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Three-Dimensional Fusion Digital Subtraction
Angiography: New Reconstruction Algorithm for
Simultaneous Three-Dimensional Rendering of
Osseous and Vascular Information Obtained
during Rotational Angiography

Philippe Gailloud, Satoru Oishi, and Kieran Murphy

Summary: This report describes three-dimensional (3D)
fusion digital subtraction angiography (FDSA), a new al-
gorithm for rotational angiography that combines recon-
structions of the blood vessels and the osseous frame in a
single 3D representation. 3D-FDSA is based on separate
reconstructions of the mask and contrast sequences of the
rotational acquisition. The two independent 3D data sets
(3D-bone and 3D-digital subtraction angiography [DSA])
are fused in a single 3D representation. The algorithm uses
a modification of the Feldkamp method that compensates
for signal intensity inhomogeneity inherent to the recon-
struction of nonsubtracted rotational acquisitions. By sep-
arately reconstructing the osseous and vascular informa-
tion obtained from the rotational angiogram, 3D-FDSA
provides optimal angiographic resolution and precise to-
pographic analysis even when the studied vascular tree is
in the immediate vicinity of bone.

Digital subtraction angiography (DSA) remains the
most accurate imaging technique for the evaluation of
the cerebrovascular system (1). The newly developed
technique of three-dimensional (3D)-DSA has even
further enhanced the accuracy of DSA for the diag-
nosis of intracranial vascular anomalies (2-5). How-
ever, noninvasive imaging techniques, such as MR
angiography and CT angiography, have also shown
remarkable progress. In particular, CT angiography is
a promising technique for the diagnosis of intracra-
nial vascular lesions, such as cerebral aneurysms. Fur-
thermore, CT angiography provides simultaneous 3D
rendering of vascular structures and their osseous
environment, an option previously not available with
conventional angiographic techniques (1, 6, 7). 3D-
digital angiography (DA), a newly introduced recon-
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struction algorithm for rotational conventional an-
giography, now offers concomitant high-resolution
representation of bone and blood vessels (8). How-
ever, because the algorithm for 3D-DA is based on
the reconstruction of a single, nonsubtracted rota-
tional data set, it cannot avoid an artifactual loss of
image quality when osseous and vascular structures
are immediately adjacent (8). This problem, which
typically affects the imaging of vascular lesions lo-
cated at the skull base, is common to both 3D-DA
and CT angiography (6).

The present technical report describes 3D—fusion
DSA (FDSA), a new algorithm for rotational angiog-
raphy that combines separate reconstructions of the
blood vessels and the osseous frame in a single 3D
representation. The technique is illustrated by a clin-
ical example involving the analysis of vascular struc-
tures at the skull base.

Technique

Data Acquisition

3D-FDSA is performed by applying a new reconstruction
algorithm to standard rotational cerebral angiography. The
parameters used for rotational angiography with our equip-
ment (Infinix NB, Toshiba, Japan) are as follows: tube rotation
—200° at 40°seconds, frame rate —30 frames per second. A
nonionic iodinated contrast agent (Omnipaque 300; Amersham
Health, Princeton, NJ) is administered with an automatic in-
jector by using a typical volume and rate of 24 mL and 4
ml/second, respectively, for the common carotid artery and 18
mL and 3 mL/second, respectively, for the vertebral artery.

3D Image Postprocessing

3D-FDSA images are generated from the same rotational
data set used for standard 3D-DSA reconstruction. To obtain
3D-FDSA images, the two components of the rotational acqui-
sition, ie, the series of mask images and the series of contrast
images, have to go through a three-step reconstruction process
(Fig 1):

Step 1 is the 3D reconstruction of the vascular tree of
interest; it is equivalent to a standard 3D-DSA technique. First,
a rotational DSA data set is built by subtracting angle-matched
mask images from the contrast images. The 3D representation
of the vascular tree is then reconstructed from the subtracted
rotational images by using the Feldkamp method (8).

