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Summary

Cardiac myxomas are benign tumors that 
may lead to neurological manifestations includ-
ing ischemic stroke, aneurysms or metastases. 
We describe a patient with multiple intracranial 
aneurysms who presented with TIA-like symp-
toms following resection of an atrial myxoma, 
and review the clinical and imaging features of 
myxomatous aneurysms as reported in the liter-
ature. The most prominent imaging features of 
myxomatous aneurysms are their multiplicity, 
fusiform shape and distal location whereas from 
a clinical point of view they most often present 
with stroke like symptoms rather than with hem-
orrhage. These neurological manifestations may 
occur even after successful and complete surgi-
cal removal of the atrial myxoma.

Introduction

Cardiac myxoma is the most common benign 
cardiac  tumour with an estimated annual  inci-
dence of 0.5 per million population 1. these tu-
mours  arise  from  subendocardial  multipoten-
tial mesenchymal cells, and may be either solid 
or  papillary;  the  vast  majority  (75  -80%)  are 
situated in the left atrium 2-6. there is a 2:1 fe-
male  preponderance,  and  the  age  at  onset  is 
usually  between  30  and  60  years  2.  Although 
atrial  myxoma  is  mostly  sporadic,  at  least  7% 
of  cases  are  familial  1,7. the  best  described  fa-
milial type is Carney complex, characterized by 
cutaneous  spotty pigmentation,  cutaneous and 
cardiac  myxomas,  nonmyxomatous  extracardi-
ac  tumours  and  endocrinopathies.  the  classic 
triad  of  symptoms  from  cardiac  myxomas  is 
heart failure, constitutional symptoms and em-

bolic  manifestations  8.  Heart  failure  occurs  in 
54%-95% of patients 5,9,10, constitutional symp-
toms (myalgia, muscle weakness, arthralgia, fe-
ver, weight loss, and fatigue) may occur in up to 
90% of cases 5,9, while embolic events occur in 
10-45% of patients 5,9-11. More  than  two-thirds 
of  myxomatous  emboli  migrate  to  the  central 
nervous system 5,12,13 but any arterial bed may 
be affected, leading to a large variety of symp-
toms  and  signs.  the  pathology  of  intracranial 
manifestations of myxomatous emboli is three-
fold: cerebral arterial embolism causing ischae-
mia 14,15; neoplastic aneurysm formation with or 
without hemorrhage 14,16 and intraparenchymal 
metastases 14,17. given these different manifes-
tations,  neurological  symptoms  will  vary  and 
include neurological deficits, hemorrhages, syn-
copes, psychiatric symptoms, headaches or epi-
lepsy  18.  with  rare  exceptions,  neurological 
symptoms related to atrial myxomas occur be-
fore or at the time of primary tumor diagnosis 

19.  reports  of  delayed  neurological  symptoms 
after surgical removal of the myxoma are rare 

19-24.  Myxomatous  aneurysms  are  classically 
multiple, fusiform in shape, and located distally 
on the arterial tree. Aneurysm formation asso-
ciated with atrial myxoma  is  caused by myxo-
matous  tumor  invasion  into  the  vessel  wall  25. 
two major hypotheses of aneurysm  formation 
have been put forward: Stoane et al. 26,27 postu-
lated that large tumor emboli cause perivascu-
lar damage with scarring and that pseudoaneu-
rysm formation follows the obstruction. new et 
al. 26,22 hypothesized that the viable tumor em-
boli penetrate  intact or damaged endothelium 
at  the  site  of  final  lodgement,  with  subintimal 
growth, destruction of the arterial wall, and fi-
broblastic proliferation. this neoplastic process 
is  accompanied by connective  tissue prolifera-
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currence  rate based on  the number of patients 
with myxomas seen in our university hospital in 
relation  to  the  number  of  aneurysms  followed 
by our group and to review the clinical and im-
aging features of myxomatous aneurysms. 

Case Report

two  separate  retrospective  databank  analy-
ses were performed  to  identify a)  the number 
of  aneurysms  managed  and  b)  the  number  of 

tion and a mild inflammatory reaction. this can 
lead to progressive destruction of the wall with 
displacement  of  smooth  muscle  cell  by  myxo-
matous tissue. Aneurysm  growth can continue 
even after resection of the cardiac myxoma.

In the literature of the past 20 years, there are 
approximately  25  case  reports  on  myxomatous 
aneurysms.  However,  up  to  now,  these  reports 
did not mention from how many cases of a) an-
eurysms or b) atrial myxomas  the case was re-
cruited. the aim of this present report  is to ac-
count for this shortcoming by describing the oc-

Figure 1  t2, t2 gradient echo and t1-weighted sequences following contrast administration as well as the contrast enhanced 
Mr angiography demonstrate multiple fusiform outpouchings with contrast enhancement that is most likely related to stag-
nation or turbulent flow within the aneurysms rather than a calcified or thickened wall. In a nearly symmetrical fashion both 
M2 and A2 segments are involved. Multiple areas of lacunar remote stroke are seen in the deep white matter. 
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dle frontal gyrus rounded 2 mm large suscepti-
bility artefacts were seen suggesting remote in-
traparenchymal microhemorrhages. 

