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Purpose:

Materials and
Methods:

Results:

Conclusion:

To compare objective and subjective image quality param-
eters of three image reconstruction algorithms of differ-
ent generations at routine multidetector computed tomo-
graphic (CT) examinations of the abdomen.

This institutional review board-approved study included
22 consecutive patients (mean age, 56.1 years * 135.8
[standard deviation|; mean weight, 79.1 kg = 14.8) who
underwent routine CT examinations of the abdomen. A
low-contrast phantom was used for objective quality con-
trol. Raw data sets were reconstructed by using filtered
back projection (FPB), adaptive statistical iterative recon-
struction (ASIR), and a model-based iterative reconstruc-
tion (MBIR). Radiologists used a semiquantitative scale
(=3 to +3) to rate subjective image quality and artifacts,
comparing both FBP and MBIR images with ASIR images.
The Wilcoxon test and the intraclass correlation coeffi-
cient were used to evaluate the data. Measurements of
objective noise and CT numbers of soft tissue structures
were compared with analysis of variance.

The phantom study revealed an improved detectability
of low-contrast targets for MBIR compared with ASIR or
FBP. Subjective ratings showed higher image quality for
MBIR, with better resolution (median value, 2; range, 1
to 3), lower noise (2; range, 1 to 3), and finer contours
(2; range, 1 to 2) compared with ASIR (all P < .001).
FBP performed inferiorly (0, range, —2 to 0]; —1 [range,
-3 to 0]; O [range, —1 to 0], respectively; all, P < .001).
Mean interobserver correlation was 0.9 for image per-
ception and 0.7 for artifacts. Objective noise for FBP was
14%-68% higher and for MBIR was 18%-47% lower than
that for ASIR (P < .001).

The MBIR algorithm considerably improved objective and
subjective image quality parameters of routine abdominal
multidetector CT images compared with those of ASIR
and FBP.
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ultidetector computed tomogra-

phy (CT) is well established and

its use in clinical routine con-
tinues to grow. However, this increased
use has led to substantial concerns
about patient exposure to radiation (1-
3). Consequently, recent technical devel-
opments have included the introduction
of image reconstruction algorithms that
improve and optimize data processing to
allow for radiation dose reduction while
maintaining diagnostic image quality (4-
7). The filtered back projection (FBP) al-
gorithm, an analytic approach of image
reconstruction, has been the standard
method for a long time.

Since 2009, manufacturers have
adapted several types of iterative re-
construction algorithms for use in CT,
including iterative reconstruction in im-
age space (8,9), adaptive iterative dose

Advances in Knowledge

® Use of model-based iterative re-
construction (MBIR) algorithm
decreased image noise by up to
47% compared with adaptive
statistical iterative reconstruction
(ASIR) and 58% compared with
noniterative filtered back
projection (FBP) algorithms.

®m Use of MBIR significantly
improved subjective image
quality compared with that of
both the ASIR (P < .001) and
the FBP (P < .001) methods.
The algorithm-associated new
artifacts had little effect on this
quality improvement.

B The evaluation of low-contrast
target detection revealed that
targets with 0.5% nominal con-
trast levels were detectable in
areas as small as 7 mm in diam-
eter on MBIR images at 40 mAs,
whereas the same targets were
identifiable on ASIR and FBP
images only at 120 and 240 mAs,
respectively.

B The reconstruction of MBIR
images required increased com-
putational power and an ex-
tended reconstruction time of 15
to 30 minutes for a single scan.

reduction (10), adaptive statistical it-
erative reconstruction (ASIR) (11-16),
sonogram-affirmed iterative reconstruc-
tion (17,18) and iDOSE (19-22), to al-
low a decrease in radiation exposure.

These iteratively enhanced algo-
rithms have in common the application
of a predictor model of statistical noise
supported by the noise propagation of
the image domain. These algorithms
are reported to allow for a dose reduc-
tion of 29%-66% at abdominal multi-
detector CT and have been accepted
as feasible and standard reconstruction
algorithms in clinical routine. To our
knowledge, comparative clinical studies
of this commercial software have not
been published yet. However, several
reports exist on the dose reduction po-
tential of these methods in clinical rou-
tine examinations (6-20).

