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Original Investigation

Iterative Reconstructions in

Reduced-Dose CT:

Which Type Ensures Diagnostic Image

Quality in Young Oncology Patients?

Bastien Pauchard, MD, Kai Higashigaito, MD, Aicha Lamri-Senouci, MD, Jean-Francois Knebel, PhD,

Dominik Berthold, MD, Francis Robert Verdun, PhD, Hatem Alkadhi, MD, Sabine Schmidt, MD

Rationale and Objectives: To compare adaptive statistical iterative reconstruction (ASIR) and model-based iterative reconstruction

(MBIR) algorithms for reduced-dose computed tomography (CT).

Materials and Methods: Forty-four young oncology patients (mean age 30 ± 9 years) were included. After routine thoraco-abdominal

CT (dose 100%, average CTDIvol 9.1 ± 2.4 mGy, range 4.4–16.9 mGy), follow-up CT was acquired at 50% (average CTDIvol 4.5 ± 1.2 mGy,

range 2.2–8.4 mGy) in 29 patients additionally at 20% dose (average CTDIvol 1.9 ± 0.5 mGy, range 0.9–3.4 mGy). Each reduced-dose

CT was reconstructed using both ASIR and MBIR. Four radiologists (two juniors and two seniors) blinded to dose and technique read

each set of CT images regarding objective and subjective image qualities (high- or low-contrast structures), subjective noise or pixi-

lated appearance, diagnostic confidence, and lesion detection.

Results: At all dose levels, objective image noise was significantly lower with MBIR than with ASIR (P < 0.001). The subjective image

quality for low-contrast structures was significantly higher with MBIR than with ASIR (P < 0.001).

Reduced-dose abdominal CT images of patients with higher body mass index (BMI) were read with significantly higher diagnostic

confidence than images of slimmer patients (P < 0.001) and had higher subjective image quality, regardless of technique.

Although MBIR images appeared significantly more pixilated than ASIR images, they were read with higher diagnostic confidence,

especially by juniors (P < 0.001).

Conclusions: Reduced-dose CT during the follow-up of young oncology patients should be reconstructed with MBIR to ensure di-

agnostic quality. Elevated body mass index does not hamper the quality of reduced-dose CT.

Key Words: Computed tomography (MDCT); radiation exposure; radiographic image enhancement; image processing; computer-

assisted; medical oncology.

© 2017 The Association of University Radiologists. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

INTRODUCTION

T
he number of computed tomography (CT) examina-

tions has steadily increased worldwide along with the

associated radiation exposure (1). Although the pro-

portion of CT examinations among all imaging modalities using

X-rays is relatively low, their contribution to the overall annual

medical radiation exposure is high (2,3). In particular, chil-

dren and adolescents that are repetitively exposed to radiation

are at increased stochastic risk of developing cancer (4,5). Thus,

optimization of the technical parameters of CT is important

to decrease the radiation dose.

During the last decade, CT machine vendors have intro-

duced new methods of image reconstruction, mainly two types

of iterative algorithms. By iterating the data several times, they

provide images with less noise and higher contrast resolu-

tion than the conventional images obtained with filtered-

back projection (FBP), which has been the conventional

method of image reconstruction until recently (6). The first

generation of iterative reconstruction (IR) techniques, namely

adaptive statistical iterative reconstruction (ASIR) (ASIR, GE

Healthcare, Milwaukee, WI, USA), was based on a mathe-

matical algorithm applied to the raw data using FBP. Second-

generation IR techniques are model-based iterative
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reconstruction (MBIR). These methods do not blend with

FBP and provide a greater noise reduction than first-

generation IR methods. Thus, MBIR (VEO, GE Healthcare)

enables a greater reduction of the associated radiation dose

(7–12).

The potential for dose reduction using IR while preserv-

ing image quality has already been the subject of several

publications (8,11,13–17), but only a few studies have ana-

lyzed both chest and abdominal CT images (10,18–24) and

none have focused on young patients. As young patients rep-

resent the most radiosensitive population (25), they most

urgently require an optimized radiation exposure, especially

when they frequently undergo CT examinations, such as for

follow-up of oncological disease.

The purpose of the present study was to compare the image

quality of reduced-dose CT reconstructed by two types of

IR (ie, the first-generation ASIR and second-generation MBIR)

in routine follow-up of young oncology patients. We wanted

to determine the exact potential of reducing dose without losing

diagnostic information or the degree of confidence in the di-

agnosis. By including four readers in our image analysis (two

juniors and two seniors), we investigated the influence of

reduced-dose acquisition and image reconstruction artifacts

on radiologists with various working experience.

MATERIALS AND METHODS

Patients

This single-center study was approved by our institutional ethics

committee. All patients provided written informed consent

before enrollment.

Over a period of 11 months (November 2013 to October

2014), we prospectively included all patients aged ≤45 years

with known oncological disease who were referred to our de-

partment for follow-up CT at regular intervals according to

their treatment schedule.

