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Abstract

Background The prevalence of ivy sign on fluid-attenuated
inversion recovery (FLAIR) imaging in patients with asymp-
tomatic moyamoya disease is unclear. The aim of this study was
to clarify the incidence of ivy sign in these patients, as well as
the correlation between MRI and 'O gas PET findings.
Methods A retrospective analysis including 16 consecutive
patients with asymptomatic moyamoya disease enrolled be-
tween 2001 and 2010 in a single center. FLAIR imaging at
the initial visit was categorized as ivy sign present, negative, or
equivocal. Hemodynamic and metabolic parameters were
quantified in 11 of 16 patients by '>O-gas positron emission
tomography, and the relationship between ivy sign and '*O-gas
PET parameters was analyzed. Cerebrovascular events within
the follow-up period (54+28 months) were also examined.
Results Five of 16 asymptomatic moyamoya patients (31.3 %)
had positive ivy sign (6/30 hemispheres, 20 %). In ?O-gas PET
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examinations, 18 % of 22 hemispheres had elevated oxygen
extraction fraction values that were significantly associated with
positive ivy sign. Of these 16 asymptomatic moyamoya patients,
six patients (37.5 %) underwent combined surgical revasculari-
zation. In this series, no patients experienced ischemic stroke, but
one had intraventricular bleeding 1 year after surgery.
Conclusions vy sign on FLAIR imaging is still not rare in
patients with moyamoya disease, even when asymptomatic.
Although optimal management is still under debate, ivy sign
may be an indicator of misery perfusion, and patients with
asymptomatic moyamoya disease and ivy sign on FLAIR
imaging will benefit from more careful follow-up.

Keywords Asymptomatic moyamoya disease -
Fluid-attenuated inversion recovery - Ivy sign - PET

Introduction

Moyamoya disease is characterized by a progressive occlusion of
the terminal portions of both internal carotid arteries with forma-
tion of an abnormal collateral vascular network at the base of the
brain [22]. Recent imaging research on moyamoya disease has
focused on cerebral hemodynamics as predictors of cerebrovas-
cular events and peri-operative complications in patients consid-
ering revascularization [19]. Thus, there is growing evidence that
enables us to assess cerebral hemodynamic status, such as with
fluid-attenuated inversion-recovery (FLAIR) MR imaging [15],
'30-gas positron emission tomography (PET), and perfusion
imaging, as well as cerebrovascular reactivity measured by arte-
rial spin labeling and blood oxygen level-dependent MRI [17]. Of
these, the ivy sign was first reported as a unique characteristic of
the pial network observed in moyamoya disease on post-contrast
T1-weighted MRI [18], and was also known to be demonstrated
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on FLAIR images [15]. The ivy sign is useful as an indirect
indicator of hemodynamic status of the leptomeningeal collateral
pathways in moyamoya disease [9], but it is still unclear how
frequently this sign is seen in asymptomatic moyamoya patients.
A recent multicenter, nationwide survey in Japan revealed that
asymptomatic moyamoya disease was not rare, in addition to
being associated with severely impaired cerebral hemodynamics
in 10 % of involved hemispheres [12]. The present study exam-
ines the incidence of ivy sign in patients with asymptomatic
moyamoya disease. Our aim is to understand more thoroughly
the incidence and importance of ivy sign in patients with asymp-
tomatic moyamoya disease and to further study the correlation of
this imaging change with a sophisticated isotopic assessment of
cerebral blood flow and metabolism.

Patients and methods
Patients

This retrospective study included 22 (8.6 %) of 256 consecutive
patients with moyamoya disease whom we treated between 1980
and 2011 at Hokkaido University Hospital. All of the 22 patients
first visited us between 2001 and 2010, were Japanese adults, and
met the criteria for asymptomatic moyamoya disease [12]. All
were free from previous ischemic or hemorrhagic stroke episodes
and without neurologic deficit. Of these 22 patients, FLAIR
images at first visit were available for 16. Therefore, 16 patients
of whom two had unilateral disease (total 30 hemispheres) were
included in the analysis. Patient demographics and clinical data
are shown in Table 1; four patients were male and 12 were
female (mean age, 46.2+9.4 years). Fourteen the of 16 were
considered as having definitive moyamoya disease. The rest
were considered as probable cases, but not as quasi-moyamoya
disease, because no underlying diseases were present, such as
atherosclerosis, autoimmune disease, post-irradiation or other.
Clues to the diagnosis were as follows: other organ disease,
history of tension-type headache, brain health check-up, screen-
ing due to family history, and minor head trauma. Because there
is no set guideline for management of asymptomatic moyamoya
disease, decisions for surgical or nonsurgical management were
made for individual patients based on radiological results includ-
ing hemodynamic findings and other considerations. All patients
were followed up with regular, repeat MRI/MRA examinations.
This study was approved by the institutional review board at
Hokkaido University Hospital.

