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Abstract
OBJECTIVE—The purpose of this study was to report preliminary results of an ongoing
prospective trial of ultralow-dose abdominal MDCT.

SUBJECTS AND METHODS—Imaging with standard-dose contrast-enhanced (n = 21) and
unenhanced (n = 24) clinical abdominal MDCT protocols was immediately followed by ultralow-
dose imaging of a matched series of 45 consecutively registered adults (mean age, 57.9 years;
mean body mass index, 28.5). The ultralow-dose images were reconstructed with filtered back
projection (FBP), adaptive statistical iterative reconstruction (ASIR), and model-based iterative
reconstruction (MBIR). Standard-dose series were reconstructed with FBP (reference standard).
Image noise was measured at multiple predefined sites. Two blinded abdominal radiologists
interpreted randomly presented ultralow-dose images for multilevel subjective image quality (5-
point scale) and depiction of organ-based focal lesions.

RESULTS—Mean dose reduction relative to the standard series was 74% (median, 78%; range,
57–88%; mean effective dose, 1.90 mSv). Mean multiorgan image noise for low-dose MBIR was
14.7 ± 2.6 HU, significantly lower than standard-dose FBP (28.9 ± 9.9 HU), low-dose FBP (59.2
± 23.3 HU), and ASIR (45.6 ± 14.1 HU) (p < 0.001). The mean subjective image quality score for
low-dose MBIR (3.0 ± 0.5) was significantly higher than for low-dose FBP (1.6 ± 0.7) and ASIR
(1.8 ± 0.7) (p < 0.001). Readers identified 213 focal noncalcific lesions with standard-dose FBP.
Pooled lesion detection was higher for low-dose MBIR (79.3% [169/213]) compared with low-
dose FBP (66.2% [141/213]) and ASIR (62.0% [132/213]) (p < 0.05).

CONCLUSION—MBIR shows great potential for substantially reducing radiation doses at
routine abdominal CT. Both FBP and ASIR are limited in this regard owing to reduced image
quality and diagnostic capability. Further investigation is needed to determine the optimal dose
level for MBIR that maintains adequate diagnostic performance. In general, objective and
subjective image quality measurements do not necessarily correlate with diagnostic performance
at ultralow-dose CT.
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Dose reduction in body CT has become a top priority because of concerns over the risks
related to ionizing radiation [1, 2]. Dose reduction, however, must be balanced by an
acceptable level of image quality, and above all, diagnostic accuracy must be adequately
maintained. Although a variety of dose reduction strategies have been tested and
implemented, perhaps most promising are the novel iterative reconstruction algorithms that
have evolved beyond the traditional reconstruction method of filtered back projection (FBP)
[3–10]. Adaptive statistical iterative reconstruction (ASIR) has been the most studied
algorithm to date, yielding the possibility for estimated dose reduction in the range of 25–
40% [4, 6, 8, 10]. The published research to date has largely focused on modest dose
reductions of less than 50%, mainly in the evaluation of image noise and subjective image
quality without formal evaluation of diagnostic accuracy [11]. In general, concurrent
standard-dose imaging was not performed for direct comparison in these studies.

Model-based iterative reconstruction (MBIR), a version of which (Veo, GE Healthcare) was
approved by the U.S. Food and Drug Administration (FDA) in September 2011, is a
promising advance beyond ASIR and other available iterative methods. As the first true
model-based reconstruction method in CT, MBIR has the potential to substantially reduce
dose while improving resolution. To evaluate the feasibility of ultralow-dose body CT with
MBIR and other novel reconstruction methods, we are conducting a prospective clinical trial
whereby a series of ultralow-dose images, initially targeted at 70–90% dose reduction, is
obtained immediately after routine clinical standard-dose imaging for direct side-by-side
comparison of image quality and diagnostic utility. We report on our preliminary experience
with ultralow-dose abdominal CT performed with MBIR and ASIR including comparison
with ultralow-dose and standard-dose FBP reconstruction.

