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Abstract
Introduction Aneurysm formation at the anastomosis site
after extracranial–intracranial (EC–IC) bypass surgery for
major arterial occlusion or stenosis due to atherosclerosis
has only been reported a few times previously. However, no
case describing the formation of a giant aneurysm after EC–
IC bypass surgery has been reported to date. Additionally,
this complication associated with moyamoya disease is
extremely rare, and only one case has been reported so far.
Clinical report We report a case of a 51-year-old woman
having a rare complication of intracerebral hemorrhage
due to rupture of a giant aneurysm that developed after
superficial temporal artery–middle cerebral artery anasto-
mosis for the treatment of moyamoya disease.
Conclusion To the best of our knowledge, this is the first
reported case of a giant aneurysm, also the largest so far
occurring after EC–IC bypass surgery and the second
reported case of a rupture of an aneurysm formed after
bypass surgery for moyamoya disease.
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Introduction

Moyamoya disease is a progressive cerebrovascular occlu-
sive disease that causes an abnormal enlargement of the

perforating arteries (moyamoya vessels) at the base of the
brain [12]. Surgical revascularization in moyamoya disease
prevents cerebral ischemic attacks by improving the cerebral
blood flow (CBF). Superficial temporal artery–middle cere-
bral artery (STA–MCA) anastomosis with or without indirect
bypass is generally used as the standard surgical treatment of
moyamoya disease [2, 3, 10]. However, various complica-
tions can occur after STA–MCA anastomosis for moyamoya
disease, such as graft occlusion, wound infection, infarction,
and postoperative intracerebral hemorrhage (ICH) remote
from the site of the operation [6]. ICH occurring due to the
rupture of an aneurysm that has developed at the anastomo-
sis site is an extremely rare complication, and only one case
has been reported to date [1]. Although few cases have been
reported in which the aneurysm formed at or close to the
anastomosis site after bypass surgery for ischemic disease
[4, 8, 9, 11], the size of the aneurysm has been reported to
range from 4 to 13 mm, and no case of formation of a giant
aneurysm after STA–MCA anastomosis has been reported to
date. Here, we describe the case of a 51-year-old woman
having an extremely rare complication of ICH due to the
rupture of a giant aneurysm which formed at the site of
anastomosis 6 months after STA–MCA anastomosis for the
treatment of moyamoya disease.

Clinical report

In May 2008, a 51-year-old woman was admitted with a
history of 3 years of repeated transient motor weakness in
the left arm and leg, which occurred one to three times per
month and always lasted for several minutes. Carotid
angiography revealed occlusion at the terminal portion of
the right internal cerebral artery (ICA) and at the beginning
of the left M1 portion along with an abnormal basal vascular
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network typical of moyamoya disease (Fig. 1). Technetium-
99m-hexamethyl-propyleneamineoxime (HMPAO) single-
photon emission computed tomography (SPECT) with
acetazolamide challenge revealed that perfusion and vascular
reserve were significantly decreased in the left cerebral
hemisphere. She underwent STA–MCA anastomosis and
encephalomyosynangiosis (EMS) on the left side. The
postoperative course was uneventful. Postoperative cerebral
angiography showed a good patency of the direct bypass and
collateral vasculature into the left MCA and anterior cerebral
artery (ACA) territory from the left STA (Fig. 2). In addition,
increased perfusion and improved vascular reserve in the left
cerebral hemisphere were evident on SPECT with acetazol-

amide challenge 3 weeks after operation. Six months later,
the patient was admitted to the emergency room at 2 a.m.
with stupor and right hemiparesis after a generalized tonic–
clonic convulsion. Cranial computerized tomography (CT)
scans revealed a massive ICH in the left frontotemporopar-
ietal region, which was associated with a 2.6×2.5-cm round,
aneurysm-like lesion that was contiguous to the site of left
temporal craniotomy (Fig. 3a). Due to a malfunction in the
CT angiography program, we were unable to perform CT
angiography. Because of the patient’s serious condition (she
was in a state of mental stupor) and the marked mass effect
of hematoma in the CT image, we performed emergency
evacuation of the hematoma using a frameless navigation

Fig. 1 a Right and b left
anteroposterior carotid
angiogram showing occlusion
of the right supraclinoid ICA
and the left M1 portion along
with an abnormal basal vascular
network typical of moyamoya
disease