Recently, a fully iterative algorithm,
the model-based iterative reconstruc-
tion (MBIR) algorithm, became avail-
able. In addition to allowing calculation
of noise statistics, MBIR uses a more
complex system of prediction models,
which includes modeling of optical fac-
tors such as x-ray tube response, detec-
tor response, and many other aspects
of x-ray physics (eg, scatter, crosstalk),
and exact geometric features of the
cone beam and the absorbing voxels (7,
23). Phantom studies revealed initially
promising results for MBIR, but clinical
studies are, to our knowledge, not yet
available (22-23).

The purpose of this study was to
compare objective and subjective image
quality parameters of three image recon-
struction algorithms of different genera-
tions on images from routine multidetec-
tor CT examinations of the abdomen.

Materials and Methods

GE Healthcare (Waukesha, Wis) pro-
vided the hardware and software support

Implication for Patient Care

® Although MBIR is a reliable and
safe method to help reduce radi-
ation dose at CT, current high
reconstruction time limits its
benefits to nonemergency cases.

for the reconstruction of MBIR images.
Z.D. received a research grant from GE
Healthcare from September 2010 to Au-
gust 2011 and M.K. was a consultant for
GE Healthcare from September 2009 to
December 2011. All other authors had
control of inclusion of any data and in-
formation that might present a conflict
of interest. Good clinical practice and
the Declaration of Helsinki were strictly
followed. A waiver of consent was grant-
ed by the local ethics committee and the
institutional scientific review board.

Patients and Study Design

Twenty-two consecutive patients (55%
men; mean age, 56.1 years = 15.8 [stan-
dard deviation|; mean age of men, 35.0
years * 15.6; of women, 57.2 years =*
14.5; mean patient weight, 79.1 kg =
14.8) who underwent standard-of-care
multidetector CT examinations of the
abdomen (CT dose index, 9.1 mGy *=
4.1; dose-length product, 476 mGy/
cm *= 219) were enrolled in this single-
center study. Raw data sets of these
patients were retrospectively extracted
and processed to prospectively com-
pare the three different reconstruction
algorithms.

CT System Parameters

Images were obtained by using a 64-
row multidetector CT scanner (HD
750 Discovery; GE Healthcare) with a
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10.1148/radiol. 12112707 Content codes: (cT ] 61

Radiology 2013; 266:197-206

Abbreviations:

ASIR = adaptive statistical iterative reconstruction
FBP = filtered back projection

MBIR =model-based iterative reconstruction

Author contributions:

Guarantors of integrity of entire study, Z.D., M.T., U.L., S.W.;
study concepts/study design or data acquisition or data
analysis/interpretation, all authors; manuscript drafting or
manuscript revision for important intellectual content, all
authors; approval of final version of submitted manuscript,
all authors; literature research, Z.D., M.T., M.FR., S.W,; clin-
ical studies, Z.D., L.L.G., U.L., S.W.; experimental studies,
Z.D.,JM.G., UL, MK, S.W,; statistical analysis, Z.D., M.T.,
M.K., S.W.; and manuscript editing, Z.D., J.M.G., M.T,, U.L,,
M.K., M.FR., S.W.

Conflicts of interest are listed at the end of this article.

198

radiology.rsna.org = Radiology: \olume 266: Number 1—January 2013



Radiology

GASTROINTESTINAL IMAGING: Reconstruction Algorithms at Abdominal CT

Dedk et al

fixed delay of 65 seconds after aortal
bolus tracking. The threshold was set
at 150 HU. All patients received 450
mg per kilogram of iodinated contrast
medium (Solutrast 300; Bracco Imag-
ing Deutschland, Konstanz, Germany)
at an injection rate of 3.5 mL per sec-
ond and 1500 mL of a 1:100 diluted
oral contrast medium (300 mg of iodine
per mL, Peritrast GI; Dr. Franz Koéhler
Chemie, Bensheim, Germany). Scan
parameters were detector collimation,
0.625 mm; tube voltage, 120 kV; ro-
tation time, 0.4 sec; z-axis modulated
tube current, 100-600 mA (40-240
mAs tube current-time product); noise
index, 43. ASIR was performed by us-
ing a blending level of 50% on the basis
of our own prior results and the mak-
er’'s recommendation for image recon-
struction in section mode (26).

