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case report
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Abstract Background: Association of moyamoya disease with multiple vascular malformations is
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extremely rare.

Case Presentation: A 33-year-old man, who had been affected with moyamoya syndrome with TIA

during the past 3 years, was admitted to our hospital because of crescendo TIAs with numbness in

his right hand and dysarthria. Magnetic resonance angiography showed apparent progression of the

steno-occlusive changes bilaterally. We then planned surgical revascularization on the symptomatic

side. At the time of readmission for surgery, an asymptomatic small intracerebral hemorrhage in the

right frontal cortex was found, which presented on MRI as a CCM. Cerebral angiogram showed

avascular lesion corresponding to the location of CCM as well as a newly formed venous

malformation on the left side. One month later, STA-MCA anastomosis with pial synangiosis was

performed without complications. Significant improvement in CBF on the left hemisphere was

confirmed by postoperative single-photon emission CT. There were no ischemic changes on a

postoperative MRI, and STA-MCA bypass was apparently patent by MRA. The TIA completely

disappeared after surgery, and the patient was discharged without neurologic deficit. Persistence of

the CCM and venous malformation were confirmed by T2*-weighted image and 3-dimensional

contrast-enhanced gradient echo/SWI 4 months after surgery, respectively.

Conclusion: The association of moyamoya syndrome with CCM and venous malformation is

extremely rare. The coincidence of the progressive moyamoya syndrome with these newly formed

vascular malformations may give a clue to the underlying mechanism of the progression of this

rare entity.
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1. Introduction

Moyamoya disease is a chronic, occlusive cerebrovas-

cular disease with unknown etiology characterized by

bilateral steno-occlusive changes at the terminal portion of

the internal carotid artery and an abnormal vascular

network at the base of the brain [13]. The association of

moyamoya disease with further cerebrovascular diseases,

such as aneurysms, has been described in the literature

repeatedly [1,4,6,8], but simultaneous occurrence of

moyamoya, CCM, and venous malformation has not been

reported previously.
y 69 (2008) 423–427



E. Januschek et al. / Surgical Neurology 69 (2008) 423–427424
2. Case report

A 33-year-old man presented with transient weakness in

his right limbs in June and September 2003 as well as in

February 2004. These attacks recurred 1 to 3 times per

month starting June 2004, and the patient was admitted to

another hospital in July 2004. The MRA showed steno-

occlusive changes in the M1 portion of the left MCA. At the

end of October 2004, the patient was readmitted to the

hospital because of repeated TIAs. Therapy with aspirin was

started with only a temporary effect. The DSA on November

11, 2004 (Fig. 1A-C), showed an occlusion of the left M1

and a slight stenosis of the right MCA with no further

pathology. In addition, CVRC was reduced in the left

hemisphere, so surgery was recommended, but the patient

refused at that time. The follow-up MRI in November 2005

showed an asymptomatic infarction in the left basal ganglia.

In February 2006, the patient presented with dysarthria and

numbness in his right hand. Four months later, the repeated
133Xe SPECT indicated a process of decreasing CBF (right

MCA, 56.9 mL d 100 g�1 d min�1; left MCA, 41.7 mL d
Fig. 1. In the DSA from November 11, 2004 (A-C), and August 2, 2006 (D-F), the

the left MCA with moyamoya vessels (B and E), and the newly formed left veno
100 g�1 d min�1) as well as CVRC. Astonishingly, the

CT showed an asymptomatic small intracerebral hemor-

rhage in the right frontal cortex, which resembled a CCM

on T2*-weighted imaging of MRI (Fig. 2B, arrow). So the

planned surgery had to be postponed again. On August 2,

2006, one day after readmission to the hospital, the DSA

on the left side demonstrated severe steno-occlusion in the

M1 portion with moyamoya vessels (Fig. 1E); subtotal

occlusion in the PCA as well as a venous malformation

(Fig. 1F), which had never been seen on DSA before; and

progressive stenosis of the right M1 portion (Fig. 1D).

The MRI with contrast-enhanced 3-dimensional fast

spoiled gradient-echo confirmed the diagnosis of venous

malformation (Fig. 2D, arrow). A fresh infarction or

hemorrhage was excluded by MRI. Because there were no

arteriovenous shunts, a left STA-MCA anastomosis with

pial synangiosis was performed on August 8 without

complications [2,3]. Significant improvement in CBF on

the left hemisphere was confirmed by postoperative

single-photon emission CT. There were no ischemic

changes on a postoperative MRI (Fig. 3A and B), and
progression of stenosis in the right MCA (A and D, arrow), the occlusion of

us malformation (F, arrow) were shown.



