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Digital flat-panel detector cone-beam computed tomography (CBCT) has recently been adapted for use with C-arm
systems. This configuration provides projection radiography, fluoroscopy, digital subtraction angiography, and
volumetric computed tomography (CT) capabilities in a single patient setup, within the interventional suite. Such
capabilities allow the interventionalist to perform intraprocedural volumetric imaging without the need for patient
transportation. Proper use of this new technology requires an understanding of both its capabilities and limitations.
This article provides an overview of C-arm CBCT with particular attention to trade-offs between C-arm CBCT systems
and conventional multi-detector CT.
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INTRODUCTION

THE interventional radiology suite
has historically used two-dimensional
radiographic imaging techniques such
as digital subtraction angiography
(DSA) and standard fluoroscopy to vi-
sualize, manipulate, and intervene on
three-dimensional (3D) structures. Ad-
vances in angiographic interventions,
including vascular stent and stent
graft placement, thrombolysis, trans-
catheter embolization, and targeted in-
travascular oncologic procedures, have
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increased the need for accurate 3D
characterization of vessels and adja-
cent structures. Nonangiographic pro-
cedures such as percutaneous drain
and stent placement and radiofre-
quency ablation frequently involve com-
plex anatomical relationships, which
are difficult to characterize fluoroscop-
ically. In most, if not all of these cases,
correlation with cross-sectional imag-
ing is necessary. This often requires
generation of pre- and post-interven-
tion computed tomographic (CT) im-
age sets. For procedures requiring
real-time 3D imaging for which ultra-
sound localization is not feasible, in-
traprocedure CT guidance becomes
necessary.

Cross-sectional imaging is a fre-
quently used tool in most interventional
radiology departments with CT-guided
biopsies and percutaneous drain place-
ments commonly performed proce-
dures. However, these procedures are
usually performed outside the interven-
tional suite, thereby limiting access to
commonly used interventional equip-
ment while at the same time signifi-
cantly impacting the diagnostic CT
workflow. In busy radiology depart-
ments, this can decrease patient through-

put where procedural complications
can lead to significant scheduling con-
flicts. In certain types of interventions,
there are situations in which both
cross-sectional imaging and real time
fluoroscopy are required.

Efforts to develop a robust system for
generating 3D data sets suitable for use
in interventional and surgical suites led
to the development of several novel
technologies. Made possible by ad-
vances in post-processing algorithms,
computed rotational 3D DSA became
the first 3D in-suite interventional tech-
nique, allowing 3D renderings of digi-
tally subtracted contrast-enhanced ves-
sels. With this technology, multiple DSA
images at various projection angles are
generated by rotating a conventional an-
giography unit around the patient.
Three-dimensional image sets are gen-
erated using a cone-beam backprojec-
tion reconstruction algorithm (1–3). Fol-
lowing shortly thereafter, 3D digital
angiography was developed, allowing
3D visualization of high-contrast struc-
tures including osseous structures and
contrast-enhanced vessels. In the case of
vascular imaging, 3D digital angiogra-
phy uses unsubtracted rotational im-
ages. Three-dimensional digital angiog-
raphy has the potential advantage over

3D DSA of no misregistration artifacts
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and lower patient dose (4). However,
detectability of low contrast structures is
still limited. In an attempt to overcome
the limitation of poor low-contrast visi-
bility, the angio-CT system was devel-
oped, which fuses a conventional angio-
graphic system with a fan-beam CT
scanner. The patient remains stationary,
and a CT scanner on rails is rolled into
position as needed. However, this sys-
tem was expensive and required a large
physical space (5).

In the late 90’s, experimental systems
were developed using cone-beam com-
puted tomography (CBCT). Cone-beam
CT research had been ongoing for over
a decade in areas such as nuclear med-
icine and industrial testing before signif-
icant interest in diagnostic CT applica-
tions developed. Cone-beam CT enables
generation of an entire volumetric data
set in a single gantry rotation by using a
two-dimensional detector system rather
than a one-dimensional detector or se-
ries of one-dimensional detectors as
used in conventional CT (6).