Fig. 2 a Anteroposterior and
b lateral carotid angiography
obtained 3 weeks after
STA–MCA anastomosis show-
ing a good patency of the direct
bypass and collateral vasculature
into the left MCA and ACA
territory from the left STA
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system through a burr hole under local anesthesia. The
catheter was inserted around the aneurysm-like lesion. The
postoperative CT scans obtained 2 days later revealed almost
complete removal of the hematoma except for the aneurysm-
like lesion (Fig. 3b), with improvement in her level of
consciousness. Follow-up angiography revealed a giant
aneurysm at the site of STA–MCA anastomosis (Fig. 4).
There was no vasculature from the aneurysm into the MCA
territory. We recommended an operation, but the patient’s
family rejected the recommendation due to financial con-
straints and other factors. We finally convinced her family,
and 2 months later, we performed a total aneurysmectomy

through the site of the previous craniotomy. The distal STA
was clipped near the site of aneurysm. It was difficult to find
the recipient artery of MCA because the dura mater and layer
of temporalis muscle on the cortical surface were tightly
adhered to each other because of previously conducted EMS.
After circumferential dissection of the aneurysm, the distal
end of the STA was clipped, and en bloc resection of the
previous anastomosis site including the ruptured aneurysm
was then performed. The aneurysm wall protruded partially
into the hematoma cavity (Fig. 5a). Histological examination
of the ruptured aneurysm revealed the features of a true
aneurysm (Fig. 5b). The postoperative course was uneventful,

Fig. 3 a Cranial CT scans
showing a massive ICH in the
left frontotemporoparietal
region, which is associated with
a round, aneurysm-like lesion
(arrow) that is contiguous to the
site of left temporal craniotomy.
b Postoperative CT scans
obtained 2 days later showing
almost complete removal of the
hematoma except for the
aneurysm-like lesion

Fig. 4 a Anteroposterior and
b lateral carotid angiography
obtained 6 months after
STA–MCA anastomosis show-
ing a giant aneurysm of the
distal STA at the site of the
STA–MCA anastomosis
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and the patient was transferred to a rehabilitative care unit for
the treatment of right hemiparesis.

Discussion

Extracranial–intracranial (EC–IC) bypass surgery, including
STA–MCA anastomosis, was developed as a treatment for
patients with ischemic cerebrovascular disease secondary to
vascular lesions that were not directly repairable. The direct
bypass surgery targeting the MCA has been reported to
improve compromised CBF, reduce ischemic attacks, and
produce sufficient and good long-term results in most cases
[7]. There are several potential complications of STA–MCA
anastomosis. In addition to perioperative cerebral infarct or
ICH after EC–IC bypass surgery, the development of an
aneurysm at or close to the anastomotic site has also been
reported as a major complication in a small number of
patients [4, 8, 9, 11]. Although the underlying mechanism
of the formation of an aneurysm after STA–MCA anasto-
mosis remains unclear, several possible mechanisms have
been suggested. One possible mechanism is a structural
change in the arterial wall, such as an atherosclerotic
change. Kohno et al. [4] hypothesized that an excessive jet
flow from the enlarged STA impinged on the artificial
bifurcation made by the STA–MCA anastomosis, resulting
in the fusiform-shaped enlargement at the anastomosis site
and subsequent aneurysmal dilatation caused by increased
hemodynamic forces. Another possible mechanism could
be the induction of a newly formed traumatic aneurysm due
to intraoperative disruption of the internal elastic lamina
and media of the anastomosed arteries. An immediate
increase in the MCA blood pressure and blood flow may
also contribute to its development [4, 11]. Vascular injury
by temporary clipping or excessive adventitial stripping
could be another causative factor [5].

