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affected. However, it is recognized that peri-
aneurysmal edema appears in rare situations
after embolization and leads to the develop-
ment and deterioration of neurological symp-
toms 1,2. There are few studies on the cause of
perianeurysmal edema.

We studied the mechanism in the develop-
ment of perianeurysmal edema and its course
of treatment in our three cases.

Methods

182 cases of cerebral aneurysms treated with
GDC (Boston Scientific/Target, MA) from
1997 to 2005 and their MRI records, taken be-
fore and after the surgery, were examined.

Diagnosis was based on MRI findings where
a high signal on diffusion weighted image (DWI)
was not seen but high signal on T2 weighted
image (T2WI) or fluid-attenuated inversion re-
covery (FLAIR) image was seen, and the re-
gion was defined as perianeurysmal edema.
Edema associated with postoperative cerebral
infarction was excluded. The primary course of
treatment for all three patients at the outset of
perianeurysmal edema development was the
use of steroid therapy. Additional embolization
was performed when neurological symptoms
did not improve through medical treatment.

Characteristics of the aneurysm, angiograph-
ic findings before and after surgery, develop-
ment of an edema and neurological symptoms
seen by MRI, response to medical treatment,

Summary

After coil embolization for an aneurysm, ede-
ma surrounding the aneurysm revealed by mag-
netic resonance imaging (MRI) is rarely seen
and is usually associated with neurological sym-
ptoms. Perianeurysmal edema was found by
postoperative MRI in three out of 182 patients
with cerebral aneurysm, which was treated with
Guglielmi Detachable Coil (GDC), and neuro-
logical symptoms developed simultaneously.

In cases where neurological symptoms im-
proved with conservative medical treatment, a
temporary increase in the volume of an aneur-
ysm, due to coil and thrombus formation, may
result in edema. In cases where symptoms were
not alleviated with conservative medical treat-
ment, persistent water-hammer effect against the
residual lumen of the aneurysm as well as an in-
crease in the volume of aneurysm by hemor-
rhage in the aneurysmal wall may contribute to
the development of perianeurysmal edema.
Consideration of the mechanism of edema de-
velopment by neurological symptoms, MRI
findings, and angiographic findings is needed in
order to select appropriate treatment.

Introduction

Because GDC embolization, unlike a direct
surgical procedure, does not require direct me-
chanical movement in cerebral tissue around
an aneurysm, the adjacent brain tissue is less
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and response to additional embolization, were
carefully compared and the mechanism in the
development of perianeurysmal edema and its
course of treatment were examined.

Results

A summary of three cases is shown in table
1. The maximum diameter of the aneurysms at
the initial treatment was 15 to 22 mm (mean 17

mm). Intraluminal thrombus and perianeurys-
mal edema were not detected by preoperative
MRI. The aneurysms of the patients were
imbedded in brain parenchyma. The length of
time to develop perianeurysmal edema after
embolization was between two days and two
months (mean 0.71 months). MRI findings in
all three cases were vasogenic edema. Cerebral
angiography after the development of neuro-
logical symptoms did not show significant

Figure 1 60-year-old male displaying an incidental anterior communicating artery (AcomA) aneurysm. Pre-embolization left
internal cerebral angiogram, antero-posterior projection (A), shows a large AcomA aneurysm. Post-embolization internal
cerebral angiogram, antero-posterior projection (B), shows residual neck remnant. Axial FLAIR image after aggravation of
the clinical symptoms shows the perianeurysmal edema (C). Axial FLAIR image at four months after the treatment shows
the disappearance of the perianeurysmal edema (D).
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change when compared with that performed
just after the operation. No recanalization was
evident by angiography at the time of peri-
aneurysmal edema development in all three
cases. The length of time required for neurolog-
ical symptoms to improve was ten days to two
months (mean 1.1 months). Edema detected by
MRI remained even after improvement of neu-
rological symptoms but later disappeared
(mean 4.3 months). The presentation of three
cases is shown in figures 1 to 3.

