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Purpose

4D (=3D+time) interventional image guidance (see Fig. 1 on page 2) requires
tomographic data acquisition during the whole intervention. However, the method, which
is also called tomographic fluoroscopy or CT fluoroscopy, will be routinely accepted only
if the patient dose level can be kept as low as in 2D+time fluoroscopic guidance, which
is the standard image guidance technique in today's interventions.

To achieve this goal of enabling tomographic fluoroscopy at the same dose as projective
fluoroscopy the update volumes have to be reconstructed from data with very sparse
angular sampling at a very low dose. To guarantee high quality of the update volumes
during intervention a high quality prior volume acquired before intervention is necessary
[1,2].

Depending on the type and duration of an intervention patient motion can lead to non-
applicability of the static prior volume. Consequently, the prior volume needs to be
continuously updated.

Images for this section:
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Volume Rendering of Temporally
Resolved PrIDICT Results

Time step 1 Time step 2 Time step 3

Intervention: Inserting a guide wire in the pig’s carotid

Fig. 1: 4D intervention guidance
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Methods and Materials

Reconstruction using prior data

We realize low dose tomographic fluoroscopy using continuous CT scans with very
few projections per rotation. Due to dose restrictions only Ny=15 projections are used
for each temporal update. To obtain high quality images the information from a fully
sampled (Np=600 projections) prior scan is used. Ideally (in case of no motion) the
difference of the forward projected prior and the rawdata for the temporal update shows
only interventional material and noise. Because of the very sparse sampling the image
quality of the reconstruction of the difference is disturbed by streak artifacts. To reduce
these artifacts the Lg-norm is minimized by setting all insignificant voxels (voxels with
a low attenuation value) to zero. For display image is added to prior. The workflow of
this algorithm called prior image dynamic interventional computed tomography (PrIDICT)
[1,2] is illustrated in Fig. 2 on page 5.

Motion Correction

In case of patient motion the PrIDICT algorithm does not work. For this reason we propose
a running prior that adapts itself by the combination of the two concepts, registration and
substitution (see Fig. 3 on page 5). In the registration step a combination of affine
registration (based on mutual information [3]) and deformable registration [4] adapts the
prior to a target prior which shows the current situation by reconstructing the latest Nt
projections (in our case Nt=120, corresponds to about four scanner rotations with sparse
sampling). In the substitution step a forward projection of the deformed prior (Np=600
projections, same number of projections as for the static prior) yields virtual rawdata that
are densely sampled in the angular direction. The projections measured for the current
update (in our case Ny=15 projections) are used to substitute the corresponding virtual
projections. A reconstruction of these substituted data yields the running prior. In Fig. 3
on page 5 a more efficient but equivalent method is demonstrated, where only the
forward projections at the angular positions which are to replace are calculated.

Simulation

We validated the proposed method with a 2D simulation study. By this study we verified
that the proposed method works for motion during the intervention scan. In addition we
investigated if both steps, registration and replacement of projections, are necessary
to get satisfying results. We calculated 1800 projections within 60 rotations with 1024
detector bins in fan beam geometry of the head phantom. After Np=600 projections we
added an ellipsoid with an attenuation of 300 HU to the phantom and started moving
the head phantom for the next 600 projections (see Fig. 4 on page 6). Before
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reconstruction we added Poisson distributed noise to the data resulting in a standard
deviation of 150 HU in water.

Measurements

We also applied the running prior technique to real data acquired by a prototype volume
CT system since no dedicated 3D+temporal interventional CT system exists nowadays.
This CT system consists of a flat detector mounted on a continuously rotating clinical CT
gantry. The intervention (insertion of a guide wire) was done with an in vivo head scan
of a pig (see Fig. 5 on page 7).

Images for this section:
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Fig. 2: Workflow of PrIDICT algorithm
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Running Prior Technique

e - o

Forward projection Difference projections Last Ny projections

| f

- Registration >

Target prior Deformed Difference
(required for registration) running prior reconstruction N,: The last N,

projections are used to
compute the temporal
update, in our

experiments N, =15

N:: The last N
projections are used to
compute the target
prior, typically N1 > Ny,
. . X . . X in our experiments
Running Prior (required Running prior (required Ny =120
for PrIDICT time step i-1) for PriDICT time step i)

Fig. 3: Workflow of Running Prior technique
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Simulation