Phantom Study

A CATPHANGOO phantom (The Phan-
tom Laboratory, Greenwich, NY) was
included in this study for quality con-
trol. The cylindrical phantom allows for
an objective determination of low-con-
trast resolution. It contains 3 X 9 low-
contrast targets representing three dif-
ferent contrast levels (1.0%, 0.5%, and
0.3%). Each series of the nine targets
featured varying diameters (2-9 mm
and 15 mm). The 15-mm target usually
serves for contrast-to-noise ratios; the
other eight targets were used for low-
contrast detection.

In the first part of the phantom
study, the phantom was positioned in
three perpendicular orientations to help
assess the detectibility of low-contrast
targets in all three imaging planes by
using the routine abdominal multide-
tector CT protocol with fixed milliam-
pere setting of 600 mA (240 mAs, CT
dose index, 16.2 mGy). All imaging was
performed by using the same CT scan-
ner. In the second part of the phantom
study, we added five more incremen-
tally decreasing fixed tube current steps
(100 mA/40 mAs, 200 mA/80 mAs, 300
mA/120 mAs, 400 mA/160 mAs, 500
mA/200 mAs; CT dose index: 2.7 mGy,
5.4 mGy, 8.1 mGy, 10.8 mGy, 13.5 mGy,
respectively) without changing the other
scan parameters to evaluate low-contrast

resolution at decreasing radiation doses
in the axial plane.

Image Reconstruction

Raw data were reconstructed by using
axial sections of 0.625-mm images with
the standard soft tissue kernel and (a)
ASIR at 50% in section mode, (b) FBP,
and (c¢) MBIR (Veo; GE Healthcare).
Thin-section data were reformat-
ted by using a section thickness of 5
mm. Phantom data were identically
processed (soft tissue kernel; section
thickness of reconstructed and re-
formatted images, 0.625 mm and 35
mm, respectively; reconstruction algo-
rithms, ASIR at 50% in section mode,
FBP, MBIR).

Analysis of Image Quality

The studies were evaluated on the same
workstation (Advantage Workstation,
GE Healthcare). Displays were calibrat-
ed and all viewing conditions were held
constant according to the applicable
recommendations (American Associa-
tion of Physics in Medicine Task Group
18 report [27]).

Evaluation of subjective image
quality.—The noise index of the scan
protocols was optimized for ASIR, and
subjective image quality was evaluated
by comparing MBIR and FBP images
to ASIR images. FBP and MBIR scan
series of different imaging planes were
presented randomly to three blinded
radiologists (J.M.G., M.T., S.W. with
3-10 years of experience in CT) and
were compared with the corresponding
ASIR series. Subjective image quality
assessment of different anatomic struc-
tures was based on accepted standards
(European Diagnostic Guidelines for
Quality Criteria [28]).

FBP and MBIR reformation series
were presented randomly to three
blinded radiologists (J.M.G., M.T.,
S.W.). Each reformatted image series
was compared with the corresponding
ASIR reformation in pairs so that one
single reformation (eg, all axial im-
ages of one patient) of MBIR or FBP
reconstructions was presented on the
right screen and the identical ASIR
reformation was on the left screen.
Subjective image quality assessment

of different anatomic structures was
based on established standards (Euro-
pean Diagnostic Guidelines for Quality
Criteria [29]).

Each reformation was selectively
evaluated. Readers independently and
selectively assessed all reformations
one by one, taking into consideration
three quality aspects: image noise, res-
olution, and the contours of the differ-
ent soft tissue interfaces. A semiquan-
titative seven-point scale (from —3 for
inferior [impairing diagnosis]| to +3, for
superior [easing diagnosis|; —2 for in-
ferior [probably impairing diagnosis]
to +2 for superior [probably easing
diagnosis]; —1 for slightly inferior (no
influence on diagnosis| to +1 slightly su-
perior |no influence on diagnosis|; and
0, equal) was used. In this evaluation
process the corresponding ASIR images
were the control images, with a nom-
inal value of 0 on the —3 to +3 scale.
Mean image quality scores were calcu-
lated individually for each of the three
readers and separately for each image
plane. Median values of image quality
scores assigned by each reader to every
aspect on every plane were recorded
separately. From scores of all readers,
an overall median image quality score
was calculated for each aspect in each
plane (Table 1).