Discussion

the present  literature  review was  restricted 
to cases published after 1990 since in addition 
to  the angiographical appearance of myxoma-
tous  aneurysms,  we  also  wanted  to  evaluate 
Mr and Ct imaging features. In this period of 
time  25  cases  in  24  reports  were  described  1-2, 

8,14,16,19,25-26,28-43. of those patients, the vast ma-
jority  (21=84%)  had  multiple  aneurysms, 
whereas  in  three  (12%) patients only a  single 
aneurysm was  found. the  total number of an-
eurysms  in  these  25  patients  cannot  be  calcu-
lated  since  for  most  patients  (n=  17)  the  au-
thors only described the occurrence of “multi-
ple”  aneurysms  without  the  exact  number,  in 
the other cases  in between three and four an-
eurysms  were  found.  Concerning  the  location 
of  the  aneurysms,  all  but  four  cases  were  re-
ported  to  be  present  on  distal  branches.  Four 
aneurysms were located in proximal vessels in-
cluding  the ICA,  the proximal M1 segment of 
the  middle  cerebral  artery,  the  basilar  artery 
and  the  P1  segment  of  the  posterior  cerebral 
artery, respectively. the remainder of the aneu-
rysms were  located on distal branches (M2 or 
beyond:  n=17, A2  or  beyond:  n=10,  P2  or  be-
yond: n=6). the anterior circulation was more 
commonly affected (18 patients)  compared to 
the posterior circulation (seven patients). Con-
cerning  the  aneurysm  shape,  the  “classical” 
berry- type of an aneurysm was only present in 
one patient, fusiform aneurysms were reported 
however  in  21  patients,  the  type  of  aneurysm 
was not reported in three manuscripts. Clinical 
presentation of  the aneurysm was with  stroke 
in 12, with tIAs in six, with subarachnoid hem-
orrhage  in  five  patients  and  with  intraparen-
chymal hemorrhage  in  two. two patients each 
presented  with  headaches  and  neurological 
deficits, one patient presentetd with a syncope. 
For a detailed description of these results refer 
to table 1.

In  addition  to  the  described  patient,  in  our 
databank  we  have  identified  54  adult  patients 
with  distal  aneurysms.  lesion  pathology/etiol-
ogy was available in 33 patients indicating trau-
ma (seven), infection (three) and dissection 23 
as the most common causes. Multiplicity of dis-
tal  aneurysms,  on  the  other  hand  was  only 

patients seen for atrial myxoma. the latter was 
derived  from  the  local  university  Hospital 
Medical Imaging databank encompassing cases 
from 1999 to 2010, the former from a dedicated 
neurovascular databank into which all vascular 
cases  managed  between  the  same  period  of 
time were prospectively entered. 

During  this  period  of  time  40  patients  with 
atrial myxomas and 2246 patients with 3045 an-
eurysms were seen. A single patient was present 
in both databases harboring an atrial myxoma 
and  intracranial  aneurysms.  A  retrospective 
chart analysis of this patient was performed. 

the  patient  had  been  followed  since  1966 
when, as a 17-year-old, after a transient episode 
of  weakness  in  her  lower  extremities  and  ex-
tensive  diagnostic  workup  an  atrial  myxoma 
was  identified,  surgically  removed  and  proven 
by histology. In 1978, 12 years after atrial myxo-
ma extirpation the patient experienced a right 
hemispheric stroke which left her with a mod-
erate left-sided hemiparesis. Cerebral angiogra-
phy  reportedly  revealed  multiple  small  and 
fusiforme  distal  aneurysms,  that  were  re-as-
sessed  and  reported  to  be  stable  in  1988. the 
patient  became  symptomatic  again  in  2003 
when she noted to have occasional episodes of 
transitory  paresthesias  in  her  left  upper  ex-
tremity.  these  tIA-like  symptoms  repeated 
themselves  in 2005, and 2006 and ceased after 
the patient was treated with aspirin. 

