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C-arm cone-beam computed tomography (CT) with a flat-panel detector represents the next generation of imaging
technology available in the interventional radiology suite and is predicted to be the platform for many of the three-
dimensional (3D) roadmapping and navigational tools that will emerge in parallel with its integration. The combination
of current and unappreciated capabilities may be the foundation on which improvements in both safety and effectiveness
of complex vascular and nonvascular interventional procedures become possible. These improvements include multiplanar
soft tissue imaging, enhanced pretreatment target lesion roadmapping and guidance, and the ability for immediate
multiplanar posttreatment assessment. These key features alone may translate to a reduction in the use of iodinated contrast
media, a decrease in the radiation dose to the patient and operator, and an increase in the therapeutic index (increase in the
safety-vs-benefit ratio). In routine practice, imaging information obtained with C-arm cone-beam CT provides a subjective
level of confidence factor to the operator that has not yet been thoroughly quantified.
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C-ARM cone-beam computed tomogra-
phy (CT) is an advanced imaging capa-
bility that uses state-of-the-art C-arm
flat-panel fluoroscopy systems to ac-
quire and display three-dimensional
(3D) images. C-arm cone-beam CT pro-
vides high- and low-contrast soft tissue
(“CT-like”) images in multiple viewing
planes, which constitutes a substantial
improvement over conventional single-
planar digital subtraction angiography
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(DSA) and fluoroscopy. Although
C-arm cone-beam CT has been in devel-
opment for the past 2 decades, it has
only been applied in the interventional
radiology clinic in recent years. The clin-
ical emergence of C-arm cone-beam CT
has lagged only a little behind that of
flat-panel detector fluoroscopy systems,
which, as early research has demon-
strated, offer higher spatial resolution
than conventional image intensifier de-
tector systems (1).

In general, the assessment of whether
C-arm cone-beam CT adds value to ex-
isting technologies in the interventional
radiology suite requires that several
questions be answered. Among them,
will C-arm cone-beam CT enable the
treating physician to plan more effective
interventions, and will this result in a
reduction in treatment-related compli-
cations? On the basis of early experi-
ence, it is clear that operators perform-
ing complicated interventions requiring
information about both vascular and
soft tissue anatomy have more confi-
dence in the imaging information pro-
vided with C-arm cone-beam CT when
it is used as an adjunct to DSA or fluo-

roscopy. The extent to which operator
confidence is improved, however, is dif-
ficult to quantify.

Three C-arm cone-beam CT systems
are commercially available in the United
States: DynaCT (Siemens Medical Solu-
tions, Forchheim, Germany), XperCT
(Phillips Medical Systems, Eindhoven,
the Netherlands), and Innova CT (GE
Healthcare, Waukesha, Wisconsin).
Each of these systems has its own imag-
ing protocol, necessitated by each sys-
tem’s different rotation time, number of
projections acquired, image quality, and
time required for reconstruction. The
two factors that will most affect the suc-
cessful integration of C-arm cone-beam
CT into the interventional radiology
practice are time (for set up, image ac-
quisition, and image reconstruction)
and image quality.

The use of retrospective case mate-
rial for this review did not require in-
stitutional review board approval at
any of the contributing institutions.

EARLY REPORTED CLINICAL
EXPERIENCE

Reports of the use of C-arm cone-
beam CT are beginning to emerge in the

medical literature, with early case re-
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ports of its advantages coming from its
use for neurologic interventions. For ex-
ample, Heran and coworkers (2) used
C-arm cone-beam CT to detect intracra-
nial hemorrhages during three neuro-
logic interventions, and Benndorf and
coworkers (3,4) used C-arm cone-beam
CT to improve the visualization of intra-
cranial and extracranial stents in four
patients. In the study by Benndorf et al
(4) in which three patients underwent
intracranial (n � 2) and extracranial (n
� 1) stent placement, the authors dem-
onstrated that C-arm cone-beam CT de-
picted both the stent struts and their
relationship to the arterial walls and an-
eurysm lumen. The visualization of
these structures with C-arm cone-beam
CT was superior to that achieved with
conventional DSA and digital radiogra-
phy.

Reports of the early clinical use of
C-arm cone-beam CT for other inter-
ventions emerged shortly thereafter.
Binkert and coworkers (5) used C-arm
cone-beam CT to manage type 2 en-
doleaks in abdominal aortic aneurysm
stent grafts by using a translumbar ap-
proach. Hodek-Wuerz and coworkers
(6) used C-arm cone-beam CT to as-
sess the distribution of cement after
vertebroplasty.

Georgiades and coworkers (7) re-
ported their experience using adjunc-
tive C-arm cone-beam CT during ad-
renal venous sampling to reduce
technical failure in nine consecutive
cases. Catheters initially placed for
sampling were malpositioned in two
cases (22%) on the basis of C-arm
cone-beam CT findings and success-
fully repositioned into the proper lo-
cation. This resulted in concordance
between cortisol results and C-arm
cone-beam CT findings.