Radiological examinations
Of 16 patients, 12 underwent cerebral angiogram for the diag-
nosis of moyamoya disease. The rest were diagnosed using MRI

and MRA. Four patients chose not to have angiography. MRI
and MRA were performed using a Siemens Magnetome
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Symphony 1.5-T scanner (Siemens). FLAIR images were
obtained with a fast inversion recovery sequence with a repetition
time of 9,000 ms, an effective echo time of 114 ms, and an
inversion time of 2,500 ms. Image thickness, gap, and matrix
were 5.0 mm, 1.5 mm, and 256x192, respectively. Three-
dimensional time of flight MRA was obtained with a repetition
time of 26 ms, echo time of 7.15 ms, and flip angle 20°. Slice
thickness, field of view, number of slices, and acquisition matrix
were 0.7 mm, 210 mm, 180 images (without any spacing), and
512x 187, respectively. No contrast agents were used. '>O-gas
PET was performed in 11 (69 %) patients at initial diagnosis, and
cerebral blood flow (CBF), cerebral blood volume (CBV), cere-
bral metabolic rate of oxygen (CMRO,), and oxygen extraction
fraction (OEF) were determined as previously described [6, 14].

Image analysis and clinical follow-up

The ivy sign on FLAIR imaging is defined by areas of increased
signal intensity in the leptomeninges and perivascular spaces
[15], but it has been termed and classified variably in various
reports [1, 5, 9, 11, 16, 23]. In the present study, three investiga-
tors (SV, MI and KK) reviewed FLAIR images and ivy sign was
defined in accordance with recent reports [9] as any area of
continuous linear or punctate, high signal intensity along the
cortical sulci and subarachnoid space. Investigators rated the
ivy sign in each hemisphere by consensus as positive, negative,
or equivocal (Figs. 1, 2 and 3). Equivocal ivy sign was defined as
more subtly elevated signal intensity along the cortical sulci [9].
The disease stage was also evaluated by MRA staging [8]. Ten-
millimeter-diameter circular regions of interest (ROIs) were
drawn on ipsilateral regions where ivy sign was observed, except
for in infarct areas, on '°O-gas PET images from each of the 11
patients (22 hemispheres). Control PET values were obtained
from normal volunteers: CBF, 44+4 mL/100 g/min; CBV, 3.4+
0.5 mL/100 g; CMRO2, 3.34+0.3 mL/100 g/min and OEF, 0.40+
0.05 (mean + SD) [6]. Any values less than mean —2SD were
considered decreased and those more than mean + 2SD were
considered increased, as previously described [6].

Finally, all ischemic and hemorrhagic stroke events within the
mean follow-up period of 54.3 months were recorded and precisely
analyzed. In addition, we reviewed FLAIR images and determined
the presence of ivy sign at the latest follow-up in each hemisphere.

Statistical analysis

Continuous variables were expressed as mean + SD. Statistical
analysis was performed using Chi-square or Fisher’s exact test
for independent variables and one-way ANOVA followed by
Bonferroni’s test for multiple comparisons as appropriate. Statis-
tical significance was set at P<0.05 for Chi-square or Fisher’s
exact test and P<0.01 for Bonferroni’s test. Statistical analysis
was completed with Ekuseru-Toukei 2012® (Social Survey Re-
search Information Co., Ltd., Tokyo, Japan).



Acta Neurochir (2013) 155:2097-2104 2099
Table 1 Summary of clinical data at initial diagnosis in 16 asymptomatic patients with moyamoya disease
Case Age,y Sex Clues to diagnosis MRA stage “Ivy sign” on FLAIR Cerebral infarct
Rt Lt Rt Lt Rt Lt
1 34 M Head trauma 2 2 Equivocal Negative None None
2 36 F Family history 2 2 Equivocal Negative None None
3 39 F Other organ disease 1 3 Positive Equivocal None None
4 46 F Family history 2 2 Negative Negative None None
5 50 F Other organ disease 3 3 Negative Negative Corona Radiata None
6 42 F Other organ disease 3 3 Equivocal Equivocal None None
7 46 F Brain health check 3 2 Negative Negative None None
8 50 M Brain health check 4 4 Positive Equivocal Striatum None
9 48 F Head trauma 3 2 Negative Equivocal None Subcortical
10 47 F Other organ disease 4 3 Positive Positive None None
11 35 F Brain health check - 2 - Positive None None
12 50 F Other organ disease 3 1 Negative Negative None None
13 66 F Brain health check 4 4 Negative Equivocal None Subcortical
14 58 M Other organ disease 4 2 Positive Equivocal None None
15 58 F Tension headache 2 - Negative - None None
16 34 M Family history 4 4 Equivocal Equivocal Subcortical None