Step 2 consists in the independent reconstruction of a 3D
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Fic 1. Flowchart shows the three steps

involved in 3D-FDSA image reconstruc-
________ tion. The first (outlined in blue) consists in
a standard 3D-DSA reconstruction. The
rotational mask acquisition is subtracted
from the rotational contrast acquisition.
The Feldkamp method is applied to the
resulting subtracted rotational data set to
obtain the 3D-DSA reconstruction. The
second step (outlined in red) consists in
the reconstruction of the rotational mask
acquisition into a 3D osseous representa-
tion (3D-bone) by using a modified Feld-
kamp method. The third step (outlined in
black) is the combination of the two 3D

Reconstruction

reconstructions obtained in step 1 and 2
into a fused 3D volume.

b i 1

3D images(bone)

image of the osseous frame (3D-bone) from the rotational
mask acquisition used in step 1. The nonuniformity of bright-
ness inherent to the imaging chain is compensated by subtract-
ing a flood image from each mask image. The flood image is
acquired without phantom as part of a monthly calibration
process. The 3D-bone representation is reconstructed from the
compensated mask images by using a modified Feldkamp
method (8).

Step 3 builds the 3D-FDSA representation by fusing the
3D-DSA and 3D-bone data sets obtained through steps 1 and
2. Because the 3D-DSA and 3D-bone representations share an
identical coordinate system, they can be fused in a single 3D
space without additional registration operations. A volume-
rendering technique is then applied to the fused 3D data set
(3D-FDSA). Different color settings are applied to the vascular
and osseous components of the 3D image during the volume-
rendering process to enhance structure differentiation and
recognition.

The postprocessing workstation offers three 3D display
modes of a single rotational data set: 3D-FDSA, 3D-DSA, and
3D-bone. Switching from one mode to the other is instanta-
neous by means of a mouse click. The 3D volume can be
trimmed or a volume-of-interest can be created by using free-
drawing tools to focus the 3D representation on a specific
region of interest. The 3D data set can also be reformatted in

3D images(vessel)

various two-dimensional (2D) representations (standard or-
thogonal, oblique, or curved) of various section thicknesses.

Case Illustration

A 32-year-old neurologically intact woman was examined for
tinnitus. MR imaging depicted a vascular mass centered in the
left petrous region, and she was referred to our institution for
further investigation. 3D-FDSA was performed during routine
conventional angiography. DSA revealed a large fusiform an-
eurysm in the distal left internal carotid artery. The 3D-FDSA
images emphasized the relation of the mass with the surround-
ing structures, revealing in particular a protrusion of the aneu-
rysmal sac into the posterior fossa through an adjacent bony
erosion (Fig 2). Therapeutic sacrifice of the left internal carotid
artery with coils and detachable balloons was performed after
an uneventful balloon-occlusion test.

Discussion
Introduced in 1927 by Egas Moniz and Almeida
Lima, cerebral angiography was immediately consid-
ered a potential breakthrough for the diagnosis of
intracranial pathologies (9). The development of safe



910 GAILLOUD

i

AJNR: 26, April 2005

Fic 2. 3D-FDSA a 32-year-old woman with a fusiform aneurysm of the left internal carotid artery. Representations on the workstation

include 3D-FDSA, 3D-bone, and 3D-DSA modes.

A, Craniocaudal 3D-FDSA view of the skull base shows erosion of the basisphenoid due to expansion of the aneurysm (arrowheads).
B, Same view in 3D-bone mode better depicts the osseous erosion involving the basisphenoid (arrowheads), apex of the petrous bone

(long arrow), and lateral aspect of the sphenoid body (short arrows).

C, Same view in 3D-DSA mode provides details of the vascular anatomy. Note decreased attenuation in the posterior aspect of the
aneurysm (asterisk) corresponding to the stagnation of contrast agent in the declive portion of the sac, as seen on regular 2D-DSA (not

shown).

D, 2D axial reformation of the 3D-FDSA data set (section thickness, 1 mm) reveals that the posterior aspect of the aneurysmal cavity,
where contrast agent stagnation is shown, protrudes into the posterior fossa through the eroded basisphenoid (arrow).

