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Abstract
Objectives To determine if radiation dose delivered by
contrast-enhanced CT (CECT) for acute abdominal pain can
be reduced to the dose administered in abdominal radiography
(<2.5 mSv) using low-dose CT (LDCT) with iterative recon-
struction algorithms.
Methods One hundred and fifty-one consecutive patients
requiring CECT for acute abdominal pain were included,
and their body mass index (BMI) was calculated. CECT
was immediately followed by LDCT. LDCT series was
processed using 1) 40% iterative reconstruction algorithm
blended with filtered back projection (LDCT-IR-FBP) and
2) model-based iterative reconstruction algorithm
(LDCT-MBIR). LDCT-IR-FBP and LDCT-MBIR images
were reviewed independently by two board-certified radi-
ologists (Raters 1 and 2).
Results Abdominal pathology was revealed on CECT in 120
(79%) patients. In those with BMI <30, accuracies for correct
diagnosis by Rater 1 with LDCT-IR-FBP and LDCT-MBIR,
when compared to CECT, were 95.4% (104/109) and 99%
(108/109), respectively, and 92.7% (101/109) and 100%
(109/109) for Rater 2. In patients with BMI ≥30, accuracies
with LDCT-IR-FBP and LDCT-MBIR were 88.1% (37/42)

and 90.5% (38/42) for Rater 1 and 78.6% (33/42) and
92.9% (39/42) for Rater 2.
Conclusions The radiation dose delivered by CT to non-
obese patients with acute abdominal pain can be safely re-
duced to levels close to standard radiography using LDCT-
MBIR.
Key Points
• LDCT-MBIR (<2.5 mSv) can be used to assess acute abdom-
inal pain.

• LDCT-MBIR (<2.5 mSv) cannot safely assess acute abdom-
inal pain in obese patients.

• LDCT-IR-FBP (<2.5 mSv) cannot safely assess patients with
acute abdominal pain.

Keywords CT . Acute abdomen . Radiation dose . Iterative
reconstruction . Emergencies

Abbreviations and acronyms
CECT Contrast-enhanced CT
LDCT Low-dose CT
BMI Body mass index
IR Iterative reconstruction
FBP Filtered back projection
MBIR Model-based iterative reconstruction
DLP Dose-length product

Introduction

Reducing radiation doses by abdominal computed to-
mography (CT) has become a significant challenge in
emergency radiology for three reasons. Firstly, CT use
has significantly increased in emergency medicine
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compared to other imaging techniques [1]. Secondly,
over the last decade, abdominal pain has become the
first indication for scanning patients in emergency med-
icine [2]. Finally, the alleged risk for CT-induced cancer
is estimated to be higher when involving the abdomen
than other anatomical regions [3]. This concern does not
appear limited to young people, but could also affect
middle-aged patients [4].

Abdominal low-dose CT (LDCT) protocols deliver
an effective radiation dose (<2.5 mSv) close to that of
two abdominal radiographs (2 × 1.3 mSv) [5–7] by
means of a charge tube current <50 mAs and filtered
back projection (FBP) algorithm. These protocols are
used to replace standard CT (8-10 mSv) in certain acute
abdominal conditions, such as renal colic [8–10] and
appendicitis [11–13], combined with well-defined algo-
rithms. However, LDCT quality is limited by increased
noise and beam-hardening artefacts [14–16]. For this
reason, no series has yet demonstrated their value for
diagnosing patients with acute abdominal pain other
than renal colic, appendicitis, and diverticulitis [8–13,
17]. Recent iterative reconstruction algorithms, such as
ASIR (adaptive statistical iterative reconstruction, GE
healthcare, Milwaukee, WI, USA), IRIS (iterative re-
construction in image space, Siemens Healthcare,
Forchheim, Germany), SAFIRE (sinogram affirmed it-
erative reconstruction, Siemens Healthcare, Forchheim,
Germany), and ADMIRE (advanced modelled iterative
reconstruct ion, Siemens Heal thcare, Forchheim,
Germany), were shown to improve CT image quality
by reducing noise [16, 18, 19]. As these algorithms alter
image texture, creating a smooth appearance [19], they
must be blended with FBP to obtain the best trade-off
between noise reduction and image-quality impairment
due to smoothing. Recently, new generations of iterative
reconstruction algorithms have been developed, such as
MBIR (model-based iterative reconstruction, VeoR, GE
Healthcare, Milwaukee, WI), using a full iterative re-
construction [16, 19, 20]. In addition to suppressing
noise, this technology improves spatial resolution and
reduces image artefacts, maintaining a good contrast-
noise ratio while preserving image texture [21–23].
However, unlike prior generations, this complex model-
ling technique requires a central processing unit, in-
volving relatively long reconstruction times (0.2-0.5
images/s) [24, 25].

