is clear, now that more about this enigmatic
neoplasm becomes known, that much more care
has been taken during cardiac surgery to avoid
embolisation, not only because of the embolic
phenomenon itself but because viable metastases
may become symptomatic many years later, and
that the patient with cerebral embolisation is not
necessarily cured (Maroon and Campbell, 1968)
after the primary tumour is removed.
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