Evaluation of image artifacts.—Im-
age artifacts were characterized as differ-
ences between the expected attenuation
values of an object and the actual mea-
sured HU. Artifacts (mainly streaking)
due to beam hardening and photon star-
vation can often seriously impair image
quality in abdominal CT (30). Newer
methods of image reconstruction may
produce image artifacts that were pre-
viously not recorded. However, artifacts
associated with partially iterative recon-
struction algorithms have not yet been
reported (to our knowledge), but MBIR,
being a full iterative algorithm represent-
ing a completely different reconstruction
approach, is less known and less evalu-
ated in the clinical routine (31). Conse-
quently, we recognized and subjectively
analyzed the possibility of previously un-
recorded image artifacts by rating subjec-
tive image quality with the methods that
we have described in this article.
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Figure 1

Figure 1:

CT image shows modified version of multiple-alternative forced-choice method. In each experiment, 12 numbered

squares were presented to observers. Only one square contained signal, and observer chose square most likely to contain

signal.

Evaluation of quantitative image
quality.—Ten-millimeter
gions of interest were drawn in repre-
sentative soft tissue (gluteal fat tissue,
liver, and urinary bladder); mean atten-
uation values and the standard deviation
of the mean attenuation values for each
region of interest served as objective
measurements to estimate image noise.
The size and position of each region of
interest was kept constant throughout
the entire study; three measurements
were calculated as mean values for each
region of interest in all datasets and all
image planes. The mean attenuation
values and the values of the standard
deviations were analyzed and compared
selectively for each soft tissue type and
each plane. ASIR served as the com-
mon control. Noise levels measured
in the standard planes were compared
and tested for differences among axial,
sagittal, and coronal reformations for
each reconstruction method.

Low contrast resolution was de-
fined on detection of the smallest low-
contrast targets. A modified version of
the multiple-alternative forced-choice
method served as the evaluation tech-
nique to help avoid potential reader-
dependent subjective effects (29). The
number of the observers was increased
to six (the three radiologists perform-
ing the subjective image evaluation and

circular re-

three additional radiologists who par-
ticipated only in the phantom study)
to increase the accuracy of the low-
contrast detection. The six blinded ob-
servers located the targets on randomly
chosen images. Targets were consid-
ered detectable if at least five of the
six radiologists independently indicated
them as such. The method applied is
detailed and demonstrated in Figure 1.

In addition to low-contrast detec-
tion, contrast-to-noise ratios were cal-
culated in the 15-mm targets as recom-
mended in the phantom’s manual. For
every dose step, nine measurements
were performed in regions of interest
placed in each of the reformatted axial
sections.

Statistical Data Analysis

Values of mean attenuation and stan-
dard deviation were first tested with
the Levene test for homogeneity of
distribution and with one-way analysis
of variance. The Tukey honestly sig-
nificant difference test was used as a
post hoc test. In cases of inhomoge-
neous data distribution, the Welch and
Games-Howell tests were used. Subjec-
tive image ratings were compared with
the Wilcoxon test corrected for multiple
comparisons according to the Bonfer-
roni adjustment. Interreader reliability
was calculated by using the intraclass

correlation coefficient. Software was
used for the calculations (Predictive An-
alytics SoftWare Statistics 18.0.0; IBM,
Armonk, NY). A P value of less than .05
was considered to indicate a statisti-
cally significant difference, except for
Bonferroni-corrected Wilcoxon test P
values, for which less than .025 was
considered to indicate a significant
difference.