Subjects and Methods
Study Population and CT Protocol

This HIPAA-compliant prospective trial was approved by the institutional review board at
our institution. All subjects provided signed informed consent. Patients eligible for inclusion
in this ongoing study were men and nonpregnant women in whose care a decision had been
made to proceed with abdominal CT evaluation at our institution. Routine CT protocols that
qualified for study inclusion were unenhanced supine abdominal series and IV contrast-
enhanced series in the portal venous phase. All studies were performed with a 64-MDCT
scanner (Discovery CT750 HD, GE Healthcare) with collimated slice thickness at the
isocenter of 0.625 mm, 120 kVp, tube current modulation (Smart mA, GE Healthcare), and a
study-specific noise index, ranging up to 50 for the standard-dose series (Appendix 1). Of
note, our current standard-dose protocols for the scanner used in this study are based on use
of a 40% ASIR blend for clinical interpretation. Therefore, the percentage dose reductions
seen with the ultralow-dose series are underestimated compared with those seen with use of
older, traditional FBP protocols for the standard dose.

Immediately after the routine standard-dose abdominal CT acquisition, an ultralow-dose
abdominal series was obtained with matching coverage with targeted dose reduction in the
range of 70–90% based on the projected dose-length product from the clinical series. The
tube current range, noise index, and associated slice thickness for acquisition were adjusted
to achieve the targeted level of dose reduction. For IV contrast-enhanced studies, the
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ultralow-dose series was obtained during the same breath-hold with image acquisition in the
opposite table direction to minimize differences in phase of contrast enhancement. Contrast-
enhanced images were obtained during the standard portal venous phase with iodinated
nonionic contrast material and a saline chaser according to routine.

The ultimate recruitment goal for this large ongoing prospective trial is up to 500 subjects
with a subsequent plan for more dedicated evaluation according to specific study indication
(e.g., oncologic staging, urolithiasis, colonography). Herein we report the cumulative
interim results with MBIR for imaging of the initial 45 subjects (24 men, 21 women; mean
age, 57.9 years), pooling the IV contrast-enhanced CT cohort (n = 21) with the unenhanced
CT cohort (n = 24). The mean body mass index was 28.5 (range, 19.4–41.6). Seventeen
(37.8%) subjects were obese (body mass index > 30.0). The volume CT dose index CTDIvol
(milligrays) and dose-length product (milligrays × centimeters) were recorded for the
matching standarddose and low-dose series to establish the level of dose reduction (Table 1).
The effective dose (millisieverts) was obtained from the dose-length product by use of the
conversion factor of 0.015 mSv/(mGy × cm) recommended by the American Association of
Physicists in Medicine [12] and verified by Deak et al. [13].

CT Image Reconstruction
For the purposes of this study, the standard-dose abdominal CT series was reconstructed
with the traditional FBP method to serve as the reference standard. Although our standard-
dose protocols are based on a 40% ASIR approach, we chose not to use ASIR for the
standard-dose reconstruction algorithm because FBP remains the dominant technique in use
today and is not vendor specific and because most clinical scanners do not have ASIR
capability. The accompanying ultralow-dose series was reconstructed with FBP, ASIR
(ASiR, GE Healthcare), and MBIR for interpretation by blinded readers. For the ASIR
series, a 40% blend was used to optimize subjective image quality, as previously described
[4–6]. MBIR images were obtained with the FDA-approved version (Veo, GE Healthcare).
All images (standard and low dose) were reconstructed with 2.5-mm slice thickness at 1.25-
mm intervals in both the transverse (axial) and coronal planes.

CT Image Analysis
The CT images were systematically analyzed for image noise, subjective image quality, and
depiction of focal lesions. For all series, image noise, reflected by the SD of attenuation (CT
number in HU), was obtained in a 250-mm2 circular region of interest (ROI). The ROI was
placed in four standard locations: right hepatic lobe, left renal parenchyma, right paraspinal
musculature, and left flank subcutaneous fat. ROI placement per patient for the low-dose
series was exact because the ROIs were derived from the same dataset. ROI placement on
the standard-dose series was matched as closely as possible to that on the ultralow-dose
series (Fig. 1).