Cone-beam CT mounted on a Carm
was originally performed using an im-

Figure 1. Commercial C-arm-mounted fla
able in color online at www.jvir.org.)
age intensifier system over 20 years
ago (7). However, image intensifier
systems and charged couple devices
suffer from limited spatial resolution.
This led to the development of flat-
panel detectors, which provide signif-
icantly increased contrast and spatial
resolution compared to image intensi-
fier detectors (8). The increased spatial
resolution of flat-panel detectors has
been demonstrated experimentally us-
ing a flat-panel detector system with
significantly fewer pixels (970 x 768)
than are available with today’s sys-
tems (9). Furthermore, CBCT is re-
ported to result in decreased radiation
and intravenous contrast doses com-
pared to angio-CT in head and neck
applications (10).

A number of terms have emerged in
the literature to describe these new vol-
umetric imaging technologies, including
C-arm CT, cone-beam CT, cone-beam
volume CT, volume CT, angiographic
CT, and flat-panel CT. In this article, the
term C-arm CBCT will be used to refer to
C-arm-mounted cone-beam CT units
employing a digital flat-panel detector.
Because all commercially available C-

nel detector cone-beam CT system. (Avail-
arm CBCT units employ digital flat-
panel detectors, the flat-panel detector
term will not be explicitly stated. A
number of the issues discussed in this
article refer to properties of CBCT in
general, whether mounted on a tradi-
tional CT gantry or on a C-arm. In these
cases, the more generic term CBCT will
be used, again with the understanding
that the detectors are digital flat-panel
detectors.

C-arm CBCT allows volumetric data
acquisition in a single rotation of the
source and detector. A photograph of a
commercially available unit is shown in
Figure 1. This setup is ideally suited for
imaging in the interventional suite for
several reasons. The system is compact
enough to allow mounting on a moving
C-arm, thereby allowing the patient to
remain stationary during the examina-
tion. In a single orbit about the pa-
tient, a complete volumetric dataset
covering a large anatomic region of
interest is generated from which sub-
millimeter isotropic reconstructions
can be created. The high efficiency
two-dimensional detector allows ex-
cellent low-contrast detectability, a
capability not present on image in-
tensifier detector-based 3D-angio-
graphic systems.

The applications of in-suite 3D imag-
ing are many. For the neurointerven-
tionalist, utility has been demonstrated
in intra- and extracranial arteriography,
particularly for aneurysm characteriza-
tion (1–3). Recent investigations suggest
that current generation C-arm CBCT
systems should be able to reliably dis-
criminate the 40 Hounsfield Units nec-
essary to detect intracranial hemorrhage
(11). For characterization of intra- and
extracranial stent placement in which
the low profile, highly flexible stents
lead to minimal radiopacity, C-arm
CBCT demonstrated residual stent nar-
rowing and calcified plaque that was
not visualized by either projection radi-
ography or DSA (12). C-arm CBCT has
also demonstrated utility in the repair of
endoleak following endovascular repair
of abdominal aortic aneurysms (13).
Limited studies using C-arm CBCT
for transjugular intrahepatic porto-
systemic shunt placement and trans-
catheter arterial embolization are en-
couraging (14,15).

Outside interventional radiology,
clinical studies have been performed
and are ongoing to investigate the
use of CBCT for brachytherapy and
t-pa
external beam radiotherapy, as well
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as for surgical planning in orthope-
dic, thoracic, abdominal, head and
neck, and neurosurgical procedures
(16 –18). Preclinical investigations
suggest that with continued refine-
ment of CBCT imaging, dedicated
systems for use in routine diagnostic
CT may someday become feasible
(19,20).

This article provides an introduction
to C-arm CBCT systems utilizing high
spatial resolution flat-panel detectors,
which in a single compact unit provide
the interventionalist with the ability to
generate projection radiographic, fluo-
roscopic, DSA, and CT data sets on a
stationary patient. This article focuses
on comparisons with standard diagnos-
tic multidetector CT, as successful im-
plementation of C-arm CBCT systems is
predicated on the ability to provide di-
agnostic cross-sectional images, which
while perhaps not equivalent in quality
to diagnostic multidetector CT images,
provide adequate image quality to an-
swer the relevant clinical question while
offering the advantage of in-suite 3D
imaging.