Exclusion criteria were the known contraindications for in-

travenous injection of iodinated contrast agents.

CT Examinations and Image Reconstruction

CT was performed on a 64-detector row CT machine (Dis-

covery 750HD, GE Healthcare). The imaging protocol included

either both the thorax and the abdomen/pelvis or the

abdomen/pelvis only.

All patients underwent a first CT that was considered the ref-

erence examination. We performed a routine acquisition with

100% radiation dose exposure (120 kV, automatic tube current

modulation in all three axes [SmartmA], noise index 25,

mAmin = 50, mAmax = 300, table speed 55 mm/rotation [0.6 s],

pitch 1.375, axial slice thickness/reconstruction interval

2.5 mm/2 mm). Reference CT images were reconstructed ac-

cording to our routine default setting, including FBP and ASIR

with 25% blending. We intravenously injected iodinated contrast

medium (Accupaque, Iohexol, 300 mgI/mL, GE Healthcare,

volume in mL = bodyweight + 30 mL) at a flow rate of 3 mL/s.

Follow-up CT was performed with reduced-dose CT. The

time interval depended on the oncological treatment sched-

ule and ranged between 3 and 12 months. For reduced-

dose CT, we divided our patients into two groups according

to the number of abdominal phases we had to acquire. Pa-

tients with an arterial and portal-venous abdominal phase formed

group 1, whereas patients with a portal-venous abdominal phase

belonged to group 2. The number of abdominal phases de-

pended on the type of underlying tumor and our oncological

imaging protocol. The patients in group 1 underwent CT at

50% of the original dose and the patients in group 2 under-

went CT at 50% of the original dose immediately followed

by CT at 20% of the original dose. Each of these reduced-

dose CT examinations was reconstructed with two different

IR modalities, ASIR (50% blending) and MBIR (VEO, GE

Healthcare) (Fig 1).

For all reconstructed axial images, a slice thickness of 2.5

and increment of 2 mm were used. The tube current was set

with a fixed noise index of 25. Although the reconstruction

duration of ASIR images is seconds, it is 40 minutes on average

for MBIR images.

When we acquired the reduced-dose CT, we decreased

the dose by dividing the dose-length product (DLP, in mGycm)

and the CT dose index (CTDIvol) of the reference CT ex-

amination by 2 (50%) and by 5 (20%), respectively. As the

CTDIvol is independent of the patient’s anatomical length and

dose conversion coefficients, we consider it the most appro-

priate measure for quantifying dose reduction (7). Table 1 shows

the overall radiation exposure of our patient population, ex-

pressed as CTDIvol and DLP.

Image Analysis

Five different groups of CT examinations were analyzed: the

reference CT examinations (100% dose), the CT examina-

tions acquired with 50% dose and reconstructed with ASIR

and MBIR, and the CT examinations acquired at 20% dose

reconstructed with ASIR and MBIR. Each CT examina-

tion was independently evaluated by four readers, including

two seniors (KH, SS) with >5 years of experience in cross-

sectional imaging and two juniors (BP, AL) with <5 years of

experience in cross-sectional imaging. The readers reviewed

images on a picture archiving and communication system work-

station (Carestream Vue, version 11.4; Carestream Health,

Rochester, NY, USA) and were blinded to the type of ac-

quisition, data reconstruction, and dose. Moreover, during the

image analysis the CT examinations were presented to each

reader in a completely randomized order, because the IR tech-

nique and the applied dose totally varied from one CT

examination to the other. Thus, none of the four readers knew

what type of IR technique and which dose had been em-

ployed for a given CT examination, when he was evaluating

the images.
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Objective Image Quality

For each CT examination, regardless of the type of IR, the

average attenuation (in Hounsfield units) and standard devi-

ation of attenuation were measured by placing a region of

interest between 400 and 500 mm2 in the right psoas muscle

(below the kidneys and above the iliac crest). The standard

deviation of attenuation was used to determine the objec-

tive image noise.

Subjective Image Quality

Subjective image quality was evaluated according to the com-

monly used visual grading analysis. The detection of high-

contrast lesions was evaluated by testing the visibility of several

small anatomical structures (15). Accordingly, the pericar-

dium, the inter- or intramuscular septae of the thoracic wall,

the adrenal glands, and the superficial inferior epigastric vessels

were evaluated using a 5-point scale (1 = excellent visualiza-

tion with well-defined margins, 2 = above average visibility

but less well-defined margins, 3 = acceptable visibility but

ill-defined margins, 4 = suboptimal visibility with ill-

defined margins, and 5 = unacceptable visualization without

visualization of margins).

Low-contrast lesions were evaluated (15) by testing the vis-

ibility of the intrahepatic and intraportal veins to the segmental

level, using a 5-point scale (1 = excellent image contrast,

2 = above average contrast, 3 = acceptable contrast, 4 = sub-

optimal contrast, and 5 = very poor contrast).

