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3T MR ANGIOGRAPHY AND ASL PERFUSION IN
PRIMARY ANGIITIS OF THE CENTRAL NERVOUS
SYSTEM

Background

Primary angiitis of the central nervous system (PACNS) is a rare and ill-defined disease. Headache
and encephalopathy are the most frequent symptoms at onset. Neuroimaging plays an important role
in the diagnosis but the pattern of abnormal findings is often not specific and diagnosis requires
brain biopsy.

MRA is a reasonable initial modality in the investigation of suspected CNS vasculitis. 3T MRA
offers increased signal to noise ratio with better background suppression, leading to better depiction
of the intracranial circulation. MR perfusion with Arterial Spin labelling (ASL) technique is not
until now performed in patients with PACNS.

We estimate the usefulness of MRA and ASL in the diagnosis of PACNS at 3T.

Materials and Methods

We calculated SNR and CNR on TOF angiograms obtained at 1.5T and on TOF and on steady state
free precession with in-flow inversion recovery (INHANCE) angiograms at 3T in a group of control
subjects. Measurements were performed both in proximal and in distal branches of intracranial
circulation.

7 patients with defined PACNS and signs of angiitis at DSA underwent to MRA at 1.5 and 3T.
MRAngiograms consisted of a TOF acquisition executed on 1,5T and 3T, and INHANCE
acquisition on 3T: intracranial vessels were evaluated for the presence of stenosis, occlusions,
pseudoaneurysms, collateral circles with respect to DSA.

MR Perfusion consisted of a pCASL acquisition, with a delay equivalent to 1525 ms. We
calculated the cerebral blood flow (CBF) in ACA and MCA territory of supply using 6 ROIs for
each region of interest, placed in WM and GM. Two further unique hand shaped ROIs covering
respectively the entire MCA and ACA territory of supply were used. Data obtained on PACNS
patients were compared with those acquired on controls.

Results

SNR and CNR on 3T TOF angiograms were significantly higher than on 1.5T images in both
proximal (SNR=126,17 vs 91,75; CNR=100,82 vs 64,33) and distal (SNR=101,43 vs 57,09;
CNR=74,37 vs 26,36) arteries. SNR and CNR ratio decreases in distal branches compared to
proximal, larger arteries.

The comparison between 3T TOF and 3T INHANCE revealed that SNR and CNR mean values
were higher in the distal branches on TOF compared to INHANCE.

At visual inspection the number of vessel abnormalities detectable with DSA were 640: 73 within
proximal and 567 within distal vessels. TOF MRA at 3T depicted 41% of total abnormalities,
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INHANCE 3T 19% and TOF MRA at 1,5T 14,2% . TOF MRA at 3T depicted 74% of proximal
abnormalities, INHANCE 3T 49% and TOF MRA at 1,5T 52%. TOF MRA at 3T depicted 37% of
distal abnormalities, INHANCE 3T 15% and TOF MRA at 1,5T 9,3%.

MR perfusion did not reveal significant differences of CBF values in PACNS patients respect to
controls. In one PACNS patient with a diffuse involvement of small vessells seen on DSA, CBF
values were lower than the mean CBF values + 2 SD calculated in controls.

Conclusions

MRA at 3T exploiting its higher SNR and CNR improved the sensitivity of MRA in the not
invasive preliminary evaluation of patients with PACNS. 3T MRA TOF has higher sensitivity in
detecting intracranial circle stenosis than 3T INHANCE and 1,5 MRA TOF. Perfusional pCASL
values with delayed 1525 acquisition images don't significantly differ between PACNS patients and
controls: further studies with a histogram analysis are needed in order to evaluate the usefullness of
ASL in PACNS patients.

INTRODUCTION

PACNS

PACNS is a rare vasculitis confined to vessels of CNS without signs of systemic involvement,
which can lead to multiple ischemic and/or hemorrhagic strokes with possible fatal exitus.

The inflammatory process typically affects medium and small arteries of the meninges and cortex,
with possible involvement of veins and venules.

Histologically is characterized by multifocal and multisegmental wall vessels infiltration by
polyclonal T-lymphocytes with possible variable association with granulomas and fibrinoid
necrosis, predominantly represented by T-lymphocytes in association with a variable number of
histiocytes, plasma cells, neutrophils and eosinophils. In some cases, beta-A4 amyloid deposits
have been found. Further aspecific histologic findings are given by gliosis, mild perivascular
mononuclear inflammation, endoluminal thrombosis and vascular occlusion with parenchymal
ischemic damage/infarct (1-3).

PACNS affects both genders between the fourth and sixth decades of life (1); literature reports a
slight male predominance (3/4 F/M), but Salvarani et al., in a study conducted on 101 PACNS
patients, did not found a significant prevalent gender (4). Clinical presentation is variable and often
life threatening if an immediate diagnosis is not done. Most common symptoms are insidious and
progressive, reflecting a chronic cortical disfunction: headache, weakness, confusion, and cognitive
impairment are the most complained disorders. Acute onset of transient ischemic attack, nausea or
vomiting, seizure disorder and stroke with multifocal neurological deficit such as brain, cranial
nerve, spinal cord, or nerve root lesions are also possible, leading the patient to search for a medical
treatment (1).

In order to do an exact diagnosis we must remember that PACNS is a rare disease which accounts

for just 1% of the systemic vasculitides. Flogistic blood markers (white cells count, PCR, ESR)



usually altered in systemic vasculitis, are normal in PACNS patients also if an elevation of ESR
(30-40 mm/hr) has been described in a 30%-60% of cases (5,6). Markers of systemic vasculitis and
infectious diseases, such as antinuclear antibodies, antineutrophil cytoplasmatic antobodies,
complement levels, rheumatoid factor, HIV, HBV and HCV markers are negative. CSF analysis can
show only a slight elevation of white blood cell count and total protein level. The possibility of a
viral or fungal infection must be excluded with appropriate tests.