SYSTEM OVERVIEW

Cone-beam versus Fan-beam
Geometries

The central difference between con-
ventional multidetector CT (fan-beam)
and CBCT is that CBCT acquires infor-
mation using a high-resolution two-di-
mensional detector instead of multiple
one-dimensional (1D) detector ele-
ments. In standard multidetector CT, a
series of detector element rows is used.
Illustrations demonstrating cone-beam
and fan-beam geometries are shown in
Figures 2 and 3.

In multi-detector spiral CT, the pa-
tient is scanned in a helical fashion
with gantry speeds on the order of 0.4
seconds for current state-of-the-art 64-
slice scanners. With a detector row
width of 0.5–0.6 mm, coverage of ap-
proximately 4 cm in the z-axis allows
large anatomical regions to be imaged
in several seconds. For C-arm CBCT
systems, current detector arrays are
40 x 30 cm2, allowing 25 x 25 x 18 cm3

volumetric datasets to be generated in
a single rotation of the source and de-
tector. However, C-arm CBCT systems
currently available require 5–20 sec-
onds for image acquisition. Therefore,

despite the fact that multidetector CT
systems require multiple rotations of the
CT gantry to cover the same region of
interest covered by the C-arm CBCT
system in a single rotation, the multide-
tector CT image acquisition is actually
more rapid. Furthermore, due to the
mathematical complexity of the cone-
beam reconstruction algorithm, which is
a modification of the algorithm initially
described by Feldkamp (7), state-of-the-
art C-arm CBCT systems require 1
minute of post-processing time for im-
age reconstruction, compared to essen-
tially real-time image reconstruction for

Figure 2. Illustration of cone-beam geom-
etery.

Figure 3. Illustration of fan-beam geome-
try.
multidetector CT.
With 2048 x 1538 detector elements,
isotropic voxel sizes of under 200 x 200
x 200 �m3 are achievable with current
C-arm CBCT systems. Assuming an
isotropic voxel size of 600 x 600 x 600
�m3 for current state-of-the-art 64-
slice scanners, the flat-panel detector
system can theoretically achieve a vol-
umetric resolution reduction factor of
approximately 25. However, patient
dose considerations make utilization
of this high resolution impractical
(and unnecessary) for most imaging
applications. Furthermore, previous
investigations suggest that spatial res-
olution and noise for the flat-panel de-
tector-based system is governed pri-
marily by blur in the x-ray converter
(CsI:Tl) (and reconstruction filter),
rather than pixel size, limiting the
practical voxel size of current C-arm
CBCT systems (21). Therefore, al-
though the pixel size in flat-panel de-
tectors theoretically allows for voxel
sizes of 0.008 mm3, blur caused by the
x-ray converter and reconstruction fil-
ter, protracted reconstruction times,
patient dose considerations, and gen-
eral lack of clinical necessity result in
practical C-arm CBCT spatial resolu-
tions similar to, if not slightly larger
than, those of multidetector CT.

The most significant difference be-
tween 3D tomographic datasets gener-
ated via a cone-beam geometry versus
a fan-beam geometry is the significant
increase in scattered radiation with
CBCT (22). In fact, as multidetector CT
systems employ increasing numbers
of detectors, the geometry changes
from fan-beam to cone-beam. The ex-
act point at which this transition oc-
curs is not well defined. Investigations
of 256-detector multidetector CT sys-
tems, employing cone-beam geome-
try, demonstrate image quality degra-
dation secondary to scatter similar to
that seen with CBCT systems. How-
ever, as shown in Figure 4, multi-de-
tector CT scanners employ anti-scatter
septae between the individual detector
channels. Anti-scatter septae of this
nature cannot be used with flat-panel
detectors. The important point is that
increased scatter radiation due to
wider x-ray beam collimation in CBCT
leads to a significant degradation of
image quality. To account for the in-
creased scatter, multiple antiscatter
techniques have been investigated for
use with CBCT systems including,

anti-scatter grids, software correction
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algorithms, beam-stop scatter map-
ping, and adjustment of object-to-
detector distance (air-gap) (23). These
are discussed in detail in the Technical
Limitations and Challenges section.

