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Purpose: Today’s standard imaging technique in interventional radiology is the single- or biplane
x-ray fluoroscopy which delivers 2D projection images as a function of time (2D+T). This state-of-
the-art technology, however, suffers from its projective nature and is limited by the superposition of
the patient’s anatomy. Temporally resolved tomographic volumes (3D+T) would significantly im-
prove the visualization of complex structures. A continuous tomographic data acquisition, if carried
out with today’s technology, would yield an excessive patient dose. Recently the authors proposed a
method that enables tomographic fluoroscopy at the same dose level as projective fluoroscopy which
means that if scanning time of an intervention guided by projective fluoroscopy is the same as that
of an intervention guided by tomographic fluoroscopy, almost the same dose is administered to the
patient. The purpose of this work is to extend authors’ previous work and allow for patient motion
during the intervention.
Methods: The authors propose the running prior technique for adaptation of a prior image. This
adaptation is realized by a combination of registration and projection replacement. In a first step the
prior is deformed to the current position via affine and deformable registration. Then the information
from outdated projections is replaced by newly acquired projections using forward and backprojection
steps. The thus adapted volume is the running prior. The proposed method is validated by simulated
as well as measured data. To investigate motion during intervention a moving head phantom was
simulated. Real in vivo data of a pig are acquired by a prototype CT system consisting of a flat
detector and a continuously rotating clinical gantry.
Results: With the running prior technique it is possible to correct for motion without additional dose.
For an application in intervention guidance both steps of the running prior technique, registration
and replacement, are necessary. Reconstructed volumes based on the running prior show high image
quality without introducing new artifacts and the interventional materials are displayed at the correct
position.
Conclusions: The running prior improves the robustness of low dose 3D+T intervention guidance to-
ward intended or unintended patient motion. © 2013 American Association of Physicists in Medicine.
[http://dx.doi.org/10.1118/1.4819826]

Key words: computed tomography (CT), flat detector CT, interventional radiology, undersampled
reconstructions, minimally–invasive interventions

1. INTRODUCTION

In recent years minimally-invasive interventions like stent-
ing, aneurysm coiling, and biopsies became more and more
important because of a quicker recovery of the patient and

a reduced risk of infections.1–3 Since the line of sight is
interrupted, the interventional materials used in these pro-
cedures, e.g., guide wires and stents are tracked by imaging
techniques, for example, by x-ray imaging. Today’s state-of-
the-art technique in interventional radiology is the single- or
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FIG. 1. Several frames of a 4D volume rendering belonging to an intervention where a guide wire is inserted into the carotid of a pig.

biplane fluoroscopy,4, 5 providing two-dimensional images as
a function of time (2D+T). We will here refer to this modal-
ity as projective fluoroscopy, as opposed to tomographic fluo-
roscopy that provides three-dimensional images as a function
of time (3D+T) and that is the focus of this work.

The downside of projective fluoroscopy is that the images
show only a superposition of the patient’s anatomy and there-
fore the visualization of more complex structures and their
spatial relationship is difficult and often ambiguous. Non-
directed probing, e.g., to guide a wire through the vascula-
ture, is the consequence. This prolongs procedure time and
increases radiation dose to the patient as well as to the inter-
ventionalist. More directed probing would in addition reduce
the trauma to the vasculature.

A continuous display of 3D volumes would significantly
improve visualization.6–8 Especially the position of implanted
foreign bodies such as coils and stents would be more
clear and therefore the interventions could be safer. How-
ever, continuously acquiring CT images for several minutes
will typically yield very high patient dose values of 2.3 to
10.4 mGy/s.9, 10 In contrast, dose values of projective fluo-
roscopy are more than ten times lower.11 Thus CT fluoroscopy
was not able to establish in clinical practice although it is pos-
sible with today’s technical equipment.12, 13

For a wide acceptance of tomographic fluoroscopy, the
x-ray dose has to be kept as low as in projective fluoroscopy.

This means that the volumes need to be reconstructed from
an extremely low number of projections acquired at a very
low dose level. Our prior, but yet preliminary, work indicated
that in case of no patient motion about 10 to 20 projections
are sufficient to generate 3D volumes showing the tempo-
rally resolved interventional materials at high image qual-
ity although acquired at dose levels comparable to projective
fluoroscopy.14, 15 To achieve these results a dedicated recon-
struction algorithm which is explained in detail in Sec. 2.B
was designed that makes extensive use of prior knowledge.
This prior knowledge were data reconstructed from an inter-
ventional flat detector CT scan with many projections imme-
diately prior to the intervention. The tomographic fluoroscopy
data were acquired with the same flat detector CT.