For assessment of diagnostic accuracy, focal organ-based lesion detection was undertaken
by two fellowship-trained abdominal radiologists, each with extensive experience (18 and 8
years) reading body CT images, including images reconstructed with both FBP and ASIR.
All ultralow-dose series (FBP, ASIR, and MBIR) for each patient (identifying information
removed) were independently reviewed by blinded readers (without consensus) such that all
images from the 45 cases, consisting of a random mix of the three reconstruction algorithms,
were sequentially read in separate individual sessions by each reader (Figs. 1 and 2). A
minimum washout period of 3 days was instituted at the end of each reading session to
reduce recall bias between the four reading sessions. In most if not all cases, the interval
between viewings of images of the same patient was at least 1 week. After all three
randomized ultralow-dose series were interpreted for each patient, the standard-dose FBP
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series for each patient was evaluated for focal lesions to serve as the clinical reference
standard. Noncalcific focal lesions for the purpose of this preliminary study were defined
and categorized as detectable organ-based foci larger than 3 mm involving the liver,
pancreas, or kidneys. Focal noncalcified lesions could be of either increased or decreased
attenuation relative to the organ containing them. Up to seven focal lesions per organ were
counted and tabulated. Focal calcifications were not included in this analysis. Individual and
pooled lesion detection for each low-dose series was compared against the standard-dose
FBP reference standard and with the other ultralow-dose reconstructions.

To evaluate subjective image quality, four predetermined levels were graded for each case
by the two reviewers (for a total of 32 subjective scores per patient). The following
established 5-point scale was used: 0, nondiagnostic; 1, severe artifact with low confidence;
2, moderate artifact with moderate diagnostic confidence; 3, mild artifact with high
confidence; 4, well depicted without artifacts [5]. To improve discrimination, 0.5-interval
scores were allowed (e.g., 3.5). For the purposes of this study, we used a cutoff between 2.5
and 3.0 to differentiate unacceptable from acceptable image quality. Because we also
included formal image interpretation for assessment of diagnostic performance, to avoid
confusion and unnecessary complexity, we chose not to have separate subjective scores for
both artifacts and diagnostic confidence. In each case, the two readers were blinded to
reconstruction type for the ultralow-dose series (FBP, ASIR, and MBIR), and the
reconstruction type was randomized for review. A score was derived for axial and coronal
images with a soft-tissue window setting (width, 400 HU; level, 50 HU) on a standard PACS
system. The four predetermined levels for scoring were through the portal vein bifurcation
and sacroiliac joints for the axial images and through the kidneys and main portal vein for
the coronal images (Fig. 3).

Statistical Analysis
Linear mixed-effects models were used to assess differences between reconstruction
methods. These models take into account the correlation arising from the use of multiple
reconstructions of multiple structures or tissues in the same subject. The models were fitted
by maximum likelihood, and an independence working correlation structure was used.
Separate models were fitted to each of the two readers. Adjusted Wald 95% CIs were
obtained as appropriate. This analysis was performed separately for each reader and for their
pooled data. Disjointedness (nonoverlap) of two 95% CIs was taken to represent statistically
significant differences at the 5% level.

For assessment and comparison of diagnostic performance, the primary endpoint was pooled
detection of focal, noncalcific organ-based lesions on the ultralow-dose series relative to the
pooled detection on the standard-dose FBP series. Lesion-by-lesion matching results were
not included in this initial analysis.

A value of p < 0.05 (two-sided) was the criterion for statistical significance. Residual and
exploratory plots were obtained to assess possible violations in test assumptions. All
statistical analysis and graphics were generated with R 2.12.1 software (R Development
Core Foundation, 2009).

