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ABSTRACT

AIM: An image fusion of 3-dimensional (D) digital subtraction angiography (DSA) and magnetic resonance (MR) images, DSA-MR fusion, can
simultaneously visualize both information of the vasculature provided by 3D DSA and of the soft tissues provided by MR images. The authors
assessed the usefulness of DSA-MR fusion images concerning the pretreatment evaluation for cerebral arteriovenous malformation (AVM).

MATERIAL and METHODS: Seven consecutive patients underwent pretreatment DSA-MR fusion and then microsurgical, endovascular and/
or radiosurgical treatments.

RESULTS: DSA-MR fusion images clearly showed the spatial relationship among AVM, its feeding artery, draining vein, surrounding artery
feeding the normal brain tissue, hematoma and brain tissues (gyri or brain surface) with reasonable post-processing time.

CONCLUSION: These findings were useful for treatment planning for AVM, especially to enable neurosurgeons to easily understand the
surgical anatomy preoperatively.
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AMACG: 3 boyutlu dijital subtraksiyon anjiyografisi (DSA) ve manyetik rezonans (MR) goérintilerinin bir gorintu flizyonu olan DSA-MR
fuzyonu hem 3D DSA tarafindan saglanan damar sistemi bilgisini hem de MR gortntiileri tarafindan saglanan yumusak doku goriintlerini
ayni anda gosterebilir. Yazarlar serebral arteriyoven6z malformasyonu (AVM) tedavi 6ncesi degerlendirilmesiyle ilgili olarak DSA-MR flizyon
goruntilerinin faydasini incelemistir.

YONTEM ve GERECLER: Arka arkaya yedi hastada tedavi éncesi DSA-MR fiizyonu ve sonrasinda mikrocerrahi, endovaskiiler ve/veya
radyocerrahi tedavileri yapiimistir.

BULGULAR: DSA-MR flizyonu goériintileri AVM, besleyen arter, drenaj veni, normal beyin dokusunu besleyen cevre arterler, hematom ve beyin
dokulari (giruslar veya beyin ylzeyi) arasindaki uzaysal iliskiyi makul bir inceleme sonrasi siire kullanilmasiyla acik olarak gdstermistir.
SONUG: Bu bulgular AVM tedavisi planlamasi ve 6zellikle beyin cerrahlarinin cerrahi anatomiyi preoperatif olarak kolayca anlamalarini
saglamak tizere faydal bulunmustur.

ANAHTAR SOZCUKLER: Anjiyomimari, intraserebral kanama, Cerrahi anatomi, Tedavi planlama

INTRODUCTION Magnetic resonance (MR) imaging and digital subtraction

The management of arteriovenous malformation (AVM)
consists of determining the treatment modality, or
combination of modalities, with the greatest therapeutic
effectiveness and safety according to both patient
characteristics and AVM architecture (6). AYM architecture
is critical in formulating the most effective treatment plan.
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angiography (DSA) are used to obtain detailed preoperative
angiographic clarification of the AVM anatomy, architecture,
and associated aneurysms. Recently, an image fusion of
3-dimensional (D) DSA and MR images, DSA-MR fusion, has
entered clinical use (5,7,8). This image fusion is expected to
make up for the shortcomings of 3D DSA and MR images
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and to add up their advantages: that is, it can simultaneously
visualize both information of the vasculature provided by
3D DSA and of the soft tissues provided by MR images (5).
However, it is unknown whether DSA-MR fusion provides
more useful information regarding the treatment planning
for AVM than analyzing 3D DSA and MR images separately.
The goal of this study was to assess whether DSA-MR fusion is
worthwhile over analyzing 3D DSA and MR images separately
in pretreatment evaluations for AVM.

MATERIAL and METHODS
Patient population

Image fusion was performed in 7 consecutive patients with
AVM presenting with intracerebral hemorrhage (Table
I). Appropriate informed consent was obtained from the
patients or their relatives. No procedure-related morbidity or
mortality occurred, and the examination was well tolerated
by all 7 patients.

DSA-MR fusion

Standard 2D DSA was initially performed, and thereafter 3D
DSA (LCN+; GE Medical Systems) was performed as described
previously (5,7,8). The 3D spoiled gradient recalled (SPGR)
MR images were obtained with a 1.5 T superconducting unit
(Signa; GE Medical Systems) using a standard quadrature
head coil after intravenous injection of gadopentetate
dimeglumine (Magnevist; Berlex, Montville, NJ) at a dose
of 0.1 mmol/kg as described previously (5,7,8). If necessary,
the 3D SPGR images were twice obtained and resulted in an
overall vessel coverage of 152 mm. The 3D DSA (maximum
intensity projection; MIP) and SPGR MR images were fused on
the workstation using prototype image fusion software called
XR/MR Fusion (GE Medical Systems) as described previously
(5,7,8). The registration procedure started with the manual
designation of a pre-defined anatomical point in both
modalities, and then automatically registered. The whole
registration process took less than 30 seconds per case. When
it was completed, we validated (and manually fine-tuned if
required) the registration identified by the software.

