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Abstract
In patients with neurofibromatosis type 1 (NF1), cerebral vascular
abnormalities can manifest in the form of stenosis, occlusions and aneurysms. In case of arterial obstructions, cerebral perfusion is made
possible by the compensation mechanisms of collaterals at different
levels. Many imaging methods such as Magnetic Resonance Angiography (MR-A), Computed Tomography Angiography (CT-A), Digital Subtraction Angiography (DSA), and Transcranial Doppler or Transcranial
Color-Coded Doppler (TCD/TCCD) can be used to detect structural and
hemodynamic changes in the cerebral circulation in these patients. We
present the case of a NF1 patient with an anomaly of the left middle
cerebral artery. The use of vascular imaging methods allowed elucidating the pathogenetic mechanisms of the vascular disease and planning
the follow-up.
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Introduction
Neurofibromatosis type 1 (NF1) is a multisystemic disease
involving the skin, peripheral nerves and the central nervous
system [1,2]. In the central nervous system, both vascular structures and brain parenchyma can be affected. Cerebrovascular
abnormalities can be asymptomatic or symptomatic and can
include stenosis/occlusions, aneurysms, or both. In some cases,
also extracranial arteries can be involved mainly with stenosis.
Transcranial Doppler (TCD) is an ultrasound examination ideal
for bedside noninvasive screening of stenosis or occlusions
of cerebral vessels. Transcranial color-coded Doppler (TCCD),
which combines imaging of parenchyma structures and a pointby-point measurement of velocity in the main intracranial arteries, allows detecting the vascular obstructive pathology and
studying collateral circulation more accurately. The so-called

“flow diversion”, in particular, is an indirect sign of activation of
leptomeningeal collaterals and also a sign of blood flow compensation for stenosis or occlusions. The ultrasound examination revealed that it is characterized by a low-resistance and
high-velocity flow pattern in one or more arteries of the circle
of Willis on the same side of the obstructive pathology [3-5].
We present the case of a young woman with NF1 who underwent a complete vascular study with TCCD and DSA following a
previous diagnosis of “hypoplasia” of the left middle cerebral
artery with MR Angiography (MR-A).
Case presentation
We present the case of a 20 years old woman affected by
neurofibromatosis with skin cafe-au-lait spots on the skin, one
ankle neurofibroma and a history of dyslexia and dysgraphia.
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The diagnosis of neurofibromatosis for the patient was confirmed by genetic testing. Later, the genetic test was performed
also on the patient’s mother, who resulted to be affected, too.
The neurological examination was normal. The flair-Magnetic
Resonance Imaging (flair MRI) of the patient’s brain showed
point-like gliosis in the subcortical white matter. Vascular imaging was performed firstly with TCCD: with an appropriate axial
mesencephalic scan plane through the temporal bone window
of both sides in B-Mode, the middle cerebral artery (MCA) in
M1 and origin of M2 segments and parenchymal structures
were visualised (Figure 1A). With the Microvascularization (MicroV) mode imaging, the vessels of the circle of Willis became
visible (Figure 1B). On the left side, with the color-mode, aliasing was detected in the A1 segment of the anterior cerebral
artery (ACA) and in the P1 segment of the posterior cerebral
artery (PCA), while a low-flow velocity pattern was seen on the
M1 segment of MCA (Figure 1C). On the right side, there were
normal flow velocity patterns. The MCA M1 segment with lowflow velocity, the ACA A1 segment and the PCA P1 segment with
high-flow velocity were confirmed on the left side with Doppler
spectrum (Figures 2,3). The peak systolic velocity (PSV) of the
ACA A1 on the left side was 30% higher than the contralateral
one (Table 1). Subsequently, the patient underwent DSA. After
selective catheterism of the left internal carotid artery (ICA), the
lack of M1-MCA with local small collaterals from the terminal
ICA was seen (Figure 1D). Also, a rich network of leptomeningeal collaterals was detected mainly in the left ACA vascular
territory to supply MCA. The remaining cerebral arteries were
normal.

Figure 1: A; Arrows show MCA and mesencephalon in B-Mode. B;
MCA M1 and ACA A1 in Micro-V mode. C; MCA and ACA in Color
mode. D; Leptomeningeal collaterals and MCA in DSA.

Figure 2: Comparison of the flow velocity. A; Right ACA A1 with
normal flow velocity B; Left ACA A1 with high flow velocity C; Right
PCA P1 with normal flow velocity D; Left PCA P1 with high flow
velocity.
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Figure 3: A; Right MCA M1 with normal flow velocity B; Left MCA
M1 with low flow velocity.
Table 1: Comparison of ACA A1, PCA P1, MCA M1 flow velocities
ACA-A1
R

PCA-P1
L

R

R

L

136,9

132,4

43,4

35,2

78,6

53,9

23,5

0,61

0,56

0,91

0,59

PSV
(cm/s)

71,4

132,7

66,4

EDV
(cm/s)

35,4

70,8

0,69

0,62

IP

MCA-M1
L

PSV: Peak Systolic Velocity; EDV: End-Diastolic Velocity; IP: Pulsatility
Index; R: Right; L: Left.

Discussion and conclusions
Cerebral ischemia can occur more often in NF1 patients
than the general population [6]. In these patients arteries of
any size can be affected and multiple stenosis or occlusions can
occur in the same patient [7]. Due to their high susceptibility
to occlusions, NF1 patients can have a stroke at any age and
mostly at an early age. In our patient, after comparing TCCD
and DSA images, our diagnostic hypothesis was an occlusion of
the left MCA occurred at a very early age followed by progressive activation of collaterals, at various levels, and slow partial
recanalization. The process was probably slow considering
the presence, as evidenced on DSA, of a dense network of microvessels around the MCA M1 segment, reminiscent of that
of the Moya-Moya disease, and the presence of a rich network
of leptomeningeal collaterals mainly in the ACA territory. The
haemodynamic consequence of activated leptomeningeal collaterals was detected with TCCD as high flow velocity and low
resistance pattern in ACA A1 and PCA P1. In this phenomenon,
called “flow-diversion” (FD) [3], the blood flow is pushed into
the leptomeningeal collaterals because of the arterial obstruction [8,9]. According to an autopsy study, the vessel obstructing
pathology in NF1 patients is due to the infiltration of smooth
muscle cells in the intima layer [10]. As a consequence, cerebral
arteries can be affected by progressive stenosis, and ischemia
can occur at any time. In our patient, there were multiple small
gliosis in the subcortical white matter in the MCA territory on
flair MRI. The patient has always been healthy but had dyslexia
and dysgraphia during the early school years, which could be
related to the arterial pathology.
Although DSA is considered the “gold standard” for the detection of arterial pathologies, in a diagnostic setting, when the
standard procedure requires catheterization not beyond the
ICA, this diagnostic method may not display low-flow velocity
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in MCA because the contrast agent, injected into the ICA, follows the pathway of low-resistance territories. This condition
occurred also in our case: the contrast agent behaved like blood
flow, then reached mostly the ACA and PCA territories. This limit of DSA can be overcome by using TCCD, which, through multimodal ultrasound imaging, displays both morphology and haemodynamic clearly. One limit of our diagnostic procedure was
that we did not perform MR-A with contrast agent before performing DSA and, therefore, we could not compare TCCD and
DSA with MR-A. In a similar case it could also be interesting to
combine ultrasound imaging and MR imaging with Fusion technology. Since TCCD is well tolerated and repeatable, we aim to
use it also for the follow-up of our patient. In conclusion, TCCD
is a complementary diagnostic test in the study of vascular brain
pathologies and is also a suitable tool for follow-up.
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