Results
The level of dose reduction compared with the standard-dose clinical series and the effective
doses for the ultralow-dose series for each patient are shown in Table 1. The mean and
median dose reductions for the entire group were 74% and 78% (range, 57–88%). These
reductions were blunted somewhat by the use of ASIR-driven protocols for the standard-
dose series and would have been greater if traditional FBP-driven protocols had been used.
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The volume CT dose indexes for the standard-dose and low-dose series for each patient also
are shown in Table 1. The mean and median effective doses for all ultralow-dose studies
combined were 1.90 and 1.11 mSv. The mean effective doses for IV contrast-enhanced and
unenhanced studies were 3.06 and 0.89 mSv. Not surprisingly, the effective doses were
generally higher for the IV contrast-enhanced studies in larger patients (Appendix 1). Given
the lower starting point for standard unenhanced CT studies and the ability to further
decrease dose for indications for unenhanced imaging (i.e., colonography and urolithiasis
evaluation), 19 of 24 (79.2%) unenhanced series had an effective dose of less than 1.0 mSv;
only three contrast-enhanced series had a dose less than 1.0 mSv.

Mean image noise data for the four predefined anatomic locations are summarized in Table
2 according to the specific CT technique (with or without contrast enhancement) and image
reconstruction method. The overall results are displayed graphically in Figure 4A. Overall,
the mean image noise for MBIR (14.7 ± 2.6 HU) was significantly lower than for standard-
dose FPB (28.9 ± 9.9 HU), low-dose FBP (59.2 ± 23.3 HU), and ASIR (45.6 ± 14.1 HU) (p
< 0.001). Differences in measured image noise correlated well with the visual appearance
(Fig. 1). MBIR image noise not only was three to four times lower than the corresponding
low-dose FBP and low-dose ASIR image noise but also was significantly lower than the
standard-dose FBP image noise (p < 0.001). Noise differences between the MBIR series and
other series were even more pronounced on the unenhanced CT studies (Table 2). The
overall mean noise difference between enhanced and unenhanced MBIR series was only 1
HU; this difference was greater for the other reconstruction methods.

Table 3 shows the summarized results for subjective image quality assessment by the two
blinded reviewers. These results are combined graphically in Figure 4B. According to the 5-
point quality score (0–4), the mean subjective image quality score at all four levels pooled
between the two readers was significantly higher for low-dose MBIR (3.0 ± 0.5) than for
low-dose FBP (1.6 ± 0.7) and ASIR (1.8 ± 0.7) (p < 0.001). There were no differences
between the two readers in terms of the trend in subjective scoring with a matching order of
ranking at all four image levels assessed. The overall difference between the pooled quality
scores for ultralow-dose MBIR and standard-dose FBP was less than one half of 1 point
(Table 3). The difference in quality scores between these two series was even smaller for the
coronal assessments, indicating relative improvement in subjective image quality for the
coronal versus transverse MBIR images (Fig. 3). With a threshold score of 3.0 or greater for
acceptable image quality, in all but on case at least one subjective score between the two
readers changed from unacceptable for both low-dose FBP and ASIR to acceptable for low-
dose MBIR (97.8% [44/45]).

The pooled results of the blinded random review of the ultralow-dose image series for focal
lesion detection are summarized in Table 4 and Figure 4C. With standard-dose FBP as the
reference standard, significantly more noncalcific lesions were found on ultralow-dose
MBIR images (79.3% [169/213], pooled) compared with ultralow-dose FBP (66.2%
[141/213]) and ASIR (62.0% [132/213]) images (p < 0.05). The overall lesion detection rate
with all three ultralow-dose reconstructions was significantly lower than the lesion detection
rate with standard-dose FBP (p < 0.05). Although the number of focal lesions detected
differed somewhat between the two readers, there was no significant difference in the
relative performance for each dose and reconstruction type. Both readers detected fewer
lesions on low-dose ASIR compared with low-dose FBP images, but the difference was not
statistically significant. As expected, significantly fewer focal lesions were identified on the
24 sets of unenhanced images compared with the 21 sets of IV contrast-enhanced images
(Table 6). Most of the focal lesions were small foci of low attenuation relative to the
involved organ.
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Discussion
The overarching goal of our ongoing prospective trial is to ultimately validate the use of
ultralow-dose abdominal CT through the use of novel iterative reconstruction algorithms.
This interim analysis provides the necessary data to determine whether our initially
aggressive dose reduction goal should be modified. One important advantage of our
prospective study design is the acquisition of the matching ultralow-dose series immediately
after the standard-dose clinical series. This step allows not only direct side-by-side
comparison of image noise and image quality but also assessment of diagnostic accuracy,
for which it is critical to maintain an acceptable level of performance. Such comparison
becomes less reliable when CT images obtained at different points in time are compared, as
in most retrospective studies to date, or when simulated low-dose cases are used whereby
noise is artificially introduced onto the images.