This study sought to determine whether the radiation
dose delivered to patients undergoing contrast-enhanced
CT (CECT) for acute abdominal pain can safely be reduced
to the dose close to that administered in two abdominal
radiography examinations (<2.5 mSv) by applying iterative
reconstruction algorithms to low-dose CT protocols
(LDCT).

Materials and methods

This study was approved by the institutional review board
(CER 13-121), with written informed consent obtained from
all patients.

Patient population

The study was targeted on adult patients (>18 years old) ad-
mitted with acute abdominal pain, clinically not suspected of
renal colic or appendicitis. Patients with suspected appendici-
tis or uncomplicated renal colic were not included since these
conditions are routinely investigated in our institution by dif-
ferent imaging algorithms. Patients who were under 18 years
old, pregnant, or unable to sign the informed consent were not
included.

During the study period, 441 consecutive adult patients
were admitted for acute abdominal pain in our institution.
One hundred and fifty-five of them, with a mean age of
61 years (range 22-104), required CECT for acute abdominal
pain not suspect of appendicitis or renal colic; four refused to
sign the informed consent and were excluded. Therefore, our
study group consisted in 151 patients (83 females, 68 males).
Patients’ heights and weights were recorded and BMI values
calculated.

CECTwas performed by means of 64-row GE 750 HD CT
(General Electric Company, Milwaukee, WI, USA) from lung
base to pelvis using a power-injected bolus of 120 mL of
non-ionic intravenous contrast material (Iohexol, 300 mg
I/mL, AccupaqueR 300, GE Healthcare AG, Opfikon,
Switzerland), at a flow rate of 3.5 mL/s, with a delay of 60 s
before initiating CT data acquisition, followed by a 30 mL
saline flush at the same flow rate. The following parameters
were used for CT acquisition: 64 × 1.25 mm collimation, 0.9
pitch, 0.7-s gantry rotation period, 120 kV tube potential, au-
tomated tube current modulation, 2-1 mm reconstruction slice
thickness, noise index 31.

The abdominal LDCT series were programmed on the
same scout used for CECT series, applying the same field of
view and scan length. LDCT images were automatically ob-
tained 5 s after completing CECT images, while the contrast
medium was still in the venous compartment, without adding
more contrast material.

LDCT protocol was set up to deliver a fixed volume CT
dose index (CTDIvol) of 2.5 mGy on a 32-cm body phantom
[26] using the following parameters: 64 × 1.25 mm collima-
tion, 1.375 pitch, 0.7-s gantry rotation period, 120 kV tube
potential, 25.2 mAs tube charge per gantry rotation (45 mA ×
0.7 s/1.25), 2.5 mm reconstruction slice thickness. A 40%
iterative reconstruction algorithm blended with filtered back
projection (LDCT-IR-FBP) was selected on a 10% to 100%
strength scale because it has been reported to offer both opti-
mal noise reduction and a diagnostically acceptable image
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quality [27]. A LDCT model-based iterative reconstruction
algorithm series (LDCT-MBIR) was obtained in a delayed
fashion using the LDCT acquisition data, reconstructed with
the MBIR algorithm. The mean reconstruction time per pa-
tient for LDCT-MBIR images was 32 min (range: 28-42 min).