The overall subjective image noise and subjective pixi-

lated blotchy appearance were evaluated separately for each

thoracic and abdominal CT acquisition A 5-point scale was

used for the image noise (1 = minimal image noise, 2 = less

than average image noise, 3 = average image noise, 4 = above

average image noise, and 5 = unacceptable image noise) and

the pixilated blotchy appearance (1 = minimal pixilated blotchy

appearance, 2 = less than average pixilated blotchy appear-

ance, 3 = average pixilated blotchy appearance, 4 = above

average pixilated blotchy appearance, and 5 = pixilated blotchy

appearance). The pixelated blotchy appearance is a unique

Figure 1. Flow chart of the imaging protocols for the two patient groups.

TABLE 1. Patients’ Exposition Dose

Type of Examination Reference CT (100% Dose) Follow-up CT (50% Dose) Follow-up CT (20% Dose)

Patients' CTDIvol

Abdominal CT (n = 10) 8.7 mGy (range 6.6–12.5 mGy) 4.4 mGy (range 3.1–6.2 mGy) 1.9 mGy (range 1.6–2.4 mGy)

Thoracoabdominal

CT (n = 34)

9.2 mGy (range 4.4–17 mGy) 4.58 mGy (range 2.2–8.4 mGy) 1.9 mGy (range 0.9–3.4 mGy)

Total CTDIvol 9.1 ± 2.4 mGy (range 4.4–16.9 mGy) 4.5 ± 1.2 mGy (range 2.2–8.4 mGy) 1.9 ± 0.5 mGy (range 0.9–3.4 mGy)

Patients' dose-length products (DLP)

Abdominal CT (n = 10) 675.6 mGy × cm (range 367–998) 311.8 mGy × cm (range 194–448) 115.2 mGy × cm (range 77–155)

Thoraco-abdominal

CT (n = 34)

730.5 mGy × cm (range 310–1302) 355.3 mGy × cm (range 149–580) 134.4 mGy × cm (range 53–232)

Total DLP 718.0 ± 225 mGy × cm (range

310–1302)

345.4 ± 102.5 mGy × cm (range

149–580)

131.1 ± 35.9 mGy × cm (range

53–232)

CT, computed tomography; CTDI, computed tomography dose index.
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feature resulting from the MBIR mode and appears on CT

images as small steps at tissue interfaces. This may affect the

sharpness of the anatomical structures upon visualization

(10,15,26).

Finally, the overall diagnostic confidence of each thoracic and

abdominal CT acquisition was evaluated using a 4-point scale

(1 = fully confident, 2 = probably confident for diagnostic in-

terpretation, 3 = confident only under limited conditions for

visualization of abnormalities, and 4 = unacceptable).

Focal Lesion Detection

The visibility of focal parenchymal lesions (lung, liver, pan-

creas, spleen, and/or kidneys) measuring ≥6 mm at its largest

diameter, and lymphadenopathies (supra- or infraclavicular,

internal mammary, mediastinal, hilar, celiac, hepatic hilar, ret-

roperitoneal, mesenteric and internal or external iliac sites)

measuring ≥ 6 mm at its smallest diameter, was assessed using

a 5-point scale (0 = no focal lesion ≥6 mm detected at the site

to be evaluated, 1 = presence of ≥1 lesion with excellent vi-

sualization, 2 = presence of ≥1 lesion with above average

visibility, 3 = presence of ≥1 lesion with suboptimal visibili-

ty, 4 = probable ≥1 lesion with very bad visibility, and

5 = impossible to analyze this lesion site). The standard of

reference for these focal lesions detected on the reduced-

dose images was a second follow-up CT acquired with the

standard 100% dose 3–12 months after the reduced-dose

CT.

Statistical Analysis

Statistical analyses were performed with the commercially avail-

able software R (R Core Team (2013), R: A language and

environment for statistical computing, R Foundation for Sta-

tistical Computing, Vienna, Austria [https://www.r-project.org]).

Data are presented as number and relative percentages. An

unpaired t test was used to compare ASIR to VEO based on

the different scores described previously. These t tests were

applied to the reduced-dose CT examinations to highlight the

relationship between the reconstruction algorithm and the dose.

To investigate the deeper relationship of the evaluation scores,

we introduced other dependent variables. These were the reader

experiences (junior vs senior) and body mass index (BMI).

We used analysis of variance to analyze these relationships using

the two types of IR (ASIR vs MBIR) and dose reduction

(50% vs 20%) as factors, as well as reader experiences (juniors

vs seniors) in the first analysis and BMI (<median BMI

vs ≥median BMI) in the second analysis. The possible correla-

tion or interaction of the detection of focal lesions and

lymphadenopathies with the degree of dose reduction and IR

was evaluated by analysis of variance and the interobserver

agreement between the readers was calculated with the kappa

statistics and the ratings proposed by Fleiss (k < 0.4 = poor

agreement; 0.4–0.75 = good agreement; >0.75 = excellent

agreement).

All differences were considered significant at P < 0.05.