This software provided several methods to display the fused
3D DSA and MR images. The methods used in this study were
called “Common Cursor”, “Thick Slice”, and “Sector”. With the

Table I: Patient Population

“Common Cursor” method, 4 images from one 3D DSA (MIP),
three cross-sectional MR images (axial, coronal and sagittal)
and one fused 3D DSA and MR image were displayed at the
same time on the monitor. When clicking on any point on any
of the 4 images, the software indicated automatically and in
real-time the corresponding points on the other three images.
The “Thick Slice” method showed a volume rendering image
in which two thick slices (axial, coronal or sagittal 3D DSA and
MR slices) were superimposed: the 3D DSA slice was thicker
than the MR slice. The “Sector” method showed the volume
rendering image in which the whole 3D DSA vasculature was
superimposed on two or three cross-sectional MR slices (axial,
coronal or sagittal), whose thickness could be changed.

Evaluations

Two experienced neurosurgeons (HS, WT), who were
experienced in performing microsurgical, endovascular and
radiosurgical treatments, independently reviewed 3D DSA,
3D contrast-enhanced SPGR MR and DSA-MR fusion images.
For analysis, each image was presented on the monitor screen
of the workstation. Three-dimensional DSA images were
evaluated from the desired angles using MIP and volume-
rendering images. Three cross-sectional MR images (axial,
coronal and sagittal) were evaluated using sequential multiple
slices. DSA-MR fusion images were evaluated using different
display modes: the authors at first assessed the Common
Cursor images, and then assessed the other DSA-MR fusion
images. Two experienced neurosurgeons independently
judged whether the additional information provided by the
DSA-MR fusion images was useful for treatment planning or
not. Differences in assessment were resolved by consensus.

RESULTS

The additional information which was obtained by DSA-MR
fusion but were not or difficultly obtained by analyzing 3D DSA
or MRimages separately was as follows: (a) the passing course
of a feeding artery, a draining vein of AVM or the surrounding
arteries in the brain tissue and (b) the spatial relationship
among AVM, its feeding artery, draining vein, surrounding
artery feeding the normal brain tissue, hematoma and brain
tissues. The former information was considered useful for
predicting the functional risks associated with unexpected
vesselinjuriesduringdirectsurgery orendovasculartreatment,

mmmm

1 Female Left occipital lobe

2 55 Male Right frontal lobe

3 29 Female Left occipital lobe

4 26 Male Right temporal lobe
5 33 Male Left temporal lobe
6 66 Male Right frontal lobe

7 70 Male

SM grade, Spetzler and Martin grade; TAE, transarterial embolization.
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Left temporo-parietal lobe Il

Gamma knife

1] TAE + Gamma knife
11l TAE + Gamma knife
Il Surgery

1l Surgery

Il Gamma knife

Surgery
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and therefore for the patient’s pretreatment education,
although no unexpected vessel injuries occurred during AVM
treatment in this study. The latter information was useful for
clarifying the boundary of AVM and therefore for radiosurgical
planning, because AVM was associated with intracerebral
hemorrhage that compromised MR images in this study. In
addition, DSA-MR fusion images enabled neurosurgeons to
understand the surgical anatomy preoperatively and were
useful for surgical planning for AVM: neurosurgeons could
easily interrupt the feeding arteries before the draining veins
were interrupted. In contrast with 3D DSA that provided no

information other than vessels, 3D contrast-enhanced SPGR
MR images showed cerebral arteries including perforating
arteries as high intensity spots or strings in the brain tissue, as
well as draining veins. However, MR images alone could not
exactly demonstrate the passing course of an artery in the
brain tissue, even though the artery was traced carefully on
adjacent images. MR images also showed the relationships
among the nidus, vessels, hematoma and brain tissue, and
made an overall evaluation of axial images by changing the
section direction. However, MR images could not consistently
visualize the nidus, the courses of the feeding, passing arteries
and draining veins, brain tissue and hematoma on the same
plane, and therefore the 3D relationship among them had to
be deduced. As a result, 2 neurosurgeons consistently judged
that DSA-MR fusion images were more useful for treatment
planning than separately used 3D DSA and MR images in all
7 cases.

1. lllustrative cases
1. Right frontal AVM (patient No. 2; Figure 1A,B)

DSA-MR fusion images clearly showed the passing course
of feeding arteries of AVM in the brain tissue and a spatial
relationship among AVM, hematoma and brain tissue within
30 minutes. Common Cursor images easily identified the
passing course of the specific feeding arteries in the brain
tissue by showing the corresponding points among 3D DSA
(MIP), MR and Sector images, and tracing the artery on the
MIP image.