Effective CECTand LDCT doses

The radiation doses by CT were estimated using the mean
normalized values of effective dose per dose-length product
(DLP) for the abdomen [26]. The mean DLP value was in-
ferred from the DLP values indicated on each examination.
The mean DLP for CECT was 743 [mGy × cm] (range
291-1343); the mean DLP for LDCT was 126 [mGy × cm]
(range 110-137). The corresponding effective doses were
10.1 and 2.0 mSv, respectively.

CTanalysis

CECT images were immediately interpreted by the senior res-
ident and on-call attending radiologists at the emergency unit
and then transmitted by written report to the physician in
charge of the patients. Attending radiologists involved in the
reading (n = 10) had prior experience of 4 to 17 years after
radiology board certification in emergency abdominal CTs.
LDCT-IR-FBP and LDCT-MBIR images were not immedi-
ately interpreted, but stored in the picture archiving and com-
munication system (PACS) until the end of the case collection,
when they were anonymized and downloaded from PACS
using a similar workstation and visualization software as those
used by the emergency radiology team for CECT images. This
process was performed by an independent research fellow
with no other involvement in this study. The images were then
interpreted independently by two board-certified senior radi-
ologists of the emergency radiology unit: Rater 1 and Rater 2.
Rater 1 had 11 years’ experience in abdominal CT imaging,
including over 1500 LDCT-IR-FBP series involving patients
with suspected appendicitis or renal colic. Rater 2 had
17 years’ experience in abdominal CT imaging, including
400-500 LDCT-IR-FBP images involving suspected appendi-
citis or renal colic cases.

Three months after inclusion of the last patient in the series,
LDCT-IR-FBP and LDCT-MBIR images were analyzed ran-
domly and independently by both raters in multiple
reformatting plans. Raters were given the patients’ demo-
graphics, but not their names, while having access to the CT
prescription form. They were blinded to all medical reports
and to the CECT interpretation. For each patient, only one
category of LDCT-reconstruction (IR-FBP orMBIR) was ran-
domly selected to be analyzed first by the radiologists, during
a 3-month time span. Once all these LDCT series were ana-
lyzed, radiologists were entitled to interpret the remaining
LDCT-reconstructions during a second period of 3 months.

For each case, the raters were asked to write on a form the
most probable diagnosis directly related to the patient’s com-
plaint (primary diagnosis), as well as a secondary diagnosis, if
any. A secondary diagnosis was defined as an incidental find-
ing not associated with the primary diagnosis, possibly requir-
ing immediate or delayed medical/surgical treatment.

The raters also evaluated the quality of the LDCT-IR-FBP
and LDCT-MBIR images on a 5-point Likert scale, which we
dichotomized as good quality (ratings 4 or 5) versus poor
quality (ratings 1 to 3).

Once LDCTs were interpreted, CECTwere re-analyzed in
consensus by the same readers, to establish for each patient a
primary and a secondary diagnosis, which were considered
reference standard. The LDCTs diagnoses (primary and sec-
ondary) were then compared to the reference standard and
logged in an Excel spreadsheet. An LDCT diagnosis was con-
sidered correct when it matched with the CECT diagnosis. It
was considered incorrect when it differed from the CECT
diagnosis or overlooked a significant finding visible on CECT.

Statistical analysis

For primary diagnoses, both raters produced a rating of con-
cordance between the LDCT (IR-FBP and MBIR) and CECT,
evaluated on a two-level scale: correct and incorrect diagnosis.
The proportion of observations judged Bcorrect^ corresponded
to the accuracy of LDCT imaging. We reported the distribu-
tions of the accuracy of diagnosis for the two imaging
methods for each rater, comparing the between-method differ-
ence separately for each rater using McNemar-Bowker’s test
for paired data [28]. We examined the between-rater agree-
ment separately for each method using an intraclass correla-
tion coefficient (ICC) for absolute agreement. We used a two-
way mixed model for ICC, where the imaging method was a
fixed factor and the patient a random factor, with 95% confi-
dence intervals. This was performed for the primary diagnosis
on the whole sample, then separately for non-obese (BMI <
30) and obese patients (BMI ≥ 30). The proportions of good
quality images within a rater were compared by means of a
McNemar test.