M male, F' female, Rt right, Lt left, FLAIR fluid attenuated inversion recovery

Results
Ivy sign in asymptomatic moyamoya disease

Examiners reported positive ivy sign on FLAIR images in five
(31.3 %) of 16 asymptomatic patients (6/30 involved hemi-
spheres [20 %]), equivocal ivy sign in 11 of 30 hemispheres
(36.7 %), and negative ivy sign in five (31.3 %) patients (13/

Fig.1 A 47-year-old female with
asymptomatic moyamoya disease
and positive ivy sign. FLAIR
images at initial diagnosis showed
obvious linear or punctate high
signal intensity along the cortical
sulci and subarachnoid space
within the bilateral ACA and
MCA regions (a, arrows). >O-
gas PET showed decreased CBF,
increased CBYV, and elevated OEF
in the bilateral frontal lobes (b).
CMRO, was similar to controls
(b). Scale bar=50 mm

MRI-FLAIR

30 involved hemispheres [43.3 %]) (Table 1). Positive or
equivocal ivy signs were present in three anterior cerebral
artery (ACA) regions, 17 middle cerebral artery (MCA) re-
gions, and three posterior cerebral artery (PCA) regions. MRI
detected cerebral infarct in five (16.7 %) of 30 involved
hemispheres. There was no gross intracerebral hemorrhage,
only cerebral microbleeds on T2*-weighted images. There
were two of 30 hemispheres (6.7 %) with MRA grade 1

OEF
%O-gas PET

CMRO2
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Fig.2 A 42-year-old female with
asymptomatic moyamoya disease
and equivocal ivy sign. FLAIR
images at diagnosis showed more
subtle punctate high signal
intensity in the subarachnoid
space within bilateral MCA
regions (a, arrows). *O-gas PET
showed increased CBV in
bilateral frontal lobes (b). Scale
bar=50 mm

ARI-FLAIR

disease, 11 (36.7 %) with grade 2, nine (30 %) with grade 3,
and eight (26.7 %) with grade 4. There were no significant
correlations between ivy sign and cerebral infarct (3%2 con-
tingency table, P=0.577), nor the MRA staging (3 x4 contin-
gency table, P=0.351).

Ivy sign and '°O-gas PET parameters

The 15O-gas PET parameters, including CBF, CBV, CMRO,,
and OEF were quantitatively determined for a total of 88 ROIs
in 22 involved hemispheres. As most ivy signs on FLAIR
images in this study were observed in the ACA and MCA
regions, most of the assigned ROIs in this study were located

Fig.3 A 50-year-old female with
asymptomatic moyamoya disease
and negative ivy sign. There was
no high signal intensity along the
cortical sulci, but there was a
lacunar infarct in the right corona
radiata (a). 1°O-gas PET values
were similar to controls (b). Scale
bar=50 mm

MRI-FLAIR
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CBV

CMRO2

within these areas. As shown in Table 2, when analyzed in
relation to ivy sign in each hemisphere, OEF was significantly
elevated in 4/5 hemispheres with positive ivy sign. On the other
hand, OEF was similar to control values in one hemisphere with
positive ivy sign, and in 17 hemispheres with equivocal or
negative ivy sign. Thus, we estimated a rate of misery perfusion
of 18 % among the hemispheres examined. There was signif-
icant correlation between the presence of ivy sign and OEF
elevation in cases included in this study (3x2 contingency
table, P<0.001). Furthermore, CBV was significantly in-
creased in 4/5 ivy sign-positive hemispheres and 8/9 equivocal
hemispheres, while it remained close to controls in 7/8 ivy sign-
negative hemispheres. Thus, there was also significant

CMRO2
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Table 2 Summary of clinical follow-up data in 11 asymptomatic patients who were evaluated via both FLAIR imaging and '°O-gas PET

Case Side PET study

CBF CMRO, CBV OEF

Powers’ stage Bypass surgery Ischemic or hemorrhagic stroke Follow-up period (months)