An example for an intervention guided by our low dose
tomographic fluoroscopy method is shown in Fig. 1. In this
case, a guide wire was inserted into the carotid of a pig
in vivo. The temporally resolved volumes are reconstructed
by the just mentioned algorithm based on a high quality prior
image showing the anatomy of the pig and the undersam-
pled intervention scan to determine the current position of the
guide wire. The volume renderings, created with the software
ImageVis3D,16 show the pig’s anatomy in gray, the vascula-
ture (reconstructed from a contrast-enhanced scan) in red, and
the interventional material (the guide wire) in yellow. The vol-
ume renderings belong to different points in time and thus

FIG. 2. Potential imaging workflow during an intervention. The vertical tick marks indicate whether the angular sampling is dense or sparse. Apart from the
prior scan the workflow is identical to projective fluoroscopy. In contrast to projective fluoroscopy each projection is taken from a different view angle here.
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FIG. 3. Illustration of the PrIDICT algorithm. The arrows point to the interventional materials.

show the guide wire at different positions. Similar results (not
shown here) were obtained when observing the expansion of
a stent.

Other algorithms developed for undersampled data like
the ASD-POCS algorithm17 or the improved total varia-
tion (iTV) algorithm,18 not relying on prior knowledge, are
not able to provide volumes of sufficient quality from this

highly undersampled data. Alternatives based on prior images
like the PICCS algorithm19 or the volume-of-change (VOC)
reconstruction20 use a smoothness constraint to reduce streak
artifacts and noise. They have turned out not to be suitable
in the case of intervention guidance because the interven-
tional materials are very small structures (e.g., guide wires
and stents).14, 15

FIG. 4. Illustration of the running prior algorithm.
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FIG. 5. Illustration of the process to adapt the prior knowledge and calculate a time frame.

A disadvantage of using prior knowledge acquired before
the intervention is that this information can be early out-of-
date, e.g., if the patient moves either during the interven-
tion or between the prior and the intervention scan. To avoid
additional dose for acquiring a new prior image the prior
knowledge has to be continuously adapted to the patient’s
position and appearance. For this adaptation, we propose the
running prior technique. For each time step of the intervention
it provides an up-to-date prior image that is based solely on
already acquired projections of the intervention scan and that
does not require any additional projections. Consequently no
additional dose is administered for the reconstruction of the
adapted prior. The temporal resolution of this adapted prior
should be as high as possible on the one hand while the image
quality should be the same as for the densely sampled initial
prior on the other hand.

2. MATERIALS AND METHODS

2.A. Workflow of tomographic fluoroscopy

To realize low dose tomographic fluoroscopy, with low
dose referring to dose levels as low as in projective fluo-
roscopy, the number of projections acquired per second as
well as the dose per projection have to be reduced to a min-
imum. Despite of this minimal information a high tempo-
ral resolution is desired and thus an algorithm dealing with
strong angular undersampling combined with noisy projec-
tions is required. We were able to show that such a low
dose dataset consisting of only 10 to 20 projections per time
step is sufficient to reconstruct volumes of high image qual-
ity reliably showing the current position of the interventional
materials in relation to the surrounding tissue.15 The dose
rate for such an intervention scan, which we measured us-
ing an extended CTDI-phantom, is about 7.8 mGy/min. This
is in the range of today’s fluoroscopy with skin entrance dose
rates from “less than 1 mGy/min up to several Gy/min.”21

Clinical studies state dose rates from 5 mGy/min up to
90 mGy/min.22–38

We call the reconstructed volumes time frames, and denote
a specific time frame as TFm with 1 ≤ m ≤ M and M being the
total number of time steps during the whole intervention. The
high image quality of the time frames is achieved by using a
prior volume acquired before intervention. This is indicated
in Fig. 2 illustrating the workflow for an intervention guided
by tomographic fluoroscopy.

First, the prior scan acquires angularly well-sampled data.
Their reconstruction yields the high quality prior image. The
prior scan corresponds to a total dose of about 10 mGy. This
dose has to be considered in addition to the dose administered

during the intervention scan. Note that this prior scan does
not necessarily mean a higher dose compared to today’s pro-
jective fluoroscopy because many guided interventions today
are interrupted from time to time to conduct a tomographic
scan that clarifies ambiguous situations.39–42 The information
about the vasculature (roadmap) can be obtained from an-
other scan that is contrast-enhanced. This is how we achieved
to show the vessels in Fig. 1. Potentially, this roadmap can
also be acquired during the subsequent intervention scan at
no additional dose. This, however, has not yet been under
investigation.