We analyzed the conditions missed by LDCT-IR-FBP and
LDCT-MBIR for the primary diagnosis, reported by each rat-
er, depending on BMI.

We applied a second two-level rating of concordance for
secondary diagnoses with the CECT, this time classed as de-
tected (true positive) or missed (false negative) to assess
sensitivity.

Results

Of the 151 patients included, 109 (72%) had a BMI <30 and
42 (28%) ≥30; the mean BMI was 27 (median: 27). In 120
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patients (79%), CECT revealed conditions that could have
caused abdominal pain, thus the primary diagnosis, while in
31 (21%), CECT imaging was normal. Of the 120 patients
with primary diagnosis, 91 (76%) had a BMI <30 and 29
(24%) ≥30.

Of the 120 primary conditions diagnosed by CECT, 41
(34%) involved the large bowel, 30 (25%) small bowel and/
or mesentery, 14 (12%) biliary tracts, 10 (8%) pancreas, eight
(7%) kidney or bladder, seven (6%) pelvic collections, four
(3%) abdominal wall, three (3%) liver, and two (2%) chest.
Further details are given in Table 1.

For the whole population (n = 151), Raters 1 and 2 achieved
accuracies of 93.4% (141/151) and 88.7% (134/151), respective-
ly, in terms of the primary LDCT-IR-FBP-based diagnosis being
correct, with regard to CECT findings (Table 2). For analysis
based on LDCT-MBIR imaging, these accuracies improved to
96.7% (146/151) and 98% (148/151), for Raters 1 and 2, respec-
tively. The inter-rarer agreement was good (0.57) for LDCT-IR-

FBP and excellent (0.80) for LDCT-MBIR. Similar results were
obtained after stratification by BMI (Table 2).

In patients with a BMI <30, the accuracies of Raters 1 and 2
in accurately establishing the primary diagnosis were, respec-
tively, 95.4% (104/109) and 92.7% (101/109) using LDCT-
IR-FBP and 99% (108/109) and 100% (109/109) using
LDCT-MBIR. In patients with a BMI ≥30, Raters 1 and 2
accurately established the primary diagnosis in 88.1% (37/
42) and 78.6% (33/42), respectively, when using LDCT-IR-
FBP, and 90.5% (38/42) and 92.9% (39/42) with
LDCT-MBIR.

Both raters considered the images constructed using MBIR
to be superior to images constructed using IR-FBP. For Rater
1, the proportions of good quality images were 87.4% for
MBIR and 73.5% for IR-FBP (p < 0.001); for Rater 2, the
proportions were 92.1% versus 64.2% (p < 0.001) (Table 3).

Of the 91 patients with a BMI <30 and abnormal CECT
(primary diagnosis), a condition was missed by at least one
rater in eight (8.8%) patients using LDCT-IR-FBP, with four
conditions being missed by both raters. These conditions were
related to the large bowel (n = 1, Fig. 1), small bowel or mes-
entery (n = 3), kidney or bladder (n = 2), biliary tracts (n = 1),
and pelvis (n = 1, Fig. 2). In the same group, using LDCT-
MBIR, only one (1.1%) primary diagnosis, related to the
biliary tract (an early cholecystitis), was missed by Rater 1,
with no condition missed by Rater 2.

Of the 17 patients with a BMI <30 and normal CECT
(primary diagnosis), pyelonephritis was incorrectly diagnosed
by Rater 1 using LDCT-IR-FBP, while Rater 2 made no false
positive diagnoses. No false positive diagnosis was made
using LDCT-MBIR.

Of the 42 patients with a BMI ≥30 and abnormal CECT
(primary diagnosis), a condition was missed by one of the
raters in nine (21.4%) patients using LDCT-IR-FBP. Four of
these nine conditions were missed by both raters, related to the
biliary tracts (n = 3), large bowel (n = 2), small bowel or mes-
entery (n = 1), kidney or bladder (n = 1), pancreas (n = 1), and
pelvis (n = 1, Fig. 3). In the same patient group, three (9.5%)
primary diagnoses were missed by either Rater 1 or Rater 2
using LDCT-MBIR. Two conditions were missed by both
raters, relating to the biliary tracts.