In 1988 Calabrese and Mallek proposed the diagnostic criteria for PACNS: 1) the presence of an
unexplained neurologic deficit after thorough clinical and laboratory evaluation; 2) documentation
by cerebral angiography and/or tissue examination of an arteritic process within the central nervous
system; and 3) no evidence of a systemic vasculitides or any other condition to which the
angiographic or pathologic features could be secondary (7). In 2009 Birnbaum and Hellmann
proposed a new approach in diagnostic path for a more accurate differential diagnosis between
PACNS and reversible vasoconstriction sindrome (RVCS): diagnosis of PACNS is definite if there
is confirmation of vasculitis on analysis of a tissue biopsy specimen; and probable if there is no
tissue confirmation, in association of high-probability findings on an angiogram with abnormal
findings on MRI and a CSF profile consistent with PACNS (1).

The role of radiologic evaluation is crucial in diagnosis, because it permits to exclude other
conditions with the same clinical presentation. Cerebral angiography still actually remains the
radiologic gold standard study, being able to identify classical signs of flogistic involvement of
small vesssel with 250 to 500 mm diameter: multifocal stenoses with interposed regions of normal
vessel calibre or sausage-like dilatation, creating the tipical “beading” appearance. Alhalabi et al.
(8) described the angiographic pattern in 19 patients affected by PACNS, who were evaluated with
serial angiographies, repeated 6 to 9 months after diagnosis. Three patients underwent multiple
angiograms prior to initiation of therapy; in all of them new lesions occurred over time. Two
patients with negative angiogram were diagnosed PACNS only on the basis of brain biopsy: this
fact highlights that can be cases in which affected vessels should have a diameter less than the
minimum necessary to be visible on DSA images. Usually distal branches of both anterior and
posterior circulation are involved bilaterally. Two types of stenosis are described: segmental and
smooth stenosis, measuring between from several millimetres to 3 cm of lengh. The most common
finding is represented by bilateral but not symmetrical segmental narrowing. The typical “beading”
aspect, which is given by multiple sites of segmental narrowing along a single vessel, is described
to appear less often than singly narrowed vessel shrinkage. Smooth narrowing of supraclinoid tract
of carotid sinus is a recurrent findings, being possibly associated with secondary collateral flows
and retrograde perfusion from posterior circle. Medium size vessel stenoses are also described,
being the M1 segment the most affected. Small vessels occlusion, with absence of
parenchimography in the corrispective territory of supply, are also possible. Neovascularization
and enlargement of preexisting small vessels is a further possible finding on DSA images. These
angiographic anomalies are suggestive but not specific for vasculitis. Similar findings can be
appreciable in other sistemic vasculitides, atherosclerosis, radiation vasculopathy, drug exposure,
infection, and vasospasm (8, 9). Although DSA findings could be suggestive of angiitis,
Kadkhodayan et al. (10) in a series of 14 cases, found that none of patients suspected to have
PACNS on the basis of clinical and angiographic findings did not have primary angiitis of the CNS



at biopsy. Overall, the sensitivity of angiography in detecting PACNS has been estimated at
between 50% and 90% (1, 4, 7, 11).

MRI is an indispensable diagnostic exam in patients with suspected PACNS, being able to reveal
abnormalities in 90% to 100% of patients in a morphological study (1, 4, 31).

The most common abnormalities are seen in the subcortical white matter, followed by the deep gray
matter, the deep white matter, and the cerebral cortex. In approximately 50% of cases, MRI can
demostrate bilateral cortical-subcortical infarcts, which belong to different territory of supply: in
most cases, have multiple subcortical infarctions in a small-artery pattern, some have a large-artery
distribution, others show a branch-artery distribution (4,12,13). In a group of 18 patients, 15 of
whom were diagnosed PACNS, an infratentorial involvement was demonstrated, being however
always associated with sopratentorial damage (12). In one-third of cases a contrast enhancement of
these lesions is appreciable after contrast administration (4).

In rare cases a leptomeningeal contrast-uptake is also seen. Wilhelm Kiiker et al. (14) documented
vessel wall enhancement of inflammed vessel wall arteries in a cohort of patients affected by
cerebral vasculitis, most of which met the Calabrese criteria for the diagnosis of PACNS. In 15%
of cases, PACNS can manifest with mass lesions mimicking a malignant neoplasm (37, 38). Less
common MRI manifestations include cortical laminar necrosis or confluent white-matter lesions,
which can be similar to multiple sclerosis (1).

Both subarachnoid and intraparenchymal hemorrhages are pointed out in approximately 10% of
cases (1).

Regarding the territories affected by parenchymal infarctions, the middle cerebral artery is more
frequently affected than the anterior and posterior cerebral artery territory of supply (12).

MRI findings in PACNS vasculitis have a differential diagnosis with secondary vasculitides of the
CNS which can occur in collagen vascular disorders, viral and bacterial infections, in tumoral
lesions and drugs abuse. Haroon et al. (15) describes a case of intravascular lymphoma mimicking a
primary vasculitis of the central nervous system, with MRI and DSA findings indicative of a
primitive vasculitic process and a diagnosis done with biopsy.