RESULTS

Patients and Examination Types

We included 44 patients (42 men, mean age 30 ± 9 years, range

17–44 years). Two patients had refused to participate during

the inclusion period. The median weight was 81.8 kg (range

52–130 kg, mean 83.5 kg) and median BMI was 24.7 kg/m2

(range 17.0–45.0 kg/m2, mean 25.4 kg/m2). The tumor types

were testicular cancer (n = 23), sarcoma (n = 14), lymphoma

(n = 6), and sacrococcygeal chordoma (n = 1). Follow-up CT

was performed with a median delay of 5 months (mean 5.6

months, range 3–12 months) after the reference CT.

Fifteen (34.1%) of the patients belonged to the first group,

and 29 (65.9%) patients comprised the second group (Fig 1).

We finally performed 34 thoraco-abdominal and 10 abdom-

inal CT examinations. We included 34 and 24 thoracic CT

examinations acquired at a 50% and 20% dose, respectively,

as well as 44 and 29 abdominal CT examinations acquired

at a 50% and 20% dose, respectively, in the image analysis.

Evaluation of Reference CT Images and Comparison to

ASIR and MBIR Images at 50% Dose

The results of the evaluation of the reference CT images are

shown in Table 2 (first column) and correspond to the average

results of the four readers, whose evaluation scores were ana-

lyzed together.

The average attenuation of the psoas muscle was similar

on all image types. The mean objective image noise, mea-

sured by each reader using a region of interest placed in the

psoas muscle, was lower on 50% dose MBIR images than the

reference CT images (13.34 vs 18.68, P < 0.001).

For nearly all subjective parameters, the reference CT images

were significantly better scored than the 50% dose images,

regardless of the IR type (P values not shown). The only

exception was the image noise, which was determined to

be less prevalent on the 50% MBIR than on the reference

CT images. However, this difference was significant for the

abdomen only (P < 0.001). The pixilated appearance was de-

termined to be absent on both the reference and the 50%

ASIR images but prevalent on the 50% MBIR images

(P < 0.001).

Comparison Between Reduced-Dose ASIR and MBIR

Images

Table 2 (columns 2–7) summarizes the unpaired t test results

of the reduced-dose image evaluation according to the type

of IR by comparing the two 50% dose image types, that is,

ASIR versus MBIR, and the two 20% dose image types with

each other. The evaluation scores correspond to the results

of the four readers taken together.

For both 50% and 20% dose, the objective image noise was

lower on MBIR images than on ASIR images (P < 0.001).
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The average attenuation of the psoas did not vary signifi-

cantly, regardless of dose and technique.

Subjective evaluation of the high-contrast chest structures

(pericardium, chest wall) did not find any significant differ-

ence between ASIR and MBIR, regardless of the percentage

dose reduction. This was also true for the high-contrast struc-

tures of the abdomen at 50 % dose. However, when using a

20% dose, the high-contrast abdominal structures, that is, the

adrenal glands and superficial epigastric vessels, were better

assessed on MBIR images than on ASIR images (P < 0.001,

Fig 2). The low-contrast structures, that is, the intrahepatic

portal and hepatic veins, were better evaluated on MBIR images

than on ASIR images, regardless of the percentage dose re-

duction (P < 0.001, Fig 3).

ASIR images were noisier than MBIR images for both tho-

racic and abdominal acquisitions, regardless of the percentage

dose reduction (P < 0.001). Conversely, thoracic and abdom-

inal MBIR images were considered more pixilated than ASIR

images (P < 0.001).

Finally, the abdominal reduced-dose MBIR images were

always evaluated with better diagnostic confidence than

the abdominal reduced-dose ASIR images, regardless of

the percentage dose reduction (P < 0.001). However, there

was no different diagnostic confidence between the evalua-

tion of reduced-dose ASIR and MBIR images of the

chest.

In general, all readers read the 50% dose CT images with

a higher diagnostic confidence than the 20% dose images, re-

gardless of the IR technique.

Influence of BMI on Quality of ASIR and MBIR Images

To evaluate any possible influence of BMI, we divided our

patients into two groups of approximately the same size by

choosing the median BMI (24.7 kg/ m2) as a threshold. Thus,

we obtained a group (n = 23) with a BMI ≤ 24.7 kg/m2 and

another group (n = 21) with a BMI > 24.7 kg/m2. Their eval-

uation scores based on the two different IR techniques and

dose are presented in Table 3, with the P values correspond-

ing to the main effect of BMI. The evaluation scores correspond

to the results of the four readers. Overall, the images of the

group with higher BMI were evaluated better than those with

the lower BMI, except for low-contrast structures. We also

found differences between the two BMI groups that were in-

dependent of the two IR types and dose reductions.