Hirota and coworkers (8) reported
their experience with C-arm cone-
beam CT during visceral interventions
in 10 cases, including five chemoem-
bolizations, three hepatic port implan-
tations, and two partial splenic embo-
lizations. They concluded that C-arm
cone-beam CT provided information
that was useful, especially in the che-
moembolizations, for confirming the
perfusion area of the target region’s
supplying artery during superselec-
tive catheterization; for the partial
splenic embolizations, it was helpful
in assessing the volume of emboliza-
tion. Meyer and coworkers (9) recently

described five patients who under-
went transarterial chemoemboliza-
tions, in whom C-arm cone-beam CT
provided such detailed information
about patients’ vascular anatomy and
therapeutic endpoints both during
and immediately after the intervention
that it ultimately influenced the course
of treatment.

Wallace and coworkers (10) have
also presented their experience with C-
arm cone-beam CT for hepatic arterial
interventions, which included infusions,
radioembolizations, embolizations, and
chemoembolizations. During the study
period, C-arm cone-beam CT was used
in 86 of 240 interventions (36%) in 135
patients. The mean number of acquisi-
tions per study was 1.9 (range, 1–4). In
35 of the 86 interventions (41%), C-arm
cone-beam CT gave additional informa-
tion without affecting procedure man-
agement; it had an effect on patient
treatment in 16 cases (19%). Chemoem-
bolization benefited the most from the
additional information provided with
C-arm cone-beam CT. The authors con-
cluded that C-arm cone-beam CT pro-
vided imaging information beyond that
provided with DSA during approxi-
mately 60% of hepatic arterial interven-
tions and that the additional informa-
tion had an effect on the technical
management in 19% of the procedures.

On the basis of imaging studies us-
ing experimental C-arm cone-beam
CT units in the abdomen, the contrast
resolution of low-contrast structures
on C-arm cone-beam CT scans has
been reported to be 5–10 Hounsfield
units (11,12). Approximately 50
Hounsfield units is a more practical
expectation, best demonstrated when
an interface exists between the fatty
and soft tissue structures or when
fluid allows various abdominal organs
and structures to be differentiated
from each other. When required, io-
dinated contrast medium can be used
to improve the ability of C-arm cone-
beam CT to image low-contrast soft
tissue structures confined within an
organ or surrounded by other tissue of
similar densities.

VASCULAR APPLICATIONS

General Considerations

Potential vascular applications of
C-arm cone-beam CT include its use
for preprocedure anatomic diagnosis

and treatment planning, intraproce-
dure device or implant positioning as-
sessment, and postprocedure assess-
ment of procedure endpoints. Most of
these applications require the use of
iodinated contrast medium to opacify
the vascular system and make its cor-
responding soft tissue structures
opaque. However, the acquisition of
implant devices (eg, stents, stent-
grafts, and stent filters) to evaluate
vessel wall apposition and the com-
pleteness of device opening after de-
ployment does not necessarily require
additional contrast medium. It is im-
portant to start contrast medium injec-
tion before rotational acquisition to
properly fill the vascular structure
and, if needed, allow for soft tissue
enhancement of the organ and/or re-
gion of interest.

The administration of iodinated
contrast media requires imaging de-
lays that vary depending on the type
of vascular intervention, the proximity
of the catheter to the target location,
and the degree of image detail re-
quired. For example, the acquisition of
basic vascular information about an
area close to the catheter may require a
delay of approximately 2 seconds; ex-
amples of this include selective injec-
tions into the arteries of the liver, kid-
ney, and spleen. The delay can vary
between 2 and 3 seconds in large ves-
sels with high flow rates (aorto–vena
cava) or during selective injection of
smaller vessels with no need to ana-
lyze parenchymal enhancement (Ta-
bles 1, 2). This delay can be increased
5–6 seconds during selective injections
if visualization of both vascular and
soft tissue (parenchyma or lesion)
structures is required.

Because C-arm cone-beam CT pro-
vides 3D vascular and soft tissue de-
tail, it is instrumental to improve the
visualization of the vascular distribu-
tion of the selected arterial territories
and their corresponding areas of tissue
perfusion within an organ or region of
interest. Because C-arm cone-beam CT
provides this enhanced 3D imaging
capability, it provides more subtle vas-
cular and soft tissue information com-
pared with conventional DSA. The ad-
ditional imaging information enables
the operator to adequately identify
sites for embolization and potentially
avoid complications relating to non-
target therapy. These imaging advan-
tages are particularly useful during

embolizations of the spine, pelvis,
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solid organs (liver, kidney, spleen),
and vascular anomalies in addition to
interventions in other peripheral vas-
cular territories.

One of the most important advan-
tages to using the detailed anatomic
images from C-arm cone-beam CT
over the conventional, frontal projec-
tion images from DSA is that they en-
able the user to “page through” C-arm
cone-beam CT image sections and re-
format them for viewing in various
slab thicknesses and projections; this
allows vascular structures to be
viewed in relation to complex overlap-
ping anatomy. If these improvements
are proved to reduce the number of
selective catheterizations and the
number of DSA acquisitions from var-
ious obliquities required to delineate
crucial anatomic structures, both pa-
tient and operator exposure to contrast
medium and radiation—even during
complex interventions—could be min-
imized.