Of the 13 patients with a BMI ≥30 and normal CECT
(primary diagnosis), a condition related to the large bowel
was incorrectly diagnosed by Rater 1 using both LDCT-IR-
FBP and LDCT-MBIR, while Rater 2 made no false positive
diagnoses with either technique.

A secondary diagnosis was revealed by CECT in 38 pa-
tients (25%), 28 (73%) of whom had a BMI <30. The second-
ary diagnoses consisted of liver lesions (n = 7), gallstones
(n = 4), abdominal wall hernias (n = 4), adrenal gland nodules
(n = 4), aortic or iliac aneurysms (n = 3), bile duct dilatation
(n = 2, Fig. 4), pleural effusion (n = 3), bowel-wall thickening
(n = 3), adnexal mass (n = 2), pulmonary nodules (n = 1),

Table 1 Primary diagnoses reported using CECT

Location Primary Diagnoses (n = 120)

Large bowel (n = 41) diverticulitis (n = 25)

colitis (n = 5)

tumour (n = 5)

epiploic appendagitis (n = 3)

appendicitis (n = 2)

occlusion (n = 1)

Small bowel/mesentery
(n = 30)

occlusion (n = 18)

ileitis (n = 5)

carcinomatosis (n = 3)

enteritis (n = 2)

panniculitis (n =1)

bowel ischemia (n = 1)

Gallbladder/biliary ducts
(n = 14)

cholecystitis (n = 8)

biliary duct obstruction (n = 5)

abscess after cholecystectomy (n = 1)

Pancreas (n = 10) pancreatitis (n = 9)

tumour (n = 1)

Kidney/ureter/bladder
(n = 8)

pyelo-ureteral obstruction (n = 3)

pyelonephritis (n = 2)

bladder distension (n = 2)

complicated polycystic kidney
(cyst bleeding) (n = 1)

Pelvis (n = 7) pelvic collections (n = 7)

Abdominal wall (n = 4) hernia (n = 3)

abscess (n = 1)

Liver (n =3) decompensated cirrhosis (n = 2)

hemorrhagic cyst (n = 1)

Chest (n = 2) pneumonia (n = 2)

CECT contrast-enhanced abdominal CT
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pericardial effusion (n = 1), pulmonary infiltrate (n = 1), uri-
nary bladder mass (n = 1), mesenteric lymph node enlarge-
ment (n = 1), splenic nodules (n = 1), and severe coprostasis
(n = 1). The LDCT-IR-FBP and LDCT-MBIR sensitivities for
secondary diagnoses are given in Table 4. Five secondary
diagnoses were missed using LDCT-MBIR by either Rater 1
or 2: dilatedWirsung’s duct, non-specific liver nodule (missed
by both raters), liver hemangioma (missed by both), adrenal
nodule, and colonic wall thickening (colitis). Three of these
five patients had a BMI <30, two (both with liver lesions) a
BMI ≥30.

Discussion

Our study demonstrated that in patients with a BMI <30,
LDCT-MBIR with intravenous contrast medium achieved di-
agnostic performances equivalent to CECT in identifying the
cause of acute abdominal pain, providing correct diagnoses.
LDCT-MBIR achieved an accuracy >99% for both raters,
with a fivefold reduction in radiation doses compared to

CECT. In this patient group, LDCT-MBIR correctly detected
secondary diagnoses not related to abdominal pain, with a
sensitivity of 92.8% and 96.4%, respectively, for both raters.

Given that such low radiation doses can be provided with
high accuracy for imaging-based detection of common causes
for acute abdominal pain constitutes a significant break-
through for patient safety when using diagnostic management
modalities under emergency conditions.

Such results could not, however, be achieved with the
LDCT-IR-FBP protocol. In patients with a BMI <30, this
technique was limited by a relatively high percentage of in-
correct diagnoses by both raters (4.6 and 7.3%, respectively),
and limited sensitivity (82%) for detecting secondary
diagnoses.

