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Abstract—C-arm computed tomography (CT) with axially ex- Table I. Each helical turn consisted 681 projections with
tended field-of-view is valuable when imaging a long organ is an angular step-size.35° and an axial translation step-size
desired in the interventional room. However, current C-arm CT 0.088mm. For comparison, we also implemented a circular

employs a circular short scan that only provides incomplete . .
data and short axial coverage. To enable long-object 3D imagg short scan on the same C-arm system, which consistédsof

capability on a C-arm system, a multi-turn reverse helix is a Projections with an angular step-si2e37°.
attractive solution for data acquisition. We have implemerted
this trajectory on a state-of-the-art multi-axis C-arm sysem and
performed image reconstruction using our Fusion-RFDK mettod.
This work evaluates these reconstruction results by compang
them with those obtained from a circular short scan. We obsered
comparable image quality between the two source trajectoss.

I. INTRODUCTION

C-arm computed tomography (CT) is an innovative imaging
technique that enables a C-arm system to generate 3D images
like a CT system. Clinical reports [1] show that this techusq
is valuable in the interventional room. However, currerdi@ Fig. 1. Depiction of the five-turn reverse helix.

CT employs a circular short scan for data acquisition thét on

produces incomplete projection data and limits axial cager

in the direction of the patient table. This short coverags wa p, . xueters oF THE STATEO:_AT?E'_EALTMULTI_AXIS C-ARM SYSTEM
reported as a problem in hepatic vascular interventiondifl]

general, this limitation is an issue whenever imaging a long ~Parameter Value
organ is desired in intra-operative cases, e.g., in treatoe Source-to-detector distance 1200 mm
aortic diseases Detector A/D converter 16 bits
) Detector size 300 mmx 400 mm
Recently, we have developed a framework for C-arm CT  Detector position mode landscape
with axially extended field-of-view (FOV) [2]. In this frame Be:ecior E!X6|' size g ;54gmxl54um
. . . etector ninning moae X
work, a reverse helical source trajectory [3] was impleradnt Source-to-rotational-axis distance 785 mm

on a state-of-the-art C-arm system for cone-beam data -acqui
sition, and our Fusion-RFDK algorithm [4] was employed for

image reconstruction. This work performs an image quality We selected two phantoms for data acquisition. The first
assessment for the reconstruction results obtained frah sewne was a torso phantom embedded with a SAWBONES
a framework. These reconstructions are compared to stategpine (Sawbones Europe AB, Malmd, Sweden). This phantom
the-art C-arm CT images, i.e., images obtained from a singl@as placed in the prone position and the entire SAWBONES

circular short scan. spine was within the field-of-view (FOV); see the left of
Figure 2. The second one was a combination of the CATPHAN
[I. MATERIALS AND METHODS phantom (The Phantom Laboratory, Greenwich, USA) and the

We implemented a five-turn reverse helix on a state-of—thl§iemens CB phantom (QRM, Mohrendorf, Germany), which

art multi-axis C-arm system (Artis zeego, Siemens AG, Forclyere pl_aced in-line a!ong thei_r axial direction to emula’Fe a
heim, Germany). The reverse helix is depicted in Figure E)ng object; see the right of Figure 2. We call the combined

whereas the parameters of the C-arm system are Iistedphtf"lm_Om _the CATSCB phantom. .
Projection data of the above two phantoms were acquired
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Fig. 2. Left: the torso phantom embedded with a SAWBONESespight:
the CATSCB phantom composed by the CATPHAN phantom and taa&is
CB phantom.

measurements 060.45 mGy-cn? and 304.96 mGy-cm? re-
spectively. Note that the numbers for the circular scansewe
comparable to but not exactly the same as those for the eeve;
helical scans. These slight differences were due to uiitina
of pre-defined scanning protocols.

TABLE 1l
DOSE-AREA-PRODUCT MEASUREMENTS FOR THE FIVETURN REVERSE
HELIX (MGY-CM?)

1st 2nd 3rd 4th 5th total
Torso 60.27 60.60 60.59 60.61 60.64 302.70

CATSCB | 31460 31554 31571 31565 315.411576.91 Fig. 3. Transverse views of the reconstructions of the t@isantom. Left
column: results from the reverse helical trajectory. Righiumn: results from
the circular trajectory. Display windovianchort [—500, 500] HU; voxel side-

The projection data were next preprocessed using the ovepgth: 0.5mm.

exposure, scatter and beam hardening correction methats th

were similar to those presented in [5]. Note that these data

correction methods were optimized for the circular trajegt  Images appeared differently in the transverse directiomfr
but not for the reverse helix. Furthermore, both the revere the sagittal direction. In the transverse direction, ges
helix and the circular trajectory were calibrated basedhen tfrom the two trajectories were in general comparable; see
method in [6]. Finally, the reverse helix images were recofFigure 3. In the sagittal direction, CB artifacts were more
structed using our Fusion-RFDK (ramp kernel based FDKhiform and less noticeable for the reverse helix, whereas
method [4], whereas the circular images were reconstrucig@y significantly varied with slice positions for the citau
using the RFDK method. The 3D images from the reversgjectory; see Figure 4. These observations are consisttm
helix and the circular trajectory were of axial lengffidmm the fact that the reverse helix provides more complete and

and 160 mm, respectively. axially-uniform projection data than the circular trajemt
We next compared image quality quantitatively using the
1. MAGE QUALITY ASSESSMENT CATSCB phantom. First, we studied CT number uniformity