In addition, C-arm cone-beam CT is
helpful for planning the treatment of
target lesions that are difficult to visu-
alize at DSA but that can be visualized
with either conventional CT or mag-
netic resonance (MR) imaging. Al-
though the resolution of low-contrast
structures at C-arm cone-beam CT is
not as good as that of conventional

Table 1
C-arm CT Acquisition Protocols for Hep

Area of Interest C

Vascular information
Enhanced parenchymal information

Note.—CHA � common hepatic artery, P

Table 2
C-arm CT Acquisition Protocols for Peri

Area of Interest

Infrarenal abdominal aorta
Infraabdominal aorta during endovascula

aneurysm repair
Iliac arteries
Femoropopliteal arteries

Note.—Protocols are for an 8-second rota
* Since the contrast is diluted, the contras
multidetector CT, C-arm cone-beam
CT images acquired with use of iodin-
ated contrast media can capture more
soft tissue detail than can conventional
DSA (Fig 1)—enough to enable the
identification of parenchymal lesions
or structures of interest. Operators can
then confidently identify and correlate
the findings from C-arm cone-beam
CT images with those from conven-
tional CT or MR imaging in the appro-
priate plane of viewing.

The ability to page through differ-
ent planes of C-arm cone-beam CT
scans depicting arterial structures can
also be useful in the characterization
of arterial stenoses, occlusions, and an-
eurysms. During early clinical experi-
ence, C-arm cone-beam CT appears
better than DSA for the pre- and post-
therapeutic evaluation of stenoses in
large and medium-sized arteries, espe-
cially when en face arterial lesions
limit the extent to which the residual
arterial lumen can be adequately im-
aged. The high level of detail on C-arm
cone-beam CT scans also allows the
dimensions and shape of patients’ le-
sions to be more precisely measured
before stent implantation; after im-
plantation, it allows the adequacy of
coverage and lumen restoration to be
assessed.

C-arm cone-beam CT can also pro-
vide information used in aneurysm in-
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terventions, which is especially crucial
when a clear understanding of the an-
eurysm, the neck, and the adjacent
branching structures that may be at
risk for occlusion with the insertion of
a covered prosthesis is required or if
those structures require embolization
before device deployment. C-arm
cone-beam CT appears to be better
than DSA in the evaluation of the ad-
equacy of wall apposition in the case
of both stents and stent-grafts. After
stent-graft deployment, C-arm cone-
beam CT can also be used to confirm
aneurysm sac exclusion and immedi-
ately identify some types of endoleaks.
As with arterial interventions for oc-
clusive disease, C-arm cone-beam CT
may be helpful for similar venous re-
canalization types of interventions.

Hepatic Arterial Interventions

Early clinical experience has dem-
onstrated C-arm cone-beam CT to be a
useful adjunct to DSA in hepatic vas-
cular interventions, including arterial
infusions, embolizations, chemoembo-
lizations, and radioembolizations. One
specific advantage to using C-arm
cone-beam CT with conventional DSA
is that C-arm cone-beam CT gives us-
ers the information they need to create
an anatomic survey for treatment
planning that delineates a patient’s
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vascular structures, the associated pa-
renchyma, and the target lesion This
ability enables more selective catheter-
izations to be performed, which may
improve the safety and efficacy of in-
terventions by depositing therapeutic
agents more selectively; that is, the
amount of therapeutic agent delivered
to the target area is increased and the
amount of non-tumor–bearing liver
exposed to the agent decreased.

In addition to delineating crucial
anatomic structures, an anatomic sur-
vey also allows for the confident iden-
tification of nontarget extrahepatic ar-
teries and variant anatomic structures
supplying the small bowel (supraduo-
denal and retroduodenal arteries),
stomach (right gastric artery, Fig 2),
diaphragm (anomalous phrenic artery),
and skin (falciform artery) during he-
patic arterial chemotherapy infusion, ra-
dioembolization, or chemoembolization
(13). C-arm cone-beam CT may depict
vessels not identified at DSA or, more
likely, help clarify extrahepatic or vari-
ant anatomic vascular structures that
are indeterminate at DSA evaluation
without or despite selective catheter-
ization and DSA imaging in multiple

Figure 1. (a) Image from DSA in the anter
hepatic artery chemoembolization. Note the
supplying individual tumors can be discre
ior-posterior projection and (b) coronal reformatted C-arm CT scan in a patient undergoing
additional soft tissue detail provided with C-arm CT compared with DSA. Specific arteries
obliquities.
Figure 2. Oblique-coronal maximum intensity projection–reformatted contrast-en-
hanced C-arm CT scan obtained with 15-mm-thick slabs in a patient being evaluated for
hepatic arterial radioembolization. A microcatheter tip is positioned in the proper hepatic
artery. The course of the right gastric artery (arrowheads) arises from the base of the left
gastric artery and extends to the stomach (* demarks the mucosal pattern of the stomach).
Note the presence of metallic artifact from coils (arrow) placed in the gastroduodenal

artery after coil embolization.
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In addition to providing a better
vascular roadmap for selective cath-
eterizations, C-arm cone-beam CT can
also allow the operator to determine,
before therapy, whether the entire tar-
get lesion is included within the treat-
ment area. If only a portion of the le-
sion is supplied by the branch vessel
in question, that portion of the tumor
can be estimated (Fig 3) and the che-
moembolic regimen can be propor-
tioned accordingly. Because C-arm
cone-beam CT provides soft tissue in-

formation, the operator can still selec-
tively treat lesions that are difficult to
visualize at DSA but that can be visu-
alized with other conventional imag-
ing modalities (CT or MR imaging)
and would potentially not have been
feasible to treat with DSA alone (Fig 4).