E, 2D reformation of the 3D-FDSA data set (section thickness, 1 mm) in an oblique plane parallel to the axis of the petrous bone. Note
the detailed rendering of the interface between bone and blood vessels as the carotid artery crosses the carotid canal. Also note the

fine anatomic depiction of the inner ear structures.

contrast agents, as well as the introduction of photo-
graphic and later electronic subtraction techniques
(10-12), established modern cerebral DSA. Noninva-
sive cerebral imaging appeared in the late 1970s, with
the introduction of CT and the subsequent advent of
MR imaging. These techniques enabled direct visual-
ization of the cerebral parenchyma for the first time
and quickly superseded cerebral angiography in the
evaluation of nonvascular intracranial lesions. More
recently, noninvasive vascular-imaging techniques,
such as CT and MR angiography as well as Doppler
sonography, have been used in place of DSA for the
diagnosis of certain neurovascular conditions, includ-

ing extracranial carotid artery disease. Despite these
advances, DSA remains the criterion standard imag-
ing technique for the evaluation of the cerebral vas-
culature (1). 3D-DSA, which consists of the 3D re-
construction of a rotational angiographic data set, is
the latest refinement in catheter-based angiographic
techniques. 3D-DSA combines the anatomic resolu-
tion of DSA with 3D-rendering techniques previously
available with only CT or MR angiography. 3D-DSA
provides information more detailed than that of DSA
alone in the evaluation of neurovascular lesions, such
as cerebral aneurysms (2-5). This technique has taken
a prominent role in treatment planning, as it improves
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appreciation of the morphology of complex vascular
lesions before endovascular or surgical management
is undertaken. It is also superior in the performance
of sophisticated tasks, such as measuring the volume
of aneurysms (13). However, the inability of 3D-DSA
to simultaneously depict osseous and vascular infor-
mation is a weakness of the technique when com-
pared with CT angiography (1, 6, 7).

A new reconstruction algorithm for rotational an-
giography that combines vascular and osseous infor-
mation has been described (8). This new technique,
termed 3D-DA, consists of the 3D reconstruction of a
single, nonsubtracted rotational data set. Therefore,
it offers simultaneous imaging of bone and blood
vessels. However, the single-step reconstruction pro-
cess, which is based on the analysis of differences in
attenuation between opacified blood vessels and sur-
rounding osseous structures, loses its accuracy when
bone and vessels are immediately adjacent. This prob-
lem is similar to the limitations encountered during
CT angiography at the skull base. The purpose of the
reconstruction algorithm (3D-FDSA) that we present
is to optimize simultaneous 3D rendering of osseous
and vascular structures, particularly when these struc-
tures are contiguous, as in the skull base. To reach
this goal, 3D-FDSA uses independent reconstructions
of a subtracted rotational data set (equivalent to 3D-
DSA) and of a nonsubtracted, noncontrast rotational
data set (3D-bone), which is in fact derived from the
mask images obtained as part of the 3D-DSA process.
3D-FDSA images are produced by fusing 3D-DSA
and 3D-bone in a single 3D reconstruction.

3D-FDSA offers osseous and vascular information
finer than that of 3D-DA for two reasons: First,
3D-DA images distinguish vascular and osseous
structures by using thresholding techniques. How-
ever, the distributions of voxel attenuation values for
bone and vessels overlap; therefore, these structures
may be incorrectly recognized in the thresholding
technique. With 3D-FDSA, the vascular and osseous
volumes are separately reconstructed from individual
rotational data sets, without additional manipulation
such as thresholding. Second, the separate recon-
struction process used for 3D-FDSA also avoids the
summation of bone-related, beam-hardening artifacts
and vascular artifacts (pulsatile structures, incom-
plete vessel opacification). These artifacts are super-
imposed in the one-step reconstruction of 3D-DA
and degrade the fine anatomic detail.

The clinical case in which precise topographic analysis
of the relationships between osseous and vascular struc-
tures was critical to both diagnosis and management
illustrates the potential clinical applications of 3D-
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FDSA. In this case, 3D-FDSA depicted the bony ero-
sion produced by the pulsating mass and revealed the
aneurysmal sac bulging into the posterior fossa, which
prompted therapeutic sacrifice of the carotid artery.

Conclusion

The combination of high-resolution vascular and
bone imaging offered by 3D-FDSA further refines the
role of conventional angiographic techniques in the
diagnosis of cranial vascular lesions, particularly
those located at the skull base. In addition, the fine
anatomic and topographic information that 3D-
FDSA provides can help optimize the planning of
surgical or endovascular approaches to cerebrovascu-
lar diseases.
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