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1. Introduction

2. Simulation Model (ctd.)

Clinical usage of CT continues to increase, with higher
performance of new technical designs enabling awider variety of
clinical applications. While the benefits of diagnostic imaging for
the patient are compelling, concerns have been voiced about the
risk of radiation dose incurred with examinations, particularly for
pediatric or general screening procedureg1]. A prudent approach
that has been recommended isthe “ALARA” principle, i.e., “as
low as reasonably achievable”. Defining such a dose protocol
Involves the tradeoff between diagnostic information in the image
versus the risk of radiation to the patient. While methodologies
exist to determine diagnostic performance as a function of image
guality, they entail significant ethical and economic issues, and to
date have not been systematically applied to establish daily
clinical procedures. Severa groups have proposed using dose
reduction simulations to accomplish this goal, adding synthetic
noiseto areal clinical scan to produce images that represent what
alower technique would look like[2-4]. Encouraging preliminary
results have been reported; we present an update on our effortsin
this area.

Our study of noise statistics [5-6] in CT measurements
led us to develop a more accurate model of CT scanner systems
(Fig. 1-6). We report on the validation of this model and its use
In dose reduction simulation experiments. Studies with this tool
can address interesting questions. How sensitive are observersto

Here, a isthe dose reduction fraction, d is the channel index, g is
the gantry step index, p isthe bowtie filter profile (<1), Q, IS
guanta flux, and K isthe system noise. The methodology was
validated by comparing measurements on phantom objects with
simulations derived from high dose scans of the object.

The effects of the various parameters in the ssmulation model can
be seen in the following illustrations. The bowtie filter creates a
nonuniform distribution of noise, with variance increasing away
from the isocenter. Inthe ssmulation below (thorax scan from
Sensation 16), reconstructed images with and without a bowtie
profile are shown. The bowtie profile is necessary to create the
higher noise levels of the chest walls compared to the lung lumen.

3. Simulation Validation

To obtain the best parameters for the synthesis of simulated |ow-
dose sinograms from high dose scans, a cost function of the mean
squared error between the weighted (relative) variances was defined,
and “fminsearch” in Matlab was used to optimize the values for the
dose reduction fraction ( ) and system electronic noise (K).

Good agreement between the computed flux from high dose (500
mMA) to other dose levels (300, 150, and 50 mA) is shown in Fig. 10.
Fig. 12 indicates the significance of including the bowtie filter and
system noise in smulations in asingle row helical scanner, i.e., the
best fit and the worst fit are obtained with and without bowtie filter
and background noise, respectively. Fig. 13 also shows similar
results in Sensation 16; the optimum values obtained for and K
were 0.1088 and 0.9286, respectively. Note, here the dose reduction
fraction value (0.1088) isin very good agreement with actual ratio of
tube currents (0.1), and the electronic system noise in the 16-row
system has avery small effect.

Fig. 10 - Incident flux level
in four different dose levels
(500, 300, 150, and 50 mA)

of air scan in Sensation 16.

4. Observer Studies

We have begun to apply this ssimulation tool to observer studiesin
several clinical areas, with some examples shown in Fig. 14-15.
We believe that this methodology will be very useful to probe
observer performance and establish CT protocols to reduce
radiation risk.

changesin noise levels? Potentially, how much can dose be
reduced from current practice without compromising diagnostic

Fig. 7-: Above, image simulation without and without bowtie filter; measured variance in regions 3
performance? J o -

and 4 differ by <4%, but region 1 differs by >21% and region 2 by >57%.

Fig. 8-: Below, left: ssimulated sinograms; right: plots of measured sinogram variance.

Fig. 14- A 4AFC image set, with upper right image having 20% less dose. This study
will establish just noticeable difference levels for CT noise and determine sensitivity
to changesin noise level.

Fig. 11 - Sinogram of 50 mA
and simulated 500 to 50 mA
of air scan in Sensation 16.

Fig. 1-Raw data (sinograms) were collected
from phantom objects with simple geometries.

Fig. 2-Sinogram data was fit to known
profile (“truth”) and measurement

evitions were collected Our measurements indicate that electronic system noise can be a

significant effect in some of the older scanner systems, creating
Increased noise in high attenuation areas. In the scans of a cylinder
phantom on a single row scanner, inclusion of excess noiseis
necessary to match measured low dose images (Fig. 9).

Fig. 12 - Weighted
variance of high (420
mASs) and low (50 mAS)
dose sinograms and
simulated sinograms for
35 cm cylinder phantom
in Plus 4: (i) with bowtie
filter and background
noise, (ii) without bowtie
filter and with background
Fig. 3- Histogram analysis of sinogram data Fig. 4- Plot of variance vs. transmittance noise, and (iii) without
provides signal probability distribution reveals unexpected nonlinear dependence bowtie filter and

functions (pdf). (with negative intercept!). background noise.

Fig. 13 —Variance of high

(500 mA) and low (50 mA)

dose sinograms and simulated /
sinogram for cylinder

Fig. 5- Scan of open gantry reveals phantom in Sensation 16.

nonuniform noise profile, implying
nonuniform flux in fan beam, dueto
bowtie filter and x-ray tube “heel effect”.
The profile can be fit with polynomial.

Fig. 6- Analysis of measurements with flux
profile gives linear relationship. Intercept is
interpreted as electronic “ system” noise.
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