Information acquired with C-arm
cone-beam CT can also allow the ac-
curate correlation of vascular anatomy
or distribution with the corresponding
volume of parenchyma. This is espe-
cially useful in patients with extensive
bilobar hepatic metastases and those

Figure 3. Images
patient undergoing
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vascular mass in th
liver. (b) Composit
left hepatic artery o
axial (z) projections
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mum intensity pro
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was subsequently c
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treatment area.
with hormonally active tumors that
are to be treated palliatively by using
embolization. Volume assessments
based on C-arm cone-beam CT infor-
mation are likely to be more accurate
than those based on conventional DSA
information; operators also value the
ability of C-arm cone-beam CT to al-
low the viewing of soft tissue and thin-
slab–reformatted images.

The current technique used at the
University of Texas M. D. Anderson
Cancer Center (source: M.J.W.) varies
depending on the imaging informa-
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Figure 4. Images from conventional CT (a), DSA (b), and C-arm CT (c) in a patient undergoing hepatic artery chemoembolization. (a)
Axial multisection contrast-enhanced conventional CT scan demonstrates a mass in the posterior aspect of the right lobe of the liver
(arrow). There is only a mild degree of peripheral tumor enhancement. (b) Image from DSA obtained before chemoembolization shows
that the lesion could not be visualized because it was not adequately hypervascular. C-arm CT was used to identify the lesion and the
supplying branch hepatic artery to enable superselective catheterization. (c) C-arm CT scan obtained before chemoembolization with a
microcatheter superselective in a branch of the right posterior hepatic artery demonstrates the angiographically occult lesion (white
arrows) within the arterial territory of the catheterized vessel with enhancing parenchyma surrounding the relative less enhancing
tumor. (d) Unenhanced C-arm CT scan obtained after chemoembolization demonstrates adequate ethiodized oil accumulation within

the target lesion (white arrows).
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imaging delay after contrast medium
initiation (seconds), rate of injection
(milliliter/second), and dilution of
contrast medium (percentage by vol-
ume). The imaging delay varies by tar-
get area and catheter tip location (Ta-
ble 1). For basic arterial imaging of the
hepatic arterial system, a delay of ap-
proximately 2–3 seconds is usually
sufficient assuming the contrast me-
dium has been injected into the proper
or common hepatic artery. The usual
rate of injection is 2 mL/sec, and the
injection is typically administered via
a microcatheter. A longer imaging de-
lay of up to 6 seconds is used when
hepatic parenchymal or lesion en-
hancement is also needed. For subs-
elective arterial examinations, a lower
rate of injection (0.5–1 mL/sec) is used
to avoid reflux into an adjacent branch
artery paired with a shorter imaging
delay (2–3 seconds). Diluted iodinated
contrast medium (30%–50% by volume)
is used for contrast medium– en-
hanced C-arm cone-beam CT. Higher
percentages are used for hepatic ar-
terial applications when parenchy-
mal or tumor enhancement is de-
sired; lower percentages are usually
adequate for visualization of arterial
anatomy.

Although the soft tissue contrast
resolution of contrast-enhanced C-arm
cone-beam CT is not equivalent to that
of conventional multidetector CT, C-
arm cone-beam CT is helpful in its
ability to identify parenchymal lesions
that DSA cannot adequately depict.
With use of C-arm cone-beam CT, op-
erators can confidently identify struc-
tures and correlate findings to those
on conventional CT (Fig 4) or MR im-
ages in the appropriate viewing plane.
C-arm cone-beam CT also provides
better information than DSA and, oc-
casionally, conventional CT about the
number and distribution of tumors.
When C-arm cone-beam CT does pro-
vide more information than conven-
tional CT, it may be because of the
hyperacute nature of the arterial con-
trast medium bolus and its ability to
depict even very small lesions. When
C-arm cone-beam CT is used in che-
moembolization procedures that em-
ploy ethiodized oil as part of the ther-
apeutic regimen, it can also help assess
whether a therapeutic endpoint has
been achieved after the intervention.
This is because ethiodized oil acts as

both a carrier of the chemotherapeutic
agent and a contrast agent, accumulat-
ing preferentially within hypervascu-
lar tumors (Fig 3c). This preferential
accumulation can be imaged with C-
arm cone-beam CT and does not re-
quire additional iodinated contrast
media enhancement. The complete-
ness of therapy can then be assessed
by evaluating the distribution of ethio-
dized oil within the target lesion. If the
oil has not accumulated in a portion of
the lesion, the operator can search for
hepatic or extrahepatic collateral tu-
mor supply.

Portal Vein Embolization

For portal vein embolizations, hav-
ing a good understanding of the portal
venous anatomy is crucial—especially
when partial or segmental emboliza-
tion is required (eg, when performing
an extended right hepatic emboliza-
tion that includes the embolization of
segment IV of the liver). C-arm cone-
beam CT accurately depicts segment
IV branches (Fig 5) in various planes
and can potentially help the operator
avoid nontarget embolization to
branches supplying segments II and

Figure 5. Reformatted contrast-enhanced
axial (z) projections obtained during portal
in the left portal vein. The segment IV p
(arrows) in all three projections and used as
III. For extended left hepatectomy, C-
arm cone-beam CT is useful for visu-
alizing the right-side hepatic segments
clearly enough to determine which are
to be preserved and which are to be
embolized. C-arm cone-beam CT is
also useful for assessing portal venous
supply to various liver segments when
portal venous variants (which are not
uncommon) are present; this reduces
the possibility that nontarget segments
will be embolized during portal vein
embolization.