After the prior scan has been acquired the intervention pro-
cess starts. Whenever the interventionalist activates the foot
switch continuous scanning with only very few projections
per second is performed. Based on the projections of the inter-
vention scan the time frames are reconstructed in a temporally
overlapping manner. They show the current position of the in-
terventional materials in relation to the patient’s anatomy and,
if available, in relation to the vasculature with very high tem-
poral resolution.

2.B. Reconstruction using prior data

The data during the intervention scan are acquired with
high angular undersampling. Only NI ∈ {10, . . . , 20} projec-
tions per 180◦ are used for the reconstruction of each time
frame. Time frames can be reconstructed in an overlapping
manner such that up to 20 time frames can be provided per
180◦. High image quality of the time frames is achieved by
using the prior image dynamic interventional computed to-
mography (PrIDICT) algorithm of Ref. 15 for image recon-
struction. PrIDICT assumes that the patient does not move
during the intervention and thus the prior and the update im-
ages are always perfectly registered.

FIG. 6. Phantom used in the simulation study. The images are shown at a
gray scale window C = 0 HU, W = 2000 HU.
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FIG. 7. Motion of the phantom throughout the projections. A time line is shown for comparison with real measurements.

The workflow of the PrIDICT algorithm is illustrated in
Fig. 3. NP projections per 360◦ are available from the prior
scan to reconstruct the prior using the Feldkamp-Davis-Kress
(FDK) algorithm.43 The difference of the forward-projected
prior and the NI latest projections is calculated. These differ-
ence projections only show the interventional materials and
some noise. FDK is used to reconstruct the difference projec-
tions to obtain a volume. This volume is highly deteriorated
by streak artifacts, metal artifacts, and noise. Using the knowl-
edge that interventional materials are high contrast objects the
L0-norm is minimized by setting all insignificant voxels to
zero. Insignificant voxels are those with a low absolute atten-
uation in the difference reconstruction. In doing so most of the
artifacts are removed. The image containing only the signif-
icant voxels is added to the prior image and displayed. Each
of these time frames shows the position of the interventional
materials in relation to the patient’s anatomy and in relation
to the roadmap (Fig. 1).

2.C. Motion correction via running prior

The PrIDICT algorithm works well while the patient does
not move. But if the patient’s position changes between the
prior and the intervention scan or even during the intervention
itself, so far a new prior is necessary.

FIG. 8. Experimental setup with prototype volume CT and pig in vivo and
the guide wire within the catheter used for the intervention.

To avoid rescanning the prior, and thus interrupting the
intervention, we propose to adapt the prior continuously to
the current situation.44 For each time step m ∈ {1,. . . ,M} the
prior of time step m − 1 is modified to get the prior of time
step m. We call those priors the running priors and denote
them as RPm. RP0 refers to the prior acquired before interven-
tion. We will refer to RP0 also as the static prior, in particular
because the running priors are compared thereto. It should be
noted that the extra scan for the static prior could, potentially,
also be integrated into the intervention scan itself, e.g., by re-
constructing the first NP projections of the intervention scan.

The adaptation required to convert RPm−1 into RPm is il-
lustrated in Fig. 4. It is a combination of two concepts: de-
formation via registration (left-hand side of Fig. 4) and sub-
stitution of projections with newly measured projection data
(right-hand side of Fig. 4). We will detail these steps in the
following.

2.C.1. Registration step

For the registration a target image is reconstructed using
FDK and the last NT ≥ NI projections of the intervention scan
(top left of Fig. 4). For the results presented here NT = 60 was
chosen. The target image represents the current position and
appearance of the patient at this time step of the intervention.
First an affine registration is applied to estimate the translation
(tx, ty, tz) and rotation (rx, ry, rz) between RPm−1 and the target
image of time step m. For this the mutual information45 be-
tween the two volumes is maximized for example by using an
adaptive genetic algorithm46 or a gradient descent method out
of the Insight Toolkit.48 The result of the affine registration
is subsequently refined by applying the demons algorithm47

to correct for non-rigid motion. The demons algorithm is
an intensity-based deformable registration algorithm which
calculates voxel-based forces on the assumption of inten-
sity conservation. To ensure a smooth motion estimation the
algorithm includes regularization components. The resulting
motion vector fields are applied to RPm−1 such that the result-
ing deformed image is well registered with the patient’s cur-
rent density distribution. Thus the registration step corrects
for patient motion.