neuroimaging revealed stable appearance of 
a  total  of  six  fusiforme  distal  aneurysms,  the 
sizes of which varied between a few millimeters 
to 1 cm incorporating the rolandic and the an-
gular  artery  on  the  left,  the  anterior  parietal 
artery on the right, both distal callosomarginal 
arteries and the left calcarine artery. the vessel 
wall of these arteries was slightly thickened and 
demonstrated a t2 hypointense rim. there was 
no abnormal blooming artifact on t2 gradient 
echo  sequences  surrounding  the  aneurysms 
and therefore no sign for recent or remote he-
morrhage in the vicinity of the aneurysms. Fol-
lowing contrast administration, pooling of con-
trast within the aneurysms was seen suggesting 
slow flow or recirculation within the aneurysm 
(Figure  1).  Multiple  remote  areas  of  ischemia 
were noted including the lenticulostriate perfo-
rator territory on the right, but also the left PI-
CA territory and the deep white matter as well 
as  multiple  cortical  areas  of  presumably  em-
bolic  stroke. Distant  from the described aneu-
rysms at  the grey-white matter  junction of  the 
left parietooccipital transition and the left mid-



www.centauro.it Interventional Neuroradiology 17: 188-194, 2011

191

Nr. Author
Year

Age
Sex H Presentation Aneurysm

finding
Number
of AA Location Type Treatment FU Outcome

1 Ashalatha
2005

54
m – Stroke, SAH 6 month 4

distal MCA
and ACA
(A3, M3)

Fusiform Conservative 
(Phenytoin)

 6
mo. Seizures

2 walker
2003

60
f – Stroke 6 years multiple*

right ACA,
MCAs (M4)
SCAs 
(proximal)
and PCAs 
(P1right and 
P2left) 

Fusiform Surgery
(wrapping)    Stable 

3 Hwang
2001

73
f – Stroke 1 year 4

distal MCA 
(M3 and M4), 
posterior
temporal
branch

Fusiform Conservative    

4 rodriguez
2006

41
f + tIA, SAH Index

lesion 1
distal right 
MCA branch 
(M4)

Fusiform Surgery   MtS on pelvis/
fermoris bones

5 li
2008

27
f – Stroke Index

lesion multiple*

ICAs (A3, M3
and M4) and 
the proximal
bilateral 
posterior
cerebral arteries 
(P2’s branches), 
vertebral artery

Fusiform 
and 
saccular 

Conservative 2 Stable

6 Herbst
2005

31
m – Stroke Index

lesion multiple*

peripheral
branches of 
ACA, MCA, PCA, 
vertebrobasilar a.

Fusiform Conservative 2 Stable

7 Sabolek
2005

43
f Stroke, SAH Index

lesion 3

left ACA (A2), 
right MCA (M3, 
M4), basilar
artery (proximal)

Fusiform, 
giant fusi-
form at 
basilar

Conservative 15
mo. Stable

8 lee
2007

41
f

Hemorrhagic 
Stroke 2 years 3

Broad based 
cavernous left 
ICA and two
distal MCA
aneurysms (M3)

ICA: 
saccular, 
MC: 
fusiform

Surgery 11
mo. MtS myxoma

9 o’rourke
2003

48
m – Stroke Index

lesion multiple*
anterior (M3, M4) 
and posterior
circulation

Fusiform Conservative 3 
mo.

neurological
defictis. 

10 Eddleman
2010

18
m + SAH 4 month multiple*

ACA (A3), MCA 
(M4) and PCA 
(P4) 

Fusiform Conservative 3
mo. 

Aneurysm 
enlargment 
and new 
hemorrhages – 
surgery

11 roscher
1995

?
? + Stroke 2 month 1 Fusiform arterial 

aneurysm Fusiform Conservative 4 
years Stable

12 oguz
2001

40
m – Stroke 5 years multiple* 

bilateral MCA 
(M3, M4), left 
PCA (P4)

Fusiform Conservative 12 
mo. Stable

13 Koo
2009

64
f – tIA Index

lesion multiple*
distal ACA 
(A3), MCA
(M3)

Fusiform Conservative 6 mo. Stable

14 Jean
2001

32
f + tIA 5 years multiple* ACA and MCA 

(A3 and M3) Fusiform Surgery 4 
mo. Stable

15 Furuya
1995

35
m + SAH Index

lesion multiple*
ACA (A3), MCA 
(M4), PCA  (P4) 
and distal SCA

Fusiform

Surgery 4 
mo.

new aneuryms
and Seizures

Conservative 8 
mo.

Seizures, 
Angio: stable

Conservative 13
mo.  Angio: stable

Surgery 19 
mo.

growing 
aneurysms 
and re-surgery 
again

table 1
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findings  are  in  keeping  with  the  literature 
where distal location, fusiform shape and multi-
plicity  was  present  as  the  typical  imaging  fea-
tures  of  myxomatous  aneurysms.  A  chart  re-
view of all patients at our institution who pre-
sented with atrial myxoma revealed neurologi-
cal  complications  in  nine  of  the  40  identified 
patients,  including  metas  in  one  patient,  and 
stroke or tIAs in eight patients (of whom one 
patient was the index patient) which is in keep-
ing with the literature as described in the intro-
duction. 