The current technique used at M. D.
Anderson Cancer Center (source:
M.J.W.) for visualizing portal venous
anatomy during portal vein emboliza-
tion is to use 30% dilute iodinated con-
trast medium injected at a rate of 3
mL/sec with an imaging delay of 4
seconds for a main portal vein injec-
tion. For left portal vein injections, an
imaging delay of 2 seconds is usually
sufficient to accomplish adequate por-
tal opacification.

Transjugular Intrahepatic
Portosystemic Shunts (TIPS)

One of the most challenging aspects
of TIPS placement is completing the

rm CT scans in sagittal (x), coronal (y), and
in embolization with a catheter positioned
l venous branches are clearly delineated
lanning tool for subsequent embolization.
C-a
ve

orta
puncture from the hepatic to the portal
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vein. This step, during which needle
passes are made, contrast medium is
injected, and radiation from fluoros-
copy and/or DSA accumulates, is of-
ten the rate-limiting portion of the
procedure. Biliary, capsular, and arte-
rial punctures may occur during this
phase of the procedure and lead to
complications. For example, if contrast
medium is injected into the paren-
chyma during needle pull-back, it can
obscure visualization, and both pa-
tients and staff in the procedure room
can be exposed to large amounts of
radiation if access proves difficult.
Classically, guidance for the puncture
is obtained by using wedged venogra-
phy with CO2 or contrast medium.
Two or three DSA runs are performed
in different obliquities to delineate the
portal vein and its branches with re-
spect to the accessed hepatic vein. The
puncture is then carried out blindly
under live fluoroscopy on the basis of
these runs. As mentioned earlier, C-
arm cone-beam CT has the potential to
provide information to build a 3D
roadmap for a portal vein puncture.
To accomplish this, a compliant bal-
loon occlusion catheter is positioned in
the accessed hepatic vein and a wedge
CO2 injection performed to opacify the
portal vein. If the portal vein is not
filled, C-arm cone-beam CT is not at-
tempted. The current technique used

Figure 6. 3D reconstruction of the porta
portography with carbon dioxide. Note tha
layed on the fluoroscopic image to unde
between the desired portal branch and the
at Mallinckrodt Institute of Radiology
(source: C.C.) includes the use of two
60-mL syringes containing CO2 con-
nected with a three-way stopcock to
the balloon occlusion catheter by
means of high-pressure injector tub-
ing. The injector tubing allows the op-
erator to manually inject the CO2 from
a safe distance behind a leaded shield.
C-arm cone-beam CT scans are then
obtained with the manual injections
done in rapid succession throughout
the entire C-arm rotation. Wedged
CO2 C-arm cone-beam CT portogra-
phy is performed by using an 8-sec-
ond program without an imaging de-
lay, with the patient’s arms alongside
the body. The 3D roadmap of the por-
tal vein is then laid over the working
fluoroscopy screen (Fig 6) and portal
vein puncture performed. Although
several maneuvers in this procedure
still require refinement, C-arm cone-
beam CT has the potential to improve
the targeting of the portal vein during
TIPS placement.

Misregistration of the 3D model
and fluoroscopic overlay is one of the
main shortcomings of this technique.

ein during wedged
e 3D image is over-
nd the relationship
edle access system.

Figure 7. Reformat
tained in sagittal (x
partial splenic artery
the various planes e
percentage of infract
peutic endpoint of th
It can be caused by respiratory and
organ motion, inferior displacement,
and rotation of the liver when the por-
tal access needle is inserted into the
hepatic vein. To minimize the time
delay between portal opacification
and needle positioning, simultaneous
placement of a balloon occlusion cath-
eter and the portal vein access needle
via a 30-cm-long, 14-F sheath can be
achieved. C-arm cone-beam CT is then
performed with the needle in place,
allowing the physician to see the rela-
tionship of the needle to the portal
vein and minimize misregistration ar-
tifacts.

Partial Splenic Embolization

C-arm cone-beam CT can be used
to determine the proportion of embo-
lized parenchyma during partial
splenic embolization procedures. The
intent of partial splenic embolizations
is to treat hypersplenism-related
thrombocytopenia and to boost plate-
let count by embolizing 50%–70% of
the organ. The ability of C-arm cone-
beam CT to acquire multiplanar soft

contrast-enhanced C-arm CT scans ob-
oronal (y), and axial (z) projections after
bolization. Paging through the images in
les the operator to assess the volume or
spleen as a means of assessing the thera-
rocedure.
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tissue parenchymal information en-
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ables the operator to better under-
stand the quantity of parenchyma that
has been embolized (Fig 7). At M.D.
Anderson, the current technique in-
cludes acquiring a contrast-enhanced
C-arm cone-beam CT scan with a cath-
eter in the proximal to middle splenic
artery at an injection rate of 3–4 mL/
sec, an imaging delay of 4–6 seconds,
and iodinated contrast medium di-
luted to 30% by volume (source:
M.J.W.).