To our knowledge, this investigation is the first to use the FDA-approved commercial
version of MBIR (Veo). Our preliminary findings show that MBIR is a substantial
improvement over ASIR and FBP in terms of image noise, subjective image quality, and
diagnostic performance. Interestingly, although ASIR had a modest incremental benefit over
traditional FBP in terms of image noise and subjective image quality, the diagnostic
performance of ASIR at the ultralow dose trended slightly poorer than that of low-dose FBP
in terms of focal lesion detection and much poorer than that of MBIR. It should be noted,
however, that ASIR is generally not intended for the aggressive dose reduction levels
attained in this trial.

The interesting and important discordance between image quality measures and focal lesion
detection seen for ASIR and FBP reconstructed images in this preliminary investigation was
an unexpected finding that to our knowledge has not been previously reported and may be
related to the aggressive levels of dose reduction in this study. This discordance also applies
to the comparison between low-dose MBIR and the clinical reference standard of routine-
dose FBP. The former had lower image noise but depicted fewer focal lesions overall.
Clearly, image noise and subjective quality measurements alone are insufficient for
validating novel ultralow-dose iterative reconstruction techniques. Additional objective
quality metrics likely need to be developed and validated to better evaluate iterative
reconstruction techniques. Beyond these quality evaluation metrics, it is critical to also
assess lesion detection capability, which is a more direct assessment of diagnostic adequacy.
As we accrue more patients in this ongoing prospective trial, we will eventually be able to
assess closer-to-uniform discrete cohorts according to specific clinical indication and
imaging technique.

As seen in the provided figures, the qualitative differences between MBIR and the other
reconstruction techniques are readily apparent at very low doses. However, given that lesion
detection was still compromised somewhat with ultralow-dose MBIR relative to standard-
dose FBP, careful consideration is required in terms of defining the proper balance between
dose reduction and diagnostic performance. Future investigations will focus more closely on
diagnostic accuracy according to specific study indications, such as IV contrast-enhanced
studies for oncologic follow-up, urolithiasis evaluation, and colorectal cancer screening.
This interim analysis was neither powered nor intended to tackle these specific issues.
Rather, by pooling the blinded detection of organ-based focal soft-tissue lesions in a more
generic sense, we gain early insight into diagnostic performance. However, although clear
trends were noted in terms of focal lesion detection, we must refrain from drawing firm
conclusions with regard to diagnostic performance at this early point in the trial.
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A number of recent studies have investigated the use of ASIR (ASiR, GE Healthcare),
typically in a 30–40% blend with FBP [3–6], for achieving more modest dose reduction in
the range of 25–40% on average. Similar studies have investigated a variety of other vendor-
specific iterative reconstruction methods, such as iDose (Philips Healthcare) [14], iterative
reconstruction in image space (IRIS, Siemens Healthcare) [15], and adaptive iterative dose
reduction (AIDR, Toshiba) [16]. In general, the results of these studies all suggest or show a
modest incremental benefit in terms of dose reduction, typically on the order of
approximately 30%. However, most studies have largely been focused on noise reduction
and subjective image quality, and diagnostic performance has not been directly assessed. At
dose reduction levels approaching 90%, well beyond the usual indicated range for ASIR, our
preliminary findings suggest that ASIR appears to be inadequate. This may also be the case
for other vendor-specific algorithms that are not truly model based. Further investigation for
these algorithms (ASiR, iDose, IRIS, AIDR) is needed to determine the radiation dose
reduction levels at which diagnostic adequacy can be maintained relative to the current
clinical reference standard in terms of lesion detection capability.