Phantom Phantom
for projections 1-600 for projections 1201-1800

Rotation,
Translation

30°, 20 mm

15° 10 mm

0°, 0 mm Projections
0 300 600 900 1200 1500 1800

Fig. 4: Phantom and its position for simulation

Page 7 of 19

European Society of Radiology | www. myESR.org



Measurement

Difference to
target prior

Volume CT prototype — Before intervention

— Ng = 600 std. dose
projections per 360°
T«=19s

rot
1 single rotation

— Flat detector like C-Arms
— Clinical CT gantry

Sl L * Intervention scan:

During intervention

Nzgo = 30 low dose

projections per 360°

Tot=4s

Many rotations (depending Position during intervention
on time needed for

intervention) Running prior

Guide wire inserted into the .
carotid of the pig‘s head W

during the scan %;d&_l \
‘:{__.;.)

Position after deformation

Fig. 5: Setup for real measurements
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Results

Simulation

By the simulation we demonstrate that the replacement step is necessary to bring new
soft tissue into the prior (see Fig. 6 on page 9). Without this step low contrast objects
not present during prior scan but during intervention scan would never appear in the
running prior image and therefore never in the temporal updates.

In addition the registration is necessary to correct for motion (see Fig. 7 on page 10).
Using only the replacement step leads to artifacts because the new projections do not
fit to the position in the running prior.

When the combination of both steps, as suggested by the running prior technique, is
applied, the running prior shows a high accordance to the actual situation (see Fig. 8 on
page 11).

Measurements

Using the running prior technique it is possible to correct for motion of the pig's head
up to 30 mm between the prior scan and the intervention scan. The resulting running
prior images are of high image quality without introducing new artifacts. Hence in the
difference between forward projected running prior and the rawdata of the current update
only interventional material and almost no discrepancies resulting from patient motion
are visible (see Fig. 9 on page 12). In consequence the temporal updates show less
inconsistency artifacts when using the running prior compared to using the static prior
image (see Fig. 10 on page 13). Even if image quality is not disturbed using the static
prior (as in another slice of the dataset) it is not possible to display the correct position
of the interventional material after patient motion which in contrast is no problem when
using the running prior technique (see Fig. 11 on page 14, wire cannot be inserted
into bone).

Images for this section:
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Updating Prior by Registration
without Replacement

Actual situation Target prior Running prior Difference of
after 900 after 900 after 900 running prior to
projections projections projections actual situation

Static prior

Actual situation Target prior Running prior Difference of
after 1800 after 1800 after 1800 running prior to
projections projections projections actual situation

Fig. 6: Demonstration that the replacement step is necessary to bring new soft tissue
into the running prior
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Updating Prior by Replacement
without Registration

Actual situation Target prior Running prior Differénbé of
after 900 after 900 after 900 running prior to
projections projections projections actual situation

Static prior

N

Actual situation Target prior Running prior Difference of
after 1800 after 1800 after 1800 running prior to
projections projections projections actual situation

Fig. 7: Demonstration that the registration step is necessary to correct for motion
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Updating Prior by Combination of
Registration and Replacement

Actual situation Target prior Running prior Difference of
after 900 after 900 after 900 running prior to
projections projections projections actual situation

Static prior

Actual situation Target prior Running prior Difference of
after 1800 after 1800 after 1800 running prior to
projections projections projections actual situation

Fig. 8: Demonstration that the prior can be updated with the proposed method
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Improvement in Rawdata Difference

Difference between measured rawdata and forward projected static prior

Difference between measured rawdata and forward projected running prior

el B

Fig. 9: Difference of the rawdata used for the temporal updates to the forward projected
static respectively running prior
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Static Prior vs. Running Prior |

PriDICT using static prior PrIDICT using running prior

_5',

No artifacts

Fig. 10: Results of PrIDICT using the static respectively the running prior
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Static Prior vs. Running Prior |l

PriIDICT using static prior PrIDICT using running prior

——

Correct wire position

Fig. 11: Results of PrIDICT using the static respectively the running prior
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Conclusion

We conclude that the running prior technique is equivalent to the static prior in case of no
patient motion and superior in case of motion. The temporal updates show less artifacts
when using the running prior technique. This is reached without additional patient dose
because no additional projections need to be acquired.

And so 4D interventional guidance at dose level comparable to fluoroscopy may become
possible also with patient motion by using the running prior technique (see Fig. 12 on
page 16).

Images for this section:
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Fig. 12: Volumerendering of intervention with patient motion
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