Peripheral Vascular Interventions

The ability to create multiplanar
reformations with soft tissue imag-
ing information is useful when per-
forming peripheral revascularization
procedures. The injection protocols
used at the Centre Hospitalier de
l’Université de Montréal for various
peripheral revascularization or stent-
graft procedures are detailed in Ta-
ble 2 (source: G.S.). For peripheral
stent placement, high-resolution ac-
quisitions (0.25-mm pixel size) in the
area of interest are necessary to get a
good definition of the vessel lumen,
stent struts, and vessel wall. For
stent-graft procedures, a larger field
of view and lower spatial resolution
(0.5-mm pixel size) are preferred.
The ability to generate multiplanar

Figure 8. Images in a patient with severe c
during peripheral arterial revascularization an
and after stent placement (c). The images dem
(c). (d, e) Coronal (d) and axial (e) C-arm
appropriate stent deployment and wall appo
reformations orthogonal to the ves-
sel central line is helpful for quanti-
fying eccentric atheromatous lesions.
Soft tissue differentiation is helpful
for documenting the extension of the
plaque within the vessel wall and its
composition (soft vs calcified). This
information is helpful for defining
landing zones, balloon and stent siz-
ing, and choosing the type of stent
(self- vs balloon-expandable) to be
implanted during these procedures.
It is also useful for assessing the
presence of thrombus during revas-
cularization procedures (Fig 8). Dur-
ing angioplasty and stent placement
procedures, it is particularly useful
to document the presence of intimal
dissection after angioplasty, the ade-
quate coverage of the lesion by the
stent, and stent opening and wall ap-
position (Fig 9).

C-arm cone-beam CT can also pro-
vide useful information during endo-
vascular aneurysm repair. Because
femoral clamping induces a slow flow
condition in the infrarenal aorta and
iliac arteries, it is necessary to increase
the time between injection and image
acquisition (Table 2). C-arm cone-
beam CT may be better than DSA
for delineating thrombus extension
within the aorta to decide on the type
of stent-graft when imaging clarifica-
tion during device deployment is re-

ication secondary to occlusion of the mid-p
tent placement. (a–c) Images from DSA obtai
strate intraluminal narrowing within the sten

scans demonstrate hypoattenuating mater
on. Intraarterial infusion of Abciximab and
quired. It is also well suited for con-
firming aneurysm sac exclusion and
immediately identifying and charac-
terizing potential endoleaks (Fig 10).
Finally, it is also helpful for document-
ing stent-graft opening—in particular
at the level of the aorto-iliac bifurca-
tion (Fig 11). This technology could
potentially be useful during the man-
agement of ruptured aneurysms. C-
arm cone-beam CT as an adjunct to
DSA is sufficient to provide adequate
imaging for stent planning during the
insertion of an occlusion balloon in
emergency situations when there is in-
sufficient time for standard preproce-
dure imaging.

Vascular Anomalies

Slow flow vascular malformations
(venous, lymphatic malformation) are
usually treated with direct puncture
guided by ultrasonography (US) and
fluoroscopy. The sclerosing agent is
injected after documentation of ade-
quate needle positioning with direct
phlebography for venous malforma-
tion or cyst opacification for lymphatic
malformation. Direct phlebography is
performed to delineate the lesion and
its venous drainage. At the Centre
Hospitalier de l’Université de Mon-
tréal, C-arm cone-beam CT is cur-
rently used to document needle posi-

on of the superficial femoral artery obtained
before angioplasty (a), after angioplasty (b),

at persisted after prolonged balloon inflation
(thrombus) within the stent lumen despite
coagulation were then initiated.
laud orti
d s ned
on t th
CT ial
tioning during sclerotherapy sessions
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for complex venous or lymphatic mal-
formations (source: G.S.). C-arm cone-

Figure 9. Images in a patient with diabet
peripheral vascularization and stent placem
irregularity, calcification, and stenosis involvi
angioplasty and stent deployment demonstr
enhanced C-arm CT multiplanar reformation
to open adequately (middle and lower long
residual stenosis. Prolonged balloon inflation

Figure 10. Endovascular repair of an infra
demonstrates a type IA endoleak (arrow). (
axial (d) C-arm CT reformations were obtai
Note a faint and homogeneous area of cont
to represent a type IV leak (porosity) leak.
beam CT is useful when the malforma-
tion cannot be adequately visualized
with US (Fig 12). After the injection of

who presented with severe claudication. (a
t. (a, b) DSA images obtained before inte
the distal superficial femoral and proximal po
residual stenosis (arrow in d). (e) Composite
ndicated by long arrows) demonstrated two
ws). Note the presence of atherosclerotic ca

ith high-pressure balloon technology was su

al aortic abdominal aneurysm. (a) Image fro
d) After prolonged dilation of the proxima

and demonstrated good apposition of the
(arrow in c) identified in the nonthrombos
the sclerosing agent, C-arm cone-beam
CT (without additional contrast me-
dium infusion) is useful for document-

Images from DSA and C-arm CT during
ntion demonstrate diffuse severe eccentric
teal arteries. (c, d) DSA images obtained after
gitudinal and corresponding axial contrast-
s of severe stenosis in which the stent failed

ed plaque (short arrow) in the region of the
quently required for adequate management.