Evaluation of Subjective Image Quality
and Artifacts

The median values of image quality
scores assigned by each reader to ev-
ery aspect in every plane and the cor-
responding intraclass correlation coeffi-
cients are summarized in Table 1.
Subjective image quality.—Compared
with ASIR, more image noise was found
on FBP reformations (median scores for
all planes, —1) without impaired spatial
resolution or affected soft tissue contours
in the subjective image evaluation (P <
.001). Significant differences of spatial
resolution between ASIR and FBP were
noticed only on axial reformations (P
< .001). MBIR was superior to ASIR.
In all planes, FBP significantly improved
resolution (medians for all planes, +2),
decreased image noise (medians for all
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planes, +2) and provided clearer contours
(medians for all planes, +2) of soft-tissue
interfaces (P < .001). The results of the
rating scores translated the difference as
a significant and major (+2) subjective
image quality improvement in favor of
MBIR, and the image quality inferiority
of FBP compared with ASIR was inter-
preted as a minor effect (—1) particularly
attributable to image noise leading to
slightly but detectably decreased spatial
resolution on axial images. Intraclass cor-
relation coefficients ranged from 0.804 to
0.922, indicating high agreement among
the three readers.

Artifacts.—ASIR and MBIR showed
potential to reduce CT artifacts, such
as beam hardening and photon star-
vation, in critical anatomic locations,
such as along the spine or in the bony
pelvis (Fig 2). MBIR efficiently and
significantly reduced photon starva-
tion and beam hardening artifacts in
all anatomic planes (P < .001). FBP
was slightly but significantly inferior to
ASIR (P = .001), although this effect
remained less apparent (medians for all
planes were O for both artifact types).

MBIR images showed a new phe-
nomenon: a subtle staircase effect on
bony interfaces, mostly of cortical bone.
This alteration of high-contrast struc-
ture interfaces could be recognized in
all planes and showed a significant (P
< .001) but minor negative effect on
image quality (medians for all planes,
—1) in all planes. This staircase effect
was consistently recognized (intraclass
correlation coefficient, 0.830-0.880).

In the MBIR images, another form
of artifact appeared as small blacked-out
pixels on skin surfaces. Although the ef-
fect on the image quality of this artifact
proved to be significant in all planes (P
< .001), it seemed to have only a minor
negative effect on overall image quality,
mainly on axial reformations (median
for axial, sagittal, and coronal planes,
respectively, —1, 0, 0). These border-
ing blacked-out artifacts typically oc-
curred solely on the interfaces of skin
and air (Fig 3) and led to a local loss
of potentially diagnostic information.
They were present on images from 15
abdominal CT scans of the inguinal re-
gion with either a major (-2, axial) or

Figure 2

Figure 2:  CT images show subjective image quality and artifacts. Image quality of three reconstruction
methods is shown: A, ASIR; B, FBP, and C, MBIR. Note subtle staircase artifacts of bony contour of

pelvic ring in C.

Figure 3
A

Figure 3:  CT images show subjective image quality and artifacts. Images reconstructed with A, ASIR; B,
FBP, and C, MBIR. Note dark-bordered artifacts on contact surface of air and skin and improved resolution,
improved noise reduction, and fine outlines in C.

minor (—1, sagittal and coronal) nega-
tive effect on image quality. The border-
ing blacked-out artifact mainly impaired
the image quality of axial reformations
(median, —1). Its effect on image qual-
ity on sagittal and coronal reformations
was significant but less obvious (median
sagittal and coronal, 0) and ratings of
the three readers were also less consis-
tent (intraclass correlation coefficient,
0.549-0.198).

Quantitative Image Quality

Objective noise measurements.—The
mean attenuation values and image
noise level values (mean value of mea-
sured standard deviations of attenua-
tion values) are displayed in Tables 2
and 3. Mean attenuation values mea-
sured in different soft tissue structures
were independent of imaging plane and
reconstruction algorithm (P = .98).
Noise levels were significantly different
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Table 2

Objective Image Noise

FBP

ASIR MBIR
Soft Tissue  Axial Sagittal Coronal Axial Sagittal Coronal Axial Sagittal Coronal
Attenuation (HU)*
Liver 101.7 =175 1020 =174 101.8+174 101.6 175 1022172 1020=+172 101.9=+173 102.0+17.0 102.0=*17.2
Fattissue —100.1 =10.8 —99.5+112 -1001+112 —-999+10.8 —-999=+109 -998=+113 -981=*x113 —-974+11.8 —98.1*=123
Bladder —19=*=54 —-12=*=59 -1.0x6.3 —-1.7*56 —-16=*=59 -1.0x6.2 —06 *=6.4 —-03*=6.5 0.0 +-6.7
Noiset