The high-contrast structures (chest wall, adrenal glands, and

superior epigastric veins) were better evaluated for the group

with BMI > 24.7 (P < 0.001); only the pericardium showed

a tendency (P = 0.051). Better evaluation scores were given

to the low-contrast structures (hepatic and portal veins) of the

high BMI patients, but the result was significant for the hepatic

TABLE 2. Evaluation Scores According to the Dose Reduction and the Reconstruction Algorithm (Four Readers)

CT

Dose Reduction

Type of IR

Reference

100% 50% ASIR 50% MBIR

P Value

(t Test) 20% ASIR 20% MBIR

P Value

(t Test)

Objective image quality (in Hounsfield units)

Average density 67.66 67.95 67.27 0.40 69.52 67.30 0.06

Standard deviation 18.68 25.80 13.34 <0.001* 40.82 16.94 <0.001*

Subjective image quality

High-contrast structures (5-point scale, 1 = best, 5 = worst)

Pericardium 1.22 1.61 1.65 0.58 2.76 2.77 0.95

Chest wall 1.51 2.18 2.21 0.72 3.72 3.57 0.10

Adrenal glands 1.51 2.35 2.27 0.37 3.66 2.88 <0.001*

Superficial epigastric vessels 1.21 1.97 1.89 0.30 3.45 2.68 <0.001*

Low- contrast structures (5-point scale, 1 = best, 5 = worst)

Portal veins 1.55 2.45 2.15 <0.001* 3.98 3.08 <0.001*

Hepatic veins 1.72 2.47 2.08 <0.001* 3.78 2.98 <0.001*

Subjective image noise/pixilated appearance (5-point scale, 1 = best, 5 = worst)

Chest noise 1.28 2.41 1.21 <0.001* 3.48 2.06 <0.001*

Chest-pixilated appearance 1 1.01 2.27 <0.001* 1.48 2.62 <0.001*

Abdomen noise 1.64 3.14 1.32 <0.001* 3.07 1.65 <0.001*

Abdomen-pixilated appearance 1.01 1 2.64 <0.001* 1.72 3.08 <0.001*

Overall diagnostic confidence (4-point scale, 1 = best, 4 = worst)

Chest 1 1.53 1.5 0.73 2.47 2.45 0.85

Abdomen 1.12 2.08 1.76 <0.001* 3.06 2.24 <0.001*

ASIR, adaptive statistical iterative reconstruction; CT, computed tomography; IR, iterative reconstruction; MBIR, model-based iterative

reconstruction.

* Significant statistical differences.
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veins only (P < 0.001; portal veins P = 0.441). The abdominal

CT images were read with higher diagnostic confidence for

the group with higher BMI, regardless of dose and tech-

nique (P < 0.001), but for the chest CT images a tendency

was shown (P = 0.067).

Influence of Reader Experience on Evaluation of ASIR

and MBIR Images

We found several differences between the scores of the juniors

and seniors that were influenced by neither the two types of

Figure 2. Side-by-side comparison of the intrahepatic veins for the reference 100% dose CT image (a) and two reconstruction algorithms

and dose levels (b–e). Note the excellent image contrast of the hepatic vessels on (a) and (c), whereas image noise hampers the contrast

on (b) and (d). ASIR, adaptive statistical iterative reconstruction; MBIR, model-based iterative reconstruction.

Figure 3. Visibility of the adrenal glands for the 100% dose CT image (a), and two reconstruction algorithms and dose levels (b–e). Note

that the contours of the gland are better defined on the MBIR images (c,e) than on the corresponding ASIR images (b,d). ASIR, adaptive

statistical iterative reconstruction; MBIR, model-based iterative reconstruction.
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IR nor dose (Table 4). The P values given in Table 4 cor-

respond to the main effect of the reader’s experience. Except

for the adrenal glands, the high-contrast structures were better

evaluated by the seniors than the juniors (P < 0.001), whereas

the juniors better scored the visibility of the low-contrast struc-

tures than the seniors (P < 0.001). The subjective image noise

was graded worse by the juniors than by the seniors (P < 0.001),

but the pixilated image appearance was evaluated similarly.

Generally, the reduced-dose images were evaluated with

higher diagnostic confidence by the seniors than the juniors

(P < 0.001), regardless of the type of IR.

Focal Lesion Detection According to Dose and Type of

IR

The detection of focal organ lesions (P < 0.001, Fig 4) and

thoraco-abdominal lymphadenopathies (P < 0.02, Fig 5) was

significantly influenced by the dose (50% vs 20%), but not

by the technique (ASIR vs MBIR). At 20% dose, MBIR

images could slightly better demonstrate organ lesions (P = 0.67),

but at 50% dose both IR techniques were similar. The de-

tection of focal lesions in abdominal organs and thoraco-

abdominal lymphadenopathies was not influenced by the

radiologist’s experience. The total number of detected lesions

was 102, namely 87 lymphadenopathies and 25 focal

parenchymal lesions, as confirmed on the second follow-up

CT acquired with the standard 100% dose 3–12 months after

the reduced-dose CT. The interobserver agreement between

the readers according to the IR technique and dose is dem-

onstrated in Table 5. The mean and median kappa values were

“good” for both techniques at 50% dose, whereas the values

were “poor” for both techniques at 20% dose, without any

significant difference between the two techniques.