DSA obtained after stent-graft deployment
rtion of the stent-graft (b), coronal (c) and
nt-graft in the region of the proximal neck.
portion of the aortic sac. This was believed
es –d)
en rve

ng pli
ate lon
s (i area
arro lcifi
ren m
b– l po
ned ste
rast ed
ing the distribution of the sclerosing
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agent within the malformation. For ve-
nous malformation, an injection of
sclerosing foam combining 2 mL of
sodium tetradecyl sulfate 3%, mixed
with 1 mL of ethiodized oil and 3 mL
of air. The 3D volume is reconstructed
by using 2-mm thick multiplanar ref-
ormations in two orthogonal planes
with a pixel size close to 0.5 mm. The
postinjection C-arm cone-beam CT
scans are compared with preproce-
dure T2-weighted MR images and per-
fusion acquisitions to evaluate the dis-
tribution of the sclerosing agent and
the adequacy of therapy (Fig 12). On
the basis of this information, inade-
quately treated regions of the lesion
can be treated. C-arm cone-beam CT
can also be used in a similar manner
when treating cystic lymphangiomas.

For high-flow arteriovenous mal-
formations, multiplanar reformations
and soft tissue imaging provide useful
information for delineating the exten-
sion of the malformation and the ter-
ritory to be embolized during superse-
lective opacification.

NONVASCULAR
INTERVENTIONS

Spine Interventions

Fluoroscopic guidance, used alone

Figure 11. Endovascular repair of a right c
early (a) and late (b) phase DSA demonst
C-arm CT scan demonstrates adequate excl
component of the stent-graft at the level of
completed and confirmed on follow-up con
claudication necessitating repeat interventi
to provide a real-time overview of a
large area, usually provides sufficient
information to guide appropriate nee-
dle placement for the injection of ce-
ment in lower thoracic or lumbar
spine interventions. However, both C-
arm cone-beam and conventional CT
can be helpful in difficult spine proce-
dures by revealing, in more detail than
fluoroscopy, areas suitable for safe
needle placement; C-arm cone-beam
CT provides exact needle locations in
three dimensions. Unlike C-arm cone-
beam CT–capable systems, however,
conventional CT does not afford real-
time surveillance during cement injec-
tion. Immediately after injection,
C-arm cone-beam CT can also be used
to assess cement distribution, even
while the patient is in the interven-
tional radiology suite.

C-arm cone-beam CT is ideal when
both “CT-like” imaging and real-time
fluoroscopic imaging are required
for complex or high-risk interven-
tions such as in cervical and upper
thoracic vertebroplasties or kypho-
plasties, for sacroplasty (Fig 13), or
when there is destruction or poste-
rior displacement of the posterior
wall of the vertebral body. Com-
bined imaging is also useful when
specific lytic lesions must be ac-
cessed or when an alternate route for
needle entry is required (Fig 14). In

mon iliac aneurysm treated with placement
exclusion of the aneurysm and adequate
n of the aneurysm (arrow). (d) Axial C-arm

e aorto-iliac bifurcation (arrow). This latter
tional CT scans (e). The patient developed p
these situations, before C-arm cone-
beam CT made it possible to combine
modalities in the interventional radi-
ology suite, patients would either be
transferred from the interventional
radiology suite to the CT suite or a
portable C-arm fluoroscopy unit was
brought into the CT suite; neither of
these options was ideal.

Another advantage of C-arm cone-
beam CT over conventional radiog-
raphy is its ability to provide infor-
mation for the assessment of cement
distribution in different planes by
using multiplanar data reconstruc-
tion. C-arm cone-beam CT also
makes it easier to identify cement
that has inadvertently extended into
the spinal canal or other crucial
structures, an event that may require
emergent surgical intervention. It
may be that future studies will show
that the use of C-arm cone-beam CT
improves the safety of spine inter-
ventions.

Enterostomy Interventions

Gastrostomy tube placement is typ-
ically performed under fluoroscopic
guidance, and, on occasion, it is diffi-
cult to adequately define the relation-
ship between the stomach and colon
or stomach and liver. C-arm cone-
beam CT can get around this problem

a bifurcated stemt-graft. (a, b) Images from
nt-graft opening. (c) Coronal reformatted

T scan shows compression of the right iliac
ding was noticed after the procedure was

gressively worsening right lower extremity
om of
rate ste
usio C
th fin

ven ro
by capturing adequate information
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about the soft tissue structures ante-
rior to the stomach, which then allows
the safest access path for tube inser-
tion to be identified. Although the
benefits are difficult to measure, this
ability does increase operator confi-
dence and overall safety for the more
complex and higher-risk cases. C-arm
cone-beam CT can also be used for
other gastrointestinal interventions such
as direct percutaneous jejunostomy tube
placements. In the latter situation, im-
ages assist in the selection of an appro-

priate loop of bowel for access.
Biliary Interventions

The current use of C-arm cone-
beam CT for biliary interventions pri-
marily is for acquiring images that
show biliary anatomy and tumor ab-
normalities rather than for needle
guidance. This is especially the case
when variant biliary anatomy is
identified and surgical intervention
is considered an option (Fig 15).
Compared with conventional chol-
angiography, C-arm CT is better for

gaining an understanding of the vol-
ume of liver being drained when
complex hilar obstructions with in-
trahepatic duct isolation are encoun-
tered and the placement of addi-
tional drains must be considered.

