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Signs of diffuse bilateral leptomeningeal enhancement
Moyamoya disease is an idiopathic cerebrovascular occlusive disorder characterised by 
progressive stenosis of the distal aspect of the internal carotid arteries, the proximal aspects of the 
middle cerebral arteries and the anterior cerebral arteries, with subsequent collateral vessel formation. 
The ivy sign represents neovascularisation over the cerebral cortex via leptomeningeal anastomosis 
through collateral circulation, and represents diffuse engorgement of the pia vasculature.

The ivy sign was first described in 1995, so called because of its resemblance to ‘ivy creeping 
on stone’. The sign refers to diffuse bilateral leptomeningeal enhancement on post-contrast 
T1-weighted magnetic resonance imaging (MRI) (Figure 1) and increased signal intensity in 
bilateral subarachnoid spaces and perivascular spaces on T2-weighted fluid attenuation inversion 
recovery (FLAIR) MRI (Figure 2) sequences in patients with moyamoya disease.1,2

Moyamoya disease is an idiopathic cerebrovascular occlusive disorder characterised by 
progressive stenosis of the distal aspect of the internal carotid arteries (ICAs), the proximal aspects 
of the middle cerebral arteries (MCAs) and the anterior cerebral arteries (ACAs), with subsequent 
collateral vessel formation. Moyamoya is a Japanese term, meaning a puff or spiral of smoke, 
and describes the cloudlike lenticulostriate and thalamostriate collaterals on angiography. The 
three basic collateral pathways involved include the basal moyamoya vessels from perforators, 
leptomeningeal collateral vessels from the posterior cerebral artery, and the transdural collateral 
vessels from the external carotid artery (Figure 3).3,4

The leptomeningeal enhancement on post-contrast T1-weighted MRI (Figure 1), seen in the 
ivy sign in patients with moyamoya disease, represents neovascularisation over the cerebral 
cortex via leptomeningeal anastomosis through collateral circulation. This develops from the 
anastomosis of external carotid collateral arteries and ICAs, and represents diffuse engorgement 
of the pia vasculature.2 This collateral flow is very slow owing to its retrograde direction via 
leptomeningeal anastomosis. From this phenomenon, the engorged pial network shows post-
contrast enhancement.2 Recent literature suggests that 3.0-Tesla MR imaging is superior to 1.5-Tesla 
MR imaging in visualising the ivy sign and associated changes in moyamoya disease because of 
the higher resolution and increased signal-to-noise ratio and contrast-to-noise ratio, thus enabling 
better depiction of pathological small vessel segments, with greater angiographic detail.5

It has become evident in moyamoya disease that, when successful bypass surgery is performed, 
the leptomeningeal enhancement (the ivy sign) on contrast-enhanced T1-weighted sequences 
decreases or disappears. This classical finding implies that the ivy sign in moyamoya disease 
represents cortical insufficiency rather than reactive hyperaemia.6 In the postoperative period 
following pial synangiosis, the resolution of the ivy sign in conjunction with development of more 
robust collaterals underlying the site of pial synangiosis indicates successful revascularisation 
and improved, faster flow in the involved areas.7,8 The ivy sign can be seen in new areas following 
surgery, and this can be an indication that slow flow in new collaterals has developed underlying 
the synangiosis. These areas need to be carefully assessed on serial studies to ensure that the flow 
improves over time and is matched by flow enhancement in collaterals on time-of-flight or post-
contrast MR angiography (MRA).7,8,9

Pitfalls of the ivy sign include the leptomeningeal enhancement on post-contrast T1-weighted 
MRI in cases of meningitis and meningeal carcinomatosis characterised by inflammation or 
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The ivy sign refers to diffuse bilateral leptomeningeal enhancement on post- contrast 
T1-weighted magnetic resonance imaging (MRI) and increased signal intensity in bilateral 
subarachnoid spaces and perivascular spaces on T2-weighted fluid attenuation inversion 
recovery (FLAIR) MRI sequences in patients with moyamoya disease.
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carcinomatous infiltration of the leptomeninges, with or 
without involvement of the small leptomeningeal vessels.1

Experiences at Boston Children’s 
Hospital
Owing to inherent difficulties with post-contrast MRA in young 
children, including intravenous access, need for sedation and 

limitations to pump injection, we rely on a combination of 
3D time-of-flight MRA and arterial spin labelling studies 
with several time delays to assess the cerebral bloodflow 
in patients with moyamoya disease. With our experience of 
over 400 paediatric patients at Boston Children’s Hospital 
who have undergone pial synangiosis and correlation of a 
large proportion of cases with conventional angiography, 
we found that post-contrast MRA is not necessary in most 
cases to help assess post-surgical collateral flow. Arterial spin 
labelling studies are challenging as bloodflow through the 
synangiosis comes in via a longer pathway (external carotid 
arteries and its branches), and this necessitates longer delay 
times to assess the label in this portion of the brain. Absence 
of the ivy sign in previously involved areas and new vessels 
on time-of-flight suffices in most cases to assess whether the 
surgery has worked or not. Conventional angiography is 
used in equivocal cases at our institution.
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FLAIR MRI, fluid attenuation inversion recovery magnetic resonance imaging.

FIGURE 2: T2-weighted FLAIR MRI sequences demonstrating the ivy sign, 
namely increased signal intensity in the bilateral subarachnoid spaces and 
perivascular spaces. This represents neovascularisation over the cerebral cortex 
via leptomeningeal anastomosis through collateral circulation that develops 
from the diffuse pial arterial network.

MRI, magnetic resonance imaging.

FIGURE 1: Post-contrast T1-weighted MRI demonstrating the ivy sign, namely 
diffuse leptomeningeal enhancement (arrows) resembling ivy creeping on 
stone.

MR, magnetic resonance.

FIGURE 3: MR angiography demonstrating moyamoya disease, with stenosis of 
the distal aspect of the internal carotid arteries, the proximal aspects of the 
middle cerebral arteries and the anterior cerebral arteries, with subsequent 
collateral vessel formation resembling a puff or spiral of smoke, which describes 
the cloud-like lenticulostriate and thalamostriate collaterals.
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information of the ivy sign from his experience at Boston 
Children hospital, contributed to the images, and edited the 
article.
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