Correlation between MRI and angiographic abnormalities has been demonstrated to be poor. Some
studies highlight how in many cases some evident MR lesions do not correspond to extensive
vascular involvement at DSA (12, 16, 17, 18, 25). On the other side, there have been described
cases of patients that met the criteria of Calabrese and Malleck for the diagnosis of PACNS, who
presented with a negative angiographic evaluation and a positive MRI examination (12, 13, 17, 19).
An useful general approach in the diagnosis of PACNS is to remind that a negative MR excludes
intracrania vasculitis more definitively than does a negative angiogram. The role of MRA in
PACNS patients is limited by disadvantages, such as motion artifacts, venetian blind artifacts, drop
of signal due to tortuous blood vessels and/or decreased blood flow velocities. Higher field strenght
can lead to a spatial resolution improvement, a factor that rapresented a limitation on 1,5T MRA.
However advantages of MRA are absence of ionizing radiation, no contrast injection and non-
invasiveness. MRA can find applications in the suspected clinical setting of cerebral vasculitis as
the first non-invasive angiographical imaging modality.

K. Maclaren (17) argues the possibility that PACNS could manifest with two different patterns:
small and middle-sized vessel disease (SVD/MVD). SVD would be angiographically negative,



affecting small arterioles under the minimum angiogram resolution. This condition should correlate
with a more subacute-chronic onset (encephalopathy, seizures, headache, altered higher mental
function, confusion, deteriorating conscious level), and aworst prognosis for the magjor incidence of
relapses during prolonged periods, causing recurrent, severe and irreversible CNS injury. On the
other hand, in MVD PACNS, angiography with MR scan is positive, being able to point out vessel
wall abnormalities in intracranial circle, from internal carotid sinus to small peripheral vessels. In
this second group of patients clinical onset is noted to be more acute, but with a paucity of relapses
during prolonged follow-up. This interpretation could explain the reason why numerous cases of
biopsy-proved PACNS reported in literature are negative to DSA (13, 20-25). Further on, also
Salvarani et al. (4, 39) and Scolding et al. (36) hypothesizes two different pattern of PACNS based
on vessel size involvement, however, in contrast with Maclaren, Salvarani found that patients with
small vessel involvement, had a better outcome and prognosis (4). In particular Salvarani and
Scolding found a higher incidence of beta-amyloid deposits in those cases with SVD, with respect
to MVD, supporting the hypothesis that small vessel angiopathy in PACNS could be a distinct
clinicopathological entity, which could be triggered by vascular deposition of Ab in susceptible
patients, being part of a more widespread immune reaction to Ab within the CNS.

PURPOUSE

The main goal of our work was to evaluate the sensitivity of 3T MRA with respect to 1.5 MRA in
diagnosing PACNS.
The second purpose was to evaluate if MR perfusion with pCASL technique allows to detect brain

areas of hypoperfusion in patients with PACNS.

MATERIALS AND METHODS

Patients

From our data base we retrospectively selected 10 patients referred to our hospital for suspected
PACNS in which DSA was indicative of cerebral vasculitis. One patient was excluded since the
follow up DSA documented a resolution of multiple intracranial stenosis within 4 weeks from
admission. Clinical onset and course (26) together with DSA changes leaded to a diagnosis of
RCVS. In two cases cerebral vasculitis was established to be of infectious origin (Staphilococceal
endocharditis).

Seven patients (2 males and 5 females with age ranging from 35 to 78 years, mean+SD 56.1+14.4)
were diagnosed as PACNS. Clinical diagnosis was in line with clinical criteria proposed by
Calabrese and Mallek (7).

No patient had history of hypertension, heart diseases, hyperlipidemia, syphilis or other infections,
drug-abuse, collagenopathies or any other systemic diseases. Most frequent initial symptoms were
headache, lateralized weakness and vigilance impairment; sensitive alterations, speech disturbances,
visual field defects, were also observed. Blood cells count and routine laboratory tests were normal.



A mild increase of inflammatory indexes (erythrocyte sedimentation rates and C-reaction proteins)
was found in only one patient. In all subjects rheumatoid factor, antinuclear antibodies,
anticardiolipin antibodies, antineutrophil cytoplasm antibodies, lupus anticoagulant were negative.
CSF examination was performed in all patients and revealed mild increase in leucocyte count and/or
total protein concentration in three cases. Combined MRI abnormalities and angiographic findings
suggested PACNS.

In particular, MRI was abnormal in all patients.
Multiple infarctions associated with hemorrhagic
(intraparenchimal and/or subarachnoid
hemorrhages) lesions were the most common
pattern. In three cases neuroradiologic evaluation
pointed out a hemorragic lesion involving deep
gray nuclei. In three patients there was parieto-
occipital cortico-subcortical hemorrhagic
infarctions. Ischemic involvement were found at
the level of deep gray nuclei in one patient, and at
the level of cortico-subcortical frontal region in
another patient. Subaracnoid haemorrages were

Fl’:sigeﬁgioaneurismaﬁc dilatations seen on DSA detectable in four cases. At the moment of
diagnosis anomalies were monolateral in six
cases, but further lesions appeared also in controlateral emisphere in two cases during relapses.
Leptomeningeal enhancement with a bilateral occipito-parietal involvement, associated with stroke
in the adjacent brain parenchyma, was pointed out in one case.
Concerning angiography, all patients showed segmental narrowing and irregularities of vessels
calibre, with pattern of alternating tracts of focal stenosis and dilatation (“sausage pattern”). Also if
pseudoaneurysms are unusual in PACNS patients, being more typical in others sistemic
vasculitides, such as polyarteritis nodosa, they were clearly valuable in a patient (Fig.1). In the same
patient coexisted abrupt termination of right cerebral middle artery and diffuse irregularities of
vessels calibre. One of the patients had biopsy-proven PACNS.