Concerning treatment,  it  is  important to no-
tice  that  the aneurysms may continue  to grow 
despite  surgical  removal  of  the  myxoma  35,43. 
Patients  presenting  with  hemorrhage  are  gen-
erally  considered  surgical  candidates  given 
their  distal  location,  however,  since  preserva-
tion of the vessel is rarely possible, endovascu-
lar  parent  vessel  occlusion  may  also  be  per-

present in five patients (in addition to the index 
patient), of those, the etiology could be identi-
fied  in  two  patients  (infectious  aneurysms), 
while in the remaining three patients the etiol-
ogy  remained  unknown  (negative  Ct  of  the 
chest,  negative  blood  cultures,  no  history  of 
trauma). Fusiform distal aneurysms were found 
in 21 of the 54 patients. this review of our an-
eurysm  databank  indicates  that,  although 
myxomatous  aneurysms  are  exceedingly  rare, 
they have to be included in the differential di-
agnoses  in  those  patients  with  multiple  distal 
aneurysms or with distal fusiform aneurysms. It 
is also important to emphasize that the only pa-
tient  identified  in  our  databank  with  distal 
AnD  multiple  AnD  fusiform  aneurysms  was 
the  reported  index  patient  with  myxomatous 
aneurysms  indicating  that  these  aneurysms 
have  rather  characteristic  imaging  features 
which  should  enable  their  identification.    our 

Nr. Author
Year

Age
Sex H Presentation Aneurysm

finding
Number
of AA Location Type Treatment FU Outcome

16 nucifora
2001

75
f – Stroke Index

lesion multiple*

posterior right 
Sylvian fissure, 
left posterior
occipital lobe, 
right posterior
parietal lobe
(M3, M4)

Fusiform Conservative Stable

73
f – Stroke Index

lesion multiple*
ACA (A3), 
MCA bilateral 
(M3, M4)

Fusiform Conservative  – lost to F/u

17 Hayashi
1995 

24
m – tIA Index

lesion 3

distal MCA 
(M3 and M4), 
proximal left
 ICA 

no detail

Surgery 0 1 disappeared

  ? proximal left
cerebral fusiform

    Enlargement, 
hemi paresis

18 Shinn
2009 

48
f – Syncope Index

lesion multiple*  ACA, MCA
(A3, M3-4) Fusiform Conservative   Seizure, Sepsis, 

Death

19 Katz
2008 n.a – Hemorrhage n.a. n.a. n.a. Fusiform n.a. n.a. n.a.

20 Chen
1993

68
f +

Headaches, 
neurological 
Deficit 

1 year multiple*
ACA and 
MCA (A3, 
M3-4)

Fusiform 
and 
saccular

Surgery 2 
years

no further 
neurological 
symptom

21 Mattle
1995 

49
m – tIA 3 years  multiple*

ACA, MCA, 
PCA (A3, 
M3-4, P3)

Fusiform Conservative 10 
years

Muli-infarct
dementia

22 Josephson
2005

33
f Stroke 8 years multiple*  M3  Fusiform Conservative year-

ly Asymptomatic

23 yilmaz
2003

38
y

neurological 
Deficit, 
Headaches 

Index
lesion multiple*

bilateral ICAs, 
M1 giant, 
M3-4 and A3

Saccular 
and 
Fusiform

Endovascular 
treatment with 
saccular coiling

recurrence and
progression 

24 Iihara
1991

37
f tIA Index

lesion multiple* peripheral 
bilateral MCA Fusiform Conservative 

6 
mo.

newly-developed
aneurysms 

? Slight
enlargement

3 
years. Stable

* No details were given on the total number of aneurysm.

Continued ... Table 1
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mated since routinely, imaging of the CnS is not 
routinely  performed  in  patients  with  atrial 
myxoma without neurological deficits and is  in 
our practice only suggested for symptomatic pa-
tients. Still, we think that this report and the re-
view  of  the  literature  underlines,  that  in  cases 
with  yet  undiagnosed  atrial  myxoma,  the  clini-
cian  has  to  think  about  the  entity  of  myxoma-
tous  aneurysms  in  the  setting  of  multiple,  fusi-
form or distally located cerebral aneurysms and 
should consider cardiac imaging.

formed in cases presenting with hemorrhage. If 
their finding is incidental or if they present with 
stroke, treatment is not advised given the high 
risk of neurological deficits. 

three major problems have to be mentioned 
concerning the present case description, one be-
ing the referral bias as a university hospital, the 
second being, that a single case does not enable 
us  to  give  true  values  of  incidence  and  preva-
lence  of  myxomatous  aneurysms,  the  third  be-
ing that cerebral involvement may be underesti-
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