We first performed image quality comparison between tising the plain section of the Siemens CB phantom; see
two trajectories by visual inspections. Slightly low-fremcy Figure 5. We observed more capping artifacts for the reverse
differences were observed between the results from thesevehelix than for the circular trajectory, possibly because data
helix and those from the circular trajectory. These diffexes correction methods used in our experiment were optimized fo
were seen as a combination of CB artifacts and residualserrétrcular CB images, not for reverse helix images.
from physical effects. To account for these low-frequency Second, we also investigated contrast-to-noise ratio (CNR
differences in image display, a display anchor calledehor USINg the contrast pattern of the Siemens CB phantom; see
was introduced. The values of the anchors were calculatéidure 6. We selected four clusters for CNR measurement,
using small uniform regions indicated either by squares anamely G;, G2, Gs, and G4 as shown in Figure 7. For the
circles in each image. reverse helix, the measured CNRs @f, G>, G3, and G,



Fig. 4. Axial views of the reconstruction results of the tonshantom.

Left: 274 mm images from the reverse helix; rights0 mm images from the

circular trajectory. Top: sagittal view; bottom: coronatw. Display window:
Hanchor+ [—500, 500] HU; voxel side-length: 0.5 mm.

Fig. 5. Comparison of CT number uniformity using the plaircten of
the Siemens CB phantom. Left: reverse helix image; rightutar image.
Display window: panchor+ [—500, 500] HU; voxel side-length: 0.2 mm.

Fig. 6. Comparison of CNR using the contrast section of tfeng&ns CB
phantom. Left: reverse helix image; right: circular ima@asplay window:
Hanchor+ [—500, 500] HU; voxel side-length: 0.2 mm.

Fig. 7. lllustration of clusters for CNR measurement.
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Fig. 8. Comparison of spatial resolution using the SiemeBspBantom.
Left: reverse helix images; right: circular images. Tog thsolution section;
bottom: the MTF edge section. Display windowsanchor+ [—500, 500] HU;
voxel side-length: 0.2 mm.

Finally, spatial resolution was examined using both the res
olution section and the MTF edge section of the Siemens CB
phantom; see Figure 8. From visual inspection, reconstnuct
results of the resolution section from both trajectoriekileik
comparable spatial resolution arouhd LP/ mm. To further
verify this observation, we calculated the modulation $fan
function (MTF) using the edge spread function associated to

were 0.93, 1.52, 2.00, and 2.87, respectively; whereas for the edge indicated in the last row of Figure 8. The resulting

the circular trajectory, they were.83, 1.36, 1.81, and2.67,

MTF curves were similar ; see Figure 9. Note that the max-

respectively. Note that, the reverse helix image used foRCNmum detectable spatial frequencies (corresponding td)the

calculation was obtained solely using projection data fooma

value) for both MTF curves were aroudd3 LP/ mm, which

helical turn of the reverse helix. Given that the x-ray expes is in agreement with the aforementioned visual observation
of one helical turn of the reverse helix was comparable tb thdence, both visual inspection and quantitative measuremen
of the circular trajectory, the measured CNRs indicate that suggest that the spatial resolution for the reverse helix wa

two trajectories produced images of comparable CNR.

comparable to that for the circular trajectory.
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Fig. 9. MTF curves associated to the edges in the bottom rofigf8.

[5]
IV. SUMMARY AND OUTLOOK

We have performed image quality assessment for our prés]
viously developed extended-volume C-arm CT framework,
which implemented a five-turn reverse helix on a state-ef-th
art multi-axis C-arm system. This assessment was achieved
through a comparison against a circular short scan using
both visual inspection(CB artifacts) and quantitative met[7
rics (capping artifacts, CNR and MTF). The comparison tssul
demonstrated that satisfactory image quality can be aetiev
for extended-volume C-arm CT using the reverse helix datg
acquisition geometry.

Although the framework delivered satisfactory image qual-
ity, the reverse helix is not necessarily the optimal source
trajectory. Other competitive data acquisition geomstrie
should also be considered for extended-volume C-arm C
such as arc-extended-line-arc(AELA) [7] and ellipse-ine
ellipse (ELE) [8]. These two source trajectories are both
compatible with the mechanical motion constraints of a C-
arm system. Compared to the reverse helix, the AELA anh)
the ELE trajectories are more appropriate for efficient and
exact image reconstruction with axially truncated pragect
data. Currently, we are developing such image reconstructi
algorithms for the ELE trajectory. Preliminary results bése
algorithms can be found in [9] and [10], and more detailed
results will be reported in our future work.
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