TECHNICAL ISSUES

The set-up time required for C-arm
cone-beam CT image acquisition can
range from 5 to 10 minutes, depending
on the experience of the team and the
frequency of C-arm cone-beam CT

Figure 12. Images in a patient with a
large symptomatic venous malformation
involving the left hemiface. (a) Coronal
and (b) axial MR images obtained with
short inversion time inversion recovery
demonstrate the extent of the malforma-
tion. (c, d) Maximum intensity projection
C-arm CT scans demonstrate the position-
ing of the needles within the malforma-
tion in the axial plane (c) before therapy
and in the coronal plane immediately af-
ter sotradecol foam/ethiodozed oil sclero-
therapy (d), demonstrating the distribu-
tion of the agent within the lesion. (e)
Follow-up MR image obtained 6 months
after two sclerotherapy sessions demon-
strates a marked reduction in the volume
of the treated lesion.
use. This time interval, the main im-
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pediment to integrating C-arm cone-
beam CT into routine clinical practice,
includes the time required to position
the patient, examination table, and C-
arm so that the area of interest is in the
isocenter; the time required to prepare

contrast media (eg, contrast medium
dilution), if applicable; and the time
required to select the appropriate
treatment protocol. Set-up time can be
considered a limitation of this technol-
ogy when multiple (�2) C-arm cone-
beam CT acquisitions are obtained

Figure 13. Reform
ing sacroplasty. (a)
strates the final po
into the sacrum. (b
therapy depict the
area, providing im
during any given intervention. The
time requirements for set-up may
overshadow the future reductions in
image reconstruction time, limiting
the use of this useful technology in
routine clinical practice.

Acquisition time, that is, the time it

ed C-arm CT scans in a patient undergo-
an obtained in the axial plane demon-
on of bilateral 13-gauge needles placed
xial and (c) sagittal images obtained after
tribution of bone cement into the target
diate posttherapy assessment.
att
Sc

siti
) A
dis
me
takes the C-arm to rotate around the
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Figure 14. Reformatted axial C-arm CT scans in a patient undergoing targeted vertebroplasty of an osteolytic spine lesion demonstrate

(a) the adequacy of the initial needle placement and (b) the adequacy of cement distribution within the target lesion.
Figure 15. Images from frontal projection cholangiography (a) and reformatted C-arm CT (b) in the sagittal (x) coronal (y), and axial
(z) views and volume rendered technique view (lower right) demonstrate variant biliary anatomy. With the conventional fluoroscopic
spot view from the cholangiogram it is difficult to tell with certainty the segmental ductal anatomy projecting over the right lobe (arrow).
With C-arm CT, the anatomy is more clearly depicted as the posterior trunk of the right hepatic duct anomalously inserting on the left

hepatic duct. The information was crucial for planning subsequent surgical resection.
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patient, includes the imaging delay af-
ter the injection of contrast medium.
Rotation time ranges from 8 to 20 sec-
onds, depending on the device used.
For examinations that are optimized
for soft tissue applications, all three
models listed earlier—the DynaCT,
XperCT, and Innova CT—offer 10-
and 20-second programs; DynaCT also
has an 8-second program.

A key advantage of using C-arm
cone-beam CT is that the 3D data set is
easily manipulated to allow the view-
ing of two-dimensional oblique sec-
tions through any part of the imaged
object. Although sophisticated data
processing algorithms have been de-
signed to overcome data distortions,
reconstruction times are still affected
by the large amount of data and the
limited speed with which data can be
processed. Reconstruction and image
generation times range from �1.5 to
11 minutes, depending on which de-
vice and program are used. As C-arm
cone-beam CT technology develops
further, manufacturers have indicated
that image reconstruction will soon re-
quire less than 1 minute.

The maximum field of view for cur-
rent C-arm cone-beam CT systems is
limited on the basis of the size of the
flat panel detector. Both Siemens and
Phillips employ a 30 � 40-cm detector
that operates in the landscape posi-
tion. The dimensions of GE’s flat panel
are 41 � 41 cm. This limitation is fre-
quently encountered during hepatic
vascular interventions because the
liver cannot often be imaged in its en-
tirety. Patient and target area position-
ing is crucial to ensure that vital areas
of interest are included in the field of
view in both the transverse and crani-
al-caudal dimensions. This can be

monitored by the operator when the
technologist performs a test run by
viewing the region of interest in both
the anterior-posterior and lateral posi-
tions.

In conclusion, C-arm cone-beam CT
represents the next generation of im-
aging technology to be integrated into
the interventional radiology suite that
is to be the platform for many of the
3D roadmapping and navigational
tools as the technology develops. The
combination of these current and fu-
ture capabilities may serve as the
foundation upon which improve-
ments to the efficacy and safety of
complex fluoroscopic procedures are
made. These improvements should ul-
timately reduce the use of iodinated
contrast media and decrease the radi-
ation exposure to the patient and op-
erator. The information provides an
added level of confidence for the op-
erator.
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