DISCUSSION

As previously reported (6–9,13,14,16,18,19,21–23,26–29), IR

algorithms enable a lower radiation dose for body CT ac-

quisitions while preserving image quality. An evaluation of

the 50% dose CT protocol by our four readers confirmed these

findings, as diagnostic confidence was maintained and the sub-

jective image quality of the reduced-dose images was still above

average when compared to the reference, 100% dose images.

Thus, in agreement with other authors (9,10,16,17,20,21,24,29),

we think that routine follow-up in oncology patients with

50% reduced-dose CT is feasible, provided that IR algo-

rithms are employed. We are the first to prospectively compare

reduced-dose MBIR and ASIR images in young oncology

patients, for whom the decrease in overall cumulative radi-

ation exposure represents a major concern.

TABLE 3. Influence of the BMI on the Image Evaluation (Four Readers)

Group of BMI BMI ≤ 24.7 BMI >24.7 BMI ≤ 24.7 BMI >24.7

P Value†

Dose Reduction

Type of IR

50%

ASIR

50%

MBIR

50%

ASIR

50%

MBIR

20%

ASIR

20%

MBIR

20%

ASIR

20%

MBIR

Objective image quality (in Hounsfield units)

Average density 70.98 70.67 64.62 63.55 74.70 72.29 64.68 62.64 <0.001*

Standard deviation 24.16 11.76 27.60 15.08 38.07 15.34 43.39 18.43 <0.001*

Subjective image quality

High-contrast structures (5-point scale, 1 = best, 5 = worst)

Pericardium 1.70 1.74 1.52 1.56 2.82 2.80 2.70 2.73 0.051

Chest wall 2.35 2.39 1.99 2.01 3.86 3.75 3.58 3.4 <0.001*

Adrenal glands 2.62 2.48 2.05 2.05 3.91 3.05 3.43 2.72 <0.001*

Superficial epigastric vessels 2.10 1.93 1.82 1.83 3.57 2.82 3.33 2.55 <0.001*

Low-contrast structures (5-point scale, 1 = best, 5 = worst)

Portal veins 2.48 2.14 2.42 2.17 3.88 3.00 4.08 3.15 0.441

Hepatic veins 2.38 1.99 2.56 2.18 3.66 2.93 3.88 3.03 <0.001*

Subjective image noise/pixilated appearance (5-pointscale, 1 = best, 5 = worst)

Chest noise 2.49 1.21 2.33 1.20 3.5 2.06 3.5 2.06 0.394

Chest-pixilated appearance 1.01 2.34 1 2.19 1.52 2.67 1.44 2.58 0.193

Abdomen noise 3.18 1.27 3.08 1.37 3.04 1.63 3.1 1.67 0.817

Abdomen-pixilated appearance 1 2.65 1 2.63 1.75 3.09 1.7 3.07 0.772

Overall diagnostic confidence (4-point scale, 1 = best, 4 = worst)

Chest 1.59 1.55 1.45 1.44 2.52 2.49 2.42 2.42 0.067

Abdomen 2.16 1.84 1.99 1.68 3.05 2.36 3.07 2.13 <0.001*

ANOVA, analysis of variance; ASIR, adaptive statistical iterative reconstruction; BMI, body mass index; IR, iterative reconstruction; MBIR,

model-based iterative reconstruction.

* Significant statistical differences.
†
The given P value corresponds to the “main effect BMI” (calculated by means of ANOVA): it means that the result obtained by compar-

ing the two different BMI groups is independent of the applied dose (50% or 20%) and the applied technique (ASIR vs VEO).
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TABLE 4. Influence of the Readers’ Experience on the Image Evaluation

Group of Reader Juniors Seniors Juniors Seniors

P Value†

Dose Reduction

Type of IR

50%

ASIR

50%

VEO

50%

ASIR

50%

VEO

20%

ASIR

20%

VEO

20%

ASIR

20%

VEO

Objective image quality (in Hounsfield units)

Average density 68.48 67.28 67.41 67.26 69.71 66.71 69.33 67.89 0.08

Standard deviation 25.49 14 26.11 12.68 41.16 17.71 40.48 16.17 0.18

Subjective image quality

High-contrast structures (5-point scale, 1 = best, 5 = worst)

Pericardium 1.81 1.97 1.42 1.34 3.17 3.26 2.34 2.28 <0.001*

Chest wall 2.56 2.6 1.80 1.82 3.88 3.79 3.55 3.34 <0.001*

Adrenal glands 2.38 2.32 2.32 2.23 3.76 2.57 3.58 3.19 0.55

Superficial epigastric vessels 2.13 2.09 1.81 1.68 3.72 2.45 3.17 2.91 <0.001*

Low-contrast structures (5-point scale, 1 = best, 5 = worst)

Portal veins 2.33 1.86 2.57 2.44 4.09 2.59 3.88 3.57 <0.001*

Hepatic veins 2.42 1.84 2.51 2.32 3.78 2.57 3.78 3.49 <0.001*

Subjective image noise/pixilated appearance (5-point scale, 1 = best, 5 = worst)