Flat-panel Detector

The Table. shows representative
characteristics for current state-of-the-
art flat-panel detectors. Vendors typi-
cally offer several gain and effective dy-
namic range settings, that vary from
vendor to vendor. The limitation of 15
frames-per-second (fps) at full resolu-
tion is due to the intrinsic properties of
the CsI scintillator, which suffers from
greater lag (afterglow) compared to
multidetector CT ceramic detectors (19).
This sets a lower limit on scan time of
approximately 3 seconds, with the cur-
rent fastest C-arm CBCT acquisitions
limited to approximately 5 seconds. A
photograph of a flat-panel detector is
shown in Figure 5.

C-arm Unit

In contrast to helical CT, in which
the patient is advanced through the
scanner with the x-ray source and

Figure 4. Anti-scatter septae for a multi-de
online at www.jvir.org.)

Representative Flat-panel Detector Prop

Scintillator CsI:Tl – 600 �m thickne
Photodiodes 2048 � 1536 (40 � 30 cm

transistors
Pixel pitch 194 �m
Readout speed 15 fps at full resolution

388�m pitch)
detector continuously rotating about
the gantry, a C-arm CBCT system
generates a complete volumetric
dataset with the patient stationary
via a single 200° (180° plus fan angle)
rotation of the x-ray source and de-
tector. Choice of x-ray tube position
during this rotation has implications
on the dose to critical patient struc-
tures (the eyes in head scanning),
which is discussed further below.

TECHNICAL LIMITATIONS
AND CHALLENGES

The increased scatter generated
by CBCT systems compared to con-
ventional multidetector CT accounts
for the most significant differences in
image quality between the two sys-
tems, resulting in image artifacts, de-
creased contrast-to-noise (CNR), and
inaccuracies in CT number calcula-
tions (19). The majority of the follow-
ing discussion deals with the conse-
quences of scatter on image quality
and strategies to mitigate these ef-
fects. Differences in dynamic range
and temporal resolution between C-
arm CBCT and multi-detector CT
and the resultant effect on image

tor CT ceramic detector. (Available in color

es

active matrix of a-Si:H and thin film

30 fps at half-resolution (1024 � 768 at
quality are also discussed.
Causes of Scatter in CBCT

Multidetector helical CT scanners
employ multiple rows of detector ele-
ments, 64 channels for current sys-
tems, with recently introduced models
employing 256 and even 320 channels.
For current commercial 64-slice sys-
tems, the total slab thickness in the
z-direction is 4 cm, compared to up to
18 cm for C-arm CBCT systems. For
C-arm CBCT systems, this signifi-
cantly increased imaging volume re-
sults in a marked increase in scattered
radiation, described by the scatter-to-
primary ratio, which is the ratio of
scattered to primary radiation incident
on the detector. The scatter-to-primary
ratio, which is typically around 0.2 for
multidetector CT, may increase to
greater than 3 for large volume CBCT
(24). This results in increased cup and
streak artifacts as well as inaccuracies
in calculated CT numbers (22). For to-
mographic images obtained during in-
terventional procedures, the impor-
tance of inaccurate CT numbers is not
expected to be great. Streak and cup-
ping artifacts, on the other hand, di-
rectly impact image quality.

For C-arm CBCT systems, scatter is
determined primarily by field-of-view
in the z-direction, imaging geometry
(which determines the air-gap size),
and object size (25). Object size is not
an adjustable variable, and while im-
portant as larger objects generate
greater scatter, will not be discussed
further. Air-gaps, which are further
discussed below with anti-scatter
grids, are not an operator variable and
depend on the region of interest and
patient size, typically varying from 25
to 35 cm. Field-of-view in the z-direc-
tion is the most important adjustable
variable for determining scatter mag-
nitude.

