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Susceptibility-Weighted Imaging for the
Evaluation of Patients with Familial Cerebral
Cavernous Malformations: A Comparison with
T2-Weighted Fast Spin-Echo and Gradient-Echo

ORIGINAL
RESEARCH | Sequences
J.M. de Souza BACKGROUND AND PURPOSE: The T2-weighted gradient-echo (GRE) imaging is currently the gold

standard MR imaging sequence for the evaluation of patients with cerebral cavernous malformation
(CCM) lesions. We aimed to compare the sensitivity of susceptibility-weighted imaging (SWI) with
T2-weighted fast spin-echo (FSE) and GRE imaging in assigning the number of CCM lesions in patients
with the familial form of the disease.

R.C. Domingues
L.C.H. Cruz, Jr.
F.S. Domingues
T. lasbeck

MATERIALS AND METHODS: We studied 15 patients (8 men, 7 women; mean age, 34 years) with
E.L. Gasparetto

familial CCM. All patients underwent MR imaging with the following sequences: T1-weighted spin
echo, T2-weighted FSE, T2-weighted GRE, and SWI. Two neuroradiologists read the images regarding
the number of lesions seen on each sequence. The final decisions were reached by consensus. The
number of lesions on the different sequences was compared with analysis of variance, followed by a
nonparametric Wilcoxon matched-pairs signed rank test.

RESULTS: The number of lesions was higher on T2-weighted GRE than on T2-weighted FSE (P =
.001). In addition, more lesions were seen on SWI than on T2-weighted GRE (P = .001) and FSE (P =
.001) sequences.

CONCLUSION: The sensitivity of SWI in assigning the number of CCM lesions in patients with the
familial form of the disease is significantly higher than that of T2-weighted FSE and GRE sequences.

Cerebral cavernous malformation (CCM) comprise
5%—13% of all the central nervous system vascular mal-
formations, with an estimated prevalence of 0.5% in the gen-
eral population. Histologically, the lesion is defined as blood
cavities surrounded by a single layer of endothelium, without
muscular tissue or intervening brain parenchyma."” CCM
may occur as a sporadic form, in which patients usually have a
single lesion, and a familial form, characterized by multiple
lesions and autosomal dominant transmission.”*

The finding of multiple CCM lesions calls for a family
screening that may confirm the diagnosis of unrecognized af-
fected patients and establish the baseline imaging for the ap-
propriate follow-up of the kindred. The likelihood of a de
novo lesion in the future and counseling of female kindred in
childbearing age make necessary an imaging surveillance of
the family members with the best imaging technique
available.>®

MR imaging is currently the best imaging method to eval-
uate CCM.® On T2-weighted sequences, the lesions usually
appear as areas of mixed signal intensity, with a central retic-
ulated core and a peripheral rim of decreased signal intensi-
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ty.>” T2-weighted gradient-echo (GRE) imaging has been ad-
vocated as the gold standard MR imaging sequence for both
sporadic and familial CCM evaluation.”®

Susceptibility-weighted imaging (SWI) is a technique that
exploits the magnetic properties of tissues, such as blood or
iron content. Recently, a new SWI was described, which is a
technique that maximizes the sensitivity to susceptibility ef-
fects by combining a long-TE high-resolution fully flow-com-
pensated 3D GRE sequence with filtered phase information in
each voxel.”'% As a result, SWI has an exquisite sensitivity to
the venous vasculature, blood products, and vascular malfor-
mations. Preliminary studies have suggested that SWI is more
sensitive than T2*-weighted imaging for evaluating CCM.'"'?

The goal of this study was to evaluate the sensitivity of SWI
compared with T2-weighted fast spin-echo (FSE) and GRE
sequences in assigning the number of CCM lesions in patients
with the familial form of the disease. We hypothesized that the
number of CCM lesions is better evaluated with the SWI
sequence.