Chest noise 2.64 1.41 2.19 1 3.54 3.12 3.42 1 <0.001*

Chest-pixilated appearance 1 2.31 1.01 2.23 1.96 2.18 1 3.06 0.52

Abdomen noise 3.57 1.60 2.7 1.03 2.31 2.19 3.83 1.10 <0.001*

Abdomen-pixilated appearance 1 2.69 1 2.59 2.43 2.55 1.02 3.60 0.11

Overall diagnostic confidence (4-point scale, 1 = best, 4 = worst)

Chest 1.99 1.84 1.07 1.16 2.78 2.76 2.16 2.14 <0.001*

Abdomen 2.70 2.15 1.45 1.38 3.26 2.05 2.86 2.43 <0.001*

ANOVA, analysis of variance; ASIR, adaptive statistical iterative reconstruction; IR, iterative reconstruction.

* Significant statistical differences.
†
The given P value corresponds to the “main effect reader” (calculated by means of ANOVA): it means that the result obtained by com-

paring the two different BMI groups is independent of the applied dose (50% or 20%) and the applied technique (ASIR vs VEO).

Figure 4. Side-by-side comparison of a subtle low-contrast liver lesion for the two iterative reconstruction algorithms and dose levels. A

focal fatty area located within the hepatic parenchyma was detected on the 100% dose CT image (a, arrow). Note that it is not confidently

seen on the 50% dose MBIR image (c), and is almost undetectable on both ASIR images (b,d) and on the 20% MBIR image (e). ASIR,

adaptive statistical iterative reconstruction; MBIR, model-based iterative reconstruction.
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Our study and others revealed that, in reduced-dose CT

examinations, MBIR better maintains diagnostic image quality

than ASIR (9,11,18). This difference is obtained mainly because

of the higher noise-reduction capabilities of MBIR. In ad-

dition to modeling photon and noise statistics, the MBIR

algorithm takes into account specific hardware details, such

as X-ray focal spot size, detector size, and image voxel shape

and size (7,8,15). Thus, our results confirm the significantly

less objective image noise on MBIR images compared to ASIR

images.

As the objective image noise naturally increases as dose de-

creases, the noise difference between MBIR and ASIR becomes

even more pronounced as dose exposure decreases. Cur-

rently, reduced-dose acquisitions represent a common strategy

for CT follow-up in young oncology patients because follow-

up may be lifelong (18). Therefore, the MBIR algorithm should

definitely be the preferred option in these patients. In routine

examinations not acquired in the emergency setting, the long

computational time necessary for reconstructing MBIR images

(8,11) may not be relevant.

IR algorithms are mainly based on denoising, but exten-

sive noise reduction does not necessarily lead to better image

quality. We need to be aware of the distinct texture of MBIR

images: the blotchy, pixilated, step-like appearance at tissue

interfaces. This “pixelization” naturally increases as the dose

decreases and is generally far more pronounced on MBIR

images than on ASIR images at the same dose (7). This so-

called “oversmoothing” is because of aggressive noise reduction

(10,14,15) and needs to be taken into account separately when

evaluating image quality. In our study, as in others (15), the

blotchy pixilated image appearance did not compromise sub-

jective image quality or the diagnostic performance of our

reduced-dose images, as proven by the better scores for MBIR

images than for ASIR images at each dose level.

Rarely (10,18–24), the quality of reduced-dose chest and

abdomen images has been evaluated together. Although the

diagnostic confidence of our readers generally decreased as

the dose decreased, it always remained significantly higher for

abdominal MBIR images than for the corresponding ASIR

images. In particular, juniors had significantly less confi-

dence than the seniors in the very noisy ASIR images acquired

at 20% dose. The experience and familiarity of seniors reading

noisy images explain this difference between the two reader

groups. A certain amount of noise is usually present on CT

images when they are reconstructed with FBP only, because

this algorithm assumes noise-free projection data (10). In con-

trast, diagnostic confidence for chest images did not depend

on the IR algorithm. As reported by Meyer et al., the noise

reduction obtained by IR algorithms strongly depends on the

tissue region considered (21). Therefore, organs with phys-

iological noise, such as the lungs, are less affected by changes

in image texture. Unlike in the abdomen, inherent contrast

Figure 5. Side-by-side comparison of a retroperitoneal lymphadenopathy, detected on the 100% dose CT image (a, arrow) and the two

iterative reconstruction algorithms and dose levels (b–e). Although the lesion can be detected on each image, delineation is best on the

100% dose (a) and 50% dose (c) MBIR images. Image noise definitely hampers the contour sharpness on both reduced-dose ASIR images

(b,d) and on the 20% dose MBIR image (e). ASIR, adaptive statistical iterative reconstruction; MBIR, model-based iterative reconstruction.