MRA protocol

All patients underwent to standard MR examination on both 1.5 and 3T within 3 months from DSA
by using a 1.5 T scanner (Signa HDx, GE Healthcare, Milwaukee) with high performing gradients
(gradients strength 50mT/m, maximum slew rate 150T/m/s), equipped with an 8-channel head coil
with ASSET-technology and 3T scanner (MR750, GE Healthcare, Milwaukee) with high
performing gradients (gradients strength 80 mT/m, maximum slew rate 200 T/m/s), equipped with
an 8-channel head coil with ASSET-technology.

MR examination included MRA acquisition with TOF technique at 1.5 T and with TOF and
INHANCE techniques at 3T.

Our standard intracranial 1,5 T 3D TOF protocol was performed in all subjects with the following
parameters: TR=30 ms, TE=2.70 ms, flip angle=20, thickness=1,4 mm, overlap=0,70 mm, matrix=
256x352, FOV=24 cm, Phase FOV= 0,81, voxel size=0,6x0,9x1,4 mm, voxel volume= 0,76 mm?,



4 slabs, RAMP pulse= I>S, MT pulse, flow compensation, EDR, ZIPx2, ZIPx512, ASSET, and
imaging time of 6,14 min. A presaturation band, concatenated with the acquisition slab, was
applied above the imaging volume to saturate incoming venous blood.

3T 3D TOF protocol was used with the following parameters: TR=23 ms, TE=3,2 ms, flip
angle=20, thickness=1 mm, overlap=0,50 mm, matrix= 320 x416, FOV= 20 cm, Phase FOV= 0,81,
voxel size= 0,4x0,5x1 mm, voxel volume=0,2 mm?, 5 slabs, RAMP pulse= I>S, MT pulse, flow
compensation, EDR, ZIPx2, ASSET, and imaging time of 8:26 min. A presaturation band,
concatenated with the acquisition slab, was applied above the imaging volume to saturate incoming
venous blood.

3T 3D INHANCE protocol was used with the following parameters: TR= minimum, TE=
minimum, flip angle=8, thickness=1,2 mm, matrix= 384x256, FOV= 24 cm, Phase FOV= 1,
voxel size=0,6x0,9x1,2 mm, voxel volume= 0,65 mm?3, NEX=1, VENC=40 and imaging time of
6:50 min.

The same MRA protocol was acquired on both 1.5 and 3T scanners in a control group of 7 healthy
subjects match aged with PACNS patients. All these subjects were voluntaries recruited among
personal of radiology department, with negative hystory for CNS disease and with unremarkable
neurological examinations. All control subjects give their informed consent to the study that was
approved by our local ethical commettee.

ASL protocol

pCASL acquisition has been obtained using gradient echo echoplanar images (EPI). Perfusional
analysis with pCASL has been performed using the following parameters: Scan Plane=Axial, Freq
FOV=24, slice thickness=4, freq. dir.=R/L, TR=4632 ms, 1 slab =1, TE(s) per scan=1, TE=10,54
ms, flip angle=111, Points=512, Arms=8, Nex=3, Bandwidth=62,5, Bo Maps=off, EDR, Fast,
Spiral, auto, FOV=24x31,7mm, post-labeling delay=1525ms; and imaging time 4:29.

Labeling was applied at the level of the cervicomedullary junction.

IMAGES EVALUATION

SNR and CNR
SNR and CNR has been calculated adopting a similar method proposed by Willinek et al. (27).

SNR=MV+/SDb
CNR= MVv-—MVbp/SDb

MVv: mean value intensity in the vessel of interest
SDb: standard deviation in the background
MVbp: mean value intensity in the brain parenchyma

SNR and CNR at 3T TOF, 1,5T TOF and INHANCE were compared using a t-student test. The



MVyv was measured by placing a ROI in the largest region of basilar artery, carotid sinus, M1
segment of middle cerebral artery, P1 segment of posterior cerebral aretry, A1 segment of anterior
cerebral artery, and distal P3, A3 and M3 branch. MVbp was obtained placing a ROI with the same
size at the level of adjacent brain parenchyma.

Because the noise in the background tends to decline centrifugally, MVbp has been calculated
doing a media between the higher value of noise (using a ROI placed just outside diagnostic
images) and the lesser value of noise ( using a ROI placed distal from diagnostic images) in the
background.

We separately calculated the gain in terms of SNR and CNR at the level of proximal and distal
vessels, by making a ratio between SNR and CNR values at 3T TOF and at 1,5T TOF. The same
has been done for evaluation of gain of SNR and CNR at 3T TOF compared to 3T INHANCE.

DSA

DSA diagnosis of PACNS was supported by using the criterion "more than two stenoses in at least
two separate vascular distributions" (11). Antero-posteior and lateral DS Angiograms of intracranial
circulations in all PACNS patients were evaluated by an expert neuroradiologist in order to count
the number of vessel stenosis, vessels amputation, mircro-aneurysms, collateral circles. Beading
was defined as alternating regularly spaced segments of stenosis with normal or dilated intervening

segments.

MRA

By using a dedicated workstation (GE Advantage 4.4) MRA acquisitions were reconstructed with a
MPVR and volume rendering methods and displayed on an anterior posterior and lateral view in
order to mimic the visualization of DSAangiograms. As well as for DSA, MRAngiograms obtained
on both 1.5 and 3T were evaluated by a further expert neuroradiologist in order to count the number
of vessel stenosis, vessels amputation, mircro-aneurysms, collateral circles for large-medium and
small vessels. The vessels alterations were classified on the bases of their distribution in the
anterior, medium and posterior circulation if the involvement regarded respectively the anterior,
middle an posterior cerebral arteries.

