
Running Prior for Patient Motion Correction in Low-
Dose 3D+Time Interventional Flat Detector CT 

Barbara Flach1,2, Jan Kuntz2, Marcus Brehm1,2, Sönke Bartling2,3, Marc Kachelrieß1,2 
1 Institute of Medical Physics, University of Erlangen-Nürnberg, Germany 

2 Medical Physics in Radiology, German Cancer Research Center, Heidelberg, Germany 
3 Institute for Clinical Radiology and Nuclear Medicine, University Medical Center Mannheim, Germany 

Purpose: 

4D (=3D+time) interventional image 
guidance 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]. 
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. 

Materials and Methods: 

We propose a running prior that 
adapts itself by the combination of 
the two concepts, registration and 
substitution. In the registration step 
a combination of affine registration 
(based on mutual information [2]) 
and deformable registration [3] 
adapts the prior to a target prior 
which shows the current situation 
by reconstructing the latest 120 
projections (corresponds to about 
four scanner rotations with sparse 
sampling). In the substitution step a 
forward projection of the deformed 
prior yields virtual rawdata that are 
densely sampled in the angular 
direction (600 projections, same 
number of projections as for the 
static prior). The projections 
measured for the current update (in 
our case 15 projections) are used 
to substitute the corresponding 
virtual projections. A reconstruction 
of these substituted data yields the 
running prior. 

For the evaluation of the method 
we used an in vivo head scan of a 
pig 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. 

Results: 

By 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. In addition the proposed 
method works in case of motion 
during the intervention scan of up 
to 0.15 mm/s. 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. In consequence the 
temporal updates show less 
inconsistency artifacts when using 
the running prior compared to using 
the static prior image. Even if image 
quality is not disturbed using the 
static prior 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. By incorporating 
the latest projections into the prior 
via replacement we assure that low 
contrast objects not present during 
prior scan but during intervention 
scan appear in the running prior 
image. 

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. In case of 
motion the reconstruction of the 
temporal updates only makes 
sense using the new proposed 
method. 
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