LDCT-MBIR cannot reasonably be recommended for in-
vestigating acute abdominal pain in patients with a BMI ≥30
as both raters achieved relatively limited accuracy for the
principal diagnoses (90.5 and 92.9%, respectively) and limit-
ed sensitivity (80%) for secondary diagnoses. The limitation
of low-dose CT for overweight/obese patients was previously
reported [10, 29]. A recent study reported on series of 41

Table 2 Accuracy of diagnosis obtained by two LDCT scan techniques compared with CECT, evaluated by two raters, overall and stratified by BMI

Rater 1
Accuracy %

Rater 2
Accuracy %

Inter-rater agreement:
ICC (95% CI)

LDCT- IR-FBP LDCT-MBIR p value LDCT- IR-FBP LDCT-MBIR p value LDCT- IR-FBP LDCT-MBIR

Primary diagnosis,

overall (N = 151)

93.4 (141/151) 96.7 (146/151) 0.063 88.7 (134/151) 98.0 (148/151) <0.001 0.57 (0.45 – 0.67) 0.80 (0.74 – 0.85)

Secondary diagnosis,

overall (N = 151)

96.7 (146/151) 98.0 (148/151) 0.50 96.0 (145/151) 98.7 (149/151) 0.12

Primary diagnosis,

stratified by BMI

BMI <30 (N = 109) 95.4 (104/109) 99.1 (108/109) 0.12 92.7 (101/109) 100 (109/109) <0.001 0.57 (0.43 – 0.68) 0.80 (0.72 – 0.86)

BMI ≥30 (N = 42) 88.1 (37/42) 90.5 (38/42) 1.00 78.6 (33/42) 92.9 (39/42) 0.031 0.55 (0.31 – 0.73) 0.79 (0.64 – 0.88)

p value for obese

versus non-obese

patients

0.14 0.021 0.021 0.020

LDCT low-dose CT, IR iterative reconstruction, FBP filtered-back projection, MBIR model-based iterative reconstruction, CECT contrast-enhanced
abdominal CT, ICC intraclass correlation coefficient, CI confidence interval, BMI body mass index

Table 3 Proportion of imaging procedures considered to be of good quality by the two raters, overall and in subgroups, with regard to the
reconstruction algorithm

Rater 1 Rater 2

LDCT-IR-FBP % LDCT-MBIR % p value LDCT-IR-FBP % LDCT-MBIR % p value

Overall (N = 151) 73.5 (111/151) 87.4 (132/151) <0.001 64.2 (97/151) 92.1 (139/151) <0.001

BMI < 30 (N = 109) 78.0 (85/109) 90.8 (99/109) 0.001 68.8 (75/109) 94.5 (103/109) <0.001

BMI ≥ 30 (N = 42) 61.9 (26/42) 78.6 (33/42) 0.016 52.4 (22/42) 85.7 (36/42) <0.001

Numbers in brackets correspond to the ratio of good quality/total number of examinations

LDCT low-dose CT, IR iterative reconstruction, FBP filtered-back projection, MBIR model-based iterative reconstruction, BMI body mass index
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patients advocated using low-dose CT with hybrid iterative
reconstruction (comparable to our LDCT-IR-FBP) for imag-
ing miscellaneous abdominal conditions in patients with a
BMI ≤25 [29]. In our study, we did not limit the evaluation
of LDCT-IR-FBP and LDCT-MBIR to patients with a BMI
≤25, deemed too restrictive for real-life conditions.

One limitation of LDCT-MBIR for analyzing biliary tracts,
using this type of low-dose radiation, was reported in a series
of 28 patients by Padole et al [30]. In this study, the common
bile duct could not be optimally visualized in 58% (15/26) of
patients. Our series also confirmed a limitation of LDCT-IR-
FBP and LDCT-MBIR for imaging the biliary tracts, primarily

in obese patients. A limitation for imaging biliary tract-related
conditions was already reported using CECT [31]. For this
reason, sonography and magnetic resonance imaging (MRI)
cholangiography are often advocated as a complement to CT
in patients with right upper quadrant pain suspected to be of
biliary origin [31, 32]. These recommendations likely com-
pensate for the potential LDCT-MBIR limitation in imaging
biliary tract-related conditions.