Materials and Methods
This prospective study included 8 male and 7 female subjects (ages
ranging from 18 to 74 years of age; mean age, 34 years of age) from 6
families with CCM. All patients signed informed consent forms, and
the institutional review board of our hospital approved the study.
All patients underwent MR imaging in a 1.5T scanner (Magnetom
Avanto; Siemens, Erlangen, Germany) with a 12-channel head coil.
The standard protocol included T1-weighted spin-echo imaging (SE)
(TR/TE, 375/11 ms; flip angle, 90°; FOV, 230 mm; matrix, 512 X 256;
section thickness, 3 mm; intersection gap, 0.9 mm), T2-weighted FSE
imaging (TR/TE, 4,880/116 ms; flip angle, 30° echo-train length, 11;
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Fig 1. A 46-year-old male patient with familial CCM. A, Axial T2-weighted FSE image shows no significant abnormalities. B, Axial T2-weighted GRE image demonstrates a small extinction
on the right parietal region, though it is larger on SWI (type IV lesion) (C, arrow).

FOV, 230 mm; matrix, 512 X 256; section thickness, 3 mm; intersec-
tion gap, 0.9 mm), and T2-weighted GRE imaging (TR/TE, 829/26
ms; flip angle, 20° FOV, 230 mm; matrix, 512 X 256; section thick-
ness, 3 mm; intersection gap, 0.9 mm).

The SWI technique used in this study is a novel imaging method
that maximizes the sensitivity to susceptibility by combining a
long-TE high-resolution fully flow-compensated 3D GRE sequence
with filtered phase information in each voxel to both enhance the
contrast in magnitude images and add the susceptibility differences
between tissues as a new source of information.”'* The SWI was
acquired with the following parameters: TR/TE, 57/40 ms; flip angle,
20° rectangular FOV, 5/8; matrix, 512 X 256; section thickness, 2
mm). All images were acquired in the same axial plane. Subsequently,
the SWI sequences were reconstructed with minimum intensity pro-
jection (MinMIP) technique to obtain images with section number,
thickness, and position similar to those of T2-weighted FSE and GRE
sequences.

Two neuroradiologists were blindly and independently assigned
to read the images on the PACS system (Carestream Health, Roches-
ter, NY). The equivalent sections of SWI, T2 FSE, and T2 GRE were
compared simultaneously in 2 conjugated 19-inch monitors divided
into 4 windows. The neuroradiologists counted the number oflesions
in each sequence and compared all of them, confirming that all the
lesions seen on T2-weighted FSE were observed on both T2-weighted
GRE and SWT and that all lesions demonstrated on T2-weighted GRE
were seen on SWIL.

In addition, all the CCM lesions were classified according to
Zabramski et al” into types I-1V, based on conventional T1 and T2
FSE and GRE MR imaging sequences. The type I lesions are defined as
having a hyperintense core on T1-weighted images and hyper- or
hypointense on T2-weighted FSE sequences. The type II are seen as
reticulated mixed—signal intensity cores on T1- and T2-weighted FSE
sequences, with a hypointense rim on T2-weighted FSE images. The
next category, type ITI, exhibits iso- or hypointense signal intensity on
T1-weighted FSE images and hypointense signal intensity with a hy-
pointense ring magnified on T2-weighted FSE sequences. Finally, the
type IV CCM lesions present as punctate hypointense lesions on T2-
weighted GRE images. The lesions seen only on SWI were considered
independently of the classification of Zabramski et al.” The final de-
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cisions regarding the number and classification of the CCM were
reached by consensus.

The number of CCM lesions seen on T2*-weighted GRE, T2-
weighted FSE, and SWI sequences were compared with analysis of
variance (ANOVA),
matched-pairs signed rank test. The statistical analysis was performed

followed by a nonparametric Wilcoxon

with the Statistical Package for Social Sciences software, Version 11.0
(SPSS, Chicago, Ill), and values of P < .01 were considered as statis-
tically significant.