Vessels abnormalities were classified as pertaining to large-medium vessels or small vessels if
affecting respectively the vessels of Willis circles or A1-A2, M1-M2, P1-P2 segments or segments
beyond A2, M2, P2 of intracranial branches (28).

At 3T MRA were separately evaluated both TOF and INHANCE images.

DSA was considered as the gold standard method.

ASL

CBF measurements was performed using a ROI analysis according to the recommendations of
earlier studies (29,30). ROIs were placed by one radiologists. ASL CBF values has been estimated
by a workstation Advantage 4.5. Once obtained CBF maps, they have been co-registred with an
axial T2 acquisition, in order to better discriminate white matter and gray matter. CBF values were
calculated placing ROIs in normal appearing white matter (WM), gray matter (GM) and both of
them in ACA and MCA teritories of supply. For the evaluation in GM and WM, 6 ROIs with an



area of 316 pixels were positioned in MCA and ACA territory of supply. For the contemporary
evaluation of WM and GM in ACA and MCA territory, a unique hand shaped ROI including these
two compartements was used for each territory of interest. CBF values of patients and controls
were compared using a t-student test.

RESULTS

SNR and CNR

SNR and CNR of TOF angiograms obtained at 3T and 1,5T for each region of interest, are shown in
table 1. Mean SNR and CNR of 3T TOF angiograms and 3T INHANCE angiograms for each
region of interest, are shown in table 2.

The comparison between 3T TOF and 1,5T TOF demonstrates a general significative difference in
terms of SNR and CNR (P<0,05), with higher values at 3T compared to 1,5, both in proximal and
distal intracranial vessels.

The comparison between 3T TOF and 3T INHANCE demonstrates a significative increase of SNR
and CNR in distal branches by using TOF MRA.

SHNR CHNR

3T TOF 15 TOF P<0,05| arTOF 1.5 TOF P=<0,05
BA 13332 93,14 3T TOF 111,57 6845 1T TOF
Carotid Sinus 118,57 89.76 3T TOF 06,83 64.6 T TOF
M1 132.61 100,18 3T TOF 107.07 68.62 3T TOF
Al 113,69 0248 3T TOF 71,76 63,08 ns
Pl 132,68 23,18 3T TOF 110,87 4 T TOF
M3 83,37 5224 3T TOF 50,2 18.16 2T TOF
A3 115,65 612 ITTOF 01,38 288 3T TOF
P32 10329 57.84 T TOF 20,63 3112 7 TOF

Table 1
SNR and CNR: 3T TOF versus 1,5T TOF

SHR CHNR

3T TOF 3T INHANCE | P=0,05 3T TOF 3T INHANCE | P=0,05
BA 133,32 9993 TOF 111,57 00,2 TOF
Carotid Sinus 118.57 161,03 INHAMNCE 96,83 151,56 IMHANCE
M1 132,61 150,98 IMHAMNCE 107.07 142,37 IMHANCE
Al 113.69 86.9 TOF 77.76 78,62 e
P1 132,68 1168 e 110,87 10846 =
M3 8337 284 TOF 509 2198 TOF
A3 113,65 40,63 TOF 01,58 4314 TOF
P3 103,29 743 TOF 20,63 67.1 ns.

Table 2
SNR and CNR: 3T TOF versus 3T INHANCE

No significant difference has been found between SNR and CNR values of 3T TOF and 3T
INHANCE at the level of proximal branches.

SNR and CNR gain of TOF 3T respect to 1,5T angiograms at the level of proximal arteries has been
evaluated to be 1,4 (126,17 vs 91,75) and 1,6 (100,82 vs 64,33).

SNR and CNR gain of TOF 3T respect to 1,5T angiograms at the level of distal arteries has been
evaluated to be 1,8 (101,43 vs 57,09) and 2,8 (74,37 vs 26,36).



SNR and CNR gain of TOF respect to INHANCE angiograms acquired with 3T at the level of
proximal arteries has been evaluated to be 1,02 (126,17 vs 123,15) and 0,88 (100,82 vs 114,24).
SNR and CNR gain of TOF respect to INHANCE angiograms acquired with 3T at the level of distal
arteries has been evaluated to be 2 (101,43 vs 50,78) and 1,7 (74,37 vs 44,1). The entity of
improvement of SNR and CNR values at 3T TOF compared to 1,5T TOF and 3T INHANCE in
proximal and distal arteries are shown in tables 3 and 4.

SHR Gain CNR Gain
JTTOF 1.2 TOF 2TALET JTTOF L5 TOF ATA.ET
Proximal
arteries media| 126,17 91.75 1.4 100 82 64,33 16
Distal arteries
media 101 43 57.09 1.8 7437 26,36 28
Table 3

SNR and CNR: 3T TOF versus 1,5T TOF results

SHR Gain CHNR Gain
3T TOF AT INHANCE | TOEINTANCE 3T TOF 3T INHANCE | TOFINEHANCE
Proximal
arteries media 126,17 123,15 1.02 100 .82 11424 0.88
Distal arteries
media 101,43 50,78 s 74 .37 44 1 17
Table 4

SNR and CNR: 3T TOF versus 3T INHANCE results

DSA
Table 5 shows the sensitivity and PPV of each diagnostic modality compared to DSA in total circle,

proximal branches and distal branches.