Positive ivy sign

3 Rt Normal Normal Increase Normal  Stage I None None 115
8 Rt  Decrease Normal Increase Elevation Stage Il Direct/indirect None 48
10 Both Decrease Normal Increase Elevation Stage Il None None 29
14 Rt  Decrease Normal Normal Elevation Stage Il None None 37

Equivocal ivy sign
2 Rt Normal Normal Increase Normal  Stage I None None 83
3 Lt Normal Decrease Increase Normal  Stagel None None 115
6 Both Normal Normal Increase Normal  Stagel None None 22
8 Lt Normal Normal Increase Normal  Stage I Direct/indirect None 48
9 Lt Normal Decrease Increase Normal  Stage I Direct/indirect None 61
14 Lt Decrease Normal Normal Normal - None None 37
16 Both Decrease Normal Increase Normal — Stage I direct/indirect None 56

Negative ivy sign
2 Lt Normal Normal Normal Normal - None None 83
4 Both Normal Normal Normal Normal - None None 79
5 Both Normal Normal Normal Normal - None None 86
9 Rt Normal Decrease Normal Normal — None None 61
12 Rt  Normal Normal Increase Normal  Stage I Direct/indirect None 31
Lt  Normal Normal Normal Normal - None None 31

correlation between the presence of ivy sign and CBV increase
(P=0.004). Moreover, as shown in Fig. 4, OEF was signifi-
cantly elevated in hemispheres with positive ivy sign compared
to those without (P=0.0099, 0.50+0.09 for positive, 0.40+0.07
for equivocal and 0.38+0.07 for negative ivy sign; respective-
ly). Consistently, CBF was significantly decreased in the hemi-
spheres with positive ivy sign (P=0.0064, 34+5 for positive,
40=+7 for equivocal and 47+9 for negative ivy sign; respective-
ly). CMRO; in the positive ivy sign group was comparable to
other groups and controls, suggesting that misery perfusion [2]
or stage II ischemia [20] was more frequent in hemispheres
with obviously positive ivy signs.

Cerebrovascular events

A total of 16 patients were managed and followed up with
repeated and regular MRI/MRA examinations for a mean of
54.3 months. During this time, six patients with eight involved
hemispheres underwent combined direct and indirect revas-
cularization (STA-MCA and EDAMS or EDMAPS) [7, 13].
As mentioned above, there were no guidelines to recommend
surgical revascularization for patients with asymptomatic
moyamoya disease. Therefore, we presented a choice of sur-
gical revascularization to the patients with ivy sign and/or
signs of hemodynamic impairment. As a result, six patients
with ivy sign or signs of hemodynamic impairment underwent

combined revascularization for moyamoya disease. Of these,
one patient (case 11) with unilateral disease and a positive ivy
sign within the ipsilateral MCA territory in the involved
hemisphere had intraventricular bleeding on the ipsilateral
side during the postoperative follow-up. This patient did not
undergo '°O-gas PET study but underwent single photon
emission tomography (SPECT) to determine the regional
CBF and cerebral vascular reactivity to acetazolamide preop-
eratively. One year after revascularization surgery, she deliv-
ered a baby and then presented with intraventricular hemor-
rhage during labor and delivery. FLAIR imaging at this time
demonstrated equivocal ivy sign in the ipsilateral MCA terri-
tory. In addition, an MR angiogram revealed that STA-MCA
bypass was clear, whereas development of surgical collaterals
through indirect bypass was unknown. The patient was man-
aged medically except for ventricular drainage and discharged
independently within 1 month. No patients experienced ische-
mic stroke during the follow-up period in this series. As
shown in Table 3, positive ivy signs were still present in four
(67 %) of six hemispheres at the latest point of follow-up,
whereas positive ivy sign in the remaining two hemispheres
were assessed as negative after revascularization surgery. In
one patient (Case 11) who was mentioned above, disease
progression was observed in the right hemisphere. Negative
ivy sign in the right hemisphere in case 11 was assessed to be
positive at the latest follow-up period.
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Discussion