Discussion

After GDC embolization, GDC-thrombus
complex is formed by thrombus formation in
the aneurysmal sac. Increase in the volume of
aneurysm, which may be possibly induced by
the GDC-thrombus complex, is presumed to
develop and subside in a short period of time.
Since the size of aneurysm is one of the major
contributors in the development of peri-
aneurysmal edema 3, the size of GDC-thrombus
complex increases in proportion to the increase
in size of the aneurysm. When the aneurysm it-
self grows quickly, its mass effect may possibly
lead to the development of a perianeurysmal

Figure 2 39-year-old male displaying a ruptured basilar
artery-superior cerebellar artery (BA-SCA) aneurysm
(Hunt & Hess grade 1, Fisher group 3). Pre-embolization
left vertebral angiogram, antero-posterior projection (A),
shows a large BA-right SCA aneurysm. Post-embolization
left vertebral angiogram, antero-posterior projection (B),
shows small dome filling. Left vertebral angiogram after the
additional embolization, antero-posterior projection (C),
shows tiny neck remnant. Axial T2-weighted image after ag-
gravation of the clinical symptoms showing perianeurysmal
edema (D). Axial T2-weighted image at four months after
the treatment shows the disappearance of the perianeurys-
mal edema (E).
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edema. Steroid therapy is the first-line drug for
the perianeurysmal edema 1,2,3,4,5. In case 1, ede-
ma and neurological symptoms, developed two
days after surgery, and improved in response to
steroid therapy for ten days. No additional em-
bolization was required for treatment of the
edema and no recurrence was experienced
even after completing steroid therapy, suggest-
ing that the temporary increase in the volume
of aneurysm by GDC-thrombus complex might

be a major cause for the development of peri-
aneurysmal edema in this patient.

It is pointed out that the water-hammer ef-
fect has a large effect when there is strong
parental vessel homodynamic stress on the
aneurysm 1,6. Blockage of blood flow to the
aneurysm is considered absolutely necessary to
improve perianeurysmal edema when water-
hammer effect is developed after embolization.
If the water-hammer effect was the primary
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Figure 3 67-year-old female displaying
an incidental vertebral artery-posterior
inferior cerebellar artery (VA-PICA)
aneurysm. Pre-embolization left verte-
bral angiogram, lateral projection (A),
shows a large VA-PICA aneurysm.
Post-embolization left vertebral an-
giogram, lateral projection (B), shows
residual neck remnant. Vertebral an-
giogram after additional embolization,
lateral projection (C), shows the parent
artery occlusion involving the origin of
the PICA. Axial T1-weighted image
just after the treatment showing no
high intensity rim surrounding the
aneurismal sac (D). Axial T1 weighted
image (E) and axial FLAIR image (F),
after aggravation of the clinical symp-
toms, show a high intensity rim (arrow-
heads) surrounding the aneurismal sac
and the perianeurysmal edema with
aneurysmal wall thickness (arrows).
Axial FLAIR image at five months af-
ter the treatment shows the disappear-
ing of the perianeurysmal edema (G).
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Case N. 1 2 3

Age/Gender 60/M 39/M 67/M

Clinical presentation incidental subarachnoid hemorrhage incidental

Aneurysm location AcomA BA-Rt SCA Lt VA-PICA

Aneurysm size (mm) 15 22 15

Preoperative MRI

Embedded portion of aneurysm subfrontal lobe cerebral peduncle cerebellar peduncle

Intraluminal thrombus no no no

Perianeurysmal edema no no no

Initial embolization

Angiographic outcome neck remnant dome filling neck remnant

Neurological symptoms cognitive dysfunction progressive cons disturbance limb ataxia

left hemiparesis dysarthria, dysphagia

Onset of symptom and

Perianeurysmal edema 2 days 2 days 2 months

Postoperative angiography

Recanalization no no no

Response to steroid therapy yes no no

Additional intervention no additional embolization parent artery occlusion 

Duration of symptoms 10 days 1 month 2 months

Degree of perianeurysmal edema disappearance disappearance disappearance

Duration of perianeurysmal edema 4 months 4 months 5 months

Outcome in GOS GR GR GR

M: male, F: female, Rt: right, Lt: left
AcomA: anterior communicating artery, BA: basilar artery, SCA: superior cerebellar artery, VA: vertebral artery