Several groups have reported aneurysm formation at the
anastomosis site after EC–IC bypass surgery for major

arterial occlusion or stenosis due to atherosclerosis. In
contrast, this complication associated with moyamoya
disease has rarely been reported, and only one case has
been described in literature [8]. In the ICH patient reported
by Nishimoto et al. [8], 20 years had passed between
bypass surgery and the development of ICH due to
aneurysm rupture. In contrast, our patient developed ICH
within 6 months of the bypass surgery. On the basis of the
very long duration, Nishimoto et al. [8] speculated that a
gradual increase in hemodynamic stress over a period of
20 years due to moyamoya disease, which might have
caused the formation and rupture of the aneurysm at the site
of anastomosis, has a pathogenesis different from that of
atherosclerotic occlusive disease. Our patient had a giant
aneurysm that suddenly and within 6 months grew larger
(26 mm in diameter, at maximum) and ruptured. Thus, we
thought that structural changes and intraoperative disrup-
tion of arteries, mentioned above as two possible mecha-
nisms of the formation of an aneurysm after anastomosis,
functioned together to cause the giant aneurysm in our
patient. Further, it is assumed that the temporalis muscle
around the anastomosis site effectively protected the
aneurysm and enabled it to grow to its giant size.

Conclusion

To the best of our knowledge, this is the first case of a giant
aneurysm and also the largest that occurred after EC–IC
bypass surgery. In addition, it is only the second case of an
aneurysm formed after bypass surgery for moyamoya
disease. Although patients do not exhibit any specific
symptoms or signs after bypass surgery, neurosurgeons
should always consider the possibility of an aneurysm and
should regularly conduct magnetic resonance angiography
or CT angiography to check for their presence; this would
help prevent serious complications such as ICH in these
patients.

Fig. 5 a Intraoperative
photographs showing a
26×25-mm aneurysm at the site
of the STA–MCA anastomosis
after circumferential dissection.
Note the aneurysm wall
protruding partially into the
hematoma cavity (asterisk).
b Histological examination of
the ruptured aneurysm showing
elastic and muscle fibers in the
aneurysm wall, confirming
the diagnosis of true aneurysm
(hematoxylin and eosin stain,
original magnification ×100)
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Comments

The authors present the first case of a ruptured giant aneurysm at a
bypass site in moyamoya disease. As the authors speculate, “structural
changes and intraoperative disruption of arteries” may have played a
significant role in causing the aneurysm in addition to hemodynamic
changes and perhaps pathological walls of arteries in moyamoya
disease per se. Quite surprisingly, the aneurysm developed in only
6 months unlike in the other moyamoya patient described by others in
whom it took years to develop a nongiant aneurysm. Based on these
anecdotal cases, it is difficult to give recommendations on radiological
follow-up. However, patients with moyamoya are usually followed-up
on regular basis anyway, and most patients necessitating any surgical
procedures (obviously, in most cases revascularization) are identified.
In bypass patients in general, the follow-up should also extend over
years to exclude occlusion of the craft and at the same time possible
aneurysms may be detected.

Mika Niemelä
Juha Hernesniemi
Helsinki, Finland

Although management of the ruptured peripheral giant aneurysm at
the site of STA–MCA anastomosis could have been done more
appropriately in terms of early diagnosis (use of CT angiography) and
timing of aneurysmectomy (simultaneously at the time of hematoma
removal), the authors have successfully documented this quite rare
complication of bypass surgery and that of moyamoya disease. Surely
some hemodynamic factors at the site of anastomosis must have
played a cardinal role and resulted in vascular wall changes such as
wall disruption or dissection which might have took place for the
formation of this giant peripheral aneurysm. We have to be aware of
the importance of regular check also from the viewpoint of aneurysm
formation. If we can detect it prior to its rupture, we would be able to
do aneurysmectomy and simultaneously also maintain cerebral blood
flow by doing microvascular reconstruction [1].

1. El Beltagy M et al. (2008) Peripheral large or giant fusiform
middle cerebral artery aneurysms: report of our experience and review
of literature. Acta Neurochir 103:37–44

Yasuhiro YONEKAWA M.D.
Zürich, Switzerland

Intracerebral hemorrhage caused by rupture of a giant aneurysm 1073

http://dx.doi.org/10.1016/j.surneu.2007.07.077
http://dx.doi.org/10.3171/jns.1980.52.3.0392
http://dx.doi.org/10.3171/jns.1980.52.3.0392
http://dx.doi.org/10.3171/FOC/2008/24/2/E15
http://dx.doi.org/10.3171/FOC/2008/24/2/E15
http://dx.doi.org/10.3171/foc.1998.5.5.8
http://dx.doi.org/10.1016/j.surneu.2004.09.041
http://dx.doi.org/10.2176/nmc.40.408
http://dx.doi.org/10.1016/0090-3019(81)90151-8

	Intracerebral...
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Clinical report
	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