Results

All except 2 patients had lesions on the 3 sequences. These
patients showed no lesions on T2-weighted FSE and GRE se-
quences, and 1 had a lesion on SWI. In the remaining 13 pa-
tients, there was a mean of 5.7 lesions on T2-weighted FSE
imaging (ranging from 1 to 28 lesions), a mean of 26.3 on GRE
imaging (ranging from 2 to 89 lesions), and a mean of 45.6
lesions on SWI sequence (ranging from 4 to 149 lesions) (Figs
1-5).

The ANOVA showed that the difference among the num-
ber of lesions seen on the 3 sequences was statistically signifi-
cant (P < .0001). In addition, the number of CCM lesions was
higher on T2-weighted GRE than on T2-weighted FSE (P =
.001). Finally, more lesions were seen on SWI than on T2-
weighted GRE (P = .001) and FSE (P = .001) sequences.

Regarding the classification of CCM based on the MR im-
aging signal intensity, there were 14 (2.3%) type I lesions, 29
(4.9%) type 11, 32 (5.4%) type III, and 267 (44.9%) type IV
lesions. However, a substantial number of CCM lesions (n =
253;42.5%), which were seen only on the SWI sequence, could
not be categorized on the basis of the classification of Zabram-
ski et al.”

Discussion

In the present study, we evaluated the sensitivity of SWI in
assessing the number of lesions in patients with multiple CCM
lesions, compared with that of T2-weighted FSE and GRE se-
quences. The number of lesions seen in SWI was 1.7 times



Fig 2. A 53-year-old female patient with familial CCM. A, Axial T2-weighted FSE image shows no significant abnormalities. B, Axial T2-weighted GRE image shows a small focus of low
signal intensity (arrow) on the left cerebellar hemisphere (type IV lesion). C, SWI demonstrates the cerebellar lesion but, in addition, shows a left temporal lesion (arrow), which was

obscured by the bone artifacts.

Fig 3. A 25-year-old female patient with familial CCM. A, Axial T2-weighted FSE image shows a small area of low signal intensity on the right frontotemporal region (arrow). B, T2-weighted
GRE image clearly demonstrates the lesion (type Ill) (arrow). C, SWI confirms the right frontotemporal lesion. Additionally, SWI demonstrates bilateral frontal lesions (arrows), which were
blurred by the bone artifacts.

higher than that seen in T2-weighted GRE and 8 times higher
than that in T2-weighted FSE images.

MR imaging is currently the best imaging technique for
evaluation of CCM.®® In addition, T2-weighted GRE imaging
has been advocated as the most sensitive sequence in assessing
the number of CCM lesions in both the isolated and familial
form of the disease.”® Probably related to the blood stagnation
phenomenon and chronic microhemorrhages, CCM lesions
contain deoxyhemoglobin or hemosiderin, which generates
susceptibility effects and causes a decrease in signal intensi-
ty.>® These signal-intensity abnormalities are better evaluated
with GRE images compared with SE and FSE images.

Zabramski et al” introduced a classification for CCM based
on pathologic features and MR imaging characteristics. The
type I lesions consist of subacute hemorrhages, type II repre-
sents lesions with hemorrhages and thrombosis of varying
ages, and type III is chronic hemorrhages with hemosiderin
within and around the lesions. The pathology of type IV le-

sions is still unclear but can represent capillary telangiectasias
or a CCM in an early stage. Also, type IV lesions demonstrate
a close relationship with the familial form of CCM. In the
present series, most of the CCM lesions (44.9%) were type IV.
Nevertheless, 42.5% of the lesions were seen only on the SWI
sequence and could not be categorized on the basis of the
criteria of Zabramski et al.”

In patients with CCM, the presence of multiple lesions is
characteristic of the familial form of the disease. Moreover,
50%-84% of the patients with the familial form present
with multiple lesions, with a mean of 5.8—6.5 lesions per
patient.">>® The natural history of the familial CCM was
previously investigated by Brunereau et al,® who studied a
group of 40 patients during a mean interval of 3.2 years.
They observed bleeding of lesions in 35% of the patients, de
novo lesions in 27.5%, signal-intensity changes in 27.5%,
and size changes in 22.5% of the patients. Moreover, other
studies suggested that the annual bleeding rates and the
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Fig 4. A 22-year-old female patient with familial CCM. A, Axial T2-weighted FSE image shows a large right temporal lesion with mixed signal intensity (type Il). B, T2-weighted GRE image
demonstrates this lesion and, in addition, a small focus of low signal intensity on the right occipital lobe (arrow). C, SWI shows a small focus of low signal intensity on the right temporal

region (arrow), which is dissociated from the large lesion (bloom effect).