PICA: posterior inferior cerebellar artery, cons: consciousness, GOS: Glasgow outcome scale, GR: Good Recovery

Table 1  Summary of three patients presenting with perianeurysmal edema following GDC embolization.

reason for the development of edema, com-
plete occlusion inside the aneurysm is pre-
sumed sufficient to stop progression of edema.
In case 2, the initial treatment was performed
by dome filling to prevent re-rupture in the
acute phase. However, the patient developed
perianeurysmal edema and neurological symp-
toms two days after the surgery, which were re-
sistant to steroid therapy, and the neurological
symptoms progressed very quickly. In addition

to increase in the volume of the aneurysm due
to GDC-thrombus complex, continuous water-
hammer effect against arterial wall may have
had a large influence. Development of neuro-
logical symptoms subsided, followed by gradual
improvement of edema and symptoms, by addi-
tional embolization of the residual lumen. The
major mechanism to develop perianeurysmal
edema in this patient was the water-hammer ef-
fect and additional embolization could neutral-
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ize this effect to the lumen of the aneurysm. Gi-
ant aneurysms and thrombosed giant aneur-
ysms are often associated with perianeurysmal
edema. Recurrent hemorrhage to the aneurys-
mal wall by abundant vascular channels, de-
rived from parental artery and in the aneurys-
mal wall, may progressively develop into an
aneurysm 1,7. The mechanism in the develop-
ment of a perianeurysmal edema by the pro-
gressive enlargement of an aneurysm after em-
bolization may be similar with that in throm-
botic giant aneurysm. Reconstruction of the
parental artery by parent artery occlusion
and/or aneurysmectomy may be required to
improve edema in such patients 2,7. In case 3, ini-
tial treatment was completed leaving only tiny
neck remnant and the size of the neck remnant
did not show change by an angiogram taken at
the appearance of edema and neurological
symptoms. Steroid therapy in this case did not
improve neurological symptoms. Since MRI
images suggested not only perianeurysmal ede-
ma but also increase in the aneurysmal wall by
hemorrhage to the wall, additional emboliza-
tion in the aneurysmal lumen was not possible.
Edema and the symptoms were gradually im-
proved by occlusion of vertebral artery and the
aneurysm itself. Enlargement of aneurysmal
wall due to breakdown of vascular channels to
the wall, which were supplied from vertebral
artery, may have contributed to the develop-
ment of perianeurysmal edema in this patient.

The finding that each aneurysm was imbed-
ded in cerebral parenchyma in our patients
may suggest that mass effect of GDC-thrombus
complex affects cerebral parenchyma, and re-
sults in the development of edema. On the oth-
er hand, some patients did not develop a peri-
aneurysmal edema even after embolization of a
similar form of aneurysm, suggesting that addi-
tional factors, such as disturbance of cerebral
autoregulation, incomplete embolization of
aneurysm, occlusion or compression of veins
surrounding aneurysm, may also be involved in
the development of perianeurysmal edema 1,3,4,8.

Conclusions

Edema developed after embolization was re-
stricted to the area surrounding aneurysm and
reversible postoperative change occurred. Fac-
tors, such as the size of the aneurysm being
large or giant, localization of aneurysm being
imbedded in cerebral parenchyma, increase in
the volume of aneurysm by GDC-thrombus
complex, influence of hemodynamic stress, and
progressive enlargement of aneurysm due to
hemorrhage from vaso vasorum into the
aneurysmal wall, are thought to be involved in
the development of perianeurysmal edema.

Examination of intravascular therapy strate-
gies for aneurysms that elucidate the mecha-
nism involved in the development of edema is
important.
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