Liver 19.3 + 3.6 20.6 + 4.1 15.0 £ 1.7 142 +22 16.0 + 2.4 121 141 101 £ 1.5 9118 89+13
Fat tissue 16.1 £ 3.7 195 + 43 13.0 £ 29 12.6 £ 2.4 159 + 3.6 123 £ 27 9415 9.7 =41 92=+29
Bladder 16.4 = 3.3 18.5 = 4.6 13.3 =26 11.7 =25 146 = 3.7 102 =23 88+14 7721 7717

* Data are means = standard deviation. No significant differences were found (P values of .99 for liver, .993 for fat, .983 for bladder; multiple comparisons test).
T Data are means + standard deviation. Data were significantly different (P values of <.001 for liver, fat, and bladder; multiple comparisons test).

Table 3

Post hoc Test Results

A: Reconstruction Methods

FBP vs ASIR MBIR vs ASIR
Soft Tissue Axial Sagittal Coronal Axial Sagittal Coronal
Liver <.001* .003* <.001* <.001* <.001* <.001*
Fat tissue .011* .007* .99 .038* <.001* .035*
Bladder <.001* a1 .007* .001* <.001* .008*
B: Imaging Planes
FBP ASIR MBIR
Axial Sagittal Coronal Axial Sagittal Coronal Axial Sagittal Coronal
Soft Tissue vs Sagittal vs Coronal vs Axial vs Sagittal vs Coronal vs Axial vs Sagittal vs Coronal vs Axial
Liver 974 <.001* .001* .246 <.001* .021* 572 .99 197
Fat tissue .013* <.001* .052 .019 .009* .99 .99 .99 .99
Bladder .780 .002* .034* 101 .002* .544 .745 .99 617
Note.—Data are Pvalues. All P < .05 indicate significant difference.
Table 4 Low-contrast resolution in the

Low-Contrast Resolution of the Reconstruction Methods

Nominal Contrast FeP ASIR MBIR
Percentage Axial  Sagittal  Coronal ~ Axial  Sagittal  Coronal ~ Axial ~ Sagittal  Coronal
1.0% 3 ® 5 2 5 5 2 3 3
0.5% 7 9 9 3 7 6 3 4 4

Note.—Data are millimeters.

among the images reconstructed with
the three algorithms (Table 2). Objec-
tive noise was 14%-68% higher for
FBP and 18%-47% lower for MBIR

images than it was for ASIR images
(P < .05). MBIR yielded no significant
difference in image noise among all
planes (P = .20).

phantom study.—The low-contrast res-
olution of the three reconstruction algo-
rithms for the three planes are listed in
Table 4. The results of the contrast-to-
noise ratios and low-contrast detection
for the dose-reduced protocols with
consecutive dose reduction steps are
summarized in Figure 4. In addition, as
a result of the post hoc test, the groups
of contrast-to-noise ratio values are
displayed in homogeneous subsets in
Table 5. Contrast-to-noise ratios of the
1% and 0.5% contrast targets and the
results of low-contrast detection experi-
ments show that low-contrast detection
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Figure 4:  Bar graphs show phantom study data. Columns show mean contrast-to-noise ratios of (a) 1.0% and (c) 0.5% low-contrast
targets and numbers of detected (b) 1.0% and (d) 0.5% low-contrast targets. Numbers 7—6 on x axis indicate the six dose steps from 40

mAs to 240 mAs.

of MBIR at 40 mAs is comparable to
that of ASIR at 120 mAs and FBP at
240 mAs.

To our knowledge, this is the first clini-
cal study in which a fully iterative algo-
rithm was systematically evaluated for
image quality and artifacts and com-
pared with those of a partially iterative
and analytic method by using the same
raw datasets for image reconstruction.

Our results showed that MBIR sig-
nificantly improves image quality for
standard-dose clinical routine imaging
compared with that of ASIR. This differ-
ence is even more pronounced than the
improvement of ASIR compared with
FBP. The MBIR algorithm improves low
contrast resolution and decreases im-
age noise represented by the standard

deviation of mean attenuation values in
homogeneous soft tissues without alter-
ing the mean attenuation value.