As the cone angle is increased to
allow larger regions of interest to be
imaged, the scatter-to-primary ratio
increases significantly. This effect was
shown experimentally to increase the
scatter-to-primary ratio from 14% for a
cone angle of �0.5° to greater than
120% for cone angles greater than 7°.
Furthermore, as the cone angle is in-
creased, the scatter fluence at the cen-
ter of the image plane increases rela-
tive to the periphery due to increasing
scatter contribution from out-of-plane
(22). The cone angle has also been
tec
erti

ss
2)

and
shown experimentally to affect the
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presence and magnitude of cupping
artifact, which is due to a combination
of scattered radiation and beam hard-
ening (19). The cupping artifact, or
concave-downward shape of the scat-
ter fluence profile, is decreased with
decreasing cone angle and can, for
small cone angles, actually be re-
versed, resulting in a concave upward
shape (capping).

The cupping artifact (reduced voxel
values near the center of an image),
was shown experimentally to increase
from approximately 2% for scatter-to-
primary ratios of �10% to almost 20%
for scatter-to-primary ratios �100%.
Similar inaccuracies were demon-
strated for CT numbers, which are un-
derestimated by more than 30% for
scatter-to-primary ratios of �100%.
Scatter-to-primary ratio values of
100% are expected for abdominal and
pelvic imaging (22). For geometries re-
sulting in high scatter-to-primary ra-
tios, detector exposure will increase,
thereby reducing voxel noise. How-
ever, the decrease in voxel noise is
more than offset by the decrease in
contrast resulting from the scattered
radiation, the end result of which is
a decrease in contrast-to-noise with
increasing scatter-to-primary ratios.
Siewerdsen et al. showed a factor-of-
two CNR decrease for scatter-to-pri-
mary ratios increased from 0% to 100%
(22). As is the case for all radiographic
imaging applications, increasing radi-
ation dose or decreasing spatial reso-

Figure 5. Flat-panel CsI a-Si:H detector.
lution will increase CNR.
Potential Solution to the Increased
Scatter in CBCT

Anti-scatter grids.—Anti-scatter grids
and air gaps are employed to eliminate
contributions from scattered radiation
to the final image. Anti-scatter grids
have been show experimentally to re-
duce cupping artifact, thereby improv-
ing image uniformity with resultant in-
creased CT number accuracy and
display dynamic range. Gupta et al. de-
scribe measurements showing 80%
transmission of primary radiation and
85% reduction in scatter using anti-
scatter grids.

For digital detectors, Neitzel showed
that air gaps are superior to grids for
low scatter situations and that air gaps
and scatter grids are nearly equivalent
for high scatter conditions. Further-
more, it was shown that for very low
scatter situations, the use of a grid ac-
tually decreased the signal-to-noise
(SNR) secondary to attenuation of the
primary beam (26). Siewerdsen et al.
showed that for low scatter-to-primary
ratio situations where cupping artifact
is slight, the increase in noise resulting
from the use of an anti-scatter grid
causes a decrease in CNR (25). This
decrease in CNR may outweigh bene-
fits gained from reduction in the small
cupping artifact for these low scatter-
to-primary ratio situations. For higher
scatter-to-primary ratios, with either
high dose or low spatial resolution
(input-quantum limited conditions),
image quality gains were demonstrated

through a significant reduction in the
strong cupping artifact, which out-
weighed image degradation due to de-
creased CNR (25). This would be the
case when soft-tissue discrimination is
favored over high spatial resolution.

The use of anti-scatter grids is a
topic not without controversy in the
literature, and somewhat similar to its
use in fluoroscopy, a blanket state-
ment as to whether or not grids should
be used cannot be made. The use of
grids leads to a significant increase in
patient dose. Removal of the grid from
fluoroscopy units has been shown to
result in a 65% entrance exposure re-
duction (27). Current commercial Carm
CBCT systems employ anti-scatter
grids, with one manufacturer employ-
ing a laminar grid with grid ratio of 15,
80 line-pairs/cm. Because low-scatter
situations are unlikely to be encoun-
tered clinically with significant regu-
larity, routine employment of an anti-
scatter grid is the current standard
despite the trade-off of increased pa-
tient dose.