Despite the advantages of MBIR over ASIR and FBP found in our study, it is important to
consider the current potential limitations. In addition to being vendor specific and requiring
the raw projection data, the primary disadvantage of MBIR at this time lies in the
demanding computational requirements, which lead to a prolonged reconstruction time. In
the current study, the typical reconstruction time for a low-dose MBIR abdominal CT series
was on the order of hours. As part of our prospective ultralow-dose clinical trial, we are
assessing other novel iterative reconstruction techniques. One such method, prior image
constrained compressed sensing (PICCS) [9, 17], may approach MBIR in terms of
diagnostic quality but has the advantages of a reconstruction time that is approximately two
orders of magnitude faster, can be used with DICOM image data, and is currently vendor
neutral. As such, PICCS could service multiple scanners from different vendors within a
department or group. At this time, however, use of the technique for dose reduction has not
been fully clinically evaluated, nor is it commercially available.

The need for further lowering of dose levels for body CT is clear, regardless of whether this
reaction is to a real or to a perceived health threat [1, 2, 18, 19]. In some ways, CT is a
victim of its own clinical success; the sheer number of studies performed in the United
States has increased from approximately 13 million in 1990 to approximately 46 and 67
million studies by 2000 and 2010 [20, 21]. The results of our preliminary work suggest that
submillisievert abdominal CT is feasible for indications that call for unenhanced imaging.
For standard IV contrast-enhanced abdominal CT, it appears that most examinations can be
accomplished with effective doses well below 5 mSv, with the exception of imaging of some
obese individuals. It is noteworthy that our patient population is generally overweight, a
substantial fraction qualifying as obese. However, more work is needed to validate and
refine the appropriate levels of dose reduction for contrast-enhanced CT that maintain an
acceptable level of diagnostic accuracy. On the basis of our preliminary findings, our current
thinking is to maintain the higher levels of dose reduction (80–90%) for unenhanced CT
indications but to back off slightly to approximately 60–70% of the standard dose for IV
contrast-enhanced studies.

We acknowledge a number of limitations to this study. This study was an interim analysis of
an ongoing prospective trial and was not intended to resolve any indication-specific issues.
Given the small sample size and heterogeneous techniques applied to this preliminary
cohort, we would caution against any firm conclusions regarding the accuracy of ultralow-
dose abdominal CT, especially because lesion-specific matching was not included.
Furthermore, we did not address the possibility of pseudolesions (false-positive findings)
among focal lesions detected at the ultralow dose. Larger homogeneous patient cohorts that
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group common indications and study techniques are needed to better assess focal lesion
detection and diagnostic accuracy. We intentionally kept the handling of focal lesion
detection fairly generic for this initial report and allowed pooling of the data. Lesion
characterization and clinical relevance were also not considered for this first analysis. We
did not specifically address whether spatial resolution is preserved with the various
reconstruction methods at ultralow doses, but we do intend to investigate this issue using a
phantom. We did not investigate the use of dualenergy or low-kilovoltage imaging, nor did
we acquire the ultralow-dose series in the arterial or more delayed phases of contrast
enhancement. These issues can be addressed at a later date as part of the ongoing
prospective trial. Finally, the percentage dose reduction relative to standard in our study was
lessened by the use of the ASIR-driven protocols and would have been greater if the older
FBP protocols had been used.

In summary, MBIR shows great promise for substantially reducing radiation doses at
abdominal CT in clinical practice, whereas ASIR and FBP appear to be of limited value for
the aggressive radiation dose levels targeted in this study. Further investigation is needed to
determine the optimal indication-specific dose levels that maintain adequate diagnostic
performance with MBIR. An important finding was that objective and subjective image
quality measures do not necessarily correlate with diagnostic performance at ultralow-dose
CT.
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Abdominal MDCT Standard-Dose Protocols Used in the Prospective Trial

Protocol

Parameter IV Contrast Enhanced Urolithiasis Supine CT Colonography

Scanner Discovery CT750 HDa Discovery CT750 HDa Discovery CT750 HDa

Scan type Helical Helical Helical

Rotation time (s) 0.5 0.8 0.5

Beam collimation (mm) 40 40 40

No. of detector rows 64 64 64

Pitch 0.516 0.516 0.984

Speed (mm/rotation) 20.64 20.64 39.36

Detector configuration 64 × 0.625 64 × 0.625 64 × 0.625

Slice thickness for noise index
(mm)