2. Left temporo-parietal AVM (patient No. 7; Figure 2)

The DSA-MR fusion images clearly delineated the AVM nidus
and showed the spatial relationship among the nidus, a major

Axial Coronal
MR image

MIP image

Axial Coronal
MR image

Figure 1: DSA-MR fusion images of right frontal AVM (patient No. 2). A) Sector image; B) Common Cursor image. The corresponding

points are indicated as small dots and appear by number.
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feeding artery, a passing artery, draining veins, hematoma
and brain tissue within 30 minutes (Figure 2A,B). MR imaging
display of the AVM was compromised by the overlying signal
of the hematoma, which did not cause poor visualization
of AVM on the DSA-MR fusion images (Figure 2B). Surgical
perspective display of the DSA-MR fusion image (Figure 2A)
corresponded to the actual operative views (Figure 2C). The
information of DSA-MR fusion images enabled us easily to
interrupt the major feeding artery on the brain surface. After
that, we evacuated the AVM nidus. The location of the AVM
nidus was delineated from the brain surface using draining
veins as a landmark on the DSA-MR fusion images. Operative
findings confirmed the findings of the DSA-MR fusion images.
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Figure 2: Left temporo-
parietal AVM (patient No. 7).
A) Thick Slice image
(surgical perspective
display);

B) MR (upper) and Thick
Slice (lower) images;

C) operative views (left
upper, brain surface; right
upper or left lower, after
dissecting arachnoid
membrane around the
feeding artery or AVM nidus,
respectively; right lower,
after removal of AVM). Thick
arrows, feeding arteries;
thin arrows, passing arteries;
arrowheads, draining veins.

DISCUSSION

Less invasive 3D computed tomography angiography and
contrast enhanced MR imaging or angiography are helpful for
the detection and characterization of cerebral AVMs, and also
give information about the vasculature and the soft tissues.
However, conventional angiography or DSA remains the gold
standard for the study of cerebral AVM, because these less
invasive techniques (although they are rapidly advancing)
have inferior spatial resolution, do not enable imaging of
the entire cerebral vasculature and do not provide precise
information about intracranial hemodynamics. This study
demonstrated that DSA-MR fusion images provided useful
information for planning surgical or radiosurgical strategies
by showing the surgical anatomy or clarifying the boundary
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of AVM associated with hematoma, and for predicting the
functional risks associated with unexpected vessel injuries
during direct surgery or endovascular treatment. The
information could be to some extent drawn from appropriate
and careful reading of DSA and MR images, but DSA-MR
fusion images more easily and clearly provided them. In
addition, DSA-MR fusion images caused neither additional
invasiveness nor burden in AVM patients who underwent
both 3D DSA and MR imaging.

Three-dimensional MR angiography allows an overall view of
the AVM angioarchitecture with accentuation of vessels with
high blood flow velocities. The well-known limitations of MR
angiography include difficulties in correctly demonstrating
vessels with flow turbulence or low-flow conditions including
the venous drainage patterns (4). MR angiography may also
fail both, in the exact delineation of feeding arteries due to
vessel overlap and suppression of in-plane flow, as well as in
the detection of the nidus in small AVMs due to limited spatial
resolution. In addition, disturbances caused by structures
with short T1 times, e.g, methemoglobin in subacute
hemorrhage, may mask vascular components of the AVYM
(1). Although contrast-enhanced gradient-echo MR imaging
and MR angiography have the potential advantage that
smaller, slow-flow or turbulent-flow arteries and veins can be
demonstrated, involved or surrounding vessels may not be
clearly differentiated from an enhanced structure or subacute
hemorrhage (7, 9).

The usefulness of the fusion images of computed tomography
angiography, MR imaging, MR angiography or venography
in AVM surgery recently has been reported, but the limited
spatial resolution was still problematic (3). As shown in this
report, DSA-MR fusion image is an imaging technique that
may most clearly visualize both the AVM angioarchitecture
and the surrounding tissues. DSA-MR fusion image is invasive
but the patient who undergoes 3D DSA and MR imaging has
no additional invasiveness, because DSA-MR fusion images
are created on the workstation using image fusion software.
The current limitation of DSA-MR fusion images is the lack
of information about the velocity of blood flow within the
different parts of the AVM. However, this information can be
obtained by 2D DSA performed preceding 3D DSA.

DSA-MR fusion images are very useful for surgical planning.
AVM surgery involves first identification of the malformation
and then elimination of superficial feeding vessels,
circumferential dissection leading to lesion apex, and finally
division of the last vasculature pedicle with complete removal.
Features important for the preoperative evaluation include
depiction of the vessels, differentiation between arteries and
veins, relationship between vessels and nidus, and location of
the nidus to brain surface. Display of the brain surface and
superficial vessels is a guide in locating the nidus when the
nidus is confined to a normal brain (2). Neurosurgeons must
also know whether the arterial supply of the AVM does or does
not feed the surrounding brain tissue. The DSA-MR fusion
images can provide all the information for neurosurgeons.
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Information on gyri and their relation to the lesions and
vasculature can be obtained from a single image on the
DSA-MR fusion image. Using this advanced image fusion
technique coupled with its reasonable post-processing time,
neurosurgeons may more easily and precisely understand the
surgical anatomy preoperatively than analyzing 3D DSA and
MR images separately.

In conclusion, this study showed that, in AVM cases associated
withintracerebral hematoma, DSA-MR fusionimages provided
useful additional information for treatment planning to 3D
DSA, MR images, or both with no additional invasiveness. It
may be worthwhile using DSA-MR fusion images as a part of
the pretreatment assessment of cerebral AVMs considering
their clarity and reasonable post-processing time.
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