TABLE 5. Interobserver Agreement Between the Four

Readers for Detecting Focal Lesions on Reduced Dose CT

Examinations

Kappa Values

Focal

Parenchymal

Lesions Lymphadenopathies

Mean Median Mean Median

ASIR 50% 0.59 0.61 0.51 0.51

VEO 50% 0.62 0.64 0.53 0.55

ASIR 20% 0.31 0.33 0.09 0

VEO 20% 0.33 0.37 0.031 0.01

ASIR, adaptive statistical iterative reconstruction; CT, computed

tomography.
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and low attenuation in lung parenchyma enable the toler-

ance of image noise and substantial dose reduction (14).

Clinical applications with inherent high-contrast abnormali-

ties, such as renal calculi, permit larger dose reductions without

compromising image quality than low-contrast tasks (30), re-

gardless of the IR technique (29). Accordingly, our study

revealed no differences in subjective image quality between

MBIR and ASIR for thoracic high-contrast structures, re-

gardless of dose reduction, or for the abdominal high-

contrast structures (adrenal glands, superficial epigastric vessels)

at 50% dose. However, the latter were significantly better evalu-

ated at 20% dose MBIR images than on ASIR images, as

previously shown by Fontarensky et al., who evaluated MBIR

at the same dose reduction for renal calculi (11). In contrast,

the subjective image quality of our low-contrast structures was

significantly higher on MBIR images than on correspond-

ing ASIR images, regardless of dose and reader experience.

Therefore, although the IR algorithm does not significantly

preserve low-contrast detectability as the dose decreases (29),

we agree with previous groups that demonstrate better low-

contrast detectability with MBIR techniques than with

statistical-based IR algorithms, such as ASIR, at the same dose

level (6,30).

Finally, reduced-dose abdominal images of our patients with

higher BMI were read with significantly higher diagnostic con-

fidence than those of slimmer patients, and had higher scores

for subjective quality, regardless of IR type and dose reduction,

which were consistent with previous results (11,12). The scores

for the chest images showed the same tendency. As we used

automatic tube current modulation in the reference CT, the

CTDIvol of our patients with higher BMI was always slightly

higher than that of patients with lower BMI. In addition, small

interstitial fat planes in more obese patients may allow better

delineation of visceral organs and muscles than in slim patients,

facilitating the analysis of reduced-dose images. Thus, dose

reduction should be based on young age and length of necessary

CT follow-up in young patients, rather than individual BMI.

According to our results, focal lesion detection was sig-

nificantly influenced by dose rather than IR technique. On

our 20% CT images, the detectability of liver lesions was dras-

tically reduced (Fig 4). This finding was confirmed by

Vardhanabhuti et al., who evaluated a similar dose (CTDIvol

2.3 mGy) (8) and by Padole et al. who evaluated even lower

doses (CTDIvol 1.3 mGy) (26) with MBIR reconstruc-

tions. Pickhardt et al. reported a significantly higher rate of

focal lesion detection on low-dose MBIR images compared

to corresponding ASIR images (9), but this was not con-

firmed by our results. We believe that with too drastic dose

reductions (≥80%), the smoothing and pixilated blotchy ap-

pearance inherent in MBIR images may not allow depiction

of small hypoattenuating liver lesions (Fig 4) any more, thus

dissimulating possible relevant clinical findings, especially in

patients with high BMI.

According to recent publications, radiation dose settings and

iterative reconstruction algorithms at multidetector row CT

may significantly affect the quantitative imaging features of

liver lesions, lung nodules, and renal stones (31), or even the

size of vessels (32). In particular, with reduced-dose MBIR

images a lesion volume may be differently estimated because

of the nonlinear nature of this IR mechanism compared to

100% dose FBP reconstructed CT images (31). Therefore, one

needs to be careful with size measurements when implement-

ing MBIR reduced-dose CT examinations. However, the latter

may not be an important issue when dealing with routine

follow-up CT examinations, for which we consecutively and

steadily apply the same technical parameters.

Our study has several limitations. First, the two reduced-

dose CT acquisitions were performed sequentially after

intravenous injection of contrast medium. Thus, 15 (34.1%)

patients, in whom the oncological protocol required an ar-

terial abdominal phase before the portovenous acquisition, did

not undergo a supplementary 20% dose CT. In addition, vis-

ceral structures may have been affected by a slightly different

contrast opacification on the 20% dose CT images than the

50% dose CT images, although the delay between acquisi-

tions was kept as short as possible. Secondly, MBIR images

appear quite differently from ASIR images, so it was impos-

sible to completely blind the readers. Nevertheless, we

anonymized and randomized the different image sets under

evaluation. Finally, the evaluation of subjective image quality

is, by definition, limited to the subjective and instant im-

pression of the perceived images. We tried to compensate for

this by including a considerable number of readers with dif-

ferent daily working experience.

In conclusion, our study shows the diagnostic superiority

of MBIR compared to ASIR for reduced-dose body CT in

young oncology patients. Therefore, in this dose-sensitive

patient population, 50% dose MBIR CT examinations should

be considered for follow-up. The analysis of reduced-dose ab-

dominal images remains more challenging than that of

corresponding chest images, because of the limited low-

contrast detectability inherent in each type of IR.
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