Total stenosis Proximal Distal stenosis Tot. False Prox. False Dist. False

(sens.) stenosis (sens.) (sens.) Positive (PPV) | Positive (PPV)|Positive (PPV)

DSA 640 73 567

3T TOF 262 (41%) 54 (T4%) 208 (37%) 29 (90%) 3 (95%) 26 (89%)
STINHANCE | 119 (19%) 36 (49%) 83 (15%) 115 (51%) 9 (80%) 106 (44%)
1,57 TOF 91 (14,2%) 38 (52%) 53 (9.3%) 169 (35%) B (82.6%) 161 (25%)
Table 5

In PACNS patients all the DSA studies were abnormal. 640 lesions of intracranial vessels were
identified in 7 patients (median 91,43). Lesions were bilateral in 7 / 7 cases, and they were more
likely to be distally distributed than proximally (567 / 640 in distal circulation, 73 / 640 in middle
and large medium sized vessels).

A total of 6 out of the 7 patients had lesions involving both the anterior and posterior circulation.
Lesions were more likely to present a beading aspect, (207) instead singolarly stenotic (125).
Rarely lesions were presented as occlusions (n=5) or pseudoaneurysm (n=7). Collateral circles were



appreciable in 4 of 7 patients. Lesions were more frequent in MCA branches. Table 6 shows all the

vascular anomalies found with DSA.

Total Beading Single Pseudo- MCcA ACA PCA
£ z £ i £ 7 Ocelusi z Collaterals involvement |invelvement |involvement
DSA
anomalies 640 207 125 5 7 4 7/7 cases | 6/7 cases | 6/7 cases
Table 6
3T TOF

All the patients had an abnormal MRA. MRA detected a total number of 262 stenosis compared to
640 total stenosis seen in the conventional angiography studies yielding a sensitivity of 41%. Total
false positive findings were 29, pointing out a positive predictive value of 90%. Proximal stenosis
detectable at 3T TOF were 54, with respect to 73 stenosis seen at DSA, assessing a sensitivity of
74%. Proximal false positive findings were 3, pointing out a positive predictive value of 95%.

Distal stenosis detectable at 3T TOF were 208, with respect to 567 seen at DSA, assessing a
sensitivity of 37 %. Distal false positive findings were 26, pointing out a positive predictive value
of 89%.

3T INHANCE

All the patients out of the 7 had an abnormal MRA. MRA detected a total number of 119 stenosis
compared to 640 total stenosis seen in the conventional angiography studies yielding a sensitivity of
19% . Total false positive findings were 115, pointing out a positive predictive value of 51%.
Proximal stenosis detectable at 3T INHANCE were 36, with respect to 73 seen at DSA, assessing a
sensitivity of 49 %. Proximal false positive findings were 9, pointing out a positive predictive value
of 80%.

Distal stenosis detectable at 3T INHANCE were 83, with respect to 567 seen at DSA, assessing a
sensitivity of 15 % . Distal false positive findings were 161, pointing out a positive predictive value
of 44%.

1,5 T TOF

6 patients out of the 7 had an abnormal MRA. With respect to 3T TOF MRA, 1,5T TOF sensitivity
for patients was 86%, the specificity was 100%, the PPV was 43% and the NPV was 58%. 1,5 TOF
MRA detected a total number of 91 stenosis compared to 640 total stenosis seen in the conventional
angiography studies yielding a sensitivity of 14,2%. Total false positive findings were 169, pointing
out a positive predictive value of 35%. Proximal stenosis detectable at 1,5T TOF were 38, with
respect to 73 seen at DSA, assessing a sensitivity of 52%. Proximal false positive findings were 8,
pointing out a positive predictive value of 82,6%. Distal stenosis detectable at 1,5T TOF were 53,
with respect to 567 seen at DSA, assessing a sensitivity of 9,3%. Distal false positive findings were

161, pointing out a positive predictive value of 25%. A false positive and a false negative example



on 1,5T TOF are showed in Fig. 2 and 3. A false positive on 3T TOF MRI is appreciable in Fig.4.
The case with a negative angiogram at 1,5T is reported in Fig 5.

f
.

Fig. a DSA Fig. b: 3T TOF Fig. c: 3T INHANCE Fig. D: 1,5 TOF

Fig 2. A case of false positive on 1,5T TOF: 1,5 TOF shows two stenoses at the level of P2 and P3 segments (arrows) of left
posterior cerebral artery, which is not confirmed on DSA, 3T TOF, and 3T INHANCE images.

.
i} -

ig_a: DSA o Fig.b: DSA, magnification Fig.c 3 TOF

Fig. 3. A case of false negative on 1,5T TOF: Left cerebral middle artery presents an earlybifurcation. A magnification on the proximal
M2 tract shows two stenoses, which are detected with 3T TOF. 1,5T TOF is negative.

Fig 4. A case of false positive on 3T TOF: after the bifurcation of the right
cerebral artery, 3T MRA shows two stenoses, which are not confirmed with DSA.

Fig.a: DSA Fig.b: 3T TOF
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Fig.c: 3T INHANCE

ASL

Fig.d: 1,5T TOF

Fig.5
1,5T TOF
show no
appreciable
stenosis, in
contrast to
other
methods.

CBF values in PACNS patients and controls are shown in table 7.