The results of our phantom study
confirm these findings and suggest that
use of MBIR could allow for diagnostic
image quality at greatly reduced tube
currents. This is in accordance with the
results of the phantom study of Miéville
et al (24). By using the MBIR algorithm,
we recorded the appearance of stairstep
artifacts of high-contrast structure in-
terfaces and skin-associated bordering
blacked-out artifacts, accompanied by a
local loss of information. Both artifacts
showed minor effects on subjective im-
age quality.

[terative reconstruction approaches
use a predefined noise model based
on Poisson counting statistics (ASIR)
or a complex system model (MBIR) to
refine raw data but require increased

computational capacity. Today, the
available computational capacity allows
for bearable image processing times,
yielding diagnostic images within a few
minutes for iteratively enhanced algo-
rithms. The ASIR algorithm, for exam-
ple, requires only a little more process-
ing time than standard FBP, with an
increase of no more than 30%-50%,
according to current reports (10,13,14).
Data processing of the fully iterative al-
gorithm by using consecutive iterations
is far more complex and, despite ad-
vanced server technology, reconstruc-
tion times for standard thoracic and
abdominal CT datasets with 0.625-mm
image collimation was about 15-30 mi-
nutes for a single scan. This fact limits
its clinical applications to nonemergency
cases.

The study had several limitations.
High contrast resolution was not eval
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4.37

4.66

>.961

0.5% Contrast

1.96
1.96
1.96
1.96

1.92
1.92
1.92
1.92

1.43
1.43

1.63
1.63

1.62
1.62

1.44
1.44

1.08
1.08

>.603
>.072
>.088
>.088
> 072
>.390

2.39
2.39
2.39

213
213
213
213

2.31
2.31
2.31

2.22
2.22
2.22

2.19
219
219

1.82
1.82

1.80
1.80

2.44
2.44

2.40
2.40

2.37
2.37

2.54

Note.—Data are mean contrast-to-noise ratios at six dose steps (indicated by column heads 1-6 for tube current products from 40 mAs to 240 mAs) by reconstruction method, displayed in homogeneous subsets. P < .05 indicates a statistically

icant difference. Mean contrast-to-noise ratios that were not significantly different (ie, > .05) appear in the same row. For instance, contrast-to-noise ratios of 1% contrast targets measured in MBIR images at 40 mAs (column 1) are not

significantly different from the those in ASIR images at 120 mAs (column 3) and in FBP images at 200 mAs (column 5); contrast-to-noise ratios of 0.5% targets in MBIR images at 40 mAs (column 1) are comparable to those in ASIR and FBP images

at 240 mAs (column 6).

uated and image quality comparison
was not performed on patient data for
low-dose CT protocols, but on phantom
scans. Lowering the radiation dose below
accepted clinical levels that could impair
diagnostic quality is ethically as unaccept-
able as performing multiple dose-reduced
scans on the same patient. Furthermore,
ratings of the subjective image quality are,
by their nature, restricted to subjective
impressions of the presented images. In-
terobserver correlation coefficients were
calculated to assess the reliability of the
data, and objective measurements were
used to indirectly affirm the reliability of
the subjective ratings. For example, the
evaluation of analogous phantom scans
enabled an objective demonstration of
the improved spatial resolution of MBIR
images for all planes; measurements of
standard deviations of CT attenuation
values allowed objective determination of
image noise levels in addition to the sub-
jective evaluation of image appearance.
In conclusion, our data suggest that
MBIR, as a fully iterative method, consid-
erably improved image quality in compar-
ison with both the partially iterative ASIR
algorithm and the traditionally applied
noniterative FBP. Considering its excel-
lent performance in standard-dose CT
protocols and low-dose phantom scans,
we believe it is promising for low-dose
CT applications. Further studies are re-
quired to develop reliable dose-reduced
multidetector CT protocols for clinical
routine and to systematically analyze the
performance of MBIR for detection of
various pathologic conditions. However,
the long processing time limits its clinical
applications to nonemergency cases.
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