One concern when using anti-scat-
ter grids in tomographic imaging is
the introduction of ring or line artifacts.
Experimental results have shown, how-
ever, that 3D reconstructions with
CBCT systems suffer very little from
ring artifacts. One hypothesis for this
result is that geometric calibrations to
correct for gantry motion are imper-
fect, not to the point of reducing image
quality, but large enough to blur grid-
lines during backprojection. This is
analagous to the manner in which mo-
tion-bucky blurs the gridlines in pro-
jection systems (25). Of note, “Bucky”
systems are not currently used in
Carm CBCT systems.

Scatter reduction algorithms.—Elimi-
nation of scatter-related image degra-
dation can be partially addressed
through the use of scatter correction
algorithms (19,24,28). Discussion of
these algorithms is beyond the scope
of this article. However, development
and optimization of scatter correction
algorithms is an area of active research
and some sort of computational anti-
scatter post-processing is performed
on all clinical C-arm CBCT systems.

Bowtie filters.—Shaped filters, usu-
ally in the form of a bowtie filter, may
be used to decrease the scatter contri-
bution from the object periphery and
have been shown experimentally to re-
sult in improved image quality for

gantry-based CBCT systems (19). How-
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ever, Ning et al. showed experimen-
tally that SNR2/entrance exposure
for a flat-panel-based cone-beam de-
creases with increasing kVp (8). There-
fore, the decision to use a bowtie filter
comes down to a tradeoff between de-
creased scatter from the object periph-
ery with the filter and improved de-
tector efficiency from the softer x-ray
beam without the filter. Further evi-
dence to caution against the use of
bowtie filters in CBCT systems was
provided by Fahrig et al. who investi-
gated the effect of kVp on low contrast
detectability, and showed the greatest
enhancement at the lowest setting, 70
kVp (11).

Temporal Resolution and Dynamic
Range

As mentioned above, flat panel de-
tectors typically use CsI as the scintil-
lator, which has a slower response
than the proprietary ceramic detectors
used in helical multidetector CT sys-
tems. Also, the quantum efficiency of
CsI flat-panel detectors is slightly
lower. These two characteristics limit
the temporal resolution and dynamic
range, respectively, of flat-panel detec-
tors compared to standard multidetec-
tor CT detectors. Investigations using
flat-panel detector systems have shown
loss of low-contrast resolution due to
streak artifacts caused by a limited
number of rotational projections. This
is largely the result of the limited tem-
poral resolution of the CsI detectors.
Akpek et al. showed that streak arti-
fact remains a significant cause of im-
age quality degradation using 273 pro-
jections, thereby limiting contrast
resolution (29). These streak artifacts,
however, are not of significant impor-
tance when high-contrast structures
are imaged, such as during arterio-
graphic procedures (5).

For these and other reasons, gantry-
mounted CBCT systems are unlikely
to substantially challenge the role of
helical multi-detector CT in routine di-
agnostic imaging, at least in the fore-
seeable future. This is particularly true
as multidetector units continue to
evolve, with the newest systems now
employing cone beam geometries and
true volumetric imaging. However,
the purpose of C-arm CBCT is not to
replace 64-slice helical CT, but rather

to bring tomographic imaging with
reasonable low contrast detectability
into the interventional suite.

The low-contrast detectability of
CsI flat-panel detectors was investi-
gated by Gupta et al. and found to be
5 Hounsfield Units (HU) above back-
ground, slightly less than that detect-
able by multi-detector CT, which can
detect objects 3 HU above back-
ground. This difference is due to a
combination of increased scatter and
the lower dynamic range of CsI detec-
tors (19). Nevertheless, this represents
a dramatic improvement over the low-
contrast detectability of CTangio sys-
tems and is, therefore, a significant ad-
vancement.

Motion

Because of the relatively long acqui-
sition times of C-arm CBCT systems
compared to multislice helical CT, mo-
tion artifacts can arise. This is particu-
larly true given the patient population
typically undergoing interventional
radiology procedures. Algorithms to
correct for these artifacts using retro-
spective respiratory gating are under
development (30). With retrospective
gating, however, patient dose, which
is already an issue of concern in C-arm
CBCT, increases.