Medical Physics, Vol. 40, No. 10, October 2013
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FIG. 9. Left: Position of the pig during the prior scan (static prior) as well as during the intervention scan (target image) and the running prior. The images are
shown at a gray scale window C = 0 HU, W = 1500 HU. Right: Difference images to demonstrate motion between prior and intervention scan and the motion
correction by the running prior technique. The images are shown at a gray scale window C = 0 HU, W = 1000 HU. In each case two slices of the volume are
shown.

2.C.2. Replacement step

Furthermore it is necessary that changes in soft tissue,
e.g., bleedings that may occur during the intervention, are ac-
counted for by the running prior. To account for such changes
the NI newly measured projections for this time step are used
to replace the same number of older projections of the run-
ning prior. This is done by forward projecting the deformed
image along the geometry of the newly measured projections,
by subtracting those forward projection images from the latest
measured projection images and by adding the reconstruction
of these difference data weighted by the factor NI/NP to the
deformed image. This is our running prior.

2.D. Combining PrIDICT and running prior

The adaptation of the running prior from RPm−1 to RPm

is done for each time step m ∈ {1, . . . , M} during the whole
intervention. At each time step the PrIDICT algorithm is ap-
plied with RPm as prior to calculate TFm for display. In addi-
tion RPm serves as a start image of the running prior algorithm

for the calculation of RPm+1. As already mentioned the static
prior is used in the first time step for the calculation of RP1.
This process is illustrated in Fig. 5.

2.E. Simulation and measurements

To evaluate the proposed running prior technique in case
of motion, we use simulated as well as measured data. The
scan geometry is the same for the simulation and the mea-
surement. The distance between focal spot and isocenter is
RF = 575 mm. The distance between detector and isocenter
is RD = 355 mm. The data are acquired using a flat detector
with 1024 × 768 pixels of size 0.388 mm × 0.388 mm. In our
study, we use NP = 600, NT = 60, and NI = 15 projections,
which means that the prior is reconstructed from 600 pro-
jections, the target image for the registration is reconstructed
from 60 projections while the reconstruction of the interven-
tional materials in the time frames requires only 15 projec-
tions. Consequently, the temporal resolution of the target im-
age is four times lower than the temporal resolution of the
interventional materials in the time frames. The images are

Medical Physics, Vol. 40, No. 10, October 2013
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FIG. 10. Ground truth and running priors with and without registration or replacement. The left column of each subfigure is the situation around projection
900 while the right column represents images centered around projection 1800. The images are shown at a gray scale window C = 0 HU, W = 2000 HU.
(a) Ground truth and target image; (b) running prior: registration, no replacement; (c) running prior: replacement, no registration; and (d) running prior: regis-
tration and replacement.

reconstructed on a 512 × 512 × 256 voxel grid with voxel
size 0.5 mm × 0.5 mm × 0.5 mm.

2.E.1. Simulation

In our simulation 1800 projections were acquired. The
first NP = 600 projections belong to the prior scan and are
calculated equiangularly distributed over a full rotation. The
following 1200 projections are acquired within 40 rotations
with an angular spacing of about 12◦ resulting in NI = 15
projections per 180◦. The head phantom was simulated. After

600 projections an ellipsoid with an attenuation of 150 HU
was added to the phantom (see Fig. 6).

From projection 601 the phantom (including the ellipsoid)
is translated continuously 20 mm in x-direction and rotated
about 30◦ around the z-axis over the following 600 projec-
tions. For the last 600 projections, the phantom does not move
anymore. The position of the phantom throughout the scan
is illustrated in Fig. 7 together with a virtual time line cor-
responding to a real measurement. During the simulated in-
tervention scan, from projection 601 to projection 1800, a
guide wire which is simulated by small cylinders arranged on
a spline is inserted into the phantom.

Medical Physics, Vol. 40, No. 10, October 2013
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FIG. 11. Ground truth and time frames are shown to demonstrate that the
position of the simulated guide wire can be reconstructed correctly using the
running prior. The images are shown at a gray scale window C = 0 HU, W

= 2000 HU.

Before reconstruction Poisson-distributed noise was added
to the projections resulting in a standard deviation of 70 HU
in water-equivalent tissue in the prior image.