The principal finding of this study was the observation of an
ivy sign on FLAIR images in 31.3 % of patients with asymp-
tomatic moyamoya disease. Ivy sign was noted in 20 % of all
involved hemispheres. To our knowledge, this is the first
published case series to analyze the presence of ivy sign in
patients with asymptomatic moyamoya disease. Recently, the
increasing availability of advanced noninvasive cerebral im-
aging techniques has indicated that the prevalence of asymp-
tomatic moyamoya disease is much higher than would have
been suspected previously [12], although there are not yet any
prospective cohort or randomized studies regarding epidemi-
ology, clinical features, radiological findings, and natural his-
tory of asymptomatic moyamoya disease. In a historical pro-
spective cohort study of radiological findings, clinical course,
and outcomes in Japanese individuals with indicators of
asymptomatic moyamoya disease, Kuroda et al. [12] uncov-
ered silent cerebral infarct in almost 20 % of 77 involved
hemispheres and cerebral blood flow measurements suggested
that 10 % of 70 hemispheres had markedly reduced cerebral
perfusion pressures. Microbleeds on T2*-weighted images
and ivy sign on FLAIR images were not assessed in that study.
Since ivy sign was first reported on FLAIR images in 1999,
studies have suggested the presence of ivy sign on FLAIR
images in 41-66 % of involved hemispheres, in patients with
moyamoya disease, particularly with ischemic symptoms [5,
9-11, 23]. Therefore, our study is the first to specifically detail
the incidence of ivy sign in asymptomatic adults with
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moyamoya disease, although Sanossian et al. have reported
that ivy sign is not seen on FLAIR imaging in uninvolved
hemispheres contralateral to cerebral ischemia [21]. We be-
lieve that the rate of occurrence of ivy sign in FLAIR images is
high in moyamoya patients regardless of ischemic symptoms,
and that the sign can still be used as an indirect indicator of
moyamoya disease as previously reported [9, 18].

Another important finding of this study was the indication
of misery perfusion in 18 % of the hemispheres (n=22)
examined by '°O-gas PET. There was significant correlation
(P<0.001) between ivy sign and OEF elevation (Table 2).
Moreover, OEF was significantly elevated in hemispheres
with ivy sign compared to those without (P=0.0099, Fig 4).
These results indicate that misery perfusion or stage II ische-
mia is more frequently observed in hemispheres with obvi-
ously positive ivy sign. This is the first report that demon-
strates significant correlation between ivy sign and misery
perfusion. Moreover, this significant correlation is consistent
with previous studies that demonstrated the relationship be-
tween the presence of ivy sign and impaired hemodynamic
status measured by SPECT [9-11, 16]. Misery perfusion or
stage II ischemia determined by elevated OEF in PET exam-
inations is regarded as an indicator of critical reductions of
cerebral perfusion pressure [2, 20]. Disease stage of
moyamoya disease was known to have no correlation with
cerebral hemodynamic status but to indicate the compensatory
nature of moyamoya disease [4]. Therefore, positive ivy sign
on FLAIR images may indicate a reduction of arterial blood
flow velocity in leptomeningeal brain vessels. Past studies
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Table 3 Summary of clinical follow-up, including FLAIR imaging in 16 asymptomatic patients with moyamoya disease. Changes in follow-up- from
initial-MR FLAIR findings represented in italics. IVH; intraventricular hemorrhage

Case At initial diagnosis Bypass At the latest follow-up Follow-up
surgery period
“Ivy sign” on FLAIR  Cerebral infarct Ischemic or “Ivy sign” on FLAIR  Cerebral infarct (months)
hemorrhagic
Rt Lt Rt Lt stroke Rt Lt Rt Lt