1.25 1.25 1.25

Scan FOV Large body Large body Large body

Peak kilovoltage 120 120 120

Smart mA (GE Healthcare) range
(mA)

60–660 40–660 30–300

Noise index 24 28 50

Reconstruction (filtered back
projection)

  Displayed FOV (cm) 36–50 36–50 36–50

  Reconstruction type Standard Standard Standard

  Window width/level (HU) 400/50 400/50 400/50

  Reconstruction option Plus Plus Plus

  Slice thickness (mm) 2.5 2.5 2.5

  Interval (mm) 1.5 1.5 1.5

Note—The protocols considered standard dose in this study are based on use of 40% adaptive statistical iterative
reconstruction, which affects the relative dose reduction seen at low dose. The specific protocol for the accompanying low-
dose series was derived by adjusting the noise index–slice thickness pairing (and tube current range) to allow targeted 70–
90% dose reduction (by projected dose-length product) relative to the standard-dose series.
a
GE Healthcare.
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Fig. 1.
42-year-old man (body mass index, 24.4) who underwent unenhanced abdominal MDCT
colonography. Low-dose reconstructions include filtered back projection (FBP) (top left),
adaptive statistical iterative reconstruction (ASIR) (top right), and model-based iterative
reconstruction (MBIR) (bottom left). Effective dose for low-dose series was 0.35 mSv,
representing 87% dose reduction relative to standard-dose FBP series (bottom right).
Region-of-interest placement in right hepatic lobe (circle) for image noise measurement is
shown on ASIR image.
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Fig. 2.
55-year-old woman (body mass index, 39.8) with treated liver metastasis from pancreatic
endocrine tumor who underwent contrast-enhanced abdominal MDCT. Effective dose for
low-dose series (filtered back projection [FBP] [top left], adaptive statistical iterative
reconstruction [ASIR] [top right], and model-based iterative reconstruction (MBIR) [bottom
left]) was 2.3 mSv, representing 88% reduction relative to standard-dose FBP series (bottom
right). One reader detected only four low-attenuation liver lesions on low-dose ASIR images
but identified at least seven focal liver lesions (per-organ maximum) on other images.
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Fig. 3.
59-year-old man (body mass index, 23.7) with renal lesions. Coronal reconstructions from
unenhanced abdominal MDCT through level of kidneys. Effective dose for low-dose series
(filtered back projection [FBP] [top left], adaptive statistical iterative reconstruction [ASIR]
[top right], and model-based iterative reconstruction [MBIR] [bottom left]) was 0.35 mSv,
79% reduction relative to standard dose (bottom right). Both readers identified per-organ
maximum number of soft-tissue lesions (≥ 7) in left kidney on both standard-dose FBP and
low-dose MBIR images but called 11 lesions combined on low-dose FBP image and only
four lesions combined on ASIR image. Low-dose MBIR image rivals or even surpasses
image quality of standard-dose FBP image.
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Fig. 4.
Overall pooled results.
A–C, Bar graphs show overall pooled results for image noise (A), subjective image quality
(B), and lesion detection (C) for each reconstruction. LD = low-dose, FBP = filtered back
projection, ASIR = adaptive statistical iterative reconstruction, MBIR = model-based
iterative reconstruction, SD = standard dose.
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TABLE 5

Lesion Detection According to CT Study Type (Unenhanced vs Contrast-Enhanced)

Focal Lesions (Pooled)

CT Study Type Low-Dose FBP Low-Dose ASIR Low-Dose MBIR
Standard-Dose

FBP

Unenhanced (n = 24) 16 10 24 37

Contrast-enhanced (n = 22) 125 122 145 176

All studies (n = 45) 141 132 169 213

Note—FBP = filtered back-projection, ASIR = adaptive statistical iterative reconstruction, MBIR = model-based iterative reconstruction.
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