2.E.2. Measurements

A prototype volume CT (Siemens Healthcare, Forchheim,
Germany) was used for the measurements. This CT-system
consists of a flat detector mounted into a clinical gantry. Us-
ing this system, it was possible to perform continuous rotation
during the intervention scan. A pig was scanned in vivo while
the carotid and the facial artery were probed with a guide wire
inserted via a catheter. The experimental setup as well as the
interventional materials used for the intervention are shown
in Fig. 8. During the intervention the pig was anesthetized
via an injection of a combination of 8 mg/kg body weight of
azaperon, 1 mg/kg body weight of midazolam, and 20 mg/kg
body weight of ketamine. While anesthetized the pig still
breathed free. All animal experiments were approved by the
governmental animal ethics committee (Regierungspräsidium
Karlsruhe).

During the prior scan NP = 600 projections were acquired
within a single 20 s rotation. For the data of the intervention
scan, a standard protocol with a sampling rate of 30 frames/s

FIG. 12. Raw data difference: forward projected static or running prior mi-
nus the measured projections at an angle of 220◦. The images are shown at a
gray scale window C = 0.0, W = 0.5.

FIG. 13. Comparison of PrIDCIT time frames based on the static prior or
the running prior. The images are shown at a gray scale window C = 0 HU,
W = 1500 HU.

and a gantry rotation time of 4 s was applied. From these data
only every fourth projection is used for reconstruction. That
means only NI = 15 projections, distributed over 180◦, are
used for the calculation of each time frame. Both scans are
performed at 80 kV tube voltage and 50 mA tube current,
but the intervention scan was pulsed resulting in a mean tube
current of 18 mA.

To get a dataset with motion the pig was moved manu-
ally between prior and intervention scan like demonstrated
in Fig. 9. In contrast to the simulation the motion of the
pig is not only an affine transformation but a non-rigid
deformation.

FIG. 14. Volume rendering of different time frames of a probing interven-
tion. The pig moved between the prior and the intervention scan which re-
quires the running prior for correct reconstruction.
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3. RESULTS

3.A. Simulation

To show that both the registration and the projection re-
placement are necessary, we selectively switch on either step
or both steps simultaneously (Fig. 10). The results with regis-
tration but without replacing information of older projections
by newer projections can correct for motion while changes in
soft tissue are not attended to [Fig. 10(b)] because the ellip-
soid simulating an intracranial hematoma does not appear in
the running prior.

If the replacement step without the registration is used, it
is not possible to correct for motion [Fig. 10(c)], which is
quite obvious. If motion stops, the running prior converges to
the new situation but that would last longer than shown here.
Apparently, the replacement step is somewhat less important
than the registration step.

A combination of both steps, registration, and replace-
ment, yields the desired results [Fig. 10(d)]. As can be seen
the method can correct for motion as well as changes in the
anatomy. In particular the ellipsoid, representing the intracra-
nial hematoma, is well displayed in the running prior centered
around projection 1800. It is not clearly visible at the run-
ning prior centered around projection 90 because the tempo-
ral resolution of soft tissue changes corresponds to NP = 600
projections.

In intervention guidance, it is of highest importance to get
an immediate visual feedback of the location of the interven-
tional materials in relation to the surrounding anatomy. As can
be seen from Fig. 11, which shows the simulated guide wire,
this is well handled with PrIDICT based on the running prior.
The position of the guide wire is the same as in the ground
truth as indicated by the arrows which are at the same posi-
tion in the ground truth and in the correspondent time frame.
Because of the low number of noisy projections used for re-
constructing the time frames the guide wire does not look as
nice as in the ground truth. But that is not the problem in in-
tervention guidance. The focus here is on the recognition of
the guide wire and especially the tip as well as a high tempo-
ral resolution. The temporal resolution of the interventional
materials corresponds to NI = 15 projections or a half rota-
tion which is much higher than the temporal resolution of soft
tissue changes.

3.B. Measurements

We use the in vivo measurements to demonstrate and eval-
uate the running prior technique in a clinical setup where
nonrigid motion occurs and other physical effects impair the
quality of the data. As we had seen in Fig. 9, the registra-
tion with the demons algorithm leads to a high correlation be-
tween the running prior and the target image. To follow up,
Fig. 12 regards the difference between forward projections
of the static or the running prior and measured projection
data. With the prior well chosen it is to expect that the
difference image shows only the interventional materials
which is a guide wire inserted into the vasculature through
a catheter in this case. In other words, this difference image

should be sparse. Regarding Fig. 12, we find that the raw data
difference using the static prior is not sparse because of mo-
tion while the raw data difference using our new running prior
is sparse and it shows the guide wire and its tip very well.
Consequently, only the running prior is suitable to apply the
PrIDICT algorithm.