The interobserver agreement was higher for LDCT-MBIR
(0.80) than LDCT-IR-FBP (0.57). The fact that LDCT-MBIR
images look more similar to CECT images than LDCT-IR-
FBP images do [33, 34] could account for this. Indeed, our

Fig. 1 Incorrect primary
diagnosis on LDCT-IR-FBP
images and correct diagnosis on
LDCT-MBIR. 42-year-old man,
BMI = 17, admitted for intense
diffuse acute abdominal pain,
disturbance of bowel mobility,
and vomiting. a CECT (effective
dose: 4.7 mSv), coronal
reformation at the level of the
ascending (AscC) and descending
(DescC) colon. An occlusive
tumoral mass within the
descending colon (arrowheads) is
well depicted, as is the
consecutive distension of the
ascending colon. b LDCT-MBIR
(effective dose: 1.8 mSv), coronal
reformation at the same level as
A. The occlusive tumoral mass
(arrowheads) was correctly
reported by both raters. c LDCT-
IR-FBP (effective dose: 1.8 mSv),
coronal reformation at the same
level as A. Both raters reported
the distension of the ascending
colon (AscC), but were unable to
depict the tumoral mass (arrow)
in the descending colon (DescC)
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data showed that the subjective quality of the examination was
significantly higher for both raters when using LDCT-MBIR
than LDCT-IR-FBP. Since Rater 2 was less familiar with
LDCT-IR-FBP than Rater 1, proficiency in interpreting
LDCT-MBIR images appears to be less dependent on the
radiologist’s prior experience with this iterative reconstruction

method than it is the case regarding LDCT-IR-FBP
proficiency.

One potential limitation is the choice of the CECT report as
reference standard instead of the clinical follow-up. However,
standard CT is currently considered the best diagnostic meth-
od in patients with acute abdominal pain and the clinical

Fig. 2 Incorrect primary diagnosis on LDCT-IR-FBP images and correct
diagnosis using LDCT-MBIR. 51-year-old man, BMI = 18, treated for
pancreatic cancer, admitted with fever and sepsis. a Axial standard
CECT (effective dose: 7.6 mSv) at the level of the pelvis. A well-
delineated collection with peripheral enhancement, consistent with an
abscess (arrow), is seen in the lower right quadrant. b Axial LDCT-
MBIR (effective dose: 2.1 mSv) image at the same level as A. The

collection (arrow) with the peripheral enhancement was reported by
both raters. c Axial LDCT-IR-FBP (effective dose: 2.1 mSv) image at
the same level asA. The peripheral enhancement of the collection was not
conspicuous on this series, mimicking a normal bowel segment (arrow).
The collection was thus overlooked by both raters, and the image was
wrongly considered normal. Patient underwent broad spectrum antibiotic
therapy, with improvement of the outcome.

Fig. 3 Incorrect primary diagnosis using both LDCT-IR-FBP and
LDCT-MBIR imaging for a pelvic abscess. 67-year-old woman,
BMI = 45, admitted for fever and anal pain. a Axial CECT (effective
dose: 20 mSv) at the level of the pelvis. A well-delineated collection
with peripheral enhancement and hypodense centre, consistent with an
abscess (arrow), is seen in the precoccygeal space. b Axial LDCT-MBIR

and c Axial LDCT-IR-FBP (effective dose: 1.8 mSv) at the same level as
A. The collection, which manifested as a homogenous structure (arrow),
was not well-delineated on either modality and missed by both raters.
Patient underwent surgery which confirmed the abscess; the
bacteriological analysis showed enteric gram-negative rods
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follow-up cannot always be considered a perfect reference
standard [35]. Furthermore, the potential bias of using
CECT instead of clinical follow-up could have only reduced
the LDCT-IR-FBP and LDCT-MBIR accuracy, rather than
improving it, which would have been more concerning.