1 Equivocal Negative None None None  None Equivocal Negative None None 30

2 Equivocal Negative None None None  None Equivocal Negative None None 83

3 Positive  Equivocal None None None  None Positive  Equivocal Subcortical None 115

4 Negative Negative None None None  None Negative Negative None None 79

5 Negative Negative Corona None None  None Negative Negative Corona Subcortical 86

Radiata Radiata

6 Equivocal Equivocal None None None  None Equivocal Equivocal None None 22

7 Negative Negative None None None  None Equivocal Negative None None 80

8 Positive  Equivocal Striatum None Both None Negative  Negative  Striatum None 48

9 Negative Equivocal None Subcortical Left None Negative  Negative Subcortical Subcortical 61

Corona
Radiata

10 Positive  Positive  None None None  None Positive ~ Positive  None None 29

11 - Positive ~ None None Left IVH(LY) Positive  Negative None None 33

12 Negative Negative None None Right  None Negative Negative None None 31

13 Negative Equivocal None Subcortical None  None Negative Equivocal None Subcortical 60

14 Positive  Equivocal None None None  None Positive  Equivocal None None 37

15  Negative - None None Right  None Negative - None None 18

16  Equivocal Equivocal Subcortical None Both None Equivocal Equivocal Subcortical None 56

have discussed three main mechanisms of the ivy sign on
FLAIR images [5, 9-11, 15, 16, 23], including slow retro-
grade flow of engorged pial arteries via leptomeningeal anas-
tomosis [5, 15], maximally dilated pial vasculature compen-
sating for decreased perfusion pressure [9—11, 16], and con-
gestive thickening of the leptomeninges [15]. Ideguchi et al.
[9] compared ivy sign findings on FLAIR with perfusion
SPECT images before and after bypass surgery and demon-
strated that cerebrovascular reactivity was significantly de-
creased in the area with the ivy sign compared to the area
without it, while the ivy sign disappeared or decreased after
bypass surgery in areas with improved blood flows. Mori [16]
and Kawashima et al. [10, 11] also investigated the relation-
ship between degree, asymmetry, and presence of ivy sign on
FLAIR images and the severity of ischemic symptoms or
hemodynamic status on SPECT and have shown that ivy sign
was associated with impaired hemodynamic status. They
speculated that the ivy sign on FLAIR images largely reflected
the maximally dilated pial vasculature compensating for im-
paired cerebrovascular reactivity. Our findings on '>O-gas
PET were consistent with these previous FLAIR and SPECT
studies and also supported the theory that ivy sign on FLAIR
indicates maximal dilatation of pial vasculature in response to
reduced cerebral blood flow.

In this series, no patients experienced ischemic stroke,
although there were three patients both with positive ivy sign
and with elevated OEF. Of these three patients, one patient
(case 8) underwent combined revascularization surgery. At the
latest follow-up point, we confirmed both the disappearance
of ivy sign and the recovery of OEF. The other two patients
(cases 10 and 14) did not undergo revascularization surgery.
This might not be consistent with previous studies that have
proven elevated OEF to be an independent risk factor for
subsequent ischemic stroke in patients with occlusive carotid
artery disease [2, 14, 20]. As Derdeyn et al. have pointed out,
the presence of normal CBV in patients with increased OEF
may reflect preserved autoregulatory capacity [3]. Thus, one
of our patients (case 14) with elevated OEF and normal CBV
might have had a preserved autoregulatory capacity. The other
patient (case 10) with positive ivy sign, elevated OEF and
CBYV increase has been treated nonsurgically and remains
stroke-free for 2 years. This result suggests that further pro-
spective studies may be necessary to identify an optimal
management strategy for asymptomatic patients with
moyamoya disease, as already noted [12].

The present data contains precise information regarding
FLAIR ivy sign, its chronological change, cerebral infarct
and disease stage on MRI, as well as cerebral blood flow
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and metabolism measured by '°O gas-PET and clinical course.
Therefore, it may slightly be confusing to interpret at first why,
in this study, certain patients underwent surgery and others did
not. However, there were no guidelines and evidence to recom-
mend revascularization surgery to patients with asymptomatic
moyamoya disease, although we believe patients with ivy sign
and elevated OEF should be presented a choice of revascular-
ization to prevent ischemic stroke. Therefore, there were no
contradictions in our clinical results in which certain patients
with asymptomatic moyamoya disease underwent surgery and
others did not. We believe that some important data are revealed
here, which will provoke further study and clinical correlation
by researchers in this field. The study may only have made a
valiant start at studying these imaging phenomena.

The present study was limited by the very small number of
patients, short follow-up period, and retrospective nature.
Moreover, ivy sign on FLAIR images was determined quali-
tatively. The qualitative nature of FLAIR ivy sign might not be
able to simply replace positive ivy sign by OEF findings. The
present study only suggests that ivy sign may indicate misery
perfusion, and may be useful as an indirect indicator of the
hemodynamic status of leptomeningeal collateral pathways in
moyamoya disease. Therefore, a prospective cohort or ran-
domized controlled study is warranted in a larger population
of asymptomatic patients to confirm the present findings and
their clinical implications and to establish the optimal man-
agement of asymptomatic or incidental moyamoya disease.

In conclusion, it appears that ivy sign is not rare on FLAIR
images in patients with moyamoya disease, even when asymp-
tomatic. Ivy sign may indicate misery perfusion, and may be
useful as an indirect indicator of the hemodynamic status of
leptomeningeal collateral pathways in moyamoya disease. Al-
though the natural history and optimal direction of management
of asymptomatic moyamoya disease remains undecided, it is
possible that these patients will benefit from more careful
follow-up when ivy sign is detected at initial diagnosis.

Conlflicts of interest None.
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