Figure 13 shows the corresponding time frames. Obvi-
ously those images based on the static prior are significantly
affected by motion artifacts which generate spurious white
or black pixels in the PrIDICT algorithm (arrows in the top
row). Even worse, the interventional material is displayed at
a wrong position in relation to the patient’s anatomy. For ex-
ample, in the lower row of Fig. 13 the guide wire is running
through the mandible (arrows) which is physically impossible
because the guide wire is inserted into the vasculature and not
into bone.

With the running prior the time frames show the true rela-
tionship between the guide wire and the surrounding anatomy.
The guide wire is displayed at the correct position and the im-
ages contain significantly less artifacts.

In addition some time frames of the resulting 4D vol-
ume are provided as volume rendering, created with the soft-
ware ImageVis3D,16 in Fig. 14. This figure emphasizes the
three-dimensional nature of the approach and may give
an idea of what could, potentially, be displayed during
intervention.

4. CONCLUSION AND DISCUSSION

We proposed a method to continuously adapt prior knowl-
edge to the current situation in an image-guided intervention.
This adaptation consists of a registration of the prior com-
bined with a replacement of outdated projections. Simulated
data and an animal in vivo study showed that our approach
significantly improves the timeliness of the prior informa-
tion. In particular neither the registration nor the replacement
step should be used alone because only their combination
promises images of sufficient quality.

It is not possible to display the correct position of inter-
ventional materials without the running prior when the pa-
tient moves between prior and intervention scan. Further-
more, the volumes reconstructed by PrIDICT using a static
prior in case of motion are deteriorated by artifacts. Only
when using the running prior technique the interventional ma-
terials are displayed at the correct position in time frames
of high image quality without artifacts. The running prior
works in case of motion between prior and intervention scan
(see Sec. 3.B), it works in case of motion during the interven-
tion itself (see Sec. 3.A) and, obviously, it works in case of no
motion because then it reduces to the static prior.

For a clinical application, it is required that the running
prior is calculated in real-time. Our current calculation times
are in the range of some minutes performed on a 64 bit version
of Windows 7 system equipped with two Intel Xeon X5690
processors. But the very intent of this study was to show that it
is feasible to adapt the prior without additional dose. So we do
not focus on optimizing our source code for speed. In addition
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parallelization and future developments regarding computer
power would make a real-time computation possible.

So far tomographic fluoroscopy at a dose level comparable
to the projective fluoroscopy was demonstrated only in ex-
perimental settings without patient motion corresponding best
with neuro-interventional procedures where the patient’s head
can be fixated to ensure no motion during the intervention. Of
course in tomographic fluoroscopy the dose for acquiring a
prior image has to be taken into account. Given that in many
interventions today one or more 3D volumes are acquired in-
between phases of projective fluoroscopy, this implies simi-
lar or even higher dose levels than for our proposed method.
In consequence, the tomographic fluoroscopy may become
an alternative to single- or biplane fluoroscopy also in other
fields of interventional radiology besides neuro-interventional
procedures.

While we were only able to test simple motion patterns
in our study, quasi periodic motion, such as respiratory or
cardiac motion, is occurring in many interventional situa-
tions too. For example, the transcatheter aortic valve implan-
tation (TAVI) procedure will suffer from such cyclic motion.
In those cases, we anticipate that the running prior will need
additional adaptation because in its current version it is not
capable of capturing such high motion frequencies. Probably
such an extension would require to determine the typical mo-
tion components from the prior scan, and to integrate those
into the running prior.

It should be noted that the running prior technique is not
restricted to be used with the PrIDICT algorithm. Potentially,
the running prior concept can be combined with and be useful
for other types of algorithms or even other applications.

We conclude that the running prior technique is one impor-
tant step toward robust tomographic fluoroscopy at dose lev-
els as low as in projective fluoroscopy. However, no system
apart from our experimental setup is able to provide such low
dose tomographic fluoroscopy images yet. Today one may
only speculate about the impact of such a new image guid-
ance modality which would allow to move intervention guid-
ance from 2D projective images to 3D tomographic images,
and thereby allow for completely new minimally invasive
interventions.
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