Our study did not evaluate the diagnostic performance of
LDCT-IR-FBP and LDCT-MBIR with respect to lesion size,
which could constitute a study limitation. Prior series reported
a lower cumulative lesion detection capacity (169/213, 79%)
using LDCT-MBIR compared to CECT, with a 74% dose
reduction [33], suggesting that clinically significant lesions
under 7 mm [34] or 8 mm [30] in diameter could be missed.
Other studies reported a reduction in subjective image quality
and conspicuity of liver lesions using LDCT-MBIR with a
dose reduction of 50% [36] to 59% [37]. These reports may
explain why our LDCT-IR-FBP and LDCT-MBIR protocols
performed better in detecting acute abdominal conditions than

incidental findings like small parenchymal nodules.
Nonetheless, the actual LDCT-MBIR efficacy in detecting
small lesions might have been slightly underestimated in prior
reports. In these studies, including our own, contrast-
enhanced LDCT protocols were performed after completing
the CECT series in a more delayed portal phase, which could
have impaired the lesions’ contrast levels and thus their de-
tectability. Further series are warranted to assess better the
diagnostic value of LDCT-MBIR protocols in detecting small
lesions.

The fact that patients admitted with a suspicion of appen-
dicitis were not included in our series may also be considered
as a limitation, since right lower quadrant pain is frequent and
have multiple alternative diagnoses other than appendicitis,
that were unrepresented in our study population.

Although the long processing time for LDCT-MBIR may
currently constitute a limitation to its use, this problem is

Fig. 4 False negative with LDCT-IR-FBP for secondary diagnosis. 51-
year-old patient, BMI = 25, admitted for diffuse abdominal pain. LDCT-
IR-FBP, LDCT-MBIR, and CECT imaging were all interpreted as
negative for primary diagnosis. a CECT (effective dose: 10.7 mSv),
coronal reformation at the level of the liver (L). An isolated linear
hypodensity, extending from the periphery to the centre of the liver
(arrow), was reported as a dilated biliary duct, requiring further
investigation (secondary diagnosis). This structure was eventually

diagnosed as the sequela of a prior cholangitis. b LDCT-MBIR
(effective dose: 2.1 mSv), same level and reformation as A. This
hypodensity (arrow) was interpreted as a dilated biliary duct and
reported as secondary diagnosis by both Raters 1 and 2. c LDCT-IR-
FBP (effective dose: 2.1 mSv), same level and reformation as A. The
images were interpreted as normal for both primary and secondary
diagnoses by both raters. The dilated biliary duct (arrow) was
overlooked by both raters

Table 4 Sensitivity for the
detection of secondary diagnosis
on LDCT-IR-FBP and LDCT-
MBIR imaging compared with
CECT, reported by two raters

Secondary diagnosis (N = 38) Rater 1

Sensitivity (%)

Rater 2

Sensitivity (%)

LDCT-IR-FBP LDCT-MBIR LDCT-IR-FBP LDCT- MBIR

All patients (N = 38) 81.5 (31/38) 89.5 (34/38) 78.9 (30/38) 92.1 (35/38)

BMI <30 (N = 28) 82.1 (23/28) 92.8 (26/28) 82.1 (23/28) 96.4 (27/28)

BMI ≥30 (N = 10) 80 (8/10) 80 (8/10) 70 (7/10) 80 (8/10)

LDCT low-dose CT, IR iterative reconstruction, FBP filtered-back projection,MBIRmodel-based iterative recon-
struction, CECT contrast-enhanced abdominal CT, BMI body mass index
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likely to be solved in the near future by the consistent im-
provements made to advanced high-performance computers
and near real time graphics processing unit (GPU) and
cloud-based computing capacities.

In conclusion, our study demonstrated that CT imaging of
non-obese patients with acute abdominal pain in an emergen-
cy ward can be achieved with radiation doses close to those
used for abdominal radiography when applying model based
iterative reconstruction algorithm.
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