Mechanical Stability

The magnitude of C-arm flex is sev-
eral millimeters in the tube and detec-
tor components and increases when
the system is angulated (up to �14
mm in projection space at 45°). How-
ever, because the C-arm flex is repro-
ducible, even at steep angulations, as
long as appropriate geometric calibra-
tions are performed, precise 3D recon-
structions are possible (21).

Radiation Dose

The issue of patient dose in C-arm
CBCT is complex. First, comparisons
with multidetector CT are complicated
by lack of a universally accepted com-
mon dose metric. CT dose index
(CTDI) and the dose length product
(DLP) do not correctly apply to cone
beam geometries secondary to the
large z-coverage of a flat panel detec-
tor. Also, the dose is non-linear with
the central slice getting the highest
dose (19). Second, direct comparisons

in the literature are limited by lack of
equivalent image quality in the result-
ant image sets. Through a 200 degree
rotation of the gantry, the C-arm
CBCT system generates tomographic
data sets that have been shown exper-
imentally to result in patient doses less
than that from single helical CT (5).
However, it was noted in this experi-
ment that spatial and contrast resolu-
tion of the flat-panel detector system is
inferior to that obtained with multide-
tector CT. This is due in large part to a
lack of filtration and scatter rejection
with the C-arm CBCT system, which
in turn results in decreased SNR. Sim-
ilar findings were described by Gupta
et al. for comparisons between a gantry-
mounted flat-panel system and 16-slice
multidetector CT (19). Finally, because
C-arm CBCT operates with automatic
exposure control systems controlling
the mA, and if necessary, the kVp to
maintain SNR, control of patient dose in
C-arm CBCT systems is more difficult.

Unlike multidetector CT, in which
the collimation is fixed, careful consid-
eration must be taken with CBCT to
limit the imaging field-of-view to the
anatomical area of interest. This will
decrease total radiation resulting in
lower patient dose and improved im-
age contrast through a reduction in
scattered radiation.

Consideration of tube position can
affect the dose to sensitive structures for
anisotropic regions-of-interest such as
with head CT scans. Daly et al. showed
a factor of 5 decrease in dose to the eyes
when CT images were generated with a
178° imaging arc performed with the
x-ray tube posterior to the skull rather
than anterior. In addition, because atten-
uation by the table takes place prior to
irradiation of the patient’s head, image
quality per unit patient dose is im-
proved (16).

In general, the effect of C-arm CBCT
on overall patient dose remains to be
seen. On the one hand, judicious use of
in-suite CBCT may actually result in a
decrease in patient dose by providing
critical diagnostic information that obvi-
ates the need for excessive fluoros-copy.
Alternatively, the simple availability of
this technique may lead to overuse and
increased patient radiation. An investi-
gation into CBCT for use in minimally
invasive spine surgery by Siewerdsen et
al. showed anecdotally that “the sur-
geon exhibited a gravitation toward the
use of intra-operative 3D imaging guid-

ance” over the course of several surger-
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ies (21). Although this trend may not
affect interventional radiologists to the
same extent, it raises an in-teresting con-
cern given the potential for escalating
patient doses. Further investigations
into physician practice patterns and pa-
tient dosimetry are needed to better ad-
dress these questions.

CONCLUSION

In this article, the main cause of im-
age quality degradation with C-arm
CBCT, increased scatter radiation, was
discussed along with several strategies
for scatter reduction and compensation.
Many of the scatter reduction strategies
discussed are outside the control of the
operating physician. Imaging volume,
however, is within the operating physi-
cian’s control and is the largest single
factor determining the amount of scat-
tered radiation. Furthermore, for a
given set of imaging parameters, imag-
ing volume determines patient dose.
The field-of-view should be kept as
small as possible to minimize both the
scatter-to-primary ratio and patient
dose.

C-arm CBCT is an exciting technol-
ogy with the potential to significantly
impact the practice of interventional ra-
diology. The ability to perform near
real-time 3D imaging in the interven-
tional suite will directly affect patient
care while increasing overall radiology
department efficiency by allowing all in-
terventional procedures, CT-guided or
otherwise, to be performed in the inter-
ventional suite. However, because this
is a new technology, much remains to
be determined, from practice guidelines
to the impact on overall patient radia-
tion dose.
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