ROIs analysis pointed out slight lower CBF values on patients with respect to controls. However

the statistical evaluation did not find a significant difference between patients and controls in

normal appearing WM, normal appearing GM, and in normal appearing GM+WM both in ACA and
MCA territory of supply (P > 0,05). Mean CBF values in patients are: 39,28 in WM; 62,18 in GM,;
and 55,97 in WM+GM ml/mn/100g in ACA territory; 40,19 in WM, 59,65 in GM; 46,15 in

in MCA territory. Mean CBF values in controls are: 37,99 in WM; 68,9 in

GM; and 57,47 in WM+GM ml/mn/100g in ACA territory; 45,5 in WM, 65,01 in GM; 57,53 in

WM-+GM ml/mn/100g
WM+GM ml/mn/100g in MCA territory.
Patients Controls P<0,05
WM ACA 39,2849 9 37.99+3.8 0,75
GM ACA 62.18+19 25 £8.947.95 0.4
GM-WM ACA | =5 97+16.59 57 4747 55 0,83
WM MCA 40,19+14,99 45 58,2 0,43
GM MCA 50 G5+273 56 B5.01£5.6 0,57
GM-WM MCA | 45 15+13 21 57 53+8.69 0.08

Table 7

Only one patient presented CBF values
lower than the mean value of the
control group, added with two standard
deviations. The patient showed the
following mean values: 23,71 in WM,;
37,6 in GM; and 36,31 in WM+GM
ml/mn/100g in ACA territory; 24,8 in



WM, 33,33 in GM; 28,05 in WM+GM ml/mn/100g  in MCA territory. This patient presented a
positive DSA, where a massive bilateral involvement of small distal vessel of entire intracranial

circle, with sparing of proximal arteries, was pointed out.

CBF 70 Table 8 shows that ROIs
(ml/mn/100g) 65 . .

o0 analysis pointed out that there is
55 a general trend characterized by
jz lower CBF values in PACNS
= O Patients patients than controls, the latter
gﬁ_- B Controls recruited on the basis of the
;g: same age and sex. The
15 difference of values however
l did not reach the level of
o . . significance with t-student test.

VW GM GM-WM WM GM GM-WWM
ACA ACA ACA MCA MCA MCA

Table 8. Comparison of mean CBF values in patients and controls for
each region of interest

DISCUSSION

SNR and CNR

By our experience SNR of TOF angiograms at 3T is respectively 1,4 and 1,8 higher than that
obtained at 1,5 T for proximal and distal intracranial vessels. These values slightly differ from those
reported in literature, being lower with respect to those calculated by Willinek on the basilar artery
in human brains (27) and by Bernstein on phantoms (32), who reported a doubling of SNR at
standard 3T. A similar value has been calculated for the CNR increase at 3T TOF compared to 1,5T
TOF, attested at 1,6 in proximal arteries. The major improvement has been evaluated for CNR in
distal arteries, which documented a gain of 2,8 at 3T TOF. The difference of our results compared
to those reported in literaure can be explained with the fact that different technical parameters have
been used. In particular Willinek (27) used a matrix of 336x212 with a volume voxel of 0,92 while
we used a matrix of 320x416 with volume voxel of 0,2 for the TOF imaging at 3T. Willinek
evaluated SNR and CNR gain on 3T by applicating two TOF sequences, the standard TOF with the
same voxel size of 1,5T TOF, which demostrated a doubling SNR and CNR values on 3T, and the
high resolution TOF, which demostrated a evident drop of SNR and CNR values on 3T, in
relationship with its lower voxel volume. We have to consider that we used a TOF acquisition used
in clinical practice, wich was characterized by optimized spatial resolution, in order to obtain a
better depiction of vessel morphology.

SNR and CNR mean values calculated in proximal arteries at 3T TOF and 3T INHANCE do not
show evident differences, respectively estimating a ratio of 1,02 and 0,88. In particular INHANCE
demostrates to have a little higher contrast quality in proximal circle.

At the level of distal branches SNR and CNR INHANCE values decrease, attesting a gain at 3T
TOF respect to INHANCE of 2 and 1,7 respectively. These data can be explained with the fact that
INHANCE is a flow-related method, able to represents vessels on the basis of the velocity on
inflowing blood protons (33). Higher VENC factors lead to a better evaluation of proximal vessels,



lower VENC factors better depict distal vessels. As we used a VENC factor of 40 cm/sec, the

representation of proximal vessells was favoured than distal vessels.

Comparison between DSA and MRA

Differently from 1,5T 3D TOF, the higher SNR and CNR ratio at 3T, 3D TOF is able to visualize
distal branch arteries, with a good quality up to the third-fourth division. In our experience 3D TOF
at 3T has demonstrated a better sensitivity than 3D TOF at 1,5T, both in proximal and distal
branches. Previous studies which evaluated the capacity to detect complete occlusion in steno-
occlusive disease , demostrated a 3T TOF MRA sensitivity of 100%, specificity of 99%, PPV of
87% and NPV of 100%. Further on, for detecting high-grade stenosis in atherosclerotic disease, 3D
TOF-MRA at 3T had been calculated to have a sensitivity of 78%—85%, a specificity of 95%, a
PPV of 75%— 79%, and a NPV of 95%-97% (35). S. Bash et al (34) found at 1,5T TOF a
sensibility of 87%, specificity of 98%, PPV of 59%, and a NPV of 99,5% using DSA as the
reference standard in atherosclerotic disease. As regard intracranial vasculitic disease, Pomper et al
(4) found, with a field strenght of 1,5T, an agreement between TOF MRA and DSA of 44%,
detecting 30 of 68 stenosis on TOF, using DSA as reference standard. Salvarani et al. (23) in a
review of 101 patients, detected a vasculitic pattern on MRA in 59% of cases. Our data are similar
to those reported in literature, as regard 1,5T TOF, which demonstrated to have a sensitivity and
PPV of 52% and 82,6% in proximal vessels; and 9,3% and 25% in distal vessels. Global sensitivity
and PPV have been calculated to be 14,2% and 35% at 1,5T. We calculated a 86% of sensitivity at
1,5T TOF angiograms calculated for patients, a higher value than that reported by Salvarani et al.
On the other hand, in our experience, 3T TOF MRA resulted to be more effective than 1,5T TOF
MRA in detecting vascular stenoses, attesting a sensitivity at the level of proximal segments of
74%. This value is however lower than those calculated in previous studies performed at 3T in
steno-occlusive disease (35). We think that this difference depends on the fact that a different class
of vessels has been considered: Choi (35) focuses on distal internal carotid artery, M1 and M2
segments of middle cerebral artery and on vertebro-basilar artery, while we considered as proximal
arteries the first and second division of each vessel, thus including A1-A2, and P1-P2 segments. By
our knowledge, distal stenosis evaluation has never been reported in literature, and we found low
sensitivity values and quite high PPV values. We must add that, differently from atherosclerotic
disease, which predominantly affects proximal vessells, vasculitic abnormalities involve the entire
intracranial circle. This consideration was the reason why we evaluated both proximal and distal
vessels, leading to a predictable reduction of sensitivity values.