Fig. 2. The right frontal hemorrhage was found during the preoperative routinely diagnostic investigations. A: Native cranial CT: a small right frontal cortical

hemorrhage is visually without mass effect. B: T2*-weighted MRI shows the hypointense right frontal lesion. The signal and configuration suggest a CCM

(arrow). C: T2*-weighted imaging in time-dependent course. D: A partially collapsed MIP image of contrast-enhanced 3-dimensional fast spoiled gradient-

echo demonstrates the characteristic caput medusae appearance of the venous malformation with enlarged medullary veins at the posterior part of the left insula.

These veins finally converge to one large vein in the left sylvian fissure (arrow). The diagnosis of the venous malformation is made. Multiple curvilinear

contrast enhancements corresponding to the moyamoya vessels are also shown at the left basal ganglia, and hyperintense mass corresponding to the CCN is

also demonstrated in the right frontal region.
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STA-MCA bypass was apparently patent by MRA

(Fig. 3C, arrow). The TIA completely disappeared after

surgery, and the patient was discharged without neurologic

deficit. The patient did not experience TIA during the

follow-up period, and MRI with contrast-enhanced

3-dimensional MPRAGE and SWI 4 months after surgery

delineated the persistence of venous malformation (Fig. 4A

and B, arrows). The persistence of CCM was also

confirmed by T2*-weighted imaging (Fig. 4C, arrow).
3. Discussion

At 1 case per million per year, the incidence of

moyamoya disease in Japan is higher than in other countries

[5]. In Europe, for example, there are only one tenth as
many cases per year [7,12]. On the other hand, familial

moyamoya disease with autosomal-dominant inheritance

and incomplete penetrance occurs in 9% of all cases in

Japan [11,15]. Although moyamoya disease is characterized

as progressive, this circumstance was believed to be very

rare in adult patients. However, Kuroda and colleagues [9]

established in their study a progression in 15 (23.8%) of

63 patients during the follow-up period. In our case, a

follow-up over 2 years was done and showed the

development of the stenosis in the right MCA as well as a

venous malformation on the left side, which had never been

seen on DSA before. We therefore confirm the allegation of

Kuroda and colleagues [9] that disease progression in adult

moyamoya disease might be more common than previously

assumed [10].



Fig. 3. Postoperative MRI and MRA. A: The fluid attenuated inversion recovery, revealing a slight laminar high-intensity sign. Left temporal as well as the

residual defect in the area of the left basal ganglia after infarction in 2005. B: No ischemic change was detected by diffuse-weighted imaging. C: Superficial

temporal artery-MCA bypass on the left side (arrow) is conspicuous on MRA.

Fig. 4. Postoperative MRI 4 months after surgery. On a partially collapsed MIP image of contrast-enhanced 3-dimensional MPRAGE (A), curvilinear

enhancements at the left basal ganglia decrease compared with the preoperative examination; however, the enlarged vascular structure representing the venous

malformation remains almost unchanged (arrow). A susceptibility-weighted minimal-intensity projection image also shows the characteristic caput medusae

appearance of the venous malformation with enlarged medullary veins and dilated veins in the sylvian fissure (B, arrow). Cerebral cavernous malformation at

the right frontal region showing hypointensity remains unchanged on a T2*-weighted image (C, arrow).
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It is well known that moyamoya disease is frequently

associated with intracranial aneurysms located within the

abnormal basal network or the circle of Willis [4,8]. After

performing STA-MCA bypass, not only were the TIA

attacks reduced, but also in some cases, disappearance or

reduction in size of the aneurysm was noticed. This may

be a result of decreasing hemodynamic stress in the

abnormal basal vascular network [14]. Regarding its

association with vascular malformations, Kerchner and

colleagues [6] reported a case of a young woman with co-

occurrence of a CCM and contralateral moyamoya-like

occlusion of the right MCA. In our case, we also found

an occlusion of MCA with associated contralateral de

novo CCM [10]. The right frontal CCM in our patient

bled only once and was asymptomatic; thus, we decided

not to remove it and to postpone the STA-MCA surgery.

In addition to de novo CCM formation, the DSA showed

a newly developed venous malformation on the left side.

There were no angiographic hints of arteriovenous

malformation; thus, we assumed only a minimum risk

for bleeding by postoperative increase in CBF after

ipsilateral bypass surgery. In fact, a left STA-MCA

anastomosis with indirect bypass was performed with-

out complications, and the TIAs completely disappeared

after surgery.
4. Conclusion

We reported, for the first time, a case of progressive

moyamoya syndrome associated with various vascular

abnormalities such as the de novo CCM and venous

malformation. The T2*-weighted imaging, contrast-en-

hanced 3-dimensional gradient echo, and SWI were useful

for evaluating the association between CCM and venous

malformation. The STA-MCA anastomosis with pial

synangiosis was performed on the symptomatic side

without complications, which completely relieved TIAs

postoperatively. We suggest that surgical revascularization

can be performed even on the side of the venous

malformation as long as the patients have ischemic

symptoms and present flow compromise on the symp-

tomatic side.
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