Fig 5. A 74-year-old male patient with familial CCM. A, Axial T2-weighted FSE image shows areas of white matter high signal intensity and a small focus of low signal intensity on the
left (arrow). B, T2-weighted GRE image demonstrates multiple foci of low signal intensity on the frontoparietal regions (type IV). C, SWI shows a higher number of lesions and confirms
the presence of larger lesions (arrows), which are not seen on the T2-weighted GRE image.

dynamic course of familial CCM could be related to risk
factors such as age, sex, location of the malformation, and
previous hemorrhages.® Because of complications associ-
ated with the familial form of CCM, mainly bleeding and de
novo lesions, these patients have to be included into proto-
cols of surveillance. In addition, MR imaging screening of
family members might make possible earlier diagnosis and
better support.® Finally, new MR imaging sequences more
sensitive for detection of hemosiderin deposits, such as
SWI, should be included in the protocols, to assess the true
prevalence of lesions, as well as to better help investigate the
imaging pattern of the CCM lesions.

Our results show the clear superiority of SWI over T2-
weighted FSE and GRE sequences in depicting small lesions
and also in dissociating CCM from bony interface and hemo-
siderin artifacts. In fact, the “bloom effect,” which is extremely
marked on T2-weighted GRE sequences and may obscure
small CCM lesions, is less evident on SWI. In addition, SWT is
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a 3D sequence, which allows a more complete evaluation of
the brain, with the identification of much smaller lesions in
different orthogonal planes.

Our study has some weaknesses. Because familial CCM
is an uncommon entity, our series included a limited num-
ber of patients. In addition, the number of lesions was sub-
jectively assessed. However, the sections of the different
sequences were compared in the same planes and indepen-
dently evaluated by 2 experienced neuroradiologists. In ad-
dition, though the section thickness of the 3 sequences was
not exactly the same, the SWI sequence was reconstructed
with the MinMIP technique to obtain images with section
number, thickness, and position similar to those of T2-
weighted FSE and GRE sequences. Also, we considered all
the foci of marked hypointensity on T2-weighted GRE and
SWI as CCM lesions, though we had no histologic evalua-
tion of these lesions and some of them might have been



calcification or bleeding from other etiologies. Neverthe-
less, we carefully investigated the clinical history of all the
patients and reviewed previous imaging studies, aiming to
exclude additional neurologic abnormalities.

Conclusion

In conclusion, the sensitivity of SWI in assigning the number
of CCM lesions in patients with the familial form of the disease
is significantly higher than that of the T2-weighted FSE and
GRE sequences. In our series, the SWI showed 73% more le-
sions than T2-weighted GRE images. The fact that the SWlisa
volumetric sequence, with much fewer artifacts related to the
bone-brain interface, might be responsible for the superiority
of this sequence. In addition, the bloom effect, which is fre-
quently seen on T2-weighted FSE and GRE sequences but not
on SWI, results in blurring around the larger lesions and could
obscure small CCM lesions. Finally, because the number of
lesions seen on SWI was higher than that on T2-weighted GRE
images, we suggest a modification of type IV lesions in the
classification of Zabramski et al.” Instead of lesions not dem-
onstrated on T1- and T2-weighted SE images but seen on T2-
weighted GRE, type IV CCM should be defined as lesions not
seen on T1- and T2-weighted SE images but demonstrated on
SWI. Further studies with pathologic correlation could clarify
if the lesions seen on SWI might represent capillary telangiec-
tasias or a CCM in an early stage.
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