3T INHANCE demostrated a lower sensitivity and PPV values than 3T TOF. This fact is mostly
due to the lower capacity to delineate vessel morphology in proximal circle and to the reducted
number of distal vessel visualizable with this sequence. As the intensity of vessels depends on the
velocity of inflowing blood protons, the drop of signal is particularly appreciable in distal vessels,
burdening a correct interpretation of the images.

Further on, while both 3T TOF and 3T INHANCE detected in all cases at least one stenosis, in one
patient, who presented only distal stenoses, 1,5T TOF was negative. The disponibility of higher
field strenght can be exploited in order to obtain a higher spatial resolution on MRA images. In



particular, the better depiction of proximal and distal vessels on 3T MRA angiograms, due to the
higher SNR and CNR, should allow the radiologist to take more confidence in the evaluation of
vessel anomalies.

ASL

In our experience no significant CBF difference has been found between PACNS patients and
controls, using a ROIs analysis of pCASL images acquired with a delayed interval of 1525 ms.
Possible causes can be related to the fact that we used a ROI-based analysis, which is not able to
evaluate the entire brain parenchyma. Further histogram-based analysis would be useful for a more
accurate assessement of CBF values in patients and controls.

In vasculitic disease, ASL can be used for a qualitative and quantitative evaluation of hypoperfused
regions in cases of proximal stenosis. Fig 6 shows a case of a signal drop at the level of the territory
supplied by right MCA, in a patient with a severe stenosis of M1-M2 segment Morphologic
evaluation was negative in cortical-subcortical region in the same territory.

The role of ASL in cases with prominent distal vessel involvement is more questionable.

Fig.c: ASL

Fig.d: 3T INHANCE Fig.e: 1,5T TOF Fig.f: FLAIR

Fig. 6. Proximal severe stenosis at the level of M1-M2 segment of right midlle cerebral artery (black arrows), which is well
documented by all methods. ASL shows a hypoperfused area in the territory of right MCA. Regular perfusion is appreciable
in right ACA territory FLAIR documents a limited scar related to the previous hemorrhagic event (white arrow), but no lesions
in the remaining right MCA territory of supply.

Previous studies (4, 17, 23) proposed that PACNS could be distinguished in two different clinical
patterns: patients with medium-large vessels involvement and patients with small vessels
involvement. This hypothesis is supported by the hystopatologic reply of beta-amyloid deposits in
those cases of PACNS with an essential small vessel and leptomeningeal involvement, in contrast



with cases of PACNS with proximal vessel involvement in which this protein was not found (36).
These findings support the hypothesis that two different pattern could exist in PACNS patients (4,
36, 39).

In the cathegory of patients characterized by a small vessel involvement DSA can fail in detecting
vessel wall abnormalities, as affected vessels can be under the minimum resolution of the method.
In this situation a perfusional analysis could be crucial, being able to visualize the health status of
capillary network. In particular we found that, in a patient with massive small vessel involvement in
the entire intracranial circle (95 stenosis), an ASL perfusional evaluation pointed out a significative
drop of values ( 23,71; 37,6 and 36,3 in WM, GM and WM+GM in ACA territory, and 24,8; 33,33
and 28,5 in WM, GM and WM+GM in MCA territory), which was below two standard deviations
from the mean of the control group. This fact could let the neuroradiologist to have more
confidence in suspecting PACNS, also in front of a negative DSA or a DSA with a pattern of a
diffuse small vessel involvement. Obviously diagnosis of PACNS cannot forget Calabrese and
Mallek criteria, given by clinical signs indicative for a vasculitic process, in absence of other
sistemic causes. In addiction, besides the technical problems related to the sequence, there must be
excluded other clinical causes of apparent diffuse hypoperfusion: age, arterial transit delay, loss of
cardiac output, decreased brain volume, vasospasm, and exogenous drugs may result in decreased
perfusion. A limit of our analysis is that our patients were recruited on the basis of a positive
angiogram, so we had no patients with a negative DSA with a brain-biopsy proved PACNS.
However, the only patient with proved reducted perfusional data previously underwent a brain
biopsy, which was diagnostic for PACNS.

CONCLUSION

In conclusion MRA can be applied as a not invasive tool both in the diagnosis and follow-up of
PACNS patients, being able do give a better depiction of vascular architecture compared to 1,5T
MRA. However, in PACNS MRA still requires further confirmatory diagnostic testing such as DSA
and/or brain biopsy. MR perfusion with pCASL have to be tested with histogram analysis in a

larges sample of PACNS